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NPEAUCIOBUE

«Ymob mysvikanmom Ovimsb, Max HAOOOHO YMeHbe...»

H.A. Kpoinos, 6acus «Keapmem»

CornacHo Heocnopumoil joruxke CosioBbst U3 GacHM, 4TOOBI OBITH XOPOIIUM MY3bIKaH-
TOM, HEOOXOAUMO, KaK MHUHUMYM, yMeTh (00siafath yMEeHHEM) Urpath Ha KakOM-HHOYIb
MY3bIKaTbHOM HHCTpyMeHTe. TOYHO Tak e, 4TOOBI yCIIEIIHO paboTaTh B 0OIACTH TOH-
KOTO OPTraHWYecKOr0 CHHTE3a, HEOOXOANMO HMETh COOTBETCTBYIOUIYIO KBaTH(HKALHUIO,
T. €. o0JajaTh yMEHHEM paboTaTh B COBPEMEHHOH XMMu4eckoil nmadboparopun. Cosep-
IIEHHO OYEBHMJHO, YTO JaXkKe OYEHb XOpOIIas TeOpeTHdecKas IMOATOTOBKA M caMble IO-
JIpoOHBIE U HE Pa3 NMPOBEPEHHbIE METOIUKM CUHTE3a HE MOTYT IapaHTUPOBATh HEOIBITHOMY
U HEYMEJIOMY JKCHEPUMEHTATOPY OXHIAeMbIii KOHEYHBIH pe3ynbTar (BBIXOJ LIEIEBOTO
BEIIECTBa, ero 4ucroTa). Ha mpakTuke 4acTo HaOMroJaeTcsi CUTyalus, KOorjga aBa CTy-
JICHTa BBHIMONHSAIOT OAWH M TOT )K€ CHHTE3 M3 OJHHX M TeX )K€ MCXOAHBIX PEarcHTOB II0
OJHOI W TOH ke METOJAWKE, HO C Pa3sTHYHBIM Pe3ylbTaToM, XOTS 00a OoHM paboTamu
C HEMOoJeNbHBIM MHTEPECOM U dHTy3ua3sMmoM. [IpemonaBarenn B TaKHX CIIydasx TOBOPST,
YTO y OJHOIO CTYJEHTAa «XOpOILIUE» PYKH, a y ApYyroro — «miaoxue». [lo 3Toil mpuunne
HEKOTOpbIE CTYJECHTBI YK€ Ha CTaIUM NPaKTUKyMa [0 OPraHUYECKOW XMMHHU JENaloT
BbIOOp, 4eM B OyAyIll€M 3aHUMAThCS — BKCIEPUMEHTOM WU TEOpPHUEH.

I'maBHasg mens pabOTH B NMPAaKTHKyMe — IONydeHHE KOHKPETHBIX OpraHHYe-
CKHX COCJMHEHHH C NpemapaTHBHBIM BEIXOJOM H 3aJaHHOM CTENEHBI0 YHUCTOTHI M3
UMEIOIUXCS B HAJIHMYUU HCXOJHBIX PEarceHTOB, YTO HEBO3MOXHO 0€3 HaBBIKOB pa-
00TBl ¢ XMMHYECKUM O00OOpylnOBaHHMEM M 0€3 3HAaHHUS OCHOBHBIX JIaDOpPaTOPHBIX
omepaluuil MmO BBIIEIECHHIO U OYMCTKE BemecTB. JlJIs OLEHKM TIyOUHBI IpOTEKa-
HUs peaklUil U 4YUCTOTHl COEIMHEHUH, a Takxke I J0Ka3aTelbCTBAa MX ayTCHTHU-
HOCTH IIHPOKO HCIIOJNB3YIOTCA XpoMaTorpadpuueckume W (PU3NKO-XHUMHUICCKHE
METOIBl aHallm3a, OCHOBAMH KOTOPHIX 00f3aH OBIaAeTh KBalH(PHINUPOBAH-
HBIH XMMHUK-OPTaHHK.

JanHoe yuebHOe mocobue — 3TO MO CyTH «OOJBIION MPAKTUKYyM» II0 OPraHUYECKOMY
CUHTE3Yy, U COACPXKUT OH NMPAKTUYECKHU BCE pa3feibl, IPUCYLIUE COBPEMEHHOMY yueOHO-
My IIOCOOHIO Takoro THIHa. MBI CTapanuch BKIIIOYUTH B CBOIO KHHUTY MAaKCHMYM MOJIE3HBIX
CBEICHHI NIPU CpPaBHUTENBHO HeOonbmoM obbeme. Kak mpaBuiio, mMpakTHKYM BBIIONHSET-
Csl CTYAEHTAaMH MapauleNbHO C MPOCIYIIUBAHUEM JIEKIHOHHOTO Kypca M CEMHHAPCKUMH
3aHATUAMU, IOOTOMY MBI CO3HATCJIBHO OTOLIIM OT YCTAaHOBUBIIMUXCS Tpa}ll/lul/lﬁ H HE
CTaJI IpPEABapsTh CUHTETUUYECKUE pa3fielibl TEOPETHUECKUMHU CBEACHUSIMH, a Clelalu
yIop UMEHHO Ha IpakTHueckue paboThl. OOBEKT UCCIEIOBAaHHS B OPraHUYECKOM IIPAKTU-
KyMe — KOHKPETHOE OpPraHHYeCKOe COeAMHEHHE; 3TO HCCIENOBaHUE BBINONHAET CTY/CHT,
KOTOPOMY TpPEIOCTABISIETCS BO3MOXKHOCTh CBOMMH PyKaMH CHHTE3HPOBATh W H3YUHThH
IPOAYKT — II€JIeBOE XUMHIECKOE COCIUMHEHHE, YTO AETaeT 3PHMBIM «CyXOH» MaTepHai
y‘{e6HI/IKOB U JICKIIMOHHBIX KYPCOB. l'[penoz[aBaTenH, BEAYIIUC 3aHATHSA B IMPAKTUKYME,
XOpOUIO 3HAIOT, C KAKUM HENOJAEIbHBIM HHTEPECOM DPAabOTAIOT CTYIEHTHI M KaK OHHU
paccTpauBaroTCs, €CIU CUHTE3 HE UJAET 10 MPUYUHE OTCYTCTBUS Yy HUX HEOOXOJUMBIX
SKCTIEPUMEHTANBHBIX HaBBIKOB. J[aHHOE mocoOme 00ecHneunT NPHMEHEHNE MOIyYeHHBIX
TEOPETHYECKUX 3HAHMH M MOMOXET CTYyAEHTaM JOCTHUTHYTh XOPOIIETO YPOBHS YKCIIe-
PHMEHTAIBHOTO MacTEpCTBa.

ITocobue cocTaBIeHO Ha OCHOBE MHOTOJETHErO YCIEHIHOTO OIbITa paboTHl Mpak-
TUKyMa [0 OPraHUYeCKOM XuMuu Ha xuMmudeckoM ¢akyinprere MI'Y nm. M.B. Jlomo-
HocoBa. KHura cocrout u3 Tpex OGojbmmux wacteil: BBoaHas (A), npemnapatuBHas (B)



4 lpeducnosue

u upuwioxenne (B). B BBOIHON 9acTH M3/1araloTcsi OCHOBHBIE IMpaBHia paboOTHl B Ja-
O6opatopun OpPraHMYECKOTO CHHTE3a, IpaBUIa TEXHHUKH 0€30MacHOCTH, MPHBOITHUTCS
ONMCaHUE COBPEMEHHBIX NMPHOOPOB M 00OPYIOBaHMS, OOCYXKIAIOTCS OCHOBHBIE METO-
Ibl BBIJICJICHUS, OYMCTKH, UACHTHU(UKAIUM U aHAJIM3a CHHTE3UPYEMBIX COCAMHEHUH.
CoBpeMeHHbII YpoBeHb NPO(GECCUOHATBHON MOATOTOBKUA XUMUKA-OPraHUKa MPeAnoaraeTt
3HAHHE OCHOB XpOMaTorpaduieckux u (QU3UKO-XUMHYECKHX METOJOB aHAIM3a H yMe-
HHUE aKTUBHO HCIIONB30BaTh 3TH METOABI HA MpakTHKe. B mocobum Oonbmroe BHHMaHHE
YIEJSeTCsl COBPEMEHHBIM (PU3NKO-XUMUUECKUM METOJaM aHanu3a (Macc-CIEKTPOMETPHS,
VK- u Y®-cnekrpockomnust, cruekrpockonus SIMP), moka3aHbl BO3MOXHOCTH CIEKTPO-
ckonuu SIMP ua siapax *H u °C npu mpoBeieHUH SKCIPecc-aHAaTH30B KakK OTAETbHBIX
OpPraHUYeCKUX COCAMHEHHH, TaK W CIOXHBIX PEaKLHOHHBIX cMeceil (Ha KOHKPETHBIX
nprMepax M3JI0KEeHbI METO/bI paciindpOBKH M MHTeprperauun cuekrpos SIMP). Cienyer
OTMETUTb, YTO CIEKTPsl SIMP CIIOXKHBIX MOJEKyN 4acTO MOTYT OBITH MOJHOCTBIO pac-
mU(QpPOBaHbl M MPOAHATU3UPOBaHbI, Toraa kak MK- u Y®-crnekTpsl 1al0T JOCTOBEPHYIO
HH(OPMALMIO TOJBKO IS OTACIBHBIX (DPArMEHTOB MOJIEKYJ ((DYHKIMOHANBHBIX TPYIII).

IIpenapaTuBHas yacTh COAEPKUT METOAUKU cuHTe3a nmoutu 800 opraHuyeckux coenu-
HEHUll pa3aMYHBIX KIaccoB. YacTh METOMUK LUTUPOBAHA II0 XOPOLIO 3apEKOMEHJOBABIINM
ce0sl IPaKTUYECKUM PYKOBOJCTBAM, APYIHMe METONUKU — IO OPUTMHAIBHON XUMHYECKOH
nuTeparype. BeiOop MeTOmUK CHHTE30B AN BKIOYEHHS B OCOOHE MPOBOAMICS C yUETOM
(MHAHCOBBIX U TEXHHYECKHX BO3MOXKHOCTEIl OPraHHYECKOTO MPAKTHKyMa XHMHYECKOTO
¢daxynsrera MI'Y um. M.B. JlomoHocoBa. Kaxxnas Meroauka mpeaBapseTcs COOTBETCTBY-
tomell JuTepaTypHOil CCHUIKOM, a 3aKaH4YMBaeTCs omucaHueM crektpos SIMP 'H u 13C,
IpUYeM OIUCAHUE CIEKTPOB CHENaHO 0e3 MPUBSA3KM IMapaMEeTpOB K KOHKPETHBIM ¢par-
MeHTaM Monekyl. CTyJIeHTbl caMH JOJDKHBI IPOAeNaTh 3Ty ONEpalMio, ONUpascCh Ha
COOCTBEHHBIC 3HAHUS WIH BOCHOIB30BABIINCH COOTBETCTBYIOIUMH KOMIBIOTEPHBIMH
mporpaMMamu. Kpome Toro, B KaXXmoi METOAWMKE COAEpKaTcs HeOOXOIMMBIE CBEICHHUS,
Kacaroumuecsa TCXHUKH 06€30IacHOCTH pa60T1>1 C BPCAHBIMU BCUICCTBAMHU U CJIOKHBIMU
npubopamy, TpeOYIOIUMH CIENUAIbHBIX dKCIIEPUMEHTANIbHBIX HaBBIKOB.

B npuioxkeHun NpuUBOAsATCS JaHHbIe (B BHAEC TAaOIHI[) MO XapaKTEPUCTHYSCKUM 4a-
CTOTaM M XMMHYECKHM CIBUTAM, YTO HEOOXOIMMO IS pacmn(pPOBKH ¥ WHTEPIIPETAIlHH
CIEKTPOB CHHTE3UPYEeMBIX coeanHeHHH. Hambonee mH(DOpMAaTHBHBIE CHEKTPHI COCIUHE-
HUM, CHHTE3UPOBAaHHBIX CTYAEHTAaMM II0 METOAUKAM, OIMCAHHBIM B IPENAapaTHBHON YacTH,
NPUBCACHBI B NMPUITOKCHUU. KpOMe TOro, B MNPUIOXKCHUU NMPUBECACHA PEKOMCHIAYEMas
¢dbopma BeneHUs 1a0OPATOPHOTO KypHalla, IO3BONMIONIAsl HE TOJIBKO OLEHUTh KauecTBO
paboTBl CTYAEHTA, HO M BBIABUTH JONYINEHHbIE OUIMOKU, €CIU CUHTE3 HE IOIYy4MICS.
JlocTaTOYHO KECTKHE Ha MEepBBIH B3N TpeOoBaHUS K O(OPMIICHHIO JKypHala 00yCIOB-
JIEHBI TEM, YTO B JalbHEHINel HaydHOM pabore (HauMHas ¢ KypcoBOM paboThl) HeGPEXK-
HOCTh B OGOPMIICHHH MOXKET NPHBECTH K HEONMPAaBAAaHHBIM MAaTEPHUANbHBIM 3aTpaTam,
IOTECPEC BPEMECHU U APYIMM HCHPUATHOCTAM.

***

Mp1 BbIpaxkaeM ITyOOKYIO OJIaroJapHOCTBIO CBOMM YUHTEISIM, KOJUIETaM M yYEHHKaM 3a
MOMOIIIb B CO3/IaHWUU ITOH KHUTH. MBI HCKpEHHE HaJieeMcs, YTO MpejuiaraeMoe rnocobue
OKQ)KETCS IOJIE3HBIM TPEX/Ie BCEro CTYIACHTAM M NPENoJaBaTelisiM, a TaKkKe XUMHKaM,
HMHTEPECYIOUIMMCS po0IeMaMi OpraHMYecKoro CHHTe3a. MBI ¢ 6J1arolapHOCThIO ITPUMEM
J00ble KOHCTPYKTHUBHBIC 3aMEUYaHUS U MOKEJIAaHUs YUTaTelNeH, Kacaroluecss BO3MOXKHOCTU
JaTbHEHIIero yCOBEPIIEHCTBOBAHUS JAaHHOTO Y4eOHOTO 1MOCOOHSI.



A.  BBOAHAA YACTb

A1l. OBLLME MPABUNA PABOTDI
B IABOPATOPUWU OPTAHUYECKOIO CUHTE3A

JI1060#f SKCIEpUMEHTATOp, IOIIaB B XHMMHYECKYIO JabGoparopuio (IpUCyT-
CTBHE MOCTOPOHHHX B KOTOPOM KaTeropu4YecKH 3ampelneHo), TOJIKEH
B MEPBYI OdYepelb YETKO OCO3HABATh, INIe U C KAKOH IIENbI0 OH HaXOIUTCS
M KaKOBBI JIOJDKHBI OBITH Pe3ynbTaThl (M 0€3 KaKMX OIMACHBIX TOCIEICTBHIA) €ro
JeTeNbHOCTH. XUMHUK (0COOCHHO HAYMHAIOIIUI) JTODKEH OTAaBaTh cebe oT4eT
B TOM, YTO XHMHYecKas J1abopaTopusi — MeCTO MOBBILIIEHHOWH OMACHOCTH.
[pucrynas x paboTre B OpraHU4EeCKOM MPaKTHKyMe, B MEPBYIO odepellb HeoO-
XOJMMO TBEP/O YCBOWUTH OOIME MpaBuiia padOThl B HEM M IMpaBHJia TEXHHUKH
0e30MacHOCTH, 3HaTh MEPhI NPEAYNPEKACHUS U MPEAOTBPALICHHUS HECUACTHBIX
Clly4aeB, yMeTh OKa3blBaTh IEPBYIO MOMOIIb cebe M okpyxaroumm. Heooxo-
JUMO TIOMHUTb, YTO HECOOJIOJICHUE METOAUK, HEMPOIyMaHHOE UCIIOIb30BaHUE
XMMHUYECKOH anmnapaTypbl u Ja00paTopHOW MOCY b, TOCHEIIHOCTh M HEPSIILIH-
BOCTh B BBINIOJHEHHH PaOOThl MOTYT HPUBECTH K HEyJayaM IPU MPOBEICHHH
CUHTE30B M JaKe K HECUaCTHBIM CIyYasM.

Al.1. 06wue npasuna

ITpakTHKyM MO OPraHUYECKOW XMMHHU OOOPYJOBaH B CHEIHMATBHOM IMOMEIlle-
HUH, TTO3BOJISIIOLIEM TPOBOIUTH OJHOBpEeMEHHO 10 20 9KCIEpHMEHTOB, MPUYEM
6-8 paboumx MecT 00OpYIOBAHO B BBITSDKHBIX IIkadax. Kaxmerii pabouwmit
CTOJ MMeeT HaOOp IITATHBOB, JANOK W PE3WHOBBIX HLIAHTOB JII MOHTaxa
71a00paTOpPHBIX MPUOOPOB. PEakTHBEI M pacTBOPHUTENH, JIaOOPATOPHYIO MOCYRY
u 0bopynoBanue (MarHUTHBIC MEIIAIKH, SJCKTPOIUTUTKH) CTYICHTHI MOJTY4aloT
MO CBOUM 3asBKaM Ui KaXJOTO OTACIbHOr0 cuHTe3a y jabopanta. ITocne
npoBeseHust paboThl JT1abopaTopHOe 0OOPYJOBAHME U CHENHMAIBHYIO MOCYIy’
crarot nadopanty. KoHedHble MPOAYKTHI CHHTE30B C YKa3aHHEM KX KOIHMYECTBA
U (PUBUKO-XMMHUYECKUX KOHCTAHT CTYACHTHI CAAIOT MPENo/aBaTeio.

Hwxe mepedrcieHbl HEKOTOpbIE OOIIMe TMpaBmia, 00s3aTelbHbIC K BBIMOI-
HEHHUIO Mpu paboTe B XUMHYECKOl abopaTopuu.

¢ B xuMuYeckoii JIaGopaTOpuH KATErOpMYecKd 3ampeniaeTcsi BLIMOJIHITH
IKCIEePUMEHTAJBHYIO PadoTy B OJHHOYKY.

* 3ampemaeTrcs TPUCTYIATh K BBIIOJHEHUIO pa0OTHI 0€3 pa3pelieHus mpe-
nojaBaTeNsl Win JabopaHTa.

¢ [lepen HaYanaoOM 3KCIEPUMEHTAILHOW PabOThl HEOOXOAMMO YCBOUTH OCHOB-
HbIC TIPABWJIA TEXHUKH OE30MACHOCTH W MOXApHOH 0e30MacHOCTH.

¢ Bo BpeMs paboTHl B XHMHYECKOH J1abopaTopuu HEOOXOIMMO COOJI0IAThH
THIIMHY, TOPAIO0K, YHCTOTY, PAMOHAJIBHO IUIAHMPOBATh CBOU JCHCTBU,

ITocyna cnaercs 4ucToi M CyXOM.



A. BsooHas yacme

BBINOJHATE paboTy OBICTPO, HO 0€3 cyeThl;, aKKypaTHO U OCTOPOXXHO 00pa-
aThCsl ¢ XUMHUYECKOH MOCynol, mpubopaMu U peakTHUBaMHU.

* DKCIEPUMEHTAIBHYI0 pa0OTy CIEAYeT BBIMONHITH B 3AIIUTHOU OIEKIE
(mpenmoutuTensHee — Ta00OPATOPHBINA XalaT M3 IUIOTHOW HEIJIEKTPU3YIO-
mielcss TKaHu — XJIOMOK/monu3Gup). PeKkOMEHIyeTCs HOCUTh HECKOJb3s-
myto o0yBb Ha HU3KOM KaOJIyKe, HMETh MpHU cede cpeicTBa 3allUTHI TIa3
(onTHUMAanEHO — IJIACTHKOBBIE OYKU C OOKOBBIMH IMUTKAMHU) M PE3UHOBBIC
nepyaTku. JJIMHHBIE MBIIIHBIE BOJOCH HEOOXOAMMO COOpaTh B IIOTHEIHM
My4YO0K, 3aIUIECTH B KOCY WM yOpaTh MO MEAUIIMHCKYIO MIanKy Wiu Oe-
peT Bo m30OexaHHe MOMagaHWs BO BpallalolIuecs YacTd NMpubopa Wiu
BO3TOPaHHS OT TUIAMEHH Ta30BOU TOPENKH.

e JIns BBIMOJHEHUS Ka)XJIOTO0 CHHTE3a HEOOXOIUMO 3apaHee Pe3epBHPOBATH
pabouee MecTo s €ro mpoBelAcHHUSA. HeoOXoaumble NS BBITTOTHCHUS
SKCIIEPUMEHTA MOCyAa U PEaKTUBBI JIOJDKHBI HaXOJUThCSA Ha pabodeM Me-
cre. HemomycTuMo 3arpoMoxaTh pabouee MECTO XUMHUYECKOUW TOCYI0H,
peakTUBaMH U TpenapaTaMyd OT JPYTHX CHUHTE30B.

* Jlepen HayajgoOM BBHINOJIHEHHUS SKCIEpPHUMEHTa pabodyee MECTO JOJKHO OBITh
00ecToueHo (INMEKTPUYCCKUN MIMTOK BBIKJIKYEH), ra30Bbic M BOJSHBIC
KpaHbl MepPeKPHITHI.

» Jlro6oit mpubop, comepKamuil MBIKYIIAECS WIH HarpeBaroOIIUecs YacTH,
a TaKKe MpeIHA3HAYCHHBIW Ui paboThl MOJ JaBJICHHEM, OTJIUYHBIM OT
aTMOC(EPHOro, H0JKEH ObITh MPEABAPUTEIbHO NMPOBEPEH «BXO0JIOC-
TyW». 0e3 3arpy3Ku pacTBOpHUTEJIeil, peareHTOB, PeaKIHOHHBIX CMe-
ceil. DieKTpUYECKHU TOK HA KIEMMbI (BHIIKH) 3JCKTPONPUOOPOB, a TAKKE
TOK BOJbI MEPBOHAYAIBHO MMOMAKTCSA MPU HPOBEACHUU «XOJOCTOTO»
JKCIEPUMEHTA.

e IIpu cbopke mpubOOPOB HEOOXOIUMO BHUMATEIBHO CICIUTh, YTOOBI B HUX
B Tporiecce paboTHI HE MOTIIO CO37aBaThCsl M3OBITOYHOE JaBicHue (omac-
HOCTH B3pbIBal!) — coOpanHble IPUOOPHI HE TOKHBI IPEACTABIATE COO0M
3aMKHyThIe cucTeMmbl. [Ipu pabore ¢ THrpoCKONMYHBIMU (aOCONIOTHBIE
pPacTBOPUTENH) WM JIETKOTHUIAPOIUIYIONMMHUCS BEIIECTBAMHM HA BBIXOJIC
npubopa (XOJOIUIBHUK, KalelbHas BOPOHKA, OTBOJ AIOH)KA) CTABST XJIOP-

KaJIbIIUCBBIC pr6KI/I1 WIN XKUAKOCTHBIC SaTBOpLIZ.

* He CJICAYCT 3arjidAbIBATL CBEPXY B JII00BIE OTKPBITBIC €EMKOCTU C XUMUHYCC-
KUMKW COCOAUMHCHUSIMMU.

* 3amnpelaercsi OCTaBIATh PadOTAONINE JTAOOPATOPHBIE YCTAHOBKH, a TaKKe
BKJIIOYEHHBIE PHOOpH 0€3 mpucMoTpa.

* Bo BpeMms paOOTHI HACTOSITENHFHO PEKOMEHIYETCS HAAEBAaTh Ja00paTOPHBIN
xallat, coJepXkaTh B YUCTOTe paboumii croi. He ciemyer BecTH 3amu-
CH B JIaDOpaTOPHOM >KypHAalle HEMOCPEACTBEHHO IO TATOW FUIH PSAOM
¢ mpubopamMu AJisl MPOBEACHUS CHHTE3a N BBIACICHHS MPOAYKTOB — IS
STOW IeNH B JIa0OPAaTOPUU HMEIOTCS MHCHbMEHHBIE CTOJBI.

IIpu pabore B atmMocdepe Bo3ayXa.
IIpu pabore B armocdepe MHEPTHOTO rasa.
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e [lpuctynas k paboTe ¢ XUMHUYECKOH MOCYIOH, HEOOXOIUMO yOeTUThCA,
YTO OHa SIBJIIETCS YMCTOM U cyxoii. [locne BpIMONHEHUS CHHTE3a MOCyaa
JOJKHA OBITH BBEIMBITA M BBICYIIICHA.

® HpI/I IMOJIYYCHUU PCAKTUBOB U MPOBCACHHUU CHUHTE3ad HCO6X021PIMO CJIICOUTDb
3a TEM, YTOOBI €EMKOCTH C pcarcHramMu, paCTBOPHUTECIIAMU, NIPOAYKTaAMU pEaK-
Jansesle ObLIU MMOANMMUCAHBI ()KeJ'IaTeJ'H)HO — CHA0KEeHBI 3THKBTK3MI/I); HC IIyTaThb
HpO6KI/I OT pa3HbIX CKIISTHOK. Konosr u CTaKaHbl, MPEAHA3HAYCHHBIC OJIs KO-
HCYHOI'O IpOAYKTa CUHTC34a, JOJDKHbBI OBITh NMOANMUCAHBI 1 B3BCIICHDBI. 3ar[pe—
mraeTcda MCIOJIb30BAHHUE PCAKTUBOB U3 eMKOCTeﬁ, HC UMCIOINIUMX J3TUKCTOK.

e JI1o0ble XMMHUYECKUE BEIECTBa pa3peliacTcsl B3BEIIMBATh TOJBKO B XH-
MHYECKOH mocyJe.

e 3ampeleHo BBUIMBAaTh B PAKOBUHBI OCTATKH SKOJOTMYECKU OMACHBIX HE-
OpPraHWYeCcKHX PEarcHTOB U J0ble opraHuveckue Beumiecrna. [y yTu-
JU3AIMU 3THX COCAMHEHHH MMEIOTCS CICIMAbHBIC CKISTHKHA B BBITSKHBIX
mkadax.

* B naboparopun kaTeropuyecku 3amnpemiaercs KypuTh, CIyIIaTh MY3BIKY,
IUTh U NPUHUMATH IUILY.

A1.2.  Mepbl npedocmopoxHocmu npu pabome e na6opamopuu

[Ipu pabore B mabopaTopuy OpraHUYECKOTO CHHTE3a HEOOXOAMMO CTPOrO CO-
OrofaTe HEOOXOIMMBIE MEpHI IPEe0CTOPOXKHOCTH. Jlaboparopust — nomenieHue
BBICOKOW KaTeTOPHH OMACHOCTH, U MalleHIas HeOCMOTPUTEIFHOCTE MOXKET TIPH-
BECTH K TSDKEIBIM IOCIEICTBUSM.

Pabora ¢ AJ0BUTHIMMA M ¢ AKHMMH BelleCTBAMHA

BONbIIMHCTBO XHUMHYECKUX COCI[I/IHCHI/Iﬁ B OoJibllied MM MEHBIIEH CTEIEeHU
TOKCHYHO. HOSTOMY TNEPEA BBIMNOJIHCHUEM KaXXIOI'0 SKCIICPUMEHTA HCO6XOZ[I/IMO
TMOJIy4YUTh I/IH(l)OpMaIII/IIO 00 OCHOBHBIX (1)PI3I/I‘ICCKI/IX, XUMHUYCCKHUX U TOKCHYC-
CKMX CBOMCTBax p€arcHToB MU MPOAYKTOB, a TAKXKE O MEpax nepBoﬁ IIoOMOIIHu
IpHu OXKOrax U OTPABJIICHHUAX HMU. HpI/I pa60Te C AJOBUTBIMHM U CAKHMMH BCUIC-
CTBaMU CJICOYECT CO6J'IIOI[aTI> CTpOTHEC IpaBuUJIa.

* Heo0xonnMo WMeTh B TaOOPaTOpUH NPEIOXpAHUTEIBHEIC TUIEBBIE MACKH,
3aIIUTHBIE OYKUA M MPOTHBOTA3HL.

* Bce MaHuMynsuuu ¢ arpecCUBHBIMU BEILIECTBAMH CJIEAYET IPOBOIMTH B 3a-
HIUTHBIX OYKaX.

* Bce paboThl ¢ SIOBHTHIMH H TOPIOYMMH Ta3aMH W NMapaMH ClieJyeT
MPOBOJUTH B BBITSDKHOM mikady. [Ipu aTom:
¢ nmBepusl mKkada OCTABIATH Ha YKAa3aHHOM IPEMoJaBaTelieM YPOBHE;
0 He 3armAnpIBaTh BHYTPH IKada;

O mpubOpBEI, comepKaIlie SIAOBUTHIE WJIH arpecCHBHbIE Ta3bl HJIM MAPbI,
pasbuparh MOJ TATOH; BRIHOCHTH YaCTH NPUOOPOB H3-NOJ TSATHU TOJBKO
MOCJIe BEITECHCHHS ATUX Ta30B BO3IYXOM; MpH HeoOxomumocTu obpada-
THIBaTh JETA3UPYIOIUM PACTBOPOM, YKa3aHHBIM IMPEMOaBaTeiieM,;
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¢ mpucrtymas x padbote ¢ XJIOpoM, OPOMOM U IIPYTUMH JIETYIUMH SIOBUTHI-
MH BeIIeCTBaMU, IPEAYNPEKIATE 00 3TOM HAXOJSIIUXCS PSIIOM JTIONEH;

O HM3yYuTh U HE 3arpOMOXK/ATh MyTH CPOYHON IBAKyallMu U3 JIAOOPATOPUHU
Ha ciydail BeIOpoca B arMocdepy SI0BUTHIX BEIIECTB.

Paboty ¢ 0co60 omacHbIMH BemectBamu (OpoM, PTyTh, KOHIIEHTPHPO-
BaHHBIC KUCIIOTHI U JIp.) BECTH TOJBKO MO HAOIIONCHUEM MPEmoaBaTes
i nadopaHTa.

Paboma c opomom

Bpom BmI3BIBaeT KpaiiHe OO0JE3HEHHBIE, AOJTO M TPYIHO 3a)XKUBAIO-

mue oxoru. Bummanue! Ilapel Opoma Tskenee BO3aAyXa M CTEKAIOT

BHM3! [Ipu pabote ¢ HUM:

0 octeperarbCsi BABIXaTh Mapbl, Oepeub I1a3za U PyKH;

¢ TpW HANMBAHWW W TIEpEeTUBaHUM OpoMa HaJeBaTh PE3UHOBHIC NEPUYATKH;
MIOMHHUTH O TOM, YTO PE3WHOBBIC TIEPUATKH TOCTATOYHO OBICTPO pa3bena-
FOTCS OpOMOM U SIBIISIFOTCS JIMIIIb BPEMEHHOW MEpOH 3aluThI;

¢ y4uTBHIBaTH, 4YTO OPOM HU B KOEM cllydyae He JIOJDKEH IOMNajaTh Ha allko-

MHHHCBBIC IIOBEPXHOCTHU. IIPU NOIIaJaHUA 6p0Ma B AJIIOMUHUCBYIO 0aHIo
BO3MOXXHO CaMOBO3TOpaHUC.

Paboma c oumemuncynvpamom

¢ Jumernicynbdar O4eHb STOBUT.

¢ Crnemyet n3beratp BIbIXaHHA ero napoB. OH BIIUTBHIBAETCS KOXKEH; mpH
MONAaHNN JUMETHIICYIb(aTa Ha KOXY HaJ0 TOTY4aC OOMBITH 3TO MECTO
pacTBOpOM aMMHaKa.

¢ Jdumernncynbdar JIETKO THAPOIH3YETCS aMMHAaKOM, MEIJIEHHee — eJl-
KAMH IeJI0YaMHu

Paboma c pmymosio

¢ PTyTh M ee coemWHEHUs BeCbMa SIOBUTHL. Bce paboTh, BKIIIOYAIONIHE
MepeMBaHUue PTYTH, MMPOBOAUTH HAJ BaHHOYKOW JJI MPEJOTBPALICHUS €€
pasmuBaHUS Ha CTOJIE BBITSHKHOTO INKada WM Ha TONY J1abopaTopuu.

0 OCHOBHOW TPUYHMHOW PaA3IUTHUS OOJBIIOTO KOJHUYECTBA PTYTHU B Jia-

0opaTopun OpPraHMYECKOTO0 CHHTE3a SABIISETCS pa3pylleHHE DPTYTHBIX
MaHOMeTpoB. [loaTOMYy KaTeTOpHYecKH 3ampeliaeTcsi pe3Ko BITYyCKaTh
aTMoc(epHBIi BO3AyX B NpHOOPHI, COEAMHEHHBIE C TaKUMH MaHOMe-
Tpamu. OHAKO OCHOBHBIMH MCTOYHHMKAMH 3arpsA3HEHHs J1abopaTopuu
PTYTBIO SIBIISIOTCSI pa30uThIe TepMOMETPHI. [l0aTOMy KaTeropuyecku 3a-
MpemniaeTcss HarpeBaTb Takue TEPMOMETPHI IO TEMIIEpPaTyp, BBIXOIAIINX
3a TpeAeNbl U3MEPUTEIBHON MIKAIBI.

¢ Ilpm momamaHuu PTyTH B 1ab0OpaTOpHOE IOMENIeHHE HEOoOXOAMMO He-
MEMJIEHHO cooOmuTs 00 3TOM MpemomaBarenio. PaznuTyio pTyTh co-
OupaTh CrienUaJbHBIMH MEAHBIMU LIMIIAMU WIHA C ITOMOILIbI0 METHBIX
wiacTuHOK. lllenyu cTonoB uiaM mojia, B KOTOphIE MOIJIA TONACTh PTYTh,
3aChIlaTh MEJIKHM MOPOIIKOM Cepbl WM 00paboTaTb CMOYEHHBIM BOJOM
xnopugoMm xernesa(lll).
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Paooma c kucnomamu u eOkumu eeujecmeamu

¢ KoHmeHTpupoBaHHBIE KHCIOTHI, aHTUAPUIBI ¥ TaJOTCHAHTHIPHUJIBI KHC-
JOT, aMMHaK ¥ aMHHBI IEPENBATh TOJBKO Yepe3 BOPOHKY M B BBHI-
TSDKHOM TKady.

¢ Ilpu pazbaBiieHUM KOHIEHTPHPOBAHHOW CEPHOM KHCIIOTHI BIUBATh KHC-
JIOTY B BOIY HEOONBIIMMH MOPUHUsIMH (He HA00OpoT!) M OCTOPOKHO
MepPeMeIINBaTh.

¢ Ilpu pacTBOpEeHHH B BOIE KOHICHTPUPOBAHHOW CEPHOW KUCIOTHI, IPH
MPUTOTOBICHUM XPOMOBOM CMECH, NpU CMEUIMBAaHUU KOHLIEHTPUPOBAH-
HBIX CEPHOH U a30THOW KHCIIOT, IPU IMPUTOTOBJICHUN KOHLIEHTPUPOBAH-
HBIX PacTBOPOB IIEIOYEH MOJIB30BAThCA TONBKO XMUMHUYECKOW MOCYynoU
U3 TepMocCToiikoro crekia (cuiabHoe pasorpesanue!). Ilo Toii e mpu-
YuHE HE HAJIUBATh TOPSYUE KUIKOCTH B TOJCTOCTEHHYIO MOCYINy M
npuOOphI, HE MpeJHa3HAYCHHBIE AJI1 HAarpeBaHUS.

¢ M3MmenwsueHne enkux mienodel, MoAa M JIPYTHX arpecCHBHBIX BEIIECTB
MPOU3BOIUTH B TIEpUaTKaxX B BHITSKHOM IHIKady.

Pabora ¢ JIETKOBOCIVIAMEHAIOIIIUMUCH U B3PBIBOOMMACHLIMU BE€lIIECTBAMHU

B opranndeckoM CHHTE3€ HCIOJIb3YIOTCS Pa3HOOOpa3HbIe PACTBOPHUTEIH, B TOM
yucne Jerydyue. [lapel MHOTUX pacTBopuTenedl — 3hupa U CIOKHBIX (DUPOB,
CHUpTOB, OEH30Ja, alleTOHAa W JIp. — CHOCOOHBI JIETKO BOCIUIaMeHSATbes. [liis
HUX CYIIECTBYET CICIHUANbHbII TEPMHUH — JIETKOBOCILIAMEHSIOIINUECS JKUIKO-
cru (JIBX). B aToM OTHOIIEHHH OCOOEHHO OMACEH MHITHIOBBIA d(Up, MMEIO-
U HU3KYI0 TEMIIEpaTypy caMoBOCIUIaMeHeHUs, paBHylo 164 °C, m mmpokwuii
WHTEPBa B3PHIBAEMOCTH CMECH MAapoOB C BO3AyXoM (HIKHHUH MOPOT B3phIBae-
moctu 36.5 r/m%, Bepxuuit — 232 r/m3).
Cnenyer 3anioMHUTh npaBuiia padorsl ¢ JIB/AK 1 BbINONHATE HX.

e He nepxars JIBX BONMM3uM OrHs uin BOJIM3M HArpeBaTeIbHBIX MPHU-
6opoB.

¢ He narpears JIB)XX Ha OTKpBITOM OTHE, BOJIM3H OT OTHS HWJIM K€ B OTKPHI-
TBIX cocyfax. llpy KuIsYeHWH W TEeperoHKe HCIONb30BaTh A((EKTHBHEBIC
XOJIOMWIBHUKY, IJISl HArpEeBaHUS — BOASHBIC OaHW, KOIOOHArpeBaTEeN WM
CIIELMAJIbHBIE 2JIEKTPOILUIUTKU € 3aKPBITOM CHHpPabIO.

e He xpanutep JIBJ)KX B TOHKOCTEHHOW MOCyJe C MJIOTHO 3aKpPBITOH
MPOOKOH.

* He BeutuBath JIBXK B pakoBuHy.

e Ecnu B mabopaTtopuu Mo KaKOH-THO0 MPHYMHE OKA3aJI0Ch MPOJIMTO 3HAYUTEITh-
Hoe konmmuecTBo JIBJXK, HE0OX0MMMO HEMEJIEHHO TIOTacuTh BCE TOPEIIKH, OT-
KITFOYUTh BCE DJIEKTPUYCCKHUE IMUTKH U BJIEKTPONPUOOPHI U OTKPHITH OKHA.

ITomumo JIBXK, eme ogHMM HMCTOYHMKOM ONACHOCTH BO3HUKHOBEHHS IOXa-
pa SBISIOTCS METAJUIMYECKUN HATpHil (B MEHbIIEH CTENeHHM — JIMTHH, padora
C KaJHWeM W OCTAJIbHBIMU LICJTOYHBIMH METAJUIAMH B MPAKTHKyME 3alpelleHa),
TUAPUIBL U aMUJbl METAJIIOB.
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Paboma c memanauueckum Hampuem

O
0

I[IpoBoauTest TONBKO MOA HAOIIOAEHHEM MpenmoaaBaTes!

Hatpwuii xpaHsaT B XOpOIIO 3aKPBIBAIOIIUXCS OaHKaX IO CIOEM WHEPT-
HOT'O BBICOKOKHIIALLETO PACTBOPUTEIIS.

ITpu pabote ¢ HaTpueM 00s3aTEIbHO HAJIEBAIOT 3aLIUTHBIC OYKH W pe-
3UHOBBIE NEPYATKH.

Hatpuii GepyT muHIIETOM WX HIUNIaMu. Pe3aTh W B3BENIMBATh Me-
TAJNIMYECKUN HATpUMl cleAyeT TOJbKO IMOJ CJIO€M HHEPTHOTO pac-
TBOPHUTEIS.

Ilepen momemnieHWeM HaTpusi B PEaKUMOHHBIA COCYH YXE B3BEILEH-
HbIC W Hape3aHHBIE KyCOYKH OBICTPO IO OJHOMY MPOMAKHWBAIOT (PHITB-
TpoBaJdbHOW Oymaroi. Kakawlii clienyroImuii Kyco4eK BBIHUMAIOT W3
pacTBOpUTENS M IPOMAKHWBAIOT TOJBKO IOCIE TOTO, KaK MPeIbIAyIIHid
MOMEIIEH B PEAKIHOHHBIA COCYII.

[Ipu mpoBexeHMH peakuwii ¢ HaTpueM OOpaTHbIE XOJOJUIHHUKH HC-
MOJIB3YIOT C OCTOPOXKHOCTBIO, TAK KAK KOHACHCUPYIOWIAACS CHApYKU
XOJIOAMIbHUKA BJara IpH U3BJICUEHUH XOJIOAUIbHUKA WIHA MPHU HCIIOJb-
30BaHMM HETEPMETHYHBIX MPOOOK WM NUIN(OB MOXET MONAacTh B peax-
LUOHHYIO cMech. Kpome TOro, mioxo 3akperuieHHbIE BOASHBIE LUIAHTH
MOT'YT OBITH COpBaHBI HallOpOM BOIBI.

OO0pe3kn HaTpHs CKIAABIBAIOT B CHEIHANTbHO MpeIHa3HaYeHHYIO IS
HHUX €MKOCTb — BMECT€ C KPYNHBIMH KyCKaMHd HMX He XxpaHAaT. He-
0oJpIINe KOMWYECTBA OCTATKOB HATPHs JIydlle HEMEIJIEHHO TacUTh
3TaHOJIOM.

B ciygae 3aropanus MeTalTUYeCKHH HATpHWil clieqyeT TYIIHTH Mec-
KOM WJIH YIJIEKHCJIOTHBIMH OTHETYIIUTEJAMH. XUMUYECKUAE TICH-
HBIC W OPOMAITHIIOBEIC OTHETYIIMTEIH HCIIONH30BATh KATErOPHYECKH
HeJab3s!

Paboma c zuopudoamu memannoe u amuoom Hampus

0

Tuapuapl METAUTOB U aMUJ HATPHUSI NPEACTABISIOT COOO0M HEYCTONUUBBIC
M0 OTHOIICHHIO K Kuciaopoay (ruapuisl) u Biare (TUAPUIBI U aMUJIBI)
BeuectBa. C BOJOM OHU pearupyroT €O B3pbIBOM, IPUYEM B CIydae
THIPHUIOB B Ipolecce OypHO#H peaknuu ¢ BOMOM BBIIECISIETCS BOLOPOI,
YTO MOJKET NMPHBECTH KO BTOPHUYHOMY, OOBEMHOMY B3PBIBY I'DEMYYETO
raza. IToaToMy mpu paboTe ¢ 3TUMH BEIIECTBAMH HEOOXOIUMO HCKIIIO-
YHUThH JIIOOYI0 BO3MOKHOCTH MX KOHTAKTa C BOJOM.

B3BemuBare runpubl METANIOB M aMHJ HaTpusl CIEAyET B MPO3pay-
HOH CTEKJITHHOHM TOCYZE U 10 BO3MOXKHOCTH OBICTPO, HEMOCPEICTBEHHO
nepes MOMEIIEHUEeM B MOATOTOBICHHBIN PEaKIMOHHBIA COCYI.

Bce skcnepuMeHTsI ¢ THIpUAaMU METAUIOB U aMUOM HaTpus CleayeT
MPOBOJUTH B BBITSDKHOM IIKady.

B ciayuae BocmimamMeHeHHs THAPHAA CIeAyeT OTOWTH Ha Oe3omacHoe
paccTosiHiHEe W TMOAOKAATh, MOKA OH CrOPUT (THAPHUIBI TOPAT OBICTPO,
onnako npu ropenun LiIAIH, Bo3aMokeH B3pBIB — MO3TOMY Ii€€Cco00pas-
HO OTPaHHYHUTHCS TOJBKO KOHTPOJEM 32 HEepacmpoOCTPAHCHHEM odara
BO3TOpaHUs).
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IIpaBuia o0pameHus co CTEKIOM

* Bce omepamuu mo pes3ke CTEKIa, HaJE€BAHUIO PE3MHOBBIX NITAHTOB
M T. . ClleqyeT NMPOBOIUTH OCTOPOXHO, HE JeNlag Pe3KUX IBIKECHUH
u usberas OOJBIINX YCHJINH, 3aIIUTHB PYKH CIOXXEHHBIM B HECKOJIBKO
CIIOCB KyCKOM TKaHH. Pe3WHOBBIC mepyaTKH (Ja)ke TOJCThIE) OT MOPE30B
HE TpenoxpaHsioT!

* Pa3nambiBaHUE HaApe3aHHBIX HANWIbBHUKOM WU ajIMa3HOU mukoit! cre-
KIISTHHBIX TPYOOK WJIW TTalloueK BEITIONHATH PE3KHM W B TO K€ BpeMs HE
CHUJIBHBIM JIBIDKCHHEM, Pa3BOAS PYKH B CTOPOHBI, YTOOBI HE IMOpE3aTh UX
KpasiMU CTEKJIa.

e Bcrauss B mpoOKy WM B 3aTBOP MEXaHHUYECKYIO MEIIAIKY, CTCKIISTHHYIO
MAJO0YKy, TEPMOMETP MM CTCKISTHHYIO TPYOKY, CIEIyeT Aep:KaTh UX PyKOi
KaK MOXXHO OJIFKE K BCTaBIISIEMOMY KOHITY, BBITIONHSS «BBHHUHBAIOIIHE
nBrkeHus. [lpu aToM Henp3sl ynupars IpoOKy WM 3aTBOP B JIAIOHB PYKH.
B kauecTBe CMa3Ku MOYKHO MCHOJI30BaTh DIMLIEPHH.

* He HarpeBaTh TOJCTOCTCHHYIO JIUTYIO Tocyay. llpu BeIMOJHEHHH HpPO-
CTEHIINX CTEKIOMYBHBIX OIEpaIfil clelyeT HaleBaTh 3aIlUTHBIC OYKH KU
Macky M He 3a0BIBaTh O TOM, YTO PacKaJCHHOE CTEKJIO BHEIIHE HUYEM HE
oTanyaeTca oT XononHoro. Heab3si 0CTaBAATH PSIIOM CO CTEKJIOMYBHOI
TOPENIKOW WMIIM Ha CTOJE KYCKH Pa3orpeToro CTEKiIa, a MOMEIIaTh HX B
CIEUATBHYI0O €MKOCTh PSIOM C TOPENKOi.

. HpI/I 3allanBaHUU aMITysJl C KUIKUMH 06pa3uaMH ux HCO6XOI[I/IMO npena-
BApPUTCIIbHO OXJIAXKAATh JbAOM HIIN OXJIXIaroIe CMeChIO.

A1.3. Nepeas nomowb npu oxozax,

ompasneHuax u apyzux HecHacmHboIx a1y4asax

B CJIYYAE JIIOBOro, AAXKE HESHAYUTENIbHOIO HA NMEPBbIV B3rnapg,
MPOUCLLUECTBMA HEMEAJIEHHO NOCTABUTb B U3BECTHOCTb NMPEMOAABATENA!

e [lpum yerkux TEPpMHYECKHX O0KOTax IMOpakKeHHOE MECTO OOMBITH CTpyei
XOJIONHOU BOXBI, MPOMBITH CIOUPTOM, a 3aTE€M CMa3aTh INIMLEPUHOM HIH
O6opHBIM BazesnHOM. lIpn CHIBHBIX 0’KOTax MOPaXEHHOE MECTO OOMBITh
CTpyel XOJIOAHOW BOJBI M BBI3BaTh Bpaua.

* [lpu oxxorax OpoMOM IMOpaXe€HHOE MECTO THIATEIHHO OOMBITH CTpyei
xomomHo# Boxwl, a 3arem 10%-m pactBOpoM THOCYmbdaTa HaTpus. Ilo-
CJie BABIXaHWS MMapoB OpoMa cleayeT MOHIOXaTh Pa30aBIICHHBINA pacTBOP
aMMUaka W BBIUTH Ha cBexuil Bo3ayx. Ilpm aob6oM mopakeHum Opo-
MOM [JIa3 WJIH AbIXaTeJbHbIX MyTeill cieayeT HeMeIJIeHHO MOCTABUTH
B U3BECTHOCTb MpeNnoaaBaTessi H OTHPABUTH NMOCTPaaaBlIero B Je4yeod-
HOe Y4YpexkIeHue Ml 0Ka3aHus KBaJN(UUUPOBAHHONH MOMOLIM.

1

Yuo6Hee BCEro MUCIOJIB30BaTh aJIMa3HOC IOJIOTHO JI1 HOXOBKHU HJIM aJIMa3HbIC Ha[[(bI/IJ'II/I.
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e Jlpu oxorax (eHOJIOM WM €ro pacTBOPOM IPOTEpEeTh MoOeneBIINil yda-
CTOK KOXXHM CIUPTOM JO T€X IOp, IOKa HE BOCCTAHOBUTCS HOPMAaJbHBIH
IBET KOXH, 3aT€M IPOMBITh MOPaXCHHBIH YYacTOK BOJOM M HaJOXKUThH
KOMIIpECC M3 BaThl WM MapiM, CMOYCHHOU TIIUIIEPUHOM.

e [Ipu oxorax KOHIEHTPUPOBAHHBIMU PACTBOPAaMHU KHCIOT OOMBITH 000-
MOKEHHOE MECTO CTpyeH XOIOAHOHM BoOAbI, a 3aTeM 3%-M pacTBOPOM COJBI.
[Ipu momamaHnuy KUCIOTHI B IJ1a3a MPOMBIBATH MOJ CTPYEH XOJIOAHOU BOJIbI
B T€UCHUE S5 MUHYT M OOpaTHTHCSA K Bpady.

* [Ipu oxorax KOHUEHTPUPOBAHHBIMH PAacTBOPaMH WIENOYEH OOMBITH KOXKY
CcTpyeil xologHOW Bojbl, a 3aTeM 1%-mM pacTBOopoM OOpPHOW KHCIIOTHI.
AMMHaK U aMHHBI IIOYTH HE JIEHCTBYIOT Ha KOXY, OJHAKO IIPH IOMNajaa-
HUM B TJIa3a MOTYT BBI3BaTh UX CUJIbHOE NopaxeHue. Ilpu momamanum
1ejI04Yell U IPyruxX OCHOBAHWIA B IJI1a3a cjeqyeT HeMeIJIEHHO MPOMBITh
HX CTpyeil BOIbI, OJJHOBPEMEHHO IOCTABUB B M3BECTHOCTH IMPENO/IaBaTEs.
[MpombIBaHKE MPONOIIKATH B TEYCHUE HECKOJIBKUX MHUHYT, HEMHOTO MpPH-
MOZIHUMas TJ1a3HOe BeKo. [Ipy momagaHuy B IV1a3a MIEJIOYH MM OCHOBaHUMN
B JIFOOOM ciIy4ae cieqyeT OOpaTHThCS K Bpady — Jlake NpPU OTCYTCTBUHU
HETNPUATHBIX OLyIeHHI!

e IIpu cny4aiiHOM IONAaJaHUM PEAKTUBOB BHYTPb OPraHW3Ma HEMEIUIEHHO BbI-
IIUTh HE MEHEE CTakaHa BOJbl U IOCTaBUTh B U3BECTHOCTH MPENOAABATEIIS.

e [Ipu HEOCTOPOXKHOM U3THOAHWHM TPYOOK, BCTaBICHUU TPYOKH WU TEPMO-
MeTpa B OTBEPCTHE KOJOBI BO3MOXHBI MOpe3bl M paHeHus. [Ipu mopesax
B MEPBYIO ouepeb HEOOXOAMMO YNaJUTh M3 PaHbl OCKOJIKH CTEKIa, Kpas
paabl ae3uHpuMpoBaTh 3%-M CHOUPTOBBIM PacTBOPOM HOAA, a 3aTeM
HAJIOXKUTh CTEPHIIbHYIO TMOBS3KY. [IpH CHIBHBIX KPOBOTEUEHHSX CIEIYET
HAJIOKUTh KIYT BBIIIE PaHbl U BBI3BaTh Bpadya.

A1.4. TyweHue mecmHbIX 60320panuii u 2opaujeli 00exdol

* B ciydae BOCIIAaMEHEHUS TOPHOYEH KUIAKOCTH CIELYET HMEPEKpPbITh Ia3o-
BbIE€ KPAHBbI, OTKJIIOYUTH NIUTKH 3JIEKTPONUTAHMS, 3aT€M NPUKPBITH IIAMS
acOecTOBBIM IIOJIOTEHIIEM, 3aChlIaTh €ro IIECKOM HJIH BOCIOJIB30BaThCA
YIJICKHUCIOTHBIM OrHeTymuTeneM. PactBopumsie B Boae JIBXK (cmupr, are-
TOH M T. 1.), €CJH BOCIUITAMEHHJIOCH HEOOJNBIIOE UX KOTHYECTBO, MOXKHO
TyLIUTh BOJOM.

» Ilpu BoCIUIAaMEHEHHH HEpPacTBOPHMMOrO B Boxe BemiectBa (3dup, OeH30d7,
rekcaH W T. M.) BOAY NPUMEHATH AJSl TYLICHHS HENb3s — 3TO MOXET BBI-
3BaTh YBEJIIMUYEHME IJIOIIAAM ropeHus. B s3ToM ciyuae miams ciaenyet
racuTh MECKOM WJIH UCIOJNb30BaTh OrHETyIIUTENb. [Ipu Bo3ropanuun Harpe-
TBIX TPHOOPOB, CONEPKAIMINX AMITHIIOBBIN 3(QHUpP, OTHETYUINTEIh MCIIONb-
3yIOT AN TOTO, YTOOBI BOCIIPENSATCTBOBATH PAcCHpPOCTPAHECHHIO ITOXKApa,
HU B KOEM Clly4yae HE€ Halpabisis CTPYIO OTHETYIIUTENsI HENOCPEICTBEHHO
Ha TpuOOp — TYHNIMTH TakWe NMpHOOpHI, KaK IPaBWIIO, OECIONe3HO, B TO
K€ BpeMs IIPU KOHTAKTE TrOpsIleid eMKOCTH CO CTpyeil U3 OTHETYyIIUTENs
BO3HUKAET OMNACHOCTb B3pbIBA.
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* B ciyvae BocrulaMeHeHHs OIEX[bl HH B KOEM ciydae He CielyeT OexaTb.
Crnenyer OBICTPO OTONTH OT Odara BO3IOpAaHHUsS U Jiedb Ha I0J, YTOObI JaTh
BO3MOKHOCTH HaXOZSIIMMCS B JIAOOpAaTOPUH COTPYJHHKAaM HaOPOCHTH Ha Bac
BOWJIOYHOE OZIEAJIO WJIM, B KpaifHeM ciydae, J1a0OpaTOpHBIA XanaT, U cOUTh
wiams’. PazyMHON MepOM MPeNOCTOPOKHOCTH ABISAETCS UCIONB30BAHUE
7a00paTOPHBIX XajlaTOB U3 TOJCTOW XJIOMYaTOOyMa)kHOW TKaHHM Ha KHOIKax
— TaKOH Xajar MporopacT He MTHOBEHHO, U B TO K€ BPEMS MOXKET ObITh CHAT
32 HECKOJIBKO CEKYH/I.

A2. NABOPATOPHASl XUMUYECKAA MOCYAA
W NPNBOPLI ANA NMPOBEAEHWUA CUHTE3A
W BbIAENEHUA NPOAYKTOB PEAKLIUU

A2.1.  OcHoeHble eudel nabopamopHoli nocyos!

B naboparopusix paboTalOT B XMMHYECKOW MOCYA€ JIBYX THIIOB,
pa3NUYAONINXCS HATMYUEM WIA OTCYTCTBHEM HLIH(OBAHHBIX COCIUHEHHI.

He umeromee nummdoB uzzenue, Kak MpaBuiio, SBISETCS «CaMOJAOCTATOYHBIMY
(;rabopatopHsIit cTakaH, KOI0a ISl KPUCTAIUTH3AINY BEIIIECTBA WITH JaIIKa IS €r0
HArpEeBaHMsI) U JIUIIb B HEKOTOPBIX CIyYasiXx MMEET CTEKIISTHHBIC TPYOKH — OTBOJIBI
HEpEMEHHOTO auaMeTpa (KOJHBKU») JJIS IOACOEIMHEHHUS IIJIAHTOB IpU COOpKe
npubOPOB C «KMSITKUM» COSJUHEHHEM YacTeil. PaHee B mabopaTOpHOM MpakTHKE
IINPOKO MCIIONB30BAINCH PE3MHOBBIE U KOPKOBBIE MPOOKH, CEHYac 3TO PEAKOCTb.

B ocHOBHOM cTekJIsiHHas JlabopaTopHas 1Mocya MpeiCTaBlIeHa IpeMeTaMu,
UMEIONIMMH CTaHJapTHble nuHdbl. M3 3TUX mnpeaMmeTroB, COOCTBEHHO, H
MOHTHPYIOTCS IPUOOPHI JJIsI CHHTE3a U BBIZACICHUS COCIUHEHH.

CyliecTByeT HECKOJIBKO OCHOBHBIX THIIOB HIIMGOBAHHBIX COEeIUHEHMH,
omHyaroIuxcs mo gopme (Kouueckue, chepryeckue, mumuHapruueckue). Hanbosee
pacpoCTpaHeHHBIMU SIBISIFOTCS Konumueckue (puc. 1). [Inugsr 0603Havar0TCS 0
JHaMETPy HU)KHETO OCHOBAHUS, MMPUUYEM B 0003HAYCHUH YKa3bIBAETCS TOJIBKO €ro
[EJOYNCIIEHHAs Y4acTh. Tak, eciiu TOBOPAT 0 «14-m mumude», moapasyMeBaroT
«uTUOBaHHOE COEAUHEHHE C AUAMETPOM OCHOBaHHMS (MEHBIINM AuameTpoM) 14.5
mwm». [TImrdoBaHHBINA CHAPYKU KOHYC HOCHT HAa3BAHHE KKEPH», @ COOTBETCTBYIOIIA
eMy nuidOBaHHAS W3HYTPU KOHHMYECKass TpyOka — «MydTa». Haubosee gacto
BcTpedaroTcs numndoBaHHbIe coeauHenus ¢ nuamerpamu 10, 14.5, 19 u 29 mm
(o6o03navarorcst HIII 10,

HII 14, HOI 19 u HIII 29).

[InudoBaHHas qeTalb MHOTHX IPHOOPOB — KpaHbl. B UMIOPTHOM CTEKISIHHON
MOCY/I€ OHU UMEIOT CTAHIAPTHYIO KKOHYCHOCTB» H SABJISIFOTCS B3aMMO3aMEHSIEMBIMH.
Bo MHOTHX Cilydasx BHYTPEHHSS 4acCTh TAKMX KPAHOB H3rOTOBJICHA U3

! Ilpm nonamanum ropsmeil UAKOCTH HA OJEKIY CTOANIETO YENOBEKA B MEPBYIO OYEPEIb

CTPaIaloT JIUIO U BOJOCHL. JI0XKach Ha 10, BBl BBIBOJHUTE TOJIOBY M3 30HBI IUIAMEHH U JacTe
BO3MOKHOCTB €r0 COUTB.
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A B C

Puc. 1. CtaHpapTHble KOHYCHble WnndoBaHHble coefuHeHua: A — mydTol; B — KepHbl;
C - wnndoBaHHbIe nepexoabl

tediona. Hapsay ¢ mMImopTHOM mocyZiold XUMUYecKre J1abopaTOpuu MCTIONb3YIOT
IOCYly COOCTBEHHOTO M3rOTOBJICHUS. BajkHO, UTO ee KpaHBl OOBIYHO UMEIOT MH-
AUBUAYAJbHYI0 IVIMGOBKY U HE MOTYT OBITh NIEPECTaBICHBI U3 OJHOTO Mpudopa
B apyroil. [loaTtomy mpu cO0Opke U MBIThE HMOCYABI CIAEAYET THIATEIBHO CIECIUTh
3a TeM, YTOObI He MepenyTaTh U He pa30UTh CTCKISHHBIC KPaHbI: MHOTAA OJUH
pa3ouTHIl KpaH — 3TO (DaKTHUECKH HOTepsi BCero mpuoopa.

JlaGopaTtopHble cTtakaHbl (puc. 2) B MEPBYIO OYepenb OTIHYAIOTCS OT IpHU-
BBIYHBIX OBITOBBIX HaJIMYMEM HOCHKA (I yA00CTBa MEPETMBAHMS JKUIKOCTEH).
OHM MOTYT OBITH M3TOTOBJICHBI M3 Pa3JIMYHBIX MaTepHAIOB — cTekia, dapdopa,
NOJIMIPOITMIICHA — W TpeIHa3Ha4YeHbl JUI Pa3In4HbIX Lenel. [lorunponunernogule
CTaKaHbI MCIIOJB3YIOT JUIS B3BCIIUBAHHMS WHEPTHBIX IO OTHOIICHUIO K HACHIIICH-
HBIM YIJIEBOJOPOJAM BEIIECTB, cOopa (pakiuii mpu xpomarorpaduu U UHBIX
npoLenyp, He TPEOYIOIINX HATPEBAHHUS HIN OXJIaXAeHU. CmerisinHble cTakaHbl (B
0COOEHHOCTH TEPMOCTOUKHE) MCIIONB3YIOTCS TAKXKe JIIS IPOBEACHUS XMMHUUCCKUX
PEaKIyii U MepeKpUCTAILTU3AIMA BellecTB. [IpUroTOBICHNE paCTBOPOB, COMPOBO-
XKJarolIeecs: CUIIBHBIM pa3orpeBanueM (pasbaenenue H,SO,, pactBopenue merno-
Yeid, MPUTOTOBIICHHE XPOMITHKA) YAOOHO MPOBOAUTE B TEPMOCTOMKHX (hapghoposbix
CTakaHax M Kpyxkax: (aphopoBble M3JeNUs 3aMETHO NPOYHEE CTEKIISHHBIX.

Konosl — ocHOBHast jaboparopHas mocyna. B 3aBHCMMOCTH OT Ha3Ha4YeHHs OHH
paznu4aroTcs 1o Gopme, 00beMy, M0 HATUYUIO WM OTCYTCTBUIO MUIM(OB, MO YHUCITY

Puc. 2. JlTabopaTopHbiin cTakaH (1) 1 Konbbl: KoHMYecKasa (dpneHmenepa) (2); KOHUYecKan
c otBogom (byHseHa) (3); KpyrnogoHHasa ogHoropnas (4); rpywesngHaa ogHoropnas (npu-
eMHUK) (5); KpyrnogoHHasa Tpexropnas (6)
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TOpJ ¥ OTBOJIOB, a TaKXe THUIIOM W TOJNIIUHOW CTEKJa, U3 KOTOPOTO M3TOTOBJICHBI.
CuHTE3bI OPraHMYECKUX COCIMHEHUH B OCHOBHOM IPOBOIAT B KOJIOAX — MPH 3TOM
HYXXHBIM BHJ] KOJIOBI BEIOUPAIOT UCXOMS M3 KOHCTPYKIIMU TPUOOpA, a TAKKE YCIIo-
BUI TIPOBE/ICHUS peakiu (HarpeBaHUe WK OXJIAKICHUE, HEOOXOMUMOCTh TepeMe-
[IMBaHUS M THIT UCIOJIE3YEMON MEIIATKH, HEOOXOMMMOCTh KHUITTYCHHUS C 00paTHBIM
XOJIOMMJIBHUKOM W T. JI.). YHHBEPCAJIBHBIMHU ISl MIPOBEACHHS PEAKIIUM SBISFOTCS
JBYX/TpeXropiible KPYIJIOMOHHBIE KOJNIOBI M3 TEPMOCTOMKOIO CTEKIa yMEPEHHOH
TOJNIIWHBL B Takux konbax MOXXHO IMPOBOAMTEH PEAKIIMHU MPH MEPEMEIIMBAHHN Me-
IIaJIKaMH JIF0O0T0 THTA, TIPH HATPEBAHUU W CHJIBHOM OXJIAXIICHUH; MUTU(QOBAHHBIC
ropia KoJi0 HCHOJB3YIOT JJIS YCTAHOBKH XOJOIVMIBHHKOB, KAIlCIBHBIX BOPOHOK,
TEPMOMETPOB U PA3NMYHBIX CHELMaTbHBIX Hacalok. KoHuueckue u Apyrue Iuio-
CKOJIOHHBIE KOJIOBI TaK)K€ MOXKHO HCIIOJIBb30BaTh ISl TIPOBEICHHS PEAKIIMiA, OTHAKO
B OCHOBHOM HX MPUMEHSIOT JIJIsl XPAHCHUS BEIIECTB M PACTBOPOB; HAIMUHUE NUIHba
MO3BOJIICT HAJICXKHO 3aKPBIBATh MX MPUILTH(OBAHHBIMU MpoOkaMu. KoHudeckue
KOJIOBI ¢ 0TBOAOM (KO/IOBI ByH3eHa) BBHIMOJIHEHBI M3 TOJCTOrO CTEKIA U TPe.-
Ha3HAYCHBI I (QWIETPOBAHUS IMOJ] YMEHBIICHHBIM JaBICHHEM. TOHKOCTECHHBIE
TUTOCKOJIOHHBIC KOJIOBI KATErOPUYECKH HeJIb3s BAKYyYyMHPOBATH M3-32 ONMACHOCTH
B3pbIBa. OHOTOPIIBIC TPYIICBUIHBIC KOJIOBI, IMEIOIINE Pa3JInYHbIC IUTH(HI B 3a-
BucumoctH oT o0beMa (14 s 5-100 mi, 29 s 100-250 mit), UCOIB3YIOT Kak
NMPHEMHUKH; OHU OOBIYHO BBITIONIHEHBI U3 TEPMOCTOHKOTO CTEKIA C JOCTATOYHO
TOJICTBIMH CTEHKaMH U MPEeIHa3HauYeHbI Ul cOopa (pakiuii npu mneperonke (B ToM
YHCJIe BaKyyMHOH), BBICYIIMBAHHS B BaKyyMe M BPEMEHHOTO XPAaHEHUS KHIKHX
BeriecTB. IlepeuricieHHBIE OCHOBHBIC THITHI KOJIO M300paXkeHBI Ha puc. 2.
Kpome Toro, B JJaGOpaTopHOM MPAKTHKE HCIIOIB3YIOTCS KOJIOBI, CHEIIHAIBHO
npeaHa3sHaYCHHBIC IS TICPErOHKH BemiecTB. Hamboiee pacrpocTpaHeHHBIMA W3
HUX SIBJISIOTCS K006l Bropia, ®@asopckoro u Kustiizena (cm. puc. 3). Onu ume-
0T BEpTUKAIbHbIC HIIH(BI — MyPThI (IS TEpMOMETpa U KAMMUIAPA) U HUCXO-
ImHd g — KepH I MPUCOSAMHEHUS XOJNOMWIbHUKA. MexIy COOCTBEHHO
KoIboil U 3THM KEPHOM MOXKET pacronaratbes aednermarop (cm. puc. 3)

0.0

Puc. 3. Konbbl gna neperoHku: 1 — Biopua; 2 n 3 - ®aBopckoro; 4 n 5 — KnainseHa;
3 n 5 - c pepnermatopom «enouka»
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! B na6opaT0pH0171 MpPaKTUKE U1 NEPETOHKH HEOOJIBIINX KOJUYECTB BECIICCTB 4aCTO UCIIOJIb-

3YIOT kosiobl Kiisiizena ¢ MPpUIIASHHBIM MIPAMBIM XOJIOAUJIBHUKOM.
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Puc. 4. XonoannbHuku: 1 — NpAMON NN XONOAUNbHUK JINbrxa; 2 — WapuKoBbii; 3 — 3mee-
BMKOBbIN; 4 — xonogunbHUK JumpoTa

XoaonmiabHUKH (prc. 4) cnyXaT Uil OXJaKIACHUS M KOHACHCAIUU MapoB TPH
MPOBEACHUN XMMHUYECKUX PEaKIUd M IePEeroHKe OpraHMYeCKHX COEIMHEHUH.
[lo cBoemy Ha3HaYeHHIO Pa3NUYaAOT NpPsSMble U OOpaTHBIE XOJOIMUIBHUKH.
IIpsiMoii XONONMIBHUK TIpEeJHA3HAuEH Uil KOHJEHCAIMU MapoB BellecTBa WIIH
pacTBOpHTENs C ynaJeHHeM KoHJeHcara. B o6paTHOM XOMOIMIEHUKE KOHICH-
CUpYIOIMECs Taphl BO3BPAIAIOTCS B PEAaKIMOHHYIO cMech. [l oXiakaeHHs
MapoB B XOJOJMJIBHUKAX B OCHOBHOM HCIOJB3YIOT BOAY (BOASIHOW XOJOMUIIb-
HUK) WU BO3MyX (BO3AYIIHBIA XOJOAMUIBHHUK).

Camblii IPOCTOH XOJNOAMIBHUK — BO3YIIHBIH, KOTOPBIH MOXET HPUMEHSTHCS
Kak B KauecTBe 0OpaTHOTO, Tak M HUCXosmIero. GakTHYECKH OH MpENCTaBIsET
co00¥ CTEeKIsTHHYI0 TPYOKy co numdaMu. Bo3ayniHbIi XOJOAMIBHUK HCIIONH-
3YIOT JJIsl TIEPEerOHKH WIIM KOHJIEHCAIMW JKUIKOCTEH C TeMIepaTypod KHIIEHHS
150 °C u BbImIE; TPUMEHEHUE B ITUX CIydYasX XOJOMUIBHUKOB C BOISHBIM
OXJIQXKJIEHHEM COMNPSDKEHO C M3BECTHBIM PHUCKOM, TaK KaK BCIEICTBHE PE3KOTO
nepernaza TeMIeparyp TpyOKa XOJOAMIbHHKA MOXKET JIONHYTh C CaMbIMH He-
MPUATHBIMU TIOCJIEICTBUSMH KaK Ul CHHTE3a, TaK M JJIs SKCIEpHMEHTaropa.
Kpome ToTO0, BO3AYIIHEIE XONOAMIBHUKH HCIIONIB3YIOT, €CIIH OTTOHSEMOe Bellle-
CTBO MMEET BBICOKYIO TEMIIEpaTypy IIaBJICHUS.

ITpocTbIM 1O KOHCTPYKIHH M IIMPOKO PACHpPOCTPAaHEHHBIM B JIAOOpAaTOPHOMN
MIPAKTHKE ABISAETCS XONOAWIBHUK JIMOMXa, KOTOPBIH OOBIYHO MCHONIB3YEeTCs B Ka-
YeCTBE HUCXOJSIICTO, U pexe — B KadecTBe oOpaTHoro (mpu paboTe ¢ BBICOKO-
KUISIIUMH PacTBOPHUTENAMH). XOMOAWIbHUK JIMOMXa COCTOMT M3 BHYTpPEHHEH
TpYOKH, B KOTOPOH NPOUCXOAWT KOHJEHCANUs MapoB, W HApYXHOHW pyOamIky,
CMasiHHOM ¢ BHYTpeHHeil TpyOkoil. HapyxxHas pyOaiika umeer 1Ba orBoza («onus-
KU»), Ha KOTOPbIC HAJCBAIOT PE3MHOBBIC TPYOKH, MPH 3TOM OJHY HPHCOCAUHSIIOT
K BOJOIPOBOJTHOMY KpaHy, a BTOPYIO OTBOIAT B pakoBHHY. Bona mopmaercs depes
HUKHIOI «OJIMBKY», YTOOBI XOJIOAMIBHUK OBLI MOJHOCTBIO 3amojiHeH (puc. 5).
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1 2

Puc. 5. Vicnonb3oBaHme NpsMoro xonoausbHMKa B Kauectse HUcxogawero (1) n obpatHoro (2).
CTpenkamy o603HaueHo HanpaBieHMe NMoToKa OXnaXkgaloLwen soabl

B naboparopusx MPUMEHSIOT U XOJOAWIbHUKH JPYTrUX TUMOB (cM. puc. 4).
HlapukoBBIi XOJOIUIBHUK OOBIYHO HCIIOJIB3YETCs KaKk OOpaTHBIH, Tak Kak
HIapOBUJIHBIE PAaCIIMpEeHUs BHYTPEHHEH TPyOKH 3aMETHO IOBBIMIAIOT €ro
3¢ (HEeKTUBHOCTH 10 CPaBHEHHIO C XOJIOAMIBLHUKOM JInOmxa. 3MeeBHMKOBBII
XOJIOAWIBHUK BCerga NPUMEHSETCS TOJIbKO KaK HHMCXOASINUM 11 HU3KO-
KUISIUX BemecTB. OH HMKOTAA HE HCIOJNb3yeTcs Kak OOpaTHBIM, Tak Kak
CTEKaIoUINil 1Mo crubaM TOHKOW BHYTpPEHHEH TpyOKHM KOHJIEHCAT NMpU HHTEH-
CUBHOM KHIIEHUU JIETKO MOXXET OBITh BHIOPOIIEH W3 XOJOAWIbHHKA. YauHas
KOHCTPYKIHsI y 0OpaTHOro XoJioAwJipbHUKa JlmMpoTa, KOHIEHcalus MapoB
B KOTOPOM INPOUCXOAUT Ha BHEIIHEH NMOBEPXHOCTH BMASHHOIO BHYTPb CTe-
KJISTHHOW TpyOKH 3MeeBHKa. DPPEKTHBHOCTh ITOTO XOJOAMIBHUKA MOXHO
YBEINYHTh, OXJIAX/as U BHEUIHHWE CTeHKHU (XonoauwibHuk Jumpora—JInbuxa
C JBOWHBIM OXJIQXKICHHEM).

[Ipu wcronb30BaHUU XONOAMIBHUKOB HEOOXOIWMO IOCTOSHHO CIIEANTH 32
TOKOM BOJbI. CIWIIKOM CHJIBHBIH TOK MOYKET HPHUBECTH K TOMY, 4TO OymyT
COpBaHbI IIJAHTH W BOJA IONAJeT Ha pabodyee MECTO WM Ha Harperyr Iepe-
TOHHYIO KOJOY (mociienHee MOXKET MPHUBECTH K B3pbIBY). Crnabblil TOK BOABI WITH
€ro OTCYTCTBUE TOXE MOTYT IPUBECTU K aBapUU.

BopoHKH pa3zHOOOpa3HBI MO CBOEMY yCTPOWCTBY M Ha3HAuEHHIO.

[ nepenuBaHUS KUAKOCTEH W (UIBTPOBaHUS NpU aTMOc(epHOM JaBie-
HHUH TIPUMCHSIOTCS KOHMYECKHe XHMHYecKHe BOPOHKH. OHHM M300pakeHbBI
Ha puc. 6, Ha ITOM K€ PUCYHKE MOKAa3aHO M3TOTOBJICHHE CKJIaI4aToro (GpuisTpa
W3 KpyXKa (QUIbTpoBaibHOW Oymaru. M3-3a Hamuuus ckiagok Oymara He TpH-
JieraeT IUIOTHO K IMOBEPXHOCTH BOPOHKH, YTO W oOecreunBaeT 3¢ddexruBHOE
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Puc. 6. MpocTble xmmmuyeckme BOPOoHKM (1), mpoLeaypa M3rotoBneHms cknagyatoro ¢ounbtpa (2)
W rOTOBbIN cKNagyaTbin unbTp (3)

¢unpTpoBanue. Ecnu craBuTcs 3amava OTAENEHHS HEPACTBOPUMBIX NPHMECEH
(ocymmuTens u T. M.), MOXHO HCIIONB30BaTh HEOONBIION KYyCOK BaThl.

Jug oTaeneHus KPUCTAIUIMYECKUX TPOAYKTOB OOBIYHO NMPUMEHSIOT (UITb-
TpoBaHKE O] BakyyMoM. [Ipu 3TOM MCIONB3yIOT U3roTOBIEHHBIE U3 (apdopa
BOPOHKH C TUIOCKHM JbIpYaThiM AHOM (BopoHKH BroxHepa), a Takke BOPOHKH
CO BIUJIABJICHHOW MJIACTHHKON W3 mopuctoro crekia (Boponku Iorra).

KanenbHuble BopoHKkHU (puc. 7) HCIONB3YIOTCS AN NPUIHBAHHS JKUAKOCTH
K pEakIHOHHOH CMECH M TPEACTaBISAIOT COOOW HMIMHIPHUYECKHE WM KOHU-
YecKHue eMKOCTH ¢ My(Toil CBepxy, a Takke KpaHOM W KepHOM cHm3y. [lepen
paboToii ¢ KaneabHOH BOPOHKOW HITM( CTEKISHHOTO KpaHa HEOOXOAMMO Cller-
Ka cMa3aTh BaKyyMHOH CMa3Koi M 0053aTeIbHO NMPOBEPHUTH, HE NPOTEKaeT JIH
KpaH B 3aKpbITOM IOJIOKCHUU. bonee ynoOHBIMU M YHUBEPCAIBHBIMU SBIISIOTCS
BOPOHKH ¢ 00B0OAOM (KOMIIEHCATOPOM JaBJICHUS, BOASHHOU «I0» U KIIOCIE»
KpaHa CTeKJISHHON TpyOKoi).

JeaurejbHble BOPOHKH (PHC. 7) KOHCTPYKTHBHO OTJIHYAIOTCS OT MPOCTBIX
KarelbHbIX BOPOHOK TEM, YTO OOBIYHO MMEIOT KOHUYECKYIO (OpMY U HE MMe-
IOT HIDKHETO KepHa. DTH BOPOHKHU CIYXKAT IS pa3felicHHs IBYX HECMEIIU-
BaIOIIUXCS KUIKOCTEH M KOMIUICKTYIOTCS TUIACTHKOBBIMH WJIM CTEKJITHHBIMU
npoOKaMH.

1 2 3 4

Puc. 7. KanenbHble un pAenuntenbHble BOPOHKA: 1, 2 - NnpocCTble KanellbHbleé BOPOHKW;
3 - KanenbHasA BOPOHKa C 06BOAOM; 4 - penvtenbHasn BOPOHKa
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Puc. 8. Hacagkn n anoHxn: 1 — gByporaa Hacagka; 2 - Hacagka Biopua; 3 — Hacagka Knan-
3eHa; 4 — Hacagka [dunHa-Crapka; 5 — anoHxm

Hacaaxu n ason:kn. B cuHTETHYECKOI MPAKTHKE UCIIONIB3YIOTCSI CaMbIE pa3HbIE MO
KOHCTPYKIIMY HACAJAKM — CIASHHBIC O] HY)KHBIMH YIJIAMH TPYOKH co nutudamu
pasHoro auamerpa (puc. 8). OHM 0OBIYHO BCTABIISIOTCS B KOJIOBI M HCIIOJB3YIOTCS JUIS
MOHTa)ka J1a0OpaTOPHBIX INPUOOPOB W3 OTHENBHBIX HpeaMeToB (Koo,
XOJIO/IMIbHUKOB, KalebHBIX BOPOHOK, TEPMOMETPOB U T. 1I.). Y I0OHOH sSBIsAETCS
Hacaaka J{una—Crapka (4), B OCHOBHOM HCTIONb3yeMast ITPH MPOBEICHUN PEAKIIUH
Oezudpamayuu’. KepH BCTaBIseTca B KOOy, B My(Ty ke BCTaBISIOT OOpaTHBIM
XOJIONWIIFHUK. B K0oIOe KUITUT pacTBOp BeIIeCTBa B OPraHMYECKOM pacTBOPHTEIE,
HarpuMmep B OeH30I1e, U [TPU OTLICTUIEHUH BOJIBI M3 KOJIOBI OTTOHSAETCS a3€0TPOITHAS
cMech BOJja—0€H30J1, KOTopas KOHJICHCUPYETCs, MONasaeT B NPUEMHYI0 €MKOCTb
HacaJIK{ U paccnanBaercs B Hell. Boa ciyBaercst yepes KpaH. AJIOH:KAMM Ha3bIBAIOT
crelnMaIbHble U30THYThIE HACAJAKH, NPeIHA3HAUYECHHBIC Ul COCIUHEHMS MPSMBIX
XOJIONMIIHUKOB C ITPUEMHBIMU KOJI0aMH.

OcymmmrenbHbie (XJI0pKaabIueBbie) TPYoKkH (prc. 9) HCIOMB3YIOTCS IIIsl OCYIIKH
ra3oB. XJIOpKalblUeBasi TpyOKa COACPKUT MOTIOMIAOIIEEe BOAY BEIECTBO, Yallle
Bcero rpanynupoBannbiii CaCl, (otcrona u HasBanue). Ha puc. 9 nzobpakeHs 18a
OCHOBHBIX THIA TaKUX TPYOOK: MpeAHa3HAYCHHAS IS U3OJALUU IpUdopa oT
BOJIsHBIX 1apoB (1) (uepes Hee BHIPABHUBACTCS C aTMOC(EPHBIM JaBIICHUE B IPHOOPE,
coJlleprKalleM YyBCTBUTEBHbBIC K Blare BO3yXa BEIICCTBA) U NpeHA3HAUCHHAS ISt
OCYIIKHU MOTOKa Ta30B (2) (MHOTa BOSHUKAET U TaKas HEOOXOIUMOCTh, HAIIPUMED
nonydenue cyxux CO,, HCI). TIpu npoBeieHNH CHHTE30B XJIOPKATbLHEBbIE TPYOKH
OOBIYHO BCTABJIAIOT B OOpaTHBIC XOJOAMIBHUKH. [Ipu 3TOM HEOOXOIUMO
BHHMATEJIFHO CIIUTh 32 TOKOM BOJIBL: TIPH €TI0 NPEKPALICHUN apbl paCTBOPHTENS
JOCTHTAIOT TPYOKH, WX KOH/IEHCAIUS MOXKET NMPHUBECTH K 00pa30BaHMIO MPOOKH,
poOCTy JiaBiieHus B NpubOpPE H, KaK CIEACTBHE, K B3pbIBY . [10 3TOM *Ke mpuuuHe
HEJIb3sI HCTIOJIB30BATh «CTaphIe» XJIOPKaJIbLIUEBBIC TPYOKH, B KOTOPBIX OCYIIHTENb
JUTUTENEHOE BPEMSI HAXOIMIICS HA OTKPBITOM BO3IyXe?.

1 Ocobenno onacHel TMATUIOBBINA 3dup U TeTparuapodypan, obpasyromue coabarsl ¢ CaCl,

U BBI3BIBAIOIINE HEMEICHHOE «3a0MBaHME» XJIOPKAIBLHUEBONH TPYOKM NMpH MONaTaHUH
B HeEe MapoB.

[Tpuctynas k cOopke npubopa, cieayeT yOeauTbCS B TOM, YTO XJIOpKajibLiueBas TpyOka
IPOIYCKAeT BO3AYX.
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Barta

paHynupoBaHHbIN

ocyuwmTenb
Puc. 9. OcywntenbHble Tpyokn: 1 — xnopkanbumeBaa Tpybka C OAHMM LIAPOM, WCMOJb-
3yemas npu neperoHke C NPAMbIM XONOAWIIbBHUKOM; 2 — XNopKanbLuuesBaa Tpybka C ogHUM
WapoM 1 WINPOBaHHbIM KEPHOM, yCTaHaBNMBaeMas Ha Bbixofe 0OpaTHOro XONOANNbHNKA;
3 - U-ob6pa3sHan Tpybka (06bIYHO MCMONb3yeTca ANA OCYLIKM MOTOKa rasa)

®dapdoposas nocyna (puc. 10) Taxke MUPOKO UCHOIH3YETCS B J1aOOPATOPHUH.
OT CTeKJISIHHOW OHA OTIMYAETCS OONBIICH MPOYHOCTHIO U TEPMOCTOUKOCTHIO —
Tak, B (apopoBEHIX CTakaHaX M KPYKKaX MOXHO TOTOBHTH XPOMIIHK, pac-
TBOPSTH B BOJE CEPHYIO KHCIOTY W IIenodd. [ BeIIapuBaHUS HETOPIOYHX
BOJIHBIX PACTBOPOB HA OTKPHITOM ILIAMEHH HCIIONB3YIOT (papdopoBbie YALIKH,
IUIs TIPOKAJIMBAaHMs BEIECTB (HapuMep, OoCcymuTeleil) — 0Kebl. Hakowerr,
JUISL UBMENIBYEHUS Pa3IMYHBIX COEAMHEHUH MCIoNb3yioT GapdopoBbie CTYNKHU.
Jns GunsTpoBaHUS HCIONB3YIOT BOPOHKH BIOXHepa pa3nmmyHOTO AHameTpa.

1 2 3 4

Puc. 10. QapdopoBana nocypa: 1 — cTakaH; 2 — yawkKa AnA BbinapuBaHua; 3 — BGIOKC;
4 — cTynka C necTmkom; 5 — BOpoHKa bioxHepa

Mepuast mocyaa (puc. 11) mcmoibsyercs IpH ONpelelcHHH 00beMa KHIKO-
CTeil: mpu oTOOpe HYXHBIX 00BEMOB KHIKHX PEareHTOB MUCHOIB3YIOT MUMETKH
U MepHble HUJIMHAPBI; IIPH IPUTOTOBICHUN PACTBOPOB M3BECTHON KOHIICHTpA-
U — MEpPHbIE KOJIObI.

TepMoMeTpbl HCIOJB3YIOT Ui U3MEPEHUS TEMIEPATYphbl B PA3JIMYHBIX HH-
TepBanax. CTaHIAPTHBIMY SIBJISIIOTCS JTabOpaTOpHBIE PTYTHBIE TEPMOMETPHI
co mkamoit —5...250 °C kak cuaGxkennsie kepuom (HIII 14), tak u 6e3 Hero.
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Puc. 11. MepHasa nocyga: nuneTtku (1) 1 rpylua ¢ KnanaHamu ana Ux 3anofiHeHus (2); mep-
HbI LumnuHAp (3) n MepHaa Konba (4)

Jlnst u3MepeHusi OTPUIATENBHBIX TEMIIEPATyp HCIOIb3YIOT CIHUPTOBBIE TEPMO-
METPBI WM 3NEKTPOHHBIC YCTPOUCTBA.

C MOMOIIbI0 MAHOMETPOB H3MEPSIOT NAaBICHUSA. B OpraHHuecKoM MPaKkTHKyMe
B OCHOBHOM HCIIOJIb3YIOT PTYTHBI€ MaHOMETPHI JJIsI H3MEPEHUS MOHHKESHHOTO
napnenus: (0-150 MM pT. CT.) — W 3Ta mpoueaypa sABIseTcs] abCOIIOTHO HEO0O-
XOJMMOM TpH TPOBEACHUH TEPETOHKH B BaKyyMe.

A2.2.  [lpyzoe na6opamopHoe o6opydoeaHue

Juis 3akperuieHust Koib M IPyrux dacTei J1abopaToOpHBIX MpHUOOPOB UCHOIB3YIOT
CTaJIbHbIC IITATHBBI, CHaOXXaeMble HA0OPOM «JIAMOK» C PAa3HBIM JUAMETPOM
3axBara, a TAKXKe KOJbHAMH Pa3HOTo auaMeTpa (B HUX BCTABISIOT JEIUTEINh-
HbIe BOPOHKH, Ha HHUX KJIaJyT acOECTOBBIC CETKHU, Yepe3 KOTOPhIE HArPEBAIOT
mpuOOPHI C TOMOIIBIO TAa30BBIX TOPENIOK).

BakHyto TpyIIy COCTaBJISIOT Pa3iMYHbIE YCTPOWCTBA IS IMEepeMEIIUBAHUS
peakuoHHBIX cMmecedt (puc. 12). D10 MexaHHYecKHe MemIaJKH (3IEKTPO-
MOTOpBI, CHaOXKEHHbIC MPHUCIOCOOICHUEM Uil KPEIUICHHUS Ha IITaTUBax U pe-
TYIATOPOM 0OOpPOTOB) M MATHHTHBIE Memaaku (OHH BecbMa YmOOHBI, €CIH
HET HEOOXOJUMOCTH B TEPEMELIMBAHMHM OYCHb BSI3KMX XXHAKOCTEH, a TaKKe
6onpamx 006eMoB). TIpy MCONB30BAHNM MATHUTHBIX MEMIANOK B PEAKIIHOHHYTO
KOOy MOMEIAI0T AKOPb — MOCTOSHHBI MarHuT B 00onouke U3 TeduoHal umu
nonumnponuieHa. be3ycnoBHO HEOOXOMUMBIME B COBPEMEHHOU J1abopaTopuu
SIBIISIFOTCSL poTopHbie ucnmaputeau (puc. 12) — yerpoiictsa, nmpeaHasHadyeHHBIC

! Aurnmuiickas a66pesuarypa — PTFE.
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Puc. 12. MexaHnyeckas MeLanka ¢ BaJioM U KpbinaTkoi (1); MarHuTHble Mewanku 6e3 Ha-
rpeBaHus (2) n ¢ HarpeBaHueMm (3); POTOPHbIV UCNapuTenb B KommyekTe ¢ 6aHen (4)

JUIE OTTOHKH M TIEPErOHKH PACTBOPHUTENCH M3 KPYIIIOAOHHBIX M TPYLICBHIHBIX
OIHOTOPJBIX KOJIO paznudHOd eMKOCTH. OTrOHKa PacTBOPUTENS OCYIIECTBISETCS
[PHU BPAIEHUH KOJIObI — IMOCTOSIHHOM MEPEMENINBAHNH, 38 CUET Yero JOCTHra-
€TCsl paBHOMEPHOE KUIICHHE U MOCTOSHHBIN MOTOK KOHJIEHCATa, YIaBIUBAEMOTO
3G GEKTUBHBIM XOJIOAUIBHUKOM, TaK)Ke SBISIONUMCS YaCThIO POTOPHOTO HCIIa-
putens. OTrOHKY pacTBOPHUTENS Ha POTOPHOM HCIIAPHUTEIE MOXHO MPOBOIUTH
npu aTMOC(EPHOM [ABJICHHH, OJHAKO KOHCTPYKIIHS MPUOOpa MO3BOJISIET 3TO
JleNaTh MOJ YMEHBIICHHBIM JIaBJICHUEM — B pe3ylibTare, HE MeperpeBas Belle-
CTBO (MCIIONB3YS BOASHYIO OaHIO), MOKHO KOHIIEHTPHPOBATH PACTBOPHI B BOIE,
CHHpTE, TONyoJe W T. II.

s HarpeBaHUs BEIIECTB U MX PACTBOPOB OOBIYHO HCIONB3YIOT HIEKTPO-
IUVINTKH € 3aKPBITOHl CHMPAJBbIO WK KOJIOOHArpeBaTeu.

Jyis ompeneneHus MacChl peareHTOB M MPOAYKTOB CIIyXar JabopaTropHbIe
BeChI PAa3JINYHON CTENEHU TOYHOCTH. B OCHOBHOM HCIOJB3YIOTCS OJHOYAIICY-
HBIE 3JIEKTPOHHBIE BECHI C MOTPEIIHOCThI0 ompenenenus maccsl ~0.01 1.

A2.3. (6opka npubopoe ona nposedeHus cuHmesa

BecpMa 0OTBETCTBEHHOH omnepanueldl NMpu MPOBEIECHUU CHHTE3a OPraHUYECKHX
COEIMHEHNH sBigeTcs cOopka mpuOOpOB, NMpeAHA3HAYCHHBIX IS MPOBEICHUS
peaKIyii, BBIJEIEHUS U OYNCTKH KOHEYHBIX IPOTYKTOB.

[lepen TeM Kak MPHUCTYHHUTH K COOpKe MpUOOpa, HEOOXOMUMO MOATOTOBHUTHCS
K BBIIIONHEHUIO 3TOH paboOTHI B IIENIOM, T. €.

¢ BHHUMATCIBHO O3HAKOMUMTHCA C MCTO,[[PIKOﬁ CHHTE3a U YETKO €€ 3HaTh,

* COCTaBUTbH MOAPOOHBIN MJIAaH CHHTE3a C YYETOM BCEX NMPEACTOSIINX MaHH-
Oynauuii — oT cOOpku mpudopa JUIsl MPOBEACHUS PEaKLUHU 10 B3BCIINBAHHUS
€MKOCTH C OYMUIIEHHBIM NPOAYKTOM CHUHTE3a,
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¢ OTHaBaThb cebc OTYST O BO3MOXKHBIX HMCTOYHHMKAX OMNACHOCTH H npuinHax
BO3HHUKHOBCHUA aBapPIﬁHLIX CI/ITyaI_[I/II\/'I, npeaAcTaBIIsATh cebe MCPBI IO UX
npeaOTBpaAlICHUIO U OBITH TOTOBBIM HEMEJICHHO UM CJICN0BAaTh,

* IPUTOTOBHUTH BCIO HEOOXOIMMYIO TIOCYAYy M PEareHThl, YOSAUTHCA B TOM,
4YTO IOCYJA YUCTas U cyXas.

JlaGoparopHbie PUOOPHI )i MMPOBEJICHUS CHHTE30B B OCHOBHOM COOHMPAIOTCS
W3 OTHENBbHBIX CTEKISHHBIX IITU(pOBaHHBIX yacTed. [Ipum momydenmn Habopa
MOCYABl B MEPBYIO O4depens HEOOXONMMO YOEOUTHCS B TOM, YTO OHA HE MMeEET
MEXaHMYECKUX IMMOBPEKICHUN (TPElUH, «3BE3I0YEK»), 4TO HUIU(BI XOPOIIO
HOIXOIAT APYT K IIPYTY.

a1, KOTOpEIE B Mpolecce CUHTe3a OyAyT HCIBITHIBATh CEPhE3HBIC Mepe-
majgbl TeMIEepaTyphbl, a Takke Bce HJIM(HI B YyCTAHOBKe, MpeJHA3HAYeH-
HOH JJis1 padoThl MOJ BAKYYMOM, CJIEAyeT CMa3bIBaTh JKECTKOW BaKyyMHOMH
cMa3koi. CMa3Ky cienyeT HaHOCUTH B Pa3yMHBIX KOMHYECTBaxX BO M30exaHUE
3arps3HEHUs] €10 PEaKIMOHHOW CMECH WU TOJy4YeHHOTo mpoaykra. Oosiza-
TeJbHO CIeyeT cMa3bIBaTh KpaHbl. EciiM BRI MOTydYnIu mpHOOp ¢ HecMmas3aH-
HBIMH KpaHaMH M OHHU OT JIETKOTO Ha)XKaTHi HE MOBOPAYHMBAIOTCS, HU B KOEM
CIyyae He MBITAalTeCh CAenaTh 3TO C CHJIOH. DTO CHpaBeAIUBO M IS Tt000-
ro APyroro miau(oBOrO0 COCAMHEHHUS. €CIIH OHO IO KaKUM-ITHOO MPHYIHMHAM
He pasOupaercs (HIH(BI «3aell0»), CHJIY HH B KOEM cJydyae MPUJIArarh
HeJb3sl — HEOOXOIMMO OOPATHThCS K MPENoaBaTellio Wi Ja0OpaHTy.

IIpu cOGopke mpuboOpa MPUXOAUTCS HAJEBaTh Ha CTCKJISHHBIC OJIUBKU» PE3U-
HOBBIC TPYOKH. [l CHUXKECHUS TPEHHSI pEKOMEHAYETCs ClIerKa CMOUYUThH TPYOKy
BOAOH WM DIIHIICPUHOM. Pe3MHOBBIE MIIAHTH HAACBAIOTCA HA XOJOOWIHHHKU
nepea cOOpkoil mpudopa — HM B KOeM cJy4dae He HajJeBaiiTe NIJIAHTH Ha
XO0JIOMMJILHUK, SIBJSIONIUICH YacThI0 yiKe cCOOpaHHON KoHcTpykuuu! MHave
BBl MOXKETE CJIOMaTh XOJNOJWJIBHHUK WIHM IIIU( PEaKIHOHHON KOJIOHI

IToaroToBUB OTAENBHBIC YaCTU OyaylIero nNpubopa, BEIOUPAIOT TOIXOMSIIIHHA
MO BBICOTE U MACCHBHOCTH OCHOBaHUs mTatuB (MpubOp JOMKEH OBITH yCTOM-
yuBbIM!) M MeTalTHYeCKue JIANKH ISl KperuleHus yacteil mpubopa. ITomuuTe
0 TOM, YTO HETOCPEACTBEHHBIH KOHTAKT MEXAY METAJUIOM JIAllOK U CTEKIOM
HEIOMyCTUM — HEOOXOMMMO MPOKJIAIBIBATE MEXKITy HAUMH KyCKH pe3uHbI (B He-
KOTOPBIX JIalIKaX TaKHe MPOKIAAKH, PE3UHOBBIC MM KOPKOBBIE, MIPEIYCMOTPEHBI
KOHCTPYKIHEH).

HarpesarenbHbie MpHOOPHI (IEKTPOILTMTKH, KOIOOHATPEBATENH, BOASHbBIC U Mac-
JsiHBIE OaHH), a TAKKE OXJIAXKIAroIHe OaHH TOJDKHBI IPH HEOOXOAUMOCTH JIETKO
youparbcst 6e3 meMoHTaxa mpudopa. [Ipu npoBeneHNr CHHTE30B C MCITOIb30BaHH-
€M MEXaHHYECKHX MEUIANIOK PEKOMEHIYETCsl HCIOIh30BaTh MOJbEMHBIC CTOIUKH,
MO3BOJIAIOIIME OBICTPO yOpaTh HarpeBaTelbHBIA 3JIEMEHT U3-TI0J Mpubopa.

Kon6wr B mankax kpensitcs mon odpeszom muda. [locie 3akpemnyieHus 0CHOB-
HOH KOJIOBI B €€ NMUIH(BI BCTABISIOT OCTalIbHBIC YacTH MpuOOpa, KOTOPBIE MPH
HEOOXOIMMMOCTH TaKKe Kpemarcs jankamu. [lo okoHUYanwuu cOopkum mpudopa
MyCKaeTcss TOK BOABI (He CHIBHO! TONBKO At OOECTICUEHUS OXJIaKICHUS)
M OCTOPOXXHO (TIPM HCIONB30BAHUH MEXaHHUYECKON MEIIajKh — 06A3aTesIbHO
NMpUAep:KUBasi PYKO#l ee BaJI) BKIIOYACTCS JJIEKTPOMHUTaHHE. MexaHudecKast
MeIIajgKa I0JDKHA CBOOOMHO BpamlaThes, HE 3a]eBasi CTEKISIHHBIC YacTH MprOopa
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Puc. 13. MNMpubopbl Ana npoBefeHnsa peakuymn: 1 — AnA CMHTE3a C MeXaHUYECKM nepemelLn-
BaHVEM, BO3MOXXHOCTbIO NMPWbaBReHUa peareHTa U KANAYEHWA peakLUOHHOM cmecn (Kpenutea
Ha OAHOM LITaTMBE); 2 — ANIA CUHTE3a Ha MarHWTHOW MeLLanke C BO3MOXHOCTbIO JobaBneHns
peareHTa 1 OTFOHKM MPOAYKTa B Mpouecce peakuum (MOHTUPYeTCA Ha ABYX LUTATMBaXx).

BHUMAHMUE! NTankn wTtaTtnBoB M306pakeHbl YEPHbIMM MPAMOYrOfibHMKaMK, 6aHa — Kak
npo3payHas eMKoCTb

(3atBOp, KOIOY, TepMOMETp). 3aTeM HEOOXOAMMO OCMOTPETH BCE ILIM(OBAHHBIC
COEJIMHCHUS, YOSTUThCS B OTCYTCTBHUM B COOpaHHOM MpUOOpe HampsHKeHUH,
MOTYIIMX MPHBECTH K MOJIOMKE MpuOOpa yxe B mpolecce cuHTe3a. M Tonpko
[OCJIe 3TOT0 MOXKHO TOMeNaTh B COOpaHHBIN MpubOp peareHTHI (dIEKTPOITH-
TaHWE MEIIANKH B 3TOT MOMCHT CJEJYET OTKJIIOYHUTD).

Ha puc. 13 u300pakeHbl OTHOCUTEIBHO CJIOKHBIC MPUOOPHI — OYCHb MHOTHE
U3 OMHCAHHBIX B JAHHOM ITOCOOWH CHHTE30B OyIyT MMETh CYIIESCTBEHHO Oojice
MPOCTOE «amImapaTHoe OQOpMIIEHHE» — HAIpUMeEp, CTOSIINH B OXJIAXKIAIOIIEH
0aHe Ha MarHUTHOW MEINAJIKE CTaKaH WU K€ KPYIJIOJOHHAs Koj0a ¢ 0OpaTHBIM
XOJIOMILHUKOM, HarpeBacMas Ha JJICKTPHYECKOHN ILTUTKE.

B pa3a. A3 OyayT paccMOTpeHBI OCHOBHBIE JabopaTopHble onepannu. KoH-
KpETHBIC MPUOOPHI, HEOOXOAMMBIE IS MX MPOBEICHHUS, OIMUCAHBI B COOTBET-
CTBYIOLIUX ITOApa3Jeliax.

A2.4.  Meimee u cywika nabopamopHoii nocyool

XuMudeckass mocyja IoJDKHa OBITh cyxoi m umcToil. Heobxommmo TBepno
YCBOUTH. I'PA3HYI0 IOCYAY CJeAyeT MBITh cpa3y Ke I0C/ie OKOHYAHHUS pa-
0oT1bl. KpaliHe HexxenaTenbHO OCTABIATH IPSI3HBIMU KaIleNbHBIE U JEIUTENbHbIE
BOPOHKH, TaK KaK UX KPaHbl MOXET «3aKIUHUTHY.
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ITpexae 4eM HAyaTh MBIThE, THIATEIBHO YAATUTE OCTATKH CMa3KH CO IIUIH-
(GOB U KPaHOB C MOMOIIBIO BAaThl, CMOYCHHOW MOJXOMSAIIAM PACTBOPUTEIIEM.
OO6BIYHO IS 3TOTO KCMONB3YIOT xmopodopm umu CH,Cl,. T pacTBopuTe N
SINOBUTHI H Pa3IpaxaoT KoKy PyK (0CO0EHHO BJIA:KHYIO), II0O3TOMY CJIENyeT
M0JIb30BATHCS MUHIETOM M padoTaTh MojA TAroi. TpaJuinOHHO UHOTIA HC-
MOJB3YIOT MEHEEe TOKCHYHBIN (Hp, OJJHAKO OH JIETYY U JIETKO BOCILIAMEHSETCS.
BakyymHasi cMa3ka He pacTBopsieTcsi B aneroHe!

CrekisHHas TOCyJla CUMTAETCS YMCTOW, €CIM BOJa Ha ee CTeHKaX He 00-
pasyeT OTAEIbHBIX Karelb, a OCTaBJISACT PAaBHOMEPHYIO TOHKYIO IJICHKY HWIIH
MOJHOCTBIO CTEeKaeT (MOBEACHUE BOJBI OMPENENACTCS THIIOM CTEKIa). Y IalATh
3arpsi3HEHUS] CO CTEHOK COCYIIOB MOYKHO Pa3IMYHBIMH METOJaMH: MEXaHUYECKHU-
MU, GU3MYECKHMH, XUMHYECKHUMH U T. 1. Ecnu Xumuueckas mocyaa He 3arpsis-
HEHa CMOJIAMH, XKHPaMH U JPYTHMH HE PAaCTBOPSIOLIMMUCS B BOJE BELICCTBAMH,
TO €€ MOXHO MBITh TEIJIOH BOAOH, MPUMEHSS INETKH, €PUIMKA M Pa3In4HbIC
MOIOIIME cpeAcTBa (COMy, CTHPATBHBIN MOPOIIOK, XUAKHE NETEPreHTEI).

Jns yaaneHus w3 MOCYAbl HEPACTBOPUMBIX B BOJE OPraHHYECKHUX BEIECTB
4acTO MOJIB3YIOTCS OPraHMYECKUMHU PacTBOPUTEIAMH. DPPEKTHBHO HCMOIb-
30BaHue xmopopopma. CMOTHCTHIC 3arpsA3HEHHS XOPOIIO YAAISIOTCS TOPSYAM
auMeTuinGopMamMuIoM. 3arps3HEHHbIE OPTaHUYCCKUE PACTBOPHUTENH CIEIYET
cobuparh B CICIHATIbHBIC CKISTHKH.

JJiss OYMCTKU MOCYAbl XUMHYECKUMH METOJAMHU 4Yalle BCEro MPUMEHSIOT
XPOMOBYIO CMECH, MEPMAHraHaT Kauusl, CMeCh COJSHOM KUCIOTHI M MEPOKCH-
Ja BOJIOPOJa?, MUHEPAJIBLHBIE KMCIOTBl U UX PACTBOPHI, CIIUPTOBBIE PACTBOPHI
menoueit’. XpoMoBasi cMech SBISAETCS CUIBHBIM OKMCIUTENEM M HCHOJIb3YETCS
JUTSL MBIThSI TIOCY/IBI, 3aTPSI3HEHHONH OTHOCHTENBHO HEOOJIBIIMMHU KOMHYECTBAMHU
BEI[ECTB, HEPACTBOPUMBIX B BOJE U JOCTYMHBIX OPTaHUYECCKUX PACTBOPUTEISX.
IIpu paGore ¢ XpoMoOBOil cMechl0 cjeayeT cO0IIOAATH 0COOYI0 OCTOPOXK-
HOCTh, TAK KAaK OHA pa3belaeT KOXKY, NMoBpexaaer oaexay. Kpome Toro,
coequnenusi xpoma(V1) simoBUTHL

Jlnist IpUrOTOBIICHHUS XPOMOBON CMeCH OepyT KOHIICHTPHUPOBAaHHYIO CEPHYIO
kuciaotry u gobasisior 5% (macc.) Toukousmensuennoro K,Cr,0,. Jlnsa obGe-
criedeHus: OoJjiee OBICTPOrO PACTBOPEHUS MOXKHO Iepes T00aBICeHUEM CepHOMH
kucnotel cycnenauposats K,Cr,0; B MUHHMAIbHOM KOJHYECTBE BOABL. IIpHro-
TOBJICHHE PACTBOpa MPOBOJAT MU MEepeMeNInBaHuu, B GaphopoBoil mocyme.
ITepen MBIThEM XPOMOBOW CMEChIO MOCYAY OMOJACKHBAIOT BOJOM, 3aTeM Ha-
JUBAOT 10 2/3 oO6beMa coCyma XpOMOBYH) CMECh M CMayHBAaIOT €0 CTCHKH.
Uepe3 HEKOTOpOe BpeMsi BCIO CMECh CIMBAIOT OOpaTHO B COCYHA, B KOTOPOM
OHA XPaHHUTCS, MPOMBIBAIOT MOCYMy TEIUIOW BOJOH. Mcnonb30BaHHe XPOMOBOA
CMecCH B J1abOpaTopuy OPraHUYECKOTO CHHTE3a HE OYeHb I(PPEKTUBHO — CMECh
ObICTpO mOpTUTCS. [IpU3HAKOM €€ HEeMPUTOAHOCTH JIS MBIThSI CIYXKHT HU3-
MEHEHHE I[BETa OT TEMHO-OPaH)XEBOTO N0 TeMHO-3eJeHoro. Ecim B cMecu

Hcnonp3yeTcs UIs MBITBSL AYPHO NMaXHYIIUX COEJUHEHHH — THONOB, poc)UHOB M T. .
IIpomyKTEl OKMCIICHHS STHX COEIWHEHHH CHIIBHOTO HENPHATHOTO 3alaxa He MMEIOT.

B 51011 cMecu HenpepBIBHO 00pa3yoTCsl paguKaisl — OKHCIuTeNn. CMech MOXKHO HMCIIOJb-
30BaTh TOJHKO B BBEITSDKHOM IIKady: BeIAenseTcs Xxiop!

OctopoxHao! Onacrocts oxoral bepeus rmasal
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HAKATUTHBAETCSI MHOTO BOJBI, €€ 3((hEeKTUBHOCTh pe3ko mamaeT (Takas cMmech
HMeeT OpaH)KeBbIH LBET, Ha JHE €MKOCTH M HMHOTAA HAa MOBEPXHOCTH 00Opa-
3yeTcs KPAacHbIH KPUCTAINYCCKUI 0CamoK).

B Hacrosiiee BpeMs B XMMHUYECKHUX JTa00OPaTOPHsIX AN MBIThSl MOCYIbI
BMECTO XPOMOBOH CMECH HCIIOJB3YIOT PacTBOp MIEJIOYH B H3OIPOIAHOJIE
(morpy»ast B HEro mocyay Ha HECKONbKO YacoB). OTKa3 OT HIMPOKOTO UCIMOIb-
30BaHUSI XPOMOBO# cMecH OOYCIOBIICH TEM, YTO COCAMHEHHS XPOMa SIOBHUTHI
(a xpoma(lV) KaHUEPOTCHHBI) U 3arPSI3HSAIOT OKPYKAIOUIYIO CPEeay.

IMocne npoMbIBaHKsT YUCTON BOJOH MOCY/Y CIEAyeT XOPOLIO BBICYIINTh. [1y1s ObI-
CTPOH CYIIKH YHCTYIO MOCYIY OIIOJACKHBAIOT AlleTOHOM U CYIIAT C IIOMOIIBIO
CTPyHU TEIJIOro BO3[AyXa Ha CMENUATbHOH CYIIUIKE WIM B CyNIMIBHOM IIKady.

ITpu poBEeJCHUU CHHTE30B B OPraHUYECKOM MPAKTHKYME B HCIONb30BAHUU
JIMCTHIUTUPOBAHHOW BOJIBI, KaK TMPABHIO, HET HEOOXOIMMOCTH.

A3. OCHOBHbBIE JIABOPATOPHBIE ONMEPALIUU

A3.1. Nposedenue cunmesa u nepeuyHas o6pabomka peaKyuoHHbIX cMeceli

[IpoBenenne cuHTe3a M 00pabOTKa PEaKIMOHHON CMecH — KIIOYEBBIE CTa-
JUY, ONpElesoNIe BBIXOJ M YUCTOTy Hmpoaykra. IIpucTynas k IpoBeNeHHUIO
CHHTE3a, HEOOXOINMO MMETh YEeTKOEe NPEACTaBICHHE O MPOTEKaHUH LEJIeBOU
U TOOOYHBIX peakiMi, HAOMIONAIOIIUXCS MPH ITOM SIBICHHSAX (HarpeBaHue —
OXJTaXKJICHHUE, BBIICICHUE Ta30B U T. 1.). CHHTE3 CieayeT IUIAaHUPOBATh C YIETOM
NPaBUJ TeXHUKH 0e30MaCHOCTH.

* Ilpu mpoBeeHUM peakLMH MPU HArPEBAaHUU CIEAYET MPelyCMOTPETh BO3-
MOXKHOCTB OBICTPOTO (B TEUCHHE HECKONBKHX CEKYHJ) e¢ MpeKpalleHus .
Jug aTolt menu ans QUKCArMM HarpeBaTeNbHBIX JIEMEHTOB YIOOHO HC-
MO0JIb30BaTh MOJBEMHBIE CTOIUKU.

e Jlpu npoBeAcHHU SK30TEPMUYHON PEAKLHUU CIEAYET MPEAyCMOTPETh BO3-
MOXHOCTH OBICTPOTO U 3((PEKTHBHOTO OXJIAKIEHUSI PEAKIMOHHOH CMecH
C MOMOIIBI0 OXJIaXxJaromield OaHu 0e3 JeMOHTaka Mpuoopa.

e Peakiuu npu nepeMelIMBaHUM Ha MATHUTHOW MeIIaliKe MPOBOISATCS B KOJ-
0ax M cTakaHax M3 TEPMOCTOMKOTO CTEKJa C AOCTATOYHO TOJCTHIMU CTEH-
KaMH TPU MUHHMAJIbHBIX 3(G(GEKTUBHBIX 000poTax Menraaku (yMeHbIIas
W3BECTHBIN PHCK pa3ouTh KOOy sikopem). B 1r060M ciydae mepen 3arpys-
KOW pacTBOpUTEJIEH M peareHTOB HEOOXOAMMO yOeTUThCS B TOM, YTO SIKOPh
MeMIaJKh ycToiunBo (0e3 «OueHuit») Bpaimaercst B mycroil konbe. Heab3s
OpocaTh SIKOpb B K0JIOY, y:ke 3aKpelJIeHHYI0 HaJ MATHUTHOI MemiaJ-
Kkoii! SIkopp akKypaTHO, IO CTEHKE NMOMENIAI0T B HAKIOHEHHYIO KOJIOy —
U TOJBKO IIOTOM 3aKpEIUIIIOT €€ HaJ MarHUTHOH Melaynkoil. Mexay aHoM
KOJIObI M MelAaJIKOii 10J/:KeH ObITh 3a30p!

e PeareHThl BHOCATCS B CIEAYIONIEM MOPSAKE. CHadana B KOJIOy MOMENaloT
pactBopuTeb (HEOOBIIYIO YaCTh WM MPAKTHYECKH BECH), 3aTEM — PEArcHT
(v ocTaTkaMu PacTBOPHTENS CMBIBAIOT €r0 M3 CTaKaHa IS B3BELIMBAHUS
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Puc. 14. MNpr6op Ans NpoBefeHnsa CMHTe3a B MHEPTHON aTMochepe Npu OXIaXKAEHUN C KOH-
Tponem TemnepaTtypbl

WM U3 MEPHOTO LUIHHApPA). Todbko MOTOM (IpH HEOOXOMTUMOCTH) OCTAlb-
HbI€ PEarcHThl MOMELIAIOT B KaleJIbHYH BOPOHKY.

* Ilpu HEOOXOIMMOCTH MPOBENCHHS PEAKIMK B MHEPTHOW aTMocdepe cHayaa
3aIIOJHSIOT HHEPTHBIM ra30M MycToi nproop. 3atem nomeratot (Obictpo!) pac-
TBOPHTEIN U PEAreHTHI, POAYBAIOT KOJIOY WHEPTHBIM Ta30M, NPH HEOOXOH-
MOCTH OXJaxkaas. PeakIuio NMpoBOISAT MOJ MHUHUMAalIbHBIM, Oy(hepHBIM
M30bITOYHBIM JaBJICHHEM HHEPTHOTO ras3a. M30BITOK JaBieHHS CO3JaeTcs
KOPOTKHM (HECKOJIBKO MM) CTOJIOMKOM MHEPTHOM YKHIKOCTH, HATUTON B XKHUI-
KOCTHO# 3aTBOp — MPOMBIBAJIKY Ha BBIXOZE MpUOOpA.

e CuHTE3 NPOBOJAT, TINATECILHO CJEAyS METOAWKE, BBLICPKHUBAS PEKUM
oxJaxkaeHus (HarpeBaHHs) M CKOPOCThH IMPHOABJIEHUS pEarcHTOB.

Ha puc. 14 u3ob6paxen npubop A MPOBEJCHUS CHHTE3a B MHEPTHOM aTMOC-
(depe mpHu OXJaXKIECHUU C KOHTPOJIEM TEMIIepaTyphl.

Ilo okOHYaHHWM TPOBEACHUS CHUHTE3a MOJIYyUYCHHYI0 cMech 00pabaThIBaIOT
B CTPOTOM COOTBETCTBHM C MeToAukod. HambGonee mpocCTBIM METOIOM BBIIE-
JICHUS LIEJICBOTO COCIUHEHUs SIBIsieTcs (hUIbTpoBaHUE. B HEKOTOPHIX ciydasx
yAaeTCs BBIAEIUTh OTHOCHUTEIBHO YUCTHIM MPOAYKT MEPErOoHKOU (IeperoHKoi
C mapoM) HEMmOCPENCTBEHHO M3 PEaKIMOHHON CMecH.

B ocTanpHBIX ciayyasx MEpPBBIM ATalmoM 00paOOTKH PEaKIMOHHBIX CMecel
SIBIIICTCS TallleHUE PEAaKIHOHHOCIOCOOHBIX PEareHTOB W WHTEPMEINaToB (BOIOH,
pacTBOpaMK KHCIOT WA OCHOBAHHIA), HEWTpaIM3aIus KUCIOTHBIX FJIH MIETOYHBIX
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KaTaJIM3aTopoB, OTACJICHHUC HEPACTBOPUMBIX COGZ[PIHGHI/I?I (bHHLTpOBaHI/IeM, H3BJIC-
YCHUC NIPOAYKTa U3 HeOpFaHH‘{eCKOfI nim BOJIHOf/i (1)33131, €r0 KOHIICHTPUPOBAHHUEC.
HpI/I OTOM B OCHOBHOM HCIIOJB3YETCA IKCTPAKIUA.

A3.2.  Jkcmpakyusa. Paboma ¢ pacmeopamu eewyecms.
Ocywumenu. Yoanenue pacmeopumeneli

Jst pasneneHyst OpraHM4eCKUX M HEOPraHUYECKUX COEIUHEHUH, a TaKkxke cMecel op-
TaHWYECKHX BEIIECTB Pa3IMYHOMN HPHPOIbI IHPOKO HPHMEHSIOT SKCTpaKiio. O0b-
eKTOM JKCTPAKIMN MOXKET OBITh KaK CMECh TBEpPABIX BEIIECTB, TaK U KHUIKOCTb.

PaznesieHue B 3KCTPAKINASA JKUAKOCTEl

OueHb BaXXHOH omepanyell, MpuMeHseMol B J1abOpaTOpHON MpaKTHKe, SBISETCS
OTZAEJICHHe OPTaHWYEeCcKoi (a3pl OT HEOPraHMYECKOW ¢ TMOCIeNyIomeil dKCTpaK-
LUel OpraHMYeCKUX COSAVMHEHUH U3 BOAHBIX PACTBOPOB. BONBIIMHCTBO CHHTE-
30B, MPE/ICTABJICHHBIX B JaHHOM MOCOOUH, TPOBOJAT B OPraHWYECKUX PAacTBOPH-
TeNAX ¢ Mocienyromei 00paboTKoN peakIMOHHBIX CMecel BOIOW MM BOAHBIMHU
pacTBOpaMU HEOPraHUYECKUX COJIeH, KUCIOT Uiau ocHoBaHui. IIpu stom pac-
TBOPAIOTCS. MHOTHE MEMIAONINe OCaJKH MOOOYHBIX NMPOAYKTOB M obecrednBa-
€TCsI ONTHMANIBHOE JUIS BBIJICJICHUS LIEJIEeBOTO coenuHeHns 3Hadenne PH. 3atem
B psje CiIy4aeB NMpHOaBISAIOT HEKOTOPOE KOJIMYECTBO OPTaHHYeCKOTO pacTBO-
pUTENs, HEe CMEIIMBAIOIIErOCsa ¢ BOJOM, U MPOBOAAT pa3AeiieHUEe OpraHuYecKon
1 HeopraHn4yeckod (a3 ¢ HCIOIH30BAHWEM JIENHUTENBHON BOPOHKH.

[lepen HauanoMm paboOThl KpaH AEIUTEILHON BOPOHKHM CMAa3bIBAIOT BaKyyMHON
cMa3Koi (HeOONBIINM KOIHYECTBOM, YTOOBI HE 3arpsi3HATH MPoAyKT). Eciu Bo-
pOHKa MMeeT Te(IIOHOBBIH WIIM MOJHUIIPONIJICHOBBIH KpaH, cMa3ka He Tpedyet-
cs. 3aTeM HaJIMBAIOT B JIENUTEIBHYI0 BOPOHKY PacTBOP M NMpPHU HEOOXOIUMOCTH
no6assiroT pacteopurend (ot 1/5 mo 1/3 o6bema pacTBopa), MPOMBIBAs MPE-
BapHUTEIILHO 3THM )K€ PACTBOPHTENIEM peakIMOHHYI0 KoJj0y. Cienst, 4ToObl KO-
JIMYECTBO JKHIKOCTH B BOPOHKE He mpeBbiliano 3/4 ee odbema. J[enuTenbHyIO
BOPOHKY 3aKpbIBAIOT MPOOKOH (JTyullie MOJHIPONUICHOBON WM MOJHATHICHO-
BOM, He TpeOyIolel cMa3ku) U, QUKCHPYSI OMHOM PYKOH TOpIO M BCTABJICHHYIO
B HETo MpoOKy, a Ipyroi — KpaH, OCTOPOKHO MEPEBOPAuYMBAIOT BOPOHKY BBEPX
KpPaHOM M OTKPBHIBAIOT KpaH JJIsl BEIPAaBHUBAHUS JaBJICHUs. 3aTeM BOPOHKY ci1abo
BCTPSIXUBAIOT, NIEpEeBOpaunBas U OTKpbiBasg kpaH. Korna naBneHue mapos opra-
HUYECKOTO PAcCTBOPUTENS B BOPOHKE CTAHET MOCTOSHHBIM, a BBIAEIAIOLIUECS
ra3sl OyIOyT yJaleHBl, BOPOHKY BCTPSIXHBAIOT Oojiee 3HEPTUYHO. AKKypaTHOE
BCTPSAXHWBAaHUE B TEPBYIO OYepeab HEOOXOIMMO MPH MPOBEICHUH PEaKIWU Hew-
TpalIU3aLUU — HAIPUMEpP, KOIrJa KHUCIbI OpPraHUYeCKUil CI0i MPOMBIBAIOT COJOM.
[Ipn mpoBeneHnyn 3TOH MpOIEAYPEl PaCTBOpP THAPOKapOOHATa HATPHS J00ABIAIOT
HEeOOJIBIIMMH MOPLHUSIMH, MIEpeMEIINBast COAEPKIMOE ACTUTEIBHON BOPOHKH CTe-
KISHHOM manoukoi. Ilpu sToM HaGmomaercss OypHOE BBIACIEHHE YTIEKHCIOTO
razal [locie mpubaBneHnst Bcero pacTBopa ruapokapOOHaTa HATPUS COAEPIKUMOE
BOPOHKH HECKOJILKO pa3 BCTPSXHUBAIOT, IOCTOSIHHO CTpaBiUBas (T. €. CIycKas)
M30BITOYHOE JaBJIEHHE YTJIEKMCIIOTO Ta3a BHYTPH BOPOHKH C MOMOIIBIO KpaHa.

Ilo oxoHUaHHWM BCTPSIXMBAHUS JEIUTENbHYIO BOPOHKY BCTaBIISIIOT B YKpe-
IUICHHOE Ha HITATUBE KOJBIO M JAIOT JXKUAKOCTH TMOJHOCTHIO PACCIOUTHCS.
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IMocne paccioeHrs OTKPBIBAKT MPOGKY M aKKYPaTHO PA3/ICisOT CIIOW: HUX-
HUH CIMBAIOT Yepe3 KpaH, BEPXHHH — depe3 ropio JCTHUTEIbHOW BOPOHKH.

Jlnisi OMHOTO yAalieHWs HEOPraHWYECKHUX MpUMeceil opraHuveckyo dasy
MPOMBIBAIOT aHATOTHYHBIM 00pa3oM 2—3 HEOOMBIIUMH MOPIHSIMU BOABL. Bo-
nHbIe Qpakiud OOBEAUHSIIOT U DKCTPATUPYIOT HE CMEIIHBAIOIUMCS C BOAOI
pacTBopuTeneM. B KkauecTBe pacTBOPUTENS IS IKCTPAKIUU HCIOIB3YIOT
JIVSTUIOBBIN 2¢hup, rekcan, OEH30I], XIOPUCTHIH MeTHIeH, xJopodopm u map.
Kputepriem BBIOOpa pacTBOPHUTENs SBISETCS BBICOKAas PaCTBOPUMOCTH B HEM
MpoyKTa, @ TAKXKe HEBBICOKAs TeMIIepaTypa KMIIEHHs, YTO OOIerdaer mociey-
folIee ero ynaneHue. J[is 9KCTpakiMu YIIEeBOJIOPOIOB U TalOTeHIPOU3BOIHBIX
HCTONB3YIOT TekcaH, OeH30i. TlonsgpHbIE COCIMHEHHUS KCTPATHPYIOT MOJSpP-
HBIMH OpraHudYecKuMu pactBoputeiasmu — s3dpupom, CH,Cl,, CHCI; (a3dup
HE PEKOMEHAYETCS IPUMEHATh IS SKCTPAKIIMU KUCIBIX PEAKIIMOHHBIX CMEcei).
DTy npoueaypy NpOBOIAT HECKOIbKO pa3, IKCTPAKThl OOBEAUHSIOT, MPOMbIBA-
10T HEOOJBIINM KOJHMYECTBOM BOJBI U TONBKO 3aTeéM OOBEIUHSIOT C OCHOBHOI
OpraHuyeckoi (a3oil.

IMomHuTe, 4TO XJopopranndeckue pacropurenau (CCl,, xaopodopm,
AUXJIOPMETAH U T. I.) TsKeJiee BOABI U 0OLIYHO 00pPa3ylOT HUKHUI CJIOH,
a pacrBopuTeu Jjerde Boabl (3up, 0eH3oi, rekcan) — Bepxuuii. Bo3MOXKHBI
U TPOMEXKYTOYHBIC CIIy4YaH, KOTJa MJIOTHOCTh OPraHHYecKod (a3bl cpaBHHMA
C IUIOTHOCTBHIO BOJJHOTO PACTBOPA; TOTAa HEOOXOMMMO YTOUHATH, KAKOW U3 IBYX
CIIOCB SIBJISIETCSl BOMHBIM: IS 3TOTO OTOMPAIOT HECKONBKO Kareidb OTHOTO U3
CIOEB W JO00ABJIAIOT UX B MpoOHMPKY ¢ Bomoi. IIpu 3TOoM mpoba W3 BOTHOTO
CJIOSL TIOJTHOCTBHIO PACTBOPSIETCS B BOJIEC.

[Tpu mpoBEeqEHUHM JSKCTPAKIMKU HEOOXOJUMO OTHaBaTh cebe OTYET B TOM,
B Kako#l u3 nByx (a3 B 3aBUCHMOCTH OT PH cpembl HAXOAUTCSA B JaHHBIA MO-
MEHT CHHTE3UPyEeMOE€ BEIECTBO; MHOTHE KJIACCHI OPraHUYeCKHX COCIUHCHUIt
MOXKHO OYHMIIATh OT OPraHHYECKUX MPHMEceil MepeBOJOM HX B BOAHYIO (a3y.
Tak, kapOOHOBBIC KHCIOTHI BBLACISIOT JCHCTBHEM pAacTBOPOB IIENOYEH C MO-
CIICAYIONIMM TIOJKUCICHHEM IONyYSHHBIX BOJHBIX PACTBOPOB KapOOKCHIIATOB.
CB0OOIHBIE KUCIOTHl BHOBb IKCTPATUPYIOT OPraHUYECKHMHU PACTBOPHUTEISIMHU.
AHaNOruyHO — MOCJE0BATEIbHBIM JCHCTBHEM pacTBOpa CHJIBHOW HEOpraHu-
YECKON KHCIOTHI M IIEI0YH — BBIJACIAIOT aMUHBIL.

IIpu BbIIEIEHNH MPOAYKTA CHHTE3a ¢ HCIOJIb30BAHHEM IKCTPAKIHUM CJIeAyeT
coOuIIONAaTh CJeayrollee odiee MPABUIO: 0 3aBeplieHus: cuHTe3a (BbiAeIeHus!
KOHEYHOr0 MPOIYKTA M OINpedesieHHs] ero Macchl U BBIX0A MO CPABHEHHIO
€ YKa3aHHbIM B METOJMKE) CJIe[yeT COXPaHATH Bce (ha3bl.

OTHOCUTENBHOE COZACPIKAaHUE BELICCTBA B BOMHOW M OpraHuueckon (azax
OIHCHIBACTCS 3aKOHOM pacIpeeNieHus], COMIACHO KOTOPOMY OTHOIICHHE KOHIICH-
Tpaluil BelecTBa, PACTBOPCHHOTO B JIBYX HECMCIIUBAIOLIMXCS M HAXOISIIUX-
csl B PaBHOBECHM PACTBOPUTENsAX (Hampumep, B Bome U 3¢upe), NpU JaHHOM
TeMIIepaType SBISCTCS BEIUYUHON MOCTOSHHOW M Ha3biBaeTCsl KOIDGHUIHEHTOM
pacnpenenenus K:

C, 1 Cp — KOHIIEHTpAIMK BELIECTBA, PACTBOPEHHOTO B O0OWX PaCTBOPUTEIISIX.
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Okcrpakiys BemecTBa dhGHeKTuBHA, eciu KOdPPUIMESHT pacipeaecHus 3Ha-
quTEeNbHO oTaudaercst ot 1. Jns BemecTa ¢ kodddummenToM pacrpeneneHus
K < 100 omHOKpaTHOW 3KCTPAKIMU HEAOCTATOYHO — HEOOXOIMMO MpPHUOETaTh
K MHOTOKPAaTHOM MOBTOPHOW IKCTPAKIMU YHUCTBHIM PACTBOPHUTEIEM.

OO0benMHEHHBIE OpTaHUYeCcKue (as3bl BRICYINIUBAIOT, OTACISIIOT OpTraHWYe-
CKyI0 a3y OT OCYIIHTENS JAcKaHTAIHECH WIN (UIBTPOBAHUEM W YHAISIOT
pactBoputesb. OCTaTOK OUMINAIOT NEPEKPUCTAUIM3ALUEH MU IEPErOHKOH,
monrydasi KOHEYHBIA TPOIYKT.

[Ipu sxcTpaknuu 4acTo o0pa3yrTCs TPYAHO Pa3ieAIOIIHECsS 3MYIbCHH.
B aTOoM cimydae moctaToqHO 3QPEKTUBHBIM SBISETCS HMPOBEIACHUE SKCTPAKIIUU
nepeMenMBanieM (a3 Ha MarHUTHOM Memnanke (Hu3KHe 000poThI!) — KaXIyro
MPOLIEYPY MPOBOAIT B TEUCHHE JIMTEILHOTO BPEMEHHU U MOBTOPSIOT HECKOJIBKO
pa3. Ecnu ke npuxoauTcs UCNONb30BaTh JEIUTENbHbIE BOPOHKH, UX CHUJIBHO HE
BCTPSXUBAIOT, & TOJBKO CJIETKa B30AJITHIBAIOT KHUAKOCTh. OYEBUAHO, YTO -
(heKTHBHAS SKCTPAKIHS MPH 3TOM HE JOCTUTACTCS, U MPOUCAYPY HPHUXOIUTCS
MOBTOPSITh MHOTOKPATHO.

OMylbCUHM BO3HUKAIOT MO pa3HbIM NpuurHaMm. OJHa U3 TPUYUH — HaJu4He
HUYTOXKHOTO KOJIMYECTBA JIETKOTO OCaJKa WM IMOJIMMEpa, COOMPAFOIIErocs Ha
TpaHUIle paszena cioeB. Jlpyroil MpUYMHON MOXKET OBITH OOJNBIIOE MTOBEPXHOCTHOE
HaTsDKEHHWE B MECTE pasjiena JBYX >KUIKOCTeH W, KpoMe TOro, Majioe pasziudue
B MX IUIOTHOCTSX. {51 paspyieHus SMyJlbCHM B 3aBUCUMOCTH OT IPHUYUH €€
BO3HUKHOBEHUS MOJIB3YIOTCS Pa3IMIHBIMU TprueMamu. OOpasyromyocs: SMYIIECHIO
MOXHO Pa3pyIIUTh JTOOABICHHEM HECKOIBKHX Kareidb THJIOBOTO CITUPTA, YMEHB-
IIAIONIET0 TOBEPXHOCTHOE HATSDKEHHUE; IMTyTeM (UIBTPOBAHUS CMECHU; HACHIIIICHHEM
pacTBOpa MOBapEHHOW COJBIO ISl YBEIMUYEHUS IUIOTHOCTH BOJHOTO CIIOA.

Bo mHorux cimydasix mpu 3KCTparupoBaHUM BeIleCTBa U3 BOAHOTO PacTBOpa
PEKOMEHAYETCS TPEIBAPUTEIHLHO HACHITHTH JTOT PACTBOP Kakoi-imubo Heop-
rannyeckoil conpro, Hampumep NaCl wmu (NH4),SO, Drtor npuem Ha3bBIBAIOT
svicanusanuem. IIpu 3TOM pacTBOPUMOCTh B BOJC OOJNBITMHCTBA OPTaHUYCCKUX
COEJIMHEeHMI ToHWXKaeTcs. B To ke BpeMs yMEHBIIAIOTCA M MOTEPU PaCTBO-
puTels, Tak Kak €ro pacTBOPUMOCTh B BOJE TAKXKe CHUXKACTCS (ITOT HpUEM
BEChbMa IOJIE3CH MPH SKCTPAKIHK JUITHIOBBIM 3(hupom). B Tex ciydasx, koraa
SKCTPAarupyemMoe BEUIECTBO XOPOIIO PAcTBOPSETCS B BOAE M U3BJICUEHHUE JKC-
Tpakluen B JEIUTETFHON BOPOHKE HE MOXKET MPHUBECTH K YIAOBIETBOPUTEIHHBIM
pe3yibTaraM, MPUMEHSIOT ClielUalibHble METO/IbI, HAlpUMep HEMPEPhIBHYIO JKC-
TPaKIHIO C HMCIONH30BAHUEM CIICIUATBHBIX MPUOOPOB.

[Tox BBICymIMBaHMEM SKHIKOCTel OOBIYHO MOHUMAIOT YHAJICHHE PAacTBO-
PEHHOW W AMYIBTHPOBAHHON BOMBI. JJIsT 3TOTO OOBIYHO HCIOIB3YIOT TBEpIbIC
HEOPTaHWYIECKUE OCYIIUTENN, CTapasCh MCIIOIL30BATh HE Ooliee YeM TpeOyemble
UX KOJIMYECTBA, YTOOBI M30€KaTh MOTEPH IEJICBOTO0 COCAMHCHUS B PE3yJIbTaTe
angcopoumu. Ecnu opranmdeckas daza comepUT OOJBITUE KOJIMYECTBA BOJIHI,
MPOIEeypy MPOBOAST B HECKOJIBKO MPUEMOB. BCTPSIXHUBAIOT C HEOONBIIUM KO-
JIUYECTBOM OCYIITUTENS M OTICISIIOT JeKaHTalued OT 00pa30BaBIIErocs BOIHOTO
CJI0sl; MPOLIEAYPY MOBTOPAIOT 10 TeX MOP, MOKA OCYUIUTENb HE MepecTaHeT
pacIuibIBaThCs. D(PGEKTUBHOCTD CYIIKH 3HAYUTEIHHO YBEITUIHBACTCS, €CIU €€
MPOBOIUTH MPH MepeMelinBaHiy (Ha MarHUTHON MEIIayKe), UCIONb3Ys Me-
KOJMCIEPCHBIM OCYIIHUTEIb.
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HepeqnanM HauboJjee JacTo HCIIOJIB3YCMBIC OCYLIUTECIIH.

* Be3BOAHBII XJIOPUCTHI KAJbUUIl — JEHICBBIH IMHUPOKO MPUMEHSIEMBIN
ocymutesb, 3Q(OEKTUBHO TOrIoNarIuil Boay. OrpaHHYEHUS: TPAHYIIH-
poBauubiii CaCl, mormomaer Boxy memienHo; kpome toro, CaCl, ckio-
HEH K 00pa30BaHHUIO KOMIUIEKCOB Pa3IUYHON YCTOWYHUBOCTH C HEKOTO-
PBIMH OpPraHHYECKHMHU COCIUHEHUsSMHU (crupramu, (peHolaMH, aMUHAMH,
AMUHOKHCJIOTAMH, TPOU3BOIHBIMH KapOOHOBBIX KHCIIOT, HEKOTOPBIMHU Ke-
TOHaMHU | anpaerugamu). Becema s dexrusen nopomok CaCl,, ocobenno
JUISL CYUIKH YTJIEBOJOPOIOB M TaJOTCHUIOB.

* Be3BoAHBIN CEPHOKHC/bIH HATPHH — JEUIEBbII HEHUTpalbHBIA OCYIIH-
TeNb, KOTOPBII MPHUMEHSAETCS I NMPEeIBAPUTEIBHOTO yAAICHHS OONBIINX
KOITMYECTB BOABL. JeWCTByeT NOCTaTOYHO OBICTPO, OMHAKO yCTOHIHMBOCTH
kpuctamtorunpara Na,SO,-H,O oTHOCHTEN HO HEBENMKa, U B OpraHUYe-
cKoil (pase ocTaeTcs HEKOTOPOE KOJIMYECTBO HECBA3aHHOW BOIBI.

* be3BOaAHBIN CEPHOKUCIBII MAarHvii — OMH W3 JYUYIIUX HEUTPaIBHBIX
OCYIIAOIMNUX areHTOB, 00JMagafomuii OONBIION CKOPOCTHIO IMOTJIOIICHHUS
BOJIBI M XOPOIIEH MOIIOTUTEIHHONW CIIOCOOHOCTBIO; MPUMEHSIETCS AJIs BEHI-
CYIINBaHUS IIHPOKOTO Kpyra COCIWHEHUU.

e Enaxuii narp (NaOH) un eaxoe xaau (KOH) — sddekrusabie ocymunTe-
M, GbICTPO! CBA3BIBAIOIIME BOMY, OJHAKO HX MCIIONB30BAHME OTPAHHYEHHO.
B OCHOBHOM OHM MPUMEHSIOTCS JUISl CYIIKH aMHHOB M MPOCTBIX 3()HPOB.

e Ioram K,COj; ucnonp3yeTcs Ui BBICYIIMBaHHS PacTBOPOB aMHHOB.

¢ ®ochopHBIH aHTHAPH, OOBIYHO UCIOIB3YEMBIH B DKCHKATOPaX, MOXHO
MPUMEHSTh U JIJIS TIIyOOKOH CYIIKH OPTraHWYECKUX COCJAMHCHUU, B OCHOB-
HOM rayoreHoyrieBopoponoB. OxHako otaenenue ot P,Os obs3arensHO
BKJIFOUAET MEPETOHKY.

Opranandeckyo ¢asy, coiepKanlyio I[eleBOe BEIMIECTBO, OTACISIOT (DHIIb-
TPOBaHHEM WIHM JAeKaHTanuell. PacTBopuTenu OTroHAIOT mpH aTMochepHOM
NaBJICHUH WIIH B BaKyyMmeZ,

[lepen oTroHKoi pacTBOpHTENS B KOOy MOMEIIAIOT TaK Ha3bIBa€MBIE «KH-
MIeJIKM» — 3alastHHbIE ¢ OJHOTO KOHIA KaHMJUIAPHI, MEIKHE KYCOYKH ITOPUCTOTO
¢dapdopa nmm MoneKkymsapHble cuta. OHE 00eCHeYnBaOT PaBHOMEPHOE KHIICHHE
pactBopa. [Ipn Hcroap30BaHNM 3aMasHHBIX KaOMUIAPOB OTTOHKY PAcTBOPHUTEIS
HEOOXOIMMO BeCTH 0€3 OCTaHOBKH. ITOCIIE HMPEPHIBAHUS OTTOHKH M OXJIAXICHHS
pacTBOpa KamWUISAPHI 3aIlOHSAIOTCS JKUIKOCTBIO M IEPECTAIOT OBITh (P (PEeKTHB-
HBIMH HEHTPaMU KUIICHHS.

IIpu oTroHKe JErKOKUIAMMX Toprounx pactBoputeneii (JIBXK) B kauecte Ha-
rpeBaTelisl HCIOJb3yeTCs BOISHAS WK mapoBast 0aHs (MpUYMHBEL — 0€30MacHOCTB,
HEBO3MOXXHOCTb IEPErpeBa M TEPMUUECKOTO PA3JIOKEHHs BellecTBa). B koHIe
OTTOHKHM PACTBOPHTENS HPH aTMOC(HEpPHOM MAaBICHWU TEMIeEparypa KHUIICHHS
pacTBOpa 3aKOHOMEPHO BO3PACTaeT, B Pe3yiabTare Jaxke JIETKOKUIIAIINE PacTBO-
purenu (crupt, OeHson, 3¢bup) HA BOASHON OaHe yHANSIOTCSA HE MOJHOCTHIO.

1
2

OcCo0eHHO IpU HCIIONB30BAHUH ITOPOIIKA.
Hcnonp3yroT BogocTpyHHbII Hacoc.
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Jnis ux ypnaneHwsl MPUMEHSIOT HU3KHA BaKyyM, W MO MEpe YMEHBIICHHS KO-
JUYECTBa PACTBOPUTENS B PACTBOPE JaBJIEHHE IMTOCTEIIEHHO CHUXKAIOT, YTOOBI
JTOOUTBCS HEOOXOAUMON CKOPOCTH HMCIapeHus .

BrImonmHeHne nponenypsl yaaleHus pacTBOPUTENS CYIIECTBEHHO YIPOINAETCs
MpH KCIOJIB30BAaHUM POTOPHBIX Hcmaputenei (cM. puc. 12) mpu MOHMKEH-
HOM JIaBJI€HHH. DTH YCTPOHCTBA MO3BOJSAIOT YIAIATh PACTBOPUTENH OBICTPO
U B MATKUX YCJIOBUAX. McrapeHne MpoOMCXOAUT M3 TOHKOH IUIEHKH YKHIKOCTH,
Haxonsmeiicss Ha BHYTpEeHHEH CTeHKe KOJOBI M MOCTOSHHO OOHOBIsIOLIEiiCS
Onaronaps BpalleHUIO KoJObl. /I KOMIIEHCAIlMHM TETJIOTHl WCHAapeHus: KoJoy
MOJJOTPEBAIOT Ha BOIsAHOW Oane. [l mpenoTBpamieHus «OpOCKOB» JKUAKOCTH
npu ee OypHOM BCKHIIAHWU CHadyana MPHUBOAIT BO BpalleHHe kouby (konba
3aKperUieHa CIEHUANbHBIM 32)KUMOM, WM €€ MPUICPKHUBAIOT PYyKOil), 3arem
MEPeKpPhIBAIOT TOPIEBOW KpaH XOJOIMJIBHHUKAa POTOPHOTO HCIIApUTENs, CO3Ja-
Bas B HEM INOHIKEHHOE JIABJIEHUE, U JIMIIb 1OCIe
3TOTO HAYMHAIOT HArpeBaTh BOJASHYIO OaHIO.

Jns ynapuBanus OOJNBIIHX 00HEMOB OOBIYHO
B MpUOOpe TPEeayCMOTPEeHa BO3MOXKHOCTH KIIOJI-
CachIBaHU» pacTBOpa B KOJOy-UCIIApUTEh Yepe3
CrHenHajIbHBIN OTBOX Oe3 CHATHSA BakyyMma.

[Tone3HpIM TpueMoM, oOecIieunBalOIIM TpaK-
TUYECKH MOJHOE yJaJIeHHe CJIEeJ0B BOIBI M3 yIla-
PEHHOTO BellecTBa, ABJsAeTCS MpuOaBiIeHHe K 3TO-
My OCTaTKy HeOoJbIIOro KoimdecTBa OeH30Ia
W yllapuBaHHE MOJIy4eHHOTO pacTBopa. benzon
o0pasyeT ¢ BOJIOH a3e0TPOITHYIO CMEChH, KHIIAIIYIO
HW)KE YUCTOTO OEH30lla, W B pe3yibrare Boja U3
mperapara yJaansercs.

3KCTpaKHl/lﬂ TBEPAbIX BCLICCTB

IIpu BbLAETIEHUM OpPraHUYECKUX COCAMHEHUU U3 pe-
AKIIMOHHBIX CMECEH MHOINA IMPUXOAUTCS 3KCTParu-
poBaTh LENEBOW NPOAYKT U3 MajaOopacTBOPHMOIO
TBEPAOrO OCTAaTKa WM CMOJBL. DTy HpoOUEnypy
MOXHO HPOACIIBIBATE BPYYHYIO HIIA C IIOMOIIBIO
MarHUTHOM MeIIajKH, OJHaKO d(PPEKTHBHBIM U HE
TpeOYOIIMM HOCTOSHHOTO YYacTHsI dKCIIEpUMEHTa-
TOpa MPUEMOM SABJISICTCSA MCIIOIB30BaHUE JKCTpPaK-
topa Cokcnera (puc. 15).

B 3xcTpakTop HmoMemarT TBEpAOE BEIIECTBO 3,
3aBEpHYTO€ B 3aKPBITHI MakeT W3 (UIBTPOBAIIB-
HOW Oymarw WM HepacTBOPHMOW TKaHH, B KojOy 1
HaJIMBAIOT PACTBOPUTEIb, NPEIHA3HAYCHHBIW I
NIPOBEAECHUS JKCTpakuuu. PacTBopuTens Kunut, Puc. 15. Skctpaktop Cokcneta

1 JlaBneHue perynupyroT KpaHOM, MPHCOEIMHEHHBIM K TPOMHUKY MEXIy HACOCOM M TpHU-

60p0M JJie OTTOHKH, WA KpaHOM MaHOMETpa.
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ero mapel o TpyOke 2 JOCTHUTraloT oOpaTHOTO XOJNOAWIbHHKA 4, B KOTOPOM
KOH/IGHCHPYIOTCSI, M JKHJIKOCTh CTEKaeT B dKcTpakrop. [Ipum 3TOM BemiecTBoO
pacTBopsieTcs. BaxHOi neTanbio 9KCTpakTopa sBISETCS M30THYTas TpyOka 5
HeOOJIBIIOTO JAMaMeTpa, OJUH U3 KOHIIOB KOTOPOH COOOMIaeTcsi ¢ MaTpoOHOM
9KCTPAKTOPa, a BTOPOH BBIXOIUT B KOJOy C pacTBopuTeneM. Korma ypoBeHb
pacTBopa BellecTBa B 3KCTPAKTOPE AOCTHUTAET YPOBHS M3rnda TPyOKH, MOCIiea-
Hsis cpabaThiBaeT Kak CH(QOH — M NPAKTUYECKH BECh PACTBOp IeEpeIUBaeTCS
B HIDKHIOIO KoJOy. Takum oOpa3oMm, U3 BemlecTBa 3 BBHIMBIBAIOTCS BCE PacTBO-
pUMBIE KOMITOHEHTBI, KOTOPble U KOHLIEHTPHUPYIOTCS B Kojibe 1.

Okcrpakrop Cokciera BeckMa yno0OeH MpH paboTe ¢ 00beKTaMH HPUPOTHOTO
MIPOUCXOXKACHHS; 3TOT MPUOOp YacTO MCIOJIB3YyeTCs Ha MEepBOH CTaaAWH INPHU
BBIJIEJICHUH W3 HUX OPTaHUYECKHX COEINHEHH.

A3.3. Kpucmannusayus u gpunempoeanue

Jns GONbIIMHCTBA OPTaHWYECKHX COEIMHEHHH XapaKTepeH MOJIO0KUTeNbHBI
«X0/1» pacTBOPMMOCTH, T. €. UX PAaCTBOPUMOCTb IPH HATPEBAHUU YyBEJIHYH-
BaeTrcsl. DTO CBOICTBO SIBISIETCSI OCHOBOM JUIsl OJHOTO M3 METOAOB OYMCTKH,
Ha3bIBAEMOI0 NEPEKPUCTAIIINZALMUEH.

[Ipu mepexkpucTra/IM3alMM HEOUUILEHHOE BELIECTBO PACTBOPSIOT B ropsiueM
pacTBopuUTeNe, rOpSYUi pacTBOP OTIEISIOT OT HEPACTBOPUMOIO OCTATKA, a 3aTeM
pacTBOpP OXJIAKAAIOT; B PE3y/bTaTe B OCAJOK BBIMANAeT OoJiee YHCTOE BEIIECTBO.
B ocraBmiemcs mocne KpuCTalIM3allid PacTBOPE, HA3bIBAEMOM MATOYHBIM, 3a-
4acTyl OCTAE€TCsl 3HAUUTENBHOE KOJIUYECTBO LENEBOr0 MPOAYKTA, YTO CHIDXKAET
obmuii BeIxox cuHTe3a. [l03TOMy MarodHBIE pacTBOPHI MOCIE MEPEKPHCTAIIIH-
3allMM KOHLEHTPUPYIOT U CTAPAIOTCS BBLACIUTH U3 HUX OCTAaTKU MPOAYKTA.

Bei6op pacTBOpHuTES

[IpuHnMnuansHOE 3HAYEHUE MPH HEPEKPHCTAUIM3ANUN WMEeT NMPABHIBHBIN
BBIOOp pacTBOpHTens. [Ipy 3TOM HEOOXOIMMO YUMTHIBATH XUMHYECKHE CBOH-
CTBa KaK OYHMIAaeMOTO BEIIeCTBa, TaK M MMEIOIUXCSA B HeM npumeceid. XKema-
TEIbHO, YTOOBI IOJBEpPraeMoe OYNCTKE COeAMHEHWE MMeNo 3(¢eKTHBHBIN
«XOA» PAacCTBOPHMOCTH, T. €. PACTBOPHMOCTH €T0 NPH Pa3HBIX TeMIeparypax
JOJDKHA 3HAYUTENBHO Pa3InyaThes; IPUMECH JK€ JOJDKHBI JIN0O XOpomIo pac-
TBOPATHCS Ha XOJOAE, 0O IUIOXO — NMPU HarpeBaHuU (IO CPaBHEHHUIO C OYH-
IIaeMBIM BELIECTBOM). PacTBOpHTENb NOMKEH OBITh XMMHUYECCKH HHEPTHBIM;
KeJaTeIbHO MMETh HHM3KYIO BS3KOCTH JJIs OBICTPOro 0Opa3oBaHUS XOPOIIO
0(OpPMIIEHHBIX KPUCTAJUIOB; JETKO YAAJIATHCS C MOBEPXHOCTH KPUCTAIUIOB MPH
MIPOMBIBKE.

[Ipu BBIOOpE pacTBOpHTENS HE ClEeAyeT 3a0BIBaTh CTApOe MPABHIIO — «IIO-
noOHoe pacTBopsieTcss B mogoOHoM». [IpuBemem mpumep. B ommoit m3 3amau
HaJ0 OYHCTHTH NepeKpucTauin3anueid mpawnc-ctunpben (r. mi. 125 °C)
ot ucxoanoro 1,2-nupenmidranona (1. mi. 67 °C). Ilogxoasmuii pacTBOpH-
TeNb — JTWJIOBBIM CIHPT. TEMIIEPATyphl IUTaBICHUS M MOJEKYISIPHBIE MacChl
cTmibOeHa u 1,2-mudeHmIITaHoIa HEBEITUKH, YTO MO3BOMSET OXKHUIATh UX BHI-
COKOW PacTBOPHMOCTH B ropsdeM cnupTe. Ilpn oxnmakaeHnu ke yrieBogopoa
HaBepHAKA 3aKpucTayum3yercs, a 1,2-nneHmIITaHoI OCTaHeTCS B PacTBOPE.
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Boo0iie ke pacTBOPUTENb IS MEPEKPUCTAIIN3AIMN BHIOMPAIOT TOJIBKO
ONBITHBIM ITyTEM, IPOBOIS CEPHUIO IKCIIEPUMEHTOB C HEOOIBINUMHU KOJUYE-
CTBaMM BEIIECTBA.

B opraHuueckoil XUMHUH JJIs NPOBEACHHUS MEPEKPUCTAUIN3ANUN TPUMEHS-
0T caMble pa3Hble pacTBOpuTenH (BOAa, CIHUPTHI, AlETOH, MPOCTHIE IPUPHI,
CH3;COOH, CHCI;, 6eH30m u TOIy0J, HAaCHIIEHHBIC YITIEBOIOPOILI — IEKCaH,
TenTaH, U Ip.).

IIpu mepexpucCTaIU3alMU U3 JIETKOJETYUYUX pacTBOpUTeiei (Hampumep,
3¢up) pacTBOPEHHE BEIIECTBA MPOBOJST B MPHOOpPE C 0OPATHBIM XOJIOUIbHU-
KOM, & KpUCTa/UTM3AIMIO0 MPOAYKTa IPU HU3KOH Temmeparype (B MOPO3UIIbHOM
kamepe). [y KpUCTAJUTN3AIMK JIETKOPACTBOPUMBIX BEHIECTB HUCIOJIB3YIOT CIICIHU-
aJIbHBIE MOPO3HJIBHBIE KaMepsl, MojaaepuBatoimue tremneparypy ~ —70 °C.

Eciiu MHIMBUAYaIbHBIA PACTBOPUTEIL IS MEPEKPUCTAILUTU3AINE 10100paTh
HE yJIaeTcsl, MPUMEHSIOT BYyX-, @ HHOTJAa U TPEXKOMIIOHEHTHbIe cMecH. OquH
M3 TPAKTUYECKHX MPUEMOB HCIOJL30BaHUS JBYXKOMIIOHCHTHOW CMecCH 3a-
KJIFOYAETCSl B CIAEAYIONIEM. BEIIECTBO PACTBOPSIOT B HATPETOM «XOPOIIEM»
pacTBOpHTENIE M K MOJYYSCHHOMY PacTBOPY MO KaIUisM JOOABISIOT rOpsiuMit
BTOPO# PaCTBOPHUTENH, IIOXO PACTBOPSIOUINIA 3TO COCIUHEHUE, 10 BO3HUKHO-
BEHHUSI YCTOWYUBOTO MOMyTHeHHs. [10MydeHHYI0 CMeCh HArpeBalOT 0 MOJyYe-
HUSI MPO3PAYHOTO PACTBOPA M OCTABJISIOT KPUCTAJUIM30BATHCSA. Moaudurarus
3TOr0 MpHEMa — KCIOJb30BAHUEC HHU3KOKUIISIIErO «XOPOIIEro» PacTBOPUTEIIS
Y BBICOKOKHIILIETO «IJIOXOTO». Hampumep, BemectBo pactBopsitor B CH,CI,,
3aTeM NPHOABJISIOT TOAyoJl. IloydeHHYI0 CMECh HArpeBaloT 0 TEMIIEPaTyphl
Boie Toukd kunenus CH,Cl, u OTTOHSAIOT 4acTh PacTBOPUTENS — B Pe3yiib-
TaTe CMeCh 00OTaIaeTcsl TOIYOJIOM, U JOCTHUTaeTCs 0oJiee MOJHOE OCaXICHUE
NPOAYKTa MPH OXJIAXKICHUH.

Panee st BBIZEICHUS M MEPEKPUCTAIUIM3ANMYA OPTaHUMYECKUX COCTUHCHUN
IIMPOKO MCIIOJIb30BAJICS OSH30J M COJAEPIKAIIHNe €ro CMECH, MOCKOJIbKY OeH30I
HMEET HU3KYI0 CTOMMOCTh M MPHEMJIEMYIO Temrmeparypy kumnenus. OmHAKO B
HACTOSIIEEe BPEeMsI 3TOT PACTBOPUTENIb CUMTAIOT HEYJAOOHBIM. OH BEChMa TOK-
CHYEH W TPOSIBJISET KAHIIEPOTCHHBIC CBOWCTBA, MMEET BBICOKYIO TEMIIEPATypy
mwiasiaenus (+5.5 °C), u3-3a dero 3amep3aer B Jie[AHON OaHe WM B XOJIO-
JUJIBHHKE.

HpOBe[le]—lI/Ie NEepPEeKpPUCTANIU3 AN

[Ipenmapar momemiaroT B KoJOy, CHAOXEHHYI OOPaTHBIM XOJIOJHJIbLHUKOM.
[pu ucronb30BaHNK B KaueCTBE PACTBOPHUTENS BOJbI OOPATHBIH XOJOAMIbHHK
He HyXeH. Bo u30exaHue TONYKOB MPH KUISIYEHUH PACTBOpA HM3-32 Ieperpesa
KHUJKOCTH B KOJIOY Tepeji HarpeBaHHEM BHOCST «Kurenku». [locie 3Toro B Koi-
Oy BIIMBAIOT PACTBOPHUTEIb B KOJMYECTBE, HECKOJILKO MEHBIIEM HEOOXOAMMOTO
JUISL TIOJIHOTO PacTBOPEHHUS BELIECTBa, M HArpeBalOT cMech 10 KureHus. Jlns Ha-
IpeBaHMs MCIOJIb3YIOT BOJSAHYIO OaHIO, TUIMTKY C 3aKPBITOH CIHPAJbIO WU
koJOoHarpeBatens. [locie 3akunaHus pacTBopa yepe3 oOpaTHBIA XOJOAMIBLHHK
OCTOPOXKHO MOPIUSAMH JT00aBJISIOT PACTBOPHUTEIbh B KOJIUYECTBE, HEOOXOAHMMOM
JUIS TIOJIHOTO PAacTBOPEHHS BEIICCTBA.

Ecnu BemiecTBO COAEPKHUT OKpAIICHHBIE CMOJUCTBIE MPUMECH, IS HX
yAaneHHus B PacTBOpP MOOABISAIOT aKTHBHPOBAHHBIN yronb (He oueHb OOINBIIOE
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KOJMYECTBO — KPHUCTAIIM3YEeMOE BEIIECTBO TAKKE MOXKET aJcopOMpOBaThCS).
[lo oxoHUaHWHU TPOLEAYPHl PACTBOPEHHS NPU HAIHYUU MEXAHUYECKUX IpH-
Meceill poBOAsT ObicTpoe (uiabTpoBaHue (CKIam4areiii QUIBTP), MPU ITOM
WHOTJIa BO3HHKaeT HEOOXOAMMOCTh B IPOBEJCHHH TaK HA3bIBAEMOTO «TOPSYEro
(¢UIBTPOBaHUA», KOTJa aKKypaTHO IOAJIEPKUBAIOT ciiaboe KureHue (uibTpa-
Ta — W Tapbsl pacTBOPUTENS KOHJEHCHUPYIOTCS Ha (QUIBTpE, MperoTBparias
KPUCTAJUTM3AIMIO MPOAYKTa HA HeM. PuibTpar coOMpaloT B KOHUYECKYIO KOJIOY
WIH CTakaH M3 TEPMOCTOWKOTO CTEKJa.

[Tonmy4yeHHBIN TOpSYMI MPO3pAauHBIA PAcTBOP JUOO OCTABISAIOT CTOSATH IPHU
KOMHATHOH TemIieparype B IPUEMHHKE, 3aKPHITOM YaCOBBIM CTEKJIOM WIIH JIU-
CTOM OyMard, — MPOHMCXOIUT MEIUICHHOE OXJIaXJeHHe M 00pa3yroTcs KpyIHbIE
KPUCTAILIBI, THOO MPHUEMHUK OBICTPO OXJaKIAIOT ITOJI CTPYEH XOJOMHOHW BOABI
NP TIepEeMENINBaHAN PacTBOpa — 00pa3yIOTCs MeJIKHe KPHCTaJUTBl. B HEKOTOphIX
ciIy4asx HeoOxonumo Oojiee mTyOOKOe OXJIaXKIEHHE pacTBOpa B XOJOAMIbHHKE
WM MOPO3HJIBHOH Kamepe.

Heo0xoaumMo MOMHUTBH O TOM, YTO HEKOTOPBIE 3aBEIOMO TBEp/bIE BEIIECTBA
OYeHb MEJICHHO KpuCTanu3yroTrcs. Ecnum 910 00ycioBieHO OTCYyTCTBHEM
LEHTPOB KPUCTAJIN3ALUH, X CO3IAIOT MCKYCCTBEHHO, BHOCS «3aTpaBKy»
B BHUJC HECKOJIBKHX KPUCTAJIOB TOrO e (YMCTOro) Bel[ecTBa. YCKOPHUTb
KPUCTAJUTH3ALUI0 MOXKHO, MOTEPEB CTEKISIHHOW IMallOYKOM O CTEHKY cocyla
(mpenBapuTENbHO MOXKHO J00aBUTh MANCHBKYIO MIEMNOTKY CHIIMKATENs WIIH
OKCHJIa aJTFOMHHHUS).

HmMerone HU3KYIO TEeMIlEpaTypy IJIaBJICHHS BEIIECTBA YACTO BBIJEINSIOT-
csi B BHJe Macya. JloctaToyHO 3(()EKTHBHO € 3THM MOXHO OOpOTBHCS, €CIH
MIPOBECTH OXJIAX/IEHWE pPacTBOpa OYEHb OBICTPO W NPH MHTEHCHUBHOM Iiepe-
MeluBaHuu (yZ00OHO HCIONB30BaTh MArHUTHYIO MEHIaJiKy). B oOpasyromemcs
MEPECHIIIIEHHOM PacTBOpE, MMEIOIIeM TeMIlepaTypy HHXKE TOYKH TIABICHUS
BEIIEeCTBAa, JaKe TPU MPOMEKYTOUYHOM OOpa30BaHHMM XHUJIKOH (a3l ee «JIpo-
OneHne» co3JaeT MPEANOChUIKH Ul KPHCTAJLTU3AIIH.

DuIbTPOBaHUE

O0pasoBaBIrecss KpUCTAIIIbl OTASNIAIOT OT MaTOYHOIO PacTBOpa IyTeM (puiab-
TPOBAHHUSA 100 YMeHbuleHHbIM OasieHuem (noo eaxyymom) Ha BOPOHKE Brox-
Hepa win Ha BopoHke Illorra (puc. 16). IIpubop mis GunbTpoBaHus OONBIINX
KonnvecTB BemiectBa (puc. 16) cOCTOMT M3 TONCTOCTEHHOU KOJOBI C OTBOAOM
(xomba ByH3eHa) u U3roToBICHHOW U3 (papdopa BOPOHKH C TIOCKHM JbIpya-
TeIM JHOM (BopoHka Broxuepa). B BopoHky BroxHepa BKIambIBacTCs KPYIKOK
(UIBTPOBANBLHOM OyMard MOAXOMAIIETO IAUaMeTpa. B COBpeMeHHOM MpakTHKE,
a TakXe MpU paboTe ¢ MAJNBIMU KOJUYECTBAMHU BEIIECTBA BMECTO BOPOHKHU
broxuepa ucnosb3ytorT BopoHKy IlloTTa, B KauecTBe MPUEMHMKA YIOOHBI MPO-
OMPKU ¢ OTBOAOM (KIMAJBIBI» I QUIBTPOBAHUSA, CM. pUC. 16).

Buumanue! OuipTpoBaHHE TOJ BaKyyMOM OTHOCHUTCS K IOTEHIHAJIBHO
onacHbIM omepauusM. CieayeT HaJeBaTh 3allUTHbIE OYKH U OOMAaThIBaTh KOJIOY
ByH3eHa moJjOTEeHIIEM WM 3allMIaTh SKPaHOM M3 CETKH, MpeaoTBpallaro-
MMM B clly4ae B3pbIBa pas3jieTaHHE OCKOJKOB cTekia. ['opsiume pacTBOpHI
cieayeT GUIbTPOBATh C OCTOPOXKHOCTBHIO, CO3/1aBasi MHHUMAJIBHBIA TPATUCHT
JIABJICHUS.
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Ocapok

_ PunbTp
BopoHka BroxHepa

Kon6a ByH3eHa
K Hacocy
MaTouHbIi pacTBOp

Puc. 16. BopoHkn 1 npubopbl ansa dbunbtpoBaHua nog Bakyymom: 1 — papdoposas BOPOH-
Ka BbloxHepa; 2 — BOPOHKM C MOPUCTBIM CTEKAAHHBIM GUnbTPoM (BopoHku LWoTTa); 3 - npu-
60p Aana ¢unbTpoBaHMA C Konbon byH3eHa; 4 — npubopbl Ana ¢unbTpoBaHMA B «naneuy
1 B NpobUpKy

CoOcTBeHHO (HUIBTPOBAHUE MPOBOIAT CICAYIOIUM OOpa3oM: CHadajia cMma-
4uBalOT QUIBTP TEM e pacTBopuTesieM. [locie Toro Kak pacTBOPHUTENb MpaK-
THYECKU TOJHOCTHIO MPOUJIET Yepe3 BOPOHKY, HAa HEEe aKKypaTHO MEPEeHOCST
¢unpTpyeMoe BEUIECTBO U MOJCOCTUHSIOT IUIAHT BaKyyMHOro Hacoca. Ecnwm
BEIIECTBO HE MOMECTUIIOCH MOJHOCTHIO, GUIBTPYIOT MEPBYIO MOPLHUIO, CHUMAIOT
BaKyyM, JOOABJISIOT CIEAYIOIIYIO MOPIHUI0 U CHOBA MPHUCOCAMHSIOT LLIAHT.

Jna cHATHSI BAKyyMa HH B KOeM CJiydae He 3aKpbIBaTh KpPaH BOJOCTPYii-
HOro Hacoca — 3TO MpHUBeAET K 3a0pachbiBaHHI0 BOALI B ¢puiabTpaTt! CHavana
HEO00XO0MMO AKKYPATHO OTCOEIUHSITH LIJAHT OT MPHEeMHHKAa pacTBopa!

[ocne ornenenus Bceil mopuuu GpUIBTPYEMOro BEIIECTBA BAKYyM CHUMAIOT
M BEIEeCTBO Ha (GuIbTpe (BOPOHKE) MPOMBIBAIOT XOJOIHBIM PACTBOPHUTENIEM,
JUISL Yer0 B BOPOHKY IOOAaBJISIOT HEOOJIBIIOE KOIUYECTBO PACTBOPUTEs, Iepe-
MEUIMBAKT KPHUCTAJUIBI CTEKJISHHOW IMAajJ04YKOH, CHOBA MOACOCAMHSIOT LUIAHT
Hacoca W MOBTOPSIOT GuiibTpoBanue. OObIUHO OBIBAET JOCTATOYHO JIBYKPATHOTO
MPOMBIBaHUS. B HEKOTOPBIX CiIydasX MOXHO MOCIE 3TOTO MPOMBITH MPOAYKT
pacTBOPUTENIEM C 3aBEJOMO HHM3KOH PACTBOPSIONIEH CIMOCOOHOCTHIO (OJHAKO
TaKHM, C KOTOPhIM Obl CMELIMBAJICS PAacTBOPHUTENb, B KOTOPOM IMPOBOAUIACH
Kkpuctamm3anus). [locie OTCACBIBAHUS M TMPOMBIBKH OCaI0K OTKHMMAIOT Ha
BOpPOHKE, a 3aTeM CyIaT.

Cyuika TBepabIX NPOAYKTOB CHHTE3a
B 3aBucuMocTH OT MPHUPOIBI BEHIECTBA M PACTBOPHUTENS AJISL ATOTO HCIONB3YIOT
pa3HBIE METOIHI.
* Cymka HEMOCPEACTBEHHO Ha (PUIBTpE NMpHU BKIIOYEHHOM BOJOCTPYHHOM
Hacoce — JJI CTAaOMJIBHBIX HETUI'POCKOMUYHBIX BEUIECTB MOCIE IPOMBIBKH
JETYYUM PacCTBOPUTEIIEM.
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MpuwnudosaHHan KpaH
KpbILLKa

Ocywutens unu
aacop6eHT

Puc. 17. Dkcrkatopbl: 1 — 06bIKHOBEHHDIN, 2 — BaKyyYMHbIN

e Cymka Ha BO3QyXe — U CTAOMIBHBIX W HETUTPOCKOIMUYHBIX BEIICCTB!
MPOIYKT MEPEHOCIT Ha (HIBTPOBAJIBHYI0 OyMary, MPUKpPHIBAIOT CBEPXY
JIPYTUM JUCTOM U OCTAaBJIAIOT Ha JJIUTEIbHOE BPEMS.

* Hcnonp3oBaHue CYMUIbHBIX MKA)OB — A TEPMUUYCCKU YCTONUMBBIX
coenquuenuil mpu temmneparype Ha 20-30 °C HM)KEe TOYKH ILTABICHHUS
BEIIECTBA.

* Hcnonp3oBaHne BaKyyMHBIX YCTaHOBOK — JUISI HEOOJBIIUX KOJUYECTB Be-
mecTB (HaWIydline pe3yiabTaThl).

* Hcmonp3oBanne 0OBIKHOBEHHBIX M BaKyyM-dkcukatopos (puc. 17). Tlocnen-
HUE UMEIOT CTEKJISHHBIA OTBOJ C KPAaHOM, 4€pe3 KOTOPBIA COCYJ MOXKET
OBITH BaKyyMHPOBaH.

Buumanne! BakyymupoBaHHBIE 3KCHKATOPHI M3-3a HANPSIKEHWH B CTEKJIE
HMHOTZAA pa3pylIaroTcsi co B3pbIBOM. CTEHKH 3KCHKATOpa U3rOTOBJIEHBI U3 TOJI-
CTOTO CTE€KJIa, U TaKHe B3pBIBBI BeCbMa ONacHbL. I[[03TOMy mepen BKIHOYEHU-
€M BaKyyMa JKCHKAaToOp CIEeIyeT IIOMECTHTh B 3aLIUTHBIN KOXyX. IIpu cHATHH
BaKyyMa B BaKyyM-dKCHKaTope, 9TOObI M30€KaTh PACHBUICHHS BBICYIICHHOTO
BEIECTBA BO3AYXOM, KpaH ClIeyeT 0BOpPAYMBaTh OY€Hb akKyparHoO. IIputep-
TYI0 KPBIIIKY BaKyyM-3KCHKAaTOpa OTKPBIBAIOT TOJBKO ITTOCIIE BBIPABHUBAHUS
BHEIIHETO W BHYTPEHHETO JaBJICHUS.

Ha nnHo 3Kcukaropa moMewmiamT oCylIalIldid areHt. Yamie Bcero Kak ocy-
mutens npumensior CaCl, (yranenue BoAbl, CIUPTOB), HATPOHHYIO H3BECTh
u menoud (yoajneHue BOIABI U NapoB KHCIOT), hocdopueii anruapun (3ddex-
THUBHOE yIaJIeHWe BOIBI U CIUPTOB). J{JIsl yAaJeHUs YIIIEBOAOPOIOB B KaueCTBE
OCYIIAIOIIETO areHTa MPUMEHSIOT mapaduH.

A3.4. Nepezonka u pexmugpuxkayus. BakyymHas nepezoHka. BoszoHka

Heperom(a — OJUH M3 CaMbIX BaXXHBIX MCTOAOB PAa3ACJICHHUA U OYHUCTKU BCHICCTB.
B HpOCTeﬁ]lIeM ClIyda€ IpUu MEPETOHKE XUJAKOCTb HArpeBacTCd A0 KUIICHHA,
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napbl KOHJIEHCHPYIOTCS, OXJaXKAasiACh B XOJOAMJIbHHKE, U COOMPAIOTCA B BH/E
JUCTWILIATA B IPUEMHHUKE. Tak Kak IpU 3TOM IPOUCXOIUT IIEPEMELICHUE TOJBKO
omHOH (ha3wl, a UMEHHO — Mapa, TO TOBOPAT O MPAMOTOYHOI, WM MPOCTOH mepe-
ronke. Ecii jxe 4acTh CKOHJGHCHPOBAHHOTO 1apa (Tak HasbIBaeMas ¢hreama) cre-
KaeT HaBCTPedy BOCXOMAIIEMY IIOTOKY I1apa U MOCTOSHHO BO3BPAINAeTCs B KOJIOY,
MBI HIMEEM JIEJI0 C MPOTHBOTOYHON NMEPErOHKOM, WM PeKTH(PHKANHEH.

3aBucCHMOCTD TeMInepaTrypbl KUNMICHU BeIIECTBA OT JaBJICHUSA

JlaBneHne mapoB KHIKOCTH C YBEIHYCHHEM TeMIleparypbl Bo3pactaerT. Korma
OHO CTaHOBHTCS PaBHBIM OOINEMY JABJICHHIO T'a30B HaJ >KUAKOCTHIO, HAuMHA-
eTcsi Kunenue. VIHBIMH CIIOBaMH, TIpU HArpeBaHHH B OTKPBITOM COCYIE >KHJ-
KOCTh 3aKWIaeT, KOrJa JaBjeHHe ee MapoB CTaHOBUTCS paBHBIM 760 MM pT.
CT.; COOTBETCTBYIOIlasg TeMIlepaTypa Ha3blBaeTCs TeMIepaTypoil KUTeHH.
Ecnu B cocyne moanepuBaTh YMEHBUICHHOE JaBJEHHE, BEIIECTBO 3aKUIUT
npu 6ojiee HU3KOH TemIiepaType.

Jomyctum, Tipu KOMHaTHOH TeMIlepaType JaBjeHHE HACBHIIIEHHOTO Iapa Be-
mecTtBa cocraBnsger 20 MM pT. cT. DTO O3HadaeT, YTO B BaKyyMe, IpHU JaB-
neHun 20 MM pPT. CT. 3TO COEJMHEHHWE 3aKUIHUT NPU KOMHATHOH TeMIepary-
pe — U nanpHelIIee NOHW)KEHUE JTaBICHUS TPUBENET K TOMY, YTO TeMIieparypa
KHUIIEHHS BEIECTBA OMYCTUTCS HUKe KoMHaTHOM!. [TocnenHee sBIEHNE IHUPOKO
WCTIONB3yeTC MPU CYIIKE COCIMHEHHH OT CJeJ0B OPraHWYeCKHUX PacTBOPHTEINEH
C MOMOIIBI0 BaKyyMHBIX YCTaHOBOK.

Hcxonst U3 Tex xe cooOpakeHUH, HECIOKHO OOBSICHUTh MEHBUIYIO d(dek-
TUBHOCTH PaOOTHI BOJOCTPYHHBIX HACOCOB JIETOM, a TaK)k€ TO, YTO MHHUMAJIb-
HOE JaBJIeHHE, OCTUTaeMOe€ C HCIIONB30BAaHUEM OJTHX IPOCTBHIX NMPUOOPOB,
cocTaBisieT ~5 MM pPT. CT. — TakOBO JaBJE€HHE MapoB BOJBI, MMEIONIEH
temmeparypy ~1 °C.

3aBHCHMOCTh JaBJICHHS MApOB OT TEMIEpaTypbl MPHOINKEHHO OIMHCHIBACTCS
ypaBHenuneMm Kiaysuyca—Knaneiipona:

A A
d(IinT :%; HIIH, Tocle MHTerpupoBanus: IN p = _RVTH *C

rJe p — naBieHue napos, AyH — MonspHas sHTanmbnus HcnapeHus, I — TeMie-
parypa (K); R — raszoBas mocrosinHasi; C — KOHCTaHTa, XapaKTepHas s Kax-
JIOM KUAKOCTU. YpaBHEHUE CIPABEUIMBO AN MACAIBHBIX Ta30B MpPU yCIOBUU
HezaBucumoct A H ot Ttemmneparypsl. Takum oOpa3om, B MaeaqbHOM ciiydae
3aBHCHMOCTD JIOTapu(Ma JaBIeHHUS NapoB OT 0OpaTHON TeMmepaTypsl rpadu-
4ecKH n300pakaeTcs mpsMoil. Hakmon mpsimoit onpenensercs BenmuanHon A, H.
Ecnu sTa BenuuMHA KM3BECTHA, 3aBUCUMOCTb TEMIIEPATyphl KUIEHUS OT AABIIE-
HUS MOXHO PAacCUUTAaTh.

Ha ocHOBaHMU JaHHBIX O CTPOEHUU MOJEKYJ BEIIECTBA MOXKHO OLEHUTH €r0

TEIUIOTY UCHAPEHHS W TIPEICKA3bIBATh TEMIIEPATYPY KHUIICHHSAZ.

1
2

BelecTBo MpOJOJKUT KHIIETh, OXJIaXK/IasicCh.
B HEKOTOPBIX IMaKeTax XMUMHYECKHX KOMIIBIOTCPHBIX HPOrpaMM MMEIOTCS COOTBETCTBYHOIINE
Moxaynu — Hamnpumep, uM pacnonaraer ACD ChemSketch.
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Puc. 18. Homorpamma pgaBneHue - temnepartypa

Ecam temmepaTypa KHIICHUS IpH ONpPEACICHHOM NABJICHHM H3BECTHA,
TO MOXHO pPacCYMTaTh TeMIIepaTypy KUIIEHHUS IPH APYTOM AABJICHHUH HIIH
HalTH ee NPUOJIU3UTENBHO C MOMOIIBI0 COOTBETCTBYIOIIEH HOMOTPaMMBI
(puc. 18)

Kak 3to cnenats Ha npaktuke? Ha HOMOorpaMMmy HakiIagbplBalOT KOPOTKYIO
JUHEHWKY TakuM o0pa3oM, 4TOOBI OHa IepeceKana MpaBylo LIKaly B TOYKE,
COOTBETCTBYIOIEH HM3BECTHOMY JaBJICHHIO, a JIEBYI0 — B TOUYKE, COOTBET-
CTBYIOLIEH TemuepaType KuIeHHs. Touka NepecedyeHUs JUMHUU CO Cpea-
Hel IIKaNod JaeT MpUOJU3HTENbHYI0 TeMIepaTypy KHUIIeHHS BEIeCTBa MpH
aTMocdepHOM aaBieHuH. [loBopaunBasi IMHEHKY OTHOCHTEIBHO 3TOH TOYKH,
Ha CpelIHel IIKaje MOJyYUM TeMIlepaTypbl KHIICHHS BellecTBa NpHU pas-
JUYHBIX JaBICHUSX.

TouyHOCTH OmpexneneHUs TemIepaTypbl KHIIEHUS C UCIOJIb30BaHHEM HOMO-
rpaMM HeBelMKa. B HacTosmiee BpeMs JUIs 9TOW IeNH UCTOIB3YIOT CHelau-
3UpPOBaHHbBIE KOMITBIOTEPHBIE MPOTPAMMEI.

s odeHb MpHUONIM3UTENBHONW OIEHKH MOXHO PYKOBOJCTBOBATHCS CIEIYIO-
MM MPOCTHIM IMIPABHJIOM: NPH YMEHBIIEHHH BHEIIHETO JaBIICHHUS BIBOE TEM-
neparypa KuIeHus moHmkaercs Ha ~15 °C.
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PaBHoOBecHe )KHAKOCTDH — a3 AJIs1 CMeCH COeIUHeHuil

PacnpeneneHue KOMIOHEHTOB cMecH A W B MeXIy >KHIKOCTBIO M MapoM Xa-
pakTepusyercs Koag@uyuenmom OmHOCUMENbHOU Jlemydecmu:

Oap = (Ya/Xa):(Ys/Xs)

IIe X, U Xg — COIep)KaHne KOMIOHEHTOB A W B B uakocta, y, U Yg — B 00-
pasymolieMcsi U3 Hee mape.

CocraB mapa ompeiesnseTcs CBOWCTBAMH U MEXKMOJEKYISIPHBIMH B3aUMO-
JNEeHCTBUSIMU KOMIOHEHTOB. [Ipy HeOOMbIIMX MaBICHUSAX, KOTAA Map C OCTa-
TOYHOM TOYHOCTBHIO MOAYMHSACTCS 3aKOHAM HJEalbHBIX T'a30B, B COCTOSHHU
paBHOBeCUS

0ap = (Pao/Pro)(9a/98)

Tae Pag ¥ Ppo — JaBJIEHHE MapoB YHCTHIX KOMIOHEHTOB A u B mpu Temneparype
KUTIEHHsI CMecH, J, U U — KOIQ(UIMEHTHI aKTUBHOCTH 3THX KOMIIOHEHTOB B JKUJI-
KoH (haze, MPUOIU3UTENFHO PONOPLUHOHAIBHBIE UX MOJIIPHBIM KOHILIEHTPALHSM.

B mapoBoii ¢asze conepxkanue Oojee JeTydero KOMIIOHEHTa TeM OOJblIe,
YeM CHJIbHEEe Pa3JIMYyaloTcsl YNPYrocTH MapoB YUCTHIX KOMIIOHEHTOB. BakHo
oTrgaBaTh cebe OTYET B TOM, YTO €CJIH JKHIKOCTh COACPKHUT OYeHb MaJble
KoJIM4ecTBa Oojiee JIeTy4ero KOMIIOHEHTa, OH MOXET W He ObITh OCHOBHBIM
KOMIIOHEHTOM Ta30BOW (as3bl.

Ecmu k03 (puIeHT OTHOCHTENFHOHN JIETYYeCTH JOCTaTOYHO BEJHK, BEIIECTBA
MOTYT OBITH pa3ielieHbl METOJOM IEePEeroHKH — IMOCTENeHHBIM HarpeBaHHEM
CMECH COEIMHEHHH ¢ O0TOOpPOM (paKIHid, COOTBETCTBYIOIINX PA3HBIM TEMIIe-
parypaMm. OT™MeTHM, 4TO Ais 3PQPEKTUBHOTO pa3jiesieHHs BEIlecTB, OCHOBaH-
HOTO Ha WX pa3IWYHOW JIETy4ecTH, HeoOXonnMo oOecrednBaTh paBHOBECHE
MeXIy KHJIKOW M ra3oBoil ¢azamu. OmHAKO IpOCTas MEperoHKa — IMPOIecc
HepaBHOBecHBIH. [loaTomy mist ahexkTHBHOTO pas3fenieHus cMeceil HeoOXOIHMMO
WCIOJH30BaTh PEKTHPUKAIHUIO.

[Ipwu BBINIOIHEHUM MPAKTUYECKUX 3ajiad JUIS BBIACICHUS] HEKOTOPBIX COSMHEHUI
OyzeT MCIonb30BaThes MpocTas neperonka. OHa mocrarodyHo 3((EeKTHBHA, eCiH
TeMIIepaTyphbl KUTIEHH 11eJIe€BOT0 COSANHEHUS U MpUMeced pa3iImyaroTcst XOTs Obl
Ha 50 °C — ¥ Jaxke B 3TOM cliydae MPHUXOAUTCS COOHMparh BechMa 3HAYUTEIHHOE
KOJIMYECTBO IIPOMEXYTOUHOH (ppakuny, comeprkamieil 00a KOMIOHEHTa.

PexTudukanmus — nporecc pasgeneHus, TakKe OCHOBAaHHBIH Ha pa3HUIE
B TemIieparypax KWIEHHs, OJHAKO B 3TOM Cllydae B OTIIMYHE OT IPOCTOH Ie-
PEroHKH MHOTOKPATHO OCTHTaeTCsl paBHOBECHE MEXIy >KHIKOW M Ta30BOH
¢azamu. Pexrudukanus HamHoro s¢hdexruBHee mpocToil meperoHku. OpHAKO
0e3 MCIOIB30BaHUS CIIEIHAIBHOTO 00OPYIOBAaHHUS MPOBEJCHHE PEKTU(DUKAINH
TpeOyeT 3HaYMTENBHBIX 3aTpaT BPEMEHH, TaK KaK MPOBOIUTCS C HEBBICOKOM
cKopocThio. J{71s mpoBeseHus peKTH(OUKAIIMH UCIIONB3YIOT KOJIOHKH Pa3InIHON
KOHCTPYKIHH, d()(PEKTUBHOCTh KOTOPBIX HETOCPEICTBEHHO CBsi3aHa CO CKO-
POCTBIO TIEPErOHKH.

Jiis cpaBHUTENBHOW OLEHKH PA3JIMYHBIX KOJOHOK JJISl PEKTH(QHUKAIMHA BBO-
JIUTCS TIOHSTHE TeOpeTHYecKOoil Tapejku. BricoTa KOMOHKH, SKBHBaJIEHTHAs
TeopeTHUeCcKoi Tapenke, obo3Hadaercs kak BOTT. [lyis maHHOM KOMOHKH W IS
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JaHHOM ckopocTtu neperonku BOTT — 3To BbIcOTa, HA KOTOPOM JOCTUTAETCS
paBHOBecHe MEX]y MapoM U XUAKOH (a3oil. HarsmaHo KOJOHKY MOXHO TIpen-
CTAaBUTh KaK COBOKYIHOCTb PAacCIOJOXKEHHBIX OJHA HaJ JIpyroil o6orpeBaeMbIX
IapaMu Tapeyioyek, B KOTOPBIX KOHIEHCUPYETCS U CTEKAeT 0OpaTHO IUCTHIIIAT,
MpUYeM ISl KaXJA0H M3 HUX JIOCTHTaeTcsl paBHOBecHe map—xuakocTs. C yBe-
nuyeHneM ckopoctu neperoHkn BOTT rtaxke yBenuumBaercs, T. €. dpdek-
TUBHOCTb pa3/elCHUs Ha OJHOW M TOM ke KoJoHke magaeT. Ilpu mposeneHuun
pekTH(dUKAMA HEOOXOANMO YUUTHIBATH, YTO d(P(PEKTUBHBIMU U MO3BOJISIONIMMHU
MPOBOJUTH PEKTH(PHUKALNIO C TIPHWINYHON CKOPOCTHIO SBIJISIOTCS CHeNHAJbHbIE
THIBI KOJOHOK!. D()PEKTUBHOCTH TPAJUIMOHHO HMCIOJIb3yeMOI B Jaboparop-
HOU TIpaKTHKe KOJIOHKH Burpe (medrermMarop «enouka») JTHIIb HE3HAYUTEIHHO
otnuyaeTcst mo 3hGEeKTUBHOCTH OT OOBIYHON MpsiMO# TpyOku (A7l meperoH-
ki co ckopoctbio 400 mn/4 mpu muamerpe 24 mm BOTT o0blvHON TpyOKH
cocraBisier 15 cM, a xonoHku Burpe — 9 cm). Heo6xomuMoCTh UCTIONB30BaHUS
CIEIHANTBHBIX KOJIOHOK M HACaJOK Il PEKTU(HUKAINN OTPaHUYMBAET ee IIUPO-
KO€ WCIIOJIb30BaHKE B OPraHMYECKOM INpakTukyme. 1o 3Toi mpu4mnHe B HACTOS-
mieM 1mocoOuu pekTuduKanus noApoOHO 00CYXIaTbes He OyIeT, a JKelarolue
O3HAKOMHTBHCS C TEOPETUYECKMMH OCHOBAaMH M MPAKTUYECKUMH MpHEMaMH MO
€€ OCYILECTBIEHUIO MOTyT OOpaTUThCS K JOMOJHMUTEIBHOM JUTepaType.

IIposedenue npocmoii nepezonKu

[IpocTas meperoHka MpHUMEHSETCS ISl KUAKOCTEH, KHUISLOIUX B HHTEP-
Basie ~40-150 °C, npuuem mpyu HU3KUX TEMIIEPaTypax BO3HHUKAIOT OMpeaeIeHHBIC
3aTpyAHCHHs ¢ 0OeCIIeUeHHEM IMOJHOTHI KOHJEGHcAIMu mapos, a Beime 150 °C
MHOTHE COCIWHEHHUS B 3aMETHOW CTEHEHH pa3iararoTcs.

BricokokuMsImKe KUAKOCTH MEPETOHSIOT MO YMEHBIICHHBIM JaBICHUEM —
B BaKyyMe, CO3/aBaeMOM BOAOCTPYiHBIM (8—15 MM PT. CT.) WM POTAIMOHHBIM
macisgaeiM (1-0.01 MM pT. cT.) Hacocom.

[Ipubop mist meperoHKy Mo OOBIYHBIM JaBieHHEM H300pakeH Ha puc. 19.
OH COCTOUT W3 KPYIJIOAOHHOM KoJObI, Hacaaku Bropma unu Kisiizena ¢ tepmo-
METPOM, HPSIMOTO XOJIOAWIBHUKA, aJOHXa M NMpPUEMHUKA. B KauecTBe mpuem-
HUKa IIPH TaKOH MEPEeTOHKE NOMYCKAeTCs MCIOIb30BaHUE ILIOCKOJOHHBIX KOJIO.
HarpeBanue ocymecTBISIOT ¢ IMOMOIIBI0 HarpeBaTeIbHOM OAaHU WM TOPEIKU
(mas BeICOKOKMIAIUX coenuHeHuil). Ilepen meperoHkoit mis obecredeHus
PAaBHOMEPHOTO KHIICHHS B JKHIKOCTh MOMELIAIOT 3allasHHBIE C OJHOTO KOHIIA
CTCKJISIHHBIC KalUISIPhl, HECKOIBKO KYCOYKOB MOPUCTOTO (hapdopa Wiid MOJIEKy-
JISIpHBIC cHTa — «Kumenku». CieayeT obpalnars BHUMaHHE Ha TO, YTOOBI IIAPHK
TEPMOMETpPa MOTHOCTHIO OMBIBAJICA MapaMH, T. €. HAXOAMJICS HECKOIBKO HIKE
OTBOJIHOW TpyOku Hacanku. OO0bembl mpueMHHKa E W meperoHHO# KoyiObI A
JOJKHBI OBITH ONMHAKOBBHI.

KonudecTBO XUAKOCTH B NMEPErOHHONW KO0JIOE HE OJDKHO IMPEBBHINIATH II0-
JIOBUHBI 001Iero ob6beMa KonObl. IIpu meperoHke B BaKyyMe HCHOIB3YIOT
aQHAJIOTHYHBIE MPHOOPHI — TOJIBKO BMECTO KPYIJIOAOHHOHM KOMOBI C Hacaakoiu

! Kononku ¢ Tak Ha3pIBacMbIMU Koaivyamu Paumza, HacaJlkKaMHu U3 CTCKIISIHHBIX CIIUPAJICK,

KOJIOHKM BpyHa WM KOJIOHKM C Bpaularomieicst JTEeHTOM.
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Puc. 19. 1 - MNpubop ansa neperoHku: A — KpyrnofoHHasa Konba ¢ BelwectBom; b — Hacagka
Biopua; B — Tepmometp; I' — npamon xonoaunbHuk; [l — anoHx; E — npneMHuK. 2 - Hacagka
KnAanseHa c TepmomeTpom

0000000

2

Puc. 20. Konbbl KnanseHa (1) n ®aBopckoro (2) AnAa neperoHkn B BaKyyme

MpeanoYTUTENIbHEE UCTOIb30BaTh clenuaibHble Konobsl Kinsiizena nnu Pa-
BOPCKOTO, B KOTOPBIX OTCYTCTBYET WUUIM(OBAHHBIA MEpEeXoa Mexay KoaOoi
u xonoawibHUKoM (puc. 20).

IIpuGop s BaKyyMHOIi MeperoHKH IpejacTaBiseT coboil kondy Pasop-
ckoro win Kusiizena (cm. puc. 3, 20). B Hmxuuii i koaObl 0OBIYHO BCTaB-
JAeTCS KamWwuIsAp — TOHKas CTEKJsHHas TpyOKa, ¢ OJHOTO KOHIA OTTSHYTas
MPaKTUYECKH A0 TOJIIMHBI BOJOCA M JOCTHTAIONas JHA KOJIOBI, C APYroro —
WMeIoIIas OJIMBKY U HaJeBaHWA PE3MHOBOIO IIJaHTa Win KpaH. Kamwmmsp
OTTATUBAIOT Ha CTEKIONYyBHOW ropeike (0ObIYHBIC TA0OPATOPHBIE TOPENKH
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<«— Bakyym

Puc. 21. A - npub6op ans neperoHkn B Bakyyme: 1 — Konba KnaitzeHa ¢ xonogunnbHuUKOM;
2 - Kanunnap; 3 — TepMomMeTp; 4 — anoHX; 5 — «nayk»; 6 — nNpuvemHble Konbbl. b — anoHx
((nayK))

Hed(h(HEKTHBHEI) HEIMOCPEACTBEHHO IEpel ImeperoHkoi. IIpu HeoOXOoaMMOCTH
K KalmWuIsApy 4Yepe3 OJIMBKY IPUCOCHUHSIOT 3aXKHUM JJIsl PETyJIUPOBKH MOTOKA
BO3/lyXa MM XJOpKalnblueBylo Tpy6ky'. Komnba ams meperoHku nubo yixe
HMeEeT XOJIOJMIBHUK, JIU00 K HEell XONOIUJIbHUK MpUcoenuHsoT. Ha BbIxoze
XOJIOUJIbHIKA HAJCBAeTCs AJOHXX C M30THYTHIM HAaKOHEYHHKOM W Hacajka-
«rmayk», obecreynBaroIas 0To00p B NPUEMHHUKU KUISIIUX TPU Pa3HBIX TeMIIe-
parypax Qpakmuii 6e3 cHATHA Bakyyma. Takas Hacaaka obecrieduBaeT oTOOP
4eThIpex (paKIii, MPUIEM 3TO YHCIO MOXKHO yBEIUYHUTH, UCIIOJIb3Ysl BMECTO
OJIHOTO W3 NMPUEMHHUKOB TaKyl0 K€ HacaJKy ¢ MpHeMHHKaMmH. Bomee mpocroii
BapHaHT — HMCIIOJb30BAaHME allOH)Ka THIA IAayK», MO3BOJSIOIIEIO0 cOOpaTh
Tpu pakuuu (puc. 21).

BHUMAHMWE! Ilpu BakyyMHO#i NeperoHKe KaTeropu4ecku 3amnpeniaercs
HCMOJIb30BaTh B Ka4ecTBe NMPHEMHHUKOB IJIOCKOJOHHbIE KOJIObI!

PexoMeHmyeMbIii 00beM KOJIOBI JJI1 BAKYYMHOW MEPETOHKU — BIBOE OOJbIIIE
o0beMa MeperoHseMOn JKUIKOCTH.

Jns u3MepeHUs AaBJIeHUs NPH BAaKYYMHOI MeperoHKe 00bIYHO HCIOJIb-
3YIOT PTYTHbI€ MAHOMETPBI. DTH MPHUGOPHI U3rOTOBJIEHBI U3 CTEKJAa, U NMPH
HENMPaBHJIbHOM O0pallleHHuH MOTYT OBITH JIETKO Pa30UThI, YTO MPHBEIET
K pa3juBy pPTyTH.2

1
2

HpI/I NEPETOHKE JICTKOTUAPOJIU3YIOIINUXCS BEIIECTB.
I[aBJ'IeHI/Ie B CUCTEMC Ul NEPETOHKHU IO €€ OKOHYaHHU CIIEAYCT BbIpaBHUBATH IMMOCTEIICHHO,
C IIOMOLIBIO KpaHa MaHOMeTpa!
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[Ipu BakyyMHOU MeperoHKe HEOOXOAMMO COOJIONAThH CIEAYIONIUE MpaBUIIa:
e [lepen meperoHKOH 00SM3aTENBHO HANEBATH 3AIUTHBIC OYKH WU MACKY.

e CHayaja MOJHOCThIO COOMPAIOT MPUOOpP, MPUCOSAUHSIIOT MAHOMETD, BaKy-
YMHBI€ [IJIAHTH M [UIAHTH IS BOJBI. 3aT€M BKJIHOYAOT HACOC, 3aKPHIBAIOT
KpaH, COCAMHSIONIMNA MaHOMETP ¢ aTMOC(epoii, U Yepe3 HEKOTOPOe BpeMs
OoTKpbIBatoT KpaH U-o0pa3Hoil TpyOku co pryThio. Uepe3 1-2 MHUHYTHI
MaHOMETp JOJDKCH IMOKa3aTh NaBJICHUE, MPHUOIU3UTEIBHO COOTBETCTBYIO-
1iee JaBJICHUIO HACBIIICHHOTO Mapa BOJbI [IPH TeMIepaType BOJOMPOBOIA
(10-26 MM pt. cT.).

* CKOpOCTh NEPETOHKY MOIAEPKUBAIOT Ha YpOBHE 1-2 Kamenb AUCTHILIATA
B CEKyHJY.

* [lo okOHYaHWM TIEPETOHKM CHaudaja cliefyeT 3aKkpbITh KpaH U-oOpasHoit
TPYOKH CO PTYTBHIO B MaHOMETpE, 3aTeM IPEeKpaTHUTh HarpeBaHHUe, JaTh
npuOOPY OCTHITH M CHATH BaKyyM.

* BripaBHHBaHHE JABICHUS C aTMOC(HEPHBIM MPOU3BOIAT JIHOO OTKPHIBAHH-
€M KpaHa, COeIUHSIOIMIEr0 MAaHOMETP ¢ aTMOoC(epoi, TUO0 MyTeM CHSITHS
¢ mpubopa BaKyyMHOTO IUIAHTA, JTHOO aKKypPaTHBIM H3BICYCHHEM TEPMO-
MeTrpa. Hu B KoeMm ciiyyae He OTKJIIO4aiiTe AJs1 3TOr0 BOAOCTPYHHBINH
Hacoc! HeusbexHoe B 3TOM cilydae 3acachblBaHHE BOIBI B MpHOOp MpH-
BEJIeT K MOMAaJaHHI0 €€ B MPUEMHUKH C BEUIECTBOM, B MaHOMeTp (OTKyaa
€e HEeMpOCTO W3BJICYb) U MPHU MOMAJAAHHH B HEAOCTATOYHO OCTBIBIIYIO
MEPErOHHYI0 KOJIOY K €€ B3DBIBY.

* Bce omepanum, cBsi3aHHbIe ¢ BAKYYMHPOBaHHEM NPUOOpa, MPOBeIeHU-
€M MePeroHKH W CHIATHEM BaKyyma, pa3pemiaercsl MPOBOIUTH TOJIBKO
rnocje 0oCMOTpa MpUOoOpa mpenoxaBaTejieM W MOJ €ro HaOJII0IeHHeM.

OObIuHbI PUOOP TSt TeperoHku (cM. puc. 21) MOKeT OBITh HUCIIONB30BaH
U JUIS TIEPETOHKH TBEPIBIX BEIICCTB, TEMIIEPATYPhl TUIABICHUS KOTOPBIX CY-
IIECTBEHHO HIDKE UX TEMIIEpaTyp KHIeHHs. [ 3TOro MEeperoHKy MpOBOIST,
JIUIIH BpeMs OT BPEMEHHU BKJIIOYAs TOK BOJBI B XOJOJWIBHUKE, U MPH ITOM
BHHMATEIHHO CIEAST 3a TEM, YTOOBI KPUCTAJUIM3YIONIEECS BEIIECTBO HE «3a-
OUBAJIO» XOJOOWIBHUK U aJI0HX.

Bo3zronka

JlaBneHne mapa TBEpIBIX BEIIECTB, KaK W KUIKOCTEH, TaKkKe pacTeT MPH IOBHI-
IICHWH TeMmmepaTypsl. s MHOTHX BemecTB JaBJEHHE MapoB JOCTUTAET aT-
Moc(epHOro TpH TeMIepaType HIDKE WX TeMIepaTypsl miaBneHus. Ecim mpu
9TOH TemIiepaTtype He HaOJIoaeTcs pa3iokeHus, BEIECTBO MOXKET OBITH OYH-
meHo BO3roHkoi#i (cy6aumanueii). I[IpocTeimmii mpudop Asl BO3TOHKH IIPH
aTMOC(EPHOM JIaBICHUH COCTOMT U3 (HapPOopoBOil YAIIKK M MOCTABICHHON Ha
Hee CTEKISHHOW BOpoHKHU (puc. 22). JInaMeTp BOPOHKH AOJDKECH OBITH HEMHO-
ro MeHbIIe JuaMeTpa Jamkd. TpyOKy BOPOHKH HEIUIOTHO 3aKpBIBAIOT BaTOH.
B wamky momemiaroT BeIIecTBO, KOTOPOE CIIEAyeT BO30THATh, HAKPHIBAIOT €T0
¢uIpTpOBANBHON OyMaroil ¢ mMpoAeNaHHBIMH B HEW TOHKHMH OTBEPCTHSIMH,
1 HauuHAIOT Harpes. IIpu Temneparypax BbIIIe TOYKH BO3TOHKH B TEX CITydasXx,
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Puc. 22. MpucnocobneHus ana BO3roHKU. 1 — npocTeiwmnii npnbop ANA BO3TOHKW MOA
aTMochepHbIM AaBnieHnem; 2 — Npmbop 1A BO3rOHKM B BaKyyme

KOTJIa BEUIECTBO 3arps3HEHO JIETKOIUIAaBKUMH IPUMECSIMH, MOXET HaOII01aThCs
o0pazoBaHHe KOPKHM BELIECTBA W INPU €€ PacTPECKUBAHWH MOTYT OBITH IO-
TEpH BEIIECTBA, KOTOPBIE, KPOME TOrO, YBEIMYMBAKOTCS H3-3a TOrO, YTO NpHU
KOHJIEHCAllUX HE BCE BEIECTBO OCAXJAAaeTCsl Ha CTEHKaX BOpoHKHU. [loaTomy
MIPEANOYTHTENIFHEE TIPOBOINTH CYOIIMMAIIMIO TIPH TeMITEpaType HECKOJIBKO HIKE
TEeMIEpaTypbl BO3TOHKHU.

OdeBHuIHO, aJIeKO0 HE BCE TBEPAbIE BEIIECTBA MOTYT OBITH BO3OTHAHBI IPH
HOpMaJbHOM jaaBiieHnd. OHAKO METOJ] BO3TOHKHM MOXXET OBITh HCIIONB30BaH
JUTsl OYEHb OOJBIIOTO YHCIIa OPraHUYeCKHX COENMHEHHH, €Clii NPOBOAHTH
ee B Bakyyme. [IpubGop ang mpoBeneHHs BO3TOHKH B BaKyyMe H300pakeH
Ha puc. 22. BemecTBo MoMemaoT B MHUPOKYI0 MpoOupKy co nuudom. [as-
Has 4yacTh nmpubopa — mImupoBaHHAS KPBINIKA — HAacaJKa C BaKyyMHBIM OT-
BOJIOM, B KOTOpPYIO BIIasgH NMaJbYUKOBBIH OOpaTHBINA XOJNONWIBHUK. Bo3ronka
MPOBOAMTCS CIEAYIONIMM 00pa3oM: B MPOOUPKY MOMEMIAIOT BEIIeCTBO, CMa-
3BIBAIOT NUIA(, 3aKPHIBAIOT MPOOMPKY HACAIKOW ISl BO3TOHKH, IOAKIIOYAIOT
npubop K BaKyyMHOMY HAacocCy, BKJIIOYAIOT BOJIY W HaYMHAIOT HarpeBaHHE.

Bosronky ciiexyeT mpoBOAMTH ¢ HEOONBIIOW CKOPOCTBIO — B ITOM Clydae
MOJIy4yaroT OoJiee YMCTHIE BEIIECTBA.

A3.5. Nepezonka ¢ 800sAHbIM Napom

ITeperoHka ¢ BOASHBIM MapoOM — OJWH W3 PACIpPOCTPAHEHHBIX METOJOB BhIje-
JICHUSI U OYUCTKH OPTaHUYECKHUX BEIIECTB. JTOT METOJl IHUPOKO MCTIOIb3YeTCs
HE TOJIbKO B J1Ta0OpaTOpHOW MpaKTUKE, HO U B MPOMBINIUICHHOCTH. [leperonka
C MapoM MPUMEHHMAa K BEIIeCTBaM, KOTOpPbIE MPAKTHYECKH HE CMEIINBAIOTCS
U HE B3aMMOJECHCTBYIOT C BOJIOM.
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HepeFOHKy C IIapoOM HCIIOJB3YXOT B PA3JIMYHBIX LCIIAX:

* IS BBIACTICHHUS W3 CMECEH M OYMCTKH BEIIECTB, KOTOPHIC KUITAT NP OYCHb
BBICOKOH TeMIlepaType WM BOOOIIe He NEeperoHsroTcs 0e3 pas3ioKeHUs;

* IS OYMCTKH BEIIECTB, 3arpsi3HEHHBIX OONBIIUM KOIMYECTBOM CMOJIMCTBIX
HEJeTYy4YUX MpUMEcel;

* NI OTHEICHHUS HENETYYHX C IMapOM TBEPJIBIX BEMIECTB OT BBICOKOKHIIS-
HIMX PacTBOpUTENicH (Hampumep, HUTPOOEH30J C TEMIEPaTypoOll KHUIICHUS
210 °C MOXHO JIETKO OTOTHaTh ¢ BOAsSHBIM mapom mpu 99 °C);

* IS BEIICTICHUS MAJOPAaCTBOPUMBIX B BOZE BEIIECTB, MMCIOMIMX MPH TEM-
neparype oxono 100 °C 3ameTHOE maBleHWE mapa.

[leperonka ¢ mapoM OCHOBaHa Ha TeX K¢ (PU3UKO-XUMHUYECKUX MPUHITUTIAX,
9TO W TmpocTas meperoHka. C MOBBIMICHHEM TEMIEPaTyphl JaBICHHE NapoOB
M BOJIBI, ¥ HE CMEIINBAIOIIETOCS C BOJON BElecTBa Bo3pacTaeT (MIPaKTHUECKH
He3aBucnMoO). KuleHne HadyMHAETCs, KOTJa CyMMa MapIlHalbHBIX IaBJICHUMH
HACBIIIEHHOTO Mapa KOMIIOHEHTOB CTaHOBUTCS paBHON atMochepHOMY HaBiie-
HUI0O — WHBIMH CIIOBaMH, TOYKA KHUIIEHHS CMECH BOJBI U JICTY4YEerOo BELIECTBA
o6erybo Hmke 100 °C (me ciegyer 3a0GbIBaTh O TOM, YTO BOIHBIE PACTBOPBI
HEJIETYYHX BEIICCTB BCEr/a KWITAT BhIIIE, 4eM 4ucTast Bojaa). CoriacHO 3aKOHY
JanpToHa, cyMMapHOE JaBlieHHe Napa P paBHO CyMMe HapliaibHbIX JaBICHUN
MapoB TNEPErOHSIeMOro BemniecTBa A u Boawl B! P = p, + pg.

B mpomecce nmeperonku B XOJIOAMIBHUKE OyOyT OMHOBPEMEHHO KOHIACHCHPO-
BaThCs Mapbl BOABI M IEPETOHSAEMOTO BemecTBa. OTHOCHTEIBHOE KOMHYECTBO
BEIIECTBA, OTTOHIEMOTO C BOASIHBIM ITapOM, MOKHO HAWTH MO CICAYIOIIEMY
YPaBHEHHIO:

Qa _ DMy

Qs 18p,

rme Q, — Macca BemecTBa B AUCTHLIATE, Qp— Macca BOABI B AMCTHILIATE,
M, — monexkymspHas Macca BemecTBa, 18 — MmonekymspHas macca BOJIBI;
Pa — IaBJCHHE MapoB BEIIeCTBAa IPU TEMIIEpaType IMEPEroHKH; pp — JaBICHUE
[apoB BOMABI MPH TEMIIEpaType MEPErOHKH, KOTOPOE OMPEACISIOT MO CIEIU-
a’dpHBIM Tabnumam; p, = 760 — pg. OTcroga Macca BOAbI, HeoOXomumas ISt
neperoHku 1 r BemecTna:

18py

0 760 o)

[Ipubop s mMeperoHKH ¢ BOASHBIM MapoOM COCTOMT U3 HapooOpazoBarels,
MEepPEeroHHONW KOJOBI, JIWHHOTO 3(Q(EKTUBHOTO XOJOAMJIBHHKA M TMPHEMHHKA
(puc. 23). INapooOpa3oBarenb IpeAcTaBIseT co00il MeTaluIMYeCKuil cocyn
(ero MOXHO 3aMEHHTH OOBIYHON KpPYIIOAOHHO# KONMOo#t emkocThio 1.5-2 1),
HMEIOIUN MPEeJOXPaHUTEIbHYI0 U BOAOMEpPHYIO TpyOKu. IlpenoxpanurenpHas
TpyOKa JOXOAMT MOYTH A0 JHA MapooOpas3oBareis W MPH PEe3KOM MOBBIIMICHUH
JaBJIeHusl B mapooOpaszoBaresie H3-3a CHJIBHOTO HAarpeBaHUs 3TO IOBBILICHUE
KOMITEHCHPYETCS MOTHATHEM BOJBI 10 MPEJOXPAaHUTEIBHONW TpyOKe.
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Puc. 23. MNpubop gna neperoHkn ¢ napom: 1 — napoobpaszosatenib, 2 — TPOWHUK C KPaHOM,
3 - neperoHHasn Konba, 4 — XONOAWNbHUK, 5 — anoHX, 6 — NPUeMHKK, 7 — NpefoXPaHUTENb-
Has TpyOKa, 8 — Noka3aTeNib YPOBHA XUAKOCTM B Napoobpa3osaTene, 9 — MeTann3mpoBaH-
Hasa acbectoBan ceTka

[TapooOpa3oBarens COCOUHEH C MEPETOHHOW KOJIOOW MPH MOMOIIN PE3UHO-
Boil TpyOkn. B kauecTBe meperoHHOW MOXXHO NMPUMEHSATH KonOy Biopma wim
0OBIYHYIO KPYIJIOHOHHYIO KonOy. TpyOka, 1Mo KOTOpoil map BBOAHMTCS B KOJOY,
JIOJDKHA JOXOMUTH TOYTH A0 CaMOTO JHA KOJOBI.

Heobxoanmo He momyckarh nepedpoca meperoHsieMon KUAKOCTH B TIPHEMHHUK.
Jiis 3TOTO TIeperoHHas Koiba JODKHA UMETh JUTMHHOE TOPII0 M PacloyaraThes
HakiIoHHO (puc. 23), 4yTOOBI OpHI3rH HE TONaJald B MAPOOTBOAHYIO TPYOKY,
COEIMHEHHYIO C XOJIOAMIBHUKOM. Koy HanoNHSIOT KHAKOCTBIO He OoJiee deM
Ha 1/3 ee oObema.

Mexnay mapooOpa3oBaTelneM M KOJOOW NMOMEIIAIOT CTEKJISHHBIA TpOW-
HUK. ET0 OOKOBOW OTPOCTOK CHAOKEH KpPaHOM WM PE3MHOBOH TpyOKOU C 3a-
KUMOM. DTOT TPOWHHK BBIMOJIHSAET POJb BoAooTaenutens (B Hadaie mepe-
TOHKH KOHAEHCHUPYETCS HEKOTOpPOE KOJMYECTBO BOJBI, KOTOPYIO HEOOXOANMO
CJIUTH) W, YTO BA)XKHO, Mepe] MpeKpallleHueM HArpeBaHHUsi mapoodpa3oBa-
TeJsl KPaH WJIHM 3aKUM TPOHHHUKA OTKPBHIBAKOT, TAK KaK B MPOTHBHOM
cjyyae KUAKOCTh M3 MePeroHHol Koa0bl 3 OyaeT mepedpolleHa B mapo-
oopa3zoBaTean 1.

IleperoHky ¢ BOASHBIM MapoM BeAyT clieqyrommm oOpazom. IlapoobGpaso-
BaTeNb 3alOJHAIOT BOAON MPpUOIM3UTENLHO HA 2/3 ero o0beMa M HArpeBaroT
o TemmepaTypsl kuneHus. OZHOBPEMEHHO HArpeBalOT IEPETOHHYIO KOJIOy.
Bce smo epemsa mpounux omxkpwim. Korma Boja B mapooOpaszoBaTeiie 3a-
KHUIIUT, TPOWHUK 3aKPBIBAIOT UM HAYMHAIOT meperonky. Obpasyroomuecss mapbl
KOHJICHCUPYIOTCS B XOJOIWIBHUKE M MOCTYMAIOT B MPUEMHHUK B BHUAE IMYJIIb-
cuu. Ecnu BemecTBO ocaxkaaercs B XOJOIUIBHUKE B BUIE KPUCTAIIIOB, TO Ha
KOPOTKO€ BpeMs CIMBAIOT W3 XOJIOJWIBHHUKA OXJaKIAIOMIYI0 BOAY, U HIAY-
mpe U3 KOJOBI maphl pacIjIaBiSIOT KPUCTAUIBL. IIpu »TOM HYXHO CICIUTH,
yTOOBl HE CKOHJICHCHUPOBABIIUKCS B XOJOAWJIBHUKE Hap HE YBIEK ¢ coOoi
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Puc. 24. Mpubop AnA NeperoHKN ¢ BOAAHbIM MAapPOM HEOGONbLINX KONNYECTB BeLlecTBa

MeperoHsieMoe BelecTBO. BryckaHue XOJIOMHOW BOJbI B XOJOAMWIBHUK CIEIYyET
POU3BOAHUTH C OCTOPOXKHOCTBIO.

[leperonky BemyT A0 TeX IOp, MOKa M3 XOJOJMIbHUKA HE HAaYyHET BBITEKATh
4ucTas BoAa. B KOHIE NMEpPEeroHKH CHayaia OTKPHIBAIOT TPOMHHMK, a 3aTeM TacsT
ropenku. JUCTUIIAT pa3felstoT ¢ IMOMOIIBI JETUTEIbHOW BOPOHKHU, BOIHYIO
a3y npu HeoOXOAMMOCTH DKCTPATHPYIOT MOIXOJSIINM PacTBOPHUTENIEM, KOTO-
phIf 3aTeM ymnapuBaloT.

Il meperoHKy ¢ mapoM HeOoJbIIMX KonudecTB BemiectBa (5—7 r) MOX-
HO KCIIOJIB30BaTh YIIPOUICHHBIH MpUOOp, cocTosImuil n3 Habopa A MPOCTOH
neperoHku ¢ Hacajgkoil KusitseHa. B 3Ty HacaJky BCTaBJISIOT KalelbHYIO BO-
POHKY 0e3 00BOAA, B KOTOPYIO0 HanuBaercs Boga (puc. 24). 3areM mpoBOISAT
OOBIYHYIO TEPEeroHKY, COOMpas CMeCh LEJIEBOro MPOAYKTa U BOJBI, KOTOPYIO
M0 Mepe pacxo[0BaHUs MPUOABIAIOT B KOJIOY.

A3.6.  Xpomamozpagus

OcCHOBHBIE IPHUHIMIIBI
U KJIaccu(pukanus XxpoMarorpadpuyecKux MeToa0B

Xpomarorpadudeckuii METO/I aHAJIM3a BIIEPBBIE ObLT MPUMEHEH PYyCCKHUM OOTa-
nukoM M. C. Ilsetom B 1903 1. mist pasmeneHus PacTHUTEIBHBIX MHTMEHTOR.
Pasnenenne nmurmMentoB IIBeT MpoOBOAMI B CTEKISHHOU KOJOHKE (TpyOKe), Ha-
MOJHEHHON cyxuM TBepasiM ajgcopbentom (CaCO;). CHawana pacTUTENLHBIH
Marepual o0OpabaThiBajdd OpPraHUYECKHM PACTBOPUTENEM ISl SKCTPAKIIHU
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IIMI'MCHTOB. HOHy‘ieHHLIﬁ OKCTPAKT BBOAWJIM B KOJIOHKY. KoMIoHeHTHI 3KC-
TpaKTa NepeMCliajInuCh MO KOJOHKE C pa3J'II/I“IHOﬁ CKOpPOCTBIO, 06pasy${ OTACIb-
HBIC OKPAIICHHBIC KOJIbIIA. HpI/I nocijaeayromeM mnpoOMbIBaHUH (SH}OI/II)OBaHI/II/I)
KOJIOHKH paCTBOPHUTCIIEM BCUICCTBA YAAJOCH IMMOJTHOCTBIO Pa3dCIUTh. IIJ'ISI 9TOro
BJIaKHBIN ancop6eHT HOECJINKOM H3BJICKAJIM U3 KOJIOHKH, pa3pe3ajii Ha OTACIIb-
HBbIC CTOJ'I6I/IKI/I, N3 KOTOPBIX JKCTpAarupoBajii BEHICCTBO, yIIapHUBaJIM U HCCJIC-
JOBaJIX OCTATOK.

COBpeMeHHLIe ABTOMATU3HUPOBAHHLIC XpOMaTOFpa(l)I/I“IGCKI/Ie MCTOAbI pasjec-
JICHUS HMEIOT OYECHb OOJIBIINE BO3MOXKHOCTH M CUHTAIOTCS KJIACCHYCCKUMH
MCTOAaMU pPAa3ACJICHUSA OPTraHUYCCKUX U HCOPTaHUYCCKUX BCIICCTB. OTH MeTo-
Abl MO3BOJIAAKOT PAa3ACiisAiTb OPraHNU4YCCKUC COCANMHCHUSA CO CXOILHOfI CTPYKTypOfI
U HCOPTraHWYCCKUC COCAUHCHUA C OJIM3KMMH XMMUYECKHMMHU CBOMCTBAMHU.

XpOMaTOFpaCI)I/I‘-ICCKI/Ie MCTOAbI HIMPOKO MPUMCHAIOT B PA3JIMYHBIX OTPACIAX
HAayKW W TCXHHUKH, B TOM 4YHCJIC B OUOXMMUU U MOJ'IeKy.]'IS[pHOﬁ OUOJIOTHH. XpO'
MaTOFpa(i)I/I‘IeCKI/Ie METOJBI UCHOJB3YKOTCA AJI PCIICHUA CICAYIOIMX 3a1aady.

* pa3JeneHHe CIOKHBIX CMECEeW HEOPraHWYEeCKHX M OPraHHYECCKUX Be-
IIECTB,

* BbIJCICHHE MHAMBUAYAIbHBIX BEIECTB (OENKOB, YIIIEBOLOB, BUTAMHHOB,
(epMEHTOB, JIUIHMIOB, aMUHOKHKCIOT, OPraHMYECKUX KHMCIOT, aHTHOUO-
THKOB M JIp.) M3 CJOXHBIX CMECEH,

¢ OYHMCTKAa MHAUBHAYAJIbHBIX BECHICCTB OT HpHMeCGﬁ U CMOIJIBI,

* KOHIICHTPHPOBAHHE BEIIECTB M3 CHIBHO Pa30aBICHHBIX PACTBOPOB, M AP.

Xpomarorpadus OCHOBaHA Ha PACHPECICHIN KOMIIOHEHTOB CMECEH MEXKIY
JIBYMS HECMEIIWBAIOMUMUCS (PazaMHU — HEMOIBHM)KHOW W IMOJBIXHOU. B ka-
4eCcTBE HEMOABMKHON (a3sl (HOCHTEINS) MCHOJIB3YIOT TBEPAOE BEIIECTBO HITH
JKUJIKOCTh, HAHECEHHYIO Ha TBEPJbI MHEPTHBIM HOCHTENb. [1onBMXKHONU (a3oi
CIIyXUT Ta3 WIH XUIKOCTh, KOTOPHIE COAEPKAT CMECh pa3lessieMbIX BEIIECTB.
B 3aBucuMOCTH OT MpUpPOABI CoAepiKaliel BemecTBO (a3bl pa3indaroT raszo-
Byl (I'X) u xkuaxoctuyro (JKX) xpomarorpaduro. M3-3a pasiamuust IpUPOIBI
HOCHUTEJSI YUCIO BUIOB XpoMatorpapuu yBEITWYUBAETCS IO UYETHIPEX. ra3o-
tBepaodasunasn (I'TX), razo-xuakocruas (I7KX), skuakocTHo-TBepaodazHan
(OKTX) u xkuaxoctb-xkuakocTHas (KXKX); mpyroe nassanue XTX — mpe-
NnapaTHBHAsl KOJIOHOYHAasl XpoMaTorpadus.

Xpomartorpaduueckue METOABI pa3[eICHuss OCHOBAHBI HA TOM, YTO OTIENb-
HbIC KOMITOHEHTBI CMECH MEPEMEIAIOTCS M0 KOJIOHKE ¢ Pa3IndHON CKOPOCTHIO
U JTOCTUTAIOT BEIXOJA Yepe3 pasHbIE NMPOMEXKYTKH BPEMCHH.

PacTBopurens (Wi ra3), MPOXOISINUI Yepe3 KOJOHKY, Ha3bIBAIOT 3JII0€H-
TOM, TIPOIIECC IMEPEMEIICHHSI BEIIECTBA BMECTE C DIIOCHTOM — DIIIOMPOBAHUEM.
Pazpaboransl MeTomsl OOHapY>KEHHUS M KOJIMYECTBEHHOTO OIpPEACICHHS pa3-
JeSIEMBIX COCIUHEHHM, KOTOphIe HEe 00s3aTEIbHO IOJKHBI OBITH OKPAICHEI.
B coBpeMeHnHO# KOJMOHOYHOHW Xpomatorpaduu TBepayw ¢aszy, Kak MpaBuio,
HE M3BIIEKAIOT M3 KOJOHKH, a JJIIOMPOBAHHE MPOBOIAT A0 TeX MOp, MOKa OT-
JIeIbHbIE BEIIECTBAa HE BBIMAYT OJAHO 3a APYTUM U3 KOJTOHKH. Kaxapiit kom-
MMOHEHT PETUCTPUPYIOT HEMOCPEICTBEHHO Ha BHIXOJE M3 KOJOHKH C IOMOIIBIO
pasHooOpasHbIX AeTeKTOPOB ((POTOMETPUUECKHX, MOTEHIHOMETPHUCCKUX,
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pedpakTOMETPUUYCCKHX U Ip.) HIIH K€ COOUPArOT (pakiuu KOMIIOHCHTOB
CMECH KOJIJIEKTOPOM, a 3aTeM OMNpeJeNsIIOT KOJUYECTBO BEIIECTBa, BHIOU-
pas MeToJ, MPUTOMHBIN a1 3To¥ menu. KadyecTBeHHBIH COCTaB OTOOpPaHHBIX
¢dbpaknuii y1o0HO KOHTPOJIHUPOBATH METOJOM TOHKOCIOWHOW Xpomartorpaduu
(TCX, pa3a. 4.1). IIpenapaTuBHast KOJOHOYHAS XpoMaTorpadus SBISIETCS O-
HHUM M3 CaMbIX 3(P(PEKTHBHBIX METOJOB BBIJACICHHUS OPTaHMYCCKUX BEIICCTB
W pas3JelIeHus UX CMecel.

B opranmdeckoM mpakTHKyMe MpenapaTHBHAs KOJIOHOYHAs Xpomarorpadus
BBITIOJTHSIETCS clienyrolmuM obpaszoM. Ilepes Hauamom paszesneHus UCCIeqyIoT
npoOy pacTBOpa METOAOM TOHKOcHOWHO# xpomatorpaduu (TCX, pasm 4.1;
XKejgaTeabHo co crangapToM). Muorma TCX mpoBOAST € LEIb BbIOOpPaA
JI0CHTa, obecrmevnBamIero Hauoonee 3hPeKTUBHOE pa3[elCeHHEe OpPTraHu-
YEeCKHX COCAWHEHHH. 3aTeM OMpeAeisfioT HeOOXOAMMOE KOJUYECTBO HOCH-
Teas (CUNMKareiab WM OKCHJ alFOMHHHS), HACHIIAs €ro B CYXYI KOJIOHKY.
OTMepeHHBIH HOCUTENh BBICHINIAIOT B ITUPOKOTOPIYIO KOJIOY WIIM CTakaH M 3a-
JIUBAIOT JIIOCHTOM. B KONOHKY MoMeniaroT HeOOJbIIoe KOJIMYECTBO AJIIOEHTA
U 3aTeM HaJIMBAIOT CYCIIEH3UIO HOCHUTEJNA B DJIIOEHTE, CIeAs 3a TeM, UTOOBI
TBepAas (paza paBHOMEPHO 3arojHsIa KOJOHKY M HE CoIepiKayia IMy3bIPhKOB
Bo3nyxa. Kononka roroBa. Kpan mim «3ariyniky» BHU3Y KOJIOHKH OTKPBIBAIOT,
CIIMBAIOT DIIOCHT JIO YPOBHS 1-2 MM HaJ HOCHTEJIEM U aKKypaTHO, C HeOOJb-
I0M BBICOTHI MO CTEHKAM KOJIOHKH IMOMENIAI0T PacTBOpP pas3feisieMod cMecu
B aitoeHTe (IS 3TOTO yA0OHO HCIOJIB30BaTh MUMETKUA C H30THYTHIM KOHIIOM).
BoIxoasiiuii u3 KOJIOHKH pacTBOpP (3J1t0aT) COOMPAIOT HEOOIBIIMMHU OPIHIMH,
KoHTponupys ux coctaB metonoM TCX. Kak mpaBuno, tpebyerca cobpaTh
necatku (pakiumid. [1o OkOHUYAHUM BBIXOAA M3 KOJOHKH IIEJICBOTO COCTMHCHUS
(dbpaknuy, CojepKame TOJBKO 3TO COCIUHCHHE, OOBEIUHSIOT M YIapHUBAIOT
Ha POTOPHOM HCIapUTEe.

A4, KOHTPOJIb MPOTEKAHUA PEAKLINK
W NOATBEPXXAEHWUE AYTEHTUMHOCTU NPOAYKTOB

A4.1.  Xpomamoezpagpuyeckue Memodbl KOHMPONA NPomMeKaHUA peaKyuu
u yucmomol npodyKkmoe

Jlst BKCIpecc-KOHTPOIIS 38 MPOTEKaHHEM OPTaHWYeCKHX peaximii (coctas pe-
aKIMOHHBIX CMecel, TIyOnHa MPOTeKaHWs) HA MPAKTHKE YaCTO HCIOJIB3YIOT
AHAIIMTHYECKYIO Ta30-KUAKOCTHYIO xpomarorpaduio (I7KX) u TOHKOCIOHHYIO
xpomarorpaduo (TCX). O6a MeToa HAXOAAT IIHUPOKOE IIPUMEHEHHE IS OIpe-
JENEeHHs] CTENEHU YUCTOTHI CHHTE3UPOBAHHBIX COCAMHECHHM.

I'azo-:xxuaxocTHas xpomarorpadus

XpomaTtorpauueckoe pasaeieHHEe JEeTY4YHX CMecel MPOBOASAT B CIELH-
anpHBIX Tpubopax — xpomartorpadax. BriGop rasa-HOCHUTENS 3aBUCHT OT
tumna aerekrtopa. CKOpoCTh MOTOKA raza yCTaHABIUBAIOT MOCTOSTHHOW. Pas-
JenseMyr0 CMECh BBOAAT B KOJIOHKY C IOMOILIBIO JO3UPYIOLIEr0 yCTPOMCTBA
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(o6b1uHO MuKporImpuia). KomuuecTBO BBOAUMONH CMeCH OOBIYHO HEBEIUKO
u coctasnset 1 mxn ~0.1% pactBopa (~1 Mkr BemectBa). B cucreme BBOIA
MOJIJIEP)KUBAIOT TaKyl0 TeMIeparypy, KoTopas oOeclednBaeT HclapeHue 00-
pasma, 3aTeM BMeCTe C ra30M-HOCHTENIeM BBEIEHHBIH ra3o00pa3HbIi oOpaser]
rmomnajaeT B KOJIOHKY, TJle MPOMCXOIUT pa3iesieHne KoMmoHeHToB. Koionka
xpomarorpada 3armoiHeHa TBEpAbIM HOCUTENEM, Ha KOTOPHI HaAHECEH TOHKHUI
CIIOH HeNeTyded OpraHW4YecKOi >KHMIIKOCTH, 3Ta JKUIKOCTh U CIYXHUT HEIo-
JIBUKHOW (hazoi.

Pazznenenne KOMIIOHEHTOB OCYIIECTBIISIETCS TIPH MPOXOXKICHUN depe3 KOJIOHKY
nmapoo0Opa3Horo odpasma BMecTe ¢ ra3oM-HocuTeneM. KoMIIoHeHTs! pactipenens-
IOTCSI MEX/y JBIKYIIUMCS T'a30M-HOCHUTEIEM M HETOJBIKHON (a3oil u mepeme-
IIAIOTCS 110 KOJOHKE C Pa3IMYHBIMU CKOPOCTSIMH, KOTOpPBIE 3aBUCST OT IPHPOJIBI
pasaensieMbIX KOMIIOHEHTOB, IPHUPOJBI HETOABIDKHON ()a3sl W TeMIlepaTyphl
KOJIOHKH. [Ipoiinsd KOJIOHKY, KOMIOHEHTHI Pa3essieMOil CMECH 10 OTAEIHHOCTH
MIOCJIEIOBATEIHHO TOCTYMAIOT B JeTEeKTOp. VIHTEHCHBHOCTH CHT'HAJIA IETEKTOpa
3aBHCHT OT KOHIICHTpAallMM KOMIIOHEHTA, HAXOJSIIErocss B BBIXOIAIIEM M3 KO-
JIOHKH TIOTOKE Ta3a-HOCHTEJIS.

3amuch cuTHala JeTeKTopa Kak (GyHKIIMK BPEMEHH MM 00beMa ra3a-HOCHTEIs
Ha3bIBaeTCsd KPWUBOHM 3ITIOMpOBaHUS — XpomaTorpammoii. Ha xpomaTorpamme
nMeeTcs HyleBas JIMHUS, COOTBETCTBYIOIIAs MPOTEKAHUIO Yepe3 JIeTeKTOp Yu-
CTOTO Ta3a-HOCHUTENd, W pAJ IMUKOB, OTBEYAIONIIMNX IPOXOXKJIEHHUIO 4epe3 je-
TEKTOP COBMECTHO C Ta30M-HOCHTEJIEM KOMITOHEHTOB aHAJIM3MPyEeMOH CMeCH.
XpomarorpamMma xapakTepu3yeTcs BpeMeHeM yaep:KuBaHus T (Bpems, HeoO-
XOAMMOE JUIsl DJIOWPOBAHMS BELIECTBA J0 €r0 MaKCHMAJIbHOW KOHIEHTPAIIHMH)
u o0beMoM yaepxkuBanus V, (00beM rasza, HEOOXOAMMBIH I U3BICUCHUS W3
XpoMaTorpaguyeckoil KOJTOHKA MaKCHMaJTbHOTO KOJMYECTBA BEIIECTBA).

Ji1s xadecTBEHHOTO aHaiHW3a IMPOBOJIST OTHECEHWE OTHENBHBIX IHKOB Ha
XpoMaTorpamMme — HIeHTH(HUKanns BemecTBa. KOMIOHEHTH cMecH WACHTH(H-
OUPYIOT 110 BPEMEHHW YIEp)KWBaHU, IIHUPOKO HCIIONB3YIOT TaKKe METOJ BHY-
TPEHHEro CTaHAapTa (3TaJOHHBIC PACTBOPHI), U3MEPSIOT (PU3MKO-XUMHUECKUE
CBOMCTBa BEIIECTB, BBIXOAAIMNX U3 KOJIOHKH. KOMMUeCcTBeHHBIN aHa N3 OCHOBaH
Ha TOM, YTO MU IOCTOSHCTBE TEMIIEpaTypbl KOJOHKH, CKOPOCTH IOTOKa ras3a
Y BBINIOJIHEHHUHN psAfa APYTHX YCIOBHH IUIOMIAb KaXJIOTO XpOMaTorpaduieckoro
IMKa WIK €ro BHICOTa NMPONOPLUHOHAIBHBl KOHLIEHTPALMH COOTBETCTBYIOIIETO
KOMITOHEHTa 00pasIa.

Tonxocnoiinas xpomarorpagus

ToHKOCHOWHas XpoMarorpaus OTHOCUTCS K METOIY pacnpeaejuTebHOM
xpomarorpaduu, pasjelieHHe BEIECTB B KOTOPOH OOYCIIOBJICHO UX pa3iindy-
HbIMU KO3((UIMEHTAMHU PACIPEIEICHUsT MEXIY IBYMS HECMEIIUBAIOIIUMUCS
KUJIKUMU (pazamu.

[t momydeHusl XpoMaTrorpaMM HCIONB3YIOT CIIENHANIbHBIC aIOMUHHUEBBIC
[JJACTHHKH, TMOKPBITBIE TOHKMM ciioeM copbenta (cuaukarens, Al,O5). Ilep-
Bas ¢aza — OpraHMYECKHI pacTBOPUTENb; BTOpas — aacopOMpoBaHHAs Ha
noBepxHocTH copOeHta Boga. C MOMOIIBIO Kamujuisipa pa3OaBieHHBIH pac-
TBOp BEMIECTBA HAHOCIT B BHIE ISTCH HA CTAPTOBYIO JIMHHIO, IOCIE YETO
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IJIACTUHKY TMOJCYIIMBAIOT U MOMEIIA0T
______ q)pOHT 3MN0eHTa B BCPTHKAJBbHOM IIOJIO)KCHHHU B KaMeE-
Py, Ha AHO KOTOPON HaJIUTO HEMHOTO
. 3JII0OEHTA. YPOBEHb JJIIOEHTA JOJIKEH
OBITH HIDKE CTapTOBOH nwHMH. biaro-

. Japsl TENUCTBUIO KaNWJUISIPHBIX CUJ pac-
TBOPUTENb NMOJHUMAETCS MO IIACTHHE,
R, yBJICKas 3a COOOW paslenseMble Belle-
cTtBa. HeoOxommmo, 4TOOBI INIACTHHA
HaxXoIujIach B aTMocdepe, HACHIIEHHOM
rmapaMM pacTBOPHUTENS, MOATOMY Kame-
Py 3aKpbIBalOT KpbIkoil. [lo okoHYaHuH
JIBIDKEHHSI PACTBOPHUTENSI XpOMaTorpam-
MY BBIHUMAIOT U3 KaMepbl, OTMEYaroT
GpOHT pacTBOPUTENS, BBHICYIIUBAIOT
Puc. 25. ToHKocnoMHas xpomatorpamma X BBRIABIAIOT IIATHA pasHeICHHBIX

BEIIECTB PAa3IUYHBIMH METOAAMHU.

Jl1s ToITydeHusT YeTKUX XpOMAaTorpaMM HE0OXOJIUMO, YTOOBI aJcopOIus pas-
JelIseMbIX KOMIIOHEHTOB Ha HOCHUTEJIE Obuia Ci1adoil.

[TonBIKHBIN PacTBOPHUTENH MOMOUPAIOT B 3aBUCHMOCTH OT IPHUPOIBI paszems-
eMbIX BemlecTB U Hocutend. Kak mpaBuiio, s pasaeneHus Oojiee MOJSPHBIX CO-
CIMHECHUI UCIIONB3YIOT Ooiee MOJSIPHBIE PACTBOPUTENN. YacTo MPUMEHSIOT CMECH
pacTBOpUTENICH, HAPUMEpP TeKCaH—TUXJIOPMETaH, OCH30I—3TWIAIeTaT U T. II.

OCHOBHOHM KOJMYECTBEHHOW XapaKTEPUCTHKOW BelleCTBa B TOHKOCIOWHOMN
xpomatorpaduu seisercs BenuuunHa R; (R-dakTop) — oTHOmEHHE paccTo-
sHUS R;, IpOHICHHOTO BEMIECTBOM, K paccTosHHIO R, mpoiineHHOMy GpoHTOM
pactBopurens (puc. 25).

Hna pacuera R; paccTosiHus U3MEPSIIOT OT CTAPTOBOW JMHHUHU A0 IIEHT-
pa msATHA:

o) ' [IuHus cTapTta

R; = R/R,

IIpu mocTosiHCTBE yClIOBHMM 3KcmiepuMeHTa R; ompenensercss mpupoaon Be-
iecTBa, napamerpaMu copOeHTa U CBOWCTBAaMHU pacTBOpPUTEIEH.

s uneHTHdUKaUY, KaueCTBEHHOTO W KOJMYECTBEHHOTO ONPENCICHHS Be-
IIECTB B HCCIIEAyeMOil Mpode XpoMarorpaMMy TIOCIe pa3lelieHHs, eCld KOMIIO-
HEHTHI HE OKpaIlIeHBI, 00padaThIBAIOT CHCIUATBHO MTOJOOPaHHBIM PEarcHTOM,
00pasyloIUM C pa3ielsseMbIMU BEIIECTBAMU OKPALICHHBIE COCAUHEHUSA', — NPH
STOM KOMIIOHEHTHI MpOsBIAOTCA B Bue maTeH. B TCX yacTo nmpumeHstoT ma-
CTHHKH, MOKPBITHIE CJI0EM COpOEHTa, coaeprkaiiero JroMuHopop. Tak kak MHOTHE
OpraHMYeCcKHe COeIMHEHUs IMOMIOMAIOT B YIBTPadHOIeTOBOM 00acTy, Mpu pac-
CMaTpUBaHUM TaKOW IJIACTHMHKU B Y®-cBeTe ATH BellecTBa OyayT MPOSBISATHCS
B BHJIC TEMHBIX IATEH Ha cBeTsmeMcs (oHe. KomndecTBo BemecTBa B KaXKIOM
TMISITHE OMPENENAIOT OYeHb NMPUOIM3UTENIHHO, CPABHEHHEM MHTEHCUBHOCTH OKPaCKU
nsTHA (MM TalleHUs JTIOMHUHECHEHIIMN) 110 CPaBHEHHIO C 3TAJIOHOM.

! Hampumep, nmapamu vona B HOIHOM KaMepe.
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A4.2.  AymeHmuy4HOocmb nosnyyeHHvIX cOeOUHeHULI
u npocmeiiwiue memoosl ee 00Ka3amenbcmea

OnpenesieHne TeMnepaTypsl MIIABIEHUSA

[ KOHTPOINIS 3a CTEMEHBIO YHCTOTHI TBEPIABIX OPTaHWYECKHUX COCIHHCHUHN
9acTO HM3MEPSIIOT TeMIeparypy IUIaBleHUs. UmcThle BemecTBa OOBIYHO o0Ina-
JAI0T YETKO BBIPAXEHHOM TeMIlepaTypoil IUIABICHUS, TPUMECH OOBIYHO IIO-
HW)KAIOT 3Ty TeMIIeparypy WM YBEIMYUBAIOT UHTEPBAJI, B KOTOPOM ILIABUTCS
JaHHOe coennHeHue. J[Jis M3BECTHBIX COCAUHCHHI TeMIepaTrypbl IUIaBICHUS
TaOyIIHPOBAHEI.

Kraccuueckum METOHOM OIpeNeeHHs] TeMIeparyphl IUIABJICHHS SIBISETCS
METOJ] C MCIIOJIb30BaHMEM Kamwuisipa. [Jis 3Toro BemeCTBO MOMEIIAIOT B 3ara-
SIHHBIA ¢ OHOTO KOHIIA KaIMJULIp TuameTpoM 1 MM, co3maBasi CTONOWK BBICOTON
2-5 MM. 3areM Kamwuisip MOMEIIA0T 3alassHHbBIM KOHIOM BHHM3 B HArPEBACMbIii
070K M HAONIONAIOT 32 M3MEHEHUSIMH, IPOUCXOMSIIINMHU ¢ BemecTBoM. OTMeda-
0T TeMIIeparypy, pU KOTOPOil MOsBIsieTCs Kuakas (asza (Ha4ano riaBICHUs)
U TeMIeparypy, Ipu KOTOPOH HCYE3ar0T MOCIEIHHe KPUCTAILIbI BemecTBa (Ko-
Hel 1wiaBieHus). OTMEUaIOT TaKXKe BCE M3MEHEHHs, HMPOUCXOASIIUE C Belle-
CTBOM, 2 UMEHHO — W3MCHEHHE I[BETA, PA3JIOKEHUE, BO3TOHKY W T. . Pe3yib-
TaTBl MPEICTABIAIOT, YKa3bIBas COOTBETCTBYIONIUI TEeMIIEpATypHBIH HHTEpBAl,
Hampumep 135-135.5 °C. Usmepenus moeropsmor 2-3 pasa.

Bosiee ObICTPBIM, HO MEHEE TOYHBIM METOJOM SIBIISICTCSI METOJ IUIABICHUS Ha
nrapuke tepmometpa. st 3TOro Ha IIApUK TEPMOMETpA, AEpiKa €ro ropH30H-
TaJbHO, ITOMEIIAIOT HECKOIBKO KPHCTAJIOB BEUIECTBA, 3aT€M, HE MEHSISI TTOJIOXKE-
HUSI, TEPMOMETP ITOMEMIAIOT HA HEOONBIION BEHICOTE HaJl IIOBEPXHOCTHIO HArpeTon
ANEeKTPOIUTHTKH. TeMmreparypy CTaparoTcs HOZHHUMATh MEUICHHO W OTMEYAloT
TOYKHM Havala U OKOHYaHWS IaBieHus. M3MmepeHnus noBTopsitor 2—3 pasa
u OepyT cpeqHee 3HAYCHUE.

Hu B kxoem ciyuyae Hejdb3sli KacaThbCsi TEPMOMETPOM CHJIBHO HArpeToii
NMOBEPXHOCTH, MHAYE OH MOKET JIOMHYTH!

OmnpeneneHne TeMIEPaTyphl TUIABICHAS BEIIECTBA MO3BOJSAET CIENATh 3aKIIIO-
geHue 0 ero uncrore. CIOKHOCTh 3TOTO UCHBITAHHS CBSI3aHA C TOJTYyYECHHUEM
a0COJIOTHO CYXUX KPHCTAJIIOB HCCIEAYEMBIX COCTUHEHUH.

Onpeueﬂe}me moKa3sarteJjisl nNpejJoMJICHUS

1 SKCIIpeCcCc-KOHTPOIISL CTETIEHH YUCTOTHI )KUIKUX OPTaHUYECKUX COCAMHEHUN
MO>KHO HCIIONIB30BaTh pe(pakTOMETPHIO — OTpeeIeHUE TTOKa3aTeysl MpeioMiie-
Hus. [lokazatens mpernomieHus N — OTHOIICHHWE CKOPOCTEH CBETa B TPaHUYALIIX
cpenax. Jlyist JKUAKOCTEW N OMPEAEsIOT OTHOCUTEIBHO BO3ayXa.

3HaueHUs N 3aBUCAT OT JUIMHBI BOJHBI CBETa A M TEMIEPAaTyphl, KOTOPHIC
YKa3bIBAIOT B MOACTPOYHOM W HAACTPOUYHOM MHACKCAX COOTBETCTBEHHO. s op-
raHUYECKHMX JKHUAKOCTEN 0OBIYHO HMcmonb3yeTcss NZ — mokasaresh NpeIoMIECHHUS
mpu 20 °C s D-murun cniextpa Hatpus (A = 589 um).

sl OIIEHKW CTETIeHH YHCTOTHl OPTaHWYECKHUX JKUIKOCTEH MOKa3zaTelH Ipe-
JoMJIeHHUs orpenensioT ¢ TouHocThio o 0.0001 Ha pedpakromerpax, B KOTOPBIX
U3MEPSIOTCS TPEAeNbHBIE YITIBI MIOJIHOTO BHYTpPEHHEro orpaxenms. Hambomee
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pacmpocTpaHeHHbIE pedpakToMeTpbl AOOE ¢ MPU3MEHHBIME OJIOKAMH W KOMIICH-
caTopamMu JUCIEPCUH MO3BONSIOT ONpenenaTh N3° B THEBHOM CBETE, OHM UMEIOT
mrkany wid nudposoit mHaMKarop. [lokasatenu mpenoMIICHHS aHATUTHICCKU
YUCTBIX OPTaHUYECKUX COCTUHEHHI MPUBENEHBI B CIIPABOYHUKAX M KaTajorax
XUMHUYECKUX COCIMHEHUH.

CrnenyeT OTMETUTH, YTO MOKa3aTellb MPEJIOMIIEHUS MOXHO HCIOJIb30BaTh
TOJBKO JJi MpeABapUTENbHON OIEHKH YHMCTOTHI MpoaykTa. Eciaum mpoaykr
COIEPKUT MPUMECH C OONBIIMM M MEHbIIUM 3HadeHusMU NZ B SKBUBaNEHT-
HBIX KOJIMYECTBaX, U3MEpPseMbId MOKa3aTellb MPEOMJIEHHUS BEIeCTBa MOXET
COBIACTh C TAOJMYHBIM 3HAYCHUEM, OHAKO YHCTOTA ATOTO MPOAYKTa HEYIOB-
JIETBOPUTEIBHA.

Hoasipumerpus

Hexortopsle xumudeckne coequHEHHS 00NaJaloT ONTHYeCKOil aKTHBHOCTHIO.
Ecnu uepe3 pacTBOp 3TOr0 COEIMHEHHUS MPOIYCKaTh IUIOCKONOISPU30BAHHBIN
CBET, IUIOCKOCTH MOJSPU3AIMK IPOXOIIETO CBETa ITOBOPAUYMBAETCS HA OINpese-
JICHHBIA yTONM O — YroJl ONTH4YecKoro BpameHusi. OnTudeckas aKTHBHOCTH
BO3HMKAE€T B TOM CIIy4ae, €CId MOJEKYJbl UCCIEIyeMOro BEINECTBA XHPallb-
HBl — CTPYKTypa U €€ 3€pKallbHOE€ OTPAXKEHUE HE COBMIANAIOT.

IIpoayKT XMMHYECKOH peakLUu MOXKET IAEMOHCTPUPOBATh ONTHYECKYHO aK-
TUBHOCTb, €CIIH:

* BO-TEPBBIX, OJJHO U3 UCXOJHBIX COCIMHEHUM WM KaTaau3arop ONTUYECKHU
aKTHUBHBI,

* BO-BTOPBIX, PEaKIUs MPOTEKAET CTEPEOCENCKTHBHO: M3 OIPEIEICHHOTO
CTepeon3oMepa HCXOJHOTO COEOUHEHUs oOpasyercs B W30OBITKE OIUH M3
BO3MOXKHBIX CTEPEOM30MEPOB MPOIYKTA.

XupanbHble MOJIEKYJIbl MOTYT OOpa30BBIBATHCSA U MPHU B3aUMOJEHCTBUU aXU-
panbHBIX peareHToB. OHAKO B 3TOM Cilydae oOpasyercsi CMeCh CTEPEOH30MEpOB
B cooTtHomeHuu 1:1. Takass cMech HOCUT Ha3BaHHE palleMHYeCKON U ONTHYE-
CKOM aKTUBHOCTU HE MPOSBIISET.

[Ipubop ans ompeneneHus yria ONTHYECKOTO BPAIIEHHS JOCTATOYHO IPOCT:
HCTOYHMK MOHOXPOMATHYECKOrO CBeTa, JaBa monspu3aropa (mpusmsl Huxons,
KHUJKOKPUCTATMYSCKUHA WM WHOW TMOJSPOH[), MEKAY KOTOPBIMH TOMEIIAI0T
pacTBop Hcciaenyemoro BeniecTBa. Habmiomarens BpaliaeT BTOPOH MOJSPU3ATOP
U 100MBaeTCss MaKCHMAaJIbHOM SPKOCTH TPOXOAANIETO cBeTa. BenmuunHa yria,
Ha KOTOPBIH OKa3bIBAETCs MOBEPHYT BTOPOH MOJSAPHU3aTOP, paBHA YNy OITHU-
YeCKOTo BpalleHus oOpasia.

W3mepsieMble yIibl ONTUYECKOTO BpallleHHs o oOpasla CBA3aHbI C BeJIHYM-
HAMM yIeJbHOro Bpamenusi [o]} nmpu Temneparype t Ui IJIMHBI BOJHBI A,
KOTOpBIEe OepyT M3 CIPaBOYHUKOB:

_ry1t _cl
aA=|0f —
[]x100

rIe ¢ — KOHLCHTpalus pacTBOpeHHOro Bemecta (B rpammax na 100 mu pac-
TBOpa), a | — TonmuHa cinos Bemectsa (B aeUMETpax).
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N3mepeHue yria ONTHYECKOTO BpalleHUs MO3BOJISIET KOHTPOJHUPOBATH CTe-
PEOCENeKTUBHOCTh MPOTEKaHUSI OpraHuYecKux peakuuit. Eciam mcxomHoe co-
€/IMHEHUE — YMCTBHI HSHAHTHOMEP U Peaklus MPOTEeKaeT CTEPEOCENeKTHBHO,
T. €. B IPOJAYKTE MpeobiiagaeT OAWH SHAHTHOMEP, TO KonudecTBO (%) MuHOp-
HOTO CTepeon3oMepa MOXKET OBITH OIpeleNeHo Mo (GopMmyIe:

o(ctanapt) — o.(HaOM0JaeMBblit
JI0JI1 MUHOPHOTO SHAHTUOMEpPA = ( AapT) — o A ) x100

2o(cTanmapr)

TakuM 00pa3oM, CTEPEOCEICKTUBHOCTh MPOTEKAHUS XUMHUYECKUX PEaKLIui
U CTENEeHb PHAHTHOMEPHOW YUCTOTHI MPOAYKTOB JIETKO KOHTPOJIUPYIOTCA II0-
JSPUMETPUUYECCKH.

AS. OU3UKO-XUMUYECKME METOAbI AHAJIU3A

A5.1. OcHoBHbIe npuUHYUNbI, 3a0a4u U Memodsl

Hunxe cmenman kpaTkwii 0030p (U3HKO-XHMMHYECKHUX METOMOB HMCCIEAOBAHHS
OpPraHUYECKUX COEAMHEHUH, MO3BOJIIOIUX YCTAHABIUBATE CTPYKTYPY U COCTAB
WHANBUAYAIBHBIX COCIWHEHNH M nX cMecedl. C MoMONIbI0 (PH3UKO-XUMHUIECKHX
METOJOB aHAM3a MOXHO PEIlaTh CIEAYOLUe 3aadu:

* JIOKA3aTeJbCTBO COCMABA U CMPYKMYpul COCTUHEHUs (C pelieHueM 3TOM
3a/1a4M [OCTOSHHO NPUXOAUTCA CTAJKHUBATHCA KaK B OPraHUYECKOM XUMUH,
TaKk W MPY BBIACICHUN W aHAIN3¢ MPUPOIHBIX OOBHEKTOB);

* OIpEHCICHUE CreneHu Yucmomsl COSAMHCHNS, KOJUICCTBA, YUCIA U MPH-
POIBI COAEpPIKAIIMXCS B HEM IpHUMeCEH;

¢ OIpeacyicHueC codep:)fcamm KaKkoro-1u00 KOHKPETHOT'O COCAUHCHUSA B UC-
cileayeMomMm 06’B€KTG, B TOM YHCJIC U B peaKHHOHHOI;'I CMCCH, 4YTO abco-
JJFOTHO HeO6XOI[I/IMO IIpyu MPOBCACHUN IKCIICPUMCHTOB 110 U3YYCHUIO HYTeﬁ
U MCXaHHU3MOB IMPOTCKAHUSA XUMHNYCCKHUX peaKL{Hﬁ.

MHorne (QuU3NKO-XUMHUYECKHE METOABl aHaln3a TPATULIHUOHHO H3ydaloTCA
B Kypc€ aHAJIUTUYECKOM XMMHUHU. B TO ke BpeMs CBOMMM IOCTHIKEHHUSIMHU CO-
BpeMeHHas XUMHUYEcKas Hayka 00s3aHa TOMY, YTO 3TH METOJBI CTalli HIMPOKO
HCIOIB30BaThCsl B UCCIEN0BATEIBCKON NMPAKTUKE — OpPraHUYEeCKOW, Gmoopra-
HUYECKOH, HeopraHW4eckoi, ¢uzndeckod xuMuu. Bmecte ¢ Tem TeopeTrmue-
CKHEe OCHOBBI Macc-crnekTpomerpuu, UK- n YO-cnekrpockonuu u CoeKTpocKo-
muu SIMP TpagunnoHHO M3ydaroTcs B o0IIeM Kypce OpraHWYecKOH XMMHH.

Meronpl aHanu3a, UCIOIb3yEMbIE B OPTaHUYECKON XMUMMM, MOXKHO Pa3JeiIuTh
Ha HECKOJbKO T'PYIIIL.

e CpexkTpaJjibHble METOIbI — B OCHOBE M3y4Y€HHE B3aUMOAEUCTBUSI MOJIEKYI,
aTOMOB WJIM $JIep aTOMOB HCCJIEAYEeMOIro BELIECTBa C 3JIEKTPOMArHUTHBIM
U3JIyYE€HUEM; H3MepsAeTCs MOMIOIIEHUE 3TOr0 M3IYyUYEeHHUS WM €ro 3MHC-
cusi, T. €. Ucmyckanue (mocieaHee HaOMIOAETCS U UCIOIb3YETCS PEIKO).
U3 »Tx MeTomoB Hambosee pacipoCTpPaHEHBI CIEAYIHUE:

¢ HK-cnexrpockomus
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¢ Onrtudeckas u YO-crekTpocKonus
¢ CHexkTpoCKOmusl sAepPHOT0 MarHUTHOTO pe3oHaHca (SIMP)

* JludpakuMoHHbIe MeTOAbl — B OCHOBE M3yYEHHE YTIIOBOTO PACCESHUSA
INEKTPOMArHUTHOTO M3IYYCHUS WM JIEMEHTAPHBIX 4YacTull (HEHTPOHOB,
3NEKTPOHOB) HCCIIETYEMBIM BEIIECTBOM.

¢ Pentrenorpadus

O PeHTreHOCTPYKTYpHBIA aHAJU3
¢ Heiirponorpadus

¢ DnexrpoHorpadus

Baxxneiimuit u3 HUX — peHTreHocTpykTypHbI ananu3 (PCA); ato eauH-
CTBEHHBIM IIMPOKO PacHpOCTPaHEHHBI METOH, KOTOPHIM MO3BOJIAET ycTa-
HOBUTHb TOYHYIO CTPYKTYpPY COE€IMHEHUS.

* Macc-cneKTpoMeTpHus — OIPEJEIEHUE MAacChl U OTHOCHUTEJIBHOIO KOJIH-
YecTBa MOHOB, 00pa3yloOIIMXCS B pe3yiabTaTe MOHHM3ALUHU aTOMOB U MO-
JIEKYIL.

* DJleMEeHTHBbIH KOJMYEeCTBEHHBI aHAJIU3 — KOJMYECTBEHHOE OIpeeIeHHE
MPOAYKTOB XHUMHUYECKON JNECTPYKIMH HABECKH BEIEeCTBA.

Wtak, 3T0 OCHOBHBIE METOIBI aHAIN3a OPTaHHYECKHX OOBEKTOB, MX HCIIOJb-
3yI0T XUMHKH-OPTaHUKH B HCCIeloBaTelbckol pabdore. IlodTn Bce 3TH MeTOABI
TpeOyIOT 3HAYNTENBHBIX BPEMEHHBIX M MaTepHaJbHBIX 3arpar. OmHaKo mepen
CTY/IEHTOM B OPTaHWYeCKOM HPaKTHKyMe CTOWT 3aj]aqa KCIpecc-HASHTHOUKAIIUH
U OLEHKHU CTENEHU UYUCTOTHI IMOJIYUEHHOTO NPOAYKTAa. DTO CEPhE3HO OrpaHU-
YUBaeT BHIOOP (U3UKO-XMMHYECKHX METOHOB aHaim3a. OCHOBHBIE TpeOOBaHUS
K 9KCIpecC METOAY — IPOCTOTA, ONEPATUBHOCTh U MH(POPMATUBHOCTDL. bosbiie
BCEIr0 COOTBETCTBYET 3THM TPEOOBaHMAM CIIEKTPOCKOMHS SIEPHOTO MAarHUTHOTO
pesonanca Ha sapax H u BC. Jlnsa noarsepxkenns Hamuuus B oOpasie onpese-
JIEHHBIX (YHKIMOHAJBHBIX Tpynn ucrons3ytoT MK- n Y®-criekrpockonmio. NH-
(dopmanuo 0 MOIEKYIIPHOH Macce M O CTPYKTYpe OPTaHUYECKUX COCAMHEHUH
JaeT Macc-CHEKTPOMETPHSL.

Otu deTslpe MeToma — macc-cnekrpomerpus, UK- nu Yd-cnekrpockonus,
cnektpockonus SIMP — TpaguLMOHHO CUUTAIOT OCHOBHBIMU METOAAMH
(PM3UKO-XMMHUYECKOTO MCCIICIOBAHUS OPTaHWYECKUX COEIMHEHUH.

Hu peHTreHOCTpyKTYpHBIH, HU 3JIEMEHTHBIH aHaiu3 MbI He Oynem paccma-
TPHUBATh, TaK KaK 3TO HE KCIPECC-METOABI M IS MACHTU(PHUKAINH TPOIYKTOB
y4eOHBIX CHHTE30B NPaKTHYECKH HE HCIIOJIB3YIOTCS.

A5.2.  Macc-cnekmpomempus

A5.2.1. OcHOBBI MeTOA

B macc-cniekTpoMeTpun 0OBEKT MCCIICOBAHUS HE MOJIEKYJa, a COOTBETCTBYIO-
mas 3apsHKeHHas 4acTHIA — MOJNEKYIApHBbIH HOH (OOBIYHO KaTHOH) — JHOO
3apsyKeHHBIE TPONYKTHI €ro pacmaja.

OmnuiieM COOCTBEHHO AHATUTHYECKUI JKCIEPUMEHT (B CHIIBHO YHPOIIECH-
HOM BHJE). MMeronine pa3inyHyl0 MAaccy 3apsyKeHHBIE YaCTHIBI YCKOPSIIOTCS
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Puc. 26. Macc-cneKkTp H-rekcaHa

B CHJIbHOM 3JICKTPUYECKOM II0JIE, a 3aTe€M IOMaJaroT B MarHUTHOE MOJIE, Tie
HX JalbHEHInas TpacKTOpHsS ONpeaeseTcs OTHOIIeHHeM M/z (Macca/3apsin),
MOCKOJIbKY OOYCIIOBJIEHHAsI MAaCCOM WHEPIMs 3aCTaBJISIET YaCTHIBI JIETETh Mpsi-
MOJIMHEWHO, a BO3JEHCTBYIOIIEE Ha 3apsi/l YaCTHUIBl MATHUTHOE IOJI€ UCKPHBIIS-
€T TPAaeKTOPHIO ToJieTa. B pesynbraTe mojydaeTcsi HEKOTOPOE pacipesiesieHne
YaCTHII, CBA3aHHOE C OTHOIICHHEM M/Z:

MoTok
3APSIKEHHBIX
YACTUL

Ha npuBenennoit cxeme st wactun 1, 2 u 3 (M/z); < (m/z), < (M/2);.

TaxuMm 00pa3oM, MOTOK 3apsDKEHHBIX YacTHI[ paclpenessercss Mo Macce,
M KaXJOMY MacCOBOMY YHCIy OTBEYAeT JIOJS COOTBETCTBYIOIIETO MOHa B 00-
meM ToToke. Pe3ynbraT Macc-CIeKTpOMETPUISCKOTO MCCIENOBAHUS BEIICCTBA
odopmisieTcs B BUAE MAacc-CIIEKTPa, IO OCH a0CIHCC KOTOPOTO OTKIIAIBIBACTCS
OTHOIIICHHE M/Z, a MO OCH OPAUHAT — MHTEHCHBHOCThH MHKA. VIHTEHCUBHOCTH
KXX/IOTO MHWKa BRIPAXKAIOT B MPOIIEHTaX OT Hambojee WHTeHCHBHOTO. Ha puc. 26
MIPUBEICH MAaCC-CIEKTP H-TEKCaHA.

B 3aBHCUMOCTH OT KOHCTPYKIIMH MAacC-CIEKTPOMETPHl UMEIOT Pa3IHIHYIO
paspematonyro crnocodHocTs. lllupoko pacmpocTpaHeHHBIE MPHOOPHI TO3BO-
JISIOT pa3Nuyarh NMAKA WOHOB C Maccamu, KparHeiIMu 1 a. e. M. CymiecTBeH-
HO MEHee pacrnpocTpaHeHbl (Ipexae BCEro M3-3a CBOCH BBICOKOH CTOMMOCTH)
Macc-CreKTpoMeTpsl Beicokoro paspeineHus (HRMS), Ha KOTOphIX MOXHO HICH-
TUQUITPOBATH MOJICKYIISIPHBIC HOHBI, Pa3IMYAONINECs IO MacCe B TPEThEM MU
Jla’ke 4eTBEPTOM 3HaKe IT0CJe 3amsiToH.
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[ToxaxeM BO3MOKHOCTH CHEKTPOMETPOB HH3KOTO M BBICOKOTO pa3pelleHHs.
B cnyuae uccnenoBanus nyx coenunenuit C;;H,,N,O u C;oH,;,N,O, Ha npu-
0ope HU3KOTO paspemieHns 00a COeAMHEHHs MAl0T MUKW MOJEKYJISPHBIX HOHOB
¢ M = 200, coorsercTBytomue 2C;, H,,*N,%0 u 2C,,'H,0*N,%0,. Ha mpu-
0ope BBICOKOTO pa3pelieHHs A 3TUX MOHOB monyunM muku M; = 200.2883
u M, = 200.1520. [IpnurHa 3aKiI04aeTcs B TOM, YTO aTOMHBIE MacChl U30TOIOB
HauOoJiee pacpoCTpaHEHHBIX JJIEMEHTOB SBIISIOTCS KpaTHBIMHU 1 a. e. M. Juusb
00 HeKOmMOopol cmeneHy MOYHOCMY, TIOATOMY ISl COCOUHEHUH ¢ pa3Iu4YHOH
OpyTTo-(hopMyJION Macchl MOJIEKYJIAPHBIX NOHOB OyAyT HE3HAYUTEIHHO Pasiiu-
gaTtbca. DTO pa3nnuue (GUKCUPYETCS MAcC-CIIEKTPOMETPaMHU BBICOKOTO paspe-
IIEHUS, YTO TI03BOJISET BIIOJIHE KOPPEKTHO HCIIOIB30BAaTh MacC-CIIEKTPOMETPHIO
BMECTO 3JIEMEHTHOTO KOJIMYECTBEHHOT'O aHalln3a.

A5.2.2. Meroasl HOHM3AUHT

B coBpemeHHON Macc-CHEKTPOMETPUM UCIIONB3YEeTCs IMUPOKUIT HAabOp METOI0B
HOHHU3ALUU HCCIEAYEMbIX COCIUHEHUH.

B knaccuuecknx ydeOHBIX MOCOOMAX KaK OCHOBHOM METOA MOHH3AIUU 00-
CYXAAIOT Memoo 91eKMPOHHO20 Y0apa. MOJIEKYIIbl UCCIEIyEeMOI0 COEAUHCHMUS
JUIs MOHU3ALMKM TOJBEPraloTCsl BO3JAECHCTBUIO My4Ka 3JIEKTPOHOB C BBICOKOM
snepruei (06br4H0 70 mnm 75 9B). DTa 3HEprus B HECKOIbKO pa3 MpPEBBILIACT
MOTEHIHA HOHHU3AIUU MOJICKYN, © MOMHUMO HOHM3aluKu (MOJIEKyna Moja Aei-
CTBHEM D3JIEKTPOHA C BBICOKOW JHEprueil TepseT COOCTBEHHBIH 3JEKTPOH C 00-
pasoBaHHMeM KaTHOH-pagukaiga: M + e — M* + 2e) nox aelicTBHEM 3MEKTPOH-
HOTO yJapa MpOTEKaloT MPOLECCHl pachaaa MOJIEKYIIPHOIO HOHA; B pe3ysbTare
BO3HUKAET LENBIH HAOOp 3apsKEHHBIX YaCTHUI], UMEIONINX Pa3InYHYyI0 Maccy.
Habops! 0cKoIOYHBIX 3apsKeHHBIX ()ParMEHTOB MOTYT 00pa30BHIBAThCS M B TOM
cliydyae, KOria COOTBETCTBYIONIMN KaTHOH-pamukan M™ ManoycToWduB U JIerko
cTabuiIM3upyercs ¢ 00pa3oBaHUEM 3apsSKEHHBIX HOHOB, MMEIOMIMX MEHBIIYIO
Maccy. MHora Takoit Habop 3apsyKEHHBIX YacTHIl (KOTOpBIN, COOCTBEHHO, M OT-
paKaeT Macc-CIEeKTP) AAKE He COOepicum MONeKyIapHo20 uona (OCHOBHBIC
OMOMMOTEKN Macc-CIIEKTPOB MOJYYeHbl MMEHHO C MCIIOJIB30BaHWEM METOoJa HO-
HU3aIMX DJIEKTPOHHBIM yIapoOM, IPU 3TOM MOJIEKYJSPHBIE MOHBI PUCYTCTBYIOT
muib B 20% crekTpoB), OJHAKO U B 3TOM CIydae Macc-CHEKTp MO3BOJISET
ceNaTh pAJ CYIIECTBEHHBIX BBIBOJIOB O CTPOEHUHU MCCIEAYEMOTO BELIECTBA.

Ha puc. 27 npuBeneH macc-CreKTp 3JIEKTPOHHOTO yhapa Uit 2,3-ITUMeTHII-
OyTaHa, U30MEPHOIO T'EKCaHY.

B 3TOM crekTpe caMbiM HHTCHCHUBHBIM SIBISETCS MUK ¢ M/Z 43, cooTBer-
CTBYyIOIIMI Qopmyiie moyioxutenbHoro nona C;H,. OtoT dhparMeHTapHBId HOH
obpasyercs mpu paspsiBe cBsizu C(2)-C(3):

HaC, CHz |* HiC o o CHs
CH—CH — CH *+ CH
HsC CH; HsC CH;,

HpCI/IMYIIIGCTBeHHOC MPOTCKaHUC (l)paFMCHTaIII/II/I o 3TOMY IIyTH O6YCJ'IOBJ'IC-
HO OTHOCHTEIBHOM yCTOfI‘II/IBOCTBIO TPETUYHBIX Kap6OKaTI/IOHa " paJukaia.
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Puc. 27. Macc-cneKkTp 3NeKTPoHHOro yaapa 2,3-gumetunbyTaHa (75 3B)

Xumuueckas uonuzayus OCYUECTBISAETCA TPU CTOJIKHOBEHUHM MOJEKYJ
MCCIIENyEMOro BENIECTBA C MOHAMU peareHTHOro rasa (MeraH, u3o0yTaH, am-
MuaK). MoJIeKylIbl peareHTHOTO Trasa MoJ JAEWCTBHEM 3JEKTPOHHOTO yaapa
npeBpamaorcs B peaxkmanmuuvle uonst (CH3, (CH3);CC*, NH}), kortopsie
U B3aUMOJICHCTBYIOT C MOJIEKYJIAMH MCCIEIYEMOTO BEIECTBA, HOHM3UPYS WX
¢ obpazoanuemM MH* (M+1). (IToguepkuBaem, e M*, a MH*, macca koro-
poro Ha exuHuIly Goibiine). Eciu MCMIOIh30BaTh alPOTOHHBIE» PEAKTAHTHBIE
rassl (CO, N,, uHepTHBIE Ta3el), 00pasyroTCs MOJEKyIsapHbIe HoHbl M*. TIpe-
UMYIIECTBA METOJa XUMHYECKOW MOHU3AIMU — BBICOKHN BBIXOH HOHOB M+1,
YMEHBIIIEHHE YKMCIIa OCKOJIOYHBIX HOHOB C OJHOBPEMEHHBIM IOBBIIICHHEM HX
CTPYKTYPHOH MH(POPMATHBHOCTH.

Ionesas uonuzayusi OCYIIECTBISIETCA B CHIBHOM DJIEKTPUYECKOM IOJIE.
[MonydeHHbBIE CIIEKTPHI HAOMHHAIOT CIEKTPHI 3JIEKTPOHHOTO yaapa.

Tonesass decopbyust UCTIONB3YETCs IS aHAIM3a TPYIHOJETYYUX COEIUHE-
Huil. VIX HaHOCSAT Ha MOBEPXHOCTH CIEHUAIbHO 00pabOTaHHOTO MPOBOJOYHOIO
AIMUTTEPA, BOJM3H KOTOPOTO CYIIECTBYET CHIBHOE JIEKTpHYecKoe moje. B pe-
3yJbTaTe€ TYHHEIBLHOTO MEpexo/a DJIEKTPOHA MOJIEKYIBbl K 3MUTTEPY BELIECTBO
Ha TOBEPXHOCTH TMPOBOJOKH HOHHU3UPYETCs, 00pa30BaBIIHECs HOHBI JecopOu-
PYIOTCS U TIEPEXOMSAT B ra3000pa3HOe COCTOSHHE.

Ipu pomouonuzayuy MONEKYIbl HOHU3UPYIOTCS TIPH TOTJIOMCHHH (OTOHA
C JHepruei, MpeBbINIAIONIed YHEPTUI0 HOHHU3AIMHU MOJEKYJIbl. B psmge ciy-
YaeB HCIMOJIb3YIOT MHOTO(GOTOHHYI HOHHU3AIUI0 (BO30YXKIECHHE MOJCKYJIBI
[pH TIOTJIONICHUH HECKOJILKUX (DOTOHOB C HU3KOM DHEPrHEll C MOCIEAyIONHM
BBIOPOCOM DJICKTPOHA).

Hecopbyuonnas uonuszayus 0CHOBaHa Ha OOMOApPAMPOBKE TPYIHOJIETYYETO
BEIIECTBA, IOMENIEHHOTO B MATPUILYy, IIOTOKAMH YCKOPEHHBIX YACTHI[ — AaTOMaMU



60 A. BsodHas yacme

win (pexe) MOHAMH HMHEPTHBIX ra3oB. [loja JeiicTBHEM 3THUX YacTHI] MpOTe-
KaeT MOHM3alUs, U, TaK Kak K 00JydaeMOH MOIJI0KKE MPUIOKEHA Pa3HOCTb
INEKTPUYECKUX MOTCHLHUATIOB, 00Pa3ymOIUEcss HOHBI «BBITAIKHBAIOTCI» U3
MOJJIOKKHA M aHaJU3UPYIOTCA. B TO ke Bpems NPOAYKTHI ACCTPYKIUU HC-
CJIEyeMbIX MOJICKYJI HENPEPHIBHO yNAJSIOTCS C 00Jy4aeMoil MOBEPXHOCTH
u3-3a 1uGy3uoHHOr0o OOMEHa B MKHUJAKOCTH MATPHUIbl (TJUUEPUH U T. [.).
DTOT MeTOoA MOHM3aUUH (Ipyroe MHUPOKO PaclpoCTPAaHEHHOE Ha3BaHUE 3TOTO
MeToaa — OoMOapIUpOBKAa YCKOPEHHBIMH aTOMaMHM) TO3BOJISIET HCCIEAOBAThH
MHOTHE OHOJIOTHYECKH BaXKHBIC COCTUHEHHS, HAIIPHUMED HOJNUICHTHIBI, YTIICBO-
IIbl, HYKJIEUHOBbIE KUCIOTHI. CHEKTPhI AIEKTPOHHOTO yAapa 3THX COSIUHEHUN
MaJOMH(pOPMATHBHBI.

B 4yeM-To OJMIM3KHI TOJIXOM UCIONB3YIOT MPH Ja3zepHol decopbyuu. B aToM
cilydae JUis MOHU3AIMU ¥ MCIApeHHs KOHICHCHPOBAHHBIX COCIUHECHU, 00bIY-
HO HAHOCHMBIX Ha METAUIMYECKYIO IMOIJI0XKKY, IPUMEHICTCS H3JIydeHHE Jiase-
pa. Ilpu 3TOM uccieqyeMoe BEIIECTBO MHOTIa CMEIINBAIOT C OPraHHYECKUM
COCAMHEHHEM — «MaTpHLel». ITOT METOA LIMPOKO HCIOJB3YeTCs ISl aHallu-
3a TPYIHOJIETYYHX COeITUHEHUIl (B TOM umcie — GMOMOJIEKyYI) U 0003HaYaeTcs
ab6pesuarypoit MALDI — Matrix Assisted Laser Desorbtion lonization.

A5.2.3. Moaekyasipublii HoH. O01I1e 3aKOHOMEPHOCTH

Peructpanuu mosexkymspHoro mona M*™ B macc-cmekTpe HMMeEeT BaXKHOE
3HAUYCHHUE, MOCKOJIbKY MOJICKYISpHAs Macca dTOTO MOHAa PaBHA MOJEKYISP-
HOW Macce HCCIEeNyeMOTO COSIWHEHHsS, W €CIH €CTh BO3MOXXHOCTH pabo-
TaTh Ha CIEKTPOMETPE BBICOKOTO pa3pelleHusi, TO MOXHO Cpa3y YCTaHOBUTH
OpyTTO-(hopMyy BelIeCTBa.

Crnenyer MOMHHUTh, YTO MO MOJEKYJISIPHBIM HOHOM MBI MOHHMAaeM YacTHUILY
M™, cocrosiiyio u3 HauboIee PacIpPOCTPAHEHHBIX M30TOIOB 3JIEMEHTOB, U3 KO-
Topeix oHa noctpoena: ‘H, 2C, N, 0, °F (u30TonHO 4MCTHIH 371€MEHT),
28Gj, 3P (u3oronHo umctslit), 328, 3Cl, ™Br, 'l (u30TonHO uMcThIi). U30TONHO
YUCTHIMH HA3BIBAIOT DJIEMEHTHI, COCTOSIINE U3 €AMHCTBEHHOTO yCTOWYHUBOTO
myknuga. Ecnu cnekrpoMerp Boicokoro pasperienus (HMRS) no kakum-nu6o
MpPUYMHAM HEJOCTYIEeH, HEKOTOPhIC BBIBOJBI O OpYyTTO-(HOpMYsIe MOTYT OBITH
CIelaHbl HAa OCHOBE aHalu3a MHTEHCHUBHOCTeH noHa M™ u wuszomonwwix
nuxoe M+1, M+2 u T. 1. Ho 00 »TOM mpWMeHEHHH MacC-CIEKTPOMETPHUU —
HECKOJIBKO HIKE.

Ilpu peructpanuu Macc-CIEKTPOB Pa3IUYHBIX COCAMHEHHUH B OIHHMX H TEX
KE YCIOBHUSX OTHOCHTENIbHAST MHTEHCUBHOCTh M™ HemocpencTBEHHO CBsi3aHa
C UX CTPOCHHEM W NPUHAMIEKHOCTHIO TOTO WJIM MHOTO COCTUHEHUS K Ompene-
JIEHHOMY CTPYKTypHOMY Kiaccy. Hampumep, mns yrieBOIOpOJOB C YHCIOM
aromMoB yriepona 10 mUKH MOJEKYNISIPHBIX MOHOB MMEIOT Pa3HYyI HHTCHCHB-
HOCTh (Tabm. 1). CTaGUIBHOCTE MOJIEKYISIPHBIX HOHOB YIJIEBOJIOPOIOB YBEIH-
YHBAETCS C POCTOM HEHACBHIIIEHHOCTH, a TAK)Ke HpHU mepexojae oT anudaruye-
CKHX K apOMAaTHYSCKUM COCJUHEHHUsM. [IpuunHa — Me30MepHas cTaduin3aims
MIOJIOKUTEIHHO 3apSKCHHON YaCTHUIIHI.

Kak mpI yxe roBopuiu, B OONBIIHHCTBE MACC-CIIEKTPOB IEKTPOHHOTO yIapa
MHUKa MOJICKYJSIPHOTO MOHa HeT. Hibke B yOpOIICHHOM BHJE MPHUBEACH Pl
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Ta6nuua 1. MHTEHCMBHOCTb MKa MOMEKYNIAPHOrO 1oHa yrinesofoponos C;, B Macc-CrneKkTpax
3NIEKTPOHHOrO yAapa

NN NN
1.0 % 1.1% 4.7 %
7.5 % 4.2 % 10.2 %
11.0 % 19.9 % 58.7 %

HEOOXOAMMBIX (HO HE JOCTAaTOYHBIX) TPEOOBAaHHM K MOHY, MO3BOJISIOIINX CUH-
TaTh COOTBETCTBYIOLIUM MUK MOJEKYISIPHBIM.

1.

WoH J0/KEH MMETh CaMyro OOJIBIIYIO Maccy B criekTpe. Bomee Tounas ¢op-
MYJIUPOBKA: CaMyI0 OOJIBINYI0 MAacCy MMEET COBOKYIIHOCTH MOJIEKYJISPHOTO
HOHA M M30TOMHBIX MHKOB M+1, M+2,... — MONEKyIAPHBIH KIacTep, B KOTOPOM
curnan M** seisercs Haubonee MHTEHCUBHBIM (ecin uucio aromoB C He mpe-
Boimiaetr ~100 win umcino aromos Cl He Gosee 2, a aromoB Br me Gonee 1).

. Mon JOJIKCH OBITH HCYCTHODJICKTPOHHBIM, HHBIMU CJIOBAMH, OCHOBHBIC ITpaBHJIa

BAJICHTHOCTHU B MOJICKYJIC UCXOAHOTO COCAWHCHUA HE JOJDKHBI HAPYHIATHCA.

. MoH momkeH OBITH CIIOCOOHBIM OOPa30BHIBATH MOHBI C OOJIBIION Maccoi

IIpH BBIOpOCE IMEKTPOHEHTPaNbHBIX YacTUI. OOBIYHO JIETKO OTIIEIUITIOTCS
mounekynel CO, CO,, H,0, C,H,, HHal, pagukaner Alkyl’, H*, Hal’, OH".
MacccoBbie notepu U3 M™ B 5-14 mnu 21-25 a. e. M. HepeaaU3yeMmbl,
TaK KaK 3TH MacChl HE COOTBETCTBYIOT CTaOMIBHBIM OCKOJIOYHBIM (hparMeH-
tam. Eciin B criekTpe MpHCyTCTBYIOT WHTCHCHUBHBIE MKW, COOTBETCTBYIOIIHE
TaKMM IOTEPSIM Macchl, TO MO0 BHIOPAHHBIN MUK C MAaKCHMAaJIBHOH Maccou
HE COOTBETCTBYET MOJIEKYJIIPHOMY HOHY, JINOO HCCIEeAyeMBIi 00pa3er] CHilb-
HO 3arps3HEH.

. loH momxeH BKIIOYATh CTPYKTYPHBIC 3JIEMEHTHI, 0OHapYyXHBaeMbIe 10 ¢par-

MCHTHBIM HOHaM.

Eciu He BBIMONHSIETCS XOTS OBI OOHO U3 3TUX yCJ'IOBPIfI, HNOH MOJICKYJIIPHBIM HE

sIBJsIeTCsl. ECIi BBITIOMHSIOTCS BCE, HOH MOXKET OBITh MOJIEKYJIIPHBIM, HO He Oojee
toro. M3BectHo, uto aumb 20% Macc-CIeKTpPOB JIEKTPOHHOTO yAapa CONCPIKHT
ITHK MOJICKYJIIpPHOro MoHa. OMHAKO C MCIIOJb30BAHUEM APYIMX METOIOB HOHH3a-
murn M** MokeT OBITh 3a()UKCHPOBAH JAKE IJIS OUYEHBb KTSIKEIBIX» MOJIEKYIL.

A5.2.4. MoJiekyasipHBIii Ki1acTep.

HN30TONHBIE NMKU U onmpeaeJieHue 3JIEMEHTHOIo CoCraBa MOHOB

I'maBHBINA 37€MEHT B OpPraHUYECKUX COCAUHEHUSX — YTIepoJ — HE SABIS-
€TCsl MU30TOMHO YHUCTBHIM 3JIEMEHTOM, MO3TOMY B MaccC-CHEKTpax OpraHH-
YEeCKHUX COSIMHEHHUN HaOMI0JaroTCid HE TOJBKO MOJEKYJSpHbIE HOHBI M,
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Ta6nv||.|a 2. /I30TOMHbIN COCTaB M M3OTOMHbIE TUMbl Ba)XHbIX AnA MaccC-CnekTpomMeTpumn
XUMNYECKNX 3NNIEMEHTOB

JJieMeHT H3oTon Tun uzorona OTHOCHTEJIbHOE H3oTonHbIii
conep:kanme, %0 THII 3JeMeHTa
Bogopon H A 100 A
’H (D) A+l 0.02
Vrnepon 2c A 100 A+l
13C A+l 1.12
Asor “N A 100 A+l
BN A+l 0.37
Kuciopon 160 A 100 A+2
70 A+l 0.04
80 A+2 0.20
drop ¢ A 100 A
Kpemuuit 28gj A 100 A+2
2Gij A+l 5.11
305 A+2 3.38
Docdop sip A 100 A
Cepa 323 A 100 A+2
33 A+l 0.79
33 A+2 4.44
363 A+4 0.11
Xnop 3l A 100 A+2
S7Cl A+2 32.63
Bpom Br A 100 A+2
8By A+2 97.75
Hon 127) A 100 A

HO W u30TOomHbIe MUKH M+1, M+2 u 1. 1. Takue rpynmel CUTHAIOB MPUHATO
Ha3bIBaTh MOJNEKVIAPHLIMU Kadcmepamuy. AHaIU3 COOTHOIICHUS MUKOB B Kiia-
CTepe MO3BOJIACT NeaTh ONMPECICHHBIC BRIBOABI 00 3JIEMEHTHOM COCTaBE HC-
CIIEIyEMBIX COEIUHEHUH.

B Taby. 2 mpuBeneHO OTHOCHTEIBHOE COJACPIKAHWUE MPHUPOIHBIX H30TOIMOB
HauboJiee BaKHBIX JJI1 OPraHUYEeCKON XUMUM 3JeMeHTOB. Hapsmay ¢ Tumom u3o-
toma (A, A+1l, A+2 — aTOMHBIE MAcCChl H30TOIOB 3JIEMEHTA) OTMEUEH U30MON-
Hblll mun dJIEMEHTa, yKa3bIBAIOIIMN Ha OTIWYHME aTOMHOW MacChl OCHOBHOIO
U30TONa OT aTOMHOM MacChl 6Mopo20 no pacnpocmpanenHocmu uzorona: 2C
u ¥C — wmsoronumiii tun A+1, *°Cl u 3'Cl — A+2, %S u 34S — A+2 (xota
U CYIECTBYET MaJoOpacIpOCTPaHEHHbIH u30Ton >°S). McKIroueHne — KpeMHHUH,
KOTOPBIA OTHECEH K M30TONMHOMY ThUlly A+2 (comepskaHus NPUPOIHBIX H30TOIOB
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29Gi u °Si 6nusku). Bogopon cumTaercs sneMeHTOM A-THNA, Tak Kak cojep-
xanue “H B npupone kpaiiHe Mano M ero BKJaja B oOpa3oBaHMe MOHOB M+1
B Macc-CIIeKTpax Ha NpakTHKe He (QUKCHPYeTCs.

M3 Tabn. 2 MOKHO CAENaTh PsJ BaKHBIX BBIBOJOB OTHOCHTENIHHO CBA3H
OpyTTO-QOPMYJIbl COEAUHEHUS M OTHOCHTEIHHONW MHTEHCHBHOCTH ITHKOB MO-
JIEKYJISIPHOTO KJIacTepa.

Coeounenusn, cooeprcawue amomvt C, H, O, N

PacnipocTpaHeHHOCTD B pHpo/ie W30TOMOB A+l 3THX 3IIEMEHTOB HEBEIHKA, MOATO-
MY ISl OTHOCHTEIIBHO JIETKMX MOJIEKY] HHTCHCUBHOCTH MHKOB M+1 1 M+2 mara.
(Hampumep, metad. Eciau uatencuBuocts M = 100, o M+1 — 1.12.) Oue-
BUJIHO, C yBenuueHHeM umncia atomoB C B MoOJeKylne OTHOCHTEIbHAs WHTCH-
CHUBHOCTh MOHa M+l mocTemeHHO pacTer. DTO CIpaBeAIHMBO U B OTHOIIE-
aur H, O u N.

ITpUHIMOIHATEHO BaKEH CIEAYIOUIMA MOMEHT.: OTHOCHTEIbHAs MHTCHCHB-
HOCTh MOHOB M+1 u M+2 HemocpeACTBEHHO 3aBUCHT OT OPYTTO-(HOPMYIIBI
coenunenusi. Coornomenue *C/*2C B npupoze pasno 0.0112, N/*N - 0.0037,
a 80/**0 - 0.002. Jlnsa Bomopona 2H/*H cocrasnser 0.0002. Takum o6pazom,
€CITH HEKOTOPO# BETMYHHE MOJCKYISIPHON Macchl (MOJIEKYISIPHOTO HOHA) MO-
KET COOTBETCTBOBATh HECKOJBKO PA3IUYHBIX OPyTTO-(HOpPMYI, A KaXIOH u3
HUX OyneT HaOI0JaThCs YHHKAIbHOE COOTHOIECHHE WHTCHCHBHOCTEH MHKOB
Mojekyaspaoro kiaacrepa (M+1)/M u (M+2)/M. DT cOOTHOIIEHUS OBUTH CBE-
JeHbl B Tabnuiel okono 40 et Hazan beitHoHoMm W YuibsMcoM (M3BECTHBIE
KaK «tabnunel beitHoHa»). [To 3TUM TabMUIIaM, TOYHO 3HAs COOTHOIICHUE WH-
TEHCUBHOCTEH MHUKOB B MOJIEKYJIAPHOM KIIACTEPE, MOXHO BHIOPATh OTBEYAIO-
mue eMy OpyTTo-()OpMyJIbl, IPHYEM BO MHOTUX CIIydasX yAAeTCs yCTAaHOBUTH
EIMHCTBEHHYIO MOJIEKYJISAPHYIO (HDOPMYITy UCCIELYEMOTO COEIUHEHUS.

KpoMe TOro, OTHOCHTENBEHO HHM3KOE MPHUPOJHOE COMEPIKAHUE KTIKEIBIX»
uzotornos C, H, O u N mosBoasger chopMyIupoBaTh CIEAYIOLIEE MMPABHUIIO;
€CIIM HHTEHCHBHOCTEL MUKa M+2 Moekynsl ¢ Maccoit mopsaka 100 cocrasiser
MeHee 3% WHTEHCUBHOCTH M, coedunenue ne codepaicum amomos Cl, Br, S u
Si, HO MOxeT comepkarh Grop miu dochop

Coeounenusn, cooeprcaujue cepy

OTHOCHTENBHAST BBICOKAs PACIpPOCTPAHEHHOCTh M30Toma °*S 00ycnoBaMBaeT
JIOCTAaTOYHO BBICOKYIO MHTEHCHBHOCTH muka M+2: (M+2)/M = 0.0444 yxe
B COCAMHEHHUSX, COACPKAIMX OAWH atoM S. Ilpu yBEIHYCHHH YKCIIA aTOMOB
Cepbl OTHOCUTENbHbIE HHTCHCUBHOCTH MHKOB M+2 u M+4 pactyT, 4T0 MO3BO-
JSeT WACHTHOUIMPOBATH CEPOOPTraHMIECKUE COCIHHCHHUSL.

Xnop- u 6pomcooeprcaujue coeOuHeHus

AHaTHTHYECKHE BO3MOXKHOCTH MacC-CIIEKTPOMETPHH OJNECTSIEe WITIOCTPUPY-
I0TCS Ha MpHMeEpe 3TOH Tpynmbl coennHEeHHWH. Bricokoe conepxaHuwe B IpH-
poae wm30TONOB A+2 (OKOJIO TpPEeTH Ul XJIOpa U MPAKTHYECKH PAaBHOE CO-
JepKkaHuio A-u30oToma aisi 6poMa) MO3BONISET JIETKO YCTAHABIMBAaTh HAUYUE
B MOJIEKyJIe OPTaHWYECKOTO COETUHEHHS 3THX aTOMOB MO MHTEHCHUBHOCTH KaK
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Cl 1, Br
3 9 11 Br; CIBr
2 4
6 3
1 1
1

1 1

M M+2 M M+2M+4 M M+2 M M+2M+4 M M+2M+4

Puc. 28. PacnpeneneHme WHTEHCUBHOCTEN MUKOB B U3OTOMHbIX Knactepax raJjioreH-
NPon3BOAHbIX

MOJIEKYIISIPHOTO, TaK M OCKOJIOYHEIX HOHOB B Macc-cruekTpe. CUTyarus yclox-
HSETCS B Cliydyae OPOMOPraHMYECKMX COCAUHEHUN — JUIi HUX MOJIEKYJSIPHBIC
MOHBI HAOJIOJAIOTCS JaleKO0 He BCerja.

Ha puc. 28 npuBeneHo xapakTepHOe paclpelie/iecHHe HHTeHCUBHOCTEH MHKOB
B M30TOIMHBIX KJIACTEPaX HOHOB, COMAEPX AMIMX aTOMBI xiopa u (wim) Gpoma.

Ha puc. 29 nokaszan macc-cnektp 1,2-auxiop3TaHa. BuaHo, 4TO MHTEH-
CUBHOCTh MOJIEKYJSPHOTO HOHA B IOJTOpa pa3a OoJbllle MHTCHCUBHOCTH
noHa M+2. HambGonee MHTEHCHBHBIM OCKOJIOYHBIM MUK nMeeT maccy M’ = 62
n coorBerctByer [CH,=CHCI]*. Mon M'+2 uMeeT MHTEHCHBHOCTEH, PaBHYIO
TpeTu OT WHTeHcuBHOCTH M'.

Jnist coenMHEHU, UMEIOIUX OOJBIIOE YUCIO OAMHAKOBBIX aTOMOB, pac-
MpeJieIeHue MOHOB MOJICKYJSIPHOTO KJacTepa MOXeT OBITh JIETKO PacCYHUTAHO

100 —

=]
l=1
|

&
=]
L 1

MHTEeHCnBHOCTb, %
L
(u]
|

ry
[=]
1

0 ...:.....,...-..!.,....H::.,......

10 z0 30 40 S0 &0 73 &0 a0 100
m/z

Puc. 29. Macc-cneKkTp anekTpoHHoro yaapa (75 3B) 1,2-guxnopaTaHa.
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C HCIOJB30BaHHEM DJIEMEHTOB TCOPUH BeposiTHocTell (komOuHatopukm). Tak,
JUTsl JTI000T0 Yhclia aToMOB (HE TOJNBKO TallOTeHOB) OTHOCHTENIbHBIE HHTEHCHB-
HOCTH MHKOB B MOJICKYJISPHOM KJIACTepe MOXKHO JIETKO PaCcCUUTATh, PA3IOKHB
B psag 6unom (a+b)", rme a u b — comepkaHue OCHOBHOIO M MEHEE pacIpo-
ctpanenHoro u3otonoB (Hampumep, 11t Cl a = 3 u b = 1) u npocymmupoBas
YJIEHBl psifa C OJWHAKOBOM Maccoil.

A5.3.  OcHoeHble noHAMUA U MepMUHbI cneKmpocKonuu

Bonpmoe umcino pu3MKO-XMMHYECKHX METOAOB aHAJIW3a OCHOBAaHO Ha B3au-
MOACHCTBUH HCCIEAYEMOTO BEIIECTBA C JJICKTPOMATHUTHBIM H3ITyUCHUEM.
DONeKTpOMarHuTHAsL SHEPTHs U3IydaeTcsl MM IOTJIOMAETCS BEIIECTBOM IIOP-
UMM, Ha3bIBAEMBIMH KeéaHmamu ¥ HMeImuMH sHepruio E = hv = he/h
(3mecy h — mocrosinuas Ilmanka, ¢ — cKOpoCTh cBera; v = ¢/h — uacmoma u3-
Ty4eHHUS B €IWHHUIAX YacTOTHl — [, A — Oauna 604HbI TIOTIOIMAEMOTO WU
HCIYyCKAEMOTO HW3JIy4YeHHsI B €IMHWIAX JUIMHBI — METpax, WHOTAA CM, HM).
B cnexrpockonny BMECTO UIMHBI BOJTHBI A 9acTO HCTOIB3YIOT 8OIHOB0E YUCIO
V = 1/A (enqMHMIA U3MEPEHUS — CM L) — «YHCIIO BOJH B 1 cm».

B npakTuke opraHuueckod XMMHUU HCHOJIB3YETCS LIMPOKUN JUana3oH JJIEKT-
POMAarHUTHBIX BOJH.

Penmzenosckoe wsnydenne (A = 1071°-10-% cm). Ilox ero Bo3neiicTeu-
€M TPOUCXOOUT BO3OYXKICHUE IIEKTPOHOB BHYTPEHHHX OOOJOUYEK aTOMOB.
Opnnako s Hac Oojee BaKHOHM SIBISICTCSI HE BBICOKAs SHEPTHUS PEHTICHOB-
CKOTO HW3JIyYEeHHs, a ero mMajas IJIUHA BOJHBI, MO3BOJAIONMAS MOIYyYaTh
IU(QpaKIUOHHBIE KAaPpTUHBI MHKPOOOBEKTOB — 3JIEMEHTOB KPHUCTAJUIHIECKHUX
PEIIETOK — OTHENBHBIX MOJIEKYT M aTOMOB. i1 TOro 4TOOBI BEHIECTBO MOXKHO
OBLIO HCCIIENOBATh METOIOM PEHTIeHOCTpYKTypHOro aHaamusza (PCA), oHO HOIDK-
HO OBITh CIIOCOOHO 00pa30BHIBATH MPABWIBHBIC MOHOKPUCTALIBI. B HacTosimee
BpeMsi PCA B GONBIIMHCTBE CIIy4acB — PyTHHHAS TPOIEaAypa, TPeOYIOIIas JUIIIb
BPEMEHH U CIIEUHAIHHOTO 000pyIOBaHUS.

Vavmpagpuonemoeoe v suoumoe nsyuenve (A = 10°-10 cm). Crporo rosops,
Y®-061aCcTh AMEKTPOMATHUTHOTO CIIEKTPa HAXOAWTCS B WHTEPBAIE JUIMH BOIH
or 10 mo 380 um (omnako 00buHO Y®-0061acTh cunraror 200-380 HMm). Buaumas
obnacte — 380-780 um. PesynbpraToM Bo3aelicTBus Y®- W BHIAMMOTO H3IIy4e-
HUS SIBIIETCS BO30Y)KICHHE JICKTPOHOB BHEUTHUX OOOJIOUEK aTOMOB M MOJICKYI,
T. €. 3JICKTPOHOB BBICIIMX 3aHATHIX opOuTayneld. B3aumoneiictBue Bemects ¢ YO
U BHIUMBIM CBETOM — OCHOBA COOTBETCTBYIOIIETO METOJA CHEKTPOCKOIIHH.

Hugppaxpacnoe unznyuenne (or 0.78 mo ~1000 mkm). Bzaumoneiicteue
HK-u3mydeHus ¢ BEImEeCTBOM MPUBOAMUT K BO30OYKIEHUIO KOJIeOaHUH XUMUIECKUX
cesaseil. Ananu3 nadpakpacHbix (MK) CHEKTpOB MOJEKYI 3a4acTyIO IIO3BOJISET
MoJIy4aTh BOXHYIO WH(MOPMAIHMIO 00 MX CTPYKTypeE.

Cnextpockonuss SIMP ocHoBaHa Ha H3MEHEHUHM DHEPTETHUYECKUX
COCTOSIHMM BXOZSIIMX B COCTaB MOJEKYN siaep. TpeOyemas st 3TOro SHep-
TUsl KpailHE Malla — U COOTBETCTBYIOIICE U3IIYUCHHE JICKUT B MUKDPOBOIHO-
éom u paduoouanaszoune. Cuexrpockonus SAMP sBisercs Hambosee BaKHBIM
Y MH(POPMATUBHBIM IKCIIPECC-METOAOM YCTAHOBJICHHUSI CTPYKTYPhI OPraHHYECKIX
coeMHeHUH. B oprannueckoil XMMHUU KOPPEKTHBIM J0Ka3aTEIbCTBOM YCIICITHOTO
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CHHTE3a HOBOT'O BEIIECTBA SIBISIETCS COBOKYNHOCTH JaHHBIX CIEKTPOCKOIHHU
SMP 'H u '3C, snemenTHOro aHanmmusa um (KenaTenabHO, HO He 00A3aTENbHO)
MacC-CIIEKTP.

A5.4. UK-Cnekmpockonusa

NuadpakpacHsiM Ha3plBalOT H3lydeHHe ¢ giauHaMu BoJiH 0.75-1000 mkwm.
Pabounii nuanaszon maboparopubix MK-crekTpomeTpoB 00buHO 1-25 MKM.

CormacHo 3aKOHaM KJIACCHYECKOW (PU3HMKHU, CHCTEMa, MUMEIOMIasi dJIEKTPH-
YECKUN NUIMOJbHBIA MOMEHT, KOTOPBI M3MEHSETCS BO BPEMEHHU, MOXKET IO-
[JIOMATh FUIM MCIYyCKATh W3JIy4YEHHE C YaCTOTaMH, COOTBETCTBYIOIIUMHU H3-
MEHEHHUIO AMIOIHHOTO MOMEHTa. YacTOTHl KOJIeOaTeNbHBIX IBIKCHUN aTOMOB
B MoJjekyjaax momnangaiot B MK-obmacte crekTpa.

C TOuYKHM 3peHHs] KBAaHTOBOMEXaHHYECKON MOJENH, KojebaTenbHas dHEPrus
KBaHTOBaHa, U MK-CriekTpsl NOTTIOMEHHS OTPAKat0T MEPEXOIbl MOJCKYT MEXKIY
K0Je6aTeIbHBIMU YPOBHSMU OCHOBHOTO 3JIEKTPOHHOT'O COCTOSHUS.

MHoroaToMHas HeJIUHEWHAs MOJEKyJa, cocTosimias M3 N aTOMOB, MMeEeT
3n — 6 konebareapHBIX CTemeHedl cBOOOABI (IMHEMHas Moyekyjiaa — 3n — 5)
U Xapaktepusyercs 3N — 6 HOPMaJIBHBIMU KOJCOAHHSAMHU, KOTOPbIE OOBIYHO
MPECTABIIOT KaKk HaO0Op HE3aBUCHUMBIX TAPMOHHYECKHX OCHIUIITOPOB. B Kax-
JIOM HOPMaJbHOM KOJeOaHHU YYacTBYIOT BCE aTOMBI MOJIEKYJHI.

Hampumep, TpexaTomMHas HenumHeHHas Monekyina AB, nMeer Tpu HOpMab-
HBIX KOJEOaHWs. Ba BAaJEHTHBIX, IIPU KOTOPHIX MPEUMYLIECTBEHHO H3Me-
HAIOTCS IJIWHBI CBSI3€H, W ONHO AedopMalMOHHOE, CBSI3aHHOEC B OCHOBHOM
C M3MCHCHUEM BAJIICHTHOTO YTJIA.

'I\ A~ /T\
VA NVANYAN
/ \ v e

CMMMETPUYHOE aHTUCYMMeTpuuHoe  fJedopmaLnoHHoe
BajleHTHoe Bas/leHTHoe

W3MeHUTh YyTrol MEXAY CBS3SAMH JIerde, YeM PacTAHYTh CBSI3b, MODTO-
My ® JHepTus neGopMarMOHHBIX KOJeOaHWU CYIMIECTBEHHO HIDKE, YeM Ba-
JIEHTHBIX.

B Goree CioXHBIX MOJEKyJaX BCTPEUAIOTCS W OPYTHE THUIB HOPMAIbHBIX
Kosiebanuii (M3MEHEHHs ABYTPAHHOTO YIia, KPyTHJIbHbIC KOJIeOaHHs, TyJIbCAUU
[UKIOB M T. I.).

B peanpnpix UK-cnexTpax, Kak mpaBuiio, HaOIIOZAIOTCSI HE BCE HOPMAIIbHBIC
Konebanng. DTo 00yCIIOBICHO CIEIyIOMMUM mpaBuioM oTdopa: B MK-cnexTpax
MPOSIBIISIIOTCSL TOJABKO KOJEOAaHMS, KOTOPBIE MPOUCXOISIT C M3MEHCHHEM -
MMOJILHOTO MOMEHTa MoJieKyJibl. Tak, Molsiekyna Boaopoaa B MK-obGmactu
HE TIOTJIONIAET, B TO XK€ Bpems st MosieKynsl CO, Tpu U3 4eThIpeX HOpPMaTbHBIX
KosieOanuii (KpoMe CUMMETPUYHOTO BAJIEHTHOTO) COMIPOBOXKIAIOTCSA H3MEHCHUEM
IUTIONBFHOTO MOMEHTA ¥, CIEA0BaTENbHO, akTUBHEI B MK-cniekTpe mormomeHus
(T. e. MPOSIBIISAIOTCS B HEM.).
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CUMeTprUHoe aHTUCUMETPUYHOE
BaJIeHTHOe BasieHTHoe
0~C-0 OxC—0—
He NposBAeTCs nposensercs
T T nedopmaunoHHble y.
0O—C—0 0O—C—0
l NpoSABNATCA Ve v

Haubonpnryto uatencuBHOCTs B MIK-criekTpax MOTIonieHns UMEIOT MOJIOCHI,
OTHOCSIIMECS K MEepexoJaM U3 OCHOBHOTO KOJeOaTEeNbHOTO COCTOSHHA (Korna
KBAaHTOBBIE YHCJIa BCEX HOPMAIBHBIX KOJNCOAHHI PaBHBI HYJI0) B COCTOSHUS,
OTBEYAMOIINE M3MCHEHUIO HA CIWHHUIY TOJBKO OTHOTO KOIeOaTeIhHOTO KBaH-
TOBOT'O YHCIIa. DTH MEPEXOJbl U COOTBETCTBYIOIIHNE WM YacTOTHI HA3BIBAIOT
OCHOBHBIMHU (PpyHAAMEHTATHHBIMH).

Tunmuyneii UK-ciexkTp mpeacrtasisieT coO0W KPHBYIO CIOXKHON (HOpPMBI.
Ha puc. 30 mpuBeneH CHeKTp HHUKIOTCKCAaHOHA.

Hcnons3oBanue MK-crekTpockonmuu ¢ IeNbi0 UASHTHU(UKAIIUNA COCIUHE-
HUSL BO3MOXHO TOJBKO B TOM CIIy4ae, €CIIM MMEETCS CIIEKTp CpaBHEHHS. B sToM
ClIydae XHMHUK-CHHTETUK MOXKET C YBEPCHHOCTHIO TOBOPUTH O YUCTOTE MOIIY-
YEHHOTO0 MM COEJIMHEHHUS TOJIKO TOTHA, KOTJA CHEKTpP IMOCIEIHErO MOIHOCTHIO
UICHTUYCH CHEKTPY CPAaBHEHHS — MaJleHIliee pacXOKICHHE C MOCICTHIM MOXKET
OBITH OOYCIIOBJICHO HAJIMYHMEM INpUMeced KaK Ha ypOBHE COTBHIX IOJIEH Ipo-
LIEHTA, TaK U HECKOJIBKUX IMPOLEHTOB.

Tonbko Ha ocHoBaHMH MK-crnekTpa yCTaHOBUTH CTPYKTYypy BHOBB IOJIyYEH-
HOTO COEAMHEHHs HEBO3MOXKHO. B TO ke BpeMs HEKOTOpble (yHKIMOHAIHHBIC
IPYyMIbl UMEIOT XapaKTepHbIC YacTOTHI MOTIOLIeHus (Hampumep, KapOOHHIIb-
mast rpynma C=0), u konebGaHus 3THX TPYNI ciabo CBA3aHBl ¢ KOJeOAHUSIMHU
OCTAIBHBIX (DPArMEHTOB MOJIEKYJBI. DTOT IMOJAXO MOXKHO C CEpPhE3HBIMU OTO-
BOPKaMH PAacIpOCTPAHUTH HA MPOU3BOJBHYIO MOJICKYITY W Pa3THYHBIC THITHI

504

0 T T T T T T
RILLT 3000 2000 15(uy 1000 (1]
BonHoBoe uucno, cm™’

Puc. 30. IK-CnekTp umMKnorekcaHoHa
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Puc. 31. VIK-CnekTp 7-okcabuuymkno[4.1.0]rentaHa

KoJeOaHMil XMMHYECKHX CBA3eH B Hell. B pesymprare, 3Has OpyTTO-(hopmyry
BEIIeCTBa WJIM IPEAToaras ero CTpykrypy, nmo ero MK-cnexrpy mHOTAa MOXHO
YCTaHOBUTH HAIMYNE B MOJEKYNE OIMpPEeNeNCHHBIX CTPYKTYPHBIX (PparMeHTOB.

Anamn3 MK-cnekTpa ocmokHSETCS TeM, YTO KaXXIOMY KoJeOaTeIbHOMY
COCTOSHHUIO MOJIEKYJBl COOTBETCTBYET HECKOJBHKO BpPAaIIaTEIbHBIX COCTOS-
Huil. BpamarenpHble COCTOSIHUS MO SHEPTHH OTIMYAIOTCS HE3HAYHUTEIHHO,
U B pe3yibTaTe B CHEKTpaxX HAOMIOJAETCsl YUIMPEHHE IOJOC MOTIOMIEHUS.

B mpunoxkennn Bl mpuBemeHb XapakTEepUCTUYECKHUE YAaCTOTHI MOTIIOMICHUS
IUTSL Pa3UYHBIX TUIOB CBsI3ed M (HYHKIHOHANBHBIX TPYII.

Ha puc. 31 nmokazan UK-cnextp 7-okcabunukio[4.1.0]rentana (mpoaykra
OKHCJICHHs LUKIIOTEKCeHa 1o peakuuu [IpuiexaeBa). C UCIONB30BaHUEM IIPH-
J0keHH 1 MOXKHO OTHECTH HEKOTOpBIE MOJIOCHI MOTJIONICHHUS . TaK, HHTEHCHBHA
nosnoca mpu 2900 cm~! cooTBercTByeT BaneHTHBIM KosnebGanusm cesizeit C—H;
nosnoca npu 1420 cm~! orBeuaer nepopmanmonusiv konebanusm —CH,—. Ha-
koHel, B obnactu 1400-600 cm ! HAOMIOAAETCS MHOKECTBO IOJIOC MMOTIOIICHHUS,
MHTEpIIpeTanys KOTOPBIX 3aTpynHHUTENbHA. Kakas W3 9THX 1MOJIOC COOTBETCTBYET
BaJeHTHBIM KosebannsM C—O, yCTaHOBUTH HEBO3MOXHO.

Tor ¢hakT, 4TO MBI OKa3aIUCh HE B COCTOSHUM HHTeprpeTHpoBats UK-ciexTp
M3BECTHOTO HECIOXHOTO BEIIECTBA, B OUEPEIHON pa3 WILIIOCTPUPYET mpoldie-
MaTHYHOCTh HCIIONB30BaHUS MK-CIIEeKTpOCKOIUY AJIsl YCTaHOBIICHUSI CTPYKTYPHI
OPTaHUYECKUX COCTUHEHUM.

A5.5. Cnekmpockonus 6 YO u eudumoii o6nacmsax
A5.5.1. OcHOBHBIE MOHSTHSA

JlaHHBIH BHJ CHEKTPOCKONHUH OCHOBAH HA MOTJONICHUH DJIEKTPOMATHUTHBIX
BOJIH, JISKAIINX B YIbTPpahHONETOBOW M BUAMMON 00IacTsAX CrekTpa. B memom
K ynbTpaduoneroBoii otHocAT obnacth 10-380 HM, mpu 3TOM ee pasieisioT
Ha [Be. GuMKHIOW U JanabHIoOW (Oomee u MeHee 200 HM COOTBETCTBEHHO).
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BuamMmoii o6actu criekTpa COOTBETCTBYeT nuana3oH aiauH BoiH 380-780 Hwm.
B pesynpraTe B3aMMOAEHCTBHSA C TIOTJIONIAEMBIM H3JIy4€HHUEM MPOMCXOIUT BO3-
Oy»KIleHHe PIIEKTPOHOB BBICIINX 3aHSATBIX MOJIEKYJAPHBIX OpOUTajel, mpuyem
B 3aBUCHMOCTH OT CTPOEHHS MOJIEKYJIBl UCCIEAYEMOr0 COeJAMHEHHs IOTJIoIa-
€TCA M3Iy4YEHHUE C pasHoM MIMHOU BOJIHBL [loaToMy Y@ M BUIUMBIE CIIEKTPHI
MOTJIOIEHUSI 4aCTO HA3BbIBAIOT 971E€KMPOHHLIMU CHEKMPAMU.

B ciryuae 0ofHO21€KTpOHHOTO BO3OYKAECHUS paspelleHHBIMHU SBISIOTCS TOJIBKO
MePEXO/Ibl MEXKTY COCTOSHHSAMHU OJMHAKOBOW MYJBTHILIETHOCTH. Y OOJBIIMHCTBA
MHOTOATOMHBIX MOJIEKYJT 3JIEKTPOHHBIE CHEKTPHI HMOITIOMIEHHS OIpPENeISIFOTCS
MepexoJaMu U3 OCHOBHOTO CHHIJIETHOTO COCTOSIHHS B BO30Y)KIIEHHBIE CHH-
raeTHble cocTosiHUS. OIHAaKO CIIMH-OpOUTANBbHOE B3aMMOJACHCTBHE NPUBOIUT
K HapylICHWIO IpaBuja oTOOpa MO CHUHY U TOSBICHUIO MOJOC, OTHOCSIIUXCS,
HampuMep, K MepexojaM W3 CHHIVIETHOTO B TPHUILIETHOE COCTOSHHE, HO HX
WHTEHCHBHOCTH BCETJa MEHBbIIE.

Paznenenune Y®-obmactu Ha Be 4acTu OOBACHAETCS TeM, 4TO (OTOHBI C JIJTH-
HOY BOHEI MeHee 190 HM MHTEHCHBHO MOTJIOMIAIOTCS BO3TYXOM, MTOITOMY Tpe-
Oyercsl cenuanbHOe BaKyyMHOE 000pyaoBaHue (OTCIO/Ia HA3BaHHUE BaKyyYMHBbIH
yabTpaduoner mis mansHenr Y®-o6mactu). Takoe M3MydeHHE COCOOHO mepe-
BOJIUTH B BO30YKICHHOE COCTOSIHHE DJIEKTPOHBI, YYacTBYIOUIHE B 00pa3oBaHUH
o-cBsiseil. [Ipu 6—6 -Tepexo/ie IEKTPOHA TIONYYAETCA CUCTEMA M3 CBA3BIBAIOLIEH
(CMO) u paspeixistomnieii (PMO) MonekyIsipHBIX opOuTanell, Ha KakaouW U3
KOTOPBIX HaXOAMTCSA MO AJIEKTPOHY, T. €. (paKTHYEeCKH pa3phIB G-CBS3U. DTOT
MPOIIECC B HEKOTOPHIX CIy4asXx MOXKET MPUBOIUTH K pacnany Mojekynbl. Criek-
TPBI, 3apETHCTPUPOBAHHBIE B JajbHel Y d-00macTu, MOTYT, TaKUM 00pa3oM, AaTh
nHpopManuio o0 IHEPTusx o-cBsizel B Mojekyie. OQHAKO Ta ke MHPOpMaIus
MOJKET OBITh TOJy4eHa W KJIACCHYECKHMH (PH3MKO-XUMHYECKUMH METO/IaMHU.

HaunbGonee wuHpopmatuBHB i Y®- U BHAUMONW CHEKTPOCKOIHHU
MIPOLIECCHI TTOTJIOIIEHUSI M3ITyYeHUs, BBI3BIBAIOIINE MEPEXO0/Ibl T-3JEKTPOHOB
WU N-3JeKTPOHOB (DIICKTPOHOB HEMOJCNCHHBIX Map MIW HECBSI3bIBAIO-
mux opOuraneit) Ha PaspHIXJIAIYI0 opbuTans (T-T°, N—G -IMePEXOIbl
U Jp., T. €. dJEKTPOHHBIE MEPEXOJbl, HE COMPOBOKAAIOIIUECT Pa3pyIICHUEM
MoJsiekynbl). Y ®-CnekTpoCKOIUs SIBISETCS OCHOBHBIM HHCTPYMEHTOM HCCIie-
JOBaHUS TAaKHX IEPEXOJIOB.

OObIYHO TIpU OOJNy4YeHHH HEHACHIIMICHHBIX COCIMHEHHWH M-3IIEKTPOH Tepe-
XOIUT HA COOTBETCTBYIONIYIO Pa3phIXJISIONIYIO T -OpOUTans (-7 -Mepexon).
Hecasi3piBaromuit 21mekTpoH (N-3JIEKTPOH WM 3IEKTPOH HEMOJCICHHONW Maphbl),
HE WMEIONINIA COOTBETCTBYIOIIETO BO30YXJIEHHOTO COCTOSHHS, TaK)X€ MOXKET
MEPEXOUTh Ha Pa3PHIXJISIOYI0 T -opouTanb (N—m -Iepexoi, SHEPTUs STOrO
nepexoza Hxke)!l. Bo3MOKHBI M TEpexopl N=G , HO JUIs HUX TpebyeTcs GOob-
mrasi 9Heprus (COOTBETCTBYIOIIAs JiMHA BOJIHBI MeHee 190 HM).

[pu nepexone snektpoHa ¢ n-MO Ha ' -MO (akTHYeCKH TPOUCXOIMT
pas3pbiB m-cBs3u. [Ipu o3HaKOMIIEHHH ¢ OCHOBaMH Y®- W BUAMMON CHEKTPOCKO-
MMM HE clieyeT 3a0bIBaTh M O TOM, YTO IOIVIOIICHHE KBAaHTA 3JIEKTPOMArHUTHOTO
MU3JIy4YeHHUs He 0053aTelbHO BhI3bIBaeT mnepexon dekrpoHa ¢ B3AMO na HCMO

! n—n*-l'[epexom,l Ha6JIIO,I[aIOTC$I JUTA COCZ[HHGHHﬁ, HUMCHOIIUX TeTepoaTroM C HETIOJICTICHHOU

nap0171 DJICKTPOHOB, 06pa3y10u11/1171 T-CBsA3b WA paCHOJ’IO)KeHHLIﬁ pAaAOM C T-CBA3BIO.
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Puc. 32. 3anpelyeHHbin (n-1*) 1 paspeLieHHbIn (MT-T%) NO CMMMETPUN 3N1eKTPOHHbIE nepe-
Xofbl B KapOOHWNbHOW rpynne

(c BbICHICH 1O SHEPrUM 3aHITON HA HH3LIYIO CBOOOMHYIO OpPOHMTANb) MOJEKYIHI,
BO3MOXHBI M ApPYyTUe 3JCKTPOHHBbIC Tepexonbl. Takum o0Opa3zoM, 00BEKTOM
uccnenopanue Y®- U BUIUMONH CIEKTPOCKOIIMHM B OCHOBHOM SIBJISIIOTCSI HEHa-
CHIIICHHBIC COCJUHCHUSI.

Hanuuwe Wi OTCYTCTBHE ONpPENEICHHON IOJIOCH! MOTIOMCHHUS B CHEKTPE
OIpeIeIsIeTCs] HEe TONBKO YHEPTUeil W3IYUCHUs: Jaxke eCclIH SHEPTUsl dJICKTPOH-
HOTO Mepexo/ia HeBENNKa, COOTBETCTBYIOIIAS MOJIOCA TIONIOMICHUSI MOXKET OBITh
MaJIOWHTEHCHBHA WJIM BOBCE OTCYTCTBOBATh. XapaKTepHBIH mpumep (puc. 32) —
nepexoi N— B KapOOHUIIBHBIX COEIMHEHUSX: PA3HOCTh MEXKIY T -OPOUTANIBIO
U OpOHUTANIBIO HENMOAEICHHOW JJICKTPOHHOW Hapbl KHUCIOPOAA CPABHUTEIBHO
MaJia, OJHAKO OHU OPTOTOHAIBHBI JAPYT APYTY — MEPEKPhIBAHUE MEXIY HHMHU
MUHHAMAIBHO.

Heo0xonuMbIM yCIIOBHEM JUIsl MEpeXojia JJIEKTPOHa ¢ OAHOW opOWTamu Ha
IPYTYIO SIBISIETCSl 3aMETHOE TEPEKpPBIBAaHUE JTHX OpOWTANCH, TOITOMY HEeyau-
BUTENIBHO, YTO WHTEHCHBHOCTh MOJIOC, OTBEYANOIMX N-T -IepexoaaM B Kap6o-
HUIBHBIX COCAMHECHUSX, OYCHb HH3Kasl.

VHbIMH CTIOBaMH, MPH aHAJH3€ DJICKTPOHHBIX CHEKTPOB M COOTBETCTBYIOLIHX
MM BO3MOXHBIX AJICKTPOHHBIX MEPEXOI0B MIOMUMO SHEPTeTUUECKUX TpeOoBaHM
HEOOXOIMMO YUYHTHIBATh U <KTCOMETPHUYCCKUE» TPEOOBAHUS K OPOUTAISIM, MEXIY
KOTOPBIMH OCYIIECTBIIOTCS MEPEXOAbl, T. €. HUCIOJIb30BaTh MpaBUJa 0THOpaA,
CBSI3aHHBIC C CHMMeTpPHEH MOJICKYII.

Ab5.5.2. 3aKkoH norjiomeHus

TexXHUYECKHU JIeTUe BCEro PerucTpupyrorcs BuauMble U YD-cnekTpsl pacmeo-
pos. Ilpu peructpanuu CHEKTPOB, KaK IPaBUIIO, MOTIOMACTCS JHIIb YacTh
AIEKTPOMATHUTHOTO M3ITyYEHUs, IPOIMYCKaeMOTo Yepe3 HcciaeayeMblil oOpaserr.
CBs3b MEXy KOJIMYECTBOM IOIVIOLIEHHOTO M3Jy4YeHUs] U APYTMMH CBOMCTBaMu
HCCIIENyeMOro o0pasiia OIKMCHIBaeTCS 3aKoHOM Byrepa—Jlambepra—bepa (nHorma
Ha3bIBAEMOT0 3aKOHOM bepa—JlamGepra):

lg (1o/1) = ecl, umn B mpyroit popme | = le™

rae lg — MHTEHCHBHOCTD MAIaroNIero jiyda, | — HHTEHCHBHOCTD Jiy4a T0Cie ero
NPOXOKIAEHHUS Yepe3 siUeiKy ¢ KOHIeHTpanuell pacteopa ¢ (Monb/ia, M) u miu-
Hoit | (cm). Torma € — monsapuwlil Ko3puyuenm no2noujeHust, AMEIOIINNA pazMep-
HOCTh MOJIB/(J1-CM).

ToT ke 3aKOH BBIMOJHACTCSA U IPH PETUCTPAIMU CIIEKTPOB Ta3oB.
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3aKkoH TOTJIOMIEHUS CIPaBEUIMB Il B3aMMOJEHCTBUS BEIIECTBA C JIFOOBIM
AJICKTPOMArHUTHBIM M3JyYCHHEM C BBICOKOH dHepruei. OqHako Hambosee Bax-
HBIM OH SIBIISIETCSI J11 BUAUMON U YD-CIEKTPOCKOIHH.

Ab5.5.3. O0mwmii BUA CIEKTPOB M X HHPOPMATHBHOCTH

OOBIYHO 3JICKTPOHHBIA CIIEKTP M300pakatoT B BUIC rpaduka 3aBHCUMOCTH IPO-
nyckauus (Ig 1/1y) wim MonspHoro koa¢hGuIreHTa MOIOMEHNS € OT JUTHHBI BOJI-
uel (B HM). [loceanuii Bapuant 6ojiee nH(popMaruBeH. JlorapudmMudeckas mKasa
MPOIYCKaHUs BbIOpaHa I TOTO, YTOOBI CIIEKTP OCTABAJICS HATVISIHBIM U B TOM
cly4ae, KOoria COSUHEHNE UMEET HECKOIBKO TMOJIO0C MOMIOMICHHS Pa3IMYHON WH-
TEHCUBHOCTH (TaK, I pa3pelIeHHbIX MEPEXOJA0B BEIMYMHA & MOXKET COCTABIIAThH
JECSTKHA ThICAY, I 3anpenieHHsix — Menee 100).

DNEKTPOHHBIC CHEKTPHI MOTJIOMEHUS OOBIYHO COCTOST U3 HECKOJBKUX IIHPO-
Kkux mnojoc. CpaBHUTENHHO OOJIbIlIasl IIUPUHA JTUHUH MOTJOIIEHHS B 3JIEKTPOH-
HBIX CIIEKTpax OOYCIIOBJIGHA TEM, YTO 3JICKTPOHHBIE MEPEXOJIbl COBEPIIAIOTCS
MEXIY «aHCaMOJISIMU» DHEPreTUUYECKHX YPOBHEW MOJIEKYJ, CYIIeCTBOBaHUE
KOTOPBIX OOBSICHICTCS HAIMYUEM PA3THYHBIX KOJIeOATCIbHBIX U BPAIIATeIbHBIX
coctosiHuit (puc. 33).

MHor#e 3JeKTPOHHBIE CHEKTPhI MPEACTABISIIOT COO0U MPOCTO Psia «ropOOBY»,
OJHAKO HEKOTOpPbIE MMEIOT «TOHKYIO CTPYKTYpYy», T. €. COCTOST W3 COBOKYII-
HOoCTed nuHMi. Takas kapTUHA, K IpUMEpy, HAOJNIOJAeTCA B MPHUBEIACHHOM
Ha puc. 34 cnekTpe OeH30IIA.

B 00bIYHOW TpaKTHUKE, XapakTepHu3ysh OPraHUYECKOE COCIUHCHUE C HC-
mojib30BaHneM YD/BUAMMON CIEKTPOCKOIUH, PEAKO H300pa)karoT COOCTBEH-
HO CHEKTpP; OOBIYHO OTPaHMYHBAIOTCA TAaOMUIIAMHU, B KOTOPBIX MPHUBEICHBI
MAKCUMYMBbI MOTIOMIECHUS (B €IMHHMIAX JUIMHBI BOJIHBI, HM) U COOTBETCTBYIO-
M€ UM BCJIHUYMHEI €.

HNH(}OpMaTHBHOCT AJIEKTPOHHBIX CIIEKTPOB BEChbMa OTHOCHUTEIbHA. HECMOTPS
Ha BOKHOCTh Y D-CHEKTPOCKONUH JJIs1 UCCIEA0OBAHUS OPraHUYECKUX COECTUHEHUN
ONpPEEICHHBIX KJIACCOB (B OCOOCHHOCTH KPacHUTENEH, METAIO0PTraHHMYECKUX
COEIUHEHHH U T. I.), MHGOPMALUH O CTPYKType MPOU3BOJIHHOIO OpraHudye-
CKOTO COEIMHEHUS TAKWE CIEKTPHI HE cojaeprkaT. DaKkT MOTJIONIEHUS U3TyUYCHHS

PaspelueHHble
nepexopbl

Habop konebatenbHbIX
COCTOAHUI
Habop BpaliaTenbHbIX
COCTOAHUN {

Puc. 33. DneKTPOHHble COCTOAHUA KaK COBOKYMHOCTW KoniebaTenbHO-BpalyaTesbHbIX
COCTOAHUN — NPUYMHA YLWIMPEHUA MOSIOC MOFMOWEHNA B SNEKTPOHHBIX CeKTpax
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Puc. 34. YO-Cnektp nornoueHma 6eH3ona

B OmmmxHed Y@ M BUAMMOH 0OJIAaCTH TONBKO B HEKOTOPHIX CIIy4asX MO3BOJSIET
CAeNaTh 3aKJIOUYCHHS O HAJIUYUHU B MOJIEKYJIE UCCIEAYEMOrO COCIUHEHUS CTPYK-
TYpPHBIX ()parMEHTOB OIPEJCICHHBIX THIOB — KPAaTHBIX CBSA3€H, COMPSIKEHHBIX
CHCTEM, JIOHOPHBIX WJIHM aKLIENTOPHBIX (YHKIHOHAIBHBIX TPYIIIL.

A5.5.4. OcHOBHBIE TEPMHUHBI YJIEKTPOHHOMH CMIEKTPOCKONMH

Kak yxe roBopmiioch paHee, 3JeKTPOHHAs CIIEKTPOCKONHS HACHIIEHHBIX COEIH-
HEHHMI UMEeT OTpaHWYEeHHOe mpuMeHeHue (Tak Kak mepexoj 6—c  (axTuue-
CKH TPHBOJHUT K Pa3pbiBy CBA3HM, a BENUYMHBI KO3()(PHUINEHTOB IOTIIOMEHUS
IS N—G -Mepexo 0B 00bIuHO HeBenuku). CylNIECTBEHHO BAKHEE €€ HCIOJb-
30BaHWE MPHU WCCIEAOBAaHWM HEHACHIIICHHBIX COSAMHEHUH, MpUYeM aHaIU3
Y ®/BUAUMBIX CHEKTPOB TAKMX MOJIEKYJ 3a4acTylO MO3BOJIAET CHENaTh P
BXHBIX BBIBOJIOB, KAacaroIIUXCs CTPOSHHUS HCCIETyeMOr0 COCIMHEHHS.

IMornomwenne B YO/BuanumMoi obnactu 00bIMHO 0OYCIOBICHO MPHCYTCTBUEM
B CTPYKTYpE MOJIEKYJbl OPTaHWYECKOTO COCAMHEHHsS HEHACHIIIEHHBIX TPy,
Ha3bIBaeMbIX XpoMogopamu. XpoModop — KOBaJEHTHO HEHACHINICHHAS T'PYIIIa,
HaJIM4re KOTOPOH B MOJIEKyJie 0OecIeurBaeT MOMIOMEHNE H3ITyYeHnsI B 00IacTH
200-800 um (mampumep, C=C, C=0, NO, u ap.). ITonocsl norIoMIeHUs XPo-
MO(OpOB 00YCIIOBIEHBI B OCHOBHOM T—T - WJIM N—T -MIEPEXOIAMH.

AYKCOXPOM — 3TO 3JIEKTPOHOJOHOpPHAs HAcCBHIOIEHHAas T'PyIa, KoTopasd,
Oyay4dyn TPUCOEIMHEHHON K XpOMOQOpy, H3MEHSET OCHOBHBIE CHEKTPaJbHBIE
napameTpbl (Kak MOJIOKEHHE, TaK U HHTCHCUBHOCTh MaKCHMYyMa IOTJIOIICHHS).
IMpumepamu Moryt ciyxutb OH, NH,, Cl u ap. YBennueHue MHTEHCHBHOCTH
MIOTJIOMICHNS] Ha3bIBACTCS TMNEPXPOMHBIM 3((}eKToM, yMEHBbIIeHHE — THI0-
XPOMHBIM 3P (PEKTOM.

CIBUT MOJIOCH MOMIOLMICHHUS B CTOPOHY OoJiee AJIMHHBIX BOJIH (6aToXpom-
HbIil WM KPacHbBI CABHMI) OOBIYHO OOYCIIOBIICH CONpPSDKEHUEM XpOMO(OpOB
C KpaTHBIMH CBsi3siMU. CHIIBHBIA OaTOXPOMHBIN CIBHT MPUBOIUT K TOMY, YTO Be-
[ECTBO HAYMHAET MOMIONIATH U3JIyYeHHE B BUAMMON obnactu crekrpal.

! Tlpumep — KOHAEHCHPOBaHHBIE APOMATHYECKHE COEMMHEHHS W TOIHMEHBI.
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B HEKOTOpHIX Cily4asx HaOJI0JacTCs MPOTUBOIOJIOXKHOE sSBICHUE (THICO-
XPOMHBI CIBUI, CHHHN CIBHI) — CABHI IOIJIOIIEHHS B CTOPOHY Ooiee Ko-
pOTKuX BONH. TakoW CIABUT OOBIYHO BO3HHKAET, Korja XpoModopHas rpyIa
CBsSI3aHA C T'€TEPOATOMOM, HUMEIOIIUM HETMOJEICHHYIO JIEKTPOHHYIO mapy.

A5.5.5. Oxpamennble coennnenusi. Kpacuresn

Kax yxe roBopuioch paHee, BUIAMMas 4acThb CIIEKTPa OXBATHIBaeT 00JACTh
380-780 um (mpunsito cuutarh — 400—750 um). Ecnu coerHEHHE MOJHOCTHIO
MPOMYCKAaeT WM MOJHOCTHIO OTpayKaeT BUIMUMBIN CBET, OHO KaxxeTcs Ham Oec-
[BETHBIM WJIM O€NIbIM; B CIydae IOJHOTO IOTJIOIIEHHS BEIIEeCTBO BOCHPHUHU-
MaeTcs Kak 4depHoe. Ecnu ke coennHEHHE B3aWMOJACHCTBYET JIMIIb C YacTHIO
BHJMMOTO CIIEKTPa, OHO BOCIIPHHMMAETCS KaK OKpalleHHoe.

Ilpumep 1. JlomycTuM, BEIIECTBO MOTJIONMIAeT BO BCEW BHIUMOW 0OO0IacTH
W TIPOITyCKaeT WM OTpakaeT cBeT B obmactu 595-605 um. B sToMm ciryuae
COEJMHEHNE Ka)KETCS OKpAIIEHHBIM M MMEET I[BET MPOIIEAIIEro MIIN OTpaKeH-
HOTO U3llydeHHs. B naHHOM ciydyae — OpaHXKEBBIM.

Ipumep 2 (cymectBeHHo Oomnee BaxkHbid). CoeMHEHNE TOTIOMIAET BUAUMBIN
CBET B HEKOTOPOM AMAaIa3oHe — JOMYCTHM, B ToM ke. 595-605 um — u mpo-
3padHO B OCTAJBHBIX 00JacTsAX cmekrpa. M B 3ToM ciaywae oHO OymeT oKparieH-
HBIM, OJHAKO TJa3y OylneT BUAEH LBET, AONOJHHUTEIbHBIN K TOTJIOLICHHOMY
(cM. puc. 35). B nanHoM cityyae — 3eneHoBaTo-cMHMNA. OKpacka MHOTHUX COENU-
HeHu#l 00yCIIOBICHA UMEHHO TIOTIIOMIEHHEM B ONHOW min Ooyiee 00IacTsAX BU-
IMMOM 4YacTH criekTpa. Eciu monoc mormnonieHuss HeCKOIbKO, HO HHTEHCUBHOCTb
MX CHJIBHO pa3jnyaetcs, MoJydyaeM MHOTroo0Opa3ne OTTEHKOB COCIUHCHUH.

Bropoii mpuMep (pakTHIeCKH MILTIOCTPUPYET B3aUMOCBA3b Mexay Y®d-crek-
TPOCKOTIMEH M CHEKTPOCKONHEH B BUAMMOW OONAacTH. NMpPH CHIBHOM 0aro-
XPOMHOM CJABWIE TIOJ[ BIUSHHUEM XPOMOGOPHBIX T'PYNIT COEJMHEHNE HAYHHAET
MOIIONIATh YK€ B BUAMMOW oOmacTH. Tak, CONMpsOKEHHbIE IMOJMEHBI C JUIHH-
HOU 1enblo (KapOTWH) WM MOJHAPEHBI ¢ OOJIBIINM YUCIOM OCH30IBHBIX sAep
(puc. 36) okpalucHHEIE.

A5.5.6. IlpuMeHeHHeE 3TeKTPOHHO CIIEKTPOCKONMUHU

OcHOBHBIE 007aCTH MPUMEHEHHS IEKTPOHHON CHEKTPOCKOIINU — UCCIIECAOBAHHE
U3BECTHBIX COCIMHEHUI C 1IENbI0 ONpENEeHNUs OTHOCUTENIbHBIX dHEPruil Mo-
JMEKYJSIPHBIX OpOHTaneil, a TakKe MCCICAOBAHNE TPEBPAIICHUA OPTaHUIECKHUX
COEAMHEHUHN, COMPOBOXKAAIOUINXCS CYLUIECTBEHHBIM U3MEHEHUEM HMX 3JIEKTPOH-
HOTO CTPOCHUS.

WnenTndUKanuio OpraHNIecKOr0 BEIIeCTBA HEM3BECTHOW CTPYKTYPHI C IIO-
MoIIb0 Y®/BUIUMON CIHEKTPOCKOIUN OCYIIECTBHTH HEIb3s. EIMHCTBEHHBIHM
BBIBOJI, KOTOPBI MOXET OBITH CJAciIaH Ha OCHOBaHWM aHaim3a Y D-criekTpa
MMPOU3BOJILHOTO COCMHEHHUSI, — 3TO BBIBOJ O HAIMYHUU B €T0 MOJIEKYJE XpOMO-
(hOpHBIX TPYIII.

OnHako eclid BO3HUKAET HEOOXOJMMOCTh Pa3IMYUTh CTPYKTYPHBIC U30MEPHI
noromanmx B Y®/BUAMMON 00IaCTH OPraHMYECKUX COECIUHEHUM, TOT BUI
CIIEKTPOCKOIIMYU BIIOJHE MPUMEHHUM, OCOOCHHO IS TOJH3aMEIIeHHBIX apoMa-
THYECKUX COEIUHEHHUN.
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CNEKTPAJIbHbBIE LIBETA
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Puc. 35. CnekTpasibHble U AOMONHUTESIbHbIE LIBETA
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Puc. 36. baTOXpOMHbIN CABUM B CreKTpax MOrnoweHnA KOHAEHCUPOBaHHbIX apeHoB — Mo-
ABMIEHME OKpacCKu
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A5.6. OcHoebl cnekmpockonuu AMP

SBnenvie smepHOro MarauTHOro pesonanca (SIMP), otkpeitoe B 1945 r. ®. Bioxom
u D. Tlépcemnom (HobGenepckas npemus mo ¢usuke, 1952 r.), nerio B 0CHOBY
HOBOTO BHJIa CIIEKTPOCKOITUH, SIBIISIOIIETOCS CErOJHs OJHHM U3 CaMbIX WHQOP-
MaTHUBHBIX METOJ/IOB MCCIIE[OBAHUS CTPYKTYPHl U JHHAMHYECKUX IMPEBpaIlCHHHA
MOJIEKYJI, MEKMOJIEKYJISIPHBIX B3aMMOJIEHCTBUI, MEXaHU3MOB XHMMHYECKHX peak-
U U KOJUYCSCTBCHHOTO aHaJIM3a BellecTB. [IpocToTa mpuroToBicHus 00pasIos,
OBICTPOTA UCCIICNOBAHMS U BBICOKAas MHOOPMATHUBHOCTH criekTpoB SIMP cremanu
STOT BHJ CIEKTPOCKOIHMU OJHUM W3 HanOoJee BaXKHBIX IKCIPECC-METOJOB aHa-
JIM3a OPraHUYECKUX COCITUHEHUH MPOM3BOJBHON CTPYKTYPHI

B nmaHHOM pasnene B MaKCHMANbHO MPOCTOW M OCTYIHOH (hopMe H3I0KEHBI
HEKOTOPBIC TEOPETUIECKUES OCHOBBI U TEPMUHOJIOTHS criekTpockormmu SIMP, a taxke
HpUBEICHBI TIPUMEPBI UCTIONBL30BaHust criekTpockoruu SIMP  Ha sinpax *H u BC aya
UICHTH(OUKALUKA U OTPENISNICHUs] CTEIICHN YUCTOTHl KOHKPETHBIX COCIMHEHUIL.

Ab5.6.1. MaruuTHbIe cBolicTBa siep. D ekt 3eemana.
OcHoBbI ciekTpockonuu AMP

[TockoabpKy sSACPHBIN MarHeTU3M SIBIISICTCSI BEChMa CIIOXKHBIM (PU3UYECKUM II0-
HSATHEM, JUISI €TO ONMCAHUS MPUBJIEKACTCS MaTEMAaTUYECKUI ammapar KBaHTOBOM
MEXaHUKH, TOXE BechMa HempocTod. OmHako i MOHUMaHus CyTH dddexTa
SAIEPHOTO MarHUTHOTO PE30HAHCAa MOXKHO HCIOJh30BaTh HANATHYIO «KIIACCH-
YECKYI0» MOJEb.

IIpencraBum cebe spo aToMa B BUJC BPAILAIOIIETOCS IOJIOKUTENBHO 3apshKeH-
HOTO IIapuKa. 3aps BpallaeTcsl Mo KOJbIEBOH opOUTe, MOPOXKAas MHUKPOCKO-
NUYECKUM KOJBIEBOM TOK. [IOCKONBKY KOJBIEBOW TOK MHAYLHUPYET MAarHUTHOE
moJie, TaKoe SAPO TMPEACTaBSICT COOON HE YTO WHOE, KaK MUKPOCKOIUYCCKHIA
MarHut. MarHuTHBI MOMEHT SIIpa HalpaBiieH BJIOJb OCH BpamieHus (eciau ObITh
TOYHBIM, MPEIHECCHUPYET OTHOCUTEIBHO ITOU OCH), U €r0 MOKHO YIOAOOHTH
KPOIIICYHOMY CTEPKHEBOMY MArHHTY C XapaKTepHBIM MAarHUTHBIM MOMEHTOM.

Baxneiinras kKBaHTOBOMEXaHUYECKas XapaKTEPUCTUKA sAapa — CIuH. Bpa-
maronieecss BOKPYr CBOCH OCU SIpO MMEET COOCTBEHHBIH YTIIOBOH MOMEHT
KoiuuecTBa ABwkeHus P = #l, rme | — BekTop cnuHa. MarHUTHBIAE MOMEHT
Spa U IPSIMO TPOMOPIIMOHATICH YIIIOBOMY MOMEHTY: UL = YP; Y — KO3 DUIMESHT
MIPOMOPIIMOHANBHOCTH, Ha3bIBAEMBIH THPOMArHUTHBIM OTHOIICHHEM. DTa BEIIU-
YUHA SBIISICTCS XapaKTEPHOW JUISl KaKJOTO THUIIA SIACP M COCTABIICT, HAIPHMED,
s *H 2.675:1078 pan/(Ta-c), nna *C 0.673-10°8 pan/(Txn-c).

YrinoBoi U MarHUTHBII MOMEHTBl K8aHmMOGaHbl. Pa3pelieHHble 3Haue-
HUSI NPOCKIUU YTJIOBOTO MOMEHTa p; Ha OCh BpAIlCHUS OMPEAEISIOTCS
COOTHOIICHUEM:

pz = Amy,

rae /i — mocrosiHHas IlnaHka, a M, — MarHUTHOe KBaAaHTOBOe 4Mc0. [TocmeaHee
MOXET NMpUHUMaTh 3HaueHud, paBusie I, 1-1; ... —I, rne | — cnuHOBOE KBaH-

1 Tn - Tecna, equMHUIIa MATHUTHOM naaykuuu B CU.
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z mp=+1/2 a
b 7

B

° =l AE
_I:
N\ X
- mp=-1/2 B
Yy — .

y By=0 By>0

Puc. 37. PacwenneHne sHeprun CNMHOBbIX COCTOAHWUI AAPa CO CMMHOM 1/2 B MarHUTHOM
none (3¢pdpekT 3eemaHa ana agep aTomoB)

TOBOE YHCJIO, UHBIMH CJIOBaMH, COOTBETCTBOBAaTh OJHOMY U3 2l+1 CIIMHOBBIX
COCTOSIHUH.

IIpu | = 1/2 Bo3MOXHBI 2 COHHOBBIX cocTosiHUS (M, = +1/2 wu — 1/2)
Ipu | = 1 — 3 couHoBBIX coctosuus (M, = =1, 0 mam +1)
Ipu | = 3/2 — 4 cnmuoBBIX coctostams (M, = —3/2, =1/2, +1/2 unu +3/2)

Bce siApa ¢ HeYeTHBIMM MAaCCOBBIMHM YMCJAMH, a TaK:Ke fiApa, UMelo-
1Me HeyeTHOe YHCJI0 MPOTOHOB M HEHTPOHOB, 00JIaJal0T MATHUTHBIM MO-
mentoM (I # 0). B mepBom cayuae | mpuHuMaeT moJiyuesible 3HAYEHUS
(272, 3/2, 5/2...), Bo BTOPpOM — meanie (1, 2, 3...).

W3 mpakTHYeCKH Ba)XKHBIX CHOHHOBOE uucio 1/2 uMeroT cieayroliue
anpa: H, 1BC, °F, 3P, ®N. dapa °H u N umeror | = 1; agpa 1B, 3Cl,
37CI, ™Br u 8Br - 3/2.

Jns Mcmons3yeMoil B MIMPOKOHM MpakThke crekTpockonuu AMP Han6oub-
niee 3HadeHHe UMEIoT sapa C | = 1/2 (mpuyem momaBisioniee GOJIBIIUHCTBO
crekTpoB peructpupyercs Ha sapax ‘H u 3C). U3 agep ¢ | = 1 3amerHoe
3HauYeHUEe UMEIOT sapa “H (B OCHOBHOM M3-3a MCIOJB30BaHUS JEHUTEpUPOBaH-
HBEIX PacTBOpHUTEIEH).

BennunHa npoekuy MarHUTHOI'O MOMEHTA 3aJaeTCsl BBIPAKEHHEM Ly = yAM,.
[ mpoTOHOB 3Ta BeNMYHMHA cocTaBiusieT *y/i. B oTcyTcTBHEe BHEIIHEro
MarHUTHOT'O IIOJISI CIIMHOBBIE COCTOSTHUSI BBIPOXKACHBI 1O 3Hepruu. Ilpu mome-
IICHUM sipa BO BHEIIHEE MarHuTHoe mose B, sHepreTmueckoe BBHIPOXKICHUE
saep cHuMaeTcs (sapa ¢ HampaBiIeHHBIMH IO IIOJI0» M IPOTHB IOJISA» Mar-
HUTHBIMA MOMEHTaMH UMEIOT PAa3IMYHYI0 SHEPTHI0) M BO3HHUKACT BO3MOXKHOCTD
JHEPreTUYECKOro Mepexoqa ¢ OJHOTO YPOBHS Ha APYToil.

OTOT mepexoa U sBIseTCs (PU3NYECKOW OCHOBOW CHEKMPOCKONUU S0epHO20
MACHUMHO20 pe30HaHca:. HIIEKTPOMATHUTHOE H3JIyYCHHE MOINIOIIAETCS sSApaMu
oOpasla, MOMEIICHHOTO B MarHUTHOE MoJe.

Taxkum 00pa3oM, B YIPOIIEHHOM BHJE SKCIEPUMEHT IO crekTpockonnu SAMP
BBIIJISIIUT CIIEAYIONMM 00pa3oM: aMIyna ¢ 00pa3IoM HCCIEAyeMOro COCAMHEHHS
IIOMEIIAETCsl B MAarHUTHOE I0JIe M 00y4YaeTcsl SMeKTPOMAarHUTHBIM H3JTyuYeHHEM
c mepeMeHHoW yacToToil v. IIpM HEKOTOpPOIl YACTOTE Vj, COOTBETCTBYIOLIEH
SHEPTHH Mepexoia MEXIy CIHHOBBIMU coctosHusiMu AE = hv,, Habmromaercs
nornomenre. HarsiaHo pe3ysnbsraT SKCIEepUMEHTa MPEACTABIAIOT B BUAC CIICK-
Tpa — 3aBUCHMOCTH IOIVIOLICHUSI OT YaCTOTHI.
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hv AE = hv,
3,
w5 g g,
— vo—>V

Puc. 38. MpoxoxaeHre aneKTPOMarHUTHOTO M3NyYyeHns Yepe3 obpasel, SHeprua nepexopa
W COOTBETCTBYIOLWMIA dparmMeHT CreKkTpa MnornoLleHns

DHeprusi MAarHUTHOTO JUIIONS paBHa W B, u mpu | = 1/2 pasHocTh 3HEpruii
MEXJy ABYMsI CHMHOBBIMH COCTOSHHUSAMH Apa ONMMUCHIBAETCS ypaBHEHUEM

AE = 2u;B, = yBohi = hv,

rge By — MarMTHAs MHAYKLOHS BHEMNIHET0 MAarHHUTHOTO 10 (IUIOTHOCTH Mar-
HHUTHOTO IIOTOKa), BeIpaxkaemas B Tecma (Ti), vy = yBo/2n — pe3onancHasn
YacTOTA NOIJIOLIEHHNS.

MOKHO OLEHHTH BEIHYUHY Vo. TakK, JJIS IPOTOHA, HAXOASILErOCsS B MarHuT-
HoM moie ¢ uuaykiuei 1.41 Ti, ona cocrasisger ~60 MI' (paarodacTOTHBII
JHara3oH).

A5.6.2. 3aceleHHOCTB IHEPreTHYECKUX YPOBHEH.
YyBCTBHTEIBHOCTh PA3INYHBIX SI/IEP

3aceneHHOCTh DHEPTETHUECKUX YPOBHEH, COOTBETCTBYIOMIMX BETUYHHAM
m, = +1/2 u -1/2, onpenensiercst pacnpenencunemM bonbiMana:

No/N; = exp(-AE/KT) = exp(~yhBy/KT) = 1 — (yhBy/KT)

W3 3TOrO BBRIpa)KEHHSI BUIHO, YTO Pa3HHIIA B 3aCEICHHOCTH >HEpreThye-
ckux ypoBHei N, u Nﬁ, ompeJieNsiomas BepoITHOCTh Mepexoda |, cieio-
BaTEeJIbHO, HHTCHCUBHOCTh CUTHajla B CIIEKTPE, HEMOCPEACTBCHHO CBA3aHA
C TEeMIIepaTypoil: MpU MOHUKEHUH TEMIIEPaTyphl UyBCTBUTEIBHOCTH CIIEKTPO-
ckoriuu SIMP pacrer.

UyBcTBUTENBbHOCTh MeToAa SIMP mpu mcciieqoBaHHMM HEKOTOPOTO siApa 3a-
BHCHUT OT BEJIMYMHBI MarHUTHOTO MOMEHTA siipa L, KOTopas OIpeieNseT pas-
HOCTh SHEPTHUU MEXKIY SICPHBIMH CITUHOBBIMHU COCTOSIHUSMH H, CJICIOBATEIBHO,
M30BITOK 3aCENIEHHOCTH HIDKHEro COCTOsHHSA. [10Ka3aHO, YTO uHMEHCUBHOCTb
curnana sapa nponopuuonansua [(1+1)/12]u®B3.

B Tabn. 3 nmpuBeneHbl MarHUTHBIE CBOMCTBA si/iep, BaXKHBIX AJISI CIIEKTPOCKO-
nuu SIMP opranuueckux coeiuHenuit (L — ANEpHBIH MarHeTOH, paBHbIH €4/2M,,
rae € — 3apsj 2JIEKTpoHa, /i — moctosHHas Ilnanka, a My — Macca MPOTOHa;

uy = 5.0505-107%7 JIx/Tn).
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Ta6bnuuya 3. MarHUTHbIe CBONCTBa HEKOTOPbLIX Afep

SAnpo | MaruuTHbI T'upomaruutHoe OTHocHTEJIbHAS [Ipupoanoe
MOMEHT OTHOLIEHHE Y, YYBCTBUTEJIBHOCTD | COAEpP:KAHHeE,
B enununax py| 1078 pan/(Ta-c) %
H 1/2 2.719277 2.675 1 99.98
2H 1 0.85735 0.411 0.009 0.0156
B 3 1.8007 0.288 0.02 18.83
1B 3/2 2.6880 0.858 0.165 81.17
8C 1/2 0.70216 0.673 0.016 1.108
1N 1 0.40369 0.193 0.001 99.635
BN 1/2 —-0.28298 -0.271 0.001 0.365
70 5/2 -1.8930 -0.363 0.029 0.037
¥F 1/2 2.6273 2.517 0.834 100
2g;j 1/2 —0.55492 -0.531 0.079 4.70
sip 1/2 1.1316 1.083 0.066 100

A5.6.3. PeakcanMoHHbIe MpoLecchl M IIHPUHA JUHMIA B ciekTpax SIMP

[Ipu mornomeHurn KBaHTa 3JIEKTPOMArHUTHOTO HM3JIYYEHHUS SApPO MEepPeXOoauT
Ha OoJee BBICOKAU DHEPTETUYECKUI YPOBEHB, T. €. MPOWCXOAHUT MOTIIOMECHUE
W3JIy4YeHUs, KOTOopoe U peructpupyercs cnekrpomerpom SAMP. Ilornouenue
3JIEKTPOMArHUTHOTO W3JIyY€HUs MPOUCXOAUT HE TOYHO IPH ONpEeNeTICHHON Ya-
CTOTE, a B IpeAeliax HEKOTOPOro HMHTEpBalla 4acTOT, T. €. pealbHbIC JHHHUH
norjoueHusa B cunekrpax SAMP sBnstoTcs ymwupeHHbIMU. YIIMPEHUE JTUHUU
CBSI3aHO CO MHOXXECTBOM (PaKTOPOB, TIABHBIMH U3 KOTOPBIX SIBISIOTCS:

* HEOJHOPOJAHOCTh MarHUTHOTO M PagUOYaCTOTHOTO MojieiH. B coBpeMeHHbIX
CIIEKTPOMETpax dTa MpodjeMa B IEIOM pelIeHa. MarHUTHOE ToJie B 00-
JAaCcTU JNaTdyuKa npubopa sBIgeTcs ogHOpoAHBIM. Kpome Toro, obpaser,
CIIEKTP KOTOPOTO PETUCTPUPYyeETCs, OBICTPO BpaliaeTcs BHYTPH JATUMKA;

¢ PpeaKkCallMOHHBIC IPOILECCHI.

Penakcanmusi — 3TO mepexoi MexXay dHEepPreTHYEeCKHMMU COCTOSHHSMH, BOC-
CTaHaBJIMBAIONINH 0OBIYHOE OOJBIIMAHOBCKOE pacmpereiieHue. Takoil mepexon,
KakK MpaBWIO, HE COMPOBOKIAETCS PaHOYacTOTHBIM H3imydeHneM. CyIiecTBYIOT
pasiIuyHBIe TUTBI ¥ MEXaHU3MBI peJlaKCaIiH.

Haubosee BaxHBIM peslakCallMOHHBIM TPOIIECCOM SBISIETCS TaK Ha3bIBaeMas
CIMH-pPelIeTOYHAsl peakcanus (ee XapaKTepUCTHUECKOe BpeMsi 0003HadaeT-
csi T,), oOycloBIeHHAs B3aUMOMCHCTBUSAME MAarHUTHOTO S7Ipa C JIOKAJTbHBIMH
9JIEKTPOMAarHUTHBIMHU TIOJNIAMH OKpysKatomiei cpensl. [lokasaHo, 4ro B ciyyae
CHJIbHBIX PaJHOYACTOTHBIX ToJiel B, MHTeHCUBHOCTD (I) B MakcumMyme curHasia
(pu pe30HAHCHOM YacTOTE V,) 3aaeTCS BBIPAKCHHUEM:

I(vy) = const/B;T,
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W3 sTOTO BBIpaXK€HHS BUAHO, YTO OOJIBIINE BPEeMEHa pellakcalid M OOJbIIHe
AMILTHTY/IbI BBICOKOYACTOTHOTO TMOJIS YMEHBIIAIOT HHTEHCHBHOCTD CUTHAMA (Ipo-
HCXOMUT HACBIIIEHHe Pe30HaHCHO# nuHuK). OgHako ecnu Bpems 7; Majo, Ha-
OmromaeTcsd ymiMpeHHe Pe30HAHCHOM JMHMU B Pe3yJbTaTe YMEHBIICHUS BPEMEHU
KHU3HH fA7pa B BO30YKICHHOM COCTOSHHH, YTO IPUBOAMUT K HeONpPeaeJJeHHOCTH
B 3HAUE€HUU pa3HOCTH 3Hepruil. CornmacHo NMPUHLMIY HEONPEIEIEHHOCTH,

OE-dt = h/2n, mockoneky E = hv, év = 1/(2n-6t)

Iupuna nuaun (CBsI3aHHAs C HEONPEACICHHOCTHIO B 3HAYCHUU YACTOTHI)
3aBucuT oT 1/6t, T. e. or 1/T,. B oprannueckux »HIKOCTIX T A1 MPOTOHOB
O0OBIYHO MMEET BEJIMYMHY IOPAJIKa HECKOJBKHX CEKYH], YTO JaeT BEIHMYUHY
Heonpenenennoct nopsaka 0.1 Im.

Cy1ecTByeT psii MEXaHU3MOB CIIMH-PELIETOYHON pelaKkcaluu:

* JIMIOJb-UTIONIFHOE MATHUTHOE B3aMMOJICHCTBHE C MOJIEKYJIaMH PacTBOPH-
Tellsl, B Pe3y/bTaTe KOTOPOro MarHUTHAsi SHEPrusi mpeodpasyercsi B TEIIo-
By10. bornee monsapusle pacTBopuTenu ABIAIOTC M Oosiee 3PHEKTHBHBIMU
peNaKcUpyIOIUMK areHTaMu. Bennunna 7) cBsi3aHa ¢ BSI3BKOCTBIO HCCIIE-
nyeMmoro oOpasma: B 0OoJiee BSI3KOM 00paslle pelakcalliOHHBIC MPOIECCHI
YCKOPSIIOTCS, YTO MPUBOAMT K YIIMPCHUIO JIMHUIA;

* B3aMMOJICHCTBHE KBAJAPYIOIBHOTO 3JIEKTPHUYECKOTO MOMEHTA C IPaJUCHTOM
SIIEKTPUYECKOro I0ja Ha sape. Takoil MoMeHT mMeror sapa ¢ | > 1/2;
OHH XapaKTEePHU3YIOTCS CHPepuvecKd HECUMMETPUUHBIM paCIpeaeieHuEM
3apsia, T. €. 2NeKMpudeckum KeaopynoavHvlm momenmom Q. Jlns umero-
IIMX MarHUTHBIH MoMeHT siaep ramorenoB — Cl, Br u | — aToT Mexanusm
HACTOJNIBKO I(PPEKTUBCH, YTO OHU MPAKTUYSCKU HEMArHUTHbL. B ciyuae
spep N curHanbBl yImmpeHs OYeHb CHIIBHO, CUTHANBI 2H Takke yHIIMPEHS,
HO HE3HAYUTENBHO,;

* JIUTIOJNIb-TUTIONBHBIE B3aUMOJICHCTBUS MEXAY COCEAHUMU SIAPAMH, TTPUBO-
Jise K yMmeHbleHuro T,. OueBHIIHO, MOA00HBIC B3auMoneicTBUs dPdek-
THBHBI, KOTJ]a 00a siapa SIBISIOTCS MAarHUTHBIMH. DTOT MEXaHU3M IPOsIB-
nseTcs HanboJiee CHIIBHO, €CIIH PAJIOM C UCCIEAYyEeMbIM SIIPOM HaXOJHUTCS
SIAPO C BJIEKTPUUYSCKHM KBaJPYIMOJILHBIM MOMEHTOM. Ha mpakThuke 3TO
MIPOSIBIISIETCS, HAIPUMEpP, B CIEKTPax MOJEKYI, COAepKaIlnuX aTOMBI a30-
Ta (kéadpynonvroe yuwiupenue). JJaHHBIA MeXaHU3M HanOoJee BaXKEH IS
cnexrpockonuu SIMP BC: Tak, 4eTBepTHUHBIE aTOMBI yIJIEpOJa, HE CBS-
3aHHBIE C MarHUTHBIMHU sJIpaMU, UMCEIOT OOJbIINE BpEMEHA pellaKcalluy,
MMOATOMY WHTEHCHBHOCTh MX CHUTHAJIOB OYEHb Maa,

* B3aMMOJACHCTBUE MAarHUTHBIX SIJEp C MapaMarHUTHBIMH YacTHLAMH, MpPH-
BOZsLIEE K pe3KoMy yMeHblleHHto 7;. IIpyuuHa B TOM, 4TO HEcHapeH-
HBIA 3JIEKTPOH 00JNaJaeT OueHb OONBIIMM MarHUTHBIM MOMEHTOM. Ecnu
B HCCIIelyeMOM O0pasile MMEIOTCS NapaMarHUTHbIE NMpHMecH (BeliecTBa
C HEYETHBIM KOJIMYECTBOM 3JICKTPOHOB), 3TOT IPOLECC AOMUHHUPYET Hal
IpYyTUMH MEXaHM3MaMU pellakcalii. B HEKOTOpBIX ciyuasx Jaxke Npu-
CYTCTBHE CJIEIOB KHCIOPOJAa NMPUBOIUT K YIIUPEHUIO CUTHANOB, MTO3TOMY
cnekTpockonust SIMP o4deHb BBICOKOTO paspelieHus TpeOyeT creruanabHOM
MOATOTOBKH 00OpasIioB.
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Bropoii mporecc, Ha3pIBaEMbIi CHUH-CIHHOBOM pesakcanmuei (xapakre-
pHucTHYecKoe BpeMsl T,), 3aKiIF0YaeTcss B OOMEHe dHeprueil BHYTPH CIUHOBOU
cucteMbl. OH IPAaKTUUECKH HE BIUAET Ha OTHOCUTENbHBIC 3aCEIEHHOCTH CIU-
HOBBIX COCTOSIHMM, HO COKpallaeT BpeMs CyIeCTBOBAHUS JaHHOI'O CIIMHOBOTO
coctosiHusA. CoKpalleHue BPEMEHU >KU3HU CIIMHOBOTO COCTOSHUSI IPUBOAUT
K YHIMPEHHIO JUHHWA. B cilydae cMH-CIMHOBOHM penakcanuu oOIias SHeprus
CIMHOBOM CHCTEMbI He W3MeHseTcs (FHTpOnuitHbI mpoiecc). CIUH-COMHOBAS
penakcanus SBJSETCS NPUYMHOM YIIUPEHUS JUHUN NpPU PEruCcTPalUM CHEK-
TpoB SIMP TBepawix Ten. (B TBepapIX Temax KaKIbld CIIUH MTOJBEPIKEH BIIHSA-
HHUIO HECKOJIBKO OTJIMYAOLIErocs JIOKAJbHOrO MOJs B PE3yJbTaTe JUIIOJBHOIO
B3aUMOJIEHCTBHS C coceAsiMU. PaznuuHble JIOKaJIbHBIE MOJS NPUBOASIT K «pas3-
OeraHuio» JIApMOPOBBIX YacTOT — HAONIO/MaeTcs TaK Ha3bIBaeMbBIH Mpomece
pacda3upoBKH CIIHHOB.)

Kpatkoe 3akiroueHue: y3koil crmektpanbHoil nuuun (Ov = 1 I'm) coorser-
CTBYET BpeMs CyIecTBOBaHHS crnuHOBOro cocrosHus ~0.16 c. [Ipu mMeHb-
OIUX BEJIUYMHAX PE30HAHCHBIM CUTHAJI yHIHUPSIETCs, MO3TOMY CIEKTPO-
ckormmuss SIMP mano mpuMmeHmWMa I aHalW3a NMapaMarHUTHBIX 00pas3ioB
(Manoe Bpemsi T, 00yclOBIMBAET YHIMPEHHE CHEKTPANbHBIX JIMHHI) U TBEp-
npix Ten (Mamoe Bpemsi 7,). OfHAKO BpeMeEHa pellakCallii He JOJDKHBI OBITh
Y OYEeHb OONBUIMMH, TaK KaK IPH MOTJIOMEHUU 3JIEKTPOMAarHUTHOTO H3ITydeHHs
o0pa3noM ¢ OONBIIMMH BEIHYMHAMHU 1, JAOCTUTAETCS HACBHINIeHHE Mepexo-
Jda, 4TO HEeXeNaTelbHO MPU PETUCTPALUHU MHOTIONPOXOJHBIX CIEKTPOB C He-
MpEepBIBHOM perucTpanueil 1 HeAOMyCTHUMO INPU PETUCTPALUU HUMIYJIbCHBIX
CHEKTPOB ¢ (ypbe-npeodpa3oBanueM (B MOCICAHEM CIydae HCCIEAYEMBbIi
oOpasel] UCHBITHIBAET BO3/JECHCTBHE MOIIHBIX KOPOTKHUX HMITYJIBCOB 3JIEKTPO-
MAarHuTHOT'O M3JyUYEHHUs 4epe3 KaxAble HECKOIbKO CEKYHJ, U 3TOI'0 BPEMEHHU
JIOJDKHO XBaTaTh JAJS pellakcaluu siaep odpasiua).

A5.6.4. KoncTpyknusi cnekrpomerpa SIMP

s peructpanuu crektpoB IMP MoryT OBITh MCTOJB30BaHbI ABa MPUHIIUITH-
albHO PA3JIMYHBIX THUIIA CIEKTPOMETPOB.

CrnekTpoMeTpbl ¢ HeNpPepbIBHON pa3BepTKON PpagMovyacToThl MJIM Mar-
HUTHOIO NOJSI. NPUHIMMNHAIbHAs CXeMa TaKOro CHEeKTpPOMETpa IpHBe-
neHa Ha puc. 39.

OKCIepUMEHT BBITJIAIUT CIEAYIOMUM 00pa3oM: HcciaeayeMblii oOpaser mo-
MEIIAIOT B CTEKJISHHYIO aMIlyjly, KOTOpas BpallaeTcss B MAarHUTHOM II0Je
(BpamieHHEM JOCTHUTAETCs KOMICHCANMS HEOJHOPOJHOCTH MOJIS). AMIYITY
OXBaThIBAET KaTyLIKa, B KOTOPYI IPU COOTBETCTBYIOIIECH BeIMYMHE MHAYK-
LMY MArHUTHOTO MOJs MOJAETCS MEPEMEHHBIH TOK ONpPENEIEHHOW 4acTOThI
(nanpumep, mpu peructpauuu crnektpos SIMP 'H Benuunna uuaykuun
1.41 Tn, wactota — 60 MI'n, mpuyeM AETEKTOp HAacTpaMBaKOT Ha Ty Xe
gacToTy). YacToTy TreHepaTopa MOIJCPKUBAIOT MOCTOSHHON, a MarHUTHOE
[0JI€ TTOCTENEHHO MU3MEHSIOT J0 JOCTIKCHUS pe30HaHca AJI KaXAO0N I'PYIIIEI
CUTHAJOB U B PE3yJbTaTe IOJYYarT CHEKTP. MOXHO HU3MEHATh U YacTOTYy
reHepaTropa Mpu MOCTOSHHOM MarHUTHOM IIOJIe — pe3yJbTaT OyIeT TOT XKe.
JaHHbIH THD NpUOOPOB MOKHO MCIOJIB30BAaTh A PETHMCTPALlUM CHEKTPOB
SAMP Ha sapax C BBICOKMM THPOMArHUTHBIM OTHOIIEHHMEM Y M BBICOKUM
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Puc. 39. Cxema cnektpomeTpa AMP c HenpepblBHOWN pa3BepTKOn

npupoaneiM coaepxkanueM (*H, °F, 3P). Jlna peructpanuu crnextpos SIMP
13C onm manod(QexTUBHBI. Pa3HUIA THPOMATHUTHBIX OTHOLIEHUH MEXIy
aapamu C u H TakoBa, 4To B 0JJMHAKOBOM BHEIIHEM MarHMTHOM IIOJE pa3-
HOCTb MEX/y JHEPIMsAMH CIHMHOBBIX cocTossHME 3C CylecTBEHHO MEHBIIE,
yem ans 'H, B pe3ynbTaTe MHTEHCHMBHOCTh PE30HAHCHOIO curHana sapa 3C
cocrapyser qunib 1.6% oT MHTeHCMBHOCTH curHana ‘H. YuuThIBas 10MOJIHH-
TenbHO NpHupoaHoe cojep:xkanue uzorona °C (1.1%), moayyaeMm OTHOCUTEINb-
HyI0 uyBCTBUTeNbHOCTL MeToaa 3C : 'H ~ 1 : 5700. ITostomy Ha npubopax
MPSIMOTO MPOXOXKJISHUS HEOOXOAMMO HCIIOJIb30BATh CICIHAIbHBIE METOJUKH
(yBenmuueHune HAMPSHKEHHOCTH MAarHUTHOTO MOJIs, MHOTOKPAaTHOE CKaHHPO-
BaHHE H T. IL.).

Hmnynbcubie cnekrpomerpbl SIMP ¢ ¢ypbe-nipeodpasoanueM (UX HHO-
rJa Ha3bIBalOT MPOCTO (pypbe-ciekTpomerpamu SIMP).

B sTux npubopax uccienyemblii oOpa3selr] HaXOJUTCS B MOCTOSSHHOM MarHT-
HOM none. Kak nmpaBuiio, UCIONB3YIOT OYEHb CHIIBHBIC I10JIs, CO3/IaBaeMble CBEPX-
MIPOBOIAIIMMH MarHuTaMu (CBEPXIIPOBOIAIINE MArHUTBI CIIEKTPOMETPOB SIMP
¢ pabounmu vactoramu 300 u 800 mI' m3o6paxensl Ha puc. 40 u 41). O6pa-
3ell MOJBEPrarT He JUIMTEIBHOMY HENPEPHIBHOMY OONYyYEHHIO, 8 BO3ICHCTBHIO
KpPaTKOBPEMEHHOI'O MOIIHOTO PaJHO4YacTOTHOTO HUMIYJIbCA, MMOBTOPSIOMIETOCS
4yepe3 onpesielieHHbIE MTPOMEXYTKUA BpeMeHHU. [IpofomKUTeIbHOCTh HMITYIIbCa
oueHp Mana (1-50 MKC), 4TO B COOTBETCTBHH C MPHHIUIIOM HEOMPEICICHHO-
CTH TPUBOJIUT K TOMY, 4TO (PaKTUYECKH UMIYJIBC TeHEPUPYET Pajuov4acToT-
HOE TI0JIe B HIMPOKOM JAMarna3zoHe, Bo30ykaas o0HO8peMeHHbIll PE30HAHC BCEeX
snep AaHHoro tuma. [lo 3aBeplieHMH WUMITyJIbCa WHAYLUUPOBAaHHAsS HaMarHu-
YEHHOCTH sJiep ObICTPO HMCYE3aeT BCIICICTBUE CIMH-PEIIETOYHON pellaKkcalluy,
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Puc. 40. Cnektpometp AMP BRUKER c paboueir yactoton 300 Mly

W BOCCTaHaBIMBaeTCs OOBIYHOE OoJBIIMaHOBCKOe pacmpeneneHue. [Ipomecc
3TOTO BOCCTAHOBJICHUS, HAa3bIBAEMBIH «crmagoM cBobomHoi uHAyKum» (CCH),
OIHCHIBAETCS BO BPEMEHHOI IIKajie OOJIBIINM YUCIIOM 3aTyXaloUINX CHHYCOH-
JaNbHBIX KPHBBIX, KaXJas W3 KOTOPBIX COOTBETCTBYET HEKOEH PE30HAaHCHOM
gactote. [lockonpky CCU mpexncrasnser coboit HaOOp TapMOHUYECKUX (PyHK-
WH, er0 MOKHO aHaIM3UPOBaTh ¢ oMomibio DBM Ha 0a3ze maremarudeckoi
olepanuy, Ha3blBaeMoW (ypbe-peodpa3oBaHUEM; NMPH ITOM B pe3yibTare

Puc. 41. MarHut cnektpomeTtpa AMP VARIAN c paboueii yactotoin 800 MIy
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Puc. 42. KapTrHa, nonyyaemas «Ha Bbixofe» UMMYynbCcHOro cnektpometpa AMP (cnap cBo-
604HON MHAYKUMK 3a BpemA 3.2 ¢, «Bblpe3aHHble» ~1/10 n ~1/100 yactu) u pesynbtaTt
dypbe-npeobpaszosarun (cnektp AMP 'H). O6bekT - TeTpametuncunaH Si(CHs),

npeoOpa3oBaHUsl BPEMEHHON LIKAJIbl B YACTOTHYIO MOJydaeTcs OOBIYHAs CIEK-
TpajpHas KapTHUHA, OTPa)KaloIlas 3aBUCHMOCTH MOTJIOMICHUS HU3IydeHUs 00-
pasuoM or dactothl (puc. 42).

MHoOTOKpaTHOe MOBTOPEHHE MPHUBOAUT K YCPEAHEHHOMY CHEKTPY, MPU 3TOM
yaydqiiaeTcs OTHOINEeHHe curHai/miym. B pesyiapTare ¢ HCHOIb30BAHU-
eM Qypbe-cniekrpockonuu SIMP MOkHO perucTpupoBarh crnekTphl aaep °C
(1 mpyrux simep ¢ HU3KUM TPHUPOIHBIM COMCPIKAHHEM), K TOMY K€ CYIIECTBEHHO
COKpAIAeTCsl BpEeMs KCIIEPUMEHTA, a MOTydaeMblil CHEKTpP CTAaHOBHUTCS CyIIe-
CTBEHHO WH(}OpMaTHUBHEE.
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A5.7. Cnexmpockonus AMP na adpax 'H

B »TOM pasmene OyayT paccMOTpPEHBI OCHOBHBIE NMPHHIMUIBI M MOHITHA CIEK-
Tpockonuu SAMP B mpunoxeHuUM K HpOTOHAM — siipaM, UMEIOIIUM CIIMHOBOE
yrcno 1/2, MakcMManbHOE THPOMArHUTHOE OTHOIICHHE M BBICOKOE MPUPOTHOE
cofiepKaHue.

A5.7.1. XuMHu4ecKuii cCABUT

I'mpoMarHuTHOE OTHOINIEHHWE SApa — BEJMYMHA MOCTOSHHASA, U B UJEaIbHOM
ciyyae TpH perucTpanuu npoToHHoro crnekTpa SIMP Mbl Obl HaOmrOMAMH €IUH-
CTBEHHBIM curHal. OJHaKo B pealibHbIX MOJIEKyJlIaX MOMHUMO HAaJIOKEHHOTO
BHENIHETO TMOJIsI HAa MPOTOHBI BO3JIEUCTBYIOT 3JIEKTPOMAarHUTHbBIE MO MOJIEKY-
JIbl — TIPOSABIISIETCSA TaK Ha3blBaeMOE IMAMATHUTHOE IKpaHupoBanue. Hanps-
KEHHOCTh Pe3yJIbTUPYIOIIETo mojsi B, , onuceiBaeTCs BbIpaKEHUEM

Bnox = BO(l - 0)

I G — KOHCTAHTAa 3KPAHMPOBAHHUS

B pesynbrare sKpaHHpOBaHUS PE30HAHCHBIM CUTHAJ IPOTOHA Habmromaercs
B Gosiee CHIBLHOM moJie (IpY MeHbIIEeil YacTOTe) M0 CPABHEHUIO C CUTHATIOM
W30JIUPOBAHHOTO SpA.

B 3aBucHMMOCTH OT CTENEHU 3KPAHUPOBAHMS KAXKIBIA MPOTOH HUCCIEAyEeMOMU
MOJIEKYNBI OyAeT MOMIOIIATh AJIEKTPOMArHUTHOE H3JIyueHUE NMPH ONpeesieH-
HOH 4YacToTe, KOTOPas 3aBMCUT OT €ro XMMHYeCKOro okpy:kenus. Takoe u3-
MEHEHUE PE30HAHCHOM YaCTOTHI HA3bIBAIOT XUMUUECKUM COBUCOM PE30HAHCHOU
ygcmomsl WM TMPOCTO XUMHYECKHUM CABUIOM.

BennunHa sKpaHUpPOBaHUS G MPOIMOPIUMOHATIBHA BHEIIHEMY IIOJIO, CIEHO-
BaTEJIbHO, €My IPONOPIUOHAIBHEI U JIOKaIbHAA HANPSKEHHOCTh mons B,
U pE30HaHCHAas 4YacToTa NOINIOIIEHHsA V,. Mcmoap3zyemble B pa3iuyHBIE
npubopax HampsHKEHHOCTH moniel (M, COOTBETCTBEHHO, paboume 4YacTOTHI)
pa3IHYHBL.

ITo aTo#t mpuUYMHE BBOAUTCS €AMHAS OTHOCHTeJbHAs Iikama (O-mikana),
BBIp@KacMasi B MUJUTHOHHBIX AOMAX (M.O., PpM): 3a «0» mIKamsl TPUHUMAIOT
curnan npotoHoB Si(CHj), (TMC), mikana pacTeT B HalpaBICHHH OCIA0ICHHS
MOJISI WJIM yBEJIMYECHHUS YACTOTHI; BEJIMYMHA OTHOCHTEIbHOI0 XHMHYECKOI0
CABUTa O OMpelNessieTCs CICIYIONINM BBIPAKCHHUEM:

o = (V06pa36u - Va’ranox—l)/vnpn%pa

Homyctum, nipu paboueit yactore npudbopa 400 MI'm pasHuma B yacTo-
Tax morjomeHus Mexay nporoHamMmu TMC U mccaeayemMoro COSIUHEHUS
cocrapisier 800 I'm. Tornma BenmMuMHA XHMHYECKOTO CJABHTA 3THX MPOTOHOB
paBaa 800:400000000%1000000, T. e. 2 M.x.

CoBpemeHHbBIE crieKTpoMeTpbl IMP B HEKOTOpBIH ciydasx MO3BOJISIOT pas-
JHYaTh CHTHAIBI, UMeronie pasHoctu yactor nopsaka 0.1 T'm (s mpubopa
¢ paboueii yacroroir 500 MTI'r 310 coorBercryer 0.0002 Mm.x.). Bennuuna pas-
pemieHust B «pyTUHHBIX» cnektpax SIMP ' H cocrasnser 0.01 — 0.005 m.j.
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Xumu4deckui CABUT IIPOTOHOB MOJICKYJIbI 3aBUCUT OT UX XHUMUYCCKOI'O0 OKPY-
KCHUA, HA €ro BCIMYHMHY BIUAIOT CICAYIOLIUC Q)aKTOpI)I:

* JIOKaNbHBIH BKIJIAJ 3JIEKTPOHHOTO O0OJaKa BOKPYT HMPOTOHA,

* 5(EKTH COCEIHUX aTOMOB W IPYIIN, KOTOPbIE MOI'YT M3MEHATH 3JIEKTPOH-
HYIO IUIOTHOCTH y HPOTOHA (HPOSBICHHE UHOYKIMUBHO20 U ME30MEPHO20
agppexmoes 3amecTUTENCH).

Bri3BanHas nonem By nupkynsinus 371€KTPOHOB B 3THX aTOMax M TPYII-
nax MOPOXKJAaeT BOSHUKHOBEHHE BTOPHUYHBIX MarHUTHBIX TOJIE€H, U3MEHSIO-
mux moje B..

WHaykTuBHBIH 3QQeKT NposBiIseTcs CIeAYIOUMM 00pa3oM: C yBEIHYCHH-
€M 3JIEKTPOOTPHULIATENHHOCTH 3aMECTUTENICH CUTHANBI IIPOTOHOB CIBUTAIOTCS
B 00nacth cnabpix moneit (Bbicokux 4acTtoT). Ha pucynkax 43 u 44 mpuBeneHb
XapakTepHble MpUMepsL. (371ech U gajee mo ocu abimce d-mkana B M.1.) CrekTp
SIMP H metun-mpem-6yTunosoro 3¢upa IpeacTaBiseT co0oil 2 curHana ¢ Xu-
mudeckumu casuramu 3.21 u 1.19 m.a. (puc. 45). OdveHp BakHOE TMPAKTHUECKH
00CTOATENBCTBO 3aKIIOYAETCd B TOM, YTO MHTEHCHMBHOCTh Ka:KIOI'0 CHUTHAJIA
(ruToriasb COOTBETCTBYIOMIETO THKA) MPOMOPIHOHAIbLHA YHCIY MPOTOHOB JIaH-
HOro THNA (MX Ha3bIBAIOT JKGUEAJICHMHbIMIL), YTO BO MHOTHX CITy4asX MO3BOJISCT
MCIIONIb30BaTh crekTpockonuio SIMP H s ycTaHoB/IeHHS MOJIEKYJISIPHOM
popmyabl coenunenns. Criexkrp IMP H metun-mpem-6ytunosoro s¢gupa ¢ uH-
TErPUPOBAHUEM CHTHAIIOB MpUBeNeH Ha puc. 45 (HmKHUE CIeKTp).

CMellieHre 31€KTPOHHON MJIOTHOCTH OT MPOTOHA, BBI3BIBAIOIIEE CIABUT B ciaboe
[0JI€, BO MHOTHUX CIydYasX KOPPEIUPYET C KHUCIOTHOCTBIO: YeM 00see «KHCIBIM»
ABJISIETCS IPOTOH, TEM B 0osiee ciaboM Mose PAaCHOI0KEH €ro CUrHAJN, YTO MOXK-
HO NPOMJLTIOCTPHPOBATH Ha npumepe criektpos AMP H mpem-6ytunosoro crmp-
Ta u ykcycHoi kucnotel (pactBopurens — CDCIj), npuBenennbsix Ha puc. 46.

[ToMHUMO WHIYKTHBHOTO M Me30MEPHOTro 3((EeKTOB COCETHUX aTOMOB W T'PYIII,
Ha BEIWYMHY XMMHUYECKOI'O CIBUTa MOKET CYIIECTBEHHO BIHATH U KIUPKYJISLIMS»
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Puc. 43. Xumnueckme casuru npotoHoB rpynnbl CH; MeTunbHbIX NPOM3BOAHbIX pAfa
3N1eMeHTOB
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Puc. 44. Crnektpbl AMP 'H coepnHenunin CH,Hal,

1.19

3

3.21

4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0

&
o
s A
3.00 9.09
4] [
4.0 35 3.0 25 20 15 10 05 0.0

Puc. 45. Cnektpbl AMP 'H meTun-mpem-6ytunoBoro ¢urpa: 0630pHbIf C YKasaHWeM UHTer-
panbHON MHTEHCUBHOCTY CUrHANOB MPOTOHOB METUNIbHON U mpem-6yTUNbHON rpymnn
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Puc. 46. Cnektpbl AMP '"H mpem-6yTnoBoro cnmpra n yKCyCHOW KUCIOTbI: CUrHan 6onee
«Kucnoro» nNpoToHa Habniopaetca B 6onee cnabom none

JNIEKTPOHOB B 3aMeCTUTENsX. 13-3a B3anMoeHCTBHS IEKTPOHHBIX 00IaKoB (yHK-
LHOHAIBHBIX TPYHII ¢ TIoJieM By BO3HHMKAIOT 00JacT IKPaHHPOBAHUS U Ae39Kpa-
HupoBanus. Tak, 1t npocrtoii cBssn C—C HaOmomaeTcst KapTHHA, H300paskeHHas

Ha puc. 47 («+» — 00JacTh IKPAHUPOBAHMS, «—» — NE3IKPAHUPOBAHHS).
HanpuMmep, B cnekTpe HUKIOreKCcaHa NpU HU3KUX TeMIleparypax yJaaercs
Pa3IMUUTh CUTHAJIBl AKCUAIBHBIX U SKBAaTOPUAIbHBIX MPOTOHOB, MIPUUYEM CHTHAJ
Hax

Hegq

akcuasnpHOro mnporona Ha 0.5 m.x. mpaBee (Oosee dKpaHHMPOBAH), YeM CHUTHAN
skBaropuaibHoro nporona. Crekrpsl IMP 1H rterpamernnOyraHa U IMKIIO-
reKcaHa MpUBEIEHBI Ha puc. 48.
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Ao = +0.14 m.po.
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Puc. 47. O6nacTv 3KpaHUPOBaHUA 1 Ae33KpaHupoBaHus ana ceasm C-C
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Puc. 48. Cnektpbl AMP 'H TeTpameTunbytaHa M UMKIOrekcaHa. BugHo, uto curHanbl me-
TUABHBIX TPYNN pacrnosioXeHbl B o6nactn 0.9 m.n. CurHanbl MeTUNIEHOBbLIX MPOTOHOB —
B 6onee cnabom none (ges3skpaHupoBaHue) npu 1.4 m.4g. (B ankaHax CUrHanbl NPOTOHOB
rpynn —-CH,— n —CH< pacnonoxeHbl B o6nact 1.2-1.4 m.4.)
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Puc. 49. O6nactn 3KpaHUPOBaHUA U Ae33KpaHupoBaHua ans ceasen C=C, C=C, C=0
WU HUTPOrpynnbl

Ha puc. 49 uzobpaxensl objactu skpaHupoBaHus (+) M IE33KpaHUPO-
BaHusa (—) OO OPYyTMX CTPYKTYPHBEIX 3aeMeHTOoB — cBsazeil C=C um C=C,
KapOOHWJIBHOW W HUTPOTPYIIIL.

XapakTepHble MPUMEPbl CIIEKTPOB HPUBEACHBI HHXKE.

OTMeTHM BeJIUYUHBI XUMHYECKHX CIIBUTOB STHHIJIBHBIX W BHHIJIbHBIX
nporonoB: BemwuwnHa casura =CH cocrasmsier ~2 m.a. (puc. 50), a curHamsl
BHHHIBHBIX MpoToHOB =CH- pacmonoxkedsl B obmactu 5-7 m.a. (puc. 51),
HECMOTpPS Ha TO YTO SP-THOPHAM30BAHHBIA aTOM yriepona sBiseTcs Oojee
3JIEKTPOOTPHUIIATENBHBIM, 9€M SP>-TUOPHIM30BAHHBIA aTOM. DTO OOBICHAETCS
TEM, YTO B aJKWHax aroM H momamaeT B 06iacTh skpanupoBanus (+), a B anke-
Hax, Hao0OpoT, B 00JaCTh AE33KpaHUPOBAHUS.

Curnan anpaerugdoro nporona B cuekrpe CH;CHO (puc. 52) pacnonoxen
B caaboM mose (9.79 M.4.), 4To OOGBICHSAETCSA KaK HPOSABICHHEM DIIEKTPOH-
HbIX 3ddekroB rpynmel C=0, Tak U HAXOXKJACHUEM 3TOrO MPOTOHA B 00JacTH
JIe39KPaHUPOBAHUSI.

OueHb BaXHBIM (DAKTOPOM, BIIMSIONUM Ha BEJIUYMHY XUMHUYECKOTO CJIIBU-
ra, SIBJISETCS MPHHAJJICKHOCTh COOTBETCTBYIOIETO MPOTOHA K apoOMaTHYeCKOM
cucreme. Kak mpaBuiio, Takue MPOTOHBI CHIIBHO JI€33KpaHupoBaHbl (puc. 53).

—1.24

%%H
—CH

——0.00

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25

Puc. 50. Cnektp AMP 'H 3,3-gumeTtnn6ytnHa-1
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Puc. 51. Cnektp AMP 'H 2,3-gumeTtun6ytagnera-1,3
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Puc. 52. Cnektp AMP 'H aueTanbgeruaa
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7.33

A

75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

Puc. 53. Cnektp AMP 'H 6en3ona B CDCl, (ecnu B gumetnnbyTtagreHe curHansl —CH= pacro-
NOXeEHbI NpW ~5 M.A., B 6€H30M1e NX XMMWYECKUIA CABUT paBeH 7.33 m.A.)

Puc. 54. [InamarHuTHbIN KONbLIEBOWN TOK B GeH3ose

D10 00BsICHIETCS TEM, YTO T-CUCTEMblI apOMATUYCCKUX CO@)II/IHCHI/Iﬁ SABJISA-
IOTCA 3aMKHYTBIMH, U B HUX IIPOABJISACTCA 3(1)(1)CKT OUAMACHUMHO20 KOJlbYees0o2co
moka. CoenmuHeHus, CIIOCOOHBIC YICPKUBATh TUAMATHUTHBIA KOJIBIICBOW TOK,
Ha3bIBAIOTCs duamponglMu. Ha puc. 54 cxemaTH4YHO 1/1306pa>1<eH0 OEH30J1b-
HO€ KOJbIO BO BHCIIHEM MAarHuTHOM IIOJIC. 3HAKOM «—» OTMEYEHBI 00JacTH
AC33KpaHUPOBAHUAA, «+» — 3KpaHUPOBaHUA.

Ha puc. 55 npusenen cnektp nmapanukiodana. CUTHAIBI €r0 apOMaTHISCKHX
OPOTOHOB PACIIOJIOXCHBI IPHU 6.5 M.A., T. €. OHU MCHEC IC3DKPAHUPOBAHBI,
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—6.48
3.07

e ) ]

8.00 8.03
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6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0

Puc. 55. Cnektp AMP 'H Ttpuuukno[8.2.2.2*’Irekcageka-1(12),4,6,10,13,15-rekcaeH-
([2.2]napaunknodaHa)

geM B O€H30IIe, MOCKOIBKY TONaNaloT OJHOBPEMEHHO B 00IACTH Je33KpaHUpPOBa-
HHSI KCBOETO» KOJbIIA M SKPAHUPOBAHUS — BTOPOM apOMATHYECKOM CHCTEMBL.

HpyruMu xapakTepHbIMU IpUMEpPAMU AUATPOIHBIX CUCTEM MOTYT CIYKHUTh
CJIEeAYIOIINE COECIUHEHHUS.

99, “
8 (konbLo) 7.27 1 6.95 8 (konbuo) 8.14—-8.67 5 (BHewwH) 9.28
8 (-CH,-)-0.51 8 (CH3)-4.25 8 (BHYTP)-2.99

Curnansl BHemHUX NpoToHOB 3THX 10, 14 m 18-35meKTpoOHHBIX apoMaTn-
YEeCKHX MOJICKYJ PacloJIOKEeHbl B 00JacTH ci1aboro mons (CHIbHOE Ne33Kpa-
HUpoBaHUe). HampoTuB, CUTHANBI BHYTPEHHHUX IPOTOHOB JieXKaT B 00JIaCTH
cuiipHOTO ToJA. llomoOHast pa3HUIIA XMMHYECKHUX CIABHUTOB SBISETCS HPSIMBIM
9KCIMEPUMEHTAIBHBIM JIOKa3aTeIIbCTBOM apOMAaTHIHOCTH COETUHECHHH.

Heo6xommmMo OTMETHTH, YTO Ha BEIMYMHY XHUMHYECKOTO CJBHUTa MpO-
TOHOB BJIHMSAET HE TOJBKO CTPYKTypa MOJIEKYJIBl, HO W IPHUPOAA PAacTBO-
puTensa, B KOTOPOM PETHCTPHUPYETCS CIHEKTP HCCIEAYEeMOTOo COCIMHEHHS.
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OTO HE YIOMBUTENBHO. B NMPHUHIHIE MPHPOJA PACTBOPUTENS SBIAETCS TaKUM
xe (aKTOpOM M3MEHEHHS XMMHUYECKOTO OKPYXKEeHHs, KaKk M CTPYKTypa Hcclie-
nyeMoil MoJiekysbl. Kpome Toro, BOZMOXKHBI CIlelU(pHUECKHe B3anMOJIEHCTBHS
MEXJy MOJICKYyJaMH PacTBOPHUTENS W UCCISIyeMoro BemiecTBa (0Opa3oBaHue
BOJIOPOAHBIX CBsI3el, OOMEH NMPOTOHAMH MEXAY HCCIEeIyeMBIM BEIIECTBOM
U pacTBOpUTENeM, 00pa3oBaHHe KOMIUICKCOB C IEPEHOCOM 3apsiia U T. II.).
Ha mpaktuke B oTCyTCTBHE CrienM(pHYECKUX B3aUMOAEHCTBHI PE30HAHCHBIE CHT-
HaJIbl BEIIECTB, PACTBOPEHHBIX B apOMAaTHUECKUX PACTBOPHUTEIISX, MPOSBIISIOTCS
B Ooyiee CHIIBHOM IOJie, 9eM B amu(paTHIECKUX PacTBOPHUTENAX. Bo MHOTHX
ClIy4asx 3aMeHa PacTBOPHUTENS NMPHBOAMT HE TOJIBKO K CABHTY OOmIeil criek-
TpPaJIbHON KapTHUHBI — M3MEHSAETCA M caM BHJ CIIEKTpPa, TaK KaK M3MEHEHUS
O IUIA pasHBIX (ParMEHTOB MOJIEKYJBI pa3H4aloTcsa. JTOT (PakT MOXKHO WC-
MOJIb30BaTh, €CIM MPH PETHCTPAllMH CIIEKTpa CHUTHAJBI Pa3HBIX (parMeHTOB
HaKJIaJbIBAIOTCA JPYT Ha JApyra. 3aMEHOH PacTBOPUTENS BO MHOTHX CIydasx
ymaeTcss JOOUTHCS, YTOOBI 3TH CHTHANBI «Pa3OIUIACHY.

XapakTepHble 00JACTH XWMHYECKHX CIBHUTOB IMPOTOHOB PA3IHYHBIX (par-
MEHTOB OPraHUYeCKHX MoIeKkyn B cnekrpax SAMP 'H npusenenst B mpu-
noxeHnn B2.

A5.7.2. CnuH-cnuHOBOE B3auMojeiicTBue. MyJIbTHILIETHOCTh CHTHAJIOB.
Kaaccudukanusi CHUHOBBIX CHCTEM

Ha puc. 56 uzobpaxen crnexrp SIMP 'H (E)-CICH=CHCOOH.

Ymmpenssiid curaan npu 12 m.a. coorBerctByeT npoToHy —COOH-rpymmsl.
CurHanbl AByX octaBmiuxcsi nporoHoB —CH= yzaBoeHbl (IPUHITO TOBOPHTH:
uMerT GopMy ay0saeToB). DTO Pe3yNbTAT CIIMH-CHIHHOBOTO B3aMMO/eiiCTBHUS.
Cremyer OTMETHTBH, YTO 3TO B3aMMOJEHCTBHE MEXIY JABYMS NMPOTOHaMHU (hak-
THYECKH Tepenaercs yepe3 Tpu xumudeckue cesasu. H-C, C=C u C-H.

BzanmopeiicTBytomue Mexay co0od NMpOTOHBI 00pa3yloT CHHHOBYIO
cucremy. [IpuHIIMIIBI KTacCU(pUKAIIMN CITMHOBBIX CHCTEM JOCTAaTOYHO MpPO-
CTBHI. TPYIIBI 3KBUBAJIEHTHBIX sjaep 0003HadaloTcs OyKBaMU JIATHHCKOTO
andaBuTa B MOpAIKE mepexona u3 obmacTtu cimabblx B 00IAacTh CHIIBHBIX
noJiel (B MOpsiAKe YMEHBIICHUS dKpaHHpoBaHus). Jus cocTosmed u3 ABYX
HEIKBUBAJICHTHBIX SIIEP CUCTEMBI 0003HaueHUe AX HCIIONB3yeTcs, €CIU pas-
HUIA B XMMUYECKUX CIOBUTAX MEXKIY dTUMH SApaMU 3HaYuTeNbHa (IS HU3-
KOYaCTOTHBIX CIIEKTPOMETPOB HECKOJBKO M.1.). Eciu pazHuIa B XHMHUYECKHX
CABUTAX HapsALy ¢ pabodeil 4acTOTOHW CHEKTpOMEeTpa Maia, TOBOPAT O CITH-
HOBO# cucteme AB. IIpoMexyTouHBIN BapnaHT — CHMHOBas cuctemMa AM.
Bonee TouHO 00 OTHECEHMM CHMHOBOH CHCTEMBI K TOMY IJIH MHOMY THITY
Oyner paccka3zaHO B pasjeiie, MOCBAIIEHHOM KOHCTaHTaM CHHH-CIHHOBOTO
B3aUMOJAECHCTBUSA.

B cnyuae aByX B3aMMOJAEHCTBYIOMIMX SiZiep CUCTeMa OTHOCUTCS K AX-THIy,
€CJIM MHTEHCHUBHOCTH KOMIIOHEHT Ka)JIOoTo M3 AyOJeTOB OIMHAKoBBL. B pac-
cMarpuBaeMoM ciydae (puc. 56) CUTrHaIbl HECKOJIBKO «CKOMICHB» (3ddekT
KpBIIIU»), T. €. MBI UMeeM neno ¢ AM-cucTeMoi.

Ecnu cimHOBYIO cucTeMy 0Opa3yloT HE OTHAEIbHBIE spa, a TPYIIBl SKBH-
BaJICHTHBIX SA€p, MX YHCIO B KaXIOH rpymie o003HadaeTcsl MOACTPOYHBIMHU
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Puc. 56. Cnektp AMP 'H (E)-3-xn0opnponeHoBON KUCIOTbI

HHIEKCaMH, Kak B xumuueckux (opmynax (AB,, A,X;, AMX u 1. 1.). Ilpu-
MEpBl TaKUX CHUCTEM OYAYT pacCMOTPEHBI HUXKE.

MynbTHILUIETHOCTh cUTHaANOB B crekTpe SAMP cuctembr AX sBisercs pe-
3yJIBTATOM HENPSIMOI0 B3aUMOJEHCTBHUS PACHOJIOKEHHBIX PSIIOM MPOTOHOB,
nepeaauIerocss HaXOASIMUMUCHA MeKIY HUMH 3JeKTpoHamu. [lockombky
KOKIBIA U3 TMPOTOHOB A MOXET MMETh JBE BO3MOKHBIC CIIHMHOBBIE OpHEHTA-
IIUH, PHEPreTHYECKUE YPOBHU IS MpoToHa X Takxke yaBauBaroTcs. llpu 3Tom
BenuuyrHa AE MeXay OCHOBHBIM M BO30YKICHHBIM COCTOSIHHEM IMPOTOHA X AJis
OpHEHTAIIMKM COCEIHEr0 MPOTOHA A «BIOJb IMOJISI» U «IPOTHUB IOJII» HEOIWHA-
koBa. Takum 00pa3om, MpoTOHBI X CMOCOOHBI MOTJIOMIATh SHEPTHI0 HA JABYX
4acToTax, M B CIIEKTpe HaOiromaeTcs IyOJier.

Jlna aHanu3a CIIMHOBBIX CHUCTEM Pa3NUYHBIX TUIIOB BBOIST IMOHSTHE MOJIHOIO
CIIMHA COBOKYIMHOCTH MPOTOHOB M,, KOTOPHIA XapaKTEpPHU3yeT MarHUTHBIE CBOM-
CTBa HE OJHOTO SApa, a BCEH IPYMIIBI MATHUTHO 3KBHBAICHTHHIX saep. OUeBUIHO,
YTO MOJHBINA CIIUH CHCTEMBI U3 N MPOTOHOB MOKET IMpUHUMATh N+1 3HAUeHMIA.

PaccMoTpuM mOHSATHE TOJTHOTO CIIMHA HA MpHMepe 0ojee CI0XKHOIO BapHaH-
Ta CIIMHOBOM CUCTEMBI. JlomycTUM, B3aMMOJECUCTBYIOT JBa SApa OJIHOTO THUIIA
u oxgHo sapo apyroro. Ha puc. 57 npusenen cunextp CHCI,CH,CI, mportomsr
KOTOPOTO MOYKHO TPEJCTaBUTh Kak CHUHOBYIO cuctemMy AX,. OH COCTOUT W3
TPHUILIETA C MHTErpajbHOi nmHTeHCHBHOCTBI0O 1 (-CH<) m ay6.aera ¢ unbre-
rpalbHOM MHTEHCHBHOCTBIO 2 (—CH,-).

Takass MyJbTHIJIETHOCTH CHUTHAJIIOB paccMaTpUBaeMOW CHHWHOBOW cHC-
teMbl AX, (tpumrer —CH< u ny6ier —CH,-bparmenToB) o0BICHIETCS Clie-
OyIOmMHUM 00pa3oM: MPOTOH A MOXXET HMETh [1Ba BO3MOKHBIX CIIMHOBBIX
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Puc. 57. Cnektp AMP 'H 1,1,2-TpuxnopaTaHa

cocrostaust (+1/2 u —1/2), monHblit cnuH (TOYHEE, MPOEKIUS MOJHOTO CIIHUHA)
3THX COCTOSIHUHM Tarke paBeH +1/2 m —1/2, m curnan ¢parmenra X, uMeeT
¢opmy ay6siera. J[Ba X-poTOHAa MOTYT MMETh YETHIpE BO3SMOXKHBIX CIIMHOBBIX
cocrosmms (+1/2 | +1/2; +1/2 | -1/2; ~1/2 | +1/2; -1/2 | ~1/2), npudem mombrii
CHMH 3THX COCTOsHUM cocraBiser +1 (ms (+1/2 | +1/2); 0 (mns +1/2 | -1/2
u —1/2 | +1/2) v -1 (mns —1/2 | —-1/2). 3ameThTe: COCTOSHUIT C HYJICBBIM MOJ-
HeIM criiHOM ABa! IloaTomy curnanm mpotoHa A mposBiseTcs B BHIAE TPHMILIETA,
WHTEHCHBHOCTh KOMIIOHEHT KOTOPOTO COOTHOCHTCS Kak 1:2:1.

B obmeMm cmy4yae nns pasiIMYHBIX CIIHHOBBIX CHCTEM B CHEKTPOCKONHH
SIMP H neiictByer cnemyromee mpoctoe mpaBuiao (mpaswio N+1): myabTu-
MJIETHOCTh CHTHAJIA PaBHA YHMCJIY KBHBAJIEHTHBIX MPOTOHOB, B3anMMOo/1eii-
CTBYIOIIMX ¢ MPOTOHAMH 3TOr0 THMNA, IJIIOC eIMHUuA. Ecinu 310 mpaBuio
BBITIOJTHSETCS, TO TOBOPAT O B3aMMOACHCTBUU MEePBOro MOpsaKa.

Ha puc. 58 mpusenen wumrocTpupyromuii 310 mpasuino crnektp AMP H
JIV3THIIOBOTO 3dHpa.

B sTOM cmekTpe MBI HaOiromaeM JBa CHTHaja — KBaJAPYIUIET W TPHUIUIET
C WHTETPaJbHBIMA MHTEHCHBHOCTAMH 4 m 6, oTHOcsmuecs K rpynmam —CH,—
n —CHj. D10 cimuOBas cuctema A,X;. Unceno mpotoHoB —CHg-rpymmer + 1 = 4,
T. e. curHan rpynnsl —CH,— mpencrasnger coboit kBaapymiaer. B Tto xe
Bpems gucio npotoHoB rpynnsl —CH,— + 1 = 3, u curnan rpynmnsl —CHs
SIBIIIETCS] TPHUILIIETOM.

C ucnosb30BaHMEM IMPENCTABIEHHUS O CyMMapHOM CHHHE IIelIeco00-
pa3sHO paccMOTpeTh BO3MOJKHBIE COUYETaHHS CIHHOB snep, o0pa3yomux
cucremy A,X; (tabm. 4).
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Puc. 58. Cnektp AMP 'H gustunosoro s¢upa

Kaxno#t rpynne couetaHuil CHMHOB OTAEJIbHBIX SIIEP COOTBETCTBYET OINpese-
JIEHHOE 3HAa4YeHHEe CYMMapHOTO CIMHAa M, YTO YHPOIIaeT IOJCYET BO3MOXK-
HOTO YHCJa TaKUX COYETAaHUH C OJMHAKOBBIMH M, a 3TO YHCIO, HAIPUMEp,
it A, ecTb He YTO MHOE KaK OTHOCHUTEIbHAs MHTEHCHUBHOCThH OIPENEICHHOTO
curHana B X-MyJbTHIIIETE, © HA000pPOT.

Taknm o6pasom, nmpoToHsl CH3-rpynmel B3anMoOJEHCTBYIOT ¢ NMPOTOHAMH
—CH,-rpynmsl ¢ obpazoBaHueM TpuILieTa (WHTEHCHBHOCTH KOMIOHEHT 1:2:1),
u HaoOopoT: curHan —CH,-rpynmsl mpeacrasiser cobol KBaapymier (MHTEH-
cuBHOCTH KOMITOHEHT 1:3:3:1 mo umciry SKBHBaJeHTHBIX cocTosHHH —CH;-Kom-
MOHEHTA).

Ta6bnuua 4. Bo3aMoxHble coyeTaHnsA CUHOB Afep, COOTBETCTBYIOLIME Pa3NYHbIM 3HAYEHUAM
NPOeKUMn CYMMapHOro cnnHa gna cuctembl A,Xs

n )
-CH,~- 5| -CH;, §
+1/2 +1/2 1(1) [+1/2 +1/2 +1/2 3/2 (1)
+1/2 -1/2|-1/2 +1/2 | 0 (2) |+1/2 -1/2 +1/2 |+1/2 +1/2 -1/2 |-1/2 +1/2 +1/2 | 1/2 (3)
-1/2 -1/2 -1 Q1) |+1/2 -1/2 -1/2 |-1/2 +1/2 -1/2 |-1/2 -1/2 +1/2 |-1/2 (3)
-1/2 -1/2 -1/2 -3/2 (1)
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Ta6n|n|.|a 5. TpeerJ'leI/lK Mackana - onpepeneHne Yncia n OTHOCUTENIbHOW MHTEHCUBHOCTU
JINHUN — KOMMOHEHTOB MynbTMNNETOB

Yucao Hao0ualonaemasi mHTerpanabHas Ha3Banue u o0menpuHsToe
COCeTHUX siaep HHTEHCHBHOCTDH JIMHU oGo3HavYeHHEe MYJIbLTHILIETA
0 1 CHUHIIIET, S, C
1 11 nyb6mert, d,

2 121 Tpumet, t, T

3 1331 KkBajapymieT (kBaprer), g, K
4 14641 KBUHTHUILIET (KBHHTET), P
5 15101051 CEKCTHIUIET (CEeKCTeT)

6 1615201561 cernrumuiet (cenTer)

7 17213352171 oktumuieT (OKTET)

g ompeneneHus OTHOCUTENbHBIX HHTEHCHUBHOCTEH JIMHUI B JTI000M MYJb-
TUILIETE yA00HO KCIOAb30BaTh TpeyroabHuk Ilackaist (tabn. 5).

OTHOCUTENbHAsT WHTEHCHUBHOCTH JIMHUM MYJIBTHIUIETA HApSAYy C YHCIOM
9TUX JUHUI TakKe BeCbMa Ba)KHA NPH YCTAHOBIEHHU CTPYKTYpPHI COEIUHE-
HUSA. JOIMYCTHM, B CIIEKTpE BBl HAOJIOAAaeTe CHTHAN M3 MATH PaCHOIO0KEHHBIX

pAlOM JIHHHK; GOPMAIbHO — KBUHTET», OAHAKO WHTCHCUBHOCTH JTHUX JIMHHH
1:2:2:2:1 (puc. 59).

e =

Puc. 59. HanoxeHue ABYX TPUMNETOB 1 KBUHTET

CUCTUHHBIH
KBUHTET»

DTO MO3BOJISET CAENATh BBIBOJA O TOM, YTO Iepe/i BAMU HE KUCTUHHBINY» KBUH-
TeT (T. €. pe3yJbTAT CIHUH-CIIHHOBOTO B3aWMOJICHCTBHSI C IBYMs DKBHBAJICHT-
HeIMH TpymmamMu —CH,—, B 3TOM ciy4ae COOTHOIIICHNE MHTEHCHUBHOCTEH COCTaB-
ssuto Obt 1:4:6:4:1), a, HanpuMep, [1Ba CIIy4YaiiHO KHAIOKHUBIIMXCS» APYT HA JPY-
ra KpalHUMH KOMIIOHEHTaMH TpuiuieTa (MHTEHCHBHOCTBIO 1:2:1 Kaxiblif).

A5.7.3. KoHCTaHTHI CIUH-CIIHHOBOI'0 B3aUMO/eiiCTBUS
DHeprus CIUH-CIIMHOBOTO B3aUMOACHCTBHS MEXAY sapaMud A u X MPOImopIuo-
HaJIbHa CKaJSIPHOMY IPOU3BEIEHUIO BEKTOPOB CIIMHOB.

E = hdaxlalx

rae lp u |y — simepHble CIMHOBBIE BEKTOPHI B3aUMOJICHCTBYIOIIHX SepP, IPOIop-
HOHAJbHBIC MX MATHUTHBIM MOMEHTaM |, 8 Jax — KOHCTAHTA CIIMH-CIHHOBOTO
B3aumoneiicrBusi (KCCB) mexny sapamu A u X.
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B cnekrpax nepsoro nopsaka KCCB npezncrapisror codoli BeIpakeHHbIE B ['11
paccTosHUS MEXIY COCEAHUMH JHHUSAMH B MyNbTHIUIETE. 11 KOMIIOHEHT OT-
JIeTIbHO B3SITOM CIIMHOBOM CHCTEMBI 3TH BeJIM4YHMHBI paBHbI. Ha puc. 60 mpuBeneH
CIIEKTP XJIOpAHTHAPHIA 3-XJIOPIPOIIAHOBOW KHCIIOTHI, /I HAIMISITHOCTH BEJIMYMHBI
XMMHUYECKHX CABUTOB KOMIIOHEHTOB CIIMHOBOHM cucTeMbl A,X, yKa3aHbl HE B M.1.,
a B ['m. B paccmorpernoM ciydae Jax = Jxa = 6.3 ['l. DTa BenmuunHa SABISCTCS
YCPEAHEHHOW Pa3HOCTBIO MEXIYy YaCTOTaMH COCEIHHUX KOMIIOHEHT MYJIBTUILIETA.

B mpOTHBOMONIOKHOCTE XUMHYECKOMY cIBUTY (B eaununax dactorsl) KCCB
He 3aBHCUT OT HANPSKEHHOCTH BHENIHEro noJisi (padoyeii 4acToOTbI CIEKTPO-
MeTpa), U ee MPUHITO U3MepsTh B equHuI@ax 4actotsl (I'm). Ecou Ob1 B mpuBe-
JIEHHOM BBIIIIE TIpUMepe I KaXKJI0ro KoMIoHeHTa A,X,-CHCTEMBI MBI YKa3alli
XMUMUYECKHH CIBUT B M.I., BEJIHYHHY Jax MOXKHO OBUIO OBI ONPEIENUTh MO Clle-
ayromiei popmyie: Jax = Adx300 (Ad — pasHOCTh XUMHUYECKUX CABHIOB B M.I.
MeXIy ABYMs KOMIIOHEHTaMH Jro6oro u3 tpuruieros, 300 — pabodas gactoTa
cnektpomerpa SIMP, Ha KoTOpoM peructpupoBanu 3ToT crekrp, 300 MI'm).

[IpuBeneHHBIE BBINIE CIIEKTPHI SBISIOTCS CIIEKTPAMHU nepg8o2o nopsaoka. Kpu-
TEepHil OTHECEHHsI PacCMaTpUBAEMOI0 CHEKTpa K TOW IpymIe TaKoB:

CrexTp MEepBOTO MOPsiAKAa HAOJII0OJAeTCs, €CIH BEJIUKO OTHOIICHHE pa3-
HOCTH XMMHYECKHX CIBUTOB B3aHMOIEHCTBYIONIUX SAED W KOHCTAHTHI
CIUH-CIIHOBOrO B3aumoseiicteus Av/J (10 wiu Goee).

Beanynna KCCB He 3aBUCHT OT HampsDKEHHOCTH TOJIA, T. €. OT pabodeit
YacTOTHI CIIEKTpomeTpa. B To ke Bpemsi Av IpsiMO MIPOMOPITHOHATBHA pabodeit
gactote npubopa. Jlonycrum, KCCB pasua 10 ', a pasHuiia Mexmy XHMH-
YECKUMH CABUTaMH B3aWMOJICHCTBYIOIUX MPOTOHOB COCTaBiseT 1 M.I.; Torma
IIPH PETUCTpallMKk CIEKTpa Ha mpubope ¢ paboueit wacroroii 60 MI'm Av/J
cocraBut 60/10 = 6. Dro He cmekTp mepsoro mopsaka! IIpu pabGoueii yacrore
cuekrpomerpa 300 MI'y Av/J = 30.

1131.4

1009.7

—1125.2
—1016.3

—1137.7
—1003.5

B4 NG LAALE RLLE RALAY NALA] RAALE RALE RULAY LALRE RLLAK LAGL! LEALE NAALE LAALE NAREE LAALE LAALE RALAY RALAL RLALE MAbbS LALAY AL LLALE NAALE LULLY NALLE RALAN NALLE LLALE RLALE LALAS RALRE RLLA AL |
395 39 38 38 375 370 365 360 355 350 345 340 335 330 325 320 315 3.10

Puc. 60. Cnektp AMP 'H 3-xnopnponuoHunxnopuaa (3apeructpuposaH Ha npubope
¢ paboyein yactotor 300 MIu)
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Taxkum oOpa3zoM, OMHUM W3 MyTeH YNPOIIEHUs CHEKTPAIbHOW KapTHHBI CBE-
JICHUEM €€ K CIIEKTPY IEepPBOIo MOpsAKa SBISETCS YBEIMUECHUE HANpPSKEHHOCTU
MarHUTHOTO TIOJISl CIIEKTPOMETPa, T. €. ero paboyei 4acTOTHI.

CkazaHHOE BBIIIEC HAISAAHO MpowusutocTpupoBano Ha npumepe ClL,CHCHBI,:
Ha puc. 61 nM300pakeHBl CIEKTPHI, 3apEeTrHCTPUPOBAHHbIE HA CIEKTpOMe-
tpax SIMP ¢ wactoramu 100, 400 u 1000 MI'u. BuaHo, 4TO TUIIHYHAS IS
Kkyaccuyeckoir AX-cUcTeMbl KapTHHA HAOIIONAeTCsl TOJIBKO B MOCJEIHEM CIIy-
yae, HO Jaxe 3/1ech NposBisercs 3(Q(eKT OTKIOHEHHS OT HJeaIbHOW OTHO-
CUTEJbHONH MHTCHCUBHOCTEH KOMIIOHEHT KaXKIO0ro M3 Ay0JieToB (MposBisieTcs
TaK Ha3bBaeMbld «3(QdekT Kpbimu») [Ipu yMeHbIIEHUH padodveil 4acTOTHI
(cootHomenuss Av/J) UHTEHCHBHOCTDh KpailHMX JTHUHHIA yMEHBIIACTCS, a ICH-
TpaJbHBIX — BO3PacTaeT.

UeM cnoxHee MoJIeKyJa OPTaHHYEeCKOTO COEJMHEHHs, TeM OOJbIle CHrHa-
noB B ee cnekrpe SIMP 'H (310 B 0COGEHHOCTH OTHOCHTCSH K GHOMOJIEKYNIaM),
MIPY 3TOM HEen30€KHO TOSIBJICHUE CHTHAJIOB C OJM3KMMH XMMHUMHYECKHMH CJ/IBU-
raMy. YBelndeHue padodel 4acTOThI CIIEKTPOMETPA BHEIIHE «Pa3JABUIacT» MYIb-
TUIUIETHl B3aMMOJICHCTBYIOIIUX MPOTOHOB. XUMHUUYECKHUE CIBHUIH AJ€p IpPU 3TOM
OCTAIOTCS HEM3MCHHBIMH, a BUAMMAs HIMPUHA KaXKIOro Mynbruruiera (B M.J.)
YMEHBIIIAeTCs, B pe3ysibTaTe 4ero moiydaercs: Ooiee MmpocTas CIeKTpaibHas Kap-
tuHa. Ecim 10-15 met Haszanm crekrpoMeTphl ¢ paboueit wactoroit 400 MI'1 Opum
MaJo paclpoCTpPaHEHbl, cefdac /Ui aHalIMu3a CIOXKHBIX OOBEKTOB HCIOIb3YIOTCS
npubopsl ¢ pabdoueit wactoroit 800 MI'm — 1 I'Tu. Ux manas pacnpocrpaHeH-
HOCTh 00YCJIOBIICHA BBICOKOH CTOMMOCTHIO: pabdoueii wacrore 1 T'Tr (mis saep
MPOTOHOB) COOTBETCTBYET MArHUTHOE MOJE HampspkeHHOCThIO mopsimka 20 T,
JUISL CO3MAaHUS KOTOPOTO HEOOXOJMMO HCIONb30BaTh CBEPXIPOBOJSAIINE MAarHUTHI
BECbMa CJIOHOH KOHCTPYKLHHU Pa3MEpoOM C ABYXSTaKHOE 3JaHHE.

Hna peructpaunu crnexktpoB SIMP HeclIOXHBIX OpraHWYECKUX COEIWHEHUU
UCIIONIB3YIOT mpubopsl ¢ pabounmmu wyactoramu 200-400 MI'm. OngHako u B
9THX NMPUOOpPax HEOOXOAWMBI CBEPXIIPOBOJASAIINE MarHUTHI.

B mponecce o6cyxaeHns CIIMH-CIIMHOBBIX B3aWMOJEHCTBUI MBI HCIIOJIB30BA-
JU TEPMHH «3KBUBAJICHTHBIE NMPOTOHBI». B cnekrpockonuu SAMP ucnoas3yror
clenyrouiee ONpeeNeHre YKBUBAICHTHBIX MarHUTHBIX SJEp:

MAarHuTHO 3KBHUBAJICHTHBIMM HAa3bIBalOT TaKUE s7pa, KOTOPHIEC SIBISIOTCS
XHMHYECKH YKBHBAJICHTHBIMH, UMEIOT OAHY M Ty K€ PEe30HAHCHYI0 4aCTOTY
u obdmue A kKaxaoro u3 Hux 3Hadenuss KCCB c sapamu mroboit
COCEIHEN TPYIIIBL.

CINIUH-CIIMHOBOE B3AMMOJEMCTBUE MEXIY MATHATHO
9KBUBAJIEHTHBIMU SIIPAMU B CIIEKTPE HE IPOSBJISAETCSI.

IIpOTOHBI XMMHUYECKU SKBUBAJICHTHBI, €CJIM OAMHAKOBO MX XMMUYECKOE OKpY-
KEHHE M, KaK CJEJCTBUE, PEaKIHOHHAs CIOCOOHOCTD.

BaxHo pa3znuyaTh MOHATUS O XMMMUYECKOM M MarHUTHOM SKBUBAJIEHTHOCTU —
XMMHYECKH HKBHBAJICHTHBIE NPOTOHBI HE 0053aTENbHO SBJISIOTCS MAarHUTHO DKBHU-
BaJICHTHBIMU!

PaccmoTrpuM Monekyiy terparuapodypana

4
H3,, |
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JL _JL__JL—JJ_ Bl i

5.80 5.80 580

Puc. 61. Bug cnektpos AMP 'H Cl,CHCHBr, npu peructpaunn Ha npubopax ¢ pabouvmm
yactotamm 100, 400 n 1000 My

IMpotonsl H! nu H? ABAAIOTCA XMMHUYECKHM SKBMBAJEHTHBIMH 110 OTHOIIEHHUIO
K aXupaabHbIM peareHTaM. OJHAKO MAarHUTHO SKBUBAJIECHTHHIMH OHU HE SIBJIS-
IOTCS, TaK Kak, Hanmpumep, Jig # Jy g4 (W1 Jye # Jipane) — paccrosuus H-H®
u H'-H* ne paBHBI Mexay cOOOI.

JIpyrHe NpUMephbl CIUHOBBIX CHUCTEM, JUIS KOTOPBIX Jig # Ji 4

NO,

F4  HI H4 H3
M
F3 H2 H? H2

H H2
Cl

CHeKTpbl OPraHUYECKUX COSAMHEHHH KpailHe PeIKO MpPEeCTaBIISIIOT CO00M co-
BOKYITHOCTH CHHIJICTOB. Yaiie BCero CHEeKTPhl UMCIOT MYJIbTUIUICTHBIC CUTHAJIBI,
U IPU UX aHAJIW3€ MOMUMO BEIIMYUH XMUMHUYECKUX CABHUTOB OOJBIIOE 3HAYCHHE
UMEIOT THUIBl M BEIUYMHBI KOHCTAHT CIHH-CIIMHOBOTO B3aWMOACHCTBHS J.

BenuunHa KOHCTaHT CIIMH-CIIMHOBOTO B3aUMOEHCTBHS BO MHOTOM OIpEeNseT
¢opmy curHanoB B cnekrpax SIMP u 3aBucut or MHOTMX ()aKTOPOB: BEITHYHH
YIIIOB MEXIY XUMUYECKUMH CBSI3SIMH, TIPHPOJIBI OTUX CBsi3eil (HATMYMsI TeOKaH-
30BaHHBIX TT-CHCTEM, HAmpHMep apoMaruueckux) u ap. Kmaccudunupyror KCCB
[0 YHCITy XMMHYECKHX CBS3eH MEXIy B3aUMOJICHCTBYIOIIMMH siapaMu (Tabir. 6).

B criektpax anudaTHYeCKHX COCTUHEHHH, KaK MPaBUIIO, MPOSIBISIOTCS TOJb-
k0o KCCB 2J u 3J; ux 3HaueHHs 3aBUCAT OT Pa3’HOOOPA3HBIX CTPYKTYPHBIX
U 3JEKTPOHHBIX (DaKTOPOB. DTH 3aBHCUMOCTH BECbMa CIOXHBI, OJHAKO IMPHU
aHaJM3e CIEKTPOB OJHOTHMIHBIX COEIMHEHUH (HAIpUMep, CTEPOUIOB) 2] UMeET
OOJBIITYI0 BETUYUHY.
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Ta6bnuuya 6. Knaccndmkaumsa CnMH-CNMHOBBIX B3aUMOJENCTBUN

T'emunajabHOe BununajabHoe Janbuue
CIIMH-CIUHOBOE CIIMH-CIHHOBOE CNIHH-CIUHOBBIE
B3aumogeiicreue (2J) p3aumogeiicteue (3J) p3aumopeiicreus (*J, °J)
| <
N A N LN
H H H H ATUIIBHOE
Cl H H
HaC, o H = H H' —=——H
—
j:'b Br H [IPOIapTUILHOC
NO, H
Br. H H\_/—/
H Cl
= o H TOMOAJLTHIILHOE
H Cl Br H Br JlaJIbHUE B3aUMOJEHCTBUSA
HH H B apOMAaTUYECKUX COCJHHCHUSIX

Bmusnue Ha KCCB 3J cTpykTypHEIX ()aKTOpPOB B 3HAYMTEIBHOM CTEIEHH
ycraHoBiieHo. Tak, 3aBucumocts KCCB oT AByrpaHHOro yria ¢ OnucChIBaeTcs
xpueoii Kapnayca—Konpos (Ha puc. 62 npuBeieHa pacueTHas KpuBas M 3a-
IITPUXOBaHHEIE 00j1acTH peanbHo HabmomaeMbix 3Hauenuii KCCB).

H

¢ H
N

[oxanyit, Hanboyiee XapakTEPHBIM MPUMEPOM, WLIIOCTPUPYIONINM 3Ty 3a-
BHCHUMOCTS, sBisercs BenuunHa KCCB B M30MepHBIX 3aMEIEHHBIX aKECHAX,
a HMEHHO, Jypuc > Jyyer HAPUMED:

3, Ty
w/
s =
A
“F // W
2L
] | !

o
~
o
"~
o
[ard
=
oo
<

1860 120 140 160 180

¢, Tpan
Puc. 62. Kpusaa Kapnnyca-KoHpos
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H:C  H H H
H CN H:C  CN
16,0 'y 11,0 Ty

Bennuuna J,,. 00brano nexur B untepBane /-12 I'm, J,,,, — 13-18 I'n.
Kpatko ykakeM BIHSIHHE IPYTHX CTPYKTYPHBIX (PaKTOPOB:

H H Hg g H H
d —\X X

e nuna cesasu C—C (d): ysenuuenue d NpUBOIUT K YMEHBIIEHUIO °J;
* BaJeHTHBIE yIIbl 0 u @' yBenuueHue € NPUBOAUT K YMEHBIICHHIO °J;

* JJIEKTPOOTPUIATENBLHOCTh 3aMecTuTens Bo ¢pparmentre H-C—C-H: pocr
3JIEKTPOOTPHIATENBHOCTH X TAKXKE NPUBOJAUT K YMEHBIIEHHIO 3J.

A5.7.4. HexoTopbie BONPOCHI KJIacCH(PUKALNT
JABYXKOMIIOHEHTHBIX CTHHOBBIX CHCTEM.
Onpenesnenne KCCB u xuMu4eckux cIBUroB MYJIbTHILIETOB
JJIs1 CIIEKTPOB MEePBOTro MOpsiAKa

Paccmorpum KiraccH(UKAINIO CIHHOBBIX CHCTEM C TOYKH 3PEHUS COOTHOIICHUS
pasHocTu xumudeckux caBuroB u BenuuuH KCCB. st ABYXKOMITOHEHTHOM
cucteMbl o6o3HaueHue AX ucronbdyercs, ecnu otHomeHue Av/J 6onee 10 (k
HeMy TpHOIMKaeTCsl TPaBbli CHEKTP M3 MPHUBEACHHBIX Ha puc. 61, wimocTpu-
PYIOIIEM 3aBHCHMOCTH BHAA CIIEKTPa JABYXKOMIIOHEHTHON CHUCTEMBI OT paboueit
9acTOTHI CIeKTpoMeTpa). Eciu pasHuiia B XUMHYECKHUX CIBUTAX HapsIy C pa-
Oouell 4acTOTO# CreKTpoMeTpa Maja WM OYeHb Majia pa3HUIA XUMHUYECKUX
capuroB (mopsiaka 0.1 m.x.), roBopsT o ciuHOBoOW cucteme AB (neBbiii criektp,
KOMOPbLU He 561emcsi CNeKmpOM nep8o2o nopsaoka). IIpu MasbiXx BeTUYHHAX
Av/J nns cniuHOBO# cuctembl AB 00iass kapTHHA CIEKTPa MPUHIUITHAIBHO
u3MeHsieTcs Mo cpaBHeHHIo ¢ AX (Kak MMoKa3aHO Ha PUCYHKE), HO, 10 KpaiHei
Mepe, HEM3MEHHBIM OCTAeTCS YKCIO CUTHAIOB. B ciydyae §ojiee CJIOKHBIX
IBYXKOMIIOHEHTHBIX cucTeM mpu mepexoge AX, — AB,, A X, — A,B, us3-
MEHSETCSI HE TOJNBKO (hOpMa CHTHAJIOB, HO M CYMMapHO€ YHCJIO CIIEKTPaTbHBIX
JIMHUHA.

Ecnu oOpaszyiomme CIMHOBYIO CHCTEMY SIpa XUMHUYECKH SKBHUBAJICHTHHI,
HO MarHWTHO HE JYKBUBAJCHTHBI, HCIOJB3YIOT 0003HAYCHUS CO IMITPUXAMHU
(AA'BB' u . 1.).

Panee MBI paccmorpenu npumepbl crnuHOBBIX cucteM AX, (CHCI,CH,CI),
A,X, (3-xmoprponuonuixiiopun) u A,X; (muatwinossiii 3¢up). Ha puc. 63-65
MPUBEJCHBI TPUMEPHl HEKOTOPBIX APYTHX JIBYXKOMIIOHEHTHBIX (/[Ba HEIKBHBA-
JICHTHBIX SI/Ipa) CIIMHOBBIX CUCTEM.



A5. Qu3uko-xumuyeckue memoobl aHanU3a 103

Yo} ©
N_ -
©

CN ©| ‘rm

=< N b

cl i |
T T T T T T
6.35 6.30 6.25 6.20 6.15 6.10 6.05

Puc. 63. lpumep remmnHanbHOM cnmHoBon cuctembl AB. B npuBegeHHOM criekTpe Benu-
ynHa KCCB coctaBnAeT 3 U, n OTHeCeHWe CNUHOBOW CMCTeMbl MMeHHO K AB-Tuny onpepge-
NAeTCA Manon pasHuuen xummyeckux cgsuros (0.1 m.g.)

15 cnexTpoB mepBOro MOpsiiKa MPOU3BOJIBHON CIMHOBOHM cuctemMbl A X,
a TaKXke JUIsl UCKAKEHHBIX CHEKTPOB IMEPBOrO MOPSAIKA, YUCIO CIEKTPaIbHbIX
JIMHUM B KOTOPBIX COBIIAJaeT C MpeACKa3aHHBIM B COOTBETCTBUM C TPEYrOJib-
HukoM Ilackang, KCCB omnpenensercss B COOTBETCTBUU C BBIPAXKEHUEM:

3(A) =8 (Anaa) | 3(X0) =8 (X)),
2m 2n

rae 6(A;) — 6(Aps1) — XUMHUYECKHE CIABUTU KPailHUX KOMIIOHEHT MYJIbTHILIETA
npotoroB A, (M+1 munust), a 8(X;) — 8(X,41) — XUMHUECKHE CABUTU KpaHUX

J =

COOH
3.00

L |

7.20 7.15 7.10 7.05 7.00 6.95
o X
0.79 3.00 6.05
| I (] [N}

13 12 1 10 9 8 7 6 5 4 3

Puc. 64. MNpumep cnunHoBol cnctembl AB,. /13-3a 61M30CTU XMMUYECKUX CABUFOB CUMMETPUA
MYNbTUMNIETOB HAPYLLEHA, CUrHaNbl «CKOLLEHbI» APYT K Apyry. CNeKTp He ABNAETCA CNeKTPOM
nepsoro nopagka, KCCB MoxHo onpefenntb TONbKO NpubAn3nMTenbHO
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T
—1.72
—1.70

4.29
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| 1.00 | 5.99
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4.35 4.30 4.25 1.75 1.70
1.00 5.99
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Puc. 65. MNMpumep cnnHoBom cuctembl AXg. CurHan —CH< coctonT n3 7 cnekTpanbHbIX TUHWUIA.
3) = [(4.35-4.22)/12 + (1.72 - 1.70)/2] x 300 = 0.0208 x 300 = 6.25 4. KCCB B pyTUHHbIX
CrekTpax o6blYHO OKPYINIAT A0 MEPBOro 3Haka nocne 3ansAton: 3J = 6.3 Ty

KOMITOHEHT MYyJIbTHILIETAa HIPOTOHOB X, (N+1 muHus), v — paboyas wacrora
npubopa, MI 1.

XHWMHUYECKUM CIBUTOM MYJBTHIUIETa B Clydae CIEKTPOB IEPBOrO IMOPSIKA
SBIACTCS CpenHee apupMeTHYECKOe 3HAYCHUE CABUTOB IS BCEX KOMITOHEHT
3TOTO MYJbTHIUIETa. TOJBKO B 3TOM CiIydae BEJIMYWHA XUMHUYECKOTO CIBHTa
HE 3aBUCUT OT pabodYeil 4acTOTHI CICKTPOMETpA.

A5.7.5. TemunaIbHasi CHIMHOBAs CHCTEMA PSIIOM
¢ aCHMMeETPHYEeCKHM HeHTpoM. /[uacrepeoTonus

HNHTepecHBIM ciaydaeM IBYXKOMIOHEHTHON CIIMHOBOM CHUCTEMBI SIBJISIETCS
remuHanbHas AB- unu AX-cuctema —CH,-rpynmnbel psaoM ¢ XUpalbHBIM
nentpom. Ha puc. 66 mpuBemen cmnexktp HOOCC(OH)(CH;)CH,COOH
(pactBopurens — D,0).

Buano, uto curnansl —CH,-Tpynmsl B CeKTpe MpeAcTaBisaioT coboit AB-cuc-
TeMy, T. €. IMPOTOHBl METHJICHOBOI I'pYNIBl SBISIOTCS HEIKBHBAJIEHTHBIMM.
st 00BsICHEHHS 3TOTO (paKTa pacCMOTPHUM MPOCKIMU HhloMEeHa 3aTOPMOXKEH-
HBIX KOH(QOpMAIUH OJHOTO W3 PHAHTHOMEPOB:

COOH1 COOH! COOH!1
HO\ CH;3 HOOC2\ OH H3C\ COOH2

H1 H2 H1 H2 H1 H2
COOH2 CHs OH
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COOH

OH D,0

HOOC

3.31 1.04 1.03 3.00
[ [ | [

5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

Puc. 66. Criektp AIMP 'H 2-rugpoKcmn-2-MeTuisHTapHoOM KACIOTbI

B kadecTBe «penepHoii» rpynmbl BeibepeM, Hanpumep, —COOH? u nanee
NpOaHaIU3MPyeM XUMHUYECKOe OKpysxkeHue npotoHos H' u H?, . e. 3amecturenu
npu cocennem ¢ —CH,— acummerpuueckoM arome. B mpoekiuu 1 mexny H!
u COOH? pacnonoxena rpynna —OH. Torna «6muskum» k H! B-3amecturenem
asnsercs COOH?. I'pynna —OH pacnonosxkena mexay H? u COOH! B npo-
eKIMM 2, HO B 3TOM ciydae «Omuskum» k H? B-zamecturesnem spnsercs CHj.
Otcrona sicHo, uto H! n H? aBnsioTCA XMMHYECKH H, CIIEI0BATENbHO, MATHUTHO
HEOIKBHUBAJCHTHBIMU. Takue MPOTOHBI — MPOTOHBI METHJICHOBON TPYMITbI PIIOM
C XHPalbHBIM IIEHTPOM — HA3bIBAIOT OUACMEPEOMONHbIMU.

B o0uiem xe ciydae ouacmepeomontvbiMu Ha3bIBAIOT PYIIbI, KOTOPbIC HElb-
35 B3aMMHO 3aMCHHUTb B pe3ylbTaTe JII00O0il omepaniu CUMMETPHH.

Huxe mpuBeneHbl MPUMEpPhl MOJEKYJ, COACPKAIIUX JUACTEPEOTOIMHBIC
(c TOYKH 3pEHHUsT CTEPECOXUMHUH) aTOMBI HIW T'PYHIbl (BBIACICHBI KHUPHBIM
mpudTOM):

pH  CH; HsC

CHs
L""COOH HyC
Cl

L''"COOH
Cl

B npaktuke cnekrpockonuu SIMP TpaauiimoHHO AMACTEPEOTONMHBIMU HAa3bI-
BalOT aTOMBI WJIM TPYIIEI, PACIONOKEHHBIE PSIIOM C IEHTPOM XHPaTbHOCTH.
B monekyne coenunenus, cnekrp AMP H kotoporo mpuseneH Ha puc. 67,
INACTEPEOTOIHBIMH SIBISIFOTCS U NPOMOHbI METHIICHOBOW TPYTIIIIBI, U MemuIbHble
2pynnuvl 30TPONHIBHON TPYIIEL
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: COOH —CHs
OH COOH
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2.15 1.00 5.97
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Puc. 67. Cnektp AMP 'H 2-rupoKcun-2-n3onponuisHTapHON KUCOTbI

A5.7.6. Tpex- 1 MHOTOKOMIIOHEHTHbIE CUCTEMBbI

[ToMHUMO OBYXKOMIIOHEHTHBIX CIHHHOBBIX CHCTEM aHAJIW3y BIIOJIHE MOAAIOTCS
U TPEXKOMIIOHEHTHBIE CHUCTEMBI, COAEPKAIIUE TPU I'PYNIIBI XUMUYECKU HEIKBU-
BaJICHTHBIX MPOTOHOB. [IpocTteimumii ciyyaid Takoil cuctemsl — cuctema AMX
(Tpu HE’KBUBAJIEHTHBIX SApa, PA3HHUIIA XUMHUECKUX CABUIOB MEKIY KOTOPBIMH
U cooTHolIeHne Av/J 10CcTaToYHO BEIMKH). IIpu COMMKEHUH MYJIBTHILIETOB,
OTBEYAIONINX CHUTHAJIAM Pa3HBIX MPOTOHOB, 3Ta CHUCTEMAa MEPEXOIUT, OYCBHUIHO,
B cucremy ABX nimm ABC.

Knaccuueckuii mpumep — ctupoa (puc. 68).

IIpoTonsl, o6pasywiire cnMHOBYIO0 cuctemy AMX, MOryT ObITh CBS3aHBI
HEe ¢ IByMs, a ¢ Tpems pasnuunbiMu atomamu C. Eciu B cioydae ctuposia ma-
nenbKylo Benuuuny umena KCCB 2J, To B 3ToM cilydae, Kak IPaBUIIO, Majo
3HaueHue 4J, u cnekTp mpuHMMaeT Buj xyoner / xyomer / xyGner my6ieTos
(unu TpuMIeT), MpUYEM AYOIETHI SBISIOTCS CUTHAIAMH «KPaWHUX» MPOTOHOB
CIMHOBOM cuctembl. Ha puc. 69 npuBeneH npumep Tpu3amemeHHOro OeH30Ia,
MPOTOHBI KOTOPOTO 00pa3yroT CIUHOBYIO cucteMy AMX.

B Mosekyie 3TOro COeUHEHHUsS B CIA0OM IOJIE PACIIOIONKEH CUTHAJI MPOTOHA
H,, Haxozasmierocs B opmo-noioxkeHuu Kk HuTporpymnmne. OH umeer ¢hopmy cra-
60 uckaxkeHHOTo ay6iera. BTopoit 1y0aeT COOTBETCTBYET BTOPOMY «KpalHEMYy»
npotony Hy,. Curnan cpeanero mporoHa Hy mmeer ¢opmy Tpuiuiera. B neii-
CTBUTEIIBHOCTH TPHUILIETOM OH HE SIBJIETCS, a MPEACTABIsET COOOM HaJOXKEHHE
IBYyX OyOJeToB, BO3HUKAIOUIUX B pe3ysbTaTe B3auMoieicTBus ¢ Hp u Hy.
Takoe HalOXKEHUE CTAIO BO3MOXHBIM HM3-3a TOTO, YTO BEIMYMHBI Jax U 2Jyx
paBHbl: 2Jay = 8.1 T'm; 3Jyx = 8.1 I'n.

AHanu3y B NpUOIIKCHUH CHEKTPOB MEPBOTO IMOPsAKAa B HEKOTOPBIX CIy-
yasgx BIIOJHE MOANAIOTCA YEThIpEX- U JaKe MATHUKOMIIOHEHTHBIE CHCTEMBI.
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Puc. 68. Cnektp AMP 'H 1 cxemaTuyeckoe n3o6paxeHne BO3HUKHOBEHUA CMeKTpasb-
HbIX JVHUIA cucTembl AMX (Ha nmpumepe BUHWIABHOWM rpynnbl CTUpona). Bennuuna 2Jyx
ana =CH,-rpynnbl cTupona BecbMa Masna u coctaenset 1.1 Ty (B otinume ot 3, = 11.3 Ty
1 3Ja = 18.0 My)

[locnennne — B TOM city4ae, KOoria OHH OOpa3ylOT CHCTEMY HMPOTOHOB MOHO-
3aMeIeHHOro OeH3o0apHOoro Koibla. C (GopMaabHON TOYKM 3peHus, B cilydae,
HarmpuMmep, HATpoOeH3oya 3Ta cuctema otHocutes k AA'MXX'-tunmy. On-
Hako BenmmunHbBl KCCB mexny mporonamu A m M, A’ u X kpaiilHe MaJbl
U B CIEKTpe HE BUAHBEL. B pesynbraTe HabOmromaeM cIeAyIOMIyI0 KapTHHY:

e Curnaa AA': mposBusiercs B3aumoneiictsue A—X. Ilpotor A’ TouHo Tak
ke B3ammonelicteyer ¢ X'. dopma — ay0JIeT, HHTETpal paBeH 2.

e Curnaa M: nmposiBnsercs B3aumoneiicteue M—-XX'. @opma — TpuILIeT,
WHTerpaji paBeH 1.
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Puc. 69. Cnektp AMP 'H 2-HnTpo-6-xnopTtonyona. [Ans yao6cTea aHannsa CnekTpa XMmu-
yeckme cABUMM yKasaHbl B I

e Curnan XX': mposiusiorcs BzanmonelctBusa X—A u X—M. Ilpoton X'
TOYHO Tak e B3aumojeiicteyer ¢ A’ u M. dopma — TpumJer, HHTeTpal
paBeH 2.

Takum oOpa3zoMm, Ha OCHOBAaHHH (HOPMBI M HHTETPAIbHONH HHTCHCHUBHOCTHU
CUTHAJIOB MBI MOXXEM OIPCACIHUTH MOJOXKEHUE KaKJO0H TpyNIbl U OIEHUTH
BIUSHUE TPUPOABI 3aMECTUTENIS S Ha 3TO MOJOKEHUE.

YCTaHOBIICHO, YTO 31€KMPOHOAKYEeNnmopHvle 3aMECTUTEIN CIBUTAIOT CUT-
HAJBl Opmo- W NaApa-TipOTOHOB 61e60 (B ciaboe ToJe), a 21eKmpoHOOOHOD-
Hble — 6npaso, MPUUEM CHIILHEE BCErO MPOSIBISICTCS CIBHUT Opmo-TIPOTOHOB.
OT0 XOpomio BHAHO Ha NIpUMEpe MNpPUBEACHHBIX Ha puc. /0 cmekTpos
MOHO3aMEILIEHHBIX OEH30JI0B.

Eite onuH TUIT MHOTOKOMIIOHEHTHON apOMAaTHYeCKOW CIIMHOBOW CHUCTEMBI —
AA'MM'’ — 00pa3yroT MPOTOHKI TU3aMEIICHHOTO OCH30J1a: 0Opno-Tu3aMelIeHHOTO,
€CIIM 3aMECTUTENI OJUHAKOBHI, U napa-AN3aMelIeHHOro B cllydae pa3HBIX 3a-
MECTHUTENEH.

B opmo-nu3amenieHHoM OeH3oie (opuHaKoBble 3amecTHTenH) “Jay ¥ “Jam
CPaBHUMBI 110 BEJIUYHMHE C SJay M 3Jany. B pesyiabrare crekTpanbHas KapTHHA
YCIOXKHSAETCS: Kakaas TPyNIa CUTHAJIOB MPHUOIIKEHHO OMUCHIBACTCS KaK Oy-
Oret nyOneToB, MpUYEM MOSBISIIOTCS €II€ W JOTOTHUTEIbHBIE CUTHAIBI (CIIEKTp
He nepsoro mopsakal!) (puc. 71).

B napa-nuzamernennom GeH30i€ ¢ pasHBIME 3amecTHTENsIME (OCOOEHHO eciTn
OIMH W3 HUX — JIOHOP, a APYTO#l — aKIEeNTop) pa3HUIla B XUMUUYECKUX CABUTAX
Mexay kommonentamu A u M Bennka, a BemmunHa KCCB (uepes namsb cesazeir!)
s map A-M’ 1 A'-M maia, ¥ crieKTp BHENTHE HAaIlOMHUHAET CTIEKTP CUCTEMBI
AM (umu gaxxe AX) — 4eTKO TPOSIBISIIOTCS] TOJBKO ITAPHBIE» B3aUMOAEHCTBHUS
A-M u A-M’ (puc. 72).
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Puc. 70. CnekTpbl AMP 'H mMoHO3amelleHHbIX 6eH30/10B
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Puc. 71. Cnektp AMP 'H 1,2-guxnop6eHsona
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Puc. 72. Cnektp AMP 'H 4-HutpodeHona

He MeHee BaKHBIN MOAMAIONIUIICS HHTEPIPETANUN THII apOMATHYECCKON CITH-
HOBoO# cuctemsl — T ABCD, korma Bce mpOTOHBI opmo-Tu3aMeNIeHHOTO OCH-
3osa (pasHbie 3amecTUTeNn!) UMEIOT 3aMETHO OTIMYAOIIMECS OJUH OT JPYroro
XUMHYECKUE CABUTU. Yale BCero 3T0 HAOIIOMAETCs I Opmo-IA3aMelleHHBIX
OCH30JIOB M CIy4aeB, KOTNAa OJWH W3 3aMECTUTENeH — JOHOp, a APYrod — akKier-
Top. Ha puc. 73 mokazaH mpumep TaKOW CHCTEMBI:

[IpuBeneHHOE OTHECEHNE MPOTOHOB CIIMHOBON CHCTEMEBI CIEIaHO Ha OCHO-
BaHHUH CIEAYIOMHUX COOOPaKeHHI: HUTPOTPYIIAa OKA3hIBAECT CUIBHOE BIUSHUE
Ha TIPOTOHBI B Opmo- U napa-TOJIOKCHUU K Hei. B cimaboMm mone Mbl BUIUM
JIBA CUTHAJA. PACIICIUICHHBIN TyOneT W pacilelUICHHBIH TpHIUieT. EcTrecTBeHHO
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CUMTATh, YTO IyOJET COOTBETCTBYET MPOTOHY A B Opmo-TIONOKEHUH K HUT-
pOTpYyIIE: MYJNBTHIUIETHOCTh CHTHada obycinosieHa 3Jag. Torma TpuruieT
npu 7.54 m.u. — curnan nporona C (3Jgc = 3Jep). Ocraromuecs cUrHajbl
COOTHECTH HE€ COCTaBisieT Tpyda. Aybier mpu 7.14 m.n. — cursaia mporto-
Ha D (3Jcp), a Tpumner npu 6.97 M.A. — CMrHajJ OCTaBIIErocs NMPOTOHA B.
WHBIMU cIOBaMH, BO MHOTHX CIy4asdX, €CIHU PSAOM C NMPOTOHOM HMEETCS
OJIMH IMPOTOH C OTJIMYHBIM XHMHYECKHUM CIABUIOM, CHUTHAl 3TOr0 HPOTOHA
npexacraBisieT coboit aybmner. Eciu ke cOCeTHUMH SIBIAIOTCS ABa MPOTOHA
C Pa3IMYHBIMH XMMHYECKHUMH CIBUTAMH, CHUTHAJI HMeeT (opMy TpHUILIETa
nian nybnera gy0neTos.

OdeHp Ba)XHOW rpynmnod amupaTHYeCKUX COCIWHEHHUH, MPOTOHBI KOTOPBIX
¢dopmupyior cruHOBYI0 cucteMy AMX (unmu ABX), sABISIOTCS BelecTBa 00mIei
¢opmyner XCH,CHYZ:

X H
H Y
H oz

rae X, Y u Z — HeKOTOpbIe 3aMeCTHTeNH, pudeM Y U Z 00si3aTeIbHO pa3Hble
(ecnm ObI OHM OBLIH OXUHAKOBEIMH, ITOIyYaaachk Obl 0ObIuHas cucreMa AX, Wid
A,X), B Takux coeauueHusaX npoToHbl —CH,-IpyIIIbI SBISIOTCS HEIKBHBAJIEHT-
HBIMM. DTO YaCTHBIA Cllydyall pacCMOTPEHHOTO BBIIIE SIBICHUS JUACTEPEOTONHHU
MIPOTOHOB METHJICHOBOW TPYIIBI, COCEACTBYIOIICH C HEHTPOM XHPATHHOCTH.

Ha puc. 74 npusenen cnektp AMP 'H 2,3-n1u6poMOponuoHOBOIl KHCIOTHI
BrCH,CHBrCOOH.

Ha »ToM MBI 3aBepmiaeM paszmell, HOCBSIICHHBIH PacCMOTPEHHIO CIIMHOBBHIX
CHUCTEM pa3NUYHBIX TUMOB. ClieqyeT OTMETUTH, YTO

e Qoyiee CIOXHBIE MHOTOKOMIIOHEHTHBIE CIIMHOBBIE CHUCTEMBI SIBIISIIOT-
Cs CIHMIIKOM CJIOXHBIMH I aHaiau3a (yxke cucremsl AA'MM' Henb3s
HHTEPIPETUPOBATh B MPUOIHKCHUHU CIEKTPOB IMEPBOTO MOPSAKA),

~
[te) S
N ¢
W DN NO, 3 Hg NO, |
28 T
—h OH Hc OH
— o Hp 8
ABCD 3 NS
g A S T
i
I
A C D B
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Puc. 73. Cnektp AMP 'H 2-HutpodeHona
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Puc. 74. Cnektp AAMP 'H 2,3-an6pomMnponroHOBOIN KUCIIOTbI

U UX aHamu3 TpeOyeT MPUMEHEHHsI MAaTeMaTHYeCKOTO ammapara KBaH-
TOBOM MEXaHHKH,

* CIMH-CIIMHOBOE B3aUMOJCHCTBUE PEAKO Mepenaercs MO AJIUHHBIM II€N0od-
KaM XHMHYECKHX CBs3eil, Oiaromaps deMy CIIEKTPHl BechbMa CIOXKHBIX
MOJIEKYI MHOTJAa MOXXHO IPEJCTABUTh KAK HAJI0XKEHHE CIEKTPOB OTHO-
CHUTEJIBHO MPOCTHIX ()parMeHTOB, OOpPa3yIONIMX JIETKO paclio3HaBaeMble
CIIUHOBBIE CUCTEMBL.

As's‘
A5.8.1.

HecmoTpst Ha OTHOCUTEIBHO HEBBICOKOE NMPUPOAHOE COACPKAHUE, CYLICCTBEH-
HO 0oJiee HU3KYIO IO CPaBHEHMIO C IMPOTOHAMH BEJIMYMHY T'MPOMAarHUTHO-
ro OTHOUIICHHUsS, a TaKXe OOJbLINE BpeMEHa peJaKcalldd, XapaKTepHbIE s
anep ¥C B Mosekynax OpraHMYeCKMX COEIMHEHHH, PETUCTPAIUS CHEKTPOB
SIMP 3C npencrasnser coboii BIIOJHE OTPabOTAHHYIO MPOLENYPY. DTH CIIEK-
TpHl cofepXaT KpaiiHe BaXKHYI0O HH(OpMalHuio O CTPYKType OpTaHUYECKUX
coequHeHuil. Heo6xonuMmo otnaBath ceOe OTYET B TOM, YTO MOJIEKYyJa HC-
cinenyemoro meroaom SAMP 13C pemecta (hakTUUECKH CONEPIKUT €IMHCTBEH-
HYI0 U30TONMHYI0 MeTKy *C, CTaTHCTHYECKH PACIpPENeleHHYI0 MEXIYy BCEMH
aTOMaMHM yIiepoja, T. €. OOBEKTOM HCCIEAOBAHUS SBISICTCS CTAaTHUCTHYECKas
CMECh M30TONIOMEPOB.

OueHb BaxHO TO, uTO B criektpe SIMP 3C pukcupyrorest atomsl yriepoaa, Bo-
00llIe He CBA3aHHBIE C NPOTOHAMH, O KOTOphIX crektp AMP H nukakoii nagop-
MAaIlii HE COACPIKHT, — YyeTBepTU4YHbIe aToMbl >C<, >C=, —-C= u =C=, a TaKxe

Cnexmpockonus AMP Ha adpax *C

HCKOTOPLIC OCHOBHBI€C ITOJIOKCHU A
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¢ynkuuonansHele rpymmsl >C=0, -COOH, -CN u ap. B to e Bpems cymect-
BYIOT (DYHKIMOHANbHBIE TPyMITbl, He conepakaiue atomoB C (-OH, -NH, u np.).
Taxum o6paszom, crnektpbl SIMP *H u *C pononmsior mpyr apyra.

[pucrynas Kk 03HaKOMJIEHHIO C 3TUM BHJOM criekTpockormu SIMP, HeoOxomumo
YUHUTBIBaTh CIEAYIOILEE. Majas paclpoOCTPAaHEHHOCTh U MEHbIIIEE, YEM Y MPOTOHOB,
TMPOMArHUTHOE OTHOLIEHHE siapa *C IIPMBOMMT K TOMY, YTO OTHOCHTENbHAS UyB-
CTBUTENBHOCTH criekTpockonuu SIMP *C npubnusurensho B8 5700 pas Huke, ueM
cnekrpockonuu SIMP *H. Tlostomy s peructpamuu criektpos *C HeoOXomumMo
HCIIOJIb30BATh JINOO MPUOOPE! C HEMPEPBIBHOM peructparyeil 1 MHOTOKpaTHBIM CKa-
HUpOBaHHEM (B KOTOPBIX (haKTHYESCKH HAKAIIMBAIOTCS COTHU M THICSYHM CIIEKTPOB
OJTHOTO ¥ TOTO K¢ 00pa3lia ¢ 3aKOHOMEPHBIM TOBBIIICHUEM YPOBHS CHTHAI/IIYM,
OJIHAKO TPU 3TOM HEOOXOIMUMO HCIOJIb30BaTh BHICOKHE KOHIEHTPALMH BELIECTBA
B 00pasie), 1160 UMIyIbCHbIe criekTpomeTpsl SIMP ¢ dypbe-npeobpazoBanueM.
Ceiluac TIOBCEMECTHO HCIIONB3YIOT (ypbe-criekrpomerpsl SIMP.

MHorue OCHOBHBIE NMOHATHS, C KOTOPBIMU Mbl NMO3HAKOMMJIUCH HpPHU U3Y-
vyenuu cnekrpockornuun AMP ma sapax H, ucnonb3yrorcs u B CHEKTpOCKO-
nuu AMP 3C. Tak, umeromue pasiuMyHOe XMMHUYECKOE OKpYykenue siapa °C,
KaK MpaBUjIO, OTIMYAIOTCS CBOMMH XMMMUYECKUMU clBUramu. B crnekrpockonuu
SIMP 13C rtaxxke mcnosp3yercs d-likanaa, a B Ka4eCTBE CTaHAapTa BHIOpPaH TOT
xe Terpameruncuiaan (TMC). Onnako 061acTh XUMHYECKHX CBHIOB CHIHAJOB
pasnuuHbIX TUNOB B criekTpax SIMP 3C cyuiecTBeHHO mIMpe MO CPaBHEHHIO CO
criektpamu H (mopsiaka 250 m.a. BMecto 12 m.u.). Bnusaue QyHKumonams-
HBIX TPYIII HA 3HAYEHHS XMMHYECKHX CIBUTOB B criektpax SIMP BC B o6umem
AQHAJIOTUYHO HaOII0JaeMoMy s criekTpoB SIMP 'H. Tak, curHamsl anep 13C
ANKWIBHBIX TPYII PacIoJiaraloTcs B OOJACTH CHIBHBIX IIOJIEH, B TO BpeMs
KaK CHTHAJBl aTOMOB apOMaTHYECKHUX CHCTEM DAacCIIOJIOKEHHI ¢ ciaboM ToJe
(a xapbonupHO# rpymnmel — npu 180-200 m.a., cMm. npunoxenue B3).

3nech cieayeT OTMETUTh OJUH AOCTATOYHO Ba)XHBIM MOMEHT. KOTJa MBI
rosopum o cnekrpe AMP H, saperucrpuposannom Ha npuGope ¢ paGoueii
gactotoi 400 MI'm, 3T0 O3HA4aeT, YTO MBI YKa3bIBAEM PE30HAHCHYIO YaCTOTY
MOTJIONIEHHST TPOTOHOB, COOTBETCTBYIOILIYIO CO3/IaBaeMOMY B IpHOOpe MarHuT-
HOMYy moyito. O4eBHUJHO, YTO HANPSKEHHOCTH IOJISL, CO3[aBA€MOI0 CBEPXIIPO-
BOJAIIMM MarHuTOM (ypbe-crieKTpoMeTpa, HeusMeHHa u s suep C Gyner
COOTBETCTBOBaTh paboueit wacrtore mpubopa ~100 MI'u (OTHOLICHHIO THPO-
MarHUTHBIX OTHOmeHui s saep H (2.674) u C (0.672), pasnomy 0.251
u ymHOXeHHOMY Ha 400).

A5.8.2. CnuH-CIMHOBBIE B3aNMo/elicTBHS B cnekTpockonun SIMP °C

ATOMBI yTiepoga OpPraHMYECKHUX COCJAMHCHUH BO MHOTHX CJIy4YasX CBS3aHBI
C JAPYrMMHU MarHUTHBIMHU siapamu. Tak, Hampumep, BO3MOXKHO CIUH-CITHHOBOE
B3aUMOJICHCTBHUE MEXIY UMCIOIIUMH Pa3INYHOE XUMHUECKOE OKpYKEHHUE sJipa-
mu 13C. Opnako B CHJIy €CTECTBEHHOW HH3KOW KOHIICHTPAIIMU ATOTO M30TOMa
moJo0HEIE B3aMMOIEHCTBHS (32 MCKIIOYCHMEM MEYEHBIX COCIMHEHMI) HAOIIIO-
JAl0TCS B BUJE KpaliHe CaObIX CHTHAJIOB, HEBHJHMMBIX B OOBIYHOM CIICKTpE.
IIpoToHBI — Hanboee YacTO BCTPEUAIOIIUICS B OPTAHUYECKUX COCAMHEHHUSIX
TUI MarHUTHBIX saep. Hamwuwe cBsazu C—H mpuBOAUT K TOMY, YTO MEXIY
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aapamu °C u 'H BosHukaer npamoe cnun-cnunosoe ezaumooeticmeue (uepes

onny cBsi3p C—H). DTo B3auMOJICHCTBHE MPAKTUICCKH HE3aMETHO B CIIEKTpPax

SIMP 'H (u3-3a HH3KOTO NPHUPOJHOTO coaepxkanus uzorona °C, OCHOBHOM

uzoron ?C MarHMTHOTO MOMEHTa HE HUMEET), OfHaKo B cmekrpax SIMP 13C

OHO TIPOSIBIISIETCS OYEHb CHIIBHO, MOCKOJIBKY IMOJABIISIONIEE OONBITMHCTBO SJIED

npupoaHoro Bogopona — ‘H — umeer cnun 1/2.

B pesynbrare perucrtpanuMu npocTeix crnektpoB AMP 13C (rak ma3zbl-
BacMbIX CHEKTPOB MOHOPE30HAaHCA) MBI MOJyYaeM CIEAYIONYIO JIBOHCTBEH-
HYHI0 KapTHHY:

1. C onHoO# CTOPOHBI, CIIMH-CIIMHOBOE B3amMojeiicTBue Mexy sapamu °C u 'H
CIIOCOOHO CYIIECTBEHHO YIPOCTHTH pEIICHHWE 3aJadi 10 YCTaHOBJIEHHUIO
CTPYKTYpPBl COEIMHEHHSA. B 3aBHCHMOCTH OT 4YHCIIa CBS3aHHBIX C aTOMOM
yoiepoja IPOTOHOB MBI MOJIy4aeM CIUHOBBIE cucTeMbl AX, AX, mm AX,
(A = aapo BC, X — npoTOHBI), T. €. MOXEM ONpEIETUTh HAITMYME B MOJIEKYJIE
CH-, CH,- nmm CHj-rpymm.

Ha puc. 75 mpuBeneH npumep — MojenbHbIA crmektp SIMP 13C
(2)-CH;CH=C(CH,CH;)COOH, MyasTUIIETHOCTh U 3HAYCHHUE XHUMHUYECKO-
TO C/IBHTa CHTHAJIOB B KOTOPOM IO3BOJISIFOT HaM COOTHECTH KaXKJIbIH M3 HUX
C aTOMOM YyIJIepojia OIPEeJICHHOTO THIIA.

IlepBuuHOE OTHECEHHWE CHTHAJIOB B 3TOM CIIEKTpE CIEIyIolee. CHHIJIET
npu 170.4 m.a. coorBerctByer —COOH (Her mpsimoro B3aumoneiicteust C—H).
Hy6netr mpu 140.8 m.a. — —CH= (1 mpoTOH, CBS3aHHBIH C aTrOMOM YIJIEpPO-
na). Cunrmier npu 137 m.n. — derBepruyHomy >C=. TpuUIUIET ¢ LEHTPOM
npu 20.2 m.x. coorBercTByeT pparmenty —CH,—. Haxonen, ocraercs mapa
KBaJPyIUIETOB — CHTHAJIOB METHJIBHBIX TPYIIIL.

2. C apyroii cToponsl, peructpamus cnekrpos SIMP °C, menocpenctBenno orpa-
JKAIONINX CMIMH-CIIMHOBOE B3ammojeiicteue C—H, uMmeeT psij HETOCTAaTKOB.

~ ] e
COOH

14043
14043 20.16
141.23" -
—gH,
15.50
1470
Ay
=
okt 4 19.36
170.44 138.97 Joss
150 ' ' T 400 ' ' T s

Puc. 75. MogenupoBsaHHbii cnektp AMP '3C (2)-CH;CH=C(CH,CH,)COOH
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* Bo-mepBrIX, B ClIyyae CJIOXXHBIX OPraHMYECKUX MOJIEKYJ, COAEpIKaIluX
JECSITKU CUTHANOB B y3Ko# obmactu (mopsiaka 10-20 m.ni., Hampumep,
NOJHMAPOMATHYECKUX COCTMHCHUI MM pPa3BETBICHHBIX alKaHOB) Takas,
Ha TEpBBbIA B3TIAJ WHGOPMATHBHAS MYJIBTHILUIETHOCTh TOJBKO BHOCHUT
nytaHuny. Ha puc. 76 n 77 nmpuBeJeHBl COOTBETCTBYIOLINE TMPUMEDHI.

° BO'BTOPI)IX, IMMOCKOJIBKY CyMMapHass MHTCHCUBHOCTb CHUT'HAJIa — BCJIMYHHA
IMOCTOAAHHAsA, UHTCHCUBHOCTb KaXXJIO0T'0 KOMIIOHEHTa MYJIBTHUIUIETa MEHBIIC,
HYTO CHHXACT YYyBCTBUTCIBHOCTH METOAA.

[Tostomy 06b14HO criekTpbl IMP ¥C peructpupyior B pexknme Tak HasblBae-
MOU «IIMPOKOMOJIOCHON MPOTOHHOM Pa3BA3KM» (cemeposdeprHozo 080UH020
pe3oHanca). B 3ToM cllydae CHIBHBIM PaJWOYaCTOTHBIM ITOJIEM OONy4aeTcs BCs
o0JIacTh pe30HaHca NMPOTOHOB, 3TO BBI3BIBACT HACHIIICHWE CIUHOB IIPOTOHOB,
M CUH-CIIMHOBBIE B3aumogelicteus °C—'H ue mposasiorcs. B pesynbrare
PE30HAHCHBIH CHTHAJ aToMa yIiepoaa KaXXIAOTo THIa MpeIcTaBiieT co0oit
CUHITIET, @ CHEKTP B LIEJIOM — COBOKYNHOCTb Y3KHMX JMHHUI IONIOLICHUS U,
KaK MPaBUJIO, BEINISLAUT CYIIECTBEHHO IPOLIE IO CPABHEHUIO CO CIEKTPOM
morope3onanca IMP 3C Ttoro xe coeiuHEHHUS, YTO TPOMILTIOCTPUPOBAHO
Ha pHc. 78 Ha mpuMepe 3-METHITEeKCaHa.

VBeNMYeHne MHTEHCUBHOCTH CHTHAIOB B crekrpax SIMP 13C, sapukcupo-
BaHHBIX B PEXHMME INUPOKOMOIOCHOM MPOTOHHOU Pa3BA3KHU, CBA3aHO HE TOJIBKO
C IpEBpAIllCHUEM CHUTHAJIOB U3 MYNbTUIIICTOB B CHHIVIETbl. DTO YBEIUYCHHE
CBS3aHO C MPOSIBICHHEM Ba)XXHOro B crnekTpockonuu SIMP sBieHus, Ha3blBae-
Moro siepHbIM 3¢ dexTom OBepxaysepa (0519, NOE).

OH 3aKkio4aeTcs B CIEAYIOLEM: €CIM JIBa MarHUTHBIX SIApa PaCIOIOKEHBI
B MIPOCTPAHCTBE PAJOM JAPYT C APYroM, OOIydeHHE OJHOTO M3 HHX C €ro pe3o-
HAHCHOH 4aCTOTOM BBI3bIBAET YBEIMYEHHE UHTEHCUBHOCTU PE30HAHCA COCEAHErO
anpa. Dtot >ddext nponopuronanen 1/r8, e r — paccTosHue MeXIy SAApaMH.
B cmydae rereposimepHOTO ABOWHOTO pe3oHaHCA OONydeHHE BCEX NPOTOHOB
MOJIEKYJIbI BBI3BIBAET YBEIMYEHUE MHTCHCUBHOCTH CUTHAJIOB aTOMOB YINIEpPOJa,
HEMOCPEJICTBEHHO CBSI3aHHBIX C IPOTOHAMH.

B 5TOM 3aKIHOYaeTCs NPUHIUNHUAILHOE OTaudue crekTpoB SIMP ¥C or
cnektpos IMP 'H. B cnekrpockonuu IMP H st ycTaHOBIEHUS CTPYKTYpPBI

cen
Q

l J U M 1

140 136 130 125

Puc. 76. MogenvipoBaHHbii cnektp AMP 3C 6uapuna: 605bLIOe YMACIO CUTHAMOB 3aTPyAHAET
WHTepnpeTaumo
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Puc. 77. MogenvpogaHHbii cnektp AMP 3C pa3BeTBNEHHOrO ankaHa: NHTeprpeTaums 3a-
TPyAHeHa B 06NacTV CUTrHaNIOB METUJIbHbIX TPy

COeIMHEHNH >(PPEKTHBHO HCIIONB3YeTCs MHTErpupoBaHue curHaioB. C supa-
mu ¥C Bce cro’kHee: NPONOPIHMOHATBLHYO YMCIY aTOMOB MHTEIPAIbHYIO HH-
TEHCUBHOCTb MMEIOT TOJIBKO OJHOTHUIHBIE aTOMBbl. [IpuunHa B TOM, 4TO 1S
Pa3IUYHBIX THUIIOB SJI€p CHJIBHO PA3IMUYalOTCA BPEMEHA pellakcallly, a 3HA4MT,
U UHTEHCHUBHOCTH COOTBETCTBYIOIUX CUTHAJIOB. bosbline BpeMeHa penakcanuu
(¥ HU3KHE MHTECHCHBHOCTH) MMEIOT CUTHAaJbl aTOMOB YIJIEpOJa, HE CBs3aH-
HbIX ¢ nporoHamu. Kpome Toro, B cnekrpax ¢ MIMPOKONOIOCHONH IMPOTOHHOU
Pa3Bs3KOI ATH CUTHAIIBI HE YCHIMBAIOTCA 3a cdeT ddexra OBepxaysepa. IT0 BO
MHOTHX CIIy4asX IO3BOJIIET Om.Iu4ams COOTBETCTBYIOLINE MAJOMHTCHCHBHbBIE
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Puc. 78. Cnektpbl AMP 3C 3-meTunrekcaHa: c «pa3Ba3Koi OT MPOTOHOB» U MOHOPE30HaHCa
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CHUTHAIIBI (uemeepmuynblx amomos yenepooa) OT CUTHAIOB OCTAJbHBIX aTOMOB.
Unterpuposats B cnektpax SIMP 3C (mpuuem ¢ HU3KOHW TOYHOCTBIO) MOXK-
HO TOJIbKO OJIHOTHITHBIC CHUTHAIBI (HampuMep, COOTBETCTBYIOIIHME (parMeH-
tam —CH= apomMaTH4ecKuX COCTUHCHUI).

B 3axsroueHue NaHHOIO pasjerna HeoOXOIUMO CKa3aTh O TOM, UTO pas3pa-
00TaH ps CHENUANTBHBIX METOJUK, MO3BOJIAIOMIMX OTOOpa)kaTh Ka)IbIH U3
curnanos cnekrpa SIMP 13C B Buze cuHrIeTa M BMeECTe ¢ TeM pasiuyarh
aTOMBI YIJIepOJia, CBs3aHHbIE ¢ HedeTHhIM (TpeTwuHbli >CH-, mepBUYHBIH
—CHj;) u getHbM (ueTBepTuuHblii >C<, Bropuunbiii —CH,—) 4ncioM mpoToHOB
(metomer DEPT, APT). KpoMme TOro, CymiecTByIOT CIEHHANBHBIE TOCTATOYHO
CJI0’KHBIE METOJMKH DKCIEPUMEHTA, IO3BOJIAIOIINAE AOCTOBEPHO OIPENEIIATH
MHTETPAIbHY0 HHTEHCUBHOCThL B criekTpax SIMP 3C.

A5.9. Cnexkmpockonus AMP na a0pax opyaux 3nemeHmoes.
Cnun-cnunosoe e3aumodeiicmeue Adep "H u *C ¢ smumu adpamu

IMomumo 'H u ¥C, cnunosoe uncno 1/2 umeer eme psia smep, U3 KOTOPHIX
npakTH4ecku Hambosee BaxHbl °F u 3P, dTop u pocdop ABagIOTCSH UZOMON-
HO 4uCmbLMU >IEMEHTaMM, TUPOMATHUTHBIE OTHOIIEHUS IS UX SIEP PaBHbI
2.516 u 1.083 coorBercTBeHHO. TakuM 00pa3oM, YyBCTBUTEIBHOCTH IPHU pe-
ructpanuu crnekrpoB IMP 1ist 9THX saep JOCTaTOYHO BBICOKA.

Crnexrpockonus IMP Ha sapax *°F u 3P nomyuuna mmpokoe pacrmpocTtpaHne-
Hue. J[Jis OpraHu4ecKoil U 0COOEHHO OMOOPraHUYECKOW XUMUM GOJBLIOE 3HAYE-
Hue umeet crnekrpockonus AMP 3P, tak kak atombr Gocdopa BXoaiT B cocTaB
MHOTHX OMOMOJIEKYI. JleTanbHOE PAaCCMOTPEHHE DTUX BHIOB CIIEKTPOCKOIUH
BBIXOJIUT 38 PAMKU HACTOSMLIETO 110COOHs. OTMETUM JIMIIb, YTO B HUX HCIIOJb-
3YIOTCsl pa3Hble CTAHIAPThI, OTHOCHTEIBHO KOTOPBIX OMPEIENAIOTCA XUMUYECKHE
cnpuru curnanos (manpumep, HsPO, mus cnekrpockonuu SIMP 3P wnn CgFg
nas cnekrpockormu SIMP 1°F). Kpome Toro, criekTpasibHbie 06JacTH U B TOM,
M B JIPyTOM Cly4ae J0CTaro IMUPOKU (HECKOIBKO COTeH M.1.). CIEeKTpoCcKo-
nus Ha aapax P°F ommuaercs ot cnekrpockonuu SIMP 3P crenyrommm: kak
NPaBUIIO, OPraHUYecKas MOJIEKYJIA CONEPKHUT OTHOCUTEILHO HEOOJIBIIOE YHC-
10 aromoB (ocdopa. Kpome Toro, KCCB H-C-3'P, kak npaBuiio, HEBEJIUKH,
¥ CIIMH-CIIMHOBOE B3aumozeiicteue H—>!P He Memaer aHanusy cnekrpa. B To
xe BpeMsas KCCB 'H-C—°F u H-C-C-'°F Becbma 3HAUMTENbHBI, KPOME TOTO,
CYILIECTBYET LEIbIi KJIacCc MOMM(TOPUPOBAHHBIX OPraHUYECKUX COEIAUHEHHH,
B KOTOpBIX HposBusrorca Bzaumopeiicteus P°F-C—F u T. n., uro mpuBoaut
K BECbMa CJIOKHBIM CIIEKTPAM.

Ecau Mosekyna OpraHMYecKoro COEJAMHEHUs COIEPKUT Hapsly ¢ aroma-
MM BOIOpOAA M yriuepona artoMbl ¢gropa mmu docdopa, B cnekrpax AMP H
u 13C s1ux coenvHenuil NPOSBISAETCSA CIUH-CIIMHOBOE B3aUMOJEHCTBUE MEKLY
aapamu ‘H ((P), B¥C ('P) u H (*°F), BC (*°F) coorserctBenno. Ilpu ox-
HOBPEMEHHOM COJIEP)KAHMH B MOJIEKYJE OPraHMYeCKOro coeauHeHus ¢ropa
1 (pochopa MOABUTCA CHUH-CIMHOBOE B3aUMOJEHCTBUE MeXIy sapamu °F
u 3P ¢ gocTarouno GONBLION KOHCTAHTOM, YTO MPUBEAET K JOMOIHUTEIBHOMY
YCIIO)KHEHHIO CIIEKTPOB.
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Puc. 79. Crniektpbl AMP H 1 *C tpumeTtundocouHa P(CH,);. B obounx cnektpax Habnogaercs
CMUH-cnHoBOe B3aumopgencteue Aagep 'H n *C ¢ agpom 3P

CymecTBeHHO TO, 4To B crekTpax AMP 3C rereposaepnoro asoiinoro pe-
30HAHCA 3TO B3aMMOJECHCTBHE TOXE IMPOSBISIETCS, TAK KaK MPH HCIONb30Ba-
HUM UIMPOKOIMOJOCHONW MPOTOHHOM Pa3Bs3KH CIIHMH-CIIMHOBOE B3aMMOJECHCTBUE
1BC-2P u B¥C-'°F coxpansierca. Ha puc. 79 u 80 mpuseeHbl IpUMephl CIEK-
TpoB dochopcoaepxkanux MOJIEKyI.

Kak y»e ToBOpHIOCH, MOJEKYJbl OPTaHUYCCKUX COCAWHEHUH MOTYT BKITIO-
yath Oojee OJHOTO atoMa F, 4TO OYeHb CHIBHO YCIOXKHSIET CHEKTPATbHYIO
kaptury. OJHaKO Jake eIUHCTBEHHBIH aToM F memaer criekTp 3aMeTHO CIIOXK-
Hee. Xapakrepubiii npumep — Br-CH,—~CH,—F (puc. 81).

MbI BHINM, YTO BMECTO MPUBBIYHBIX OIS A,X,-CHCTEMBI BYX TPHILICTOB
MOSIBUJIMCH YEThIpe: ClieBa paclojioKeHa rpyimna curuaioB gpparmenta —CH,F:
TPUILIETHOCTh O0YCIIOBIIEHA CMHUH-CIUHOBBIM B3aUMOJICHCTBHEM C COCeaHEel
—CH,Br-rpynmnoii. Hanuure nsyx TpumieToB B crniekTpe rpyimmnsl —CH,F 00bsic-
HAETCS CIIMH-CITMHOBLIM B3aumoseiicteuem ‘H—-C—'°F, B pesynbrare momyuaercs
ny6rer TpuIieToB. Bee cka3aHHOE BBIIIE CIpaBemIMBO U ais rpymmnsl —CH,Br,
CHUTHANl KOTOPO#l MpOSBISAETCSA TaKKe B BHUOAE AybieTa TPUIIETOB. MPOCTO
seanunHa KCCB 'H-C—-C—'°F meHble U TPUILIETHI PaclojIokKeHbl OIUKe IPYT
K JIPYTYy.

B cnektpe SAMP '3C storo coemmnenus (puc. 82) Takike NposBIsSeTCs
cruH-criuHOBoe B3aumoseiicteue *C—°F: crekTpanbHble TUHUM, COOTBETCTBYIO-
me atomam C, yJIBOCHBI.

IIpu peructpanuu crektpoB SIMP Ha coBpeMeHHBIX NPUOOpPaxX MpPUMEHS-
10TCs neiitepupoBanHbie pactBoputend (d-pactBopurenn). I103TOMY BasKHBIMH
CTIUH-CIIMHOBBIMHU B3aMMOJICHCTBUSAMH, C KOTOPBIMH MBI TIOCTOSIHHO BCTpEYaeM-
ca mpu anamuse cnektpos AMP 'H u 3C, asnsarorcs 3aumoneiicteus ‘H-’H
u BC-2H.

e Tlpu peructpanmuu criektpos SIMP H (game Bcero perucTpupyemMbIx CIeK-
tpoB SIMP) curnansr d-pacTBopuTeneil Ha (OHE CUTHAIOB OCHOBHOTO Be-
IIECTBA MPOSIBISIOTCS CJ1ab0 M PEIKO MEIIAIOT WHTEPIPETAIIMH CIIEKTPOB.
Kpome Toro, mo ciabbiM CHTHAIAM OCTATOYHBIX TPOTOHOB (-pacTBOpHUTENEH
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Puc. 80. Cnektpbl AMP H n 3C peHunndocdmna C¢HsPH,. ObpatnTe BHUMaHME Ha BENUUNHY
KCCB 3'P-'H 1 Ha KonnuecTBo curHanos B cnektpe AMP '3C
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Puc. 81. Cnektp AMP 'H 1-6pom-2-pTopaTaHa
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Puc. 82. Cnektp AMP 3C 1-6pom-2-pTOp3aTaHa

MOJKHO C BBICOKOH CTCIICHBIO TOYHOCTH KaJHOpPOBATh INKATY XHMMHUYECKUX
CIBUIOB, T. €. HET HeoOXxoauMocTy B mobOasienun TMC;

 Slapa ?H B d-pacTBOpUTENSX HUCIOJB3YIOTCS TIPH HACTPOMKE (yphe-CIEeKT-
poMeTpoB (MX pe30HAHCHAs YacTOTa BBICTYNAET B Ka4eCTBE OHMOPHOM»,
d-lock), uto nenaer mpEUMEHEHUE TaKUX PACTBOPHTENEH HEOOXOIMMBIM.

SAnapo ?H uMeeT cnuHOBOe 4HMcIO 1, T. €. cMOCOOHO NPUHMMAThL OJHY
M3 TpeX BO3MOXHBIX OPHEHTAlMi{, U B MOCTOSHHOM MarHHTHOM IOJe IS
HEro BO3MOXXHO TPHU JHEPreTHUYECKU Pa3JIMYHBIX COCTOSHUS C PaBHOW 3acelieH-
HocTeio (puc. 83).

Ha npakTke 3TO NPUBOAUT K TOMY, 4To B crekrpax SIMP 'H, sapeructpupo-
BaHHBIX B JICHTEPHPOBAaHHBIX PACTBOPHUTEINSAX, KOTOPBIE COAEPKAT OOJiee OJHOTO
JEUTPOHA, TPOSIBISIOTCS XapaKTepPHbIE CUTHANBI IPOTOHHBIX NMpUMeCeH — TPyI
tuna CHD win CHD,. Hwke npuBeneH xapakTepHBIH MpUMEp — YacTh CIEK-
tpa SIMP H, 3apeructpuposannoro 8 CD,Cl,. DToT pacTBOpuTENH COMEPKUT
HebounbIroe koaunuecTBo Mojiekyn CHDCI,, mposBisiomuxcs B ClIEKTpe B BHIE
COBOKYITHOCTH TpeX JIMHUM C OJMHAKOBOW WHTEHCHBHOCTHIO M HEOOJBIIOW Be-
nnunnoit KCCB. Ipu peructpauuu cnektpos SIMP H, nanpumep, B JIMCO-d,
HaOJIIOAAETCs CUIHAII OCTATOYHBIX IpoToHOB (rpymmsl CHD,), nmerommii 5 nmunuit
C OTHOCHTEJIbHBIMM HMHTeHCHBHOCTAMH 1:2:3:2:1, kak moka3aHo Ha puc. 84.

m; = +1
AE

m =0

m, ——1

By =0 By, >0

Puc. 83. DHepreTnuyeckne coctoaHua aapa 2H
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Puc. 84. Cnektpbl AMP 'H CHDCl, n CD;SOCHD,

Takoe pacmpelencHHEe MOXHO OOBSICHUTH, PAacCMOTPEB BCE BO3MOXK-
Hble BapuaHThl map D,, mamomux OoXMHAKOBBINA MONHBIA CIHH COBOKYIHOCTH
neirponos m, (taba. 7):

V4auThIBasE OTHOCHTENBHO BBICOKYIO ctoumocts CD,Cl, u apyrux monumeii-
TEpUPOBAHHBIX PAaCTBOPHUTEICH, OCHOBHYIO MAacCy CIHEKTPOB PErUCTPUPYIOT
B CDCI; (ecnu mccrmenyemoe coelnHEHHE B HeM pacTBOpuUMO). OUeBHIHO,
B 3TOM ciyyae o B3aumoneictsuu H-D peun He muer.

IIpu peructpanuu crnekrpos SIMP *C cnue-cimHOBOE B3aMMoaelcTBHE
¢ sapamu °H Mbl HaGIrOIaeM MPAKTUYECKH BCETHAA, TAK KaK JIHMANA30H K-
POKOIIOJIOCHOM MPOTOHHOM pPa3sBA3KU He TEpEKphIBaeT 001acTh CHrHanoB 2H.
Curnanel atomoB 3C, cBssanubix ¢ atomamu 2H, uMeroT cioxayn (Gopmy —
ABIAIOTCS MyJNbTUIIETaMU. Ilpu 3TOM NPUXOAMUTCS YUYUTHIBATH U KOJIUYECTBO
anep 2H, B3aumoneiictByromux ¢ sapamu 3C. DTy MyJIBTHILIETHOCTh HaIJIsIHEE
BCETO MOYKHO MPOWUTIOCTPUPOBATh HAa KOHKPETHBIX MPHUMEpPax CIEKTPOB Hau-
Oonee pacmpoCTpaHEeHHBIX JelTepopacTBoputerei (puc. 85).

Ta6bnuua 7. Yncno BO3MOXKHbIX KOMOMHALUMI CMMHOBBLIX uncen ans cuctembl D,, cooTtBeT-
CTBYIOLMX OANHAKOBbBIM 3HAYEHUAM MOJSIHOrO CMMHA

Monublid cnimH M, CnuHoOBbIE YHCJIAa JeHTPOHOB
-2 -1, -1
-1 -1,0; 0, -1
-1, +1; 0,0; +1, -1
1 0, +1; +1,0
+1, +1
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Puc. 85. Cnektpbl AMP 3C CDCl;, CD,Cl, n AMCO-d,

Curnan aroma °C, npunaanexaumii CDCly, npencTtapnser co6oii COBOKYMHOCT
W3 TpeX CHTHAJIOB PAaBHON MHTEHCHUBHOCTH, OOYCIIOBIEHHYIO CIUH-CITMHOBBIM
B3aumoseiicteuem *C—?H. B camoMm jene, siapa AeiiTepus XapaKTepU3ylOTCs
TpeMsl BO3SMOXXHBIMH YPOBHSIMHU C OJMHAKOBOW 3acereHHocThio: —1, 0 m +1. Otum
CUIHAJIaM COOTBETCTBYIOT TPU CHTHAJa atoma ymiepoza B crekrpe SIMP BC pas-
HO# mHTeHcHBHOCTH. B cimydae CD,Cl, ciektp umeer unyto kaptuny (5 nuuuit),
aHanoruuHyoo Habmomaemoil B cnektpe SIMP H JIMCO-dg. Bonee cioxmblii
cnyyait — cnektp SIMP *C IMCO-dg, B koTopoM HaGmofaercs ceMb JHHHUIMA
C OTHOCHUTEIbHBIMH WHTeHCHBHOCTsAMH 1:3:6:7:6:3:1. Takoe pacmpeneieHue
MOXXHO OOBSCHHTBH, PACCMOTPEB BCE BO3MOXKHBIE BapHaHTHI Tpuaja Ds;, marommx
OIMHAKOBBIN TONHBIN CIHUH COBOKYITHOCTH JACHTpOHOB M, (Tabmn. 8).

Ta6nvu4a 8. Uncno BO3MOXHbIX KOMOUHaLMIA CAMHOBbLIX YMCEN A CUCTEMDI D3, COOTBET-
cTByrOW X OANHAKOBbIM 3HaY€HNAM NMOJIHOTO CnMHa

Toanbii CnuHoBBIE YHUCJIa AeliTPOHOB Yuciio
CrMH M, coveTaHuil
-3 -1, -1, -1 1
-2 -1,-1,0]-1,0,-1|0, -1, -1 3
-1 -1,0,0|0,-1,0]0,0,-1]-1-1,1|-11,-1|1,-1 -1 6

0 0,0,0|-1,10(1-,0]0,-1,1|0,1,-1]1,0,-1|-1,0,1 7

1 1,0,00,1,0(0,0,21,12,-1]1,-1,1|-1,1,1 6

2 1,1,0(1,0,1]0,1,1 3

3 1,11 1
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Ta6nv||.|a 9. Xumunuyeckune casuru un MYNbTUNNETHOCTb CUTHANIOB HEKOTOPbIX d-paCTBOpI/ITeJ'IeVI

PacTBopuTein SIMP 'H SAMP BC
Cnsur MyabTn- CaBur MyabTH-
IJIETHOCTD NJIeTHOCTH

Bona-d, 4.82 1
Merunenxnopua-d, 5.32 3 53.8 5
Xsopodopm-d 7.27 1 77.0 3
benzoin-dg 7.16 1 127.7 3
137.5 1
Tomyoun-dg 7.09-6.97 I'pynma 128.9 3
CUTHAJIOB 128.0 3
125.2 3
20.4 7
Aueron-dg 2.05 5 206.2 1
29.8 7
JAMCO-dg 2.50 5 39.6 7
AueronuTtpui-ts 1.94 1 118.1 1
1.25 7

B 1abn. 9 mpuBeneHbl XMMHYECKHUE CABHUTH U MYJIBTHILIETHOCTh CUTHAJIOB
HauOoJiee PaclpOCTPAHEHHBIX IEHTEPUPOBAHHBIX PACTBOPUTENECH.

A5.10. [uunamuyeckue 3¢pghekmor ¢ cnekmpax AMP

JluHaMHuuYecKHe MPOLIECCHl — 3TO BHYTPU- U MEXMOJIEKYJISPHBIC MpeBpale-
HUSI, CONPOBOXKJAIOUINECS U3MEHEHUEM XUMHUYECKOTO OKPYXKEHHS CTPYKTYPHBIX
¢parMeHTOB MOJEKyl. O4eBHIHO, YTO XMMHUYECKHE PEAKIIMH TAKKE SBISIOTCA
JMHAMHYeCKUMH Tponeccamu. He ciexyer 3a0bIBaTh, YTO XMUMHUS M3ydaeT U /-
HaMUYECKUE MPOLECCH], HE SBISIONIMECS XUMUYECKUMU PEAKLUSAMU, — B3aUMO-
MpeBpaIIeHns] KOHPOPMEPOB, BHIPOKICHHYIO0 M30MEPU3ANHUI0 U JP.

3a M3MEHEHHEM OKPYXeHHS CTPYKTYPHBIX ()parMeHTOB MOKHO HAOIIOIATh,
B YAaCTHOCTH, C UCIHOJIb30BaHHEM crnekTpockonuu SAMP. Ognako mpu 3ToM He-
00XOAMMO YYHTBIBaTh, YTO crekTpockonus SIMP mo3Bosser m3ydarb OTHOCH-
TEJIbHO MEAJICHHBbIE IMPOLECCHI, JUISIUEcs OT A0JEeH CEKyHIbl 10 CEKYHI.

Kpyr BHYyTpUMONEKYISPHBIX IPOLECCOB, U3y4YaeMbIX METONOM IUHAMHYECKO-
ro JIMP, — 3T0 CTpyKTypHbIE U3MEHEHHUS, BbI3bIBAEMbIE TEILIOBOM SHEpruei:

* KOH(OPMAIMOHHBIC TPEBPALICHHS;
* HHBepcHA KOHOUTYpaIuu,
* BaJIeHTHas M3oMepu3alnus (BHYTPUMOJCKYISPHBIC MEePEerpynmUpOBKH).

Kpome TOr0o, MOTYT HCCIEIOBATHCS U HEKOTOPHIE MEXMOJICKYIISIPHBIE MPOIIEC-
cel. Hmwke kpaTko paccMoTpeHBl Hamboyee MpOoCThie TUHAMUYECKHE MPOLECCH
C TOYKH 3PEHUS HCIOJb30BaHUA crekTpockomuu SAMP st ux oOHapyxkeHUs
U U3y4YCHUS.
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A5.10.1. O6MeH MPOTOHOB MEKITY MOJIOKEHUSIMH
€ Pa3INYHBIMH PE30HAHCHBIMH YaCTOTAMH

PaccmoTtpuMm aBa coenuHeHus — nmuHakonuH (3,3-A1MMETHIOYTAaHOH-2) W MH-
BasonaaMua (aMu AMMETHINPONAHOBON KHCIOTHI). Ha mepBblil B3risia, pas-
HUIAa MEXJy 3THMH MOJIEKYJIaMH HEBEJHKA. B MIEPBOM CiIy4ae psAIoM C Kap-
OoHWIBHOW Trpynmnoi pacnosoxkeHa CHs-rpymnma, Bo Bropom — NH,-rpynma.
Onnako crektpsl SIMP H 5Tux coenvHeHWH NMPUHIMIHAIBHO PA3IHYAKOTCS
(puc. 86 u 87): ecnu curHam METHIBHOM IPYMIBI MPEACTABISIET CO00# OCTpBbIit
CHHIJIET, TO NMPOTOHBI aMHHOTPYIIIHI JAIOT JIBa CHTHAJIa, IPHYEM OHHM BechbMa
CHJIBHO YIIUPEHBI.

e
CHg

J
3.00 8.97
(M}
T T T T T T T T T T T T T T T T T T O T T T T T
7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

Puc. 86. Cnektp IMP 'H nuHakonuHa

Orot >ddext uMmeer cienyuiee oObicHeHHe. B nmuHakonnHe HabIOMaeT-
csi cBobomHOe Bpamienue otHocutenbHo cBsizu C(O)-CH;, u Bce Tpu mpo-
TOHA METHJIbHO¥M TPYMIbl UMEIOT OJUHAKOBOEC XHMHYECKOE OKpYXKCHHE,
a B muBajownamuae Bpauienue oTHocutenbHo cBsizu C(O)-NH, 3aTpynneno.
3aTpyJHEHHOCTh BpalIeHUsi 00yCIOBICHA YaCTUYHBIM «JBOIHBIM» XapaKTEepPOM
ces3u C—N, 4TO MOXXHO MPOUILTIOCTPUPOBATH BKIAIOM IJIOCKOH KaHOHHUYECKOM
CTPYKTYpBI ¢ JBOHHOI cBsi3bio C=N B pe30HAHCHBIH THOPHI:

o} HA o} HB o

/ / ’

HB HA H H

3aTpyaHeHHoe BpallyeHue

cBoboaHoe
BpalleHune
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Puc. 87. Cnektp AMP 'H nueanounamuga

B mockoii koH(opManuyu MOJIEKYJIBI MUBAIOWIAMHUA, COOTBETCTBYIOIICH MU-
HUMYMY 3Hepruu, IpoToHsl NH,-rpynmel HAXOIATCS B Pa3IUYHOM XUMUYECKOM
OKPY>KEHUHU U MO3TOMY HMCIOT pa3HbIE PE30HAHCHBIC YACTOTHI Vo U Vg. BHy-
TpeHHee Bpainenue oTHocuTensHO cBsizn C(O)-N mpuBOAMT K BHYTPUMOJIEKY-
JIApHOMY OOMEHY TOJIOKEHUAMH MPOTOHOB. OJHAKO 3TOT 0OMEH MpU KOMHAT-
HOW TeMIlepaType MPOTEKaeT MEMIECHHO (C HH3KOH 4acTOTOM), B pe3yjbTare
BpeMs IpeOBIBaHMS IPOTOHOB B yuC- WIH MPAHC-TIONOXKEHUSIX 110 OTHOIICHUIO
K KapOOHUJIBHOW TpyIIEe JOCTATOYHO BEJIHMKO, YTO M MPHUBOAUT K MHOSBICHUIO
JIBYX Pa3NIMYHBIX CUTHAJOB.

AmnanoruyHas kapTuHa Habmromaetcss u B crnektpax AMP N,N-gumerun-
(opmamuia: npu KOMHaTHOI Temneparype B crekrpax SIMP *H u BC (puc. 88)
CUTHAJIBI JBYX METHJIBHBIX TPYII Pa3IUYHBL.

CioBa «IIpd KOMHATHOW TeMIIeparype» B MPEABIAYIIEM MPEIIOKEHUN HE
CIy4YalHBI! IPU TOBBIIICHUHM TEMIIEpaTyphbl ABa CHTHalla B 00OMX CIEKTpax
SIMP 6ynyt ymmpsatbes u Boimie 120 °C cnuBaroTCs B OWH CHTHAM, T. €. Ha-
OnmrofaeTcs TeMilepaTypHasi 3aBUCHUMOCTb (opMbl JuHui B crnektpe SMP,
CBUJETENLCTBYIONIAs O NMPOTEKaHHH BHYTPHUMOJIEKYJISIPHOTO OOMEHHOTO IIpO-
recca (CXeMaTHYHO Takas 3aBUCHMOCTh M300pakeHa Ha puc. 89).

OO0mias mpUYMHA ONMHUCAHHBIX BBIMIC 3QGEKTOB COCTOUT B TOM, YTO pa3HHUIIA
SHEPTHil MEXAY MarHUTHBIMHU MOJIOKCHHUSIMHU C Pa3IMYHBIMU PE30HAHCHBIMU
4acToTaMH HeBeluka. UToObl ee 3aUKCHPOBaTh, BpEMs KHU3HU SApa B KaXKIAOM
noJokeHUH 7 (BBIPAKAETCSI B CEKyH/IaX) JODKHO OBITH JOCTATOYHO OONBIIKM.
B cooTBeTcTBUM C NMPUHIUIIOM HEOINPEAEIECHHOCTH HUXHHUM mpenen sl 7 3a-
JaeTCsl BBIPAKCHHUEM:

oV = 1/2

rae ov = AE/h — pasHocth pe3oHaHcHBIX 4acTOT (V4 — Vg) IS ABYX IIO-
JIO’KEHUH.
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Puc. 88. Cnektpbl AMP 'H un "3C N,N-aumetundopmamuaa
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Puc. 89. 3aBrcumocTb GOpMbl IMHWI OT TemnepaTypbl A1A NPOCTENLWEro Ciyyasa BHYTPUMO-
nekynapHoro obmeHa

B ciygae, mampumep, aumetmidopMaMuia ypaBHEHHE HapymiaeTcs, KOTAa
4acTOTa BHYTPEHHErO BPAILlEHUS MOBBIIIAETCS C TEMIEPATypOH, YTO BBI3bIBAET
YMEHbIICHUE BPEMEHU KU3HU MPOTOHOB METHIIBHBIX TPYNI B IMOJOXKEHUIX
C pa3IM4YHBIMH PE30HAHCHBIMH YaCTOTaAMHU.

B »Ttom ortHOmeHnn cnexkrpomerp SIMP MoxHO cpaBHHTH ¢ ¢oToamnma-
paTtoM, 3apsDKeHHBIM TUICHKOW HHU3KOH YYBCTBHUTENBHOCTH. YTOOBI IOINY-
YUTh KaYCCTBEHHBI CHUMOK, HEOOXOIMMO CHUMATh C OONBIION BBIIEPIKKOH.
Ho nns 3Toro 00BeKT CheMKH JOKEH OCTaBaThCA HAa MECTE, T. €. OKpYKEHHE
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MarHuTHOTO s/ipa JIOJDKHO ocTaBaThcad HemsMmeHHbIM! Ecnm xe sapo
«IBUXKETCA» (MMeeTCsl AMHAMUKa), «HoTorpadus» CTAHOBHTCS CMa3aHHOU
(ymmpeHue U CiAMsHHUE JUHHHA B CIIEKTPE).

JunHamuueckue mnporecchl B crnekrpockonuu SMP omnuceiBaroTcs

CIELMATBHBIMI YPaBHEHUSIMH, BBIPAXKAIOIIUMU 3aBHCHUMOCTH (HOPMBI
CIIEKTpaJIbHBIX JIMHUM OT TemnepaTypsl. s mpoctoro npoiecca
A B

Ka
ke

€CJIM MOJIbHBIC IO KOMIIOHEHTOB A u B paBHbI, 6v — paszHocts yactoT (1)
B nojoxenusix A u B — cocrapnsier 30 I';; a A — mupuna curnana (') Ha
MIOJIOBMHE BBICOTHI NMHKA B OTCYTCTBHE OOMeHa — paBHa 1 ['1, pacder mpuBomuT
K HM300pakeHHOU Ha puc. 89 3aBHCHUMOCTH.

[Ipu GobImMX 3HAYEHUSIX T HAOIOJAOTCS OTACIBHBIC CUTHAJIBI TIPH V4 B V. JTa
00JIaCTh Ha3hIBACTCS 00J1ACTHI0 MEIJIEHHOT0 00MeHa. B Touke KoajieclieHIInH 1Ba
CUTHaJa CIMBAIOTCS B IIMPOKYIO JIMHHUIO, a B 00J1aCTH OBICTPOro 0O0MeHa CIIEKTP
[IPEBPAIIAETCs B CHHIJIET Ha 4acToTe (VAo + v g)/2.

W3 ananm3a GopMbI JIMHUN AMHAMHYECKUX CIEKTpOB SIMP MOXHO MOiTydaTh
KAHETHYECKHE ¥ TEPMOIMHAMUYUCCKHE MTapaMeTpbl OOMEHHBIX MPOIIECCOB (BETMINHBI
KOHCTAaHT CKOPOCTU PEAKIIMH, YHTAJBIIMA U SHTPONHU AKTUBAIIMH U COOCTBEHHO
peaKmum).

A5.10.2. Me:xkMoseKyasIpHbIi 00MeH

Eme oauH BaKHBIM THI U3MEHEHUU CIEKTPa B 3aBHUCHUMOCTU OT TEMIEPATYpPBI
MO’KHO MPOHMJLTIOCTPUPOBATh Ha npumepe criektpa SIMP *H meranona (puc. 90). [lpu
—65 °C nabroiaeTcsi MyJIbTHIIETHOE PACIIEIUICHHE, XapaKTepHOe ISl CITMHOBOU
cucteMbl AXj;. Ilpn moBsIIeHNH TeMIiepaTypbl 00yCIOBIEHHAS CIIHH-CITHHOBBIM
B3aNMOZIEHCTBHEM TOHKasl CTPYKTYpa CHTHAJIOB CTAHOBHUTCS MEHEe OTYETIMBON U
mpu +10 °C ucuesaer BcnencTBue ymmpeHus curaanos. [Ipu +37 °C BHOBB
HaOJIFO/TAT0TCS Y3KHME CHTHANBL, HO Y)ke 0€3 CIIMH-CITHOBOTO PacIIeTIeHHS.

Ota 3aBUCHMOCTH 00YCIIOBIIEHA HE BHYTPHMOJIEKYJIIPHBIM OOMEHOM, Kak B aMu [
Tax, a MeXCMONEKYAAPHbIMU OOMEHHBIMH TIPOIIECCAMHU: TIPH HU3KUX TeMIIepaTypax
Bpems cymiecTBoBaHus cBsi3u O—H nocrarodno Benmko, 1 HabMro1aeTcss HOpMaIbHOE
cnuH-crnuHoBoe B3aumojercreue H-O—C-H. [Ipu noBbllieHUN TeMIiepaTypsl
MEXMOJIEKYIISIPHBIA MTPOTOHHBINA 00MeH yckopsiercs, a pu +37 °C cTaHOBHUTCS
HAaCTOJIBKO OBICTPBIM, YTO HAOMIOAAIOTCS JIBA OCTPBIX NMUKA — CHHTJIETA.

OOMeHHBIE BHYTPH- U MEKMOJEKYIAPHBIE MPOLECCH MMEIOT 0O0JbIIoe
3HAYCHHE B CIEIYIOIUX CIydasx:

* IIpU HCCIICJOBAHUU CIOXHBIX OOBEKTOB, B YACTHOCTH OMOMOJIEKYN H
OpPraHMYECKUX IIOJUMEPOB;

* QIpU U3YUYEHUH NEPErpyNIUPOBOK OPraHUYECKUX COEAMHEHUMN, B TOM 4YUCIIE
BBIPOXKJCHHBIX, HCCIENOBAaHUE KOTOPBIX C HCIOJb30BAHUEM JAPYTHUX
CIIEKTPaJIbHBIX METO/OB 3aTPYyIHEHO;

¢ IIpU YCTAHOBJIICHMU MCXAHHU3MOB IPOTCKAHUA peaKuHﬁ, a TaKXC B JPpYyrux
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-65 °C +10 °C

-10 °C +37 °C

A

Puc. 90. 3aBucumoctb hopmbl MHKI cnektpos AIMP 'H meTaHona ot Temnepatypbi

A5.11.  3KkcnepumenmaneHsie acnekmeol cnekmpockonuu AMP

daxTHuecku 00BEKTOM HCCIIEOBAHHS OPTaHUYECKOTO COEAMHEHUS METO0M
crektpockonuu SIMP sBnsieTcs ammynaa ¢ o0pa3noM — pacTBOPOM BellleCTBa
B JIEUTEPUPOBAHHOM PACTBOpUTENE. AMIYJbl NPEACTABIAIOT CO00 TOHKOCTEH-
HBIe TPYOKM M3 TYTOILIaBKOTO CTEKJa C 0YeHb TOYHO BBHIIEPKaHHBIMU IO BCEH
MHe nuametTpoM (0OBIMHO 5 MM) M TOJIIUHON CTEHOK.

ITpurorosnenue obpasua st peructpanuu crnekrpos SIMP, kak npasuino,
ABIIIETCA HECJIOXKHON mpoueaypoi. CymecTByeT psii JTOCTATOYHO OYEBUIHBIX
00s13aTeNbHBIX TPaBUIT:

* ammyna JoPKHA OBITh YMcTOR. He nmomyckaercs Hanmume Kak XMMHYECKHX,
TaK U MEXaHUYECKUX IMPHUMecEH Kak Ha BHYTPEHHHX, TaK U Ha HAPY/KHBIX
CTEHKaX aMITyJIbl;

* B 3aBHCHMOCTH OT TOrO, KAKH€ 3aJa4M CTaBATCS IPH PErMCTPAlMU CIIEK-
Tpa, IPU IPHUIOTOBICHUH 00Opa3lia OLEHUBACTCS HEOOXOAMMas KOHIEH-
Tpamusi UCCIEAYeMOTO CoeauHeHus. Tak, ISl PEerucTpPalrH CIEeKTPOB
SIMP 'H BemecTtBa ¢ HeGONBIIONH MOJIEKYIApHON Maccoii (mo 500) Brmomne
nocrarouro 10 mr BemiectBa (00uuii o6beM oOpasua — 650-750 mk).
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Bonbinye HaBECKU MPHUBOIAT K YBEIUYCHUIO BSI3KOCTH PacTBOpA, 4YTO BbI-
3pIBaCT yMeHblueHue T U, CIe0BaTeIbHO, YIIUPEHHUE CIEKTPaJIbHBIX JHU-
uuii. IIpu peructpaunn crnexrpos AMP 3C BsaskocTs pacTBOpa He CTONb
KpPUTHYHA, ¥ peKoMeHayeTcs Oparh Oonbiine HaBecku (50-100 wmr);

JIeHTEepUPOBAaHHBII PacTBOPHUTENb BBHIOUPAETCS C YUYETOM CIIEIYIOIINX
KPUTEPUEB!

¢ pacTBOPHMOCTH B HEM HCCIEIyeMOTO COCTUHCHUS,

¢ ’kemaTeNbHO, YTOOBI CHUTHAIBI OCTATOYHBIX IPOTOHOB IeHTEPUPOBAH-
HOTO PACTBOPUTEINS HE MEPEKPBIBAIKMCH C CHUI'HAJIAMH HCCIEIyEeMOTO
COENUHEHNS;

¢ croumocTH pactBopuresns (Hampumep, TeTparuapodypan-dg — pacTBo-
pUTEIh C MPEKPACHON PaCTBOPSIONICH CHOCOOHOCTHIO, OJHAKO OH Ha
nBa mopsaka gopoke CDCl;, 1 B OONBIIMHCTBE CIIy4aeB UCIONB3YIOT
MOCIIEAHHUIA);

(¢ BO3MOYXHOCTH COIOCTaBJICHHUS CIIEKTPa HCCIACAYEMOTO COCOUHEHHUS CO
CIEKTPaMH M3 3JIEKTPOHHBIX OnOnmuorek (Tak, B 6ubnmuoreke ALDRICH
ocHOBHBIM pacTBoputeinem sBisietcs CDCl;, Takke ucmomb3yoTes
JIMCO-dg u Tsxenas Boaa);

nepea TeM Kak TOTOBUTh oOpaszell, MCCIEAYIOT pacTBOPUMOCTb PaBHOM
o Macce HpoObl BemecTBa B O0OBIYHOM pacTBopuTeine. Eciu mpoba
pacTBOPSAETCA LEIHMKOM, PACTBOPHUTENb NPU3HAKOT TOJHBIM. B mpoTus-
HOM CJlydae HeoOXOAMMO JHOO0 MEHATH PacTBOPUTENb, TMO0 YMEHBIIAThH
HaBecKy BemniecTBa. cnekTp SAMP nos:keH ObITh penpe3eHTaTHB-
HbIM, 2 He NPEeACTABAATH C000i CNEKTP IKCTPAKTA Pa3HOOOPa3HBbIX
npumeceii!

MIPU TIPUTOTOBIIEHUH 00pa3iia HeOOXOAMMO CIIEIUTh 32 TeM, YTOOBI B aMITy-
Jay OBUI IIOMEIEH MCTHHHBINA PAcTBOP HCCIEIyeMOro BElecTBa (BO MHO-
X CIy4YasX I MOJYYCHHUS CIEKTPOB BBICOKOTO Pa3pelICHUs HCIOJb-
3yeTCs TIIATENbHOE (PHIBTPOBAHUE WM LEHTPH(YTHpPOBaHHE 0OPa3IOB).
OuYeBUIHBIM CJICACTBHEM SIBISICTCS CIACAYIOIIEE MPABHIO. HCCJIeayeMoe
BelIECTBO B aMITyJie He PacTBOPSIOT;

JUISL OTIpe/IeTICHUs] XMMHUYECKUX CIIBUTOB B 00paselr] HeoOXOAMMO J00aBIsATh
cranaapt. Kak u B ciydae ¢ d-pacTBOpWUTENSIMM, CUTHAN CTaHAapTa He
JIOJDKEH TEePEeKPBIBATHCS ¢ CUTHAJAMH UCCIeAyeMoro Bemiecta. Tpaguiim-
OHHO CTaHIAPTOM SIBIISICTCS TETPaMETHIICHIIAH, curaan koroporo (0 m.n.)
HE MEePeKPBIBACTCS C CUIHAJaMU OOJIBIIMHCTBA OPraHMYECKUX COSAMHEHUMN
(KpoMe HEKOTOPBIX BIEMEHTOOPTAHUYECKUX W TMPOU3BOIHBIX IUKIOTPOMA-
Ha). OMHAKO B KA4eCTBE CTAHAAPTOB MOXKHO HCIIONB30BATh M IPYTHE BEIlle-
CTBa, CUTHAJIBI KOTOPHIX B criekTpe SIMP sBisitorcst cuHIiieTamu, Harpumep
CH,CI, (5.30 m.1.) u muokcan (3.69 m.1.). B D,O u meranone-d, B xage-
ctBe craggapra ynoouo npumensats (CH;);SiCD,CD,COONa, mis koToporo
xumuueckuit casur 6 = 0.00;

d-pacTBOpHUTENIN HE NOJKHBI CONEPIKATh BOIBI; MPUCYTCTBUE 3HAYUTEIBHBIX
xonmuuectB Bogbl B JIMCO-dg, MeTaHONe-0, W aHAIOTUYHBIX PACTBOPUTENSIX
MPUBOIUT K ToMy, uTo curHaisl rpymnn —OH, -NH,, -COOH ymmpsiorcs,
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U3MEHSETCS UX XUMHUYECKUU CABUI';, HAKOHCL, OHU MOTYT HNPOABJIATHCA
B BUAC HNIMPOKOTO CUTHAJIa BMECTC C NPOTOHAMH BOIBI.

Br16op pacTBOpuTeNs W cTaHZapTa ONpeAeseTcs He TOJBKO HeoOX0auMo-
CTBIO OTCYTCTBUS HAJIOXKEHHSI UX CUTHAJIOB HAa CUTHAJBI UCCIEAYEMOrO COEIU-
HeHus. HyXHO y4uTBIBaTh, YTO PaCTBOPUTEIb MOXKET B3aUMOJIEUCTBOBATh KaK
C BELIECTBOM, TaK U CO CTAHAAPTOM. JIOCTATOYHO XapaKTEpHBIE NMPUMEPHI:

e mpu peructpauuu crextpos SIMP H crepounos Bmecto CDCl; wacto
HUCTONB3YIOT OeH305-0g, Tak Kak CHTHaIbl B HEM JydYIllle Pa3pellieHbI
(ocobenno B anudatuueckoil 0061acTH);

* MpHU PETHCTPAIMH CIEKTPOB B OeH3one-Ug B KayecTBE CTaHAApTa MCIOIb-
3oBatb CHCI; Hemp3st — xmopodopM o0OpasyeT ¢ GEH30JI0M acCOLUATHI,
B kotophix mporon CHCI; crenuduuecku skpanupoBan (pasHua XHMH-
YEeCKMX CIBUIOB B OcH30J¢ W mukiaorekcane cocrasiser 0.84 m.na.);

* ISl PETUCTPAIUH CIIEKTPOB CIHPTOB M aMHUHOB yAOOHO HCIIONIB30BaTh TIIA-
TenbHO BeICyIIeHHbIH IMCO-dg, Tak KaK B HEM 3aMEIJISIOTCS IIPOLECCHI
oOMeHa TPOTOHAMH, YTO HMPHUBOAHUT K CYKCHHUIO CICKTPAJIbHBIX JHHHM.

B 3axmrodueHme HEOOXOIUMO OTMETHUTH, YTO B PAa3IMYHBIX PACTBOPHUTEISIX
XUMUYECKUE CABUTH CUTHAJIOB JUISI OJHOTO M TOTO K€ COCIWHEHUS MOTYT pa3iiv-
yarbca. KpoMe Toro, MOryT pa3in4arsCsi M BEIMYMHBI KOHCTAHT CIIMH-CIIMHOBOTO
B3aHMOJICUCTBUS.

A5.12,  [pumepeol ucnonvsoeanusa cnekmpockonuu AMP e cunmese

[Ipu uaeHTHGUKAMYE COEIMHEHUH ¢ UCTIONb30BaHUEM criekTpockonun SIMP H
YUYUTBIBAIOTCA CIEAYIOIIME MapaMeTpBbl:

* XMMHYECKHE CIBHTH CUTHAIOB (CM. TaONHMIy XMMHYECKHX CIBUTOB,
npuinoxenue B2);

* UHTErpajibHas MHTEHCHBHOCTh CHUTHAJIOB Ka)XKIOTO THIIA,

* TPOSIBIICHUE CIIMH-CIIMHOBOTO B3aMMOJCHCTBHUS, B UICAJIbHOM CiIydae JOITy-
CKaloIlee MHTEPIPETALNIO B NPUOIMIKCHUH CIIEKTPOB MEPBOTO MOPSIIKA.

Cnextpsl IMP 3C comepxar uMHpOpMAILMIO O YMCIE U THIAX Pa3IMYHBIX
YIIEPOIHBIX aTOMOB B MOJIEKYJIE, IPHUEM BO MHOTHX CIydasx yAaeTcs HICH-
TUOUIHPOBATH YETBEPTHUHBIC aTOMBI YIiiepoaa. XapaKTepHbIE BETUYHHBI XU-
MMYECKHMX CABUTOB B crekTpax SIMP '°C npusenensl B mpunoxenuu B3.

B 3aBepuienue mnocssiieHHoro crekrpockonuu SAMP paszgena mpuBenem
HECKOJIBKO MPUMEPOB HCIIONB30BAHHS ITOTO METOAAa B PYTHHHOW CHHTETH-
yeckoi mpakTukel.

! Ecmu B IMIPUBOJUMOM CIICKTPE HE YKa3aH paCTBOPUTEIDb, HCTIOJB30BaHHBIN JJI IPUTOTOBJIC-

Hus o6pasua, noapasymenaercas CDCly. Keratu, npu ananuse cnexrpa SIMP °C semectsa
HE Clle[yeT YYHThIBaTh TPU OJHM3KO PACIONOKEHHBIX CHIHANA, LEHTPAIbHBIA U3 KOTOPBIX
UMeeT XUM. cIBHUT 77 M.Ja. DT1o curHan pactBopurens CDCls.
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Puc. 91. Cnektp AIMP 'H npombiTOil BOAON PEAaKLMOHHON CMECU CUMHTE3a METUI0BOrO
sdupa 2,6-gumetnndeHona

MMpumep 1. Peakiuto Mexnay 2,6-muMeTundECHOIOM U TUMETHICYJIb(AaTOM
IIPOBOIUIN B yciaoBusAx Mexdasnoro xaramusa (30%-it KOH — CH,CI,, kara-
muzarop — [Bu,N]Br).

OH Me,SO, N

_—
KOH/H,0/CH,Cl,
[BugN]Br

Yepes 14 4 nepeMemnBaHus IPH KOMHATHOW TeMITEpaTtype K CMeCH IpHOaBHiIn
paBubie 00bemMbl CH,Cl, 1 Bosibl, Opranuueckuii ol OTACIHIM, TPOMBUIHA BOJON
U ynapwin B BakyyMe. OCTaTOK MpPEACTaBIIsI cOO0H MaciIoo0pa3HyIo KHUIKOCTH
KOPUYHEBOTO [IBETA U MUMEN TpUBeneHnbIi Ha puc. 91 cekrp IMP H. Ml Bu-
UM, 9TO B CIIEKTPE NMPHUCYTCTBYIOT CHUTHAJIBI apoMaThHdeckoil A,B-cuctemsr,
CHHIJVIET, COOTBETCTBYIOIINH METOKCHUTPYNIE, U CHHIJIET, COOTBETCTBYIOIINH
IByM METHJIBHBIM TPYIIIaM.

EnuHCTBEHHBIH CHTHAN MpHUMECH NMpH 4 M.A. MMEeT MHTErpaj, He IPEeBHI-
matomuid 2% OT WHTErpaJbHONW MHTEHCHBHOCTH CHUTHAJla METOKCHTPYIIIBI, U CO-
OTBETCTBYET AMMCETHICYIbdary. Takum o0pazoMm, MOTYyUEHHBIH Mpenapar naxe
0e3 meperoHkn uMmeeT yuctoTy Oonee 98% m MOXeT OBITH MCIIOJIB30BaH Jlajiee
0€3 ITOMOTHUTEILHON OYHCTKH.

Ipumep 2. Kunsuenne 6€H30IHOTO pacTBOpPAa KPOTOHOBOM KHCIIOTHI C M30-
OyTHIIOBBIM CIIHPTOM B O€H30J€ B NMPHUCYTCTBUH NAPA-TOIXYOJICYIb(OKHCIOTHI
COTIPOBOXK/JIAJIOCH OTAENeHHEeM Boabl. Uepe3 4 4 cMech OXJaAWIIH, TPOMBUIH
pacTBOPOM COIBI, yHapwuiu W mepersand. [Ipu sTom ¢ Beixogom 76% momydu-
U OeCIBETHYIO KUAKOCTh ¢ T. kuil. ~60 °C/12 mm pt. ct. Huxe npuBeneHst
ee crektpel AMP.
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O4eBHIHBIM MPOAYKTOM pEaKLUU SBISETCH CIOXHBIA 3dup — smop-OyTui-

KpOTOHAT.
O H@ (o] >—/
OH \_( — 0
OH CGHSvA

B cnekrpe AMP 'H (puc. 92) nabmronarorcs curnansl npu 7.0 u 5.85 m.x.
MynbTHILIETHOCTD MEPBOTO MO3BOJISET C YBEPEHHOCTHIO COOTHECTH €ro C BU-
HUJIBHBIM TIPOTOHOM II0 COCEJICTBY C METHJIBHOW rpynmnoil. Bropoii npencrasnser
coboii nybnetr — kommoHeHT cnuHoBO#M cuctembl AX. Bennunna KCCB (15.5 T'm)
MO3BOJISIET CHEATh 3aKIIOUCHUE 0 mpanc-koudurypaiun gparmenta —-CH=CH-.
Mynerumier npu 4.91 m.a. coorBercrByer —OCH<. Ilpu 1.88 m.n. pacmono-
KEH curHan ayummibHOU rpynnbl —CHz. Mynbrumner npu 1.6 m.a. — pesyasrar
HAJIO)KEHHsI CUTHAJIOB JIByX MHACTEPEOTONMHBIX MpoToHoB rpymmsl —CH,— (nuna-
CTEPEOTONHsI BO3HUKAET M3-3a COCEJCTBA C LIEHTPOM XupanbHOCTH). HakoHerl,
ny6ier npu 1.23 m.u. u tpumwier npu 0.92 M., — CUTHAIBI METHJIBHBIX TPYIII
M300yTUIILHOTO 3aMeCTUTEIIS.

B cnekrpe SIMP 3C (puc. 93) nabmrogaercs 8 cMrHaiaoB, IPUYEM OIUH pac-
HIOJIOXKEH B 00JIaCTH, XapaKTEepHOW Ui KapOOKCHUIIBHOM TpyNIbl HEMpPeAeTbHbIX
kucaor (166.2 m.xa.), nBa curnana (143.9 u 123.2 M.1.) 10 BeIMYHHE XUMHYE-
CKHX CJIBUTOB M MHTCHCHBHOCTH COOTBETCTBYIOT currainam =CH-.
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Puc. 92. Cnektp AMP 'H n306yTunkpoTtoHara
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Puc. 93. Cnektp *C AMP emop-6yTunkpoToHaTa

OOmmii BUJ CIIEKTPOB, OTCYTCTBHE TpuMeced (3a MCKIIOUEHHEM CHTHAIa
Oensona Ha ypoBHe 1%) mO3BOJIIET cAelaTh BBEIBOJ OO YIOBIETBOPUTEILHOM
YUCTOTE TEPErHAHHOTO IIperapara.

Mpumep 3. Konaencanmio KuEpeHarens mexny 4-ximopOeH3aabIeTHAOM
U MaJIOHOBOUM KHUCIOTOW TPOBOAWIN B MUPUIHNHE.

CHO COOH @ COOH
/©/ + ' /©/\/
A
Cl COOH Cl

UYepe3 1 u HarpeBaHMs Ha KHIAIIEH BOASHON OaHe cMech BBUTIIIM B 5%-10
HCI. Ob6pa3oBaBuniicss ocafiok OTACIWIM W 3aperucTpupoBanu crnektp SIMP
H (puc. 94).

Curnan rpynosl —COOH B cmekTpe sBisieTcs mupokum (6osxee 2 M.1.)
W Ha pUCyHKe He mpuBeneH. Cpasy oOpamaer Ha ceOs BHUMaHHE Halndue
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Puc. 94. Cnektp AMP "H ocapka, BblieneHHOro 13 peakumu (npumep 3)
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octporo nuka npu 9.9 m.n. CurHansel B 3TOi 007acTH COOTBETCTBYIOT allbJie-
TUAHON TpyMIe, MO3TOMY MOKHO IPEANONOXHUTh, YTO MOJYYEHHBIH mpemapar
COJIEPKUT MPUMECh HENPOPEArupOBABIIETO albAETUIA. JTO MOJITBEPKAACTCS
W TpHUCYTCTBUEM mpu 7.78 M.n. nybOnera BOBOe OONbIIel MHTEHCHBHOCTH —
komnoHeHTl AA'MM’-cuctembl. OcTanbHON CHEKTP BIOJHE COOTBETCTBYET
oxunaemMomy: apomarndeckas cucreMa AA'MM’ u AX-pparment —CH=CH-.
WHTerpupoBanne mokasplBaeT, 4TO Ipenapar coaepkut Oonee 15 mon.%
HCXOAHOTO 4-XJIOpOeH3aIbAeTHIA.

Aé6. COCTABJIEHWE OTYETA O NMPOJENAHHON PABOTE

Becbma BakHOU U CYIIECTBEHHOW YacThIO MPAKTHKyMa MO OPraHUYECKOW XUMUU
SIBJISICTCS] JOMALIHSASA TOATOTOBKA IO y4eOHUKaM, PYKOBOJCTBAM, CIIPaBOYHOH,
a WHOTJAa W OpUTHMHAIBHOM suTepaType. He ciemyer Tparuth s1abopaTopHbIe
gachl Ha 3HAKOMCTBO C TEOPETHUUECKUM MaTepHajoM M METOAMKON mpen-
cToseH paboTHI.

JomamiHow paboTy cienyeT Ha4WHaTh C MPOPaOOTKH TEOPETUYECKOro Mare-
puana mo JaHHOMY CHHTE3Y C IOMOIIBI0 YYCOHUKOB U PYKOBOJICTB, 3aT€M O3Ha-
KOMHUTBCSI C MCXOIHBIMU BELICCTBAMHU, KOTOPBIE HCIONB3YIOTCS B JAHHOM CHH-
Te3e — HAWTW B CNPABOYHOU W y4ueOHOU JuTepaType NaHHbIe O (U3UYECKUX
U XMMHUYECKHX CBOMCTBaxX 3TUX COCIMHEHMH, 0c000€ BHMMaHUE OOpaTUTh Ha
TOKCHUYHOCTh MIPUMEHSEMBIX PEareéHTOB U MEphI MPEIOCTOPOKHOCTH MpH padote
C HUMH.

Jns opopmiteHus 3a/1a4 HACTOATENBHO PEKOMEHAYETCS MOJIb30BATHCS CIIEIIH-
aJpHO pa3paboTaHHOM (opMOH JIs BeleHHUs J1abopaTopHOro kxypHaia. B mpu-
noxxennn B4 mpuBeneHo aBa BapuaHTa Takoil gopmbl. Criocod BeneHHS XKyp-
Haja BBHIOMpAET MpernoiaBaTeb.

Ilepea BbINOJTHEHHEM IKCHEPUMEHTAJIbHON PadoThl CTYAEHTHI 00sI3aHBbI
NOJYYUTh NUCbMEHHBIH JOMYCK y mpenogapartens. s 3Toro Heo6xoaumo
NpeIbIBUTH 3aMO0JHEHHBbIH (TA0JMIBI ¢ pacyeTaMH KOJHYECTBA PEareHToB,
CXeMbl M YPABHEHHSI OCHOBHBIX M MOOOYHBIX peakiuii) JUCT JadopaTopHo-
ro ;KypHaja, a TaKxe MepevyucJauTh Heo0X0AuMble /sl BHINOJHEHHUs MPaK-
THYECKOil padoThl peareHThI, 000PYJI0BaHUEe W JIA0OPATOPHYIO MOCYAY.

OOpanraem Baimie BHUMaHHE Ha OT/AENIbHBbIC rpadbl TaOmUILI J1abopaTopHO-
ro xypHana. B komonke «PeareHT» yka3bIBaeTCsl Ha3BaHHE KaXkJOTO pearcH-
Ta. B crnenyromeil koloHKE — ero MoJeKylsipHas ¢opmyina, HeoOxonumas AJs
ONpeaeacHUs. MOJEKYIIPHOM Macchl (TPeThs KOJOHKA). B 4ueTBepTOi KOJIOH-
Ke — «0d» — yKa3pIBaeTCs TUIOTHOCTH BEHIECTBA, 3aT€M — €r0 MOJSIPHBIA 00beM
(06vem 1 Moib). OUeBUAHO, KOJOHKU 4 M 5 3alOJHSIOTCS TOJIBKO JUIS JKUIKO-
cteil. U, HakoHel, B ABYX MOCIEIHUX KOJOHKAaX YKa3bIBaIOTCA KOJIMYECTBa pea-
TeHTOB B rpamMMax (MHJUTMJIATPaxX) W 3aT€M — B MOIb. 3arpy3ku OONBIIHHCTBA
CHUHTE30B B IPAKTUKyME€ HEBEIUKH, U PEKOMEHIYETCS B KauyeCTBE EAUHUIIBI
KOJIMYECTBA BEILIECTBA HCIOIH30BaTh MUJUIUMOIb — MMOJIb.

[lone3Ho Takke OTAeIbHO COCTABIATH IUIaH PadOTHl, B KOTOPOM OTMEUYCHBI He-
00XOAMMbIC MAHMITYJISIIIMM 10 MPOBEACHUIO CHHTE3a U BBIACJICHHUIO BEIIECTBA.
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B mpounecce BhINOJHEHUS] MPAKTUKyMa CIEAYyeT MOAPOOHO OCTAHOBUTHCA
Ha ammapaTtype, YCJIOBUSAX IPOBEACHHUS PEaKIMM M Ha OCHOBHBIX OCOOEHHO-
CTSAX ee MPOTeKaHWs, aKKypaTHO 3aliChIBaTh CBOM HaOIIOACHUS 332 XOIOM
npoTekanust peakuuil. Ciaeayer Takke OTMeuaTb BCE€, YTO IPUBJIEKIO Balle
BHUMAaHHE BO BpEMs BBIMIOJHEHUS PabOThl (M3MEHEHHE OKPACKH, MOSIBICHUE
XapaKkTEpPHOTO 3amaxa u T. 1.).

OnucaHue 3KCNEPUMEHTANBHON YacTH HH B KOeM cCJydae He JOJIKHO
SIBJISIThCS NEPEeCcKa30M METOJAMKHM CHMHTe3a, NPHUBEACHHOH B PYKOBOACTEE.

[lo oxoHwanum paboTsl cienyeT 3a)UKCHPOBATH KOJHMYECTBO YHUCTOTO IIPO-
IyKTa, TPOM3BECTH pacdeT BBIXOJa JaHHOTO BemlecTBa B % OT TEOpPETHYECKH
BO3MOJKHOTO, a TaKXe OT HPHUBEIACHHOr0 B MeToAuKe. OTYET 3aKaHUYMBAECTCS
BBIBOJIaMH U3 TIPOJICITAHHONW PabOTHI.

K otuery 0 cuHTe3e HE00X0AMMO TaKiKe NPHJIOKUTH JaHHbIE, CBU/ETE/b-
CTBYIOLIHE 0 YHCTOTE H AYTEHTHYHOCTH IOJYYCHHOI0 NPOAYKTA, HANIpUMep
crnekTpbl SIMP, BeJiMYUHBI TeMnepaTyp ILIABJCHHS, IOKa3aTe/ell npejaoMm-
JICHUSl WJIM UHBIX XapAKTEPUCTHK CHHTE3MPOBAHHOIO nmpenapara. B cnek-
Tpax SAMP HeoO0xoauMo caenaTh OTHECEHHMS BCeX IPYII CHTHAJIOB.

3ayeT MO NPAKTHKYMY BBICTABJISETCS IO COBOKYIHOCTH NPOJCJIAHHBIX
cunTe3oB. Kaxnas 3agauya caaercs npenojaBaTesl0 OTAEAbHO, 3a4eT IO
KaxkA0# 3a7a4e GUKCHPYETCH NHCbMEHHO.

Takum oOpa3om, JabopaTopHBbIil KypHaJ npeacTabjiseT oGopMJIeHHbIe
O0T4YeThbl 0 NMPOBEJCHHH CHHTE30B, BKJIKYAIOLHE IKCIEPHUMEHTAJIBHO II0-
JIyYeHHbI¢ JaHHbIE, MOATBEP:KAA0IINE CTPOCHHE U YHCTOTY MOJYyYEHHBIX
BellleCTB.

MMOMHMUTE, YTO KOJJUYECTBO 3AHSITUI B IIPAKTUKYME,
OTBEJIEHHBIX HA SKCIHHEPUMEHTAJIBHYIO PABOTY,
KECTKO OT'PAHUYEHO.
HE MPOIIYCKAWTE 3AHSITUN BE3 KPAMHE YBAKHUTEJBHOM
IIPUYNHBI, HE TPATBTE 3PSI BPEMSI B [IPAKTUKYME!




b.  NMPEMNAPATUBHAA YACTb

B macrosimee mocoOue BKIIFOYSHBI CHHTE3Bl OPTaHUYECKUX COCTUHEHUH B COOT-
BETCTBHHU C MPOrPaMMOM 1O OpraHnvecKkoir xumuu st ctynaentos Il kypca xumu-
yeckoro (akynaprera MI'Y um. M. B. JlomoHOCOBa. Bce MeTomuKky, BKITFOYCHHBIC
B COOPHHMK, IIPOBEPEHHI MpenoaaBaTesIMi Kadenpsl OpraHuIecKoil XUMUH.

B mepBbie Tpu HeAenu MPAaKTHKyMa CTYIEHTH! BBIIOIHSIOT Pa0OTHI IO «BBO-
JHOMY KOHIICHTPY», B KOTOPBIH BXOIAT 3a/Ja4l YETHIPEX THUIIOB. CHHTE3 CJOMHBIX
3(¢upOB, CHHTE3 aMUIOB OPTraHMYECKUX KUCIOT, TOHKOCIOWHAsI XpoMmaTtorpadus
Ha iactuake «Silufol» u npenapartuBHas xpomarorpadust Ha OKCHIE aJFOMUHHS.
B 3TOT mepuon CTYIEHTHI NOJKHBI OCBOUTH METOABI OYHMCTKH OPTaHHYECKHX
coemuHeHHH (MeperoHKa, MepeKPUCTALTH3AIN), & TAKKE METOIb UIeHTH(HKA-
mun (TCX) u pasgenenus (komonka ¢ Al,O;) opraHMYecKHX BEILECTB.

CuHTeTHYECKHE 3aJaud, BOIICAIINE B MOCOOMEe, BBHIOpaHBI C YYETOM BO3-
MOXHOCTEH MpakTHKyMa MO OPTaHWYECKOW XHMHH XHUMHYECKOTO (aKyibTe-
ta MI'Y um. M. B. JlomoHocoBa. [Ins Bcex mpeajaraeMbiXx CHUHTE30B IMPHUBO-
ISTCS ONTHMANbHBIE KOJNMYECTBA HMCXOMHBIX COCAMHEHUH, KOTOPHIE CIENyeT
JaBaTh CTyJCHTaM. DTH KOJUYECTBA MOTYT OBITh yYBEJIMYEHBI MPENOIaBaTeieM
B HECKOJIBKO pa3, €ClIM KOHEYHOE COCTUHCHHUE HCIIONB3YeTCs B LEMOYKEe CHH-
TE€30B WM B JlalbHEHIIeH KypcoBoi paboTe.

B cOopHHK BKJIIOYEHO MHOTO HOBBIX pa3pabOTaHHBIX HaMHU WM HW3MCHCH-
HBIX II0O CPaBHEHUIO C JIUTEPaTypoil MeToAuK. VM3MeHeHuUs u noOaBieHUS B py-
KOBOJICTBO BHOCIUINCh Ha OCHOBAHMM MHOTOJIETHEI'O OIIBITa MpenojaBaTeieil
Kadeapsl.

YacTh CHHTE30B OpPraHUYECKUX MpEnapaToB MPUBOAUTCA B BHUJE CCHUIOK Ha
JIETKO JOCTYIHBIE JTaOOPaTOpHbIE MPAKTHKYMbI (CIIHCOK MPUHATBHIX COKpAIle-
HUU I MATHPYEMBIX JINTEPATyPHBIX UCTOYHHKOB MPUBEACH B KOHIIE ITOM
yactu — pasa. b1l4). B aroMm ciyyae CHHTE3 CII€IyeT BBIMOJHATH TOYHO IO
yKa3aHHON MeToauke. B mpuMeuaHUsxX MPUBOAATCS HEKOTOPBIC TOTOJHEHUS
K METOJUKAaM, KOTOpBIE, 10 MHEHHUIO aBTOPOB MOCOOMs, HEOOXOIUMO 00513aTelb-
HO YYHTHIBaTh. KpoMe TOro, B MpUMEUaHHUSIX CONEPIKUTCS BaKHAs WHGOPMAIUSI
MO0 TEXHUKE OE30MACHOCTH, KACAIOMICHCss pabOThl ¢ KOHKPETHHIMU XUMHYCCKUMU
BEIIECTBAMHU M MPHUOOPAMH.

b1. BBOJHbIA KOHLEHTP

b1.1.  Cunme3 cnoxHeoIxX 3¢pupoe

b1.1.1. DrTuaxaopaunerar

JIAB. c. 78
COOH OH H,SO o
C|J + A,
A o]

°\
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XnopykcycHas KucnoTta 20r CuHTe3 npoBoAAT
CnupT 3TUNOBbIN abcC. 15 mn B BbITAXKHOM WIKady
CepHasa KncnoTta KoHL. 1.5 mn

B xpyrnogonnyto konly emkocthto 100 mi, cHaGkeHHYI0 OOpaTHBIM XOJIO-
IUIBHUKOM C XJOPKaJbIMEeBOW TpyOko#, momemator 1.5 mn konm. H,SO,,
15 M aGconrotHOTO 3THIIOBOTO cnupTa U 20 T XJIOpykcycHoW kuciotel. CMech
B TeueHWe 3 4YacOB KHIIATAT Ha BOASHOH OaHE ¢ OOPAaTHBIM XOJOIWIHHHKOM.
[lo oxoH4YaHWM HarpeBaHWs NPWIMBAIOT PaBHOE KOJIMYECTBO BOABI, OTIENS-
0T B JICTUTEIbHONW BOPOHKE HWXKHUU CNO#l (CIO0XKHBIA 3(Up), BHICYIIUBAIOT
ero Hanx miasiensiM Na,SO, u meperonsotr B HeOonbimol konbde Kisiizena
¢ koportkuM aediermaropoml. Beixog 17 r (65% OT TeOpeTHYECKOTO); T. KHIL
142-146 °C / 760 mm pr. cr., nZ’ 1.4230.

AMP 'H & (m.a., CDCl3): 1.22 (3H, 1, J = 7 Tu); 3.97 (2H, ¢); 4.16 (2H, k, J = 7 Tu).
AMP 3C & (m.4., CDCl,): 13.8; 40.7; 62.0; 167.1.

Bb1.1.2. Drmiaanerar

Opr.T. 2. c. 86
O
—cooH+ P _HCL
CaCIz (@)
A A\

ITpu mony4YeHWH HU3MIMX alKWjiIaneTatoB (METWUJI- M JTUJIAleTaTa) Ieyieco-
00pa3HO HCIOIB30BaTh MOAU(DUIIUPOBAHHYIO METOAMKY.

YKCycHasa Kucnota neg. 10 mn
CnnpT 3TUNOBbBIN abc. 12 mn
HCl KoHU. 0.5 mn
CaCl, 6e3BogHbIN 61

B kxpyrmogonHyro koi0y emMkocThio 50 M, cHaOXeHHYH OOpaTHBIM XOJIO-
JUITBHUKOM C XJIOPKAJIBIIMEBOW TpyOKo#, momemarT 12 Mi abc. 3THIOBOTO
coupra, 10 mMi nensuoii ykcycHo#t kuciaorel, 0.5 miu konn. HCl u 6 r mpoka-
nernoro CaCl,. B ko0i0y OpocaroT «KHIEIKH» M CMECh HarpeBaroT Ha Koibo-
Harpesareie 1.5-2 waca, mommepkuBas paBHOMepHOE KunieHHe. OXIaKIeHHYIO
KHUAKOCTh BBUIMBAIOT B JCIMTEIbHYIO BOPOHKY, OTICNSIOT HHKHUN BOJHBIH
cioH, a ocrapmmiics 3¢up npombiBaroT 2%-M pactBopom Na,CO; 1o HelTpab-
HOM peakumu?. 3aTeM IS OTAENCHHS CIUPTa JTHIAIETAT BCTPAXHBAIOT
¢ 50%-m pactBopom CaCl,. Otaenstor HWKHWUI BOJHBIN CIO#, a MOTyYECHHBIH
5¢up cymar npokanennsim CaCl, me menee 10 wacos®. Ddup meperonsror

Oruixiopanerar — Jakpumarop. [locyny mocine okoHYaHUS pabOThI CIIEAYET OIMOJIACKUBATh
pacTBOPOM ILENOYH, BOJIOH, alleTOHOM M CYIINTh B BBITSDKHOM IIKady.

2 Cwm. pasn. A3.2.

XJOpHUI KaNblUsl CBSI3BIBACT HE TOJNBKO BOAY, HO W CIIUPT.
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¢ HMCHonb30BaHueM kojtbonarpesaresst. Beixon 10.5 r (71% ot TeopeTnyeckoro),
T. kun. 77 °C / 760 mm pr. ct., ng’ 1.3728.

AMP 'H & (m.a., CDCl3): 1.05 (3H, 1, J = 7.2 Tu); 1.82 (3H, ¢); 3.91 (2H, k, J = 7.2 Tu).
AMP 3C 6 (m.g., CDCly): 13.7; 20.4; 59.8; 170.4.

b1.1.3. Byruaaumerar
V. p. 699

Memoo A

[psmas sTepudukanuss YKCyCHOW KHCIOTHI H-OyTaHOJIOM B MPHUCYTCTBUU
konm. H,SO,

YKCycHasa Kucnota neg. 30 mn
H-ByTunosbIn cnupT abc. 23 mn
CepHasa Kncnota KoHL,. 1 mn

B omHOrOpnyo KpyrinomoHHy0 KoiOy emkocThio 250 mi, cHaOxeHHYHO 00-
PaTHBIM XOJIOJWJIBHUKOM C XJOPKAJIBLUEBOW TPYOKOW M MarHWTHOW MeIajKoi
C MOIIHBIM HarpepareyieM, IoMeniarT cmech 23 mu OyranHona-1 u 30 mi je-
JSTHOW YKCYCHOHM KHCNOTHI. I[lpM WHTEHCHMBHOM IEpeMeNINBaHUH W3 IHIIETKH
n00aBIAIOT MO KarursiM 1 Ml KOHII. CEpHON KHCIOTH. PeakIMOHHYIO cMech
KHITATAT B TeueHHe 3—4 dYacoB, oXJaxkAaroT W BbuimBaioT B 100 M nmepsHoi
Bonbl. [lonmyueHHYI0 cMeCh MEepeIuBalOT B JISNUTENBHYI0 BOPOHKY U OTHEISIOT
opraHnveckuil (BepxHHUH) CIIOH, KOTOPHI Mocae0BaTeNnbHO IpoMbiBaoT 50 M
JIeITHOM BOJBI, 15 MJT HACHIIEHHOTO pacTBOpa THApPOKapOOHaTa HATpHS U 25 M
XOJIOAHOM Bofbl. [lomydeHHBIN HEOUNIIEHHBIH #-OyTHiIaneTar BHICYITHBAIOT HaJ
MIPOKAJICHHBIM CYNb()aTOM MarHus W MEeperoHsoT MpH aTMOCHEpPHOM JaBICHUH
u3 KonOBl ¢ HeBbIcOKUM AediermaropoM. Beixoa 20 r (69% ot Teoperuyuecko-
ro), T. kun. 124-126 °C / 760 mm pr. ct., nZ 1.3951.

Memoo b
[-M. c. 212

OrepupuKamus YKCyCHOW KHUCIOTHI H-OyTAHOJIOM B MPUCYTCTBHH KOHII.
H,SO, ¢ a3eoTpomnHoii OTroHKOWH BOjABI (C HCIONBb30BaHHEM Hacaaku JluHa—
Crapka B KauecTBE BOJOOTACIUTES)

YKcycHasa Kucnorta nep. 10 mn
H-ByTunosbin cnnpt abc. 175r
CepHasa KncnoTta KoHL. 1.5 mn

Sdup 50 mn
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B kpymonoHHyo kondy eMkocThio 50 M1, CHaOKeHHYI0 00paTHBIM XOJIOAMIIb-
HUKOM ¢ BojpooTaenutenem® (Hacanka una—Crapka), nomemaor cmech 10 mi
JeITHON YKCYCHOM KHCIOTHI (MM COOTBETCTBYIOIee KomuuecTBo 80%-i Kuc-
notel), 17.5 r u-6ytunosoro cnupta u 1.5 Mi KoHII. cepHO#M Kucnotel. CMech
KHIIATAT Ha NecyaHoil OaHe. B mpomecce peaknuu B BOXOOTAETHTENE COOH-
paroTcst BoJla M CHHPT, KOTOpBle 00pa3yloT 2 cios. BepxHuil criupToBbIi ciioit
JOJDKEH CBOOOJIHO TepeNMBaThCs Yepe3 Kpail HacajkH, BO3BpAIasCh B PEaKIHIO.
Peakuus cumraercs 3aKOHYEHHOM, KOTAa B BOAOOTAENHUTENE He OyaeT Oounblie
cobuparbcs Boga. ComepkuMoe KOJOBI OXJIAKAAIOT 10 KOMHATHOH TeMITepaTyphl
W TIPOMBIBAIOT B JICTUTEIHHOH BOPOHKE CHayajla paBHBIM OOBEMOM XOJOMHOM
BOJIBI, 3aTeM ocTopokHO 10%-M pacTBOpPOM CObI, 3aTeM CHOBa BOAOI 110 HEH-
TpaJIbHOW peaKkIHH NMPOMBIBHBIX BOX. ByTmmanerar oTAensioT, oObeInHEHHBIN
BOIHBIA cIOW 3KcTparupyrotT ddupom (2%25 mi), 3¢uUpHBIE BHITSKKA 00b-
eIMHAIOT ¢ OyTmianeraroM. D(QUPHBIH pacTBOp cymar 0e3BOAHBIM CYIb(haToM
Maraus uiau Hatpus. lleperoHstor 3gup n3 KonOBl ¢ BBICOKHM aediermaro-
poM, cobupas ¢pakuuto npu 124-125 °C / 760 mm pt. cT., Beixog 13.5 1
(70% ot teopetnueckoro). Yucteiii Oytunanerar kunut npu 124-126 °C /
760 MM pr. cr.; ng’ 1.39512,

AMP 'H & (m.a., CDCl3): 0.80 (3H, T, J = 7.3 Tu); 1.26 (2H, m.); 1.48 (2H, m); 1.90 (3H, ¢);
3.93 (2H, T, J = 6.8 TU).

AMP '3C & (m.a., CDCly): 13.3; 18.9; 20.6; 30.4; 64.0; 170.8.

b1.1.4. CunTe3 BBICIIHX AJIKHIANETATOB (00LIas METOANKA)

Opr.T. 2. c. 86
o}
to + RoOH 2Cl
— acpup O-R

o) VAN
YKCyCHbIN aHrnapug, 0.1 monb
Cnupt abc. 0.1 monb
Auetunxnopug 0.01 monb

ddup 50 mn

B nByxropiyio KpyriiogoHHy 0 koin0y emkocThio 100 mi1, cHaOXKEHHYIO MarHUTHOMN
MEIIaNKOH, KamneJdbHOW BOPOHKOM M OOpaTHBIM IIAPUKOBBIM XOJIOAMILHUKOM

! Ecmu HCHOJIL3YETCSA BOLOOTACIUTEIIb 0OJIBIIIOTO O6’beMa, TO €ro cjaeayeT npeaBapuTeibHO

3allOJHATH H-OyTHJIOBBIM CIIMPTOM. B mpoTHBHOM ciydae M3 peakuMOHHOI cMecu Oyner
yAaJeHO 3HAaYMUTEIHHOE KOIMYECTBO CIIMPTA, YTO MPUBEHET K PE3KOMY CHIIKEHHIO BBIXOZA.
AHaJIOTUYHO NOJy4YaroT u3oammianerar u3 10 mur smex. ykcycHoil kucnotel u 15 T m3o-
ammoBoro cnupta. Ilpum meperonke cobupator ¢pakiuro npu 138-142 °C, Beixon 15 r
(70% ot Teopernueckoro). UncThI M30amunanerar umeet T. kur. 142 °C, n@ 1.3999.
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(kamesbpHAss BOPOHKA M XOJOAUIBHUK 3ALIMIICHBI XJIOPKAIBIIUEBBIMUA TPyOKaMu),
nomematoT 0.1 monb ykcycHoro anrmapuga u 0.01 monb xmopucToro amneruna.
K cmecu u3 kxanenpHOI BOpoHKH B TedeHue 10-12 MHH nOOaBISIOT MO Karuisim
npyu MHTeHCHBHOM mepeMemnuBannu 0.1 monp cnmpra. CMech KHIATAT 2 Haca.
PeaknmoHHy0 Maccy BBUIMBAIOT B JesHY0 Boay (~100 M) u oTHensroT BepxHUit
croi cnoxkHoro 3¢upa. BoaHbli pacTBOp 3KCTparupyroT sdupom (2%25 m).
OObenHEeHHBIH 3(QUPHBI pacTBOp NPOMBIBAIOT paBHBEIM oObemoMm 10%-ro
pacTBopa OmkapOoHaTa HATpHs, 3aTeM BOAOH 10 HelTpampHOW peakiuu. Cymiart
cynb(haToM MarHus Win Cyib(haToM HaTpusl (ABOWHAS CYIIKa) M MEPETOHSIOT TIPH
aTMoc(epHOM JIaBIeHuH Wi B BakyyMme. Brixox 70-80% ot Teoperndeckoro.

Byruramnerar T. K. 124-126 °C ng 1.3951
V3oamMmanerar T. kun. 142 °C ng 1.3999
emop-Bytunanerar T. Kum. 111-112 °C ng 1.3890
OxTunanerar T. xumn. 211 °C n¥ 1.4180
Bb1.15. Jrtuadopmuar
JIAB. c. 78
CaCI2 /__

OH o
HCOOH+ _ / T ({/—

MypaBbuHaa kKucnota 96%-a 20 r
CnnpT 3TUNOBbBIN abcC. 28 mn
CaCl, 6e3BogH. 5r

B kpyriomonnyio kondy emkocthio 100 mi1, cHaOXKEeHHYIO ae(IerMaropoM ¢ Tep-
MOMETPOM, HUCXOASIINM XOJOAMIBHUKOM C aJOH)KEM M MPHEMHHKOM, HOMela-
toT 20 T 96%-it MypaBbHHO#M KHCIOTHI, 28 MJI 3THJIOBOTO CIIUPTA U IPUOABIIAIOT
5 1 6e3BonHoro CaCl,. PeakiimoHHYI0 CMECh HarpeBaroT Ha KOJIOOHArpeBarele
0 KHMEHUSA. DTWIPOPMHUAT OTTOHAETCS U COOMpaeTcs B NMPUEMHHKE, OXJIax-
JaeMoM JieasHOH Bomoi. [lomydeHHBIH 3QuUp NPOMBIBAIOT PaBHBIM 00BEMOM
xononHou Bombl, 1 M pactBopoMm Na,CO;, cHOBa BOIOH, cymaT Oe3BOJAHBIM
CaCl, ¥ meperoHAOT Ha BOASHON OaHe W3 KOJOBI C BBICOKHM aediermMaro-
poMm. Breixon 26 r (84% ot Teopermyeckoro); T. kuim. 55 °C / 760 MM pT. cT.;
ng 1.3600.

AMP H & (.4, CDCly): 1.12 (3H, T, J = 7.1 Tw); 4.05 (2H, K, J = 7.1 Tw); 7.87 (1H, ©).
AMP 3C & (m.g., CDCl,): 13.7; 59.5; 160.7.



142 b. MpenapamusHas yacme

B1.1.6. JdmyTuacykuuHat (IHITHIOBBIE 3GUpP IHTAPHOMH KHCJIOTHI)

JIAB. c. 74
o]
COOH OH H2S04 o]
A

AlHTapHaA Kncnota 18r

CnnpT 3TUNOBLIN abc. 55 mn
Tonyon 24 mn
H,SO, KoHu,. 0.5 mn
K,CO; 6e3BogHbIN 25r

B kxpymtononHyto konOy eMkocTbio 250 M1, CHaO)KeHHYIO BBICOKUM Ae¢ierMaro-
POM C TEPMOMETPOM, HUCXOIAIINM XOJNOJMIBHUKOM C aJIOHXKEM M IPUEMHHKOM,
noMeniaroT 18 r sHTapHOW KHCIOTHI, 55 MJI ATHIIOBOTO criupTa, 24 MJ TONyoja
u 0.5 mn xonuentpuposanHonn H,SO,. PeakuunoHHy0 cMech HarpeBarmT Ha
KoJIOOHarpeBaresne U MEAJEHHO OTTOHSAIOT a3€0TPOIHYI0 CMECh CIMPTa, TOIYyoja
U BOABI, BeIKHMMaIyto B npeneiaax 74-80 °C. Ortron cymar Hag 25 v 6e3Bo-
auoro K,COj, BO3BpaIaloT B PEaKIHMOHHYIO CMECh U CHOBA OTTOHSIOT a3eo-
TPOIIHYIO CMECh, [IOKa TeMIleparypa oTxXoisiux napos He gocturHer 80 °C.
OcTaTok MeperoHsoT B BaKyyMe BOAOCTpyitHOro Hacoca. Beixox 23 r (87% ot
Teopernueckoro), T. kum. 105 °C / 15 mm pr. cr.; nZ 1.4200.

AMP 'H & (m.a., CDCl3): 1.26 (6H, T, J = 7.1 Tu); 2.62 (4H, c); 4.15 (4H, k, J = 7.1 Tu).
AMP 3C & (m.g., CDCl,): 14.2; 29.3; 60.6; 172.2.

Bb1.1.7. ®enundenszoar

-M. c. 202
o)
Cl o]
(]
©/OH NaOH @/O ()/k @/Lo/©

e, e — .

EtOH Na
®eHon' 3r CuHTe3 npoBoAaAT
NaOH 5r B BbITAXKHOM LWIKady
BeHsounxnopua? 6.5T
STunoBbli cNUpPT 96%-1 10 mn

B xonmueckoii konbe emkocThio 100 MJI MPUTOTOBJISAIOT PAacTBOP 5 T' €IKOTO
HaTpa B 45 M BOABI M pacTBOPAIOT B HeM 3 T (eHosa. 3areM H00aBISIOT

Denon SJTIOBHT, oOKHraeT KOXY. HpPI OXKOI'e IMPOTEPETH MOPAKEHHOE MECTO STHUJIOBBIM CIIUPTOM.

2 BeH30WIXJIOpUJ — JAKPUMATOP.
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6.5 r xmopucroro OeH3omia, U KOJOYy CHIBHO BCTPAXMBAIOT O HCUYE3HOBE-
HUs 3amaxa xjopucroro Oenszomna (mpumepHo 20 muH). DeHUNOBBIH 3dup
OEH30IHON KHCIIOTHl BBINIAJIaeT B 0CagoK. Ero oTQUIBTpOBHIBAIOT Ha BOPOHKE
Broxuepa nim lllorra, TmatenbHO MPOMBIBAIOT Bonoi. ChIpoW MPOAYKT mepe-
KPUCTATH30BBIBAIOT U3 3THiaoBoro cnupra (~10 mu). Beixox 4.8 r (76% ot
TeopeTuueckoro), T. mi. 70 °C.
AMP 'H & (m.a., CDCl3): 7.19-7.28 (3H, m); 7.38-7.51 (4H, m); 7.58-7.64 (1H, m);

8.18-8.21 (2H, m).
AMP 3C & (m.a., CDCl,): 121.7; 125.8; 128.5; 129.4; 129.6; 130.1; 133.5; 151.0; 165.1.

b1.1.8. 2-(Auermiokcu)0eH30iiHAsI KHCI0TA
(ameTHiICcATMIUIOBAsT KMCJIOTA, ACTIMPHH)

0. Bbin. I n ll. c. 178

O

COOH

COOH H,S0,4 @
_—
@ A o

O

Canuuwunosas KucioTta 13r
YKCYCHbIN aHrMapug 1.2r
Tonyon 5 mn

B konmueckoit konbe emkxoctpio 10-15 mi, cHabkeHHOH HeOONBIINM 0OpaT-
HBIM XOJOAWIBHUKOM, pacTBopsoT 1.3 r cammmunoBoil kuciaotel B 1.2 T yk-
CYCHOTO aHTHJpHJA NpH ciaboM HAarpeBaHWH W NMPHOABIAIOT 1 Karumo KOHII.
CepHOI KHCIOTHl. PeakimonHyio cMech HarpeBaroT 1 yac Ha BOJIAHOI OaHe
mpu 60 °C. Ilocie sToro moBoxaar temmneparypy 6amm mo 90-95 °C u mpo-
JOJDKAIOT HarpeBaHue emie 1 gac. 3aTeM peaknHOHHYIO CMECh OXJIAXKIAIOT IPH
MOMEIIMBAHNY, TIPOAYKT PEAKIMU OT(GUIBTPOBBIBAIOT! M MPOMBIBAIOT CHAJaIa
JeASTHOW BOJNOH, a 3aTeM HEOONBITUM KOJHYECTBOM XOJOJHOTO TONyoia. BvI-
xon 1.5 r (88% ot Teoperuyeckoro), T. mi. 135-138 °C (c pasnoxenuem)?.
Ji OTIONHUTENBHON OYMCTKH Tpenapar MOXKET OBITh MepeKpUCTAITH30BaH
n3 O6eH3ona wim xjopodopma.

AMP 'H & (m.a., AMCO-dg, CDCl5): 2.26 (3H, ¢); 7.11 (1H, &, J = 8 Tu);
7.32 (1H, ncespo-T, J = 7.5 Tu); 7.57 (1H, ncesgo-1, J = 7.5 Tu); 7.97 (1H, o, J = 7.8 Tu);
12.8 (1H, ywnp. c).

AMP 3C 6 (m.a., AMCO-d,, CDCly): 20.9; 123.5; 124.1; 125.7; 131.4; 133.3; 150.4;
165.7; 168.9.

! W3 marounoro pacTBOpa BbIIIapUBAHUEM H KpHCTaJ’IJ’IPBaHPIeﬁ MOXHO IIOJYYUTH €1I€ HE-

KOTOPO€ KOJHMYECTBO acCIIMpHHA.

2 ECCHBGTHHC HUTIIBI.
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B1.1.9. 1,2,3,4,6-Ilenta-O-anerni-o-D-riirokonupanos3a
(menTaamerwi-o-D-riroko3a)
0. Bbin. [ n 1l. c. 185

Q

o>\_
HOu« WiOH + 0;

0-20 °C
OH
Memoo A
a-D-rnokosa 335r CuHTe3 npoBOAAT
YKCYCHbIN aHrngpug 13r B BbITAXKHOM WIKady
Mupnagunn’ 1851

B Tpexropnyio! kon6y emkoctbio 100 My, cHaGKEHHYIO MEXaHHYECKOH Melal-
KOH, BO3YIIHBIM XOJOAMIBHUKOM C XJIOPKAJIBIIUEBOH TPYOKOW M TEPMOMETPOM,
nomemaroT 13 r ykcycHoro auruapuaa u 18.5 r nupuamHa®, cMech OXJIaXIaloT
10 0 °C u BHOCAT npu nepememnBanuy 3.35 r D-moko3bl. PeakmmoHHYI0 cMech
nepemMenmBaroT B Tedenue 3.5-4 yacos® npu 0 °C u ocraBisior crosath 15 yacos
pu KOMHaTHOW Temmeparype. [1o ucredeHnn 3Toro BpeMEHH CMECh BBUIMBAIOT
B XOJIIONHYIO Bomy. Uepe3 KOpOTKOE BpeMs BBIICISIIOTCS KPUCTAJUIBI MEHTaare-
THITITIOKO3BI;, MX OT(IIBTPOBBIBAIOT U IMPOMBIBAIOT BOIOW. [loydeHHBIH TPOIYKT
cyurar Ha Bo3ayxe. Beixox 6.5 r (90% ot Teopermueckoro), 1. w1 109-111 °C.
ITocne mepexpucTaIM3aMK W3 ATHIOBOTO crupta T. mi. 112-113 °C.

Memoo b
M-b. c. 71
a-D-rnokosa 1r
YKCyCHbIN aHruapug, 5 mn
CH;COONa 6e3BopHbIN 1r
STNNoBbIN cnupT 96%-1 5 mn

B omHOTOpPIYI0 KPYIIONOHHYIO KOJIOYy €MKOCThIO 25 M, cHaOkeHHYr oOpat-
HBIM XOJOIMJIBHUKOM C XJIOPKAJIBIMEBON TPYyOKOH, moMem@aT 1 T IIIOKO3HI,
5 M ykcycHoro anruapuaa U 1 r 6e3BogHOTO arerara Harpus. PeaknnoHHyI0

IlupunuH SI0BHUT, OOKUTAET KOKY.

IMupuanH mpeaBapUTENFHO BHICYIIMBAIOT M IEPETOHSIOT HAJ IUIABICHBIM THAPOKCHIOM
KaJIus.

ITocne TpexyacoBoro nmepeMemnBaHus MPOUCXOAUT MOJHOE PACTBOPEHHE IITIOKO3BI.
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Maccy KUOATAT B TedeHue 5-10 MuH, mocie 4ero oxJaXAaroT W BBUIMBAIOT
B crakad ¢ 30—40 mu1 Bogsl co nbAOM. BpImaBmme KpucTalliabl OTQHIBTPOBHI-
BAIOT, MPOMBIBAIOT BOJOM, CIIUPTOM M CylIar Ha Bo3ayxe. Beixon 1.73 r (80%
OT TeopeTuueckoro), T. mi. 110-112 °CL

AMP H & (m.a., CDCl3): 2.02 (3H, ¢); 2.03 (3H, ¢); 2.05 (3H, ¢); 2.10 (3H, ¢); 2.19 (3H, ¢);
4.05-4.15 (2H, m); 4.25-4.29 (1H, m); 5.08-5.18 (2H, m); 5.44-5.51 (1H, m);
6.33 (1H, a. J = 4 Tu).

AMP '3C & (m.a., CDCl,): 20.4; 20.5; 20.6; 20.8; 61.6; 68.1; 69.3; 69.9; 89.1; 168.6; 169.3;
169.5; 170.1; 170.5.

b1.1.10. 4-(Auermioxcu)penunianmerar
(ruApOXMHOHIMALIETAT)

COI. c6. 4. c. 136

- N
Q5
R

maopoxuHoH 55r
YKCYCHbIN aHrngpua 10 mn

B omnoropioi kpyriogonHoi konbe emkocthio 100 Ma cmemmBaioT 5.5 r ru-
npoxunona u 10.3 r yKCYCHOTO aHTUApPHIaZ, M K TOJy4EHHON CMecH MpuOaB-
JSIOT OAHY KAIUTI0 KOHII. CepHOW KUCIOTHl. CMech HECHJIBHO IEepEeMEIIUBAIOT
Ha MarHuTHOU memanke®. Yepe3 5 MUH Ipo3payHblil PacTBOP BBUIMBAKOT B CO-
cyn, cogepxamuii 40 T u3MenpYeHHOro JbjAa. BrimaBiiee B ocagok Oeioe
TBEpJ0€ BEIIECTBO OT(MIHTPOBHIBAIOT Ha BOpPOHKEe broxHepa W MpOMBI-
BatoT 50 M Boabl. OcaJoKk akKKypaTHO OT)KUMAIOT Ha (WIBTpE, a 3aTeM CyIiar
B BaKyyM-dKcUKaTope Hald (HOoCHOPHBIM aHTHAPHIOM. BBIXOA MMOYTH YHCTOrO
Bemecta coctapusger 9.5 r (98% ot Teopermueckoro), T. ma. 121-122 °C4
[penapar MoXeT OBITH TepeKpucTaIn3oBad u3 50%-ro 3THIOBOrO crupra’,
1. mn. 121.5-122.5 °C.

AMP "H & (M.4., AMCO-ds, CDCL,): 2.27 (6H, c); 7.09 (4H, o).
AMP 3C 8 (M.4., IMCO-d,, CDCly): 21.0; 122.4; 148.0; 169.2.

Eciu ectp HEOOXOAMMOCTH, TO MOXKHO II€PEKPHCTAIIM30BaTh U3 CIHpTA.
CBekeneperHanHbli.

CMech pazorpeBaeTcs U THAPOXUHOH PAaCTBOPSETCS.

ITo mpyrum mamuemM T. 1. 123-124 °C.

Ha 10 r neounmennoro mpoxykra tpebyercs 40 mur crupra.

g oA W NP
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b1.1.11. 3-Meruadyruiacaauuuiar (M30aMUJI0BbIH 3GUpP cannIUI0BOI

KHCJIOTHI, KOMMeEpPYeCKOe Ha3BaHue — opxujesi, Tpedosin)

MOX. 1964. c. 374.; MOX. 1959. c. 367

0]

COOH H,SO, O/\)\

OH
@:[OH ' Y\/ = OH

Canuuwunosas KucioTta 86T
M3oammnosbin cnupt 67.5 mn
H,SO, KoHu,. 2.5 mn

B xpyrnogonnyio kosnly eMmxocThio 250 Mi, cHaOkeHHYI0 OOpaTHBIM XOJIO-
IVIIBHUKOM C XJIOPKaJbLINEBONH TPyOKOH, ITOMeNaoT cMech 8.6 T caumIuiIoBoOi
KHCIIOTHI ¥ 67.5 MJI M30aMUJIOBOTO CHHPTA, 3aT€M IPU CHIIBHOM BCTPSIXHUBAHUU
npubasisaor noprusmu 2.5 mu xorn. H,SO,. Harpesaror cmech mpu Kute-
HUU B Te4eHHe 6 "acoB. M30BITOK M30aMHIOBOTO CHUPTA OTTOHSIOT, OCTAaTOK
MOCJIEe OXJIAXACHHUS BCTPSIXHMBAIOT B AEIUTEIHHOW BOPOHKE C 75 MIJI XOJOJ-
HOM BOABI, MacmoOOpa3HBIi BEpXHUU CIOH OTHENSAIOT W IPOMBIBAIOT IOCIE-
noBarenbHO 15 mur Bomel, koHI. pactBopoM Na,CO; mo mienmowdHo# peaxknuu
n cHoBa BojoH. IlomydenHsrii mpoxykT cymar 6e3BogasiM MgSO, n ¢paxmmo-
HupytwotT. Beixox 10.5 r (80% ot teopermueckoro), 115-117 °C/2 mm pr. cr.,

151°°C/15 mu pr. ct.; nZ 1.5080.

AMP 'H & (m.n., CDCly): 0.98 (6H, A, J = 6.7 Tu); 1.67 (2H, Kk, J = 6.7 Tu);
437 (2H, 1, J = 6.7 Tu); 6.86 (1H, a1, J = 8.1 Tu); 6.97 (1H, pa, J = 8.8 Tu);
7.43 (1H, o1, J = 8.8 Tu); 7.83 (1H, aa, J = 8.1 Tu); 10.86 (1H, ¢).

AMP '3C & (m.a., CDCly): 22.4; 25.1; 37.2; 63.9; 112.6; 117.5; 119.0; 129.8;
135.5; 161.6; 170.2.

b1.1.12. ITHANTMIMHATIHAPOXIOPH/
(3THI0BBII 3UP IIUUUHA, THAPOXJIOPUN)

O
~COOH oH SOC ﬂ
H2 * /_ H2 O—\
HCI
MuunH 25r
DTaHon 96%-1 150 mn
SOCl, 25 mn

Sdup cyxon 100 mn

TuA. c. 156
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B Ttpexropnyro kondy emroctsio 500 M1, CHAOKEHHYIO MEXaHHYECKON MEIIaTKOH,
KareJbHOM BOPOHKOHM M 00paTHBIM XOJIOAWIBHUKOM, moMemmarotr 150 mim 96%-to
sTaHona (Jydiie abCOMIOTHOrO) M OoXJaxaaroT kojady mo —15 °C. 3atem mpu
WHTCHCHBHOM TEPEMEIINBaHUHU MPUKANbIBAIOT 25 M cBexenepernantioro SOCI,.
[ocne sTOro K ComepKMMOMY KOJIOBI PUOABISIIOT 25 T IIMIMHA TOPLUUSAMH T10
5 r ¢ uHTEepBaJoM B 5 MuHYT. OXnaxjamnyo 0aHI0 yOHpaloT, TeMmreparypy
CMECH MEJICHHO JIOBOZST 10 KOMHATHOM, 3aT€M CMeCh OCTOPO’KHO HarpeBaroT
JI0 KHIICHUSI W KUITATAT C OOpaTHBIM XOJIOJMIBHUKOM B TedeHue 1 daca. ["opsamii
pactBop ¢unbTpytoT u oxinaxaaT a0 0 °C. BrpmmaBmme kpuctamisl oThHIb-
TPOBBIBAIOT, MPOMBIBAIOT Ha (GHIBTpe cyxuM ddupoMm (2xX50 miu) u cymar ao
MOCTOSIHHOTO Beca B BakyyM-dkcukaTope Hajgy KOH mmm P,Os. Boixox 40 r (86%
oT Teopetuyeckoro), T. mwi. 145-146 °C. IIpu HEOOXOAUMOCTH MPOIYKT IMepe-
KPHUCTAJUTH30BBIBAIOT U3 cMecu staHon—a3¢up (1:1).

AMP H & (m.a., AMCO-dg): 1.15 (3H, 7, J = 7.1 Tu); 3.68 (2H, ¢); 4.12 (2H, kB, J = 7.1 Tu);
8.63 (3H, ywwup. ).

AMP 3C & (m.g., AMCO-dy): 14.1; 39.7; 61.6; 167.4.

b1.2.  Cunme3 amudoe opzaHuyecKux Kuciom
b1.2.1. Bensamuna

-M. c. 200
o o]
NH
Cl ., (NH,),CO3 T ()/Lk 2
KapboHaT ammoHusA 27r CuHTEe3 npoBOAAT
bensonnxnopug 1.2 mn B BbITAKHOM WKady

B dapdoposoii gameuke cmemuBaioT 2.7 T TOHKO M3MEJBUYEHHOTO KapOoHa-
Ta ammonus ¢ 1.2 mi Gensomnxynopunal. CMeCh TIIATENBHO MEPEMENIUBAIOT
CTEKIITHHOM TaJIOUYKOM M HAarpeBaloT Ha BOASHOW OaHe TOJ TATOM mpw mepe-
MemmBanuu He MeHee 30 mMuH. PeaknnonHnas macca ctaHoButcs cyxoi. K meit
NPUWIMBAIOT HEMHOTO Boabl (5 MII), pa3MEIIMBAIOT M CHOBAa HarpeBarOT Ha KU-
el BOASHON OaHe, IpUYeM ciiefbl OSH30MIXIOPHIA YIAISIOTCS C BOISHBIM
napoMm. [lo oxmakaeHun BHIMABIINN OeH3aMH[ OT(UIBTPOBEIBAIOT, OCTOPOXKHO
OTXKMMAIOT Ha QuiIbTpe M KpuctaumsyoTr u3 8 ma Boasl. Beixon 0.9 r (74%
ot teoperuueckoro), T. wi. 130 °C. IIponykr npencrasiser coboi OeclBETHbIC
KpHUCTAJTBI 0e3 3armaxa.

AMP 'H & (m.a., AMCO-dg, CDCl5): 7.27 (1H, ywwmp. ¢); 7.38-7.50 (3H, m);
7.85-8.00 (3H, m 1 ywwup. c).
AMP 3C 6 (m.g., AMCO-dg, CDCly): 127.5; 129.0; 131.1; 134.1; 168.6.

! OCTOpO)KHO! BCHSOI/IJ'IXIIOPI/IZ[ 06ﬂa11ae'r CHJIBHBIM CII€30TOYUBBIM JEHCTBUEM.
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B1.2.2. Xuopameramuu

Opr. T. 2. c. 88
o O
I
C\)X\OEt * NH3/H,O — Cl\)]\NH2

3TtunxnopaueTar’ 1225 r CuHTe3 npoBOAAT

Ammnak 25%-n 11.3 mn B BbITS)KHOM WKady

Cnnpt 10 mn

Sdup 10 mn

B Tpexropnyto! konby emxoctbio 100 Mil, CHAGKEHHYKO TEPMOMETPOM, KAIlelb-
HOW BOPOHKON M MEXaHWYeCKOW Memnaikoi, momemaror 12.25 r stunosoro 3¢upa
XJIOPYKCYCHOM KHCIOTBL [Ipy MHTEHCHBHOM NEpPEMEIIMBAHHU CMECh OXJIXKIAFOT
meaoM C conbio o O °C, m mpm 3Toil TeMmmepaType MEIUIeHHO IMPHKAIBIBAIOT
11.3 Mt 25%-to pactBopa ammmuaka. [Tocne moOaBneHust pacTBOpa aMMHakKa Iepe-
MELIMBaHUE TPU OXJIKICHUH JIbAOM mpopoivkatoT eme 30 MunyT. Cremyer BHH-
MaTenbHO CIEAUTh 3a TeMIeparypoil peakuuoHHoi cmecu (< +3 °C).

Kpucrannuueckuii npoaykT QUIBTPYIOT Ha CTEKJISHHOM (HIBTpE, MPOMBI-
BaroT mocienoBaTenbHo 10 Ma cmupra m 10 M pudTHIOBOTO 3dUpa, TpE-
BaputenbHo oxnaxaeHHBX 10 0 °C. Ocamok cymar Ha Bo3myxe. HeGombiroe
KOJIMYECTBO BelecTBa (2—-3 T) MOXKHO MEePEKPHCTAIIIM30BATh U3 TOpsSYeil BOIBI.
Beixox 7.5 r (80% ot Teopernueckoro), 1. mwi. 120-121 °C.

AMP 'H & (m.a., AMCO-d,, 20 °C): 4.00 (2H, ¢); 7.37 (1H, yw.); 7.61 (1H, yw.).
AMP 3C 6 (m.a., IMCO-dg, 20 °C): 42.7; 168.1.

b1.2.3. (bBeH30MJIaAMHHO)YKCYCHAsI KHCJI0TA

(rummmypoBas kucjaota, N-0eH30 I IHIIHH)
{0. Bbin. | n Il. c. 204

COOH NaOH COO ~ , Ha : . —COOH
o

Hz'\(_ H,0 H2
MuunH 19r CuHTe3 npoBOAAT
NaOH 26T B BbITAXKHOM LWKady
beH3ounxnopupg, 39r
ddup 10 mn

K naceimenHoMy BofHOMY pactBopy 1.9 r mminHa npuoasistor 2.6 T eaKoro Ha-
Tpa, PACTBOPEHHOTO B MUHHMAJBHOM KOJNIMUYECTBE BOJBI, U 3aTEM IO KAIUIAM MPH

! Wnu SKBUBaJIEHTHOE KOJMYECTBO METHUIIOBOTO 3(1)I/Ipa.
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B30anTeiBanuu 3.9 r xuopuctoro Genzomnal. Ciendr 3a Tem, 4To0bl cpena Bee
BpeMs Oblta menoynoi. Korna mcdesHer 3amax XJIOpUCTOro OCH30MIA, KUAKOCTh
MOAKHCIISIOT CONSTHOM KucimoTod. Yepes 2 waca BBINIABIIME KPHCTAIIIBI OTQUIIB-
TPOBBIBAIOT, TIPOMBIBAIOT Ha (HILTPE d(PHPOM IS yIAJICHUS TpuMecH OeH30WHOM
KHCJIOTHI M CyIIaT Ha BO3AyXe. [ MIIypoByIO KHCIIOTY MEPEeKPHCTAIIIH30BBIBAIOT
u3 ropsiueil Bomsl. Beixon 3 r (67% or teopernueckoro), T. mi. 187 °C.

AMP 'H & (m.4., IMCO-d,, CDCly): 3.99 (2H g, J = 6 Tw); 7.39-7.50 (3H, m);

7.87-7.90 (2H, m); 8.66 (1H, T, J = 6 Tu); 12.00 (1H, ywwmp. c).

AMP 3C 6 (m.g., AMCO-d,, CDCly): 41.3; 127.2; 128.1; 131.2; 133.8; 166.8; 171.3.

b1.3. Cunmes aHunuooe

b1.3.1. N-®enunaneravun (ameranuann)?

NH2+§;E}> NH4<O
O™ =y

AHUNNH 3r
YKCYCHbIN aHrnapug 5 mn

NAB. c. 94. 239

B crakane emrocthio 50 Mi cycneHAUpPYOT 3 T aHWJIWHA B 15 M1 BOXIBI U J0-
0aBISIIOT 5 MJI YKCYCHOTO aHTHIApHAA. PeaknmOHHYIO CMECh DHEPTHYHO Iepe-
MEIINBAIOT CTEKISIHHOW MAIOYKOH 1O BBIICICHUS KPHCTAIIMYECKOTO OCaaKa
u ocrapistoT Ha 20 muH. OOpa3oBaBIIMKCS 0CAJOK aMHIa OT(HIBTPOBBIBAIOT,
npomeiBaroT 2 M pacrBopom HCI, Bomoii, 3atem 1 M pacTBOpOM COIBI M BHOBb
Bojoi. Eciiu B pesynbpTare peakmuu oOpasyeTcs Maciio, BOAHBIA pacTBOp OT-
JEISIOT AeKaHTalued, K ocraBmemycs maciy gobasimsror 10 mmx 2 M HCI
U TIEPEMEIINBAIOT CMECh 10 KPUCTAJUIM3AINH. 3aTeM KPUCTAITHYECKUI 0CaloK
OT(QHUIBTPOBBIBAIOT, TPOMBIBAIOT BOJIOK, 1 M pacTBOpOM COJbI M1 BHOBH BOJIOH.
BrigeneHnsIil poayKT NepeKpUCTAUTM30BLIBAIOT U3 BOIBI WM BOJHOTO CITHPTA.
[Tocne BeICyIIMBaHUS BELIECTBA OMPEACISIOT BHIXOI M TEMIEPaTypy ILIABICHUS.
Beixox 2.6 v (60% ot Teopermueckoro), T. wi. 114 °C.

AMP H & (m.A., AMCO-dg): 2.06 (3H, ¢); 7.02 (1H, m); 7.29 (2H, m.); 7.59 (2H, m).
AMP 13C & (m.a., AMCO-d,): 23.9; 118.9; 122.9; 128.5; 139.3; 168.2.

Amnanorngso IMOJYYarT alCTHUIIbHBIEC MPOU3BOJAHBIC JAPYTUX aMUHOB.

aueTnn-o-TonynamnH T.nn. 112 °C  aueTnn-o-aHU3NANH T. nn. 84 °C
aueTun-N-TonyuanH T. . 150 °C  aueTtun-n-aHN3NanH T.nn. 127 °C
aLeTun-o-xnopaHunuH 1. nn. 88 °C aueTun-n-HUTpoaHunuH 1. nn. 215 °C

1
2

He6onbmioii u30BITOK.
PexoMeHIyeTcst BBIONHSTE 3a/1ady KaK HICHTU(DHUKANUIO aMHHA.
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B1.3.2 N-(4-T'mapoxcudeHusr)ameraMmux
(n-rMapOKCHANIE TAHUIIN/, TAPAETAMOJ)

V. p. 985
NH x 0
2
JOSEESo s
+ Q 5
HO HO
n-AMnHodeHon 30r CunHTEe3 NnpoBOAAT
YKCYCHbIN aHrngpua 4 mn B BbITAXKHOM WIKady

B kpyrnmomoHHyro konbOy emkocTbio 50 My, cHaOXeHHYI0 MarHUTHOH Me-
[IaJKOW W OOpaTHBIM XOJOAMIBHUKOM, momerialor 3.1 r n-amuHOdeHOINa,
10 M BOBI M OCTOPOKHO MpuUOaBIAOT 4 Myl yKCycHOro anruapuaa. Cmech
NepeMEeNIHBAOT 0 MOJHOTO PACTBOPEHHUs n-aMHHO(pEHOJA, 3aTeM Harpe-
BalOT Mpu KurneHuu B TedeHue 10 MuH. PeakIMOHHYIO CMeCh OXJaxia-
IOT, TIEPENIUBAIOT B CTAKaH W JOTMOJHHUTEIBHO OXJAXKIAIOT JIBIOM, HMOTHpas
CTCHKH CTaKaHa CTCKJISHHOW MaJOYKOH 10 Hadaja KPUCTAJIU3alUU MpPO-
aykra. Benyio WM cierka OKpalleHHYIO KPUCTANIMYECKYI0 Maccy (Hiib-
TPYIOT Ha BOPOHKE C (HIBTPYIOUIMM JIHOM, TIIATEIBHO OTXKHMas MPOIYKT.
Kpucranibsl HECKOJIbKO pa3 MPOMBIBAIOT HEOOJBIIUM KOJHYECTBOM XOJIOJ-
HOW BOJBI. UHCTBIN MPOAYKT HE JOJDKCH MMETh 3araxa YKCYCHOW KHCIOTHI.
BBuIy 3HaYMTENbHOW PACTBOPUMOCTH MPOAYKTAa B BOJE MpPaBHIbHAS TEX-
HUKa NPOMbIBaHUs (MCIOJIb30BAHUE JICASHOW BOIBI MAJCHBKUMHU MOPIHIMHU
no 2-3 MJI MPH TIIATSIbHOM MEPEMENIMBAHUN KPUCTAIJIOB) MMEET BAXKHOE
3HAYEeHHE JUIS CHUKEHUS MOTEPh U TMOJYYEHHs BBICOKOTO Bhixomal. Beixon
3.6 r (80% ot Teopermueckoro), T. mi. 169-171 °C. INapameramon MOXHO
NEePEeKPUCTAIIN30BaTh U3 OPraHMYECKHUX pacTBOpHUTENel (TOIyoJ, TeKCaH,
alleTOH, 3TaHoJ)?,

AMP 'H & (m.4., IMCO-d): 2.00 (3H, ¢); 6.69 (2H, 4, J = 8.8 Tw); 7.36 (2H, 4, J = 8.8 Tw);
9.16 (1H, ¢); 9.67 (1H, ).

AMP 3C 6 (m.a., AMCO-dg): 23.6; 114.9; 120.8; 130.9; 153.0; 167.4.

1
2

MeTtonuka mepeKprucTaiin3aldu onrcana B pasa. bl.4.

Buibop onmumanvnvix ycnosuii nepexpucmaniusayuu. Jns storo momemaror mo 25-50 mr
rmaparmeramojia B 4eThIpe KOHUYECKHX KoJObI Ha 10 mul, 100aBISIOT HEOOXOIUMOE KOJIH-
YECTBO PACTBOPUTEIS M HATPEBAIOT JIO IOJHOTO PACTBOPCHHUS OCaIKa. 3aTeM OXJIAXKIAIOT
KOJIOBI Ha JIbJy W ONPEACISAIOT Hauboliee MOAXOMANINNA IS MepEeKPUCTAUIN3aluU PacTBO-
putens. B3BemmBaT 1 T HCXOAHOTO Mapaneramoia, IMOMEIAT B KPYIVIOJOHHYIO KOJOY
Ha 25 MII, CHa0)KEHHYIO OOpaTHBIM XOJIOJMIIEHUKOM, MPHUIIUBAIOT HEOOXOIUMOE KOJIHYECTBO
BEIOPAaHHOTO PaHEe PACTBOPUTENS W HATPEBAIOT HA IUIUTKE JIO PacTBOPEHHS Ocaaka. 3a-
TEM OXJIAXKTAIT KOOy, MPH HEOOXOTUMOCTH 3aTHPAIOT WIMAaTeNeM s 0ojee OBICTPOro
BbIMaieHus ocanka. Ocagok OTQUIBTPOBBIBAIOT M CYIIAT HA CTEKIISTHHOM (HIBTpE.
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b1.4. Mepexkpucmannusayus op2aHuyecKux eeujecme

b1.4.1. Tlepexkpucraniu3anus MOJTYMHKPOKOJINYECTB alleTAHUINIA
U3 BOJABI ¢ MIPUMEHEHHEM aMITYJIbl

NAB. c. 28

[IpenBapuTenbHO W3TOTOBISIOT U3 JIETKOILIABKON MPOOUPKHU WM TPYOKH am-
myny nuamerpom 10-12 mm u muHO#H 70-80 MM. OTTSHYTBIH KOHEI[ aMITyJIbI
IOJDKEH MMETh AuaMeTp 2—3 MM, B HETO BCTABISIOT MaJCHBKHH KyCOUEK
BaThl W YIJIOTHAIOT MPOBOJIOKOH. BeIcTynarommii HapyXy OCTaTOK BaThl 00-
pe3alT HOXKHULAMH MO KPakw aMiyibl (MM O0XUrarmT MIaMeHeM ropel-
ku). B crakan wiu konbouky oobemom 7-10 mu momemraror cmech 100 mr
aleTaHUINIa ¢ 3 MJ BOJBI, HarpeBaroT A0 kuneHus. Eciam mpu sToM Berme-
CTBO HE PaCTBOPSAETCA MOJHOCTHIO, TO nobapisroT eme 0.2-0.3 M BOIHI,
4TOOBI PacTBOPEHUE ObUIO MOJHBIM. ECiH pacTBOp OKa)XeTCs OKPALICHHBIM,
TO €ro OXJIaXIaloT, JO0OABISIOT HA KOHYMKE IIMNATeNs aKTUBUPOBAHHOIO YTJIs
U KUNATAT 3—4 MuH.

Jnst oTneneHus pacTBOpa OT HEPACTBOPUMBIX IMPUMECEH M YTis MPOBO-
T GUIBTPOBaHUE B amiyiny. J[Js 3TOro MPUrOTOBJICHHYH aMIyJy C BaTHOM
MpOOKOW HArpeBalOT HA IJIAMEHU TOPEJKH M MOTPYKAIOT OTKPHITBIM KOHIIOM
B YHCTBHIA pactBoputenb (Boay). IIpu OXIaxIeHHW B aMIlylly 3aTSTHBAETCS
0.2-0.3 M Boabl. 3aTeM OCTOPOIKHO IMEPEBOPAYUBAIOT aMITYJy, HArPEBAIOT
BOJY B HEW [0 KWUNEHHUS B TedeHHe ~1 MUH; MPH 3TOM BO3JYX U3 aMITyJIbI
BBITECHSETCS MapaMu BOJBI. [OpsAYYI0 aMmIlysy MepeBOPAYMBAIOT M OTKPBITHIH
ee KOHel| ObICTPO MOTPYKalT B TOPSYUI pacTBOp aleTaHWIWAA 10 JAHA CTa-
kaHa. [Ipu oxJaxIeHWH pacTBOp aleTaHWwInaa QUIBTPYETCs 4epe3 BaTHYIO
npoOky B amnyiy. Korjga Bech pacTBOp mepeiieT B amIrysy, B CTaKaH MPHIIH-
BaroT 0.2-0.3 M1 ropstueii BoAs! (Ul IPOMBIBKH IIPOOUPKH M BATHOM MPOOKH),
KOTOpasi aHAJIOTHYHEIM 00pa30M BCACHIBACTCS B aMITYIIy.

IlepeBepHyB aMiyily BHU3 JHOM, CTaBiT €€ B CTaKaHUYUK C JIEASHOU BOIOM,
mociie OXJaXKICHUS JACNaloT HaJape3 Ha IIeiKe aMIyibl, OTIaMBIBAIOT BEpPX-
HIOI0 YacTh aMIyNbl W OT(HUIBTPOBHIBAIOT BHIMABIINE KPUCTAJIIEI HA MHK-
poBopoHKe. KpucTamibel moMemamT Ha 9acOoBOE CTEKIIO, CYIIAaT Ha BO3IYyXe,
B3BEIIMBAIOT U OMpeAeIoT T. I [Tomygator 65—-70 Mr umcToro ameTaHWIHIA,
T. 1. 115 °C.

b1.4.2. Tlepexpucranimsauusi GeH30iiHOIl KHCIOTHI U3 TOTy0/1a

B xpyrmmomoHHy0 KOnOy e€MKOCThIO 25 Mil, CHaO)XXEeHHYI0 OOpaTHBIM XOJO-
JAJBHUKOM, TIOMemaloT 2 T OCH30MHOW KHCIOThI, HOOaBIAOT 6 MJ TOJyoJia
M HarpeBalT Ha IUIMTKE 00 KHUIEHHS. ECIM pacTBOPHUTCS HE BCS KHCIO-
Ta, OTCTABISIOT IUIMTKY W 4Yepe3 XOJOJUIBHHK J00aBisioT eme 2-4 i
pacTBOPHUTEA W BHOBb HArpeBalOT CMech 10 KumneHus. Ilocie pacTBope-
HHS BEIIECTBA PacTBOP (PUIBTPYIOT OT HEPACTBOPHMBIX NpPHUMECE Ha BO-
pOHKe s Topsiuero (GuiabTpoBaHMs B HeOONbIIOW cTakaHYuk. CTakaHYUK
[IOMEIIAlT B Jjei. BrImaBimne KpHCTAMIbl OT(QMIBTPOBBIBAIOT Ha MHKDPOBO-
POHKE ¢ OTcachlBaHWEM M cymaTr Ha Bo3ayxe. [lomydator 1.4 r GeH30HHOM
kucioTsel, T. mia. 121 °C.
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b1.4.3. Kpucrajum3samnus JerkonjaBKuX BellecTB
W3 OPraHMYeCKUX PacTBOPHUTEJIeH

MOX. c. 105

Jnst kpucTamIM3aluy OpraHMuYeCcKUX BEIIECTB C HU3KOM TeMIlepaTypoH IiaBiie-
uus (30-60 °C) BeliecTBO pacTBOPSIOT B PACTBOPHUTENE, KOTOPBIA HAIPEBAIOT
no temmneparypsl Ha 8—10 °C HmKe, YeM T. IUI. BemlecTBa. Eciu pacTBOpHUTEIh
IeperpeBaTh, JETKOIUIABKOE BEIIECTBO BBHIAEISAETCS B BHAE Macia.

b1.5.  Awanumudeckas u npenapamueHas xpomamozpagus

B15.1. Anaaus cMecu auauTpodenuarnapasonos (JIH®I)!
Ha miacrunke «Silufol»
Jlab. c. 31; Opr. 7. 1. c. 106

Bripesaror Hebombiryto miactuaky «Silufol», mo ropusonrtanu (akkyparHo
0003Ha4YaeTcs MPOCTHIM KapaHAIIOM) Ha PaCcCTOSHHH 1 CM OT HHIXKHEro Kpas
IJIACTHHKA HAHOCST C MOMOIIBI0 KaIMLIIApa oOpasIbl CTaHIAPTHBIX Z[Hd)F2
(pactBopel B CHCI;) 1 xontponsayto cmech JJH®T, nonyuenHyro OT mpernoaasa-
tenst. [l HaHeCceHUsT KaXIOTO PacTBOpA IMONB3YIOTCS OTACIBHBIM KalTMIIIIPOM,
JWaMeTp TATHA JOJDKeH ObITh He Oojiee 3 MM. B cTakaH HalWBarOT JIIOCHT —
cMech pacTBopuTeleil (meTposeinsiil a¢up : aumerod : xaopodopm = 19 : 3 : 3)
B TaKOM KOJIMYECTBE, YTOOBI KOHEIl MOMEIIAeMOH 3aTeM Tyaa IIACTHHKUA MOT
OpITh TOTpykeH B pactBopurens Ha 0.5 cm. [latma JH®I He momkHEBI pas-
MBIBaThCs MI0EHTOM. CTakaH CBEpXY HAKPBIBAIOT CTEKISIHHOW MJIACTUHKON Win
yamkoil Ilerpu. Ilocne Toro kak pacTBOPUTENb NOJHUMETCS MOUYTH OO BepXa
IJJACTUHKH, €€ BBIHMMAIOT, OTMEUaloT KapaHaamoMm mpober ¢gpoHTa pacTBo-
puUTeNIs M TONOXKEHUE ISATEH Ha Xpomarorpamme. Ecim msTHa BHUIHBI ILIOXO,
TO IJIACTHHKY BBICYIIMBAIOT HA BO3AYyXE U 3aTEM IOMEIIAIOT B SKCHKATOP C Ia-
pamu wozaa. PaccumteiBator 3Hauenue R; mis crangaptHbix JH®I u cmecwm
U OIPEAEISIOT COCTaB KOHTPOIBHOU CMECH.

b1.5.2. Pa3nenenue cmecu ¢eppoieHa u aueruiadeppoueHa
NAB. c. 41

JInst pasieneHns CMeCH YKa3aHHBIX BEIIECTB MCMOIB3YIOT MPENapaTUBHYKO KO-
JIOHOYHYIO XpoMaTorpaduro’.

Xpomarorpaduueckyro KOJIOHKY, CHA0KEHHYI0 KPAHOM HIIM 3KUMOM, 3a-
KPEIUISIOT BEPTUKAIBHO B JIAllKE INTATHBA M KJIadyT Ha JHO KyCOYEK BaThl’.
[IpujepkuBas BaTy CTEKJISHHOW MaJOYKOW, BIMBAIOT B KOJOHKY 10 mi me-
TposieiiHOTO 3(dupa, BaTy OTKUMAIOT MaJOYKOW JUIs yHaleHHs BO3IyXa.

1 Cwm. pasn. A4.l.

JIH®I" — obuiee Ha3BaHue s 2,4- ATMHUTPOPCHUITHAPA30HOB KapOOHMIIBHBIX COCIUHCHHUH,
KOTOpBIC HY)KHO aHAJHU3HPOBATH.

3 Cwm. pasn. A4.l.

B ToM ciyuae, ecnu KoJOHKAa He CHaOXeHa (MIBTPYIOIIUM JHOM.
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3aTeM MPUIMBAIOT XOPOIIO MPOMEIIAHHYIO CYCICH3UIO OKCHIA aTIOMHUHHUS
(35-40 r Al,O; B 50-60 mn merponeiinoro 3¢upa). Kpan koJoHKH MPHOT-
KpBIBAIOT U JIAI0T CYCIECH3UH OCECTh, OJHOBPEMEHHO CIUBas U30BITOK pac-
tBoputens. Kpan 3akpeiBaror. CMmech (depporena u anetundeppouena (0.2 r)
pacTUPAIOT B CTYNMKE € 2 T OKCHJA aJIOMHUHUS M HAHOCIT HAa KOJOHKY BCYXYIO
poBHBIM ciioeM. CBepXy KJIaIyT KycOUeK BaTKH, HAIWBAIOT METPOJCHHBIH ddup.
KpaH OTKpBIBAIOT W HAOJIIONAIOT 32 MPOLIECCOM pa3lelieHUs] BEUISCTB, A00aBIss
neTpoJIelHbIN 3pup U He momyckas momagaHust Bo3ayxa B cioi Al,Oz; Hero-
nsipHBIA eppolier obpaszyer Oolsiee MOABIKHYIO OKpalleHHYI0 30HY. [1o OKOH-
YaHUU DIIIOUPOBaHUS (eppolieHa BTOPYIO OKpalleHHYIO (pakiuio (MOaspHBITR
aneTuiadgepporieH, MaNOMOABIKHAS OKpAIICHHAS 30HA) CMBIBAIOT C KOJIOHKH
cMecbio OeHzona ¢ nudTHinoBbIM 3dupom (1:1). CoOpanuble ¢Gpakuuu yma-
PHBAIOT, ONPENENISIOT MAcCy BBIIEIICHHBIX BELIECTB W MX T. M. KoHTpoib 3a
pa3zieIeHUueM BELECTB MOXHO MpoBOoAUTh npu noMomu TCX B netponeiHoM
a¢upe. Jns mpoBenenus pasneneHus HeobOxomumo 200-250 mur merporeitHOTO
a¢upa u 150-200 mn gmstmnoBoro sdupa. T. ma. deppouena 172-173 °C,
anerundepporena — 85-86 °C.

B1.5.3. Pa3neseHue cMecu a300€H30J1a U O-HUTPOAHWIMHA
JIAB. c. 41

B xpomarorpaduueckyr0 KOJIOHKY OMUCAHHBIM B MPEIBIAYIICH METOIUKE CIIO-
cobom momermawt 15 r cycnensuun Al,O; B 40 mu CCl,. TToBepx ciost HO-
CHUTENsl TIOMENIAIOT KyCO4YeK BaThl. B konoHKy BiauBaroT pactBop 0.1 r cmecu
azobensona u o-uutpoanmwiuHa (1:1) 8 10 mx CCl,. ITocie Toro kak ypoBeHb
pacTBopa MOCTHTHET BaThl, MOCTEMCHHO MO0OABISIOT JMIOCHT, CIEls 3a TeM,
4TOOBI B HOCHTEIb HE MOMal BO3AyX. Uepe3 HEKOTOpOE BpeMsi B KOJIOHKE I10-
SIBIISIIOTCSL JIBE OKPAIIICHHBIC 30HBI. BEPXHSS (TEMHO-XKENTast) — O-HUTPOAHUIINH,
HWKHSS (CBEeTIO-KenTast) — a300en30i1. [Tocie Toro kak HuxHsS (Qpaxims Oymer
MOJHOCTHI0 COOpaHa, HUTPOAHWIIMH SIIOUPYIOT TUITUIOBBIM 3()HUPOM, CMEHUB
npuemHuk. CoOpaHHbIe (ppakiMKu yHapHBarT, OMPEACTSIOT MacCy BbIIeICH-
HBIX BEIIECTB U WX T. IUl. [ MpoBeAeHHs pa3ielcHUS HEOOXOAMMO CyM-
mapuo 80 mu CCl, u ~40 mn gustunosoro 3dupa. T. i azobenzomna 68 °C,
o-uutpoanmimHa 71 °C.

b2. HENPEAE/bHLIE COEANHEHUA

B2.1. Huxiorexcen

Memoo A MK-b. c. 33

OH 1 s0,
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LinknorekcaHon 20r CuHTes npoBoaAT
H,SO, KoHu,. 2 mn B BbITAXKHOM WKady

B kpyrononnyro xondy emkoctsio 100 mi1, cHaOXEeHHYIO KOPOTKUM neduierma-
TOpOM! ¢ TEPMOMETPOM, HUCXOISAIIMM XOIOJUILHUKOM C aJOHKEM M IPHEMHH-
KOM, KOTOPBIH OXJXIAIOT B OaHe co JbA0M, moMemarT 20 T UKIoreKCcaHoa
u 2 mia xoHn. H,SO,. PeaknuoHnHyl0 cMech HarpeBarOT Ha TUTHUTKE FUIM Ha
necyanoir 6ane 10 150-160 °C m coOuparoT MEIICHHO OTTOHSIIOIIMICS ITHC-
TWUIAT B TpUEeMHUK. Uepe3 2 daca HarpeBaHHe NPEKpamaloT U TpuOaBISIOT
k guctiuiaty NaCl no o6pasoBaHusI HACBIIIEHHOTO BOJHOIO PacTBOpa, OTIE-
JSIFOT IUKJIOTEKCEH B JICMIUTEIBLHON BOPOHKE M Cymiat ero npokanexubiv CaCl,.
[Mony4ator 11.5 r (70% ot Teopernueckoro), 1. kum. 84 °C / 760 mm prt. cr.,
ng 1.4465.

YucToTa IMUKIOTEKCEHAa MOXKET OBITh MPOKOHTpoIHpoBaHa MeTomoMmM TCX
(mnactunka «Silufol», pacteoputens CHCI;, cBumerens — umkimorekcanon)?.
B ciyuae HEoOXOMUMOCTHU ISl OYUCTKH OT CIIEAOB MCXOJHOTO CIHUPTA ITHKIO-
FeKCeH cieayeT NpokunsaTuth Haja HatpueM (~0.2 r) u 3arem meperHarh Haj

Harpuem®.

Memoo b
TnA. c. 53
OH 1.ro,
_—
A
LimknorekcaHon 10r CuviHTe3 npoBoOAAT
H;PO, 85%-a 5r B BbITAXKHOM WWIKady

B xpyrmogonnyio koiby eMkocThio 250 Mi ¢ HacaakoW I NEepeTOHKH
(cm. meron A) nmomemaror 10 r muknorekcanona, 5 r 85%-ii dpochopHoi
KUCIIOTH W HarpeBaroT cMech no 120-160 °C, orrouss obOpa3zoBaBHmIUKCS
OUKIIOTEKCEH W BOAY B IpHEeMHUK. [locie 3TOro muKIIOTeKCEeH OTAEISIOT, CyIIaT
XIOPHUIOM KanbItust U eperoustot. [lomyuaror 6.6 r (80% ot Teopernueckoro),
T. ka1 83 °C / 760 mm pr. ct., nZ 1.4460.

AMP H 6 (m.4., CDCl3): 1.61 (4H, u. m.); 1.99 (4H, u. m.); 5.66 (2H, ¢).
AMP 3C & (m.4., CDCly): 22.7; 25.2; 127.2.

1 4-5 «emouex».

CwMm. pasn. A4.1.

3 Mepsl MPefOCTOPOKHOCTH MPH paboTe ¢ METANTMUeCKMM HaTpueM cM. pasi. Al.2.
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B2.2. (E)-1,2-AndpenusnTriieH (mpanc-cTHiab0eH)
Qe O
—_—
A
OH
1,2-AndeHnnstaHon 10r CuHTe3 npoBOAAT
HCl 10%-a 100 mn B BbITAXKHOM WIKady
3TaHonN 50 mn

B kpyrnomonnyio konOy eMkocThio 250 My, cHaOXXeHHYIO OOpaTHBIM KO-
nongunapHukoMm, momemaror 100 mu 10-12%-#t HCl u npubasasioT
10 r 1,2-gudennnstanona. [lomyueHHYI0 CMeCh KUMATAT 2 4Yaca Ha 3JIEKTPO-
miuTKe (MOAMepKKUBasi HHTCHCUBHOE KHUIICHHE), OXJAXKAAT Ha BOASHOW OaHe
u BputHBaOT B 200 My xomomuo# Bojwl. [lomydeHHYIO0 cMech (PHIBTPYIOT, oca-
JOK OTXKMMAIOT Ha (QHUIBTPE M MEePEeKPUCTAIIM30BHIBAIOT U3 MHHHMAaIBEHOTO
o0beMa dTaHoJa. BeimaBimme KpuCTamibl OTGHIBTPOBHIBAIOT, poMbIBatoT 20 Mt
sTa”ona u cymar Ha ¢uusrpe. T. . 125 °C.

AMP H & (m.4., CDCl3): 7.19 (2H, ¢); 7.34 (2H, 7, J = 8 Tu); 7.43 (4H, 7, J = 8 Tu);
7.59 2H, g, J = 8 ).
AMP 3C & (m.4., CDCl,): 126.5; 127.6; 128.61; 128.63; 137.3.

B2.3. mpanc-1,2-JIndpoMuunKIoreKcan’
Opr. . I. c. 361
Bl’z Br
B —

O CCly Br
LinknorekceH 10r CuHTe3 npoBoOAAT
bpom 18r B BbITAXKHOM WWKady
CCl, nnun CHCl4 40 mn

B Ttpexropmyio kpyrinomoHHyro kon0y emkocThio 100 mu, cHaGxeHHyIO Tep-
MOMETPOM, MEMAIKOW, KarmeJIbHOH BOPOHKOW W OOpaTHBIM XOJIOIHIBHUKOM,
momerafor 10 r nukmorexkcena B 30 mu CCl, mnmn CHCI; u oxmaxmator pac-
tBop m0 O °C. Ilpm temmeparype 0-5 °C mpubaBisAiOT mMpU XOpOIIEM Iepe-
MEIIMBAHUH 1O KarisM pactBop 18 r 6poma B 10 mu TOro ke pacTBOpUTENS
C TaKO#W CKOPOCTHIO, YTOOBI TEMIEpaTypa MOAACPKUBAIACH B 3aJaHHOM HHTEP-
BaJie¢ U HE MOSBISIACH OOJBIIasi KOHIICHTPAHS HEIPOPEarupoBaBIIero opoma
(~2 uaca). ITocie oxonuanus peakuuu (0GECIBEUYHBAHUE PACTBOPA) OTTOHSIOT

1 Buumanue! Bce numdel U KpaH KanejabHOH BOPOHKM IpH paboTe ¢ GPOMOM CMa3bIBAIOTCS

(dochopHoii kucaoroii. Bce padoTbl ¢ GpOMOM NPOBOAATCA B BBITSDKHOM IIKady.
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PacTBOPUTENL HAa POTOPHOM Hcmaputene. OCTaTOK MEPETOHSIOT B BaKyyMmel.
Boixong 28 r (95% ot Teopermueckoro), T. kum. 96 °C / 11 mm pT. cT.,
n3® 1.55402,

AMP H & (m.g., CDCly): 1.52 (2H, m); 1.75-1.95 (4H, m); 2.35-2.50 (2H, m); 4.45 (2H, m).
AMP 3C & (m.g., CDCl,): 22.4; 32.0; 55.1.

B2.4. 2,3-1n6pom-3-peHUINPONAHOBASI KHCJIOTA
(muOpoMKopuUHAsT KHCJIOTA)
COI. 6. 5. c. 74

Br
\/COOH Br, COOH
—_—
©/\ CCly r
A
KopunuHasa kucnota 3r CuHTe3 npoBoaAT
bpom 32r B BbITAXKHOM LIKady

Cdl, 40 mn

B tpexropiayio xonby emkxoctsio 100 mil, cHaOXeHHYIO MEIIANKOH, KarelbHOH
BOPOHKOH M OOpaTHBIM XOJOIWJIBHHKOM, MOMEIAOT 3 T KOPHUYHONH KHCIIOTHI,
30 mu CCl, m moBomsT pacTBOop A0 KuIleHHs. [IpH HepeMelIMBaHuN K PacTBOPY
no KarisiM jgo0asisitoT pactBop 1 mi 6poma B 2 Mt CCl,. Tlocne no6aBieHus
TpPEeTH pacTBopa OpoMa HAaYWHAET BBLAEIATHCS OCATOK AMOPOMKOPHYHOW KHC-
JIOTHI, YTO COIIPOBOXKAAeTCA BBIAEICHHEM Teruia. Bo BpeMs OypHO#l peaknnu
HarpeBaHHe CJenyeT NMPeKpaTHTh, a 3aTeM NpoxokuTh eme 30 MHH mocie
OKOHYaHMA npubaBieHus Opoma. Cmeck oxmaxzgaior no 10 °C, ordunsrpo-
BBIBAIOT OCAJO0K Ha BOPOHKE BloxHepa, MpOMBIBAIOT HEOOJBIINM KOJINYECTBOM
xonogHoro CCl,. Beixon BeicylieHHOTO Ha Bo3ayxe mpoaykra 5.6 r (90.3% ot
TeopeTudeckoro), T. mwi. 197-204 °C.

KonTpons unctoTsr obpasna mpoBogaT mMetonoM TCX. Ry muOpoMKOpHUIHOM
kucaotel 0.27. Cucrema: C,HsOH/xont. NH; = 5:1 mo o6wsemy. Eciu nipeamo-
Jaraercs JanbHedmmas padora ¢ TUOPOMKOPHYHOMN KHCIIOTOH, TO KOIHYECTBa
WCXOIHBIX BEIIECTB CIeNyeT YBEIMIUTh B 5 pas.

AMP 'H & (m.a., AMCO-dg, CDCl5): 5.06 (1H, &, J = 11.8 Tw); 5.43 (1H, g, J = 11.8 Tu);
7.35 (3H, m); 7.51 (2H, m); 13.5 (TH, ywwup. ©).
AMP '3C & (m.a., AIMCO-ds, CDCly): 47.3; 51.5; 128.1; 128.5; 128.9; 137.9; 168.8.

CuHTE3 ¥ IEeperoHKy JKeJaTelIbHO NPOBOANTH B OIWH JEHB.

Tomy4yeHHBIH TPOIYKT 4acTO TEMHEET IPH CTOSHUM. UTOOBI ATOr0 HE MPOMCXOIUIO, OCTaTOK
Hocje OTTOHKH PacTBOPHTEINs BCTpsixuBaroT 5 MuH ¢ 20%-Mm crnimproBeiM pactBopoM KOH
(B xonmuuectBe 1/3 06beMa o4MIIAEMOrO MPOLYKTA), pa30aBIsAIOT PaBHBIM 0OBEMOM BOJIBI,
OTMBIBAIOT OT IIEJNIOYM BOXOMH, cymar npokaneHHbIM Na,SO, nimm MgSO, u neperoHsor B
BakyyMme. IIpu ouncrtke Tepsiercs ~10% mnponykra.

2
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B2.5. 2,3-Tuopom-3-(4-x10pheHuI) MPONaAHOBAs KHCJI0TA
(muGpoM-n-XT0PKOPHUYHASI KHCJI0TA)

Br
/@/\/COOH Br, COOH
B —

n-XnopkKopuyHaa Kucnota 6.1r CuHTEe3 NnpoBOAAT
bpom 1.7 mn B BbITAXKHOM WKady
Cdl, 50 mn

CHCl4 50 mn

STunaueTaTt 30 mn

B xpyrmomonnyio konby emkocTpio 100 My, cHaOXKEHHYIO MEIIaIKOH, KarelbHOH
BOPOHKOM M OOpaTHBIM XOJOJWIBHHKOM, IoMenaioT 6.1 T n-XJIOpKOpHUYHOI
kucnotel U 40 ma CCl,. CMech HarpeBarT 10 KUIICHUS W NPH MepeMenInBa-
HUM nocteneHHo npubasnsior 1.7 mu 6poma B 10 ma CCl,. IMocne mobasie-
HUS BCEro KONHWYecTBa OpoMa cMech KHIIATAT MPH NMEepEeMENINBaHNN B TEUCHHUE
gaca. PeakimoHHYI0 cMech OXJIaXIAIOT 0 KOMHAaTHOH TeMIIepaTyphl, 0CaIoK
OT(MIBTPOBBIBAIOT W MPOMBIBAIOT €T0 Ha (MIBTPE HEOONBIINM KOJIMIECTBOM
xonoguoro CCl,. K nonydyenHomy ocanky npubasistor 50 ma xiopodopma,
HArpeBaroT J0 KHIIEHUS W MPHOABIAIOT K KHIIAIIEH CYyCIIEH3WH STHIIALETaT JI0
MIOJIHOTO PacTBOpPEHHsA ocajaka. IlomydeHHYI0 cMech OXJaXJIaloT MpH Iepe-
MEIINBaHUM B JIEASHOW OaHe, BBHINABIINH OCAaJOK OT()HIBTPOBHIBAIOT, MPOMBI-
BalOT MEHTAaHOM W cymar Ha ¢uiasrpe B TedeHne 10-15 munyT. Bhixom 8.6
(75% ot TeopeTHueckoro).

AMP 'H & (m.a., OAMCO-dg): 5.25 (1H, 8, J = 11.7 Tu); 5.53 (1H, g, J = 11.7 Tu);
739 (2H, o, J = 8.6 Tu); 7.63 (2H, A, J = 8.6 Tu); 12-14 (1H, yw.).
AMP '3C & (m.a., IMCO-dg): 47.0; 50.6; 128.7; 130.4; 133.6; 137.5; 169.0.

B2.6. [(E)-2-BpomaTennn]oen3on
u [(Z)-2-6pomdTenni]enson (o-6pomMcTupo.’)

lr.c. 168
Br
H
COOH  \1a,cOyH,0 B N
Ty +

Br AN Br
AnbpomKopuruHasa KucnoTta 15r CvHTe3 npoBoOAAT
Na,CO;, 10%-n pactBop 90 mn B BbITAXKHOM WIKady

! TIpenapar MoXeT BBI3BIBATH AJUIEPTHIO.



158 b. MpenapamusHas yacme

B xpyrnogonnyto konly emkocTbto 250 mil, cHaOkeHHYIO OOpaTHBIM XOJIO-
OUIBHUKOM, momematoT 15 r aubpomkopuunoit kucioTsl 1 90 ma 10%-ro
pacTBopa CcoAbl U KHOATAT B TeueHue 1.5 uaca. BeimaBumiee Ha AHE KOJIOBI
KEJITOe Maclio OTACINSIOT B JEJTUTENbHON BOPOHKE, a BOJHBIA CJIOW JKCTpa-
rupyioT 3¢upom. OObeAMHEHHBIE OPraHUYECKHE BBITSIKKH MPOMBIBAIOT BOJOMN
u BoicymmBaT Hag CaCl,. Ddup orrostor Ha poropHOM HcmapuTenae. OcTaTok
MEPErOHSIOT B BaKyyMe ¢ M00OaBICHHEM OJHOTO-IBYX KPHUCTAILUIOB THAPOXHHO-
Ha. [onydator 6 r (67% OT TeopeTHIecKOro) m-OpPOMCTHPONA B BHIE CMECH
yuc-, mpanc-uzomepoB. lns mpanc-uzomepa: T. kum. 108 °C / 20 mm pT. cT.,
n& 1.6093. Ins yuc-usomepa: T. kum. 96 °C / 20 mm prt. ct.; nd 1.5997.

Ina mpaxc-nsomepa:
AMP 'H & (m.a., CDCly): 6.70 (1H, A, J = 14 Tu); 7.04 (1H, A, J = 14 Tu); 7.20-7.35 (5H, m).
AMP 3C & (m.g., CDCl,): 106.5; 126.0; 128.2; 128.7; 135.9; 137.1.

B ciygae yuc-uzomepa aToMbl BOJOPOAA TPU JBOWHOM CBSI3U IMPOSBISIFOTCS
B crektpe AMP 'H B Buze asyx my6neros 6.40 m.a. (J = 8 I'u) u 7.02 m.1.
(J = 8 T'w).

B2.7. (1-BpomBunmII)GeH30 (0-OpoMCTHPOIT)

J. Org. Chem. 1976. V. 41. P. 3925

Br Br
X Bn Br KOH, H,0/C¢Hs
_bra RO, R0/CeMe
CHCI3 T3BAX

a) 1,2-Jlubpom-1-penursman (Oubpomcmupon)

Crupon 5r CuHTe3 npoBOAAT
bpom 84r B BbITAXKHOM WKady
Xnopodopm 14 mn

B Tpexropiyro KpyrioJoHHYIO KoJOy eMkocThio 50 mi, cHaGXeHHYHO Mmar-
HUTHOW MEIIaNKOW, TEPMOMETPOM, KareabHOW BOPOHKOW M BO3AYIIHBIM XOJIO-
IOUIBHUKOM, ImoMemaoT pactBop 5 r ctupona B 7 mia CHCl; u npu unrencus-
HOM IepEeMEIIMBAHUN U OXJIAXKJIECHUU N00aBsA0T pacTBop 8.4 T Opoma B 7 M
CHCI; Temmeparypa cMmecu He Ho/KHA mogHumarbest Beime 15 °C. Bruma-
nue! Hmwke 5 °C peaknmoHHass cMeCch TBEPJCET, YTO JIEJIaeT HEBO3MOXKHBIM
nepememnBanue. [locne noOaBiIeHUs BCEro KONMMYeCcTBa OpoMa peaKIHOHHYIO
cMech BeiepxkuBatoT 1 yac mpu temmeparype 20 °C. 3aTem pacTBOpPHUTENb OT-
TOHSIOT Ha POTOPHOM HCIIApUTENE OO0 IOCTOSHHOM Macchl. Beixom 12.7 1 (ko-
JUYeCTBEHHBIN). TTonydeHHBIH TakuM 00pa3oM IUOPOMCTHPOJ MPEACTaBISET
co00i1 BS3KOE MAaciIo WM KPUCTAJUIMYECKOE BEMIECTBO M MOXKET OBITh MCIOJb-
30BaH B CIEAYIOIIEM CHHTe3¢ 6e3 MpeBapUTEIbHON OUUCTKH (IIEPETOHKH LT
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NEePEKPUCTAIUIN3AIMH). AHATUTHYECKH YHCTHIM AUOPOMCTHPON MMEET T. KHIL
133 °C / 19 mm pr. ct, T. 1. 74 °C.

AMP 'H & (m.a., CDCl3): 4.04 (2H, u. m.); 5.11-5.16 (1H, m); 7.36 (5H, u. m.).
AMP 3C 6 (m.4., CDCl,): 35.00; 50.87; 127.60; 128.79; 129.09.

6) (1-Bpomeunun)benson (a-opomcmupon)

AubpomcTtnpon 1361
KOH 13.2r
TIBAX 05r

benson 20 mn

B Tpexropnyio konly emkoctpio 250 My, CHaOXXEHHYIO MEXaHHYECKOW Me-
IIaJTKOM, KameJbHOW BOPOHKON M OOpaTHBIM XOJIOAMIJIBHUKOM, MOMEIIAI0T
13.6 T gubpomctupona u 20 mn 6enzona. K momygenHoMmy pactBopy moOaBISIOT
pactBop 13.2 r KOH B 20 miu Boast u 0.5 r TOBAX (TpusTrinOeH3uIaMMOHUS
xaopun). CMech KUMATAT 3 yaca MPU MHTEHCHBHOM INepeMeninBanuu (Mexdas-
Hasl peaklyus B CHCTEMe BOAa—0EH30J1, MOITOMY HEOOXOAMMO MHTEHCHBHOE Iepe-
MEIIMBAaHUE). YBEIIMUCHHE BPEMEHU PEaKIHMU HEXKENaTeJbHO, TaK KaKk MOXKET
obpasoBarbcst nmpuMech (peHmmanermieHa. [lo okoHUaHWHM peaknuu OCH301b-
HBI PacTBOP OTAENSAIOT, MPOMBIBAIOT BoJOH M KoHI. pactBopoM NaCl, cymar
6e3BogapiM MQSO,. YmapuBaHue pacTBOpa MOKHO BBIITOJHHUTH B IEPETOHHOM
konbe. [locne neperonku B Bakyyme noiydaror 7.5 r (85% ot Teoperuueckoro)
a-6pomctupona, T. kum. 80-83 °C / 10 mm pr. ct., n¥ 1.5880.

AMP 'H 6 (m.a., CDCly): 5.83 (1H, g, J = 2 Tu); 6.16 (1H, g, J = 2 Tu); 7.35-7.42 (3H, m);
7.64-7.67 (2H, m).
AMP '3C & (m.a., CDCly): 117.6; 127.2; 128.2; 129.0; 131.0, 138.5.

B2.8. 2,3-Iu6pom-1,3-nudenna-1-nponanox
(muépomua GensuauaeHaneToeHoOHA)
COrn. ¢6.1. c. 187

(0] Br O
BI'2
B —

= O § O
BbeH3unnpeHaueTodbeHOH (XxankoH) 104 r CuHTe3 npoBOAAT
Bpom 8r B BbITAXKHOM WIKady
STnnoBbIN cnupT 96%-1 24 mn
Cdl, 30 mn

B Tpexropiyio xon0y emxoctsio 100 mil, cHaOXXCHHYIO MEMIANKOH, KaneIbHOU
BOPOHKOI U 0OpAaTHBIM XOJOJHIBHUKOM, moMmemniaroT pactBop 10.4 T OeH3MIHICH-
aueropenona B 30 ma CCl,, oxiaxaaroT koji0y JIbAOM U MPH MEpEeMEIIMBAHHH
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MeIUIeHHO TpuKaneiBatoT 8 r (2.6 mu) 6poma. ITocne okoHUaHHS TPUOABICHUS
OpoMa BBINIABIIMHA OCAZ0K MUOpoMHIa OCH3MIUACHaNeToGeHOHa OTHUIBTPOBHI-
BAIOT, MPOMBIBAIOT HA (UIBTPE TOPSYMM CIOUPTOM (2X12 MJI) U BBICYIIHBAIOT
Ha Bo3ayxe. Beixog 15.5 r (84% or teoperuueckoro), T. mi. 156-157 °C.

AMP H 6 (m.a., CDCly): 5.66 (1H, A, J = 11 Tw); 5.85 (1H, A, J = 11 Tu); 7.35-7.45 (3H, m);
7.50-7.57 (4H, m); 7.63-7.67 (1H, m); 8.09-8.13 (2H, m).

AMP 3C 6 (m.4., CDCl,): 46.8; 49.8; 128.3; 128.8; 128.9; 129.3; 134.2; 134.4; 138.2; 191.2.

B2.9. (1,2-Iuopom-2-pennadTun)6en3ou (Me30-TMopoMCTHILOEH)

COIn. c6. 3. c. 231

Br,
—_—
a¢up
mpaHc-CTnnbbeH 45r CuHTe3 npoBOAAT
bpom 43 r B BbITAXKHOM WKady
Onatnnosbin a¢up 85 mn

B tpexropayw konbdy emkocTbio 200 My, cHaOXeHHYH MarHUTHOW Me-
MAJIKOW, KameJbHOW BOPOHKON W OOpaTHBIM XOJOAWUJIBHUKOM, IMOMEMAIOT
4.5 r mpanc-ctmiibbena B 75 mu adupa. K stomy pactBopy B Teuenune 10 MuH
MIPU SHEPTUYHOM TepeMeNIMBaHUM TpuKanbsiBaoT 1.4 ma 6poma. Uepe3 5 MuH
rnmocjie Havaja go0OaBlieHUs OpoMa HayWHAETCS BBIJEICHHE OElI0oTo Oocajaka.
[lepememmBanue NpomODKAaIOT B TeueHHe 1 waca mocie OKOHYaHUS NpubaB-
nenus O6poma. Ocajok OTPUIBTPOBBIBAIOT C OTCACHIBAHMEM, MPOMBIBas Ha
¢unsrpe (2x5 min) a¢dupom 10 obecuBeunBanus. Beixon qubpoMcTiiasbena 6.8 T
(79% ot Teoperuueckoro), T. mi1. 235-237 °C.

AMP 'H & (m.a., CDCl3): 5.48 (2H, ¢); 7.38 (2H, 7, J = 8 Ty; 7.42 (4H, 7, J = 8 Tw);
7.51 (4H, p, J = 8 Tu).

AMP 3C & (m.a., CDCl,): 56.1; 127.9; 128.7; 129.0; 140.0.

b2.10. 1,1-iuxjop-2-¢peHNIIUKIONPONAH
-M. c. 281; Opr. . 1. c. 391

Cl Cl

X CHCI,
_—
NaOH, H,0

TOBAX



b2. Henpedenbhbie coedureHus 161

Crupon 11.6 mn CuHTe3 npoBOAUNTCA
T3BAX 0.15r B BbITA’)KHOM LIKady
NaOH, 50%-1 pacTtBop 50 mn
CHCl; 50 mn

B tpexropmyto xonby emxoctsio 500 mur, cHaGxkeHHYIO 3¢ (deKTHBHOI Mexa-
HUYECKON MEIIaNKOH, KalelbHOH BOPOHKOW W OOpaTHBIM XOJIOMMIEHUKOM, TO-
memarotr 11.6 mi crupona, 0.15 r TOBAX (TpudTHIOCH3WIAMMOHUS XJIOPHI)
u 50 ma 50%-ro pacteopa NaOH!. K cMecu mpu >HEPrU4HOM NEpEMEINHBa-
HUH B TEUCHHE NpUMEpHO ABYX uyacoB nobaBistor 50 mn CHCI;, ciens 3a Tew,
9TOOBI PEaKIHMOHHAS CMECh BCEe BpeMs ocTaBajach Temyoi. [locie oxkoH4aHUsS
npubasnenus CHCIl; cmecp nepememmBaror emie 30 MHH, a 3aTeM BBUTUBAIOT
B 250 mu xomomHOU BOABL. OpraHWYECKHU CIOH OTAENSIIOT, a BOXHBIA JKCTpa-
rupyor CHCI; (2x25 mut). OpraHuueckue BBITSDKKH OOBEIMHSIOT, MPOMbIBA-
10T HacklmenHsM pactBopom NH,Cl u Beicymmsaror man CaCl,?. Pacteopu-
TEJIb OTTOHAIOT Ha POTOPHOM HCIIApHTENe, a OCTATOK IEPEroHSIOT B BaKyyMe.
[Ipn meperonke B BakyyMe PEKOMEHIYETCS HMCIOIB30BaTh TOJCTHIM KaIMILIAP,
TaK Kak pacTBop oueHb Bs3kuid. Ilomyuaror 16 r (85% oT Teopermueckoro)
1.1-nuxnop-2-pennmmrnonponana, T. kur. 106 °C / 8 MM pr. ct.; n3® 1.5521.

AMP H 6 (m.a., CDCl3): 1.90 (1H, aa, cuctema ABX); 2.01 (1H, aa, cuctema ABX);
2.96 (1H, pa, cuctema ABX); 7.29-7.43 (5H, m).

AMP '3C & (m.a., CDCly): 25.6; 35.4; 60.7; 127.5; 128.3; 128.8; 134.6.

B2.11. 7-Oxcaéunuxiio[4.1.0]rentan
(muKIoreKceHoOKCH I, 1,2-3MOKCHIUKIIOTeKCAH)

J. Am. Chem. Soc. 1955. V. 77. P. 2549

o)
N—Br
O — QL 52 O
—>

LinknorekceHn 35 mn CuHTe3 npoBOAAT
N-BpomcykunHumng (NBS) 70 r B BbITA)KHOM LIKady
NaOH 157 r
Sdup 75 mn

! PaCTBOp 1IEJI04YU MOXXHO HNPUTOTOBUTH HAKAaHYHE, paCTEPEB NPCABAPUTCIBHO TBEPAYIO IIC-

704b B crynke (ocmopoocro! ouxu!). Tlpu MCIONB30BAaHUU PACTBOPA IIEIOYHM MEHBIIEH
KOHIIGHTPALMK BBIXOJ MPOAYKTa CYLIECTBEHHO YMEHBIIACTCS.

Bce onvcaHHbIC BBIIIE ONEPAIMH JKEIATEIILHO BBINOIHUTD B OAWH JICHb U OCTaBUTH PACTBOD
Ha Houb (wiu Ha Henenro) Haj CaCl,.
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B xpyriomoHHyro Tpexropiyio kKonly emkocThio 250 mil, cHaOXEHHYIO Me-
XaHHYECKOM MeNIaNKoW, 0OpaTHBIM XOJOAMILHUKOM M NpoOKoiil, momerna-
10T cMmech 35 M nmkinorekceHa u 140 mn Boawl. [lpu mMHTEHCHBHOM mepe-
MermmBanuu noprusiMu BHocsAT 70 T NBS, crenst 3a Tem, uToOBI peakimoHHas
cMech CHJIBHO He pa3orpepanach. [locine mpubaBnenuss Bcero NBS cmech
nepememuBaoT eme 30 MUH NpW KOMHATHOW Temiepatype. Macmoobpas-
HBIH HWKHHUU cJI0d (OpOMTUAPUH) OTACHSAIOT U OBICTPO MPUKAMBIBAIOT MPH
WHTEHCHBHOM mepememnBaHuu K pactBopy 15.7 v NaOH B 90 ma BonsI.
CMmecp mepememmnBaroT 1.5 daca mpu KOMHATHOH TeMIepaTrype W SKCTparu-
pytot s¢upom (3%x25 mu). OO0beauHeHHBIE 3()UPHBIC BBITSIKKH MPOMBIBAIOT
Boo# (2x25 mu) u cymar npokaneHHsiM MQSO,. Dbup OTTOHSIOT MpU at-
Moc(]epHOM JaBJIEHUH Ha BOJSHOW 0aHe, OCTaTOK IEpPEeroHSIOT B BaKyyMme BO-
noctpyiHoro Hacoca mpu 50-60 MM pT. CT., oXJaxaas TPUEMHUK JICITHON
Bojoi. Beixox 25 r (74% ot teopetndeckoro), T. kum. 50 °C / 50 mm pT. cT.
unu 128-131 °C / 760 mm pt. cr.; n3’ 1.4530.

AMP 'H & (m.a., CDCl3): 1.15-1.30 (2H, m); 1.35-1.50 (2H, m); 1.75-1.85 (2H, m);
1.86-2.00 (2H, m); 3.12 (2H, u. m.).

AMP 3C & (m.g., CDCl,): 19.5; 24.5; 52.1.

b3. HYKNEOOWNbHOE 3AMELLEHWE
B ANKUNTANOTEHUAAX U CMIUPTAX?

b3.1. Cunme3s anKunzanoz2eHu006

B3.1.1. 2-Xgopnponan (M30NPOMMIXJIOPH)

>7OH HcCl, >—CI
ZnCl,

J. Chem. Soc. 1943. P. 638

M3onponunosbiin cnupt 38 mn
HCl KoHU. 86.4 mn
ZnCl, 6e3BoaHbIN 136 r

B nmByxropayto konby emkxocthio 500 My, cHaOXEeHHYIO KanelbHOW BOPOH-
KOW ¥ BBICOKUM Je(IerMaropoM ¢ TEPMOMETPOM, COCJAMHEHHBIM C HHCXO-
JSIIUM XOJOMUJIBHUKOM C aJOH)KeM W MPHUEMHHKOM, MOMEIIAoT 86.4 M KOHII.
HCI u 136 r xnopuaa usaka. [IpueMHUK OXJIaKAal0T B OaHe CO jbaoM. Peak-
HUOHHYI0 CMECh HArpeBalOT Ha IUIUTKE U MEAJICHHO 1O KamisM 100aBis-
10T 38 MJI M30IpPONMUIOBOrO ciHpTa. IIpu 100aBIEHUM HAYMHAET OTTOHATHCS

1
2

Uepes ato ropno BHocat nopuusmu NBS.
ITomyueHnue COUPTOB C MOMOINBI0 MarHUHOPraHUYECKUX COCNWHEHMI cM. pas3n. b6.
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¢pakiust ¢ 1. kun. 30-45 °C (TemmepaTypa IepKHUTCSI JOCTATOYHO CTAOWIBHO).
[lpu majgeHnu Temmeparypbl OTTOHKH MOXKHO YBEJIHYUTH CKOPOCTH IPUKAIIBI-
BaHus crnupra. Korma temmeparypa nogHumercst go /0 °C, HarpeBaHue Ipe-
KpamarT. J{UCTHIUIAT IPOMBIBAIOT 2 pa3a paBHBIM 00BEMOM BOJBI, 3aTeM 5%-M
pactBopoM NaHCO; mo HeWTpanpHO# peakuuu, 3aTeM CHoBa Bomoi. Cymiar
6e3BonubiM CaCl, u neperonsitor. Boixoa uzonponunxmnopuna 28.1 r (72% ot
TeopeTuyeckoro), T. kum. 34-36 °C / 760 mm pr. cr.; nZ’ 1.3811.

AMP 'H & (m.a., CDCl3): 1.52 (6H, g, J = 6.3 Tu); 4.20 (1H, cent, J = 6.3 ).
AMP 3C 6 (m.g., CDCly): 27.3; 53.9.

B3.1.2. Xuopuukiaorexkcan (AKJIOTeKCHIXJIOPH)

V. p. 557
M hel Cl

e

CaC|2
Memoo A
Linknorekcnnosblii cnvpt 25r
HCl KoHu. 65 mn
CaCl, 6e3BogHbIN 20r

B nByxropiyro KpyriomoHHYH Koj0y eMKocThio 250 Mil, CHaOKeHHYI0 00paTHBIM
XOJIOAMIBHAKOM M MEXaHUYECKOW MEIIANKOW, MOMEeNIaT 25 I' UKIOreKCaHoIa,
65 mn xoum. HCI u 20 r 6e3Bomroro CaCl,. Cmech KUMATAT TPHU MepeMennBa-
HUW B TeYCHHE 6 4acoB, OXJaKIAIOT U OTIEISAIOT OPTaHMYECKUH CIIOH, KOTOPBIHA
oCJIe0BaTeIbHO IpoMbIBaioT HackimenusM pactBopoM NaCl, Na,CO; u cHoBa
pactBopom NaCl. Opranunueckuii cnoit cymar 6e3soxusim CaCl, (B Teuenme
HECKOJIBKUX 4acoB) M Ieperousior. Brixom 22.5 r (76% oT TeopeTHUecKoro),
T. kui. 141-142 °C / 760 mm pr. cr.; nd 1.4610-1.4630.

Memoo b

Lnknorekcunosbin cnnpT 25r
HCl KoHU. 65 Mmn
HCl (ras)

B tpexropnyro KpyriomoHHyIo KonOy emkocTbio 250 mil, cHaOXXEeHHYIO Me-
XaHUYECKOI Melankou, oOpaTHBIM XOJOAMIBHUKOM M TPYyOKOH A BBOJA
HCI, nomemator 25 r nukinorexkcunoBoro crupra U 65 ma kour. HCIl. Cmech
HArpeBaIOT NP MHTCHCUBHOM MNEpEeMEIIMBAHUM Ha KHIALICH BOASHOI OaHe
U ogHOBpeMeHHOo mponyckaioT Tok HCl B Teuenne 3 wacos. [lanee peaknuoOH-
HYI CMech 00pabarbiBatoT Kak omucano B merone A. Beixox 20 r (67.5% ot
TeopeTHuecKoro), T. kuil. 141-142 °C / 760 mm pr. ct.; nZ’ 1.4630.
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AMP H & (m.a., CDCl3): 1.24-2.15 (10H, m); 4.00 (1H, m).
AMP '3C 6 (m.a., CDCly): 24.9; 25.2; 36.7; 60.3.

B3.1.3. 2-Xjop-2-meruanponad (mpem-0y THIXJIOPHUL)

%OH _Hel —>—CI

mpem-byTnnosbin cnupT 74r
HCl KoHu. 24.7 mn

COM. c6.1. c. 482

B neautenpnyio BopoHky obbeMoMm 100 ma momemaror 7.4 r (0.1 mounb)
mpem-6ytunosoro cnupra u 24.7 mn xonu. HCI (d7° 1.19). Cmech nepeme-
IIMBAIOT CTEKJITHHOM MallO¥YKOM [0 MPEKpalleHusl SK30TEPMUYHON peakuuu’,
a 3aTeM BCTPAXHUBAIOT B TeueHHe 15-20 MHUH M JAIOT PacCIOMTHCA. BepxHwuii
cioi otaensroT, mpoMbiBatoT 5%-m pactBopom NaHCO;, 3arem Bomolt 10 Hell-
TpaJbHON peakiuu, BeTpsaxuBaroT ¢ 1 r mpokanennoro CaCl,, mpoduisrpo-
BBIBAIOT U MEPEroHsOT. Beixox mpoaykra 8.2 r (89% oT Teopernveckoro),

T. kun. 49.5-52 °C / 760 mm pt. ct.; n 1.3850.

AMP H & (m.a., CDCl3): 1.62 (c).
AMP 3C & (m.g., CDCl,): 34.5; 66, 82.

B3.1.4. [Xnop(nupenun)merna]oeH30
(TpudeHUIXTOPMETAH, TPUTHIXIOPHN)

Memoo A
Marr. c. 379
O O+
CeHe
TpndeHunkapbuHon 3r CuHTes npoBOAAT
HCl (ras) B BbITAXKHOM WKady
beH3on abc. 20 mn

! Tlpu monydeHuu GOJBIIMX KONHYECTB mpem-OyTHIXJIOPHIA CHHTE3 MPOBOAAT B KOJ-

oe ¢ O6paTHLIM XOJIOAUJIIBHUKOM H KareJ bHOMI BOpOHKOfI IIpu UHTCHCHUBHOM II€pEME-
IIUBAaHUU.
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PactBopsitoT 3 T cyxoro TpueHwIKapOnHoIa B CyXoM OEH30JIe U MPOITYCKAIOT
uepe3 pactBop razoobpasusiii HCIL. C camoro nauana npomyckanust ra3000pas-
Horo HCI »uaKoCTh HaYMHAET MYTHETh (BBIZCIICHHE BOJBI) M 4Yepe3 KOPOTKOE
Bpemst (0.5 yaca) Bech KapOMHON MpeBpalaeTcs B TpUeHHIXIopMeTan. B mpo-
JOJDKEHHE BCEro Mpolecca PacTBOP OCTaeTcsi OecHBETHHIM. Ero cymar mpo-
kaneHHbiM CaCl,, 6eH30J1 OTrOHSIOT, a BIJCIHBIINECS OCCIBETHBIC KPHCTAIIBI
MEePEKPUCTAIIM30BELIBAIOT U3 BBICOKOro (1. kum. 68-100 °C) merposeiiHOro
adupa ¢ 10%-it nobaBkoii anermnxiopuaa. Berxox tpudenmixmopmerana 2.9 r
(90% ot Teoperuueckoro), T. mwi. 109 °C.

Memoo b
COIm. c6. 3. c. 426
2 - Cl
o ©
@ ¥ _<C| C6H6
beHson cyxon 8 mn CuHTe3 npoBoAAT
TpudeHnnkapbuHon 25r B BbITAXKHOM WKady
Auetunxnopung 15 mn

B kxpyrionoHHyt0 kK0j10y, CHAOXKEHHYIO OOpPAaTHBIM XOJIOJUIBHUKOM C XJIOPKailhb-
IIUEBOM TPYOKO#, MOMEIaT cMech 25 T YUCTOro TpudeHuaKkapouHoga U 8 M
cyxoro OeHn3ona. CMech HAarpeBarOT Ha IUIMTKE M 4Yepe3 BEpX XOJOJUIbHUKA
npuOaBISIIOT 5 MJI CBEXKEINeperHaHHOTO aleTuiaxjopuna. HarpeBanue npoodn-
KAr0T, COTMPOBOXK/IAs €ro SHEPTUYHBIM B30aJITHIBaHHEM cMmecd. Uepes mpumep-
HO 5 MUH TBepAblil TpU(EHWIKApOMHOI HcYe3aeT U 00paszyeTcst MpOo3pavHbIi
pactBop. 3arem B TeueHue 10 MuH K pactBopy mpubasistor eme 10 mu are-
TUIIXJIOpUJA TOPUUAMH 1o 2 M1, nocie 4ero kumataT eme 30 muH. PacTBOp
OXJIX/IAI0T, B30ANTHIBas KOJOY B CTpye NMPOTOYHOW BOABI, © OJHOBPEMEHHO
MpHUOABIIAIOT K HEMY Yepe3 BEPXHIOK YacTh XOJOoAWiIbHHKa ~ 20 Mi merposei-
Horo 3¢wupa (1. kun. 30-60 °C); mpu 3ToM TpUDEHUIXIOPMETAH BBIACIICTCS
B BHJle KpucTaioB. CMech OXJIaXIAl0T OJWH-IBa Yaca B OaHE CO JIJIOM, Bellle-
CTBO OT(UILTPOBBIBAIOT?, poMbiBaroT 10—-15 mu nerposneitnoro »¢upa, cymar
B OKCHUKATOPE HaJ HATPOHHOW M3BecThiO M mapaduuom. [lonyuaroT 22.4 T Tpu-
¢penmnxnopmerana (83% ot Teopetnueckoro)®, T. mn. 111-112 °C.

XunopucTslii Bogopox nonyyarot u3 cycrnensuun NaCl 8 HCl u H,SO, ko,

OunpTpoBaTh TPHU(GEHUIXIOPMETaH ClIeyeT OBICTPO, TaK KaK OH JIETKO THAPONIN3YEeTCs IOJ
JefCTBHEM BIIard BO3IyXa.

KoHeuHBIH mpemapaT cOBepHICHHO OECIBETEH M HE JOJDKEH 001anaTbh Pe3KUM 3aIlaxoM.
[Ipemapar MoxeTr OBITH HMEpEeKPHUCTAIUIM30BaH W3 OeH3oia ¢ N0OaBIEHHEM IETPOJICHHOTO
a¢upa Npu OXJIAKICHUU.
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MOXHO JOTOJIHHUTENBHO MOMY4YHTHh 3—3.7 T' TpU(EHWIXIOpMETaHa, yHapuB
Ha POTOpHOM Hcnaputene ¢uibrpar no obsema ~7.5 mi. Jlanee Temslii pac-
TBOp oOpabarbiBatoT 1 r akTUBMUpOBaHHOTO yrist u QuibTpyloT. K dunsrpa-
Ty J00aBIAOT 5 Mi merpoisieiiHoro 3dupa M oxyaxaaT B O0aHE CO JIBIOM.
Kpucramnsl TpudenunxiopMerana oTGUIBTPOBHIBAIOT U NMpoMbIBalOT 10 M
XOJIOZHOTO IeTPOoJeHHOro 3dupa.

AMP 'H & (m.a., CDCl3): 7.27 (u. m.).
AMP 3C 6 (m.4., CDCl,): 81.3; 127.7; 127.7 129.6; 145.2.

B3.1.5. BpomiTan (3THIOPOMHUT)
fO. Bbin. lll. c. 223

OH H,SO, KBr Br
— s ——> /

DTUNOBLIN CNUPT 27.5 mn
KBr 25r
H,S0, (d%° 1.84) 27.5 mn

B xpyrnomonHyio konOy eMkocThio 250 mil, CHaOXXEHHYIO MarHUTHOH Me-
anKoi, momemaror 27.5 MII KOHIEHTPUPOBaHHOH cepHoil kucmotsl (dZ° 1.84)
U OBICTPO, HE OXJIAXJas, MPH MOCTOSHHOM MEPEMEIIUBAHUN TPUINBAIOT MOP-
ousMu 27.5 MII 3THIIOBOTO CHHPTA. TEIUTYI0 CMECh OXJAXKTAIOT 10 KOMHATHOMN
TEMIIEPaTypbl U OCTOPOXKHO, HPHU MOCTOSHHOM IEPEMEUIMBAHUUA U OXJIAXKICHUU
KOJIOBI XOJIOMHOM BOMOM, mpubaBisror 19 mur jensHoW Bombl, a 3areM 25 T TOH-
KO pacteproro Opomuaa kayivs. B peakmoHHYI K00y BCTaBISIOT HeduiermMarop
C TEPMOMETPOM, COCOMHEHHBIN ¢ AJIMHHBIM, XOPOIIO JCHCTBYIONINM HUCXOSIIIAM
XOJIOAMJILHUKOM, CHaOKEHHBIM aJIOHKeM, KOHeI[ koToporo Ha 1-1.5 cMm morpy»xarot
B BOAY CO JIbJIOM, HAJHUTYIO B KOJOYy-TIPHEMHHK, M BpeMs OT BPEMEHH 100aBIisi-
IOT B HEr0 KYCOUKH JIbJIa; Yepe3 pyOallKy XOJOAWIbHHKA MPOIYCKAIOT JOBOIBHO
CHJIbHYIO CTPYHO XOJOIHOW BOJbL. PeaklMOHHYIO CMECh HArpeBalT Ha HEOOIb-
0¥ MecouHol OaHe OONBIIMM INIAMEHEM TOPENKH U TPOAOIDKAIOT HAarpeBaHHE
JI0 TeX IOp, MOKa B MPUEMHHUK HE MEPECTAHYT IEPEXOAUTh MACISHUCTHIC KAILTU
S>THIOpPOMHU/IA, Hajaromue Ha AHO . EcM peakuuoHHas cMech B KONOe HauMHAET
CHJIBHO TMEHUTHCS, TO OTCTABISIOT TOPEIKY M 4epe3 KOPOTKOE BpeMs BO30OHOB-
JSTEOT HarpeBaHue. [10 OKOHYAHWM PEaKIMK TIEPEUBAOT COACPKUMOE MPUEMHUKA
B JICIIUTENBHYIO BOPOHKY TIOIXOMAIIETO pa3Mepa W CIUBAIOT STUIOPOMIT (HIKHUMA
CIIoil) B KOHHYECKYI0 K00y eMkocThio 100 mi. Konby oxnaxmaror mo 0 °C u npu
MOCTOSIHHOM BCTPSIXMBAHHUHU [TPUOABIISIFOT U3 KAIeJIbHON BOPOHKHU IO KAIUIAM KOHII.
CEPHYIO KHCIIOTY? JI0 TeX MOp, NOKA OHA HE BBIIEIMTCS BHU3Y B BHJIE OTAEIBHOIO

C71051 1107 GPOMATAHOMS.

Crensrt 3a TeM, 4TOOBI KOHEI] aJOH)Ka OBLI MOCTOSHHO HOTPYKEH B BOLY.

O6paboTKa CepHOW KHCIOTOW MMEET [Be Leiu: 1) oTAeneHHe OT AMATHIOBOrOo 3¢dupa,
2) BBICYIIMBaHHE IPOAYKTA PEAKLIUH.

HeounmmeHHblii OpoMdTaH OKpamieH B JKENTHIH IBET U3-3a IPUCYTCTBUS Opoma.
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CozepxuMoe KOJIOBI TIEPEHOCAT B MaJICHBKYIO JCIUTENIBHYI0O BOPOHKY M OT/E-
JUSIFOT HIDKHHUM Ci10M. Bpomatui (BepxHuil Ciioi) MEPEHOCAT B MEPETOHHYIO KOJIOY
M TIEPEroHsIOT Ha BojsHOW Oane B uHTepBane 35—40 °C / 760 MM pr. cT.,, mpuuem
OCHOBHasI Macca npoxaykra neperonsiercst npu 38—39 °C / 760 mm pr. cr.. Boixon
40 r (77% ot Teoperuueckoro), T. kum. 38 °C / 760 mm pr. cr.; nZ’ 1.4250.

AMP 'H & (m.a., CDCl3): 1.67 (3H, T, J = 7.3 Tu); 3.43 (2H, k8, J = 7.3 Tu).
AMP 3C & (m.a., CDCl,): 19.4; 27.9.

B3.1.6. AJkuadépomMuabl
OO0mass MeToinKa CHHTE3a M3 COOTBETCTBYIONIUX CHUPTOB W OpoMa B MPHCYT-
CTBHH KpacHoro (ocdopa

JIAB. c. 80; Opr. 1. 1. c. 274

Br,
R—OH m R—Br
KpacHbIN
Cnnpt 0.25 monb CuHTe3 npoBOAAT
Dochop KpacHbIin'! 39r B BbITAXHOM wWKady
bpom 10 mn
H,S0, (d%° 1.84) 10 mn

B tpexropaywo?! konby emxocThio 250 MiI, CHAGKEHHYIO MEIIAIKON, 0OPaTHBIM
XOJIOZMIIFHAKOM M KareJdbHOI BOpoHKOH, moMematoT 0.25 MOJIb COOTBETCTBYIO-
mero cnupra U 3.9 T kpacHoro gochopa®. Oxnaxaas Koaby XONOMHON BOIOH,
MTOCTENEHHO B TEYEHHE OJHOTO dYaca IpPH IOCTOSHHOM IIEPEMENINBAHUU W3
KanenbHol Boponku npubasisror 31.5 r (10 M) 6pomal. Tlo okoHuanuu BBe-
neHust OpoMa Kojbe IaroT HarpeTbes 10 KOMHATHOW TEeMIIepaTyphl, a 3aTeM,
He MpeKpalas nepeMenInBaHis, HarpeBaroT (CHayalla OCTOPOXKHO) Ha BOISHOMN
Oane B TeueHue 3—4 wacoB. Ilonmy4eHHBIH aTKMIOPOMHU OTTOHSIOT C BOASHBIM
napom*. B senuTensHOM BOPOHKE HUKHUN CIIOM OTIENSIOT OT BOJIbI, IPOMBIBA-
10T KoHuenTpupoBannoii H,SO, (2x5 mn)® u neperonsior. Beixoasl ankuiabpo-
muzoB coctaBisaoT /0-80% ot teopernueckoro. Takum crmoco6oM MOTYT OBITH
nosy4ensl: n300yTunopomun (t. kum. 91-93 °C / 760 mm pr. cr.; nZ 1.4865);
2-6pombyTan (1. kun. 90-91 °C / 760 mm pr. ct.; n¥ 1.4335); 1-6pomneHTan
(r. xum. 127-129 °C / 760 mm pt. c1.; N’ 1.4445); 2-6pomrekcan (u3
rekcanona-2; T. kun. 144—146 °C / 760 mm pr. ct.; n¥ 1.4464); u30aMunGpoMu

KpacHsiit ¢ochop mpenBapuTeIbHO NMPOMBIBAETCS BOXOW M BBICYIIUBAETCS B SKCHKATOPE
HaJl CEpHON KHUCIOTOM.

Ecnu kpacHsblit ocdop yBIaXXHEH M CIHIAETCS, €ro IpeIBapUTEIbHO HPOMBIBAIOT BOXOH
W cymaT B SKCHUKAaTOpe Haj CEpHOH KHCIIOTOH.

IIpaBuna pabotsl ¢ 6pomMoM cMm. pazn. Al.2.

IIpoBeneHne NEperoHKH ¢ BOISHBIM IapoM cM. pasm. A3.5.

IToce mpOMBIBaHUS NEPBHYHBIX AJTKIITAJIOTCHHJOB CEPHOH KHCIOTOH IPOMBITH BOZOIA,
3areM 1 M pacTBOpoM cOABI M CHOBa BOZOH. BTOpMYHBIe AJIKHITajJOreHHIbI He MPO-
MBIBATh CepHOIi KucJIoTOi!
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(t. xun. 120 °C / 760 mm pr. ct.; nZ 1.4433); 5-6pomHonan (k3 HOHaHONA-5,
1. kur. 104-106 °C / 13 mm pr. cr.; nZ 1.4580); 6pomumknorekcan’ (T. Kui.
60-62 °C / 20 mm pr. ct.; nZ 1.4930).

B3.1.7. 1-Bpom-2,2-mumernanponaH (HeomeHTUIOPOMUL)

J. Am. Chem. Soc. 1964. V. 86. P. 964

| PHoBrpen, | P

| OMOA |
HeoneHTunosbI cnnpt 102 r CunHTe3 npoBOAAT
TpndeHundocouH 335r B BbITAXKHOM WIKady
bpom 6 MmN
JIMOA abc. 100 mn

B nByxropnyto xonby emkxocThio 250 MiI, CHaOXEHHYI0 MarHUTHOW MeEIIaJKOH,
OOpaTHBIM XOJIOJMJIBHUKOM C XJIOPKaJbIMEBOH TPYOKOH M KaleJIbHOH BOPOHKOM,
nomematoT pactsop 10.2 r HeomenTmioBoro cnupta u 33.5 r Tpudennndochu-
Ha B 100 mur abc. IM®A. Ilpn WHTEHCHBHOM IepEeMEIINBAaHIH W HAarpeBaHUHU
(50-55 °C, BogmsiHas GaHs) K pacTBOpY NpHUKambiBaloT ~6 mMi Opoma 10 mpe-
KpaIllleHUs] er0 pacxXomoBaHHs (0 MOSIBICHUS YCTOWYMBOH OKpacku Opoma).
Peaknnonnyro cMmech nmepeMermmBatoT 20 MUHYT ITpH 3TOH TeMIieparype, 3aTeM
oOpaTHBIN XOJIONMIBFHUK 3aMEHSIOT Hacajakod Biopia ¢ HUCXOIAIIMM XOJIO-
JWIBHUKOM U OTTOHSIOT JIETy4YU€ BELIECTBA J0 Hayajla KUIEHUS I[M(DAZ. I1o-
JMYYeHHbII TUCTUIUIAT TOABEPraloT MOBTOPHOI meperonke. Boixox 13.4 r (76%
OT TeopeTuueckoro), T. kum. 105-107 °C / 760 mm pr. cr.; ng 1.4370.

AMP 'H & (M.4., C;Dy): 0.83 (9H, ¢); 2.93 (2H, ¢); & (m.4., CDCLy): 1.05 (9H, ¢); 3.28 (2H, ©).
AMP 3C & (.4, C,Dy): 27.7; 32.0; 47.8; & (M.4., CDCL,): 27.8; 32.2; 48.1.

b3.1.8. Hoameran (MeTHIHOIN)
0. Bbin. lll. c. 227

\ © N\ O
0-8-0 +KI —> —I + 0-8-0K
5 N\ H,O o)
OnmeTtuncynbdar 15 mn CuHTe3 npoBOAAT
Moauna kanusa 25r B BbITA)XKHOM WKady

! Hapsimy ¢ GpOMITMKIIOTEKCAHOM YacTO 00pa3yloTcsl 3aMETHBIE KOMHYECTBa 1,2-TuOpOMITMKIIO-

reKcaHa, KOTopblii jerko oraensiercs neperonkoi (r. xum. 103-105 °C mpu 20 MM pt. cr;
n& 1.5420).
2 T. xum. 153 °C.
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B nByxropnyio! kpyriomonnyo koiaby eMkocThio 150 M, cHaGXKEeHHYIO Ka-
MeNbHONH BOPOHKOM, Je(IerMaropoM ¢ TEPMOMETPOM M MOIIHBIM HUCXOASAIIAM
XONOJMIBHUKOM C QJOHXKEM, KOHEI[ KOTOPOro IyOOKO BCTaBJSIOT B MPHEM-
HHK, TTOMEIaT pacTBop 25 r momuna kamus B 25 mi Boasl. KonOy ciabo
HarpeBalOT Ha BOASHOW OaHe M MOCTENEHHO, CJeTKa BCTPAXUBAS COACPKUMOE
K0JI0bI, MPUOABIAIOT 10 Kamwiam 15 mi gumernncynbdaral?, Ecnu peakuus
HE HAYMHAETCsI, TO CIEeIyeT MOBBICHTH Temmeparypy. [IpubapieHune TUMeETHII-
cynbdara BeAyT € TAKOH CKOPOCTHIO, YTOOBI 0OPa3yrONIHIC METHIHOMUA OT-
TOHSUJICS. PABHOMEPHO M HE CIUIIKOM ObICTpO. [IpHeMHHK, B KOTOPBIH COOHPaIOT
METHJIMOIH, OXJAXKIAIOT JbA0M. ChIpOil MPOMYKT MPOMBIBAIOT B JACIHTENHHON
BOPOHKE MOJIOBUHHBIM 00BEMOM Pa30aBIeHHOTO PACTBOPA COABL, 3aT€M BOJION
M BBICYIINBAIOT OE3BOJHBIM XJIOPHIOM Kanblius. CyXxod METHIHOMU] TIOMEIIAI0T
B MEPErOHHYIO KOJIOY C XOPOIIO JCHCTBYIOIINM XOMOAMIBHUKOM U MEPETOHSIOT
Ha HECHJIbHO HarpeToil BoasHoi Oane. Brixox 20 r (90% ot TeopeTnueckoro),
T. kun. 45 °C/760 mm pr. cr.; ng’ 1.5300.

AMP H & (m.g., CDCly): 2.10 (c).
AMP '3C & (m.a., CDCl,): —23.2.

B3.1.9. Aaxkwimoxuabl

OOmas MeroguKa CHHTE3a M3 COOTBETCTBYIOUIMX CIIMPTOB U HOJAA B MPHCYT-
CTBUHU KpacHOro ¢ocdopa
JIAB. c. 83; Opr. 1. 1. c. 274

2
— ——> R
R—OH Bochon
KpacHbIN
Cnupt 0.1 monb CuHTe3 npoBOAUNTCA
Docdhop KpacHbIN 1r B BbITAXKHOM WIKady
Nopn 127 r

B nByxropnyro konOy emkocthio 100 mul, cHaOXEHHYH MarHWTHOW Meria-
KOH W oOparHBIM XomoamibHHKOM, moMemarT 0.1 mons crnupta m 1 r kpac-
Horo (ocdopa. Konby nomemaror B 6anro ¢ Bomoii (10-20 °C) u mocremneHHO
4yepe3 BTOPOE, HE COCIUHEHHOE C XOJIOAUIBHUKOM TOPJO0 KOJIOBI JOOABISIOT
12.7 r menko pacteproro uoza. Ilo OKOHYaHMM BHECEHHS HOAa BTOPOE TOpPIO

1
2

Jumeruncynbbar cienyer neperHats B Bakyyme (1. kum. 80 °C / 30 MM pr. ct.).

Mepbl MpeoCTOPOKHOCTHA TpU paboTe ¢ AuMeTwiIcyiabparoM: cMm. pasa. Al.2. Jlumerwi-
cynbdar odeHb snoBuT. Cienyer miberats BObIXaHUsS ero mapoB. OH BcachIBaeTcsl depes
KOXY; NpH TIONaJaHUU JUMETWICYIb(ara Ha KOXY Hag0 TOTYaC OOMBITH 3TO MECTO pac-
TBOPOM aMMHaka. B ciydae aBapum 00e3BpeKHBaHHE AUMETHICYIb(ara MPOM3BOAAT KOHII.
pacTBOpoM aMMHuaka. JluMmeTmicyiab(ar Jerko THIPOIH3YyeTcs aMMHAaKOM, MEIJICHHee —
€IKUMH IIeJIOYaMU.

8 OCTOpO)KHO! Brigenenue YIJIICKHUCJIOTO rasa.
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KOJIOBI 3aKPBIBAIOT MPOOKOW M PEAKIIMOHHYH) CMECh HAIPEBAKOT MPHU IEPEeMEIIH-
BaHuM Ha BojsHOW OaHe mpu 80 °C B TeueHue 5 yacoB. OTrOHSIOT MOTyYCHHBIN
AIKWIMOAU]L C BOASHBIM IapoM!, OTHENSAIOT OT BOABI B JEIMTEIBHON BOPOHKE,
npomeiBatoT 2 M pactBopom NaOH mo obecuBeunBaHUsS W 3areM BOIOH, Cy-
mrat npokaneHHsiM CaCl, u meperoHsoT. BhIXo alKHIHOAMIOB COCTaBJISCT
55-65% OT TEOPETHYECKOTo?,

ITo 3TOM METOAMKE M3 COOTBETCTBYIOIIMX CIHUPTOB MOTYT OBITH IMOJIyde-
uel 1-mopbyran (1. xun. 131 °C / 755 mm pr. cr.; ng’ 1.5005); 2-uonbyran
(r. xum. 119-121 °C / 755 mm pt1. c1.; nZ’ 1.4945); u3oGyTunuoau
(r. kum. 120 °C / 755 mm pr. cr.; nd 1.4960); 1-noanenTan (r. kum. 62 °C / 20 mm pr. cT;
n& 1.4955); 3-uoanentan (1. kum. 146-148 °C / 760 mm pt. cr.; nd 1.4970);
2-noarekcan (1. kun. 73 °C / 23 mm pr. cr.; ng’ 1.4925).

Bb3.1.10. 1,4-IumnondyTan

Memoo A
V. p. 567
HO A~ — K, NN
OH 'p,0gH,PO, '

bytaHgnon-1,4 75r
P,O5 1Mr
Kl 553r
H;PO, 85%-A 22.5 mn
ddup 50 mn

B Tpexropiayrmo KpyriogoHHY Koy eMkocTbio 250 mul, CHaGKEHHYIO TEpPMO-
MeTpoM®, 0OPaTHBIM XOJOIUIBHUKOM M MEXaHUYECKOHW MEINAIKOM, MOMEIArOT
11 r P,O5 1 OCTOpPOXKHO TMpHU IMepeMentuBanuu npubdasisor 22.5 ma 85%-i
dbochopHoii kucnoTel. CMeCh MEPEeMENUBAIOT 10 TEX MOpP, MTOKa OHA HE OXJia-
JIUTCS 10 KOMHATHOM TeMmIeparyphl. 3areM mpubaBistioT 55.3 T noguaa Kamus
u 7.5 v 6yranauona-1,4. PeakiimoHHYIO CMECh HarpeBaroT IPH MepeMelnBaHuN
npu 100-120 °C B TeueHue 4 4acoB, OXJIAXAAOT 10 KOMHATHON TEMIIEPATyPhI
U OCTOPOXKHO, HE TpeKpaiias rnepeMelInBanus, NpHOaBIsoT 25 MII XOJIOIHOM
Boabl U 50 mi 3dupa. DbUpHBIA CIOH OTACIAIOT, 00CCIBEYMBAIOT BCTPSIXHU-
BanneM ¢ 10 mi 10%-ro pactBopa THoOCynb(dara HaTpus, nmpombiBaoT 30 M
Haceimiearoro pactsopa NaCl u BeicymuBaror Hag MgSO,. Ddup ymansior

IIpoBeneHre MEPEeroHKH ¢ BOISHBIM IapoM cM. pasa. A3.5.

JUIsl OYMCTKM aNKWIHOIUAA OT cIUpTa HeperoHstor Ham P,Os.

IIpu cGopxe mpubGopa HEOOXOAWMO CIEIUTH 3a TEM, YTOOBI JIOMACTH MEIIAJKH HE MOT-
JH 3a]eTh TepMOMeTp. BMecTe ¢ TeM TepMOMETp JOIKEH OBITH MOTPYXKEH B pEaKIHOH-
HYIO CMECh.
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HA POTOPHOM HCMapuTelie, 0CTaTOK (GpakuuoHUpyT. Breixon 21.7 v (84% ot
Teopetuyeckoro), T. kum. 110 °C / 6 mm pr. cr.; n& 1.6212.

Memoo b
O o l\/\/\
o” P20sHsPO, !
TetparngpodypaH 8 mn
P,Os 13r
KI 66.4
H;PO, 85%-a 27 mn
Sdup 50 mn

B nannom Bapmante cumute3a 1,4-mumonOyraHa BMecTo Oyranmuona-1,4 wc-
nonb3yercs terparuapodypan. Beixoq 28 r (90% ot TeopeTudyeckoro), T. KHIl.
110°C / 6 mm pr. cT.; n¥ 1.6212.

AMP H 6 (m.g., CDCl3): 1.95 (4H, u. m.); 3.20 (4H, u. m.).
AMP 3C § (m.4., CDCLy): 4.9; 33.8.

b3.1.11. HonykcycHasi KMCJI0Ta

K-b. c. 12
COOH KI COOH
XnopykcycHasa KucnoTa 2r
Kl 34r
ddup 30 mn

B xpyriaonmonnyro kondy emkoctbio 50 My, cHaOXEeHHYIO OOpaTHBIM XOJIO-
IUIBHUKOM, ToMemnaoT 2.0 T' XJIOPYKCYCHOH KHCIOTHI, AOOABISIOT PacTBOP
3.4 v Kl B 14 mn Bomsl. KonGy narpesator 1.5-2 4 Ha BojsgHOW OaHe mpwH
temmepatype 50 °C. [locie oxmaxkIeHUs K pacTBOPY MOOABISIOT THOCYIb(aT
HaTpusi 10 oOeciBeunBaHusi. MOAYKCYCHYIO KHCIOTY JKCTPArupyoT 3Gupom
(3x10 mu). DoupHblit pactBop cymar 6e3BoanbiM Na,SO,. Ddup ynansior
B BaKyyMe BOJOCTPYHHOI'O HAcoca, KHCIOTY MEPEeKPHCTAIUTN30BBIBAIOT U3 BBI-
coxoro merponeiinoro s¢upa (10-15 mn)l. Beixoxg 2.4 r (58.8% ot Teopern-
yeckoro), T. mi. 82 °C.

! HomykcycHas KMCIOTa MPEACTABISET co00ii Geible OnecTsIyue JUCTOUKH.
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AMP H & (m.a., CDCl3): 3.72 (2H, ¢); 11.71 (1H, <.
AMP 3C & (m.a., CDCly): -6.6; 175.6.

b3.2.  Cunme3 npocmeix 3¢pupos

B3.2.1. MeruadennnoBoii 3pup (aHu30.1)
0. Bbin. [ m Il. c. 187

9 /
OH /o-é_o o
NaOH s ~
©/ Hzo ©/
®eHon 45T CuHTe3 npoBOAAT
OumeTtuncynbdat 6.6 mn B BbITAXKHOM LIKady
ddup 40 mn
NaOH, 2 M pacTtsop 25.5 mn

B nByxropnyro kpyrmomoHHyo KonOy emkoctbio 100 mi, cHaOGxeHHYIO Mar-
HUTHOW MEMIAJIKOW, TePMOMETPOM, IOXOASIINM IO ITHA KOJOBI, U OOpaTHBIM
XOJIOMWITFHUKOM, TToMmematoT 4.5 T ¢eHona u pacTBOpSIOT ero B 15 mMi BOABI
n 25.5 mn 2 M pactBopa NaOH npu moctosHHOM mepememuBanuu. [locie
sroro mpubasisior 6.6 mu aumeruncynsdaral. Habmonaercs cuibHoe paso-
rpesBanue. Ilpy HEOOXOTUMOCTH COJAEPKHMOE KOJIOBI OXJIaXTAIOT XOJIOXHOM
Bozoit mo 50 °C. Ilocnme mpekpamieHusl peakluH, O YeM CYISIT IO IaIeHHIO
temneparypsl Hmxke 40 °C, peakIMOHHYIO CMECh HAarpeBaloT HpU IepeMelnn-
BaHuM B TeueHue 30 MUH Ha KUIAMEH BONSHOW OaHe JNS JOBEIACHUS pe-
aKLIUW O KOHIA W TUApoiu3a H30bITKa AuMmermicynbdara. [locne oxnax-
JeHUS K PEakIUOHHOW cMmecH mpubaBnsoT 2 M pacTBOp €IKOTO HaTrpa Jo
LICTIOYHOI peakuuu ¥ MPOM3BOAAT IKCTpakuuioo d¢pupom (2x20 mim). Ddup-
HYIO BBITSDKKY BBICYIHMBalOT 0e3BOTHBIM K,CO;. Ddup OTroHSAIOT Ha BOASHOMN
OaHe, a ocratok (pakunonupyroT. Beixon 4.5 v (88% or TeopeTHueckoro),
T. kun. 153-155 °C / 760 mm pr. cr.; nZ 1.5168.

AMP H & (m.g., CDCLy): 3.77 (3H, ¢); 6.87-6.95 (3H, m); 7.24-7.29 (2H, m).
AMP '3C & (m.a., CDCly): 55.1; 113.9; 120.6; 129.4; 159.6.

B3.2.2. ®enmmTnnoBsiii 3¢pup (dpeneron)
-M. c. 179

|
O Etona _/ o
EtOH

Mepbl pe0CTOPOKHOCTH MPH paboTe ¢ AUMETHICYIb(aroM cM. pasa. Al.2.

1
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®eHon 94r CunHTEe3 NnpoBOAAT
Hatpuin metannunyeckuin' 23r B BbITAXKHOM LWIKady
3TnNoBbIA cNMpT abc. 30 mn

Stunuoana? 20r

ddup 60 mn

B nByxropayio KpyriomoHHYI0 Koi0y eMkocTsio 100 mu, cHabxeHHYIO
MarHUTHOH MEIIAJIKOH, KaledbHOH BOPOHKON M OOpaTHBIM XOJOIMIHHHKOM
C XJIOPKaJBIIMEBOU TPpyOKo#, momemaoT 30 M aOCOTIOTHOTO STHUIIOBOTO CIIHP-
Ta W TOCTCIICHHO MAaJeHBKHMH KyCOYKaMH J00aBISIOT 2.3 T METaUTHIECKO-
ro HaTpusa. PacTBop oxXiaXgaroT M0 KOMHATHOW TeMIEPaTypsl W TOOABISIOT
9.4 r ¢enona. 3areM mpu NepeMeIIMBaHUH TpUKanbiBaloT 20 T sTHIMOIUIA.
CMech HarpeBarT Ha KOJOOHArpeBaTelie 0 KUIMEHHUS W KHUISITAT J0 TeX Iop,
MOKa OHa HE MEepecTaHeT JaBaTh LICIOYHYH pPEakiHio. 3aTeM KoJOy coemau-
HSIOT C HHUCXOMSIIMM XOJOIUIbHUKOM, OTTOHSIOT CHUPT U K OCTATKy [0-
0aBIAIOT HEOOJBIIOE KOJMYECTBO BOJBI JJIS PACTBOPEHHS 00pa30BaBIIErOCs
npu peakuuu Nal. ®eneron usBiaekaroT ddupoM (3%x20 M), 3GUPHEIA pacTBOP
npoMbiBaloT 2 M pactBopoM NaOH, 3atem Bomoii m cymatr mpoKaJeHHBIM
CaCl,. Doup oTroHsOT, (EHETON MEPErOHSIOT C BO3AYIIHBIM XOJIOIHIbHHU-
koM. Brixox 9 r (73% ot Teoperuueckoro), T. kun. 172 °C / 760 mMm prt. cr.
wi 60 °C / 10-12 mm pr. cr.; nZ 1.5080.

AMP 'H 6 (m.a., CDCly): 1.47 (3H, 1, J = 7 Tu); 4.08 (2H, kB, J = 7 Tu); 6.95-7.04 (3H, m);
7.31-7.38 (2H, m).

AMP '3C 6 (m.a., CDCl,): 14.8; 63.2; 114.4; 120.4; 129.4; 158.9.

b3.2.3. ®eHokcHyKcycHast KHCIOTA

JIAB. c. 68
(S] (€] O_ _COOH
° co0” o __, HIHO ~

Né“9 + C—/ Na
®eHon 3r
NaOH, 33%-1 pactBop 60 mn
XnopykcycHaa KucnoTa 8r
ddup 20 mn
Na,CO;, 10%-1n pactBOp 40 mn

K 3 r ¢denona, pacrBopennoro B 20 mi 33%-ro pacrBopa NaOH, mpubasis-
10T 15 M 50%-ro BOAHOrO pacTBOpa XJIOPYKCYCHOH KHUCIOTHI (HEOOXOIUMO

1
2

O Mepax MPeIOCTOPOKHOCTH MpH paboTe ¢ METAUIMYeCKHM HaTpueM cM. pasza. Al.2.
BMecTo 3THIHOANMAA MOKHO MCIONB30BaTh 3THIOpoMua. OJHAKO BBIXOZA B 3TOM Cilydae
YMEHBIIAETCS.
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MPOKOHTPONUPOBATh, YTOOBI MOMYYCHHAs CMECh MMeJa HICTOYHYI0 PEaKIUIo)
Y HArpeBalOT Ha KHUILALICH BOAsSHOW OaHe B TeueHWe 1 yaca. 3aTeM OXJIaKIArOT
10 KoMmHaTHO# Temmeparypsl, nmoakucisaioT 10%-m HCI g0 pH ~1 u skctpa-
rupytot 3¢upom (2 mopuuu no 10 miu). OO0beauHeHHbIE dQUPHBIC BBITSKKA
obpabarsiBarot 40 mn 10%-ro Na,CO; (akkyparuo! Beiaenenune CO,), momydeH-
HYI0 CM€Ch BCTPSXHBAalOT B JEIUTEIbHOW BOpoHKe. BomHyro ¢asy oTaensior,
noakucisator HCl no pH ~1. BeinaBuryro KHCIOTY OT(HIBTPOBBIBAIOT, MpPO-
MBIBaIOT HEOOJBIIMM KOJIMYECTBOM BOJBI M CyIIaT Ha Bo3Iyxe. Bbixox oxoio
3.5 1 (72% or Teoperuueckoro), T. mwi. 98 °C.

AMP 'H & (m.a., CDCl3): 4.68 (2H, ¢); 6.93 (2H, o, J =8 y) 7.04 (1H, 7, J = 7 Tu);
7.31 (2H, pa, J =7 Ty v 8 Tu); 11.09 (1H, ywwup. ).

AMP '3C & (m.a., CDCl,): 64.7; 114.6; 122.0; 129.6; 157.4; 174.9.

B3.2.4. u-ByruidTwioBblii 3¢up
JIAB. c. 64

EtOH o
EtONa + ~o~ubB ———— SN

H-ByTn6pomug 8.3 mn
STMNOBbIN cNUpPT abc. 60 mn
HaTtpuin meTannuyecknin 3r

B Tpexropinymo KpyrioZOoHHYIO K00y eMmkocThio 150 M, cHabOXeHHYIO
MarHUTHOW MeHIajKoil, KamelbHONH BOPOHKOW M OOpaTHBIM XOJOAUIBHU-
KOM C XJOpKanblueBoil TpyOko#, momemaror 60 M abCOMOTHOTO 3THUIIOBO-
ro CHUpPTa W TOCTENEeHHO N00aBisOT 3 T MeTamindeckoro Hatpus. [locie
TOTO KaK BeCh HATPHIl pacTBOPUTCS, NPH HHTEHCHBHOM IepeMEUIMBaHHUU
npukansiBaoT 8.3 Mu H-OyTHIOpOMHIIa U KHUIATAT cMech B TedeHHe 1 yaca
Ha BojJsHOHM OaHe. [locne oxnakJeHHs peakIMOHHOW Macchl B KOJIOY TpHIINBA-
toT 40-50 M Bogwl. OpraHMYecKuil CIIOH OTHAENAIOT B JAEIUTEIHHOH BOPOHKE,
npombiBatoT 20 M1 BOJBI, BhICyIIUBatOT Haj miaBieHbiM CaCl, U meperoHsior.
Beixox 6.5 r (82% ot teopermueckoro); T. kum. 90-92 °C / 760 MM pr. cT.;
nZ 1.3810.

AMP 'H & (m.a., CDCl3): 0.92 (3H, 1, J = 7.5 Tu); 1.20 3H, 7, J = 7 Tu); 1.37 (2H, m);
1.56 (2H, m); 3.39-3.50 (4H, m).

AMP 3C 6 (m.g., CDCly): 13.9; 15.2; 19.4; 31.9, 66.0; 70.4.

Bb3.2.5. du-n-0yTuioBsblii d3¢up

Memoo A
JIAB. c. 65

\/\/O H —>H ZZO4 \/\/O NN
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H-byTunosbin cnupt 50r
H,SO, KoHu,. 7 mn

B xpyrmononnyro kondy emkocthio 100 ma momemator 50 r #-OyTHiioBOTO
CHUpTa M / MJ KOHIICHTPUPOBAHHOW CepHO# KuciaoThl. CMech THIATEIBHO
HepeMeIINBaOT. 3aTeM B KOOy BCTaBISIOT Hacalky Bropma c¢ HeGonbmmm
nedrerMaTopoM, HUCXOMSUIMM XOJIOMWUIBHUKOM C aJOHXEM U MPHEMHHUKOM.
PeaknnoHHyo koi0y HarpeBaioT Ha CJa0OM IUIAMEHU TOPEIKH M MEIUICHHO
OTrOHSIOT Jerkokumsmyto ¢pakuuio (1. kum. ~90 °C), cocrosuyio U3 coupTa
u BoAbl (HIKHUE cioit). [Ipu OTrOHKE B Ka4eCTBE «KHIIEIOK» HCIONB3YIOT
3amasiHHbIC BBEPXY CTCKISIHHbIC Kamuuisapel. Korma oObem AUCTHILIATA J0-
cTurHeT 6—8 M, ero MOMemalT B JICIUTENbHYI0 BOPOHKY M OTACISIOT BOLY
(HwxHUE croif), BnuBas ee B MepHbIH muiuHAp. CoupT (BepXHUid cioil) BO3-
BPAIIAlOT B PEaKIHMOHHYIO K00y, Omeparuio MOBTOPSIOT IO TeX IOp, HOKa
B OTIOHE HE MEPECTAHET OTCIAMBaThCsS BOJA, a PEaKIMOHHAs CMECh He Mpu-
obpereTr c1ab0-kKeNTyro OKpacKy (He JOBOIUTH O CHJIBHOTO ITOTEMHEHUS KUJ-
koctu!). ITocie oxmakaeHUsI PEaKIUOHHYI0 CMECh MEPEHOCAT B JACIUTEIbHYIO
BOpOHKY, mpombiBatoT 3 M pactBopom NaOH mo miemouHol peakmud, 3aremMm
Bogoi (2x30 mu) u 30 ma HaceimenHoro pactBopa CaCl,, BBICYIIMBAIOT HAJ
CaCl, u meperonstor (He JoCyxa, TaKk Kak MPH TEMIEPATYpe BBIIIC TOYKH KH-
nenust mapbl dgupa MoryT BocruiameHuThest). Beixon 25 r (57% ot teopeTn-
yeckoro), T. kum. 141-144 °C / 760 mm pr. cr.; nZ 1.3992.

Memoo b

M-b.c. 13
H-ByTunosbin cnupt 20 mn
H,SO, KoHu, 2.2 mn

B xpyrnogonnyio kondy emkoctbio 100 mim momemator 20 My OyTHIIOBOTO
CHHpTa M NpH nepememnBaHum aobdasusior 2.2 mu H,SO, koHII., a Takke He-
CKOJbKO «kunenok». Konby cHaOxaror Hacankoi Juna—Crapka ¥ HarpeBaroT
Ha KoyiboHarpesatene npu Temmeparype 140-145 °C (ciaenuth 3a TeM, 4TOOBI
He OBUIO Meperpesa, Tak Kak MpH 3TOM 00pa3yeTcs OYTHIICH W MPOAYKTHI €ro
MOJMMEPH3aln1) 0 TeX MOp, MOKa HE BBIACIUTCS MPHUMEPHO pPacCUYMTAHHOE
[0 YPaBHEHHIO PEaKIMU KOJMYECTBO BOJABL. COAepKUMOE KOJIOBI OXJIAXIAIOT,
MNEPEHOCAT B JCIUTEIBHYI0 BOPOHKY, CIOJa )K€ BBUIMBAIOT M JKUJIKOCTh U3 JIO-
BYIIKH. 3aTe€M NPOMBIBAIOT 2 M pacTBOpOM MIENIOYH JIO0 IIETOYHONH peaKIHu.
IMocne 3Toro 3upHBIA €Ol MPOMBIBAIOT BOMOW (2X15 Mi1) ¥ HACKHIIEHHBIM
pacteopom CaCl, (~10 mn) u cymar CaCl,. Tleperonstor 1uGyTHIOBBIH >dup?
¢ HeOonpmuM aednermaropom. Beixon 8.0 r (56.2% oT TeopeTHueckoro),
T. xun. 141-144 °C / 760 mm pr. cr., n¥ 1.3992.

IIpaBuna pa6otsr ¢ JIBX cMm. pasn. Al.2.
IleperoHky Henb3s BECTH J0OCyXa, TaK Kak MPOCTbie 3QUPBI C KHUCIOPOAOM BO3ayXa 00-
pasyroT B3pPHIBOOMACHBIE THIPOMEPOKCHUIB.
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AMP H & (m.a., CDCl3): 0.92 (6H, T, J = 7.5 Tu); 1.39 (4H, u. m.); 1.54 (4H, u. m.);
3.40 (4H, T, J = 7 Tu).

AMP 3C 6 (m.g., CDCl;): 14.0; 19.4; 32.0; 70.7.

B3.2.6. BeH3wnTUI0BBII dPup

JIAB. c. 63
Cl OH N
©/\ . M KoH 0
BeHsunxnopug’ 11.6 mn CuHTe3 npoBogAT
STuUnoBbIN cNNpT abc. 50 mn B BbITAXKHOM LWIKady

KOH 8r

B kpyriononHyto koiby emkocTbio 250 M1, CHaAOXKEHHYIO OOpATHBIM XOJIOIUIb-
HHUKOM C XJIOpKalbIlueBo#l TpyOko#, momemaror 8 r KOH u 50 mx abc.
sTuioBoro cnupra. Kojly OCTOpOKHO HArpeBarT 10 PACTBOPECHHS ILEIOYH
(ne6ombimoe xkomuuectB0o KOH MokeT ocTaThCsi HEPACTBOPEHHBIM). PacTBOp
oxJaxaaT ¥ npubasiaoT 11.6 mMa Gensunxnopuga®. 3aTeM OCTOPOXKHO Ha-
IpeBalT CMECh J0 Hayaja KUIEHHS M OTCTABISAIOT ropesiky. Ilo okoHuaHUH
OypHOI cTaguM peakuuu® KoJa0y MOMEIIAIOT B TOPAYYI0 BOASHYI OaHIO
n kurAtAt eme 20 MuH. PeakMOHHYI0 cMech OXJIaXIAIT B 0aHe ¢ XOJOJ-
HOW BOJIOH, MPUOABIAIOT 75 MII JICASTHOM BOJBI M BCTPSAXHUBAIOT JIO TOJHOTO
pacTBOpPEHUS TBEPJOTO BEIIECTBA. 3aTeM MPUOABIAIOT HEOOIBIIMMH TOPIUSIMHU
2 M HCI o kucnoii peakuuyu BOIHOTO cjos. I1oaydeHHBIH 3(DUP OTAEISIOT,
npoMbIBaroT Bojor (2%10 mu), cymiat maBnensiM CaCl, u meperonsiror. Beixon
okojo 8 r (60% ot Teopernueckoro), T. kum. 180-187 °C / 760 mm prt. CT.;
nZ 1.4955.

AMP 'H & (m.a., CDCl3): 1.31 (3H, 1, J = 7 Tw); 3.59 (2H, k, J = 7 Tu); 4.55 (2H, c);
7.30-7.41 (5H, m).

AMP 3C 6 (m.a., CDCl,): 15.1; 65.6; 72.6; 127.3; 127.5; 128.2; 138.5.

B3.2.7. 1-Merni-4-meToKcHOEH30J1
(MeTua0BBII 3GuUp N-Kpe3oaa, MeTuI-4-MeTHieHuI0BbIi F3Pup)

NAB. c. 67

Bensunxnopua HeoOXOMUMO MeperHarh B Bakyyme, T. kuil. 61-63 °C / 10 MM pr. cT.
bensunxnopus pasapakaer CIM3UCTbIe 00ONOYKH IT1a3 U KOXY.

8 ~15 muH.
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n-Kpeson 10r CuHTe3 npoBOAAT
Oumetuncynbdat’ 13r1 B BbITA)KHOM LIKady
NaOH, 2 M pacTtsop 50 mn

B nByxropnyto kpyrinonoHHyto kon0y emkocteio 100 mi1, cHaOKeHHYI0 MarHUTHOM
MEIIanKoi, KarneabHOW BOPOHKOM, 0OPAaTHBIM XOJOAWIFHUKOM, TIOMEIIAIOT pac-
tBOp 10 r n-kpesona B 50 M 2 M pactBopa NaOH. K mony4uenHOMY pacTBOpy
MpH WHTCHCUBHOM IMEPEMEIIMBAHUN HEOONBIIMMHU MOPIHUSIMUA C HHTEPBAIOM
B 5 MHH MpuOaBISIIOT U3 KarnenbHOW BopoHKH 13 r nqumerwicynbdara. Jsi OKOH-
YaHHs PEaKkiuH U pa3iokKeHHs H30bITKAa TUMETHICYIb(aTa CMECh HATPEBAIOT Ha
BOJISIHOM OaHe ¢ OOpaTHBIM XOJOAWIBHHUKOM B TeueHue 1 daca. ITomydeHHbII
3¢Up OTAETSAIOT Ha JENUTEIHHON BOPOHKE, MPOMBIBAIOT 25 mMi 2 M pacTBopa
NaOH, cymar masnensiMm CaCl, u neperounsitor. Beixox oxomo 9.5 r (85% or
TeopeTudeckoro); T. kum. 173-177 °C / 760 mm pr. ct.; n¥ 1.5124.}

AMP 'H & (m.a., CDCl): 2.36 (3H, ¢); 3.83 (3H, ¢); 6.88 (2H, a4, J = 8 T);
7.15 (2H, a, J = 8 ).

AMP '3C & (m.a., CDCl,): 20.4; 55.1; 113.6; 129.7; 129.8; 157.4.

B3.2.8. 1-(M3omeHTHI0KCH)-3-MeTHIOYTaH
(muu30nMeHTHIIOBBIH 3(UpP, AMN30AMUIIOBBIIT dup)

-M. c. 182
OH H2$O4 \(\/O
_—>
M3oammnoBbin cnupt 25r CuHTe3 npoBOAAT
CepHas kucnota (d3° 1.84) 1 mn B BbITAXKHOM WIKady

B xpyriomonnoii konbe emkocthio 100 My cMemuBaoT 25 T M30aMHIIOBOTO
coupra ¢ 1 mu koui. H,SO,. Konby coenunsitor ¢ Hacaakon JInna—Crapka st
OTJeJICHHUs BOJBI U OOPaTHBIM XOJNOJMILHUKOM. CMech HArpeBarT J0 KUIICHHS
U KUIATAT O TeX MOop, NoKa B BOAOOTHAENHTENe He cobepercst 3 MJ BOJBI.
Peaknmonnyo konly o0OpyAyrOT IS MEPEeroHKW C BOJSHBIM ITapOM U 4epes
PEaKkIMOHHYIO CMECh MPOIYCKAIOT BOISHOM Mmap J0 TeX IOop, MOKa B TUCTHILIAT
HE MEPECTaHyT MEPEXOAUTh MACISHUCThIE KA. OTOTHAHHBIA 3(GHUP OTAEISIOT
OT BOIHOTO CJIOSl B JEJIUTEILHONW BOPOHKE M CymIaT HEOOJBIIUM KOJHYECTBOM
npokaneHroro K,CO;. Ddup neperonstor u3z koiobl Kisitzena, mpumMeHsst Bo3-
JIYIIHBIN XOJNONUIbHUK. BHavane neperoHky BenyT mejyeHHo. [lociie oTroHKH
HEeOOIBIIOr0 KojandecTBa 2-MeTuia-3-0yrena (kumut mpu 21 °C) temmepatypa
nossiaercs u npu 128 °C HauyMHaeT OTTOHATHCS HE BCTYNHBIIMKA B peak-
nuio uzoammioBeld cnupt. Korma temmneparypa gocturaer 165 °C, MeHSOT

1 Jlumetmicynb(ar o4eHb SIOBHUT, COCOOEH BCACHIBaThCS depes Koxy. Cremnyer m3berath

BIBIXaHMS €TO IIApOB; IIPHU IIONAJAHUHN Z[I/IMeTI/IHCyJ'IL(i)aTa Ha KOXY HCEMCIJICHHO 0OMBITh
9TO MECTO pacTBOpPOM aMMHaKa.
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MPUEMHHK, YCHJIMBAIOT HarpeBaHHe W COOMPAIOT AMHM30aMHJIOBHIA 3(Up B HH-
tepBaie 165-172 °C / 760 mm pt. ct. . Kareropuuecku He cJieqyeT IMeperoHsiTh
MPOAYKT I0CyXa W3-3a ONMACHOCTH INEperpeBa W BOCIUIAMEHEHHs MapoB. Berxon
12.5 r (56% ot Teoperuyeckoro), T. kurm. 172 °C / 760 mm pr. cr.; n&’ 1.4080.
AMP H & (m.a., CDCly): 0.90 (12H, g, J 6.8 Ty); 1.46 (4H, m); 1.65-1.72 (2H, m); 3.42 (4H, T, J 6.8 ).
AMP 3C & (m.4., CDCl,): 22.4; 25.1; 38.6; 69.3.

B3.2.9. 1,4-Imoxcan
0. Bbin. | n ll. c. 187; -M. c. 182-183

o H,s0, °
on 5= ()

STUNEHINNKONb 50r CuHTe3 npoBoAAT
H,SO, KoHLU. 4.5 mn B BbITAXKHOM WiKady
K,CO; 10r

KOH 5r

Na meTtannmueckun 03r

B kxpyrnomoHHyro ko0i10y emkocThio 250 Mi, cHaOXeHHYIO IediermMaropom
C TEPMOMETPOM M HUCXOIAIINM XOJOJMJIBHUKOM C aJOH)XXEM M HPUEMHUKOM,
nomemaioT 50 r uncroro cyxoro stuneHnmkons, 4.5 ma koun. H,SO, u 6po-
CaloT HECKOJIBKO «KHIIeNOK». CoaepxumMoe KoJIOBI OCTOPOXKHO HarpeBaroT 10
kureHusi. CrycTss HEKOTOpOe BpeMsl HadyMHAeTCs OTTOHKa MPOAYKTa PeaKIHH
(remneparypa mapos 84—88 °C). MemieHHy0 OTTOHKY BEAyT 0 TEX IOp, MOKa
npu temneparype napo 102 °C comepxumoe KoJObl He HaYHET PE3KO uep-
HETh W BCIIEHHWBATHCS, YTO COMPOBOXKIAETCS BBIJEICHHEM CEPHUCTOTO rasa.
Ha stom HarpeBanue 3akanumuBarrT. Jlnokcan seicanuBaroT K,CO;. BeruibiBimii
JIETKUH CIIOHM OTAENAIOT NPH IOMOIIU JEIUTEIbHOM BOPOHKH U cymar 0e3Bo-
naeiM K,COg3, a 3aTem mnaBieHbiM enkuM kanu. KOH HeoOxomuM ams ocMmo-
JICHHUS W yJaJIeHHs aleTalbAeruia, NPUCYTCTBYIOIIEr0 B NMPOAYKTE PEaKIMU.
[onmyueHHBIN AMOKCAH KUIATAT, a 3areM meperoHstoT Hax 0.3 r meramnye-
CKOro Harpusi, cobupas cienyromue ¢paxiuu: | ¢ppakums: 1. kun. 98—100 °C
(mpearon); Il dpakuus: 1. kum. 100—103 °C (amokcan). Beixon muokcana 19 r
(54% ot Teopernueckoro), T. kum. 102-103 °C / 760 mm pr. ct.; n¥ 1.4140.

AMP 'H & (m.a., CDCl3): 3.69 ().
AMP 3C & (m.g., CDCly): 67.1.

B3.2.10. 2,3-Iuruapo-1,4-6en3onnokcun (GeH30THOKCAH)

oH o _ KO3 ]
@ * B tugepun, A
OH

JIAB. c. 63
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MupokaTtexnH 1Mr
1,2-AnbpomaTaH 235r
Na,CO; 6e3BoaHbIi’ 15
MuuepnH 10 mn
beH3on 60 mn

B kpyrmomonHyo kon0y eMkocTeio 250 mul, cHaOXXeHHYI0 OOpaTHBIM XOJIO-
OWIBHUKOM C XJIOpPKaJbIIMEBOH TpyOKoi#l, momemiator 11 r mmpoxaTexuHa,
23.5 r 1,2-nubpomarana, 15 r 6e3soanoro Na,CO; (uwmu K,CO3) u 10 mn
CBEKEMEPETHAaHHOTO B BakyyMe rimneprnHa. CMech TIIaTEJNbHO IepeMelIn-
BaloT (mpu 3TOM 00pa3yeTcs MacTa) U HArPeBAOT? HAa MECYaHoW OaHe mpw
150-160 °C B Teuenme 6 wacoB. 3aTeM yOHWpalOT HarpeBaHWE, NAIOT PEaKIly-
OHHOW CMECH OXJIaIUTHCS O KOMHATHOH TeMIepaTyphl U MPH MepeMeIInBaHIH
no6asmsitor 40 M Boabl. [lomydeHHBIN pacTBOp MEPEHOCST B NETUTEIHHYIO
BOPOHKY M 3KCTparupyioT 6erzonom (2x30 mur). DKCTpakT Cymar MpOKATEHHBIM
MgSO,, OTTOHAIOT GEH30JI U IEPETOHSAIOT OCTATOK B BaKyyme®. BBIX0J OKOJIO
8 r (60% ot Teoperuueckoro); T. kum. 100 °C / 20 mm pr. c1.; n& 1.5524.

AMP 'H & (m.g., CDCly): 4.21 (4H, c); 6.83 (4H, m).
AMP 3C & (m.a., CDCly): 64.3; 117.3; 121.4; 143.6.

B3.2.11. [Irokcu(mudennn)merns]oeH30.
(aTHaTpudeHnIMeTHIOBBIIH Iup)

laTt. c. 380
o , O
—
o+ —  — o
O~ = O
TpudeHunxnopmeTtaH 2r CunHTe3 NnpoBOAAT
JTaHon abc. 30 mn B BbITAXKHOM WIKady

B kpyrmomonnyio ko0s10y emxocthio 100 mit, cHaOXEeHHYIO0 OOPAaTHBIM XOJOIUIIb-
HUKOM C XJIOPKaJbIIMEBOH TPyOKOH, MOMEIIAIOT pacTBOpP 2 T' TPUPEHHUIXIOP-
meTtana B 30 M1 aOCOJIOTHOTO CIHPTA, HArPEBAIOT J0 KUIEHHS, 3aTeM OXJIax-
narotr U npubasnaoT HemMHoro (~30 mi) Bomel. OOpa3oBaBHIMICS STHIOBBIN
3¢up TpudeHUIKapOUHOIA BBIIEISICTCS B BHJE OECIBETHOTO Macia, KOTOpoe
IPU UTATEIBHOM CTOSHHHU MOCTENCHHO 3aTBepieBacT (KPUCTATH3AIHI0 MOXKHO
YCKOPUTH MOTHPAHUEM CTEKJISHHOM Manoukoii). Kpucramisl oThUIBTPOBEIBAIOT

MoxHo 3amenuts Ha K,COj.

IIpn meperpeBe IPOMCXOAUT OCMOJICHHE, M BBIXOJ] OCH30JMOKCAaHAa 3HAYUTEIBHO
CHIKAETCSI.

3 Cwu. pasn. A3.4.
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U cymar B 3kcukarope Haja Oe3sogubiM CaCl,. Beixox 2 r (95% or Teoperu-
gyeckoro), T. mwi. 77-78 °C.

AMP 'H & (m.a., CDCl3): 1.33 (3H, 1, J = 7 Tu); 3.20 (2H, k8, J = 7 Tu); 7.29 3H, 7, J = 7 T);
7.38 (6H, T, J = 7 Tw); 7.55 (6H, g, J = 7 Iw).

AMP 3C 6 (m.g., CDCl,): 15.3; 59.4; 86.5; 126.8; 127.7; 128.6; 144.5.

b3.3.  Cunmes 3¢hupoe 6opHoli u gpocgpopucmotii Kucnom

b3.3.1. Tpubyruadopar
COrn. c6. 2. c. 133

H-ByTunosbin cnupt 41 mn
HsBO; 62T

B nByxropmyio xon0y emkocthio 100 mi1, cHaOXeHHYIO KaleabHOW BOPOHKOM
u nedaermaropom mmmHON 30 cM, momemaoT 6.2 T GOpHOW KUCIOTHI U 41 M
H-OYTHIIOBOTO CHHPTa. PEakIMOHHYIO CMECh HArpeBalOT 0 claboro KUIEHUs
W MEIJICHHO OTTOHSIOT a3eOTPOIMHYI CMeCh H-OyTHIIOBOTO CIUPTa U BOJBI
(. xkum. 91 °C). Yepes npumepro 30 MHH OTHACNSAIOT BEPXHHUH CIIOW AUCTHII-
nsata (OyTuioBBIM crupt), cymar ero 6e3soaubiM K,CO; 1 uepe3 KamenbHYyIO
BOPOHKY BO3BpAallalOT B PEAKIHOHHYIO CMECh. DTy OINEPalHI0 MOBTOPSIOT
2—-3 pasa. OTrOHKY MpPOAOJKAIOT O TeX MOp, MOKa TeMIeparypa y OTBOJA
nednermatopa e momauMercs o 110-112 °C. CoxmepxuMoe peaKIMOHHON
KOJIOBI OBICTPO TEPEHOCAT B TIIATENHHO BBICYLICHHYIO KonOy Kisiizena u mepe-
rOHSIOT B BakyyMe. CHayaja OTTOHIETCS OCTATOK OYTHIIOBOTO CIIMPTA, BBIIIE
100 °C naumnaer kumnetb TpuOyTHIOOpaT. [Tomyyaror 19.9 r mpoxykra (92% ot
TeopeTuueckoro), T. kum. 114-115°C / 15 mm pr. c1.; nZ 1.4080%.

AMP 'H & (m.4., CDCly): 0.92 (9H, T, J = 7.3 Tw); 1.35 (6H, m); 1.50 (6H, m);
3.77 (6H, T, J = 6.5 ).
AMP 3C & (m.4., CDCL3): 13.9; 19.1; 33.8; 63.0.

! Mockonbky n-6yTUOBEIA 5)Up GOPHOW KUCIOTHI JOBOJBHO OBICTPO THAPOIH3YETCS O

JIEUCTBUEM BIIaru BO3yXa, KallWuUIdp Ipu BaKyyMHOﬁ IIEPErOHKE cHabxaeTcs XJIOpKaJab-
UEBOMH pr6K0171 Bce Orepanuu 1o nepeIMBaHuIi0 U U3MCPCHUC MOKAa3aTeJid MPEJIOMIICHUST
CJICAYCT IMPOBOAUTH IO BO3MOXHOCTHU 6I)ICTpO.
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B3.3.2. JJmwTuiadochonar

(mmyTHAGOChHUT)
O MNoX. c. 381
OH hb o
PCl; + _/ — é
PCl, 43.5 mn CunHTe3 npoBOAAT
dTaHon abc. 85 mn B BbITS)KHOM wWKady

B tpexropiayto konby emxocThio 500 M1, CHaGKEHHYO MENIAIKOH, KareabHOMI
BOPOHKOM C XJIOPKaJIbIHEBOU TPYOKOH M OOpaTHBIM XOJOAMUIBHUKOM C OTBO-
nom s noraomienus HCI, momemaror 85 mi abe. atunosoro cnupta. Kooy
oxnaxaarT 10 0 °C u B Teuenue 1 vaca mo karmisam npubasistor 43.5 mi PCl,.
PeaknnonHyto cMech A0BOAAT 10 TeMmieparypsl 20 °C u nmepeHocsT B mpubop
i eperonku B Bakyyme (150 mur). Ha xanwsuisp HaJeBalOT XJIOPKaIbIIHEBYHO
TpyOKy, MOAKIIOYAIOT BaAKYyM U MPOIMYCKAIT CyXO# BO3IyX B TeueHue 1 waca,
yAanss BBIACISIIOIIUNUCS XJIOPUCTBHIA BOAOPOJ U ATHIXJIOPHA. PEeakIMOHHYIO
CMECh MOYKHO MOJOTPETh TEIIoi Bomoiil. Ilociae TOro Kak ycTaHaBIMBAETCS
naBiaeHue 8-10 MM pT. CT., OCTaTOK NEpPEroHsIOT B Bakyyme. Breixoxm 57 r
(83% ot TeopeTnueckoro), T. kum. 66—67 °C / 8 mm pr. cr.; nZ 1.4086.

AMP H & (m.g., CDCLy): 1.14 (6H, T, J = 7 Tu); 3.92 (4H, m); 6.58 (1H, g, Jyp 692 ).
AMP 3C & (m.a., CDCl,): 15.9; 61.4 (Jep = 6 ).

AMP 3'P{'H} 6 (m.g., CDCl,): 7.24.

AMP 3P & (m.a., CDCly): 7.24 (KBUHT., "Jpyy = 689 T, 3Jpy = “py = 8 M)

b3.4.  CuHme3 amuHoe u ux npou3eooHbIX
B3.4.1. Tpwruiadenswiammonnii xiaopua (TABAX)
KypH. O6w. Xvm. 1954. T. 24. Ne 6. C. 1887.

TpuatunamumH 14 mn CunHTE3 NnpoBOAAT
BeHsunxnopug? 30 mn B BbITAXKHOM WKady
Ovatnnosbin 3¢up abc. nnm 100 mn

neTponenHoln 3¢up

1 Omnepanus mo ynanennto HCl Heo6xomMMo MPOBOAUTE cpa3y, HHAYE BBIXON AUATHIQoChHUTA

PE3KO CHH3UTCH.
Bensnmmxuopun — nakpumarop. Paborars ¢ ocropokHocThio M nox Tsroi! He momyckars
TIONIAaHusl HAa KOXKY M cIM3HCThIe oOonouku. IIpaBuima paGoTHl C STOBUTBIMH U €IKUMH
BelecTBaMu cM. paszn. Al.2.
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B kpyrnomonnywo kon0y emkocteio 100 mu, cHaOxeHHYI0 OOpaTHBIM XOJIO-
JUIBHUKOM C XJOPKAaJIbIIMEBOH TPpyOKOW, momemiaroT 14 MI TpUITHIAMUHA
u 30 mn Gensunxsopuaal. PeakuMoHHYI0 CMeCh KUNATAT Ha BOJSHON GaHe
B TEUCHHE 2 4YACOB, 3aT€M OXJAXKAAIOT M AO00ABISAIOT paBHOE MO 00BbEMY KO-
JUYECTBO CYXOT'O JMATHIIOBOTO 3dHpa WM NeTpolieiiHoro 3¢gupa. Beimasmmit
0CaZiok OTGHUIBTPOBBIBAIOT, TIIATEIBHO MPOMBIBAIOT CYXHM 3()HPOM H BBICY-
IIMBAIOT B Bakyyme mpu Temmneparype 35-40 °C. Beixon comu 22.8 r (konu-
4yecTBeHHbIN), T. mi1. 183 °C.

AMP 'H & (m.a., D,O): 1.42 (9H, 1, J = 8 Tw); 3.24 (6H, kB, J = 8 Tw);
4.41 (2H, c); 7.56 (5H, m).

AMP 3C 6 (m.g., D,0): 9.8; 54.9; 62.5; 129.8; 132.0; 133.4; 135.1.

Bb3.4.2. N,N-AmTHIaHIIHH
0. Bbin. I n Il. c. 194

Br Br (

NH; / NaOH NH/ -/ NaOH NV
—_— —_—
A H,O A H,0
AHUNNH 10r
Stunbpommng 30r
NaOH 134r

B kpyrmomonnyio xondby emkocteio 100 mi, cHaGxeHHYO 3(QdeKTHBHBIM
00paTHBIM XOJOIWIBHUKOM C XJOPKaJdbIeBoi TpyOkoi, momemaior 10 r cae-
JKemeperHaHHoro aHwinHa U 15 v stunbpomuga. CMech KUMATAT OO TeX IOP,
moka Bcsi mMacca He 3arBepaeer. OOpasyercs rumpobOpomua N->TunaHuianHa,
Ha 4YTO TpPeOyeTCs OKOJO JBYX 4acOB HarpeBaHus. [10 OKOHYAaHUU pEaKIUU
OXJIKAIOT KOJIOY W TIPUIHBAIOT MOPIMSIMHU (MPH OXJI&XKJICHHH BO M30ekKaHue
CHIILHOTO pasorpeBanus) pactBop 6.7 r exxoro Harpa B 20 mu Bomsl. Buige-
JUBIIUHACS 3TUIAHWIMH OTICNSIOT B JCIUTEIbHOW BOPOHKE W CHOBa KUISTAT
B K0J10e ¢ 3(pPeKTHBHBEIM 0OpaTHBIM XOJOAMIBHUKOM ¢ 15 r stmnGpomuaa go
3aTBepJeBanus Bcelt Macchl. [lomydeHHsnid ruapoopomun N,N-nusTrianmimaa
pacTBOPSIIOT B BOJIC U KHIIATAT PAcTBOP C BO3IYILIHBIM XOJOIMILHUKOM B Te-
YeHHE HECKOJbKMX MHUHYT, YTOOBI yAaluTh M30BITOK HENPOpEarupoBaBIIETO
STUIOPOMHU/IA; OXJIAXKAAIOT PACTBOP M OCTOPOIKHO pasjiaraloT COJb PACTBOPOM
6.7 r enxoro Hartpa B 20 M Boxabl. BeimenuBiumiicss CBOOOMHBIN AMITHUIAHH-
JIMH CyIIAaT IJIABJICHBIM €KUM KajH, GUIBTPYIOT U MEPErOHSIOT ¢ HEOOJIbIINM
ne¢IerMaTopoM M BO3IYIIHBIM XonoauiabHuKOM. Beixox 10 r (63% ot teope-
THYecKoro), T. kum. 214-216 °C / 760 mm pr. cr.; n¥ 1.5420.

! Tpustunamun u GEH3UIXIOPHI [OJUKHBI OBITH MPEJBAPUTENBHO BBHICYHNIEHBI M Ie-

pETHaHBI.
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AMP 'H & (m.a., CDCly): 1.14 (6H, 7, J = 7 Tu); 3.32 (4H, kB, J = 7 Tu); 6.60-6.68 (3H, m);
7.17-7.22 (2H, m).
AMP 3C & (m.a., CDCl,): 12.6; 44.3; 111.9; 115.4; 129.2.

b3.4.3. N-Ben3ua-N-3TmimdTaHaMuH

(mu3THAGEH3NIAMKH)
JIAB. c. 93
—\ cl KyCOj3 @/\NJ
H+ e

_/ A N
bensunxnopug' 12.4 mn CvHTe3 npoBoaAT
Ounatnnamnu 35 mn B BbITA)XXHOM WKady
K,CO4 10r
beH3on 30 mn

B kpyrnomoHHyo koiby emkocThio 250 mu, cHaOkeHHYI0 3()(QEKTHBHBIM
00paTHBIM XOJOOHUIBHUKOM C XJOpKalbOUEBOH TpyOKO#H, mMOMEmaiT
12.4 mn Genswmnxyopuaa, 35 mur amdTmiiamuHa, 10 T Menko pa3apoOiIeHHOTO
K,CO; u xunsataT 3 yaca Ha BOAsSHON OaHe. M30BITOK TUATHIAMHUHA OTTOHSIOT
Ha KUNAIIeH BOIsSHOW OaHe, K octaTky mpubapisior 100 mi1 Boabl U mepeme-
IIMBAIOT 10 PACTBOPCHUS MUHEPAIbHBIX COJel. JJMITHIOeH3MIaMUH U3BIEKAIOT
30 M 6enzona u cymat npokaneHHIM K,CO;. BeH30m OTTOHSIOT Ha BOISHOM
GamHe, a 0OCTaTOK MEPEeroHsAIOT B Bakyyme. Beixon 14 r (85% ot Teopernuecko-
ro); T. kum. 91-92 °C / 13 mm pr. cr.; n 1.4960.

AMP H & (m.4., CsDg): 1.03 (6H, 7, J = 7 Tu); 2.50 (4H, K, J = 7 Tw); 3.53 (2H, ¢);
720 (1H, 7, J=7.5Tu); 729 (2H, 1, J = 7.5 Tu); 7.47 (2H, p, J = 7.5 ).

AMP 13C & (m.a., CeDe): 12.2; 47.0; 58.2; 126.9; 128.4; 128.9; 141.0.

B3.4.4. 2-Bpom-N,N-muMeTHIaHUIMH
(0-6pom-N,N-qumMeTHIIAHAIHH)

B-X. c. 464
o} o o
o-8-d o-4.d o-4-d |
: :NHz /8 KoH 7/ & KOH / § : jN\

Br H20 Br
o-bpomaHnnumH 10r CuHTe3 npoBoaAT
OnmeTtuncynboar 21.9 B BbITA)XXHOM WKady
ddup 75 mn

! Benswixjopuj — nakpumarop. PaGoTtaTh ¢ 0CTOpo:KXHOCTBIO M mog Taroit! He nomyckars
MoTaaHusl Ha KOXKY W CIH3HCTBIe 000y0ukH, [IpaBuia paGoOTHl ¢ SAOBUTHIMH M CIKAMHU
BemjecTBamMu cM. c. 11.
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B tpexropnyto konOy emkocthto 100 My, cHaOXeHHYIO MEIIAJKOW, Karleib-
HOW BOPOHKOH M OOpaTHBIM XOJOAMIBHHUKOM, nomeraT 10 T o-OpomaHumuHa
n 10 mn Boxbl. BxioualoT WMHTEHCHMBHOE TepeMelIMBaHHe M K IMOJyYeHHOM
smysbcun npubasnsior 21.9 r qumetnncynbdaral TpeMs paBHBIME TIOPLHUAMY.
[lepByto mopuuio 100aBISAIOT K CMECH NMPH IepeMEIInBaHUM, JOKUIAIOTCI ee
TOMOTEHHU3AIMN U THIaTedbHO HelTpanusyor 25%-m pactBopom KOH mpu
OXJIQXKJIEHUN B O0aHE CO JIBJIOM; TaK e J00aBIIAIOT BTOPYIO MOPIHIO, HO MpPH
MOCIIeAyIOIe HeHTpanu3anuu peKOMEHAYeTCs BBOAWUTH HEOOJBINON M3O0BITOK
LIeNTOYH; 3aTeM IPH TepeMeIINBaHNK MPUOABIAIOT OCTAJbHOW IUMETHIICYIb-
¢art, ocTaBIAOT cMech Ha 1 yac, aMUH 3KCTParupyooT U3 LIEJI0YHOIO pacTBOpa
sadupom (3x25 M), mpombIBarOT KCTpakT Bomoi u cymar K,CO;. Ipu mepe-
ronke mony4anT 8.2 v (70% oT TeopeTHYeCKOro) 0-0poMIUMETHIAHMINHA,
1. kur. 100-101 °C / 12 mm pr. ct.; nZ 1.5748.

AMP 'H & (m.a., CDCly): 2.81 (6H, ¢); 6.88 (1H, aT, J = 8 My); 7.09 (1H, aa, J = 8 y);
7.26 (1H, at, J = 8 Tw); 7.57 (1H, ag, J = 8 ).
AMP 3C & (m.g., CDCl,): 44.0; 119.0; 120.3; 123.7; 127.9; 133.7; 151.6.

AnanornyHo mony4art 3-0pom-N,N-aumernnanwins; Beixox 54% ot Teo-
petuueckoro; T. kum. 118-119 °C / 8 mm pr. ct.; n¥ 1.6004.

AMP 'H & (m.a., CDCl3): 2.95 (6H, ¢); 6.65 (1H, g, J = 8 w);
6.86 (1H, n, J = 8 Tw); 6.87 (1H, ©); 7.10 (1H, T, J = 8 ).

AMP '3C 6 (m.a., CDCl,): 40.2; 110.8; 114.9; 118.9; 123.2; 130.1; 151.5.

B3.4.5. 1-®eHWwIdTAaHAMHUH
(o-peHnIdTHAAMEH)

Cunmes no Jleiitkapmy

V. p. 778
O

NH,

MypasbuHaa kncnota 85%-a 31 mn

Kap6boHaT aMmMoHUsA 384r
AuetopeHoH 30r
beH3on 180 mn

B crakan emkocthio 500 mu momemator 31 mn 85%-1i MypaBBMHOW KHCIIO-
Thl M MOCTENEHHO NpuoOaBisoT 38.4 r kapbonata ammonus. CMech Harpesa-
0T 0 TeX TOp, MoKa TeMIepaTypa cMecu He mocturHer 165 °C (tepmomerp

1 Jlumetmincynb(ar o4eHb SAIOBHUT, COCOOEH BCACHIBaThes depes Koxy. Cremnyer m3berarth

BIBIXaHHS €0 IapoB; NPH IONATAHUH JUMETHICYIb(ara Ha KOXYy HEMEIUIEHHO OOMBITH
9TO MECTO pacTBOpoM ammmaka. Cm. pazn. Al.2.
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B cTakaHe). Peakiuonnyio cMech oxiaxmaioT 10 80 °C u mobasmstor 30 r ame-
TOQEHOHA, 3aTEM MEPEHOCIT B JABYXTOPIYIO KPYIJIOJOHHYIO KOJOY €MKOCTHIO
250 mu1, cHaOXEHHYIO TEPMOMETPOM, KOPOTKOH Hacaakoi Briopma ¢ tepmo-
METPOM, HUCXOMSAIIMM XOJOAMIBHUKOM C aJOHXKEM M MPUEMHUKOM, U Harpe-
BatoT cMmech 10 185 °C (tepmomerp B konbe). IIpu 3TOM MOKET OTTOHATHCS
areroeHon u Boma. Ecium arerod)eHOHa OTTOHSETCS MHOIO, €r0 OTACHSIOT
OT BOJBI, U3MEPSAIOT 00BEM, BCTPAXHBAIOT ¢ O0e3BogHbBIM MQSO, ¥ BHOBB
BO3BpAlIal0T B PEAKIMOHHYI K0JIOY (ecnu ameTodeHOHA BBIACIAETCS MAo,
TO ero MpocTo oTOpackiBaoT). PeakinoHHyo cmech HarpesatoT 10 180-185 °C
(HO He BbImIE!) ¥ IPEIOT B TEUCHUE TPEX YACOB. 3aTEM OXJIAXKIAOT, IPOMBIBAIOT
Bomoi (2%20 mu1). OpraHu4ecKuil CIIOM OTHENAIOT, a BOJHBIE BBITSKKH KC-
TparupyoT 6en3onom (2x30 mut). OpraHudeckuii CIIOW U OEH30JbHBIC BBITSHKKU
obobeauusor u nobassror 30 mu koui. HCl. CMecs momemiaroT B mpubop st
MEPErOHKU ¥ OTTOHSIOT OEH30I. 3aTeM HUCXOJSIIUIA XOIOMIBHAK 3aMEHSIIOT Ha
o0OpaTHBIA ¥ KUMATAT cMech 1 yac. OXTaXAEHHYI0 CMECh BHOBH 9KCTPArupyrOT
oenszonom (2x30 mut), OCH30JIbHBIE BBITSKKH OTOPACHIBAIOT, @ BOJHBIA CIIOWM
MOAIICIAYMBAOT NPpHU oxyaxaeHuu pactBopoM NaOH (octopoxuo! BO3MOXK-
HO Bckumanue!), a 3aTeM M00ABJISIFOT TBEPAYIO INEIOYb O CHIIBHOIIEIOYHON
peakiuu. [Ipy 3TOM HPOMCXOTUT pacciauBaHue. AMHH OTAEISIOT, a BOIHBIN
cioit akctparupytor O0enzonoM (4%15 mi). BeH30MbHbBIC BBITSKKH OO0BEIUHS-
10T ¢ aMmuHOM U cymaT TBepasiM KOH. BeH3051 OTroHSI0T mpu aTMochepHOM
JaBIICHUH, OCTATOK IEPErOHSIT B Bakyyme. Bwixox 18 r (60% ot Teopertu-
geckoro); T. kun. 87-90 °C / 25 mm pr. cr.; nZ 1.5275.

AMP 'H & (m.4., CDCLy): 1.36 (3H, g, J = 6.6 Tw); 1.43 (2H, <); 4.08 (1H, K, J = 6.6 Iw);
7.15-7.35 (5H, m).
AMP 3C & (m.4., CDCly): 25.6; 51.2; 125.5; 126.6; 128.3; 147.7.

b4. ANbAErNAbl U KETOHbI

B mpuBeneHHBIX HU)KE CHHTE3aX CIEAYCT HCIOIh30BaTh apOMATHUYECKHUE allb-
Ieruasl Xopomero kadectBa. CHIBHO OKpaIleHHBIE PEAaKTHUBHI, COACpIKaIIne
IIPUMECHh COOTBETCTBYIOIIEH KHCIOTHl U IMOJIHMEPOB, HEOOXOAMMO TEpPEeTHATh
B BaKyyMe B arMoc(epe HHEpTHOTO Tasa.

b4.1.  Monyyenue anvde2udoe u KemoHoe
U3 op2aHuYecKux coeduHeHuli Apyaux Knaccos
b4.1.1. TIIponmanans

(MponMoHOBKIIi AJILIETHT)
COI. cb. 2. c. 424

K>Cry,0O
2127 \/CHO

H,S04/H,0
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H-lponunosbin cAnpT 2r
K,Cr,0, 33r
H,SO, KoHu, 24 mn

B Tpexropnyto konmby emroctbio 500 mil, cHaOKEHHYIO KarelIbHOH BOPOHKOHU, 3(-
(hbexTUBHON MeXaHWYeCKOU MEMIATKON! ¥ JUTHHHBIM MIAPUKOBBIM  XOJIOIUIHBHUKOM,
MOCTaBIEHHBIM TI0] yrioM 45°, momemator 20 T w-mpormioBoro crupra. Yepes
XOJIOMMJIBHUK TIPOITYCKAIOT BOAy, HarpeTyio 10 60 °C. Jlpyroii XOnOguMIBHUKZ, TO-
CTaBIICHHBI HAKJIOHHO JUISi OTTOHKH IPOIAaHANs, IPUCOCAUHSIOT K BEpXy IEPBOTO
XOIIOJMIILHUKA C TIOMOIIBI0 Hacanaku Biopira. Uepes 3T0T BTOpoil XOMOAUIBHUK LIUP-
KynupyeT XonoaHast Boza. Koner anomka DIyOOKO OIMyIIeH B MPHUEMHHUK, OXJIaXKIac-
MBIid JienssHoH Bojol. CrupT B KOJIOE HArpEeBAKOT 0 KHUIICHWS W Yepe3 KallelbHYHO
BOPOHKY IPH SHEPTUYHOM IE€PEMEUIMBAHUN NPHOABISIIOT OKUCIUTEIBHYIO CMECh,
npurotonennyio u3 33 r K,Cr,0;, 24 ma xonu. H,SO, u 200 M Bomel. Bo Bpe-
Msl IpUOaBICHUS TOANCPKUBAIOT OypHOE KHIIEHHE peakuoHHOH cmecu. [locme
OKOHYAHMS TPHOABICHUSI OKHCIUTEIHHOW CMECH CONEPKIMOE KOMOBI KHUILTAT elle
15 MuHyT, 9TOOBI OTOTHATH MOCIEAHUE CIEABl ajbaerHaa. 1[pONHOHOBEIA aTbaerua
cymar 1 r 6e3Bomnoro Na,SO, u neperonsitor. Beixon 8.8 r (46% or Teopernue-
ckoro); T. kum. 48-55 °C / 760 mm pr. cr.; n¥ 1.3640.

AMP 'H & (M.3.CDy): 0.85 (3H, T, J = 7.5 Tw) ; 1.97 (2H, k, J = 7.5 Tw); 9.4 (1H, c).
AMP 3C 6 (m.a., CD): 5.8; 37.0; 201.4.

b4.1.2. 2-MeruanponaHaib
(M30MacCaAHBII ATbIErnI)

JIAB. c. 116
NaZCr207 CHO
OH ———»
H,S04/H,0
MN306yTrnosbI cnupt 50r
Na,Cr,0, moHorngpat 576
H,SO, KoHu,. 43 mn

Tpexropiyio kondy emkocthio 1000 M cHaOXkarOT MEXaHWUYECKON MEMIaKoH,
KalreJIbHOW BOPOHKOW WM JByMs XoJomwiabHuUKaMu. IlepBwii m3 HMX — oOpar-
HEI — COENUHSIOT ¢ KOJIOOH, depe3 Hero MpOIyCKalT BOIY, HArPETyIO N0
70 °C (cunpHee HarpeBaTh HE CJICOYeT, TaK KaK B IPUEMHYIO KOJIOY MOXKET
nepeiTu crnupt). BTopoli XONMOAUIBHUK — HUCXOMANIMKA (aJOHXK, IPUEMHHK) —
MIPUCOEANHAIOT K BEPXHEH YacTH IEepBOTO C MOMOIIBIO Hacagku Bropma, de-
pe3 Hero MpomycKarwT XoloAHyko Boxy. IIpumeMHuK oxnaxnarT (ieg ¢ co-
JbI0), TaK KaK OTTOHSIOIIMIICS B Ipoliecce pPeakUWH H30MACISHBIA allbIeTH]
o4yeHb Jneryd. B xonOy momemator 50 r m300yTHIOBOTO CIUPTA, HArPEBAIOT

1 Brrxon ajJipaceruaia 3aBUCUT B 3HAYUTEITLHOU CTENEHH OT TOr0o, HAaCKOJBbKO 3(1)(1)CKTI/IBHO

paboTaeT Memaka.

2 CoelMHEHHBIN C aJIOHXEM H MNPUEMHUKOM.
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10 KUIIEHUS U MPH MHTCHCHUBHOM mepeMernnBaHuu B TeueHue 30-40 mMuH ObI-
CTPO MO KamisM NPUOABISAIOT OKHUCIMTENBHYKO CMECH!, TIPUTOTOBJIEHHYIO U3
57.6 T Na,Cr,0,°H,0, 43 mi konn. H,SO, u 390 mn Bogsl. [locie mpubasme-
HUsI BCEH OKHMCIUTEIbHOW CMECH PEeakIMOHHYI0 Maccy HarpesatoT erie 20 MuH.
JucTriiaT, coOpaBuuniics B IPUEMHHUKE, MEPETOHSIOT, coOupast B¢ Hpakuuu:
npu T. kurt. 59-69 °C (u3omacnsnblit anpaerun) u 69-107 °C (M300yTHIIOBBIIH CIUPT).
IepByto dpakmuio meperoHstoT eie pas. Beixoq 28 r (58% oT TeopeTHUECKOro);
T. kun. 61.5-62.5 °C / 760 mm pr. ct.; n¥ 1.3730.

AMP H & (m.g., CDCLy): 1.14 (6H, A, J = 7 Tu); 2.44 (2H, m, J = 7 Tu); 9.64 (1H, o).
AMP 3C 6 (m.g., CDCly): 15.5; 41.0; 204.9.

b4.1.3. IlukKJI0TeKCaHOH

Memoo A
JNIAB. c. 122
OH N82Cr207 0
_—

O/ H,S0O4/H,0
LnknorekcaHon 125r
Na,Cr,0, moHorngpat 115r
H,SO, KoHu,. 10 mn
ddup 115 mn

B tpexropnyro kon0y emkocthio 500 mu, CHaOXEHHYIO MEIIaIKOW, KareabHOH
BOPOHKOW M OOpaTHBIM XOJIOAMJIBHUKOM, TTOMEIIAIOT pacTBoOp 12.5 r mukIiorek-
canona B 15 mu sdupa. Coxaepxumoe koiaObl oxnaxgaroT go 10-12 °C.
OKHCITUTENBHYI0 cMech, ipurotoBieHHyw u3 11.5 r Na,Cr,0,°-H,0, 19 r H,SO,
(d,%1.84 r/mn) u 125 ma Boasl, oxnaxaaT 10 4 °C 1 npubaBIsAIOT P IepeMe-
IIMBaHUU K PACTBOPY IMKIOT€KCAHONA C TAaKOHW CKOPOCTBIO, YTOOBI TeMIeparypa
He nmogHuManach Beime 5 °C. PactBop mepememmBaioT 3 4aca U OCTaBIISIOT Ha
HOYb MPU KOMHATHOW TeMmepaType. 3aTeM B JCIHUTEIbHOW BOPOHKE OTICISIOT
BEPXHHU CIIOM, HIKHHN 3KCTparupyroT 3¢upoM (4%25 mir). DpUpHbIE BHITSKKH
BCTpsxuBaT ¢ npokaieHHbiM K,COj3 n BeicymuBawoT Na,SO,. OcrtaTok mocie
OTIOHKH 3(upa IEPEroHsorT B Bakyyme. Beixon okoio 10.5 r (85% or teope-
Taeckoro); T. kum. 41-45 °C / 9 mm pr. cr.; n& 1.4485.

AHAaJIOTHYHBIM NYTEM MOXHO MOJYyYHTh KETOHbI U W3 JIPYTHX BTOPHUY-
HBIX CIIMPTOB. M3 OKTaHONa-2 — OKTaHOH-2 (Beixon /0% OT TEOpETHYECKOTO:
1. kun. 170-173 °C / 760 mm pr. ct.; Np?° 1.4150); u3 HOHaHONA-5 — MU-H-OyTHII-
keroH (Beixox 70% ot Teopermueckoro; T. kum. 89-91 °C / 25 mm pr. cT.;
nZ 1.4190).

! Buumanne! OKHCIHMTENBHYIO CMECH CIIEAYET TPHOABIATH TIPH SHEPTUIHOM MEPEMEINTUBAHAH,

MOYTH CTpYEH, MOANepKUBasi OypHOE KHIIEHHE PEeaKIHOHHON cMmecH. ClenTh, 9YTOOBI IpU
9TOM TeMIIepaTypa BOJbl B 00OpaTHOM XoJoawibHHKE He mpeBbrmana 70 °C.
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Memoo b
TnA. c. 119
O/OH Na2Cr207 (jo
—_—>
CH3;COOH
A

LinknorekcaHon 135r
Na,Cr,O, moHorugpar 18r
YKCycHasA Kucnota nepaHasn 30 mn
ben3on 15 mn
Sdup 30 mn

B 30 mMi ykCyCHOM KHCIIOTBI pacTBOPSIOT NMpH HarpeBaHuu 18 r MoHOruapara
Oouxpomara Harpus. PacTBop oxnaxkgaroT a0 15 °C v moMemiarT B TPEXTOpIyIo
KPYIJIOJOHHYIO KOOy eMKOCThIo 250 MJI, CHaOXEHHYI0 MarHUTHOW MeIna-
KOH, KareIbHOH BOPOHKOM, TEPMOMETPOM M OOpaTHBIM XOJOIWUIBLHUKOM. 3aTeM
OCTOPOXKHO TPH IepEeMEIIMBaHUN pHOaBIsIIoT pacTBop 13.5 r nukiorekcaHosia
B 15 mu Oensona, oxnaxzaeHHoro no 15 °C. Uepe3 HECKOIBKO MHHYT CMECh
3aCTHIBAET B BHJIE XKEITO-KOPUYHEBOM KPHCTAIMYECKONH Macchl (BEpOSITHO,
3(¢Up XpOMOBOH KHCIIOTHI), KOTOpass B XOJA€ HajbHEHIIEH 3K30TEPMUUYECKOM
peakiuu mpeBpaiaeTcsi B Y4epHO-KOPUYHEBBIH pacTBop. Temmeparypa peakiHoH-
HOM cMecH He moipkHa npesbimarh 60 °C, mis yero B ciaydae HEOOXOIUMOCTH
ee CIemyeT OXJakKIaTh JieasaHoi Bomoi. Ilocie BeimepkuBanus cmecu 30 MHH
npu 60 °C peakius 3akaHumBaeTcsi (cMech CTaHOBUTCS 3eieHoi). Cmech Ha-
rpesarot emie 10 mud npu 70-80 °C ¥ OTrOHSIOT U3 HEE IUKIOTEKCAHOH C BO-
asHbM apoM. Juctmniat Hackimaror NaCl, skerparupyror sdupom (2x15 mi).
OO0nenuneHHbie ddupHbIe Qpakiuu mpoMbiBaoT 15 M 10%-ro pacrBopa NaOH
u 30 mu Boasl u BeIcymmBaT Hax Na,SO,. YmanasioT pacTBOPUTENb, MPOLYKT
neperoustoT. Beixox 10 r (76% oT TeopeTHYeCKOro) IUKIOreKCaHOHA; T. KHII.
152-156 °C / 760 mm pr. ct.; n& 1.4520.

AMP H & (m.g., CDCLy): 1.74 (2H, m); 1.87 (4H, m); 2.34 (4H, 7, J = 6.5 Tu).
AMP 13C 6 (m.g., CDCly): 25.0; 27.0; 42.0; 211.7.

b4.1.4. 1,4-BeH30XuHOH (n-0eH30XHHOH)
NAB. c. 114
OH e}

KBFOS
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B xon0y emkocthio 200 mn HammBaror 100 M BOZIBI, CyCIEHIUPYIOT B HeEi
MpyU NOMOIIM MarHUTHOW Memaiku 10 © THAPOXHHOHA M 3aTEM PaCTBOPSIOT
5.5 r KBrO;. [Ipu nepeMenmBaHuu HEOONBIIUMHU MOPIUSIMU MPHIHBAIOT 5 MII
5%-to pactBopa H,SO,. [locne sToro, moMecTHB B KO0y TEPMOMETp, MEIJICHHO
HarpeBaroT cojepxkumoe 10 45 °C. HaunHaercs: peakiius, COMPOBOXKAAIOIIANCS
CaMOIIPOU3BOIBHBIM TOBBIIICHHEM TeMiepatypsl o 75 °C. ITo okoHuYaHHH
peakuun (CMecCh SPKO-XKEITOr0 IBETa) COACPIKUMOE KOJNOBbI OXJTKIAIT 10
0 °C B OaHe co TBIOM, 0CamOK OT(IIBTPOBEIBAIOT U MPOMBIBAIOT HEOOJb-
IIMM KOJUYECTBOM JIeASHON BOABI. IONyYeHHBIH MPOAYKT CYIIAT MPU KOM-
HATHOW Temmeparype Ha Bo3myxe. Beixox 8.8 r (~90% ot TeopeTrudeckoro),
T. wr. 116-117 °C.

AMP 'H & (m.a., CDCl3): 6.78 (4H, ¢).
AMP 3C 6 (m.g., CDCly): 136.5; 187.2.

b4.1.5. Bemusua

(mubenzom)
Memoo A
Marr. c. 261
beH3zounH 5r CuHTe3 npoBOAAT
HNO; (d%° 1.33) 10r B BbITS)KHOM wWwKady

B kpymiogonnyro konby emkocthio 100 mur, cHaGkeHHYIO OOpaTHBIM XOJO-
IUIBHAKOM, MOMELIAIOT 5 I TOHKOW3MeJlbdyeHHOro OenszonHa u 10 r KoHII.
HNO; (d7° 1.33 r/cm®). Cmech IperoT, 4acTo BCTpAXMBAsA, HAa CHILHOKHUIAIIEH
BOJASTHOHM OaHe B TeueHWe 2 dacoB. Ilocie oxnaxaeHus pa30aBisioT XOJOTHOU
BOJIOM, BBIMABIIHK OcagoK OT(UILTPOBHIBAIOT Ha BOPOHKE broXHepa W He-
CKOJIBKO pa3 MPOMBIBAIOT BOJOW J0 HEeUTpaidpHOU peakiuu. [lomydeHHBIN oca-
JIOK CYIIaT Ha BO3JyXe U MEPEeKPUCTAIIM30BBIBAIOT U3 cnupTa. Beixon 4.46 r
(90% ot Teopernueckoro), T. mi. 95 °C.

Memoo b
NAB. c. 113

HNO,

_—

CH3COOH
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YKcycHasA Kncnota negsaHan 20 mn CviHTe3 npoBOAAT
beH3ounH 45r B BbITAXKHOM WKadpy
AsoTHas kucnoTa (d3° 1.40) 10 mn

B xpyrnononHoit konbe emxocteto 100 ma cmemmBatoT 20 M1 yKCycHO# Kuc-
notel ¥ 10 Ma koHu. azoTHo# kuciorsl (d3° 1.40 r/mn)l. K cmecu n06GaBisioT
4.5 r OeH30WHA, MPUCOCAMHSIOT K KOJOe OOpaTHBIN XONOJUIBHUK U KHUIISATSAT
CMech B TeUeHHE 2 4acOB Ha BOJSHOI OaHe. PeakIMOHHOM cMecH JarOT oxJa-
JUTHCS] 10 KOMHATHO# TEMIepaTypbl, a 3aTeM BBUIMBAIOT MPHU MEPEMEITUBAHUU
B CTakaH ¢ 75 M BOABI, KOTOPBIH MOMENIAIOT B JICASHYIO OaH0. BeimaBiiue
OJIeIHO-XKEeNThIe KPUCTATbl OeH3MIa OTHUIBTPOBBIBAIOT Ha BOpOHKE Broxuepa
M TEePEeKPUCTAIITU30BBIBAIOT U3 METHIOBOro cmupra. Beixox 4.2 r (94% ot
Teopetuueckoro); T. mi. 92 °C.

Memoo B

TnA. c. 224
CuSO,'5H,0 18r CunHTEe3 NnpoBOAAT
beH3ounH 75T B BbITAXXHOM WKady
MupnguH 17 mn

B xpyrnogonnoii konbe emxoctsio 100 ma cmemmsaror 18 r CuSO,5H,0,
17 mn nupunuaa u 14 mu Bogel. K marperoir cmecu mobGamisiorT 7.5 r OeH-
30MHA U TIEPEeMEIINBAIOT 2 Yaca NpU HarpeBaHWW Ha MapoBoil Oane. Peaknu-
OHHAasi CMECh CTAHOBUTCS TEMHO-3€JCHOH. PEaklMOHHYIO CMECh OXJIaXKIAIOT,
KPUCTAJUIMYSCKUN MPOAYKT OT(HUIBTPOBBIBAIOT, MPOMBIBAIOT BOJOW M CYyIIAT
B okcukartope (kak ocymmutens CaCl, wimn P,0;5). TlepekpHCTaIIn30BHIBAIOT W3
CCl,. Brixon 6.4 r (85% ot Teoperuyeckoro); T. mwi. 94 °C.

AMP 'H & (m.a., CDCly): 7.50 (4H, 7, J = 7.5 Tw); 7.64 (2H, 7, J = 7.5 Tu); 7.97 (4H, p, J = 7.5 Tw).
AMP '3C & (m.a., CDCly): 129.0; 129.8; 132.9; 134.9; 194.5.

b4.1.6. 3,3-IumMeTHa0yTaHOH-2

(MMHAKOJIHH)
COIn. c6. 1. c. 340

HO OH  H,50, \ //O
H,0

1 Cmech yKkcycHO# M a30THOM KHCIIOT TOTOBST TIOJ TATOM, AOGABIAS MOCTENEHHO TIPH OXJIAK-

JEHUU BOIOH a30THYIO KHCIOTYy B YKCYCHYIO.



b4. Anbde2udsl u KemoHbl 191

MnHaKoH rekcarmgpaT 60 r
H,SO, 25%-a 160 mn
Sdup 100 mn

B xpymiomonnyio konby emxocteio 500 mu, cHaOkeHHYI0 Hacaakod Brop-
a U HUCXOASAIIUM XOJOAMIbHUKOM, momemaror 160 mu 25%-ro pactBopa
H,SO, u 60 r nuHakoHTHIpaTa. PeakIMOHHYIO CMECh KHUIATAT JO TEX IIOp,
MOKa BMECTE C OTTOHSIOIIEHCS BOAOH HE MepecTaHyT IepexoJuTh MacisHU-
creie Karw nuHakonuHa (~30 muH). [THHAKOMUH U3 TUCTUILIATA SKCTPArHPYIOT
apupom (2x50 wmi), s¢dupHBe BHITSDKKH 00beauHsoT u cymar CaCl,. Ddup
OTTOHSIIOT C BBICOKHM J1e(hJIerMaTopoM, OCTaTOK IEPEroHsIoT, cooupas (paxiuio
B uHTepBasie 103-107 °C / 760 MM pT. cT.. BBIXoJ NMHHAKONHWHA COCTABISCT
18 r (68% ot Teopermueckoro), T. kum. 106 °C; n¥ 1.3960.

AMP H & (m.g., CDCLy): 1.15 (9H, ¢); 2.14 (3H, ).
AMP 13C & (m.a., CDCly): 24.6; 26.3; 44.2; 214.2.

B4.1.7. 1,3-/Iludennaneron

(mmGeH3uIKETOH)
JIAB. c. 103
COO
Fe ——
@ 2 .
deHunykcycHas Kucnota 20r CuHTe3 npoBoAAT
»Keneso (BoccTaHOBNEHHOE, 5r B BbITA)KHOM WKady
NOPOLLOK)

B omHOTOpITYIO KpynIIOAOHHYIO KO0y eMKOCThI0 50 MiI ¢ 0OpaTHBIM XOJIOIHIIB-
HrkoM momeratoT 20 r GeHUITYKCYCHON KHUCIOTHI U 5 T MOpOIIKa BOCCTAHOB-
JIEHHOTO JKeye3a. PeakIMOHHYI0 CMECh HATPEBAIOTT TaKMM 00pa3oM, uTOObI OHA
cnerka kurena. [IpubnusnrensHo vepe3 40 MuH, KoTma peaknHOHHas macca
3aTBepaeeT (obOpasyercsi GeHunanerar xenesa), HarpeBaHue mpekpamarort. I1o-
Jy4eHHBIH (PeHMIIALeTaT KejIe3a OXJIaXIAIoT, IlepeHocaT B konly KisiizeHa 6e3
neduermatopa (uiau kosuby Bropiia), CHaOXKEHHYIO TEPMOMETPOM, PaCCUUTAH-
HBIM Ha u3MepeHue Temmeparypbl He MeHee 350 °C ¥ KOPOTKMM BO3AYIIHBIM
xonoaunbHUKoM. Konmby HarpeBaroT Ha OTKPBITOM IJIAMEHHU TOPENKH, OTTOHSIS
nony4atoruiics aubensunkeron npu 300-325 °C. Beixox 11 r (70% ot Teo-
perundeckoro); T. kum. 210 °C / 35 mm pt. cT. IIpu CTOSHHM BEIIECTBO KpH-
crammmsyetcs: T. 1. 34-35 °C.

AMP 'H & (m.a., CDCl3): 3.69 (4H, ¢); 7.12-7.33 (10H, m.).
AMP 3C 6 (m.4., CDCl;): 49.0; 127.0; 128.6; 129.4; 133.9; 205.4.

1 AcGecToBas ceTka, razoBas rOpelKa.
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b4.1.8. Antpa-9,10-xuHOH

(anTpaxmHoH)
JIAB. c. 112; 0. Bbin. I m Il c. 211
o}
QOO e QLIO
CH3COOH

A I
AHTpaueH 1r
CH;COOH nepgsaHan 50 mn
CrO; 28r

B Tpexropnyto konly emxocThio 250 mil, CHAOXKEHHYIO MEIIAIKOM, 00paTHBIM
XOJIONUILHUKOM M KamlelbHOH BOPOHKOH, momemiaroT 1 r aHTpameHa, 45 mi
JIENSTHOW YKCYCHOW KHCIIOTHI M HarpeBaroT CMeCh Ha KHILAIIeH BOJSHOW OaHe
JI0 TIOJIHOTO PAacTBOPEHHS aHTpalleHa. 3aTeM MPHOABIAIOT 10 KaIuIAM pacTBOP
2.8 T XpOMOBOTO aHTHIpUIA B 5 MII cMecH YKCYCHOM Kucnotel u Boabl (1:1).
[Tocne Toro xKax pacTBOpP OKpacHTCS B 3eJI€HBIH IIBET, OaHIO OTCTABISIOT, NAIOT
PEaKIMOHHONW Macce OXJIAAWTHCS /0 KOMHAaTHOH TeMIepaTypbl W IPUOaBISIOT
100 mu Boxel. BeimaBmmii ocagok OTQMIBTPOBBIBAIOT, IPOMBIBAIOT BOJOH [0
HEHTpanpbHON peakuuu M cymar Ha Bo3ayxe. Beixog 1 r (86% ot Teoperuue-
ckoro); T. mi. 286 °C (B 3amassHHOM KamMJLIApE).

AMP 'H & (m.a., CDCl): 7.80 (4H, u. m.); 8.33 (4H, u. m.).
AMP 3C 6 (m.o., CDCl5): 127.2; 133.5; 134.1; 183.1.

b4.1.9. ®ayopeHon

B. 7. S. 465
0]
. N82CI’207 (CH3CO)20 .
@ @ CH,COOH @ @
A

OnyopeH 4r CunHTEe3 NnpoBOAAT
CH;COOH nepgsaHan 65 mn B BbITAXKHOM WIKady
Na,Cr,O; moHorugpat 155

YKCYCHbIN aHrngpug 20 mn

B Tpexropayro koaby emkocThio 250 M, CHAOKEHHYIO MEIIAJIKOM, KameIbHON
BOPOHKOM M OOpaTHBIM XOJIOMMIBHUKOM, TOMENIaT 4 T ¢ayopena u 65 mu nens-
Hoit CH3;COOH. PeakimoHHy0 CMeCh HarpeBarOT Ha BOISHOH OaHe m0 pac-
TBOpeHus (uyopeHa. IIpomomkas HarpeBaHHe U MepeMeNIMBaHHe, K PacTBOPY
ocmopooicho, nopuusmu 1o 2—3 t npudasmior 15.5 r Na,Cr,O; - H,0, npenpa-
PHUTENBHO UCTOMYEHHOTO B TPyOBIi mopomiok. IIpu 3ToM pacTBop mpuobperaer
KpacHO-Oypblit 1BeT. HarpeBaHre U mepeMenInBaHue MPOJODKAIOT B TEUCHHE
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BCEro BpeMeHH, MOoKa MpubaBisoT okucautedb (~15 mun). Ilocne atoro Bo-
JsiHy!0 OaHIO yOUpPalOT M pacTBOP AOBOAAT A0 cIabOro KUICHUS HarpeBaHUEM
Ha cerke. [Ipomomkass HarpeBaHue W IepeMelIMBaHMe, J00aBISIOT K peaklu-
OHHOW cMecH Yepe3 KaleJbHYI BOPOHKY B TedeHue 15 mun 20 M ykcycHOTro
aHruapuaa. Harpepanue u nepemerinBanue npojposkator eme 1.5 gaca. Tops-
YU pacTBOP BBUIMBAIOT B JINTPOBBIM cTakaH, comepxkamuii 600 mu ropsueit
Bozbl. IlomydyeHHYI0 CyCHEH3UI0 MEepeMEelNBaOT 15 MUHYT U MOCHEe OXJaxXe-
HUSl OTQUIBTPOBBIBAIOT IOJ] YMEHBIIEHHBIM aaBiieHHeM. OcCaloKk MPOMBIBAIOT
Bojoi (4x20 M), BBICYIIMBAIOT HAa BO3JyXe M MEPEKPUCTAIIM30BBIBAIOT U3
CIHpTa ¢ aKTUBUPOBaHHBIM yriem. Beixox 3.3 v (75% oT TeopeTHueckoro),

1. 1. 83-84 °C.
AMP 'H & (m.a., CDCly): 7.22-7.27 (2H, m); 7.40-7.46 (4H, m); 7.61 (2H, m).
AMP 3C & (m.a., CDCl,): 120.2; 124.2; 129.0; 134.03; 134.6; 144.3; 193.8.

b4.1.10. 1,3-Au¢enna-1,3-nponananox

(nnbeH3oMIMETaH)
COr. c6. 1. c. 186
o Br 6 O
MeONa
_—
oY O OO

Onbpomup 6eH3anbauetodeHoHa 101 CuHTe3 npoBoAAT
Na meTtannmueckun 1.25r B BbITAXKHOM WKady.
MeTaHon ab6c. 80 mn MeTtaHon apoBuT!

B Tpexropayro koiby emkocThio 250 MiI, CHAOKEHHYIO MEIIAIKOH, KamelbHON
BOPOHKOW M OOPaTHBIM XOJIOJMIBHUKOM C XJIOPKAJIBIIMEBOH TPyOKOH, TOMEIAIOT
10 r nubpomuna Oensampanerodenona u 80 mi meranona. K obpasoBasmieiics
0eJI0i CyCTIeH3UH Yepe3 KarelbHYI0 BOPOHKY OBICTPO TOOABIISIOT paCTBOP METHIIATA
HATpUs, IPEIBAPUTEIHHO MPUTOTOBICHHOTO U3

1.25 r matpus u 15 mu abc. metunosoro crmpral. Uepes nmpumepno 10-15 mMun
CYCIEH3HI TIOJIHOCTBIO PACTBOPSIETCS U 00pa3yeTCs KEITO-3EJICHBI PacTBOpP.
PacTBOp KUIATAT Ha IEKTPOILIMTKE B TeUeHUE 1 gaca, 3aTeM OXJIaKIAI0T JI0

20 °C, no6asnsiror 1 mi koun. HCl u BHOBB HarpeBaioT B TeueHue 5 mun. Ilocie
OXJIXICHUSI PACTBOP MEPEHOCAT B CTaKaH, OXJKIAIOT B OaHE CO JBIOM H IPH
CHIIFHOM TiepeMeImuBaHuy 100aBisitoT 90 MIT XOTOTHOW BOIBL.

1 B kpyrionoHHyo Kkoib6y emkocThio 100 My, CHAaGXEHHYIO OOGPAaTHBIM IIAPHKOBBIM
Yy Yy Yy

XOJIOIUIIBHUKOM C XJIOPKAIbLMEBOH TpyOKoH, moMemniator 15 mi abc. MeTaHOma M MEICHHO
J00aBISIOT HeOOIIbIIME KYyCOUKU HAaTpus. [Ipr 3TOM KOOy OXJIaXKAAIOT JISITHOM BOAOM. 3aTeM
OXJaXICHUE CHUMAIOT M KOJIOY HarpeBaloT Ha JJIEKTPOIUIMTKE (O MOJIHOTO PacTBOPECHUS
HaTpust). [IpoIOIKUTEIBHOCTD IPUTOTOBICHHUS aIKOrosiTa 0kosio 30 MUHYT.
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BrimagaeT ocamok 0€XeBOro IBETa, KOTOPBIA OT(QUIBTPOBBIBAIOT, IPOMBIBAIOT
50%-m BoaubiM MeTanonoM (10 mur) u 3arem 50 M Bomel. CymiaT ocajok Ha
Bo3ayxe. Beixox 5.1 r (85% ot teopermueckoro), T. mia. 71-72 °C. Tlocne
nepekpucraum3anuu u3 20 mMi 3TaHosa mosy4aroT 3.5 r gubeH3oMIMeTaHa,
T. . (7-78 °C.
AMP 'H & (m.a., CDCly): 6.86 (1H, ¢); 7.49 (4H, m); 7.55 (2H, m); 7.99 (4H, n);

16.93 (1H, ywwup. c).

AMP '3C & (m.a., CDCl,): 93.1; 127.1; 128.6; 132.4; 135.4; 185.7.

b4.1.11. 4-®eHnadyTaHoH-2
(MeTHII-B-PeHHIII THIIKETOH)

NAB. c. 110
0O O o}

0™\ NaOH/M,0
A

BeH3unauetoykcycHblli 3dup' 341

H,SO, 1 M pacTtBop 50 mn
NaOH, 5%-n pacTtBop 250 mn
beHson 50 mn

B Tpexropnyio! konby eMkocTbi0 1 1, CHaGKEHHYIO MENIAJIKOM, 0OpaTHBIM
XOJIOJMIIEHUKOM U KaleJIbHOH BOPOHKOH, MmoMemarT 34 T OeH3WIaleTOyKCycC-
Horo 3¢upa u mobasnsor 250 mu 5%-ro pacrBopa NaOH. IIpu sHepruvyHOM
NepeMeNINBaHUH KHUIIATAT PEaKIHOHHYI0 CMech B TedeHHe 3.5 4acoB, 3aTeM
oxyaxaaroT ee 10 20 °C U MOCTENEHHO MPH MEepEMENINBAHUU JTOOABISIOT U3
kanenbHoH BopoHkH 50 Ma 1 M H,SO, no kucnoit peakuuu. [Ipu 3ToM mpowuc-
XOIUT BbIJIENIEHUe TUOKCHIa yriepoaa. I1o OKOHYaHWU peakIH CMEeCh KHUITATSAT
B TeueHHe 15 MHH ¢ 0OpaTHBIM XOJIOJWJIBHUKOM, OXJIQXKIAIOT J0 KOMHATHOM
TEMIIepaTypsl M MEPEHOCST B JCIUTEIbHYI0 BOPOHKY. OTIAENSAIOT OpraHrYecKuil
CJIOH, a BOMHBIN 3KkcTparupyroT 50 mu 6eH3ona. OpraHudeckuii cioi, oobeau-
HEHHBIH C OEH30JIBHBIM 3KCTPAaKTOM, MPOMBIBaOT 50 M1 BOABI M BHICYIINBAIOT
Hax npokaneHHbIM Na,SO,. OcTarok mocie OTTOHKH OEH30J1a MEPeroHstoT B Ba-
kyyme. Beixox 17 r (74% ot Teopetnueckoro); T. kum. 113-115 °C / 13 mm
pr. cr.; n& 1.5140.

AMP 'H & (m.a., CDCl3): 2.11 (3H, ¢); 2.73 (2H, m); 2.88 (2H, m); 7.13-7.28 (5H, m).
AMP 3C & (m.g., CDCl,): 29.7; 29.9; 45.10 126.0; 128.2; 128.4; 140.9; 207.6.

! Cwm. pasa. B5.3.
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b4.2.  Peakyuu anvde2udoe u KemoHoe no KAp6OHUNbHOII 2pynne

b4.2.1. 2-®denun-1,3-guoxcoaan
(3THIIeHALIETAIb OeH3AIbAeruIa)

M. c. 293
O
CHO HO TCK }
©/ + "UN\"SOH  “Tonyon
A

STUNEHININKONb 75r

ben3anbaerug 1061

n-Tonyoncynbdokucnota (TCK) 02r

Tonyon 30 mn

ddup 100 mn

B kpyrmononnywo konby emkocthio 100 mut, cHaOXkeHHYIO AeduierMaropom,
COCJMHCHHBIM C TEPMOMETPOM W HHUCXOMASIIHNM XOJOAUIHHUKOM C allOHKEM
U MPUEMHHUKOM, momemanT 7.5 r stuiaenrnukons, 10.6 r Geusampaernia,
0.2 r n-tonmyoncynbdokuciaorel © 30 M Tonmyona. PeakiMoHHYIO cMech Ha-
rpeBaroT Ha KojboHarpesartenie (MPU 3TOM MPOMCXOAMT a3€OTPOMHAs OTTOHKA
BOJIBI M TOJyoONia) JI0 TeX IOp, TMOKa Temmeparypa mapoB He mocturHer 110 °C.
Jnst ynanenusi BoAbl U3 cepbl peakind MOXKHO HCIONb30BaTh Hacagky IuHa—
Crapka. Ocrarok oxiaxnaaroT, pactBopsitor B 100 mu adupa. [lomxyuenHsrit pac-
TBOp mpombiBaloT 10%-M pacTBOpOM cOABI A0 HEUTpANbHOHN peakiuu, a 3aTeM
Bojioit. OpraHuueckuil cioi cymar cyab(aroM MarHus win Hatpus. Jbup or-
TOHSIOT Ha POTOPHOM HCIHApUTENIe; OCTATOK MEPErOHSIOT B Bakyyme. Boixonm 11 ¢
(73% or Teoperuueckoro), T. kum. 111-113 °C / 15 mm pr. cr.; n¥ 1.5267.

AMP 'H & (m.a., CDCl3): 3.98 (2H, m); 4.09 (2H, m); 5.79 (1H, ¢); 7.34-7.37 (3H, m);
7.45-7.49 (2H, m).

AMP 3C & (m.a., CDCl,): 65.2; 103.6; 126.3; 128.2; 129.1; 137.8.

B4.2.2. 1,3-Ouokcacnupo[4.5]nexan
(3THIIEHKETAJIb MKJIOTEeKCAHOHA)

° 5 HaPO, O/>
+ ~N~"SOH CeHs

-M. c. 294

A
DTUNEHTNINKONb 10r
LinknorekcaHoH 10r
®ocdopHas kucnota 85%-A 02r

beH3on 45 mn
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B omgHOropiyto xpyrimogoHHyto KonOy emkocthio 100 M1, cHaOXeHHYI BOZOOT-
nenutenem (Hacaakod Juna—Crapka) ¢ 0OpaTHBIM XOJOTUILHUKOM, MOMEIIAI0T
10 r stwrenrukons, 10 r nukinorekcanona, 30 r Oensona m 1 kammo ¢oc-
¢dopHo# kucmoTel. CMeCh HarpeBaroT Ha KoJOOHarpeBaTelie B TeucHue 3—4 va-
COB JI0 TeX MOp, MOKa B JIOBYIIIKE HE MepecTaHeT cobuparbes Boma (~2.5 mu).
Janee mepeHOCAT CMeCh B JICTUTEIHHYIO BOPOHKY, IIPOMBIBAIOT HACHIIEHHBIM
pactBopoM xsopuaa Harpust (3%X15 mi). OObeqHHEHHBIE BOAHBIE BBITSIKKH IKC-
TparupytoT Oeusonom (15 mi), opraHuueckue Gpakiud 0OBETUHSIOT M CYIIaT
npokaieHHbIM K,CO;. PacTBOpuTEns ymansioT B BakyymMe BOAOCTPYHHOIO Ha-
coca, a octartok meperoHsioT. [lomydator 12.5 r (86% ot TeopeTHyeckoro);
T. kun. 68-70 °C/ 13 mm pr. ct.; ng 1.4583.

AMP 'H & (m.a., CDCl3): 1.41 (2H, ywwp. c); 1.60 (8H, u. m.); 3.93 (4H, ¢).
AMP 3C 6 (m.g., CDCly): 24.0; 25.2; 35.2; 64.1; 109.0.

B4.2.3. (E)-Oxkcum GeH3aabaeruia
(anmu-6eH3aaba0KCHM)

CHO O
©/ + NH,OH @/\

lmgpokcunamuH rugpoxnopug 104 r

Opr.7.2.¢c.73

NaOH 10r
beH3anbgerng, 1061
ddup 100 mn

B tpexropiyio konby emxocthio 250 Mi, CHAaOXKEHHYIO MEMIANIKOW, 0OpaTHBIM
XOJIOJUIbHUKOM M KalellbHOW BOPOHKO#, momeriaroT pactBop 10 r rugpok-
cuga Hatpus B 50 MJI BOJABI M MOPLUHIMH MPU MEPEMEIINBAHUHN U OXJaXKJie-
HUHU XOJIONHOHN Bomoi noOapnsoT 10.4 T rumpoxiopuga THAPOKCHUIAMHHA.
3areM PEakIHOHHYIO CMECh OXJIAXKJAIT M K HEeil HmpHOaBISIIOT MO KarisiM
npu oxnaxaeHun 10.6 r cBexeneperHaHHOTO OCH3aMbAernaa. PeakimmoHHY0
CMeCh IEepEeMEeIINBAIOT Io0Jiyaca MpU KOMHATHOW Temieparype. B ciyuae
BBIMAJCHUS OCaJKa €ro pacTBOPSAIT H0o0aBieHWEM HEOOIbIIOr0 KOJIH4e-
CTBa BOJBI. 3aTeM PacTBOP JBaXKJbl KCTPArUPYIOT HEOOJBIIUMU MOPIHUS-
Mu 3dupa (2x25 mi), s3¢upHble BHTSKKH OTOpachBaloT. B BogHyio dasy
nponyckator CO, 1o Tex mop, MoKa He MPEKPAaTUTCS BBIMAJCHHE OCAaJKa.
[IponykT peaknum u3BiekaroT 3pupom, cymar npokaireHHsIM Na,SO, u ot-
TFOHSIOT PAacTBOPUTENb. [lOJIydyarT XeJITOBATOE MAacio, KPUCTAIIH3YIO-
meecst Ha xomoay. Beixox 9.7 v (80% or teopermueckoro), T. mwi. 36 °C;
T. kur. 123 °C / 14 MM pr. cT.

AMP 'H & (m.a., CDCl3): 7.45 (3H, m); 7.67 (2H, m); 8.29 (1H, ¢); 9.86 (1H, yw. ¢).
AMP 3C & (m.a., CDCl,): 127.0; 128.7; 130.0; 131.7; 150.5.
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B4.2.4. (Z)-Oxcum Oensaibaernia
(cun-6enzanpaoKcum)

V. p. 1048
@/%N/OH HCl m
Et,0 H
(E)-beH3zanbaokcum 10r CuHTe3 npoBOAAT
S¢up abe. 50 mn B BbITAXKHOM WKady

HCI cyxon
Na,CO; Hacbiw,

10 r (E)-6enzanpmokcuma pactBopsiror B 50 M1 abc. adupa u yepe3 MIMPOKYIO
TpyOKy IpH IepeMeInuBaHuu Ipoiyckawtr cyxoid HCI. BecuBeTHble KpHUCTaILIBI
rugpoxiopuaa (Z)-6eH3ansaokcumMa OTQHIBTPOBEIBAIOT, IPOMBIBAIOT Ha (DUIIBTPE
abc. 3pupOM U MEPEHOCAT B JCIUTEIBbHYI BOPOHKY. KpHCTayulbl MOKPHIBAIOT
cioeM abc. apupa U MOCTENEHHO MPU MOCTOSHHOM BCTPSXHBAHUM HEOOIBIINMU
MopHUsAMHU T00aBISIIOT HachieHHBIH pacTBop Na,CO; mo mpekpaiieHus Bbije-
nenus CO,. DdupHBIA CIIOH, coaepkamuid eIeBOi MPOAYKT, OTACISIOT, CyIIaT
npokaneHHbiM MgSO,, 3¢up ynansoT Ha poTOpHOM Hcmapurene. Kpucrammu-
YECKUI OCTAaTOK, COAepKAIINiA HEOOBbIIOE KOIUYECTBO MACIO00pa3HOTO Bellle-
CTBa, TOMEIIAIOT HA MOPHUCTBIN CTEKJISIHHBIAN (UIBTP M aKKypaTHO OTIKHUMAIOT,
MOJCOCAMHUB BakyyM. KpucCTalibl pacTBOPSIOT B MUHUMAJIBHOM KOJIIMYECTBE
abc. sbupa u godasmsaorT Hu3Kuh (T. kun. 36—69 °C) meTponelHblii 3GUp Win
reKCaH 0 OKOHYaHWS oOpa3zoBaHus ocaaka. Ocalok OT(UIBTPOBBIBAIOT U CY-
mrat B Bakyyme. ITonyuator 7 T (70% ot Teoperudeckoro) (Z)-0eH3aabIoKcHMa,
T. 1. 130 °C.

AMP H & (m.a., AMCO-dg): 7.26 (4H, u. m.); 7.80 (2H, m); 11.49 (1H, ¢).
AMP 3C 6 (m.a., AMCO-dg): 128.4; 129.5; 130.4; 131.1; 144.8.

B4.2.5. OkcuM HHKJIOreKCAHOHA

o N
~OH
+ NH,OH ——>
H,0

0. BbIn. IV. c. 80

LlnknorekcaHoH 59r
AueTat HaTpuA 6.1r
[mapokcnnammHrngpoxnopug 63r
Bopa 72 mn

B Tpexropnyro kpyriomoHHYI0 KonOy emkocThio 100 mut, cHaO)KeHHYIO MarHWT-
HOW Memankoi, 0OpaTHBIM XOJOAWIBHUKOM M KalleJIbHOH BOPOHKOH, ITOMEIIAIOT
32 M Bogpl, 6.3 T rUApoXIOpHAa THAPOKCHIaMUHA M 6.1 T amerata HaTpHs.
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[Ipu sHepruyHOM TEpEeMENMIMBAHUN HArpeBarT coaepkumoe koiobl no 60 °C
U MenieHHo B TedeHue 10 MUH MO KarusiM npubaBisiioT 5.9 r HUKIOreKcaHOHa.
Peakunonnyto cmech nepememmnBatorT B Teuenne 30 muH mpu 60 °C, 3atem
MEepPEeNMBaIOT B CTakaH M oxJjaxaaT a0 5 °C. BelnaBuine KpUCTAIbl OKCHMA
IUKJIOTeKCAHOHA OTCAChIBAIOT HAa BOPOHKE BroxHepa, MPOMBIBAIOT XOJOAHOM
(~5 °C) muctumnupoBanHoi Bomoit (2%20 mu) u omxuMaroT Ha ¢uneTpe. Kpu-
CTaJUThl TIEPCHOCST Ha (UIBTPOBANBHYIO OyMary WM cymiaT Ha BO3ayxe. Bwixon
4.1 r (60% ot Teopernyeckoro); T. mwi. 86-88 °C.

AMP 'H & (m.a., CDCl3): 1.61 (6H, u. m.); 2.22 (2H, 7, J = 6 Tu); 2.51 (2H, 7, J = 6 Tu);
9.78 (1H, ¢).

AMP 3C & (m.g., CDCl,): 24.5; 25.6; 25.8; 26.9; 32.1; 160.6.

b4.2.6. 2,4-IlnanTpodpeHUIATnAPa30oH MUKIOTEKCAHOHA

Opr.T. 2. c. 71
NHNH, 0 NH_N=<:>
L, O — X
0Oz NO O,N NO,
OHOTr 4r CuHTe3 npoBoOAAT
H,SO, KoHLU. 20 mn B BbIT’KHOM WIKady
LinknorekcaHoH 25r

B kpyrmogonnoii xonbe emkocthio 250 M B 10 M3 BOABI CycHeHIUPYIOT
4 r nuaUTpOodeHMITHAPa3UHA. 3aTeM IpH NepeMeInBaHuy npudasisaoT 20 M
koHi. H,SO, u 3arem momonnutensHo 20 mu Boael u 70 Mi sTanona. K mo-
Jy4eHHOMY TEIUIOMY PacTBOpY HPHOABIAIOT pacTBOp 2.5 T MUKIOTEKCaHOHA
B 10 mu cmmpra, HarpeBarOT pacTBOP A0 KHUIIEHHWS M OCTABISIOT OCTHIBATh.
BrimaBmme nmpu OXiakACHUH KPHUCTAIIB OTQUIBTPOBBIBAIOT, NPOMBIBAIOT
BOJI0H, HEOONBIIMM KONHMYECTBOM cHUPTAa, 3dupa m cymar Ha (uiIbTpe.
Boeixon ~5 r (90%); 1. mi. 162 °C.

AMP H & (m.g., CDCLy): 1.72-1.81 (6H, m); 2.47 (4H, m); 7.93 (1H, g, J = 9.5 Tu);
8.24 (1H, pa, J = 9.5 Tu n 2.5 Tu); 9.08 (1H, A, J = 2.5 Tu); 11.18 (1H, ¢).

AMP '3C & (m.a., CDCly): 25.4; 25.9; 27.0; 27.1; 35.5; 116.2; 123.5; 128.6; 129.8; 137.3;
145.2; 161.5.

B4.2.7. ®eunnmeranuMuH (0eH3aIbMETHIAMHUH)

CHO
\N/
©/ + —NH, e @/\

B-X. c. 471
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beH3anbaerng, 1061 CuHTe3 npoBOAAT
MeTtunamuH, 33%-1 BOAHbIN pacTBOp 15r B BbITAXKHOM WIKady
ddup 40 mn

B nByropnyro konby emkocthio 100 mi, cHaOxeHHYIO OOpaTHBIM XOJO-
JUIBHUKOM, MAarHUTHOW MENIAJKOW M KamelbHON BOPOHKOW, MOMEIIAIOT
10.6 r Gensampaeruna. B teuenme 20 mun mpubasnsor 15 r 33%-ro Bo-
JHOTO PAacTBOpa MeTHJIaMHHA. Peaklus NpOTeKaeT C BBIACICHHEM 3Ha-
YUTETHHOTO KONWYecTBa Teruia. [ 3aBeplieHUs pEaKUU CMECh OCTaB-
ns10T Ha 12 4yacoB mpH KOMHATHOW TeMmmepaType, 3aTeéM HACBIIAIOT
pPacTBOpP MOBAapEHHOW COJBIO U IKCTPATHPYIOT MPOAYKT adupom (2x20 mu).
OdupHeit pactBop cymar npokareHHbIM K,CO;. Ddup ymansoT Ha po-
TOPHOM HCHapuTeNie, OCTATOK MEperoHsoT u3 koubbl KusiizeHa ¢ HEBbI-
cokuM nednermaropom. Beixog 8.3 r (70% oT TeopeTHuecKoro), T. KHII.

183-185 °C/ 760 mm pr. cT; nZ 1.5498.

AMP H & (m.a., C¢Dg): 3.38 (3H, ¢); 7.24 (3H, m); 7.83 (2H, m); 8.01 (1H, ).
AMP '3C 6 (m.a., C¢Dg): 48.0; 128.3; 128.7; 130.4; 137.2; 161.8.

Bb4.2.8. N-[(E)-®eHuameTuieH]aHUIUH
(N-Gen3uauaeHaHNINH, OEH3aTbAHUJINH)

B-X. c. 472

o™ oo

beHzanbaerng 106 r
AHUNNH 93Tr
ST1aHon 96%-n 16.5 mn

B nByxropiyio koinby eMkocThio 50 My, CHAOXKEHHYIO OOpaTHBIM XOJIOAMIbHU-
KOM, MarHMTHOW MEIIAaJKoW W KamelbHOH BopoHKoH, momemator 10.6 r OeH-
3ambJerua M MPU XOPOIIEM IIEPEMEIIMBAHUH NpHKanbBaroT 9.3 r anunuHal,
Peakius HauMHaeTcs 4epe3 HECKOJIBKO CEKYHII M CONPOBOXKIAETCS pa3orpeBaHU-
eM U BblaeNieHHeM Boibl. Yepe3 15 MHUH cMech BBUIMBAIOT B CTAKaH €MKOCTBIO
60 mu1, comeprkamuit 16.5 M 96%-ro cnupra. Kpucranausaius HadnHASTCS ye-
pe3 HECKOJIBKO MHUHYT. PacTBOp OXJIaXJAIOT JIbJOM, OCaJ0K OT(UIBTPOBBIBAIOT
U cymar Ha Bo3ayxe. Beixon 15.8 r (87% or Teopernyeckoro), 1. mr 52 °C.

! PeKOMeH}lyeTCﬂ IMPUMEHATH CBEKCICPETHAHHBIC 6eH3aan{eer{ U aHUJIUH.
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IIpn ynmapuBaHMM MaTOYHOIO PAacTBOpa B BaKyyMe€ MOXHO JIONOJHHUTEIBHO
BBIIETNTH ~1 T mpoaykra.

AMP 'H & (m.4., CDCly): 7.19-7.24 (3H, m); 7.35-7.46 (5H, m); 7.86-7.90 (2H, m); 8.42 (1H, ¢).
AMP '3C & (m.a., CDCly): 120.8; 125.9; 128.69; 128.72 129.1; 131.3; 136.2; 152.0; 160.3.

b4.29. 4-(1-InkmnorexceH-1-ua)mopdosun
(1-mopdoanHonuKIOTeKCeH-1)

COm. c6. 12. c. 96

LinknorekcaHoH 147 r
MopdonuH 157 r
n-Tonyoncynbdokucnota (TCK) 0.15r
Tonyon 30 mn

B aByxropiyoo KpyriIogoHHYIO K00y eMkocThio 250 mil, CHaOKeHHYIO Hacal-
kol Jluna—Crapka ¢ oOpaTHBIM XOJOAWUJILHHUKOM, MOMEIArT pacTtBop 14.7 r
uKiorekcasona, 15.7 r mopgonuna u 0.15 r n-ronyoncynbhokucaorsr B 30 MiI
tonyona. CMech HarpeBaloT JI0 KUIeHHs. BbiiereHne BOIAbl HAaYMHAETCS Cpa-
3y M 3aKkaH4HMBaercs 4epe3 2-3 yaca. PacTBopuTeNb OTTOHAIOT HAa POTOPHOM
ucnapurene. OCTaToK MEpPEroHs 0T B BaKyyMe BOJOCTPYHHOTO Hacoca. BeI-
xox 20 r (80% ot Teopermueckoro), T. kum. 118-120 °C / 10 mm prt. cr.;
nZ 151221,
AMP 'H & (m.a., CDCl3): 1.56 (2H, m); 1.68 (2H, m); 2.06 (4H, m); 2.78 (4H, T, J = 4.8 Tu);

3.73 (4H, 1, J = 4.8 Tu); 467 (1H, T, J = 3.5 Tu).
AMP 3C & (m.a., CDCl,): 22.8; 23.2; 24.4; 26.8; 48.5; 67.0; 100.4; 145.4.
Amnanornyno u3 16.8 r mukinonentanona u 20.8 r mMopdoinHa MOAyYarOT

23.8 r (78% ot Teopermueckoro) 4-(l-muknoneHren-1-un)MophoanHa; T. KHUIL.
107 °C / 12 mm pr. cr.; n¥ 1.5118.

AMP H & (m.a., CDCl3): 1.89 (2H, u. m.); 2.35 (4H, u. m.); 2.88 (2H, T, J = 4.8 Tu);
3.73 (2H, 1, J = 4.8 Tu); 4.46 (1H, yw. ¢).

AMP 13C 6 (m.g., CDCl,): 22.5; 30.3; 31.3; 49.1; 66.6; 98.2; 151.7.

1 1-Mopdonunonuknorekcen-1 oueHb JIErko TUAPOIU3YETCS. [IpH IIHTENEHOM XPAHEHUH

B XOJOAUJIBHOM H_IKa(i)y nmpemnapar 0OBIYHO HEMHOTO KCITECT, HO 3TO HC MEIIACT €ro Uuc-
NOJIb30BAaTh B IMOCICAYIOMUX PCAKIUAX.
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Bb4.2.10. N,N,N,N-TerpamernamMeTaHaAuaMuH
(bnc(muMeTHIIAMHHO)METAH, TETPAMETHIMETHICHIHAMHIH)

TnA. c. 135
\\IH + HCHO = \N_/
OnmetnnamuH, 40%-1 BOOHbIN pacTBOp 50 mn CunHTe3 npoBOAAT
®opmanuH 35%-i 17.5 mn B BbITAXKHOM WIKady

B nByxropiayro koi0y emkocthio 250 mil, CHaOKEHHYI0 0OpaTHBIM XOJOIUIbHU-
KOM, MarHUTHOW MEIIAJIKOW M KamnelnbHoW BopoHKoH, momeniatoT 50 mu 40%-ro
BOJIHOTO PAacTBOpa JUMETHIAMHUHA U TPU OXJAXKICHHH JIbJOM U IMEpPEeMEIIu-
BaHuu npubasistor 17.5 mu 35%-ro BogHOro pactBopa (opmanuna. Cmech
nepemMerirBaoT 10 MUHYT NpU KOMHATHO# Temrmeparype. PacTBop HachIIAlOT
K,COg, BepxHIOt0 a3y otnenstor, BeicymuBawT 6e3BoaapiM K,CO; u nepero-
0T (cM. npumedanue 2 Ha ¢. 206). Brixox 16.3 r (80% ot TeopeTruecKoro),
T. kun. 84 °C / 760 mm pr. cr.; n¥ 1.4005.

AMP 'H & (M.4., C;Dg): 2.25 (12H, ¢); 2.64 (2H, ).
AMP 3C & (M.4., CeDy): 43.3; 83.7.

Bb4.2.11. N,N,N,N-TerpadTuiiMmeTanIuaMuH
(buc(MUMATHIIAMUHO)METaH, TeTPAITHIIMETHIICHTHAMMH)

J. Am. Chem. Soc. 1932. V. 54. P. 4172

DNH +(CH0), — g‘vg

OvaTtnnamuH 50r CuHTEe3 npoBOAAT
K,CO, 10r B BbITAXKHOM wWKady
Mapadopm 10r

ddup 50 mn

B ofHOrOpiyo KpymiofoHHyio konOy' emkoctsio 500 mi1, cHabGxkeHHyI0 ddek-
THBHBIM OOpPaTHBIM XOJOMWIHLHUKOM, moMmemarT 50 r qustmiamuna, 10 r mapa-
(dbopMa M HECKOJIBKO KHIIEIOK. Peakiiys, B 3aBUCMMOCTH OT KaueCTBa MCXOTHBIX
peareHTOB, MOXKET MPOTeKarh O4YeHb OypHO! Il03TOMY peareHTBHl CMENIHBAIOT

L Jlns xXonoamnpHuKa U kon6sr HIIT 29,
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B YKa3aHHOM MOpsAKe OBICTPO M Cpasy ke NMPUCOETUHSIOT paboTaroIiuii 00-
parHbIi XonoaunabHUK. Konly BCTpSXHMBAaOT M JOXKHIAIOTCS Hayama dK30Tep-
Muueckoi peakiuu®. Tlociie OKOHUAHUS SK30TEPMUYECKON PEAKIMU PEAKIIMOH-
HYI0 CMECh KHUIATAT C OOpaTHBIM XOJOJMJIBHUKOM JIO IOJIHOTO PacTBOPEHHS
napadopma. Korma peakiust 3aKOHUMTCS U CONEPKUMOE KOJIOBI OXJIQJAHUTCS 10
KOMHaTHOH Temmeparypsl, gobasmstor 10 r 6e3Bonnoro K,CO; u ocrasis-
IOT CTOSITh Ha HOYb, 3aKPHIB XOJOJWJIBHUK XJIOPKAJIBLIUEBOH TpyOKoH. 3arem
K,CO; otdunsrpoBsiBatoT, mpoMeiBatoT dbupom (50 mi), adup OTroHSIOT U3
¢wubTpara npu aTMoc(epHOM JaBIIEHHH, OCTATOK MEPEroHsIoT, cobupas (pak-
o 155-170 °C / 760 MM pt. c1. [ToBTOpHAs meperoHKa MPOU3BOJUTCS B MPHU-
CYyTCTBHM HEGONBIIOrO KOJMYECTBA METALIMYECKOro Hatpus?., Beixom 43.7 T
(83% ot Teoperuueckoro); T. kuim. 166-167 °C / 760 mm pr. ct.; n¥ 1.5268.

AMP 'H & (M.a., C¢Dg): 0.98 (12H, T, J = 7 Ty); 2.55 (8H, Kk, J = 7 Tu); 2.97 (2H, ).
AMP 3C 6 (M.4., CeDg): 12.4; 45.3; 74.1.

B4.2.12. N-(9rokcumernin)-N-3TUI3TaHAMUH
(A THIIAMHHOMETHJII THIIOBDBI 2(hup)

J. Am. Chem. Soc. 1932. V. 54. P. 4172

NH + (CH,0). + EtOH —» \,L‘ o
EtOH ( ~ NS

AvatnnamuH 243 r CuHTe3 npoBoOAAT
STtaHon 96%-in 26.7 1 B BbITAXKHOM WIKady
Mapadopm 10r

ddup 50 mn

B omnOrOpnyto kpymionoHHyo Koy emkocTbio 500 mul, cHaOxeHHYIO 3¢-
(EeKTUBHBIM OOPAaTHHIM XOJOJUIBLHMKOM®, moMemaroT 24.3 I IUITUIAMMHA,
26.7 r sranona, 10 T mapadopMa M HECKOIBKO «KHIEIOK». Peakuws, B 3aBU-
CHMOCTH OT KauecTBa HCXOJHBIX PEarcHTOB, MOXKET MPOTEKaTh OYEeHb OypHO!
[ToaTOMY peareHThl CMEIIMBAIOT B YKa3aHHOM ITOPSJIKE OBICTPO W Cpasy XKe IMpH-
COCANHSIOT paboTaromuii oOpaTHBIM XONIOAMIBHUK. KOOy BCTpSXHMBAIOT M 10-
JKUJAIOTCS Hayvajla 3K30TepPMHUYECKOW peakinu. B ciydae HEOOXOAMMOCTH KOJIOY
MEPUOANYECKH OXJIAKIAIOT JIEAAHON Bogoi (0aHIO ¢ JEeASHOH BOMOM TOTOBST
3apaHee W CTaBAT PSAOM C PEaKIMOHHBIM mpudopom). Korma peakmms 3aKOHYHT-
CSl U CONEPIKMMOE KOJIOBI OXJIATUTCS IO KOMHATHON TEMIIEPaTyphl, JOOABISIIOT

! B cnyuyae HeoOGXOAMMOCTH KOJOy MEPHOAMYECKH OXJAkKIAIOT JeAsHOH Bojmoil (6aHio

C JIEISIHOM BOJOM TOTOBST 3apaHee M CTaBAT PSAIOM C PEAKIMOHHBIM IPHOOPOM).
CMm. pasa. Al.2. OcraTtku HATpus B MEPETOHHOW KOJIOE pas3iaraloT 3THIOBBIM CIHUPTOM.
Jns xonoaunpHUKa U komObr HIIT 29.

2
3
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10 r 6e3BomHoro K,CO; M OCTaBIAIOT CTOATh HA HOYB, 3aKPBIB XOJIOIHJIb-
HUK XJOpKaibiueBoi Tpyokoi. 3arem K,CO; OTGHUIBTPOBBIBAIOT, TPOMBIBAIOT
spupom (50 M), adup ymanasioT U3 GuIbTpaTa IpU aTMOC(PEPHOM JABJICHHUH,
OCTAaTOK MEperoHstoT, cobupas ¢pakuuo npu 130-145 °C / 760 MM pT. CT.
IToBTrOopHAas MEepEeroHKa MPOU3BOIUTCS B MPUCYTCTBHHM HEOONBIIOrO KOIHYESCTBA
MeTanueckoro Harpus'. Beixox 30 r (69% oT TeopeTHdeckoro)?; T. KHII.
132-134 °C / 760 mm pr. c1.; n& 1.4082.

AMP 'H & (M.A., CeDg): 1.13 (3H, 1, J = 7 Tu);1.20 (6H, 7, J = 7 Tu); 2.79 (4H, k8, J = 7 Tu);
3.36 (2H, kB, J = 7 Tu); 4.21 (2H, <).

AMP 3C & (m.4., CsD¢): 13.6; 15.6; 45.7; 63.0; 84.4.

b4.2.13. 1,3,5-Tpumern-1,3,5-Tpua3unan
(1,3,5-rpumernarexcaruapo-1,3,5-Tpuazun)

J. Chem. Soc. 1931. P. 1492

I
N

KOH r j
HCHO + [CHNHICI g — N N
2 PN
MeTnnamumH CONAHOKMCIIbIN 40r CunHTE3 NnpoBOAAT
®opmanun 30%-1 55 mn B BbITAXKHOM WKady

K 55 mn 30%-to BomHOTO pacTBOpa (opmainbaeruia, cogepxamemy 18 r ¢op-
MaJbJIETH/a, TIPH OXJIAXKACHUH JIHIOM 100aBisaioT 40 T' CONTHOKUCIOTO METHII-
amuHa. CMech IepeMEMIMBAIOT I1074aca, 3aTeM J00aBISIOT IPU OXJIaXKACHHH
U TepeMeInuBaHuy rpanyaupoBanHeiii KOH 1o oGpazoBanust qByX cioeB. 3arem
npunuBaroT 50 M1 3dupa, CIOM pa3aeNAroT, BOTHBIN CIIOH SKCTparupyior 3¢u-
pom (2x25 mi). O6benuHeHHble dUpHBIe BHITSHKKU cymar KOH, apup ynanstor
B BaKyyMe BOJOCTpYIHOro Hacoca nox ngasineHneM 100 mm pT. cT., ocTarok re-
peronsitot. Beixon 17 t (67% ot Teopetndeckoro), T. kum. 56 °C / 8 MM pt. cr,,
nZ 1.4621.

AMP H & (M.a., C¢Dg): 2.24 (9H, ¢); 2.9-3.4 (6H, wupokni curHan).
AMP 3C & (m.a., C¢Dg): 40.2; 77.4.

AHAJOTHYHO MOTYT OBITh MOdy4YeHbl: 1,3,5-TpusTmirekcarunpo-1,3,5- tpuasun
¢ BbIX0IoM 82% oT TeopeTudeckoro, T. kum; 56 °C / 8 MM pr. c1.; Np?® 1.4595;
1,3,5-Tpuammmunrekcaruapo-1,3,5-tpuazun ¢ BerxogqoM 79% OT TEOPETHUYECKOTO;
T. kun. 114 °C / 10 mm pr. ct.; nZ 1.5117; 1,3,5-tpubyruirexkcaruapo-1,3,5-tpu-
asuH ¢ BeIxomoM 78% ot Teopermueckoro; T. kum. 106 °C / 1 MM pt. cr.;
nZ® 1.4560.

Cwm. pazn. Al.2. OcraTku HaTpusl B NEPErOHHOW KOJIOE pasyiaraloT 3THIJIOBBIM CIIHPTOM.

2 KoueuHblil mpoaykt — nakpumarop. Ilocymy Moot moj Taroif pas6asiennoit HCI.
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b4.2.14. 1-®enmITaAHON
(meTnndennaKapouHOI)

Nab. c. 133
O OH

NaBH, HIH,0

EtOH
AueTtodeHoH 12r
boprugpuvg HaTpua 1.22r
STUNOBbLIN CNUPT 25 mn
ddup 60 mn

B Tpexropiayrw koiaby emkocThio 150 Mu, cHaGXeHHYHO MarHUTHOM
MeEIIAJIKOH, KaneabHOH BOPOHKOH, TEPMOMETPOM W OOPATHBIM XOJOAMIHHUKOM,
nomemiaroT 1.22 v Gopruapuaa HaTpus U 25 M 3THioBoro crnmpra. [lpu mo-
CTOSTHHOM IMEpeMEIINBaHUU NO00aBIAIOT MO KAaIUISIM W3 KaledbHOH BOPOHKH
12 r amnerodenoHna, ciaeas 3a TeM, 4yToObI TeMIeparypa PEaKIMOHHOH CMECH
e npesbimana 50 °C. Ilociae Toro kak Bech areTo(GeHOH NMpHOABIEH, peak-
LHOHHYIO CMECh IEpeMeInBaroT eme 15 MUH mpu KOMHATHOW TemIiepaTrype
U 3aTeM, He TMpeKpaias MmepeMelInBaHus, 1Mo KarmiaM J00aBisoT okono 10 mi
10%-ii HCI. IIpu sToM BBIZeasieTcss Bomopox’. Comepixkumoe KoIObl Hepe-
nuBaroT B konby Bropra emxoctbio 100—150 mur co cpegHuUM HIIM BBICOKHM
nedriermaTopoM, CHAOKEHHYIO XOJIOAMILHUKOM C aJlOH)KeM, M Ha KoJIOOHarpena-
TeJe OTTOHSIIOT TAHOJ A0 TEX IMOp, MOKa KUIKOCTh HE Pa3lIeNuTCs Ha JBa CIOS.
[Tocne oxnaxkaenus 00a ClIos BEUIMBAIOT B JEIUTEIBHYIO BOPOHKY U OCTOPOXKHO
BerpsaxuBaroT ¢ 20 M adupa. DUPHBIA CIOH OTAEIAIOT, a BOAHBIA CHOBA JKC-
Tparupyot 3¢upom (2%20 mir). DPHUPHBIE BBHITHKKH 00BEIUHSIIOT, BHICYIIHBAIOT
Haj npokaneHHbIM K,COj, OTroHSIOT 3(up, a 0CTaTOK MEPETOHSIOT B BaKyyMe.
Breixong 8.7 r (72% ot teopernyeckoro); T. kum. 95-97 °C / 13 MM pT. CT.;
n3’ 1.5245.

AMP 'H & (m.g., CDCly): 1.50 (3H, &, J = 6.5 y); 3.51 (1H, ywwup. c); 4.84 (1H, K, J = 6.5 Tu);
7.31-7.40 (5H, m).

AMP '3C & (m.a., CDCly): 25.1; 70.2; 125.3; 127.3; 128.4; 145.7.

! Ilo COCE€ACTBY HE HOJIKHO OBITH 3aJKIKEHHBIX TOpPEIIOK.
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b4.2.15. BensruapoJ
(mudpennaxaponHOa, AMPEHAIMETAHO)

V. p. 523; COI. c6. 1. c. 82

(0] OH
Zn/NaOH
_—
EtOH

beH3odeHOH 61
OTaHon 96%-n 75 mn
LinHkoBasa nbiib 64r
NaOH 64r

B Tpexropiayro KpyriogoHHY Koy emkocThio 250 mul, CHaGKEeHHYIO TEpPMO-
MeTpom!, 0OGpaTHBIM XOJOAMIBHUKOM M MEXaHUYECKOW MEINAIKOM, MOMEIArOT
75 mu1 atuioBOrO cnupTa, 6 r 6enzodenona, 6.4 r NaOH, 6.4 r HHHKOBOW MbLIH
U cpa3y BKIIOYAIOT MEepeMelIBaHie U 0OpaTHBIM XONOAMIbHUK. Uepe3 HeKoTo-
poe BpeMsi TeMIiepaTypa peakIHOHHOH CMECH CaMOINPOW3BOJIBHO TMOBBIIIAETCS
no 60-70 °C, 3arem cMech HarpeBaroT Ha BomsHoi Gane mpu 50-60 °C B Te-
yeHrne 1 gaca, OXJIaXIAlOT U QUIBTPYIOT Yepe3 CTeKISHHbIA GuiabTp. Ocamnok
MPOMBIBAIOT TOpsturM criuptoM (2x10 i), GuibTpar BEUTHBAIOT B CTakaH C Jie-
nsiHoi Bomoi (200 Mi1) ¥ MOOKUCIIAIOT 10 KHUCJION peakiuu cpenabl. BeimaBuiuii
B 0CaJ0OK OCH3TUAPON OT(GHIBTPOBHIBAIOT U BHICYIIMBAIOT Ha BO3ayxe. Bwixon
4.8 r (80% ot Teopernueckoro), T. mwi. 64—65 °C. Ilocie mepekpucTaIN3a-
YUY U3 HeOONBIIOro KonmdyecTBa cnupra (~5 mi) momydaror 3.4 r© mpomykra
(70% ot Teopermueckoro); T. mi. 67-68 °C.

AMP H & (m.a., CDCl3): 2.59 (1H, c. ywuup.), 5.80 (1H, c), 7.34 (10H, m).
AMP 3C & (m.a., CDCl,): 76.1; 126.5; 127.5; 128.4; 143.7.

b4.2.16. 4-[1-Metua-1-(4-ruapoxcudeHua)I 1| peHo
(6uctenon A, 2,2-6uc(N-ruapoKcHPeHUT)IPONIaH)

Q" > i OO

Mak. c. 359

®eHon 10r
AueToH 38r
H,SO, KoHu, 107 r

! Ha xonerg TEPMOMETpPa HAACT MaJICHbKHU I KyCOYCK NlIaHra.
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B koHumueckyro konly ¢ mHUpOKHM ropioM emkocThio 100 M momermmaroT
10 r ¢enona u 3.8 r amerona. [Ipu mepemMemInBaHWU M OXJIAXKIEHUHU JIBJIOM
MemnenHo npukansBatoT 10.7 r xonn. H,SO,. Temneparypa cmecu He NOKHA
npu 3ToM moaHuMarbes Bhime 15-20 °C. T'ycTyro Kamuily OCTOPOXKHO MpH
MepeMeNINBaHUN Pa30aBNIAIOT JEASHON BOAOH, MPOAYKT OTHUIBTPOBBIBAIOT,
MPOMBIBAIOT JIEASHON BOJOW M KPUCTAJUIU3YIOT U3 MHHUMAJIBHOTO KOJHYe-
crBa 40%-ro pactBopa CH;COOH. Beixon 9.7 r (80% or TeopeTuveckoro),
T. kum. 250-252 °C / 13 mm pr. cr.; 1. wi. 153-154 °C.

AMP 1H 6 (m.a., CDCl;, AMCO-d): 1.52 (6H, c); 6.62 (4H, g, J = 8.7 Tu);
6.95 (4H, g, J = 8.7 Tu); 8.0 (2H, ywwup. ).

AMP 13C & (m.a., CDCl;, AMCO-dy): 30.7; 40.8; 114.3; 127.0; 141.0; 154.5.

b4.3.  Peakyuu anede2udoe u KemoHoe no amomy yanepooa,
cocedHemy ¢ Kap6oHuneHoli 2pynnoli

b4.3.1. (3E)-4-®enunn-3-0yren-2-on’

(ben3mMaeHALIETOH)
COM. c6. 1 c. 76
(0]
@/CHO NaOH @/\/u\
+ O ——»
H,O

beH3anbaerng, 20 mn
AueToH 40 mn
NaOH, 10%-n pacTtBop 5 mn

beH3on 20 mn

B Tpexropnyio KpyrniomoHHYI0 K00y eMkocThio 150 Mij, cHaGXEeHHYIO BO3-
JOYUIHBIM XOJIOAUJIBHUKOM, KalellbHOW BOPOHKOH M TEPMOMETPOM, MOMEIAIOT
40 M amerona u 20 M CBeXXenepersaHHoro OeHsanpaernga. K atoit cmecu us
KareJapHOM BOPOHKH MemIeHHO mpubaBisaior 5 ma 10%-ro BogHOro pacTBOpa
NaOH mpu mocTtostHHOM TiepeMernBanus (MarHUTHAs MEIIANKa) W OXJIakie-
HUM XOJIOJHOW Bojo#. Temmeparypa peakIMOHHOM cMecH BO BpeMsl IpOBEJe-
HUs peakiuu mnoaaepxuBaetcs B uHTepBaie 25-31 °C. Ilocne mpubaBiaeHUs
Bcel mienoun cMmech nepemeniuBator 2 vaca mpu 20 °C. 3areM K peakiHOH-
HO# cMmecu mpubasnsoT pazbasinennyro HCIl mo xmemoit peakiuu. J[Ba 06-
pPa30BaBIIMXCS CIIOS Pa3JelsllOT B JENUTENbHOW BOpoHKEe. HUXHUN BOIHBIN
cioit skcTparupyror 6enzonoM (2x10 mu). BeH30mbHBIN pacTBOP MPHOABISIOT
K BEpXHEMY OpraHH4ecKoMy cJior. OpraHM4ecKyro BBITSIKKY IPOMBIBAIOT BOIOM
u cymar npokaineHHbiM MQSO,. BeH30m OTroHsIOT Ha POTOPHOM HCHApHUTEe,

! Tpenapar BBI3BIBAET a/IEPTHIO, PA3IPAKAET KOKY.
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a OCTaTOK MEPEroHSI0T B BakyyMme B uHTepBane 137-142 °C / 16 mm prT. CT.
Boixon 22 r (77% ot teopetuueckoro), T. . 40-42 °CL.

AMP H & (m.a., CDCl3): 2.31 (3H, ¢); 6.65 (1H, g, J = 16 Tu); 7.33 (3H, m); 7.43-7.48 (3H, m).
AMP 3C & (m.4., CDCl,): 27.2; 126.9; 128.0; 128.7; 130.3; 134.2; 143.1; 198.0.

b4.3.2. (3E)-4-(2-®ypun)-3-6yTen-2-on
(2-pypdypnannenaneron)

COIM. c6. 1 c. 451

Goe o 558 Doy

Oypdypon 16.5 mMn
AueToH 32 mn
NaOH, 33%-1n pactBop 3.7 mn

B Tpexropayio KpyrionoHHYO Koiby emkocThio 500 M1, cHaGKeHHYH Me-
XaHWYECKOW MENIaJIKOM, KarmeabHOW BOPOHKOW W OOPAaTHBIM XOJOAHILHHKOM,
nomemator 150 M Boasl, 16.5 M cBexeneperHaHHOrO B BakyyMe ¢ypdypoia
u 32 mi aneroHa. CMmech oxyaxkaaroT mpu nepememuBanuu 1o 10 °C u 3atem
nobasmsror 3.7 Mt 33%-ro pactBopa NaOH, 4to conpoBoxIaeTcsl BhIIEICHUEM
teria. He oxnaxk/as, peakiMOHHYI0 CMeCh TepeMeInnBamT 4 yaca, 3ateM J10-
6asmstor 10%-it pactBop H,SO, mo kucioit peakuuu (~18 mu). IonmydeHHyro
CMECh MEPEHOCAT B JIEIMTEIbHYK BOPOHKY. HWKHMI CIIOW OTAEISIOT U Ie-
PETOHSIOT B BaKyyMe C BO3IYIIHBIM XOJIOAUIBHUKOM. [IpMEMHHK MOMEMIAIOT
B 0aHIO C XOJIOJIHOW BOJIOH; KaK TOJMbKO JUCTHJUIAT HAYHET KPHCTAILTH30BATHCS,
NpUEeMHUK MeHsoT, W npu 114-118 °C/ 10 MM pT. CT. COOMPAIOT MPOMYKT.
IIpu oxJakaeHUHM AUCTHIUIAT MOJTHOCTBIO 3aCTHIBAET B JKEITYIO KpUCTaJLIHue-
ckyr Maccy. Beixon 16 r (62% ot Teopetudeckoro u3 pacdyera Ha Gpypdypon),
T. . 37-39 °C.

AMP 'H & (m.4., CDCly): 2.22 (3H, ¢); 6.39 (1H, m); 6.50 (1H, a, J = 16 T); 6.58 (1H, m);
7.18 (1H, g, J = 16 Tw); 7.41 (1H, ¢).

b4.3.3. (1E,4E)-1,5-Indenni-1,4-nenraauen-3-oxH
(mnGen3anbaneToH, THOSH3NINIEHAIIETOH)

COM. c6. 2. ¢c. 179

CHO _NaOH
2 +
>== EtOH

CBeTII0-5KeThIe KpUCTAaJUJIBL.

1
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beH3anbaernpg, 5r
AueToH 15r
STNAoBbIN cnUpT 96%-1 40 mn
NaOH 5r

B crakaH, cHaGXEeHHBI MEXaHHMYECKOW MEINAJIKOH, MOMEIIAoT OXJIaXISHHBIH
pactBop 5 T NaOH B 50 mu Bogst m 40 mn cnupra. [lomnepkuBas Temrie-
patypy pactBopa B mHTepBane 20-25 °C, mpu 3HEprUIHOM IMEepEeMEITUBAHUN
MpuOaBJISAIOT TOJOBUHY CMECH, NMPHUTOTOBIEHHONW M3 5 T CcBEXKeNeperHaHHOTO
oem3anpaeruga u 1.5 r arnerona. Uepes 2—3 MUH MOSBISICTCS JKEITOE IMOMYTHE-
HHUE, KOTOPOE CKOpPO NMEPEXOIUT B XJIONBEBUAHBIA ocanok. Yepes 15 muH B pe-
aKIIMOHHYIO CMECh J00aBISAIOT BTOPYIO ITOJIOBHHY CMECH alleToHa W OeH3aib/e-
runa. CuipHOE TepeMeluBaHie NpooDKatoT emie B TedeHne 30 MUH, mocie
4ero KameoOpas3HbIi 0Ca/JIoK OTCACHIBAIOT HA CTEKJISTHHOM (DMIIBTpE, TIATENbHO
MPOMBIBAIOT OOJIBIIMM KOJHMYECTBOM BOABl M cymaT Ha Bo3ayxe mpu 20 °C.
Beixon 5.3 r (92% ot Teopetnyeckoro), T. wi. 104-107 °C. JJomomHUTENbHAS
OYHCTKa HEOONBIINX KOJIWYECTB MMOCH3aThalleTOHA JOCTHUTAeTCs] BO3TOHKOM
B Bakyymel.

AMP 'H & (.4, CDCLy): 7.08 (2H, g, J = 16 Tw); 7.40-7.42 (6H, m); 7.61 (4H, m);
7.74 (2H, g, J = 16 Tu).
AMP 3C & (m.4., CDCLy): 125.4; 128.3; 128.9; 130.4; 134.7; 143.2; 188.8.

B4.3.4. (2E)-1,3-Mudenna-2-nponeH-1-on
(xaakoH, Oen3uanaeHANEeTO(EHOH)

JIAB. c. 98
o) (0]
CHO NaOH
* EtOH/H,0

beHn3anbaerug 5r

AuetodeHoH 52r

STnnoBbIn cnupT 96%-1 12.5 mn

NaOH 22r

B morpyxeHHBII B 0aHIO CO JIBJOM CTakaH eMKOCTBI0 250 My, CHaOXCHHBIN
MEXaHUYECKOM MeIakoii u TepmomeTpom?, momemaroT pacteop 2.2 r NaOH
B cmecu 19.6 mu Bomger m 12.5 mut atuioBoro cmupra. B menouHol pacTBOp
N00aBIAIOT 5.2 T CBEXKeNeperHaHHoTo aneTo(eHoHa, OXJIAXK/IAI0T PEaKIHOHHYTO
cMechk o 5 °C m cpaszy nobaBusiorT 5 v OeHzampneruaa. Bo BpeMs peakimu

ITpoBeneHne BO3TOHKM B Bakyyme cM. pasa. A3.4.

2 Ha xoHel TepMOMETpa HaJeT MaleHbKMil KycOdYek NIIaHTa.
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TeMIepaTypy CMecH mojaepkuBaroT ctporo B mHTepBasie 15-30 °C u cmech
nepeMeInBalT oueHb >Hepruunol. Uepes 2-3 uyaca cMech 3aryCTeBaer,
W pa3MelIBaHKe JeTaeTcs HEBOZMOKHBIM. TOra BHIHUMAIOT MEIIAJKY U OCTaB-
JSIIOT CMeCh Ha Xoyoay Ha 8 dacoB (MOXKHO Ha HOYB). 3aTeM OXJIaXIAIT
PEaKIHOHHYI0 CMECh JIbJIOM C COJIbI0, OTGUIBTPOBHIBAIOT Ha BOpOHKE Brox-
Hepa B XOJOTHOM COCTOSIHAW BBINABLINK OCH3MIHICHANETOPECHOH, MPOMBIBa-
0T ero Ha ¢uabTpe 3 Mu oxiaxkaeHHoro g0 0 °C 3TaHoNa W BBICYIIMBAIOT
Ha BO3AyXe A0 mocTosiHHON Macchl. Beixog 8 r (90% ot Teoperuyeckoro);
T. 1. 50-54 °C. Tocne nepekpucraminzanuu u3 96%-ro sranona (4 r cnupra
Ha 1 r xamkoHa) moaydarT 7 r OeH3miuacHaneropeHona; T. mwi. 55-57 °C.
JlonoNHUTEIbHAS OYHCTKA HEOONBIINX KOJTMYESCTB XalKOHA OCTUTaeTCs BO3-
roHKOH B BakyymeZ,

AMP 'H & (m.a., CDCly): 7.36-7.38 (3H, m); 7.44-7.61 (6H, m); 7.78 (1H, g, J = 16 T);
7.98-8.00 (2H, m.).

AMP 3C 6 (m.g., CDCly): 122.0; 128.3; 128.4; 128.5; 128.9; 130.4; 132.7; 134.7; 138.1;
144.7; 190.4.

AHANOrMYHO U3 aneToPeHOHa W COOTBETCTBYIOIIUX apOMAaTHYECKHX allbIeTH-
JIOB MOTYT OBITH TOJIYYEHBI n-aHU3WIHACHAETODEHOH (4-METOKCUXAIKOH; BbI-
xon 80% ot Teopernueckoro; T. mwi. 184 °C), n-6pomMOeH3uIHAECHAIICTOPCHOH
(4-6pomxankoH; Beixox 90% ot Teoperuueckoro; T. mwi. 126 °C) u MHOTHE
JPYTHE XaJIKOHBI.

b4.3.5. 2-AneTHILHMKIONCHTAHOH
YOX. T. 4. ¢c. 113

O

—\ 0] (0]

@—N O+ ——{ _

/ Cl  EtzN/CHCI,
1-MopdonnHoumKnoneHTeH-1 115r CuHTEe3 NnpoBOAAT
TpnatunamuH abc. 8.1r B BbITAXKHOM WIKady
Auetunxnopug 6r
Xnopo¢opm abc. 125 mn
HCl KoHu. 10 mn

B Tpexropayio konby emkocThio 250 My, CHaOXECHHYIO MEMIATKOW, Kamelb-
HOM BOpPOHKOW M OOpaTHBIM XOJIOAMJIBHHKOM C XJIOPKAaJIbIHEBOH TPYyOKO,

! Ecmu TeMIEparypa peakiuu CIWIIKOM HU3Ka WK pasMEIIMBAHUEC IMPOU3BOJAUTCA CIHUIIKOM

ME/JICHHO, TO XaJIKOH BEIJIEJIIETCS B BHIE Macia, KOTOpOe MO3JHEe 3aTBepAEBAcT B BHIE
KpyMHBIX KOMKOB. Ecim Temneparype mars noxasatecst Boimie 30 °C, To moOOYHEIE peakiun
IpUBEIYT K YMEHBIICHUIO BBIXOJAa M CHI)KEHHIO YHCTOTHI XalkoHa. OnTHManbHas TeMIe-
parypa peaknuu 20-25 °C.

2 TIpoBeneHue BOSTOHKH B Bakyyme cM. pasi. A3.4.
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noMematt 11.5 r 1-mopdonuHonmkionenrena-1, 8.1 r TpnaTHnaMHHal,
90 mu xmopodopma u oxnaxgatror g0 0 °C. K momyueHHOMY pacTBopy NpH-
OaBistoT B TedeHWe 1 yaca pacTBOp 6 I YHMCTOTO ameTHIXJIopuaa B 25 M
cyxoro xysopodopma. PeakImoOHHYIO cMeCh mepeMelnBaiT 1 Jyac U OCTaB-
JSIOT HAa HOYh MPU KOMHATHOHM TeMmepaType. 3areM J00aBISIOT PacTBOP
10 Ma KOHII. COJITHOM KHMCJIOTHI B 25 MIJI BOIBI M KHIATIAT B TE€YEHHE 5 yacos
MIpU DHEPTHYHOM IepeMemuBanuy. CMeCh OXJIaXITar0T, OPTaHHYECKUN CIIOH
OTAEJSAIOT M MPOMBIBAIOT BOMOH (Kaxkabiii pa3 mo 50 mu) g0 pH BomHOTrO Ciios
5-6 u cymar mpokaieHHbBIM Na,SO,. PacTBopuTens ynaasioT Ha pOTOPHOM
HCIIapuTese, OCTATOK MEPEeroHsoT. Beixoq 6 r (63% oOT TeopeTHUeCKOTro);
T. kun. 79-81 °C / 12 mm pr. cr.; nZ 1.4890.

AMP 'H & (m.a., CDCl3). MOXHO VHTEPNpPeTMPOBaTb CNEKTP eHOJbHOM GopMbl (Npw
copepxaHne 6onee 60%): 1.92 (2H, kBWHT, J ~ 8 Tu); 1.98 (3H, ); 2.39 (2H, 1, J ~ 8 Tu);
2.55 (2H, 1, J ~ 8 Tu).

AMP 3C & (m.g., CDCl,): 20.3; 20.7; 25.2; 25.8; 30.2; 36.9; 38.8; 62.7; 109.8; 175.6; 202.4;
205.2; 212.9.

B4.3.6. [(1E)-2-Hurpo-l-nponenu]6eH30.
(2-nuTpo-1-pennamponen)

Memoo A
J. Org. Chem. 1950. V. 15. P. 814
CHO NO NO,
©/ N punk, @/\(
EtOH

beHn3anbaerug 313r

HuntpoaTaH 25r

JdTtaHon abc. 35 mn

H-ByTunamuH 0.5 mn

B onmHOTOpNYIO KPYIIIOMOHHYIO KOJIOY eMKOCThI0 500 M1, CHAOKEHHYIO MarHHT-
HOM MeIIagkoi U 0OpaTHBIM XOJOAUIBHUKOM C XJIOPKAJIbIIMEBON TpyOKOH, mo-
MemraroT 31.3 T cBexeneperHaHHoro OcH3anmpaeruna, 25 r uurpostana, 0.5 mi
n-Oytunamuna U 35 M1 abc. 3TaHoNa. PeakIMOHHYIO CMECh KUIATAT 8 4acos,
3aTeM MpPU MEPEMEHIMBAHUN OXJIAXIAIOT. BhIMaBIIne KPUCTALIBI OTHHUIBTPO-
BBIBAIOT M MEPEKPUCTAIIIM30BBIBAIOT U3 TaHona. Beixoa 35 r (62% ot Teope-
THYECKOro); T. mi. 65 °C.

CHO NO; CH,COONH NO,
©/ . , 3mw 4 m

CaexenepersanHoro Hajx HatpueM. Cm. paszg. Al.2.

Memoo b

1
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Bapuant peaximu Tenpu (AHpH) B YCIOBHSIX MHKPOBOJHOBOW aKTHBAIIUH OIH-
can B pabore: Rajender S. Varma et al., Tetrahedron Letters, 1997, V. 38,
Ne 29. P. 5131.

AMP H & (m.g., CDCly): 2.43 (3H, ¢); 7.40-7.46 (5H, m); 8.06 (1H, ¢).
AMP '3C 6 (m.a., CDCly): 13.9; 128.8; 129.79; 129.83; 132.3; 133.4;147.6.

b4.3.7. 3-lumeTrnaamMuHO-1-peHUINPONAHOH-1-THAPOXIOPU
(B-aumMeTHIAMUHONPONHO(EHOH COJISTHOKHCIbII)

Memoo A (peaxyus Mannuxa)

COr. c6. 3. c. 184

EtOH, 80 °C N~ HCl

+ (CHzo)n + [MezNHz]Cl W |

AueTtodeHoH 20r
Me,NH - HCI 1761
Mapadopm 6.6r
O1aHon 95%-n 30 mn
HCl KoHU. 1 mn
AueToH 160 mn

B onHOTOpNyI0 KPYrJIOAOHHYIO KOOy eMkocThio 250 M1, COCOUHEHHYIO
¢ 0o0paTHBIM XoJNOMUAbHUKOM, ToMernaroT 20 r ametodenona, 17.6 r cous-
HOKHUCJIOro nuMmeTwinamuHa U 6.6 r mapadopma. K cmecu mpubamistor pac-
tBop 1 M koui. HCI B 30 M1 95%-ro sTaHoia. 3areM peakIMOHHYIO CMECh
KUISITAT B TEUYCHHE 2 4acOB Ha BOMSHON GaHe O TOJHOTO PACTBOPCHUS
napagopma. [Ipu HEOOXOAUMOCTH TOPSIYHI PacTBOP QUIBTPYIOT!, GUILT-paT
NEPEHOCST B MIUPOKOTOPIYI0 KOHHYECKYH Koj0y emkoctbio 500 mut. Eme Te-
IUIBIA pacTBOp pa3daBisitoT 150 Mi1 aneToHa, JAlOT €My OXJIaIUThCA 0 KOM-
HaTHOW TeMIlepaTyphl, a 3aTeM IOMENIaloT Ha HOYb B XOJIOAMJIBHUK. Brimas-
IIHe KPUCTAIITBI OTOUIBTPOBBIBAIOT, MPOMBIBAOT Ha (unbTpe 10 mi amertoHa.
IMonyuenHoe BemecTBo BhiCymHMBaT B Bakyyme npu 40-50 °C mo mocTosiH-
HOM Macchl. Beixon 25.6 1 (72% ot Teopetndeckoro), T. mi. 138-141 °C?2,

[omyueHHbIil mpenapaT MPUroJieH IUIsi MHOTMX peakuuid. Eciau HeoOxomum
npernapar 0ojiee BBICOKOTO KadecTBa, TO MOJYyYEHHOE BEUIECTBO PAaCTBOPSIOT

! Wcnonwsys BopoHKy ¢ o6orpesom. Ocanok TpeacTaBiaseT coOOH HMCXOAHYIO CONb

Me,NH - HCI.

2 HpI/I HCO6XOIII/IMOCTI/I OPOAYKT MOKHO IEPEKPUCTAIIN30BATH U3 CMECHU 3TAaHOJI—AallCTOH.
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B 30 MJI TOpSYero cnupTa M K MOJYYCHHOMY PacTBOPY MEUICHHO MPHUOABIIIOT
50 mi anerona. Jlanee mocTymaroT, Kak omHcaHo Bbile. OYHIIEHHOE BEIECTBO,
BeicymenHoe mpu 70 °C B Bakyyme, mnaButcsa npu 153-155 °C.

Memoo B (peaxuyus Mannuxa ¢ ycnosusax MW-axmuesayuu)

Synlett. 2000. N2 3. P. 341

o O

EtOH, 80 °C N~ HCl

+ (CHQO)n + [MeoNH,]CI W |

AueTtodeHoH 06T
Me,NH-HCI 035r
Mapadopm 03r
O1aHon 95%-n 5 mn

B konbe Dpienmeiiepal eMkocThio 25 Mi rotoBar cmech 0.6 r anerodenona,
0.3 r mapadopma, 0.35 r comstHOKHCIOTO auMeTmiiamMuHa U 5 Ma 95%-ro
sraHona. Konxby momemaror Ha 5 MHHYT B OBITOBYI0O MHKPOBOJHOBYIO
neusr’. PeakMOHHYI0 CMeCh OXJAKAAKT W GUIbTPpyoT. OUIBTPAT ynapu-
BAIOT JJOCYyXa Ha POTOPHOM HCIIAPUTENE, OCTATOK? MEPEKPUCTAILIM30BBIBAIOT
W3 CMECH DTaHOJ—aleTOH WM OYHINAIT XpoMmaTorpaduuecku (KOJIOHOUYHAs
xpomatorpadus Ha cunukarene). Beixox 0.78 r (65% ot Teoperuueckoro),

1. 1. 154 °C.

AMP H & (m.a., AMCO-d,): 2.81 (6H, ¢); 3.41 (2H, T, J = 7.3 Tw); 3.65 (2H, T, J = 7.3 Tu);
753 2H, 7, J ~7.51Tw); 7.65 (1H, 1, J ~ 7.5 Tu); 7.99 (2H, g, J ~ 7.5 Tu).

AMP '3C & (m.a., AMCO-d,): 33.3; 42.3; 51.9; 128.1; 128.9; 133.8; 136.0; 196.8.

b4.3.8. TerpadeHNTUKIONEHTAIHEHOH
(MKI0H)
NAB c. 103; V. p. 1101

040

o @ EtOH @@

W3 nupekca.

2450 MI'w, 70 Br.
TCX-KkoHTpOB.
IleneBoit mpOAYKT.

AW N e
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beH3un (gnbeHsonn) 52r
OnbeH3nnkeToH 52r
STNnoBbIN cnUpT 96%-1 40 mn
KOH 0.75r

B nByxropayro kpyriopoHHyIo konOy emkocThio 100 mut, cHaGkeHHyIO Mar-
HATHOU MEIIaNIKoW, 0OpaTHBIM XOJONMIBHUKOM M KaleIbHON BOPOHKOM, IO-
MemaoT 5.2 r 6ensmna (qubenszomna), 5.2 r gubensunkerona u 40 mu >Tu-
JoBoro crnupTta. CMECh HarpeBarOT MPHU MEPEMEIINBAHUHU A0 CIa00ro KUIEHUS
(TBepmbIe BemiecTBa MPH 3TOM PACTBOPSIIOTCS). 3aTeM HarpeBaHHe TPEKPAaroT
Y, KaK TOJBKO CIUPT NEpPECTaHeT KHUIeTh, MpukambiBatoT pactBop 0.75 r KOH
B 4 M1 sTunoBOro cnupra. Jlamee peaknuoOHHYIO0 CMECh KHUISTAT ¢ OOpaTHBIM
xonoaunbHUKOM 15 muHYT. HarpeBanme mpekpamaioT ¥ JOBOAAT TEMIIEPATypy
pEaKIMOHHOW cMecH CHavaja Jo0 kKomMHaTHoH, a 3arem jo 0 °C. BwmaBmmit
0CaJoK OT(UIBTPOBHIBAIOT Ha BOpOHKe bioxHepa W MpOMBIBAIOT HA (DHIIB-
tpe dTIIoBbIM cuuproM (3x10 mur). Beixox 7.5 r (75% or TeopeTHuecKoro);
T. . 217-220 °C.t

B cimydae HEOOXOAMMOCTH MOXHO MPOBECTH JOMONHUTEIBHYIO OUUCTKY. s
ATOTO PACTBOPSIOT 5 I' HEOUUIICHHOTO MpoaykTa B 50 M xumsmero 6eH3ona,
pacTBop oTHUILTPOBEIBAIOT U QrutbTpar pazdasisiror 100 mur 3TaHoNA, TTOCTE Yero
cmech oxnaxkaaoT 10 2—3 °C (ro He Huxce!). TlonydaroT 4.6 T YKCTOrO MPOMYKTA,
T. 1. 218-220 °C.

AMP 'H & (m.a., CDCl3): 6.91 (4H, u. m.); 7.12-7.24 (16H, m).
AMP 3C & (m.a., CDCly): 125.3; 127.4; 127.9; 128.4; 129.3; 130.1; 130.7; 133.1; 154.4; 200.2.

b4.39. 1,2,4,5-TerpadenunsimenTanauon-1,5

TnA. c. 208
e o O
O i O
EtOH @
O O

BbeH3undeHUnKeToH 25r CuHTe3 npoBoAAT
STtaHon 96%-1n 100 mn B BbITAXKHOM WKady
®opmanuH 30%-1 6.5T1
KOH 75r

B nByxropnywo KpyrioAoHHYIO KOOy eMkocThlo 250 mi, cHaOXeHHYIO Me-
XaHWYECKOW MeENIaJIKOW, OOpaTHBIM XOJIOAMJIEHUKOM U KalleJbHOH BOPOHKOH,

1 TemHubIe 6J'IGCTHH_[I/Ie KpHUCTaJIBIL.
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MOMeIIaT cycneH3uto 25 r 6ensundenmnkeTrona B 100 mu sTanomna. CHauana
NOOAaBIAIOT MO KaruisaM npu nepeMentuBaHuu 6.5 v 30%-ro BOmHOTO pacTBO-
pa dopmanbprerunaa, 3atem 7.5 r KOH, pactBopeHHOro B 5 M1 Bogsl u 25 mu
sraHona. [locne mepeMemnBaHus B TeueHUe 15 MUH peakuMOHHAs CMECh
MIPEBPAIIAETCSl B JKENTYI0 KPUCTALIMYECKYI0 MAaccCy, KOTOPYIO IepeMEeIInBaloT
eme 2 Jaca mpu KOMHATHOH Temmeparype. Ocamgok oTQHUIBTPOBHIBAIOT, MPO-
MBIBAIOT HEOOJBIIMM KOJUYECTBOM 3THIIOBOrO crupra. Beixox 16.2 r (63% ot
teoperuueckoro)?, T. . 144-145 °C.

AMP 'H & (m.a., CDCl3): 2.41 (1H, a1, 2J = 14 Ty, 3J = 7.5 Tu);
3.0 (1H, AT, & = 14 Ty, 3J = 7.5 Tw); 4.51 (2H, 7, 3J = 7.5 Tw); 7.17 (10H, m);
7.33 (4H, m) 7.44 (2H, m); 7.88 (4H, g, J = 8 Tu).

AMP '3C & (m.a., CDCly): 37.7; 50.9; 124.1; 127.2; 128.4; 128.5; 128.7; 129.0; 132.9;
136.6; 138.9; 199.5.

b4.3.10. Tpunonmeran

(womoopm)
Nab. c. 83
OH N32CO3 l
-/ [
+ 1, W 4<|

Mon 10r CunHTEe3 NnpoBOAAT
Na,CO; 20r B BbITAXKHOM WiKady
StaHon 96%-in 10r

B aByxropnyio KpyTJIOOOHHYIO K0J0y eMkocThio 250 Mi, cHaOXEeHHYIO
0oOpaTHBIM XOJIOAMJIPHMKOM M MAarHMTHOM MeMIaJIKOH, IMOMEMAloT PacTBOP
20 r xpucrammmyeckoro Na,CO; B 100 mn Boasl, mpubasisior 10 r crmupta
n HarpeBaioT cMmech 10 /0 °C. B Harperyro cMmech BHOCST NPH TIIATEIHHOM
nepeMennBanu HeOompuMu nopuusmu 10 T u3MenpueHHOTO Hona (pacTBop
MPUHUMAET KeNTO-Oypyr OKpacKy, KoTopas Bckope ucuesaet). [locie Toro
KaK BeChb MOJ BHECEH M JKHUAKOCTH O0ECIIBETHIIACh, CMECh OCTABJISIOT HAa HOYb.
BemaBnimii ocagok oTQUIBTPOBBIBAIOT, MHOTOKPATHO U THIATEIBHO MPOMBIBAIOT
BOJOW Ha (GUIBTpE M cyllaT Ha Bo3ayxe B TeMmHoTe. Bwixox 2.5 r (30% ot
Teoperudeckoro)?, T. wi. 119 °C. B ciydae He0OXOAMMOCTH MONYYEHHBIH IIpo-
OYKT KPUCTAUTU3YIOT M3 HEOOJBIIOTO KOJIHYECTBA CIHPTA.

AMP 'H & (m.g., CDCly): 5.16 (1H, ¢).
AMP '3C & (m.a., CDCl5): —140.

IMocne mepekprUCTaTH3aUKE U3 CIHPTA.

2 W3 pacueTra Ha HOJ.
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b4.3.11. 2-Bpom-1-pennmidTanon !

(penauuadépomu, opomanerodeHoH)
MMXPwull. Bbin. 22. c. 40

O o
Br, Br
—
EtOH
AueTtodeHoH 25r CuHTe3 npoBOAAT
bpom 32r B BbITAXKHOM WKady
STnnoBbIn cnupT 96%-1 50 mn

B dertbipexropayro koia0y emkocThio 250 Mul, CHaO)XKEHHYIO MENIaKOH, TepMo-
METPOM, KallelIbHOW BOPOHKOW ¥ OOpPaTHBIM XOJOMMIBLHUKOM, MOMEIIAIOT PACTBOP
25 r anieroperona B 50 MJT 3TUIIOBOTO CIIUPTA U MPH MEPEMEIIMBAHUU T00ABIISIOT
o xarrsiM 32 r Opoma npu Temneparype 40-50 °C, ciens 3a oOGecrBeUMBaHHEM
pactBopa. ITocime obeciBeUnBaHUS PEAKIIMOHHON Macchl (OOBIYHO C BBEICHHEM
MocyeHel mopuuu 6poma) ee OXJIAKIAIOT J0 KOMHATHOM TEMIIEparypsl W MpH
MepeMenMBaHny Jo0aBsA0T ToHKoU ctpyer 200 mur oxnaxkaenHoit mo 10-15 °C
BOJbl. BBIMaBIIMH KPUCTAJUIMYECKHH OCAJ0K OT(UIBTPOBBIBAIOT M MPOMBIBAIOT
Bonoit. Beixox 37.4 1 (94% ot Teopernueckoro), T. mi. 47-48 °C.?

AMP 'H & (m.p., CDCl3): 4.46 (2H, ¢); 7.48 (2H, 7, J = 7.7 Tu); 7.60 (1H, 7, J = 7.7 Tu);
7.97 (2H, o, J = 7.7 Tu).

AMP '3C & (m.a., CDCly): 30.9; 128.82; 128.88; 133.9; 191.2.

Bb4.3.12. 4-MetokcudeH30iiHasi KHCJI0TA
(anmcoBast KHCJI0TA, N-METOKCHOEH30HASI KHCJI0TA)

Opr.T. 2. c. 45
o} o
Br,/NaOH OH
_—

o H,O/gnokcaH o

I I
n-MeTokcmnauetodpeHoH 75r CviHTe3 npoBoOAAT
NaOH 20r B BbITAXKHOM WIKady
Br, 241
[dvokcaH 50 mn
Bucynbdut Hatpma (Na,S,0;) 5r

B tpexropiioii konbe emkocThio 250 Mil, CHaOXKEHHOW MAarHWTHOW MeENIajKoM,
TEPMOMETPOM, KalleIbHOW BOPOHKOH M OOPAaTHBIM XOJIOJMIBHUKOM, PAaCTBOPSIOT
20 r ruapokcuga Harpus B 100 M BOABI M IPU MHTEHCHBHOM IMEePEMEIINBAHUI

CunbHbIl TakpuMaTop!

ITo oxoHuUaHWM cHHTE3a BCIO IOCYDy 3aMOYHMTh Ha HO4Yb B pactBope NH,OH mm
KOH. Ha cnemyromuii 1eHb MOCYAy CJI€AyeT MBITh IOJ[ TATOIl pacTBOPOM IIEIOYH,
3aTeM BOJOM.
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U OXJIOXKJIEHHH NPUKANbIBalOT 24 T Opoma ¢ Takol CKOPOCTBIO, YTOOBI TeMIepa-
Typa cMecu He nogauManack Beime 10 °C. Oxnaxnarot kouoy go 0 °C u 3arem
0 KarwisiM MpuOaBIsIIOT pacTBop 7.5 T n-MeTokcuaneropenona B 50 mur anokca-
Ha, He JIOIyCKas MOBBIIIeHus TeMmeparypsl cmecH Boime 10 °C. Peakunonnyro
cMech nepeMemuBaloT 1 yac mpu KOMHAaTHOM TeMmmeparype M OCTaBIAIOT Ha
HO4b. OOpa3oBaBiuiics OpoMopopM (HIKHHN CIIOH) OTACISIOT B JCTUTENbHON
BOpOHKe. JKeNnThIil 1e0uHOi pacTBOP MOJKHUCISAIOT KOHII. COJISHOM KHCIIOTOH.
CHiIbHO OKpalleHHBIH OpOMOM MIEIOYHOH pPacTBOp Tepesa MOJKUCICHHUEM 00-
pabaThIBalOT pacTBOpPOM 5 T OuCynbpuUTa HaTpus B 75 MJI BoAbl. Brimasiryio
AQHMCOBYIO KHCIIOTY OT(HIBTPOBHIBAIOT HA CTEKISIHHOM (uubrpe. IlpoxykT nepe-
KPHCTAJUTM30BBIBAIOT U3 cMecH dtaHon—Boza (1:1) u cymar Ha Bo3ayxe. Boixonq
6.6 r (80% ot Teopernueckoro); T. 1. 184 °C.

AMP 'H & (m.a., CDCl;, AMCO-dg): 3.84 (3H, ¢); 6.94 (2H, n, J = 8 Ty); 7.92 (2H, g, J = 8 Tu).
AMP 3C & (m.g., CDCl,): 55.2; 113.4; 123.0; 131.3; 162.8; 167.2.

b5. KAPBOHOBBIE KUC/NOTbI

b5.1.  MonyyeHue Kap6oHosbIX Kucsiom
U3 op2aHuYecKux coeduHeHuii Opy2ux Knaccos'

Bb5.1.1. (2E)-3-®enui-2-nponeHoBasi KHCJIOTA (KOPUYHAS KHCJIOTA)

o JIAB. c. 100
COOH
CHO+ ?‘ KoCOs HH,0 N

e
beHn3anbaerug 1061 CunHTE3 NnpoBOAAT
YKCYCHbIN aHrngpug 163 r B BbITAXKHOM WKady
K,CO; 6e3BoAHbIN 7r1
HCl KoHU. 30 mn
NaOH, 2 M pactsop 140 mn

B xpymononnyto konly emkocThio 250 Mi1, CHaOKEHHYIO OOpaTHBIM XOJIOAWIIBHHU-
koM, momeratot 10.6 T Genzanpaernaa, 16.3 r ykCycHOro aHruapuiaa u / T Ipo-
KajsieHHoro MenkopaszapobneHnoro K,CO;. Cmech HarpeBaror no 180 °C Ha mec-
YaHO! OaHe W BBIICPIKUBAIOT 2 Yaca IIPH 3TOHM TeMmeparype. PeakimoHHoO# cmecH
natot oxyanutbes 10 100 °C u u3 ToM ke KOoJMObl OTTOHSIOT C BOASHBIM MapoM
(mpenBaputensHo mobasue 140 mim 2 M pactBopa NaOH) HempopearupoBasiuii
Oenzanbaerun. K ocratky B nmeperoHHON Koji0e H00aBISIOT aKTUBUPOBAHHBIN YTOJIb
U kurataT B Tedenne 10-15 mun. Kunsinuit pactBop OT(GUIBTPOBBIBAIOT OT YIVIA.
B oxnaxmeHHBIH 10 KOMHATHOW Temreparypbl ¢umbstpar nobasmsror ko, HCI

! HonyquI/Ie Kap6OHOBI)IX KHCJIOT C IOMOUIBIO MarHHﬁOpFaHH‘IECKHX COGZ[I/IHCHI/Iﬁ

cM. B pasn. b6.
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1o kucioit peakuuu (~30 mut). Beimasiine KpucTauibl OTGHIETPOBBIBAIOT HA BO-
porke BroxHepa M BBICYIIHBAIOT B BAKYyME HJIHM B BaKyyM-DKCHKATOPE HAJ KOHIICH-
tpuposantoit H,SO,. Beixon 7.25 r (49% ot teopernueckoro); T. mwi. 133 °C.

AMP 'H & (m.a., CDCly): 6.44 (1H, g, J = 16 Tw); 7.40 (3H, m.); 7.54 (2H, m);

7.79 (H, p, J = 16 Tu); 12.43 (1H, ywnp. ).
AMP 3C & (m.g., CDCl,): 117.3; 128.4; 128.9 130.7 134.0 147.1; 172.8.

AHaJOTUYHBIM 00pa3oM U3 TajJoTeH3aMCIICHHBIX OCH3aJIbJACTHIOB IONY-
YalT COOTBETCTBYIOUIME TaJOTCHKOPHUYHBIE KHCIOTHI: M-(QTOPKOPUUHYIO

(T. . 165-166 °C), n-xnopkopuunyio (1. mi. 239-241 °C), n-OpOMKOPHUYHYIO
(T. mn. 240-252 °C).

B5.1.2. (2E)-3-(2-®ypuu)-2-nponeHoBasi KHCJI0TA
(3-(2-pypuna)akpuaoBasi KNCJI0TA)

K. Mpukn. Xum. 1941. T. 14. C. 181

0
&HO . o>; CHyCOOK H(?HZO' I\
0 c?* A 0

\\COOH

®ypdypon 10r
YKCYCHbIN aHrnapug 161
CH;COOK 6e3B0oAHbIN 11r

B xpymionoHHyo Koa0y eMkocTbio 250 Mil, CHAaOXXCHHYIO OOpaTHBIM XOJOIMIIb-
HHKOM C XJIOpKaJbLMeBOH TpyOKoi, momemiatoT 10 T cBexeneperHanHoro ¢yp-
¢ypona, 16 r ykcycuoro anruapunaa u 11 r CH;COOK! u narpesaror cmech 6e3
nepepsiBa B Tedenue 4 vacos npu 170 °C2 PeaklHMOHHYIO CMECH OXJIAXKIAIOT
1o 100 °C, obOpasoBaBiuiicss mpoayKT (B BHAE KaaHEBOW COJH) DKCTPArUPYyIOT
ropstuei Bozio# (3%20 mut). BomHble BBITSDKKH OOBCIAMHSIOT, M00aBisoT 1 r ak-
THUBHUPOBAHHOTO YIS, KHIATAT B TeueHue ~10 MUH U QUIBTPYIOT B ropsueM co-
CTOSHUH 4epe3 BOpOHKY broxuepa. ®@wisrpar oxnaxnaator no 20 °C u moxkuc-
JIIOT PACTBOPOM KOHIIEHTPUPOBAHHOM cossiHol kucnotel B Boxe (1:1)%. Ocanox
OT(UIBTPOBBIBAIOT, POMBIBAIOT HEOOJBIINM KOJUYECTBOM JICASHON BOABL. BbI-
xox 10 r (70% ot teoperndeckoro), T. 1. 138—139 °C. HeouumienHas Kuciora

OKpali€Ha B CBCTJ'IO-6ypI;II>i LUBCT W NpUTrogHa IJisd HaﬂbHeﬁHIeFO I/ICHO.]'H)SOBaHI/ISI4.

IIpoxaneHHslil anerar Kajuus.

Kornma remmneparypa 6ann npubmmkaercst k 145—-150°, Hactymaer GBICTpast 3K30TepMUYecKast
peakius. Xojx ee clelyeT 3aMeauTh (MPUIIOKUB K KOJIOE XOJOJHOE MOKPOE IOJOTEHIIE),
4TOOBI M30€KaTh CIMIIKOM OypHOTO BCKUITAHUS.

% pH 3-5.

Umcrast KACJIOTAa COBEPIICHHO OECIBETHA, OJHAKO, YTOOBI JOCTHTHYTH TaKOTO COCTOSHUS,
npenapar TpeOyeTcsi HECKOJIIBKO pa3 MEepeKpUCTAIIN30BaTh U3 OeH3oya ¢ Ko0aBlIeHHEM
akTuBUpoBaHHOrO yris. [lotepn mocruraror okoso 20—25%; temmeparypa IUIaBIeHUS Iiepe-
KpHUcTayu3oBaHHOrO mpemnapara 139-140 °C.
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AMP 'H & (m.g., CDCly): 6.14 (1H, @, J = 16 Tu); 6.57 (1H, u. m.); 6.87 (1H, g, J = 8 Tu);
7.36 (1H, n, J = 16 Tu); 7.76 (1H, c); 12.34 (1H, ywup. ).

AMP 3C 6 (m.g., CDCl,): 112.70; 115.46; 116.12; 130.88; 145.72; 150.41; 167.47.

B5.1.3. (2E)-3-(4-Metokcudennn)-2-nponeHoBasi KMCJI0TA
(n-MeTOKCHMKOPHUYHASI KHCJI0TA)

JIAB. c. 101
CHO  cOOH @ COOH
/©/ + < m

o COOH Ao

| I
n-MeTokcubeHsanbaerng 1.5r CuHTe3 npoBOAAT
ManoHoBasa Kucnota 1r B BbITAXKHOM LWKadpy
MupupnH ceexeneperHaHHbii 20 mn
MunepnguH 0.1 mn

B kpyrmogonnyio konby emkocthio 50 My momermraror pactBop 1.5 r
n-MeTokcubeH3anmpaeruaa (aHUCOBOTO anbieruaa), 1 T MamoHOBOH KHCIOTHI
n 20 M cBekeneperHaHHOTO NupuiuHa. J[00aBNIAIOT ABE KalUIM MHUIEPHIUHA
W KHISTAT CMECh B TEUEHHE 2 4acoB ¢ 00OpaTHBIM XoloxuibHuKoM. [locie oxuax-
nenns npwiuBaoT 10 mu Boapl M momkucisoT pasbasienHod HC1 mo kucioi
peakuuu. OTQHUIBTPOBBIBAIOT BBHINABIIYIO /7-METOKCHKOPHYHYIO KHCIOTY Ha BO-
ponke BroxHepa u nepekpucramumzoBbiBatoT U3 50%-ro sTmioBoro cnmpra. Beixon
1.47 r (75% ot Teopernueckoro); T. mwi. 172 °C. BbIxom KHUCIOTH HECKOJBKO yBE-
JMYUBACTCS, €CIIM BMECTO KHUIISTYCHUsI HArpeBaTh PEaKIMOHHYIO CMECh B TCUCHHUE
2 4acoB Ha KHWIIAIIEH BOMSHON OaHe W TONMBKO 3aTeM Ha Kpartkoe Bpems (10 muHyT)
JIOBECTU JI0 KUIECHUS U JaTh OCTHITh JO KOMHATHOW TEMIIEPaTyphl.

AMP H & (m.a., AMCO-dy): 3.76 (3H, ¢); 6.36 (1H, o, J = 16 Tu); 6.94 (2H, o, J = 8 Tu);
754 (1H, g, J =16 Tu); 7.60 (2H, g, J = 8 Tu); 12.21 (TH, ywwup. c).
AMP 3C & (m.a., AMCO-dy): 55.6; 114.7; 116.9; 127.2; 130.3; 144.1; 161.3; 168.3.

Bb5.1.4. (2E)-3-(4-Xunopdenunn)-2-nponeHoBasi KHCJIOTA
(n-xJI0pKOPUYHAS KHCJIOTA)

K. c. 21, 25
/@/CHO COOH @ /@/\/COOH
+ ( >
cl COOH VANNS
n-Xnop6eHsanbaerna 7r CuHTe3 npoBoaaT
ManoHoBasa KucnoTta 6T B BbITAXHOM |.|.|Ka¢y

MupugnH ceexeneperHaHHbin 60 mn
MunepunanH 0.1 mn
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B kpyriononHyo koidy emkxoctsio 100 M BHOCAT 7 T n-xjopOeH3aibaernsa,
60 mn nupuauHa U 6 T MaNOHOBOM KHCIOTHL. J[00aBISIOT HECKOIBKO Karenb
MUMEPUINHA M HarpeBAaIOT Ha KUIIAIICH BOAsSHOW OaHe 2 waca. 3aTeM OBICTPO
HArPEBAaIOT JI0 KHUICHUS U JAIOT OXJAJUTHhCS J0 KOMHATHOM TeMmeparyphl.
OcrteiBIIy0 cMech pa30aBisiroT 20 M BOABI M OCTOPOKHO TIPH ITepeMeNINBaHUH
npunuBatoT 10%-i pacTBOp COJSIHOW KHCIOTHL 10 PH ~2 mo yHuBepcanbHOI
WHIUKATOPHOW Oymare. BpimaBiinii ocamok OTHENSAIOT GUILTPOBAHHEM M OYH-
IIaf0T TepeKpUCTAIIN3aMell 13 HeOoIbIIoro KonmmdecTBa ropsaero 50%-ro
stanona. Beixox 6.64 r (73% ot teopermueckoro); T. . 240-242 °C.

AMP 'H & (m.a., AMCO-dg): 6.54 (1H, o, J = 16.5 Tu); 7.44 (2H, o, J = 8.3 Tu);
7.57 (1H, g, J = 16.5 Tu); 7.70 (2H, g, J = 8.3 Tu); 12.5 (1H, ywwp. c).
AMP 3C & (m.4., AMCO-dg): 120.1; 129.0; 120.0; 133.3; 134.8; 142.6; 167.5.

B pasn. A5.12 npuBeneH mpuMep KOHTPOJIS 3a MPOTCKAHHEM PEAKI[UH CHH-
T€3a N-XJOPKOPUYHOM KHUCIOTHI C UCIOJIb30BaHUEM crneKkTpockonuu SIMP.

B5.1.5. 2-®dypankapO6oHoBasi KHCJI0TA
(mapocim3eBast KHCJI0TA)

NAB. c. 117
@
0~ ~CHO  NaOHH,0 o~ ~COOH
®ypdypon 12.5 mn CuHTe3 npoBOAAT
NaOH 225r B BbITAXKHOM WWIKady

Br, 8 mn

B Tpexropayro konly emkocThio 250 M, CHaOXKEHHYI0 MarHUTHOW MeIa-
KOW, KameJbHOW BOPOHKOW, XOJOAWIBHHUKOM M TEPMOMETPOM, OXJIAKAAEMYIO
CHapy " CMECBIO COJIM W IIbla, momemamT pactBop 22.5 T NaOH B 65 ma
BoAbl. K OXJaJAeHHOMY pacTBOpY MpH SHEPTUYHOM MEpEeMEUIMBAaHUM U3 Ka-
IEJILHON BOPOHKH TIOCTENEHHO 100aBisior 8 mi Gpomal (pactBop mo/mKeH ObITh
CBETJIO-KENTOro IBeTa) U 3areM 12.5 mu Qypdyposa® ¢ Takoil CKOPOCTHIO,
4TOOBI TEMIEpaTypa PEakIMOHHON cmec He mpesbimana +4 °C 3. Ipubasne-
Hue Qypdypona miutes mpuMepHo 1 yac. 3aTeM cMech MEPEMEIINBAIOT TPH
aTOH *e Temmeparype eme 10 muH. B cmydae HeoOXomMMOCTH OTQHIBTPOBHI-
BAIOT OT CMOJIbI Yepe3 CTEKNISAHHYI Bary. DUIbTpaT OCTOPOXKHO MOAKUCISIOT
oxnaxaennoi pazoasnenHoi (1:1) kounm. HCl no pH 1. BemmaBmuii ocamok
MUPOCITU3EBOI KUCIOTHI OTGUIBTPOBBIBAIOT HA BOPOHKEe BrOXHEpa, MPOMBIBAIOT
Ha QunbTpe 5 MI NensHOW BOABI M BBICYIIMBAOT Ha Bo3ayxe. Beixox 11.3 r
(67% ot Teoperuueckoro), T. 1. 133 °C4.

Crnenyer u3beratb m30bITKa Opoma.

®ypdypon nepernars B Bakyyme (1. kun. 40 °C / 8 mm pr. cr., n® 1.5268, d3° 1,16).
OdeHb Ba)XHO, YTOOBI TeMIlepaTypa PEeakIHOHHOW cMecH BO BpeMs NpuOaBieHHA Opoma
u panee Gpypdypona He mpessimana 4 °C.

ITHpOCIN3EeBYI0 KUCIOTY MOXHO IEPEKPHUCTAIUIH30BaTh U3 BOABI (YUECTh XOPOIIYIO pac-
TBOPUMOCTb KHCJIOTHI) WJIH BO3OTHATb.
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AMP H & (m.a., AMCO-dg): 6.60 (1H, m); 7.19 (1H, f, J = 3.5 Tu); 7.86 (1H, c);
13.03 (1H, ywwup. ).

AMP 3C & (m.g., OAMCO-dg): 112.2; 117.8; 145.0; 147.1; 159.5.

B5.1.6. TekcananoBasi KucjoTa (aIMMHHOBAs KHCJI0TA)

TnA. c. 142
O
KMnO; _ Hooc
g NaOH/H,0 ~""COOH
KMnO, 3051
LinknorekcaHoH 98 r
NaOH, 10%-»n pactBop 3 mn

B tpexropnyto konby emkocthio 500 Mi1, CHAOXKEHHYI0 MarHUTHOW MEIIaIKOH,
KaIreJIbHOW BOPOHKOH, OOPAaTHBIM XOJOIMIBHHKOM M TE€PMOMETPOM, MOMEIIAIOT
pacteop 30.5 r mepmanranara kamus B 250 mur Boasl 1 9.8 T HHMKIOTEKCaHOHA.
Peakmnmonnyto cmeck HarpeBatoT g0 30 °C, moGammsaior 3 ma 10%-ro pactBo-
pa NaOH. B pe3ysnbrate HauaBIICHCS 3K30TEPMUYECCKON PEaKIUU TEMIEpaTypa
cMmecu nomgauMaetrcs 1o 45 °C, mocne 4ero cMmech BbiAepkuBaoT 20 MUH mpu
ATOW TeMIepaType; MpH HEOOXOMUMOCTH CMECh OXJIaXIarT. B pesymberare pe-
aKIIMKM WcYe3aeT (PUOJETOBass OKpacka W BhimagaeT MnO,. [yt monHOro mpo-
TEKaHUs peakIuu U Koaryainuu MnO, peakIMOHHYI0 CMECh KHUIIATAT B Te-
yeune 20 muH (kKameiapHas mpoba He MOKHA 1aBaTh (HHOJETOBYIO OKDAaCKY,
B IPOTHBHOM CITy4ae M30BITOK MEpPMaHraHaTa Kalus pasiaraioT, J00aBisas He-
MHOTO Oucyiasbhura Harpus). Ocamok OT(UIBTPOBBIBAIOT, MPOMBIBAIOT BOIOH,
(GuUIBTpaT ynapuBalT Ha POTOpHOM wucmaputene g0 ~70 mu (eciau duiasTpar
MYTHBIH, €ro cieayer mpoQuIbTPOBaTh Yepe3 CIOH aKTHBUPOBAHHOTO YIIIA).
Topstamit pactop monkucisrot koHI. HCL. Ilpu oxnaxnaenuu g0 0 °C BBIKpHU-
CTAJUTM30BBIBACTCS aquMUHOBas kuciora. Uepe3 14 gacoB ee oTHIBTPOBEHIBA-
IOT, IPOMBIBAIOT HEOOJBIIMM KOJMYECTBOM JICITHON BOIBI M CYIIAT B BaKyyMe
Han P,0s. Beixon 7.8 r (53% ot Teopetnueckoro), T. mi. 149-151 °C.

AMP H & (m.a., AMCO-dg): 1.50 (4H, m); 2.21(4H, m); 12.00 (2H, ywwp. c).
AMP 3C & (m.g., AMCO-dy): 24.0; 33.3; 174.3.

Bb5.1.7. Ben3oiiHas KHCJI0TA

Memoo A
0. Bbin. [ n ll. c. 211; XK-b. c. 31

COOH

©/ KMnO,
HCI, A
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KMnO, 6.8r CuHTe3 npoBOAAT
Tonyon 2r B BbITAXKHOM LIKady
HCl KoHu. 3.0 mn

B kpyrinonoHHyto kon0y eMkocthio 250 M1, CHAOKEHHYI0O MarHUTHOW MEUIaIKoH
¥ 00paTHBIM XOJIOMMJIBHUKOM, MOMeNIaloT 2 T Toyona, 70 mi Boasl u 6.8 T men-
ko pacteproro KMnO,. CMech KUIATAT MPH IePEMEIMBaHUH B TEUSHUE 2 YacoB.
ITo okOHYaHMK peaknuy OECIBETHBIH pacTBOp (ecau pacTBOp HE 0OeCIBETHIICS,
TO K HEMY MOOABISIFOT HEMHOTO I[ABENICBON KHMCIOTHI MPH HATPEBAHMU) OXJIaX/Ia-
10T, BbIMaBiui MnO, oTQUIETPOBBIBAIOT U MPOMBIBAIOT TEILION BOMOM (2X5 Mi).
Ounsrpar noakucisaor 3.0 mu koumn. HC1. Ipu sToM ocaxmaercs: OeH3oiHas
KUCIIOTa, €€ OT(QUIBTPOBHIBAIOT, IPOMBIBAIOT HEOOJIBIINM KOJMYECTBOM XOJIO-
HO#t BojibI U cymiat. Beixon 2.0 v (76% ot Teoperuyeckoro), T. 1. 120-121 °C.
BeH30lHy0 KHCIOTY OYHINAIOT BO3TOHKOM, T. . 121.7 °C.

Memoo b
NAB. c. 113
COOH
O
A
beHsnnosbin cnupt 5 mn CuHTe3 npoBoaAT
HNO; KoHu,. 15 mn B BbITA’KHOM WIKady

B tpexropiryro komby eMkocThio 50 MII, CHAOKEHHYI0 MEXaHHIESCKON MEIIaKoH,
KaneJlbHOW BOPOHKOW W OOPATHBIM XOJIOAMJIBLHUKOM, MOMEIIAIT 5 M1 OeH3MI0-
BOTO CIHMPTa U MPU HArPEBAaHWU HA KUISANICH BOJSHON OaHe M MepeMelIMBaHUM
npubaBisoT mo Karmwisim B Teuenue 20 muu 15 mu konin. HNO; (naGmiomaror
BBIJICJICHHE OKCHJOB a30Ta). HarpeBaHue MpOMOIKAIOT O HCYC3HOBEHUS CIIOS
OCH3WJIOBOTO CHHPTA. 3aTEM CMECH JAIOT OXJIATUTHCS O KOMHATHOH TeMIIepaTy-
pBl ¥ OTGUIETPOBBIBAIOT BBIMABIIYIO OCH30MHYIO KHUCJIOTY Ha CTEKISTHHOM (DHJIb-
tpe. JJis MONHOThI MepeHeCeHUs] OCH30HHON KHUCIOTHl U3 PEAKIHOHHON KOJIOBI
Ha GuaBTp KOOy ononackuBarT GuisTparoM. Ocamok Ha QUIBTPE MPOMBIBAIOT
HEOOJBIINM KOJHMUYSCTBOM XOJOAHOM BOABI. IIPOAYKT MEepeKpUCTAIN30BBIBAIOT
M3 MHHHMAJIbHOTO KOJMYECTBA BOJBI M Cylnar Ha Bo3ayxe. Beixon 4.8 r (81%
OT TeopeTudeckoro), T. mi. 121 °C.

AMP 'H 6 (m.a., CDCly): 7.46 (2H, T, J ~ 8 Tu); 7.60 (1H, 7, J ~ 8 Tw); 8.11 (2H, A, J ~ 8 Tu);
12.74 (1H, ywwup. ©).
AMP '3C 6 (m.a., CDCl,): 128.5; 129.3; 130.2; 133.8; 172.7.

B5.1.8. bBeH3oiiHasi KHCJIOTA U OEH3UJIOBBII CIIUPT
-M. c. 337

o oo e o™
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beH3anbaerng, 1061 CuHTe3 npoBOAAT
KOH 9r B BbITAXKHOM WKady
dup 20 mn

Brucynbdut Hatpus, 40%-1 pacTBop 3 mn

B xonby emxocteio 50 mn momemaror 10.6 T cBexenepernanHoro OeH3anble-
TUAa W OXJAXKICHHBIA pacTBOp, comepkamuid 9 r ruapokcuaa Kamus B 6 Mi
Boabl. CMeCh BCTPSAXUBAIOT OO0 00Opa30oBaHUS CTOMKON SMYyIbCHUHU. 3aT€M CMECh
OCTaBJISIIOT CTOSTh B MPOJOIDKEHUE HOUHM, 3aKPHIB KOJIOY pEe3MHOBON MPOOKOH.
K oOpasoBaBmieiics KpuCTaUIMYECKOW Macce MPUOABIAIOT HEOOIBIIOE KOTUYe-
cTBO Boabl'. M3 MOIy4eHHOro pacTBOpa GEH3MIIOBHIA CIIUPT U3BJIEKAIOT 3(PHPOM
(2x10 ™). Boxmsiit cimoif, comepikamuii O€H30aT KajWs, COXPaHAIOT W oOpa-
0aTBIBAaIOT, KaK OMUCAHO HIDKE. DQPUPHBIC BBITSDKKH OOBEOUHSIOT; d(UPHBIHA
pacTBOp BCTPSAXHUBAIOT B nenuTenbHOH BopoHke ¢ 3 mu 40%-ro pactBopa Ou-
cynbduta Hatpus. BogHwll cioit oTaensor u otOpackeBaroT. O6paboTky Ou-
CyNb(MUTOM MPOBOMAAT JABAX/IbIZ. 3aTe€M IPOMBIBAIOT 3(HUPHEIA PACTBOP BOIHBIM
PacTBOPOM COZIBIS, CymIaT Ge3BOJHBIM CEPHOKHCIBIM HATpueM. D(Up yHalsroT
B BaKyyMe BOJOCTPYHHOTO Hacoca. BeH3WIIOBEIN CIUPT MMEPETOHSIOT U3 HEOOIb-
moii konobl Kisiiizena 0e3 nedermaropa, UCHONIb3ysl BO3MYIIHBIN XOJIOAMIIEHHUK.
Beixon 4 v (74% 0T TEOpETHYECKOrO), T. KHIL YHCTOTO OEH3HIIOBOIO CIHMPTa
206 °C / 760 mm pr. c1.; n¥ 1.5395.

AMP H & (m.g., CDCly): 2.85 (1H, T, J = 4 Tu); 4.55 (2H, A, J = 4 Tu); 7.24-7.27 (5H, m).
AMP 3C & (m.a., CDCl,): 64.9; 126.9; 127.4; 128.3; 140.8.
BonHsrii ciiol, comepxanuii O6H30aT Kalusl, MOIKUACISIOT COJSTHON KUCIIOTOM;

BEITIABITYIO OCH30MHYIO KUCIOTY OT(HUIBTPOBEIBAIOT U MEPEKPHUCTATITU30BBIBAIOT
u3 kunsied Boabl. Beixox 5 r (82% ot teoperuueckoro), T. mi. 122 °C.

AMP 'H 6 (m.a., CDCly): 7.46 (2H, 7, J ~ 8 Tu); 7.60 (1H, 7, J ~ 8 Tw); 8.11 (2H, A, J ~ 8 Tu);
12.74 (1H, ywwup. ©).
AMP '3C & (m.a., CDCly): 128.5; 129.3; 130.2; 133.8; 172.7.

Bapuant peaknun Kannunmapo B ycnmousx MW-akruBanmu: R.S. Varma
et al., Tetrahedron Letters, 1998, V. 39, P. 8437

B5.1.9. 3-®enmamnponaHoBasi KHCIOTA
(rupoxopuYHas KHCJIOTA)

a) Ilpucomosnenue nuxens Penes
JIAB. c. 195; Opr. 1. 2. c. 419

B konbe unu crakane emMkocthio 50 mi cycnenaupyrot B 10 mi Boasl 1 T TOHKO
U3MENIBYCHHOT0 CIUIaBa HUKEINs ¢ alfoMUHHeM, cojaepxkamiero 30—50% Hukens.

! Boasr Clenyer HpI/I6aBII$ITB JIMIIb TaKO€ KOJIMYECCTBO, 4TOOBI MOYKHO OBLIO cejiaTb BO3-

MOXHOM 3KCTpakiuio 3pupom (OCH3HUIOBBIA CHHPT YACTHIHO PACTBOPSETCS B BOJIE).

B Buzme OMCynb(UTHOTO MPOU3BOJHOTO, HE PACTBOPSIOIIETOCS B 3(UpE, YAaIsIeTCs HEMpo-
pearupoBaBIIMiA OCH30MHBIN aJbICTH]I.

PacTBOp conbl mcnonb3yercs AN yAajleHUss CEPHUCTOM KHUCIOTHI, ClEIbl KOTOPOH Mpu-
CYTCTBYIOT B pacTBope Oucynbdura HaTpHs.
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B cycnensuio mocteneHHO 0e3 BHEIIHETO OXJaxkIeHUs BHocaT TBepabiii KOH
C TaKOW CKOPOCTHIO, YTOOBI HE BO3HHKAJIO YPE3MEPHOTO BCIICHUBAHUS. Peakiiust
MPOTEKAET OYCHb OYypPHO MOCIIe KOPOTKOTO MHIYKITHOHHOTO Meproja. BHeceHue
tBeproro KOH mpomomkarT 10 TeX mop, moka ero Jo0aBJIeHHE HE MEePECTaHeT
BBI3bIBATH BUAMMYIO peakiuio (~2 r). IIo OKOHYaHWU PEaKIUU PEeaKIIMOHHON
Macce marT moctosatk 10—15 muH, 3aTem BoigepkuBaroT 30 MUH Ha BOJISHOMN
Oane, Harperoir mo 70 °C, HEeKaHTHUPYIOT BOAY, TEMHBIA IMOPOIIKOOOPa3HEII
HHUKEIh TMPOMBIBAIOT 2—3 pa3a AUCTUUIMPOBAHHOW BOJIOHU, 3ateM 2—3 pasa
a0c. 3TUIOBBIM cripTOM. KaTanm3aTop MOXHO XpaHUTh MO CIIOEM BOJBI WIIH
CIIUpPTa, HO aKTUBHOCTH €r0 TMOCTEMEHHO MajacT. B CyXoM BHIE CBEKEIPHUTO-
TOBJICHHBI HUKeNb PeHes caMoBO3ropaeTcs Ha BO3IYXE.

0) Boccmanognenue KOPUYHOU KUCIOMbL

@
NN NHHO  HH0 coon
Ni, A

JNIAB. c. 127

KopunyHasa kucnota 148 r
Hwnkenb PeHes 0.2-03r
NaOH 41r
mppasuHrugpart, 85%-n pacTeop 12r
Xnopodopm 60 mn

B tpexropnyro xonby emkoctpio 500 muI, cHaOXEHHYIO MEIIaIKOHW, 0OpaTHBIM
XOJIOOWIFHUKOM M KamlelbHOW BOpPOHKOH, momemator pactBop 4.1 r NaOH
B 100 mu Boasl, 0.2—0.3 r ckeneTHOro HUKeJeBoro karaimzaropa u 14.8 r ko-
puuHOU KucnoTel. CMmech HarpeBaloT Ha BoasHoi Oane mo 90 °C um mpm
repeMemBaHu B TeueHue 15 muH npubapnstor 12 r 85%-ro ruapasunru-
npata. HarpeBanne mpu 90 °C u mepeMemmuBaHue MPOAOHKAIOT 10 IMOJTHOTO
MpEeKpallleHus BbIICICHUsS a30Ta. J[al0T peakunOHHOW CMECH OXJIAIUThCS 10
KOMHATHOW TeMIepaTrypbl, OTQHUIBTPOBBIBAIOT KATAIU3aTOP W MOIKUCISIOT
kounnenTpupoBannoii HCl go kucimoit peakumu. DKCTparupyrT Xxiopodop-
MoM (2x30 M), pacTBOPUTEIb OTTOHSIOT, @ OCTATOK IIEPETOHSAIOT B BAKyyME,

HCIOJIB3Ys BO3MYIIHEINA XonoauiabHuK. Beixom 11 r (73% ot TeopeTHyeckoro),
T. kum. 146-148 °C / 8 mm pr. cr., 1. 1. 47-48 °C.

AMP 'H & (m.g., AMCO-ds, CDCly): 2.53 (2H, 7, J = 7.5 Tu); 2.87 (2H, 7, J = 7.5 Tu);
7.20 (5H, u. m.); 11-12.5 (1H, ywwup. o).

AMP 3C & (m.a., AMCO-d,, CDCly): 30.6; 35.4; 125.8; 128.1; 128.2; 140.8; 173.8.

AHANTOTHYHO U3 O-METHJIKOPHYHON KHCIOTHI MOJNYYaOT 2-MeTHI-3-peHmI-
MpPOMaHOBYI KHCIOTY ¢ BbixomoM 90% oT TeopeTHYecKoro, T. KHII.
152-154 °C / 14 mm pr. cT.
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b5.2.  [Mony4yeHue cnoxHeix 3¢pupos
U dpyaux npou3eodHbIX KApOOHOBLIX KUC/IOM

B5.2.1. JTua-2-pypankapookcuaar
(3THa-2-dypoart, ITHI0BBIN 3(PUP MHPOCTH3EBOI KUCIOTHI)

OH H,s0
Q\COOH+—/ —>2A4 /o\ ad

NAB. c. 78

lMnpocnusesas KucnoTa 15r
STMNOBBIN CcNUPT abc. 30 mn
H,SO, KoHu, 10 mn

B kpyrnomonnoit konde emkocthio 250 Mt cMemuBaroT 15 T mupocin3eBoi Kuc-
sotel, 30 T sTIitoBoro crmpta U 10 mur xoun. H,SO,. K kombe mpucoenuHs 0T
00paTHBIN XONOJAMIBFHUK C XJIOPKAJBIHEBOH TPYOKOH M HArPEBAIOT PEAKIIMOHHYIO
cMech Ha BOAsiHOHM Oane B TeueHue 2.5 4. [locie aToro cmech moxBepraroT mepe-
TOHKE C BOJSIHBIM IapOM 1O TeX MOp, MOKa TUCTUIUIAT HE CTaHEeT MPO3PadHbIM.
3aTreM MPHEMHHUK C AMCTUIUISITOM OXJaXAAlOT B OaHE CO JIbJOM, BBINABIIHE
KPHUCTAJUIBl 3TUJIOBOTO 3()Upa MUPOCIU3EBON KUCIOTHI OT(HUIBTPOBHIBAIOT HA
BOpOHKe BIoOXHepa M BBICYIIMBAIOT MEXIY JIUCTaMH (UIBTPOBAIBHOI Oymaru.
Beixon 15 r (80% ot Teopermyeckoro), T. . 34-35 °C.

AMP H & (m.g., CDCly): 1.38 (3H, J = 7 Tu); 437 (2H, k8, J = 7 Tu);
6.51 (1H, m); 7.18 (1H, g, J = 3.7 Tu); 7.58 (1H, ).

AMP '3C 6 (m.a., CDCly): 14.4; 60.9; 111.7; 117.6; 145.0; 146.1; 158.7.

B5.2.2. DTniadensoar

-M. c. 215
(0]
COOH
O™ o
A

beH3omHaA Kucnota 122 r

CnnpT 3TUNOBLIN abc. 100 mn

H,SO, KoHu, 3 mn

ddup 50 mn

B xpyrimomonnyio koiby emkocthio 150 mi1, cHaOXeHHYIO OOpaTHBIM XOJIO-
JUIBHUKOM C XJOPKaJIbIIUEBOH TPyOKoH, momemiarorT 12.2 r OeH30WHON KuHC-
701el, 100 M aGCONOTHOTO 3THJIOBOTO CIHUPTa W 3 MJI KOHI[. CEPHOH KHCJIO-
Thl. CMeCh KUMIATAT B TeueHue 6 yacoB. [lo OokOHYaHMM peaklIUu OCHOBHOE
KOJIMYECTBO CIUPTa OTTOHSIOT, K ocTarky nobasustor 100 mu Boasl u mpo-
BOASAT 3KCTpakuuioo 3dupom (2x25 mi). O0benuHeHHbIE 3(UPHBIE BBITSIKKH

IPOMBIBAIOT PAacTBOPOM coAbll, Bomoi M cymar 6e3soansiM Na,SO,. ITocne

1 Jlns ynaneHus KuUCIOTHI.
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OTroHKH 3¢upa octatok neperousoT. Boeixon 12 r (80% ot TeopeTuueckoro),
1. kum. 212 °C / 760 mm pr. cr. mwiam 108 °C / 30 mm pr. c1.; np?® 1.5057.

AMP 'H & (m.a., CDCl3): 1.38 (3H, 1, J =7 Tu); 437 (2H, ke, J = 7 Tu); 7.42 (2H, 1, J ~ 8 Tu);
7.52 (1H, m); 8.05 (2H, g, J ~ 8 Tu).

AMP '3C & (m.a., CDCly): 14.3; 60.9; 128.3; 129.5; 130.6 ; 132.7; 166.5.

B5.2.3. mpem-Byrunanerar

| JIAB. c. 71
N\
O
o @f
_( + N _oH > _<
ol agup 0o
mpem-byTnnosbin cnupt 74r CuHTe3 npoBoOgAT
N,N-OumeTnnaHunuH (cyxon) 12r B BbITA)XXHOM WKady
Auetunxnopug 79r
ddup abe. 20 mn

B tpexropiyio konby emxocthio 100 mil, CHaOXKEHHYIO MEIIaIKOi, 00paTHBIM
XOJIOMUIBHUKOM ¥ KareJIbHOW BOPOHKOM (XONOAMIBHUK WM KamelbHas BOPOHKA
3aIIUIIECHBI XJIOPKaJIbIMEBEIMH TPYOKaMH), IOMEIIAT 7.4 T mpem-0yTHIOBOTO
crupta, 12 r cyxoro N,N-mumerunanwinHa u 20 mi abCOMIOTHOrO 3dupa.
[Ipu sHepruvyHOM mepeMelmuBaHNK N00aBIAIOT MO KamsiM 7.9 T cBekenepe-
THaHHOTO allETHIXJIOPUAA C TAKOW CKOPOCTBIO, YTOOBI 3(hup OypHO Kurmea (MHO-
r7a PeakiMOHHYI0 KOIOy MPUXOAMTCS OXJaXAaTh). [I0 OKOHUYAHHH pPEaKI[Hu
PEeaKIMOHHYIO KOJIOY HArpeBalOT Ha BOASHOW 0OaHe B TeYeHHE 2 4acOB U OCTaB-
JSI0T Ha HOYb. D(HPHBIA pacTBOp AeKaHTUPYIOT (B Koyibe ocraercs ocagok
THIPOXJIOPUIA TUMETHIAHUINHA) B JETUTEIbHYI0 BOPOHKY U MPOMBIBAIOT He-
6onpmmmmu moprusamMu 1 M H,SO, 10 Tex mop, moka 3TH HMOPIUH MPH IOA-
LIeJIAaYUBAHUK HE HEePEeCTaHYT MYTHETb. DQUPHBIA CIIOH CylIaT MPOKaleHHBIM
Na,SO, u meperousiror Ha miutke. Beixox 8.1 r (70% or TeopeTH4eCKOro);
T. xun. 93-98 °C / 760 mm pr. ct.; n¥ 1.3830.

AMP 'H & (m.a., CDCl3): 1.44 (9H, ¢); 1.96 (3H, ¢).
AMP 3C & (m.4., CDCl,): 22.5; 28.1; 80.1; 170.4.

Bb5.2.4. JImyTHAreKCaHanoat
(mm3THIOBBII 3(UP ATUTHHOBOH KHCTIOTHI)

COI. ¢6. 2. c. 579

o)
(O JN
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AJvnuHoOBaA KMUcnoTa 22r
3TUnoBbIN cNNpT abc. 54 mn
Tonyon 30 mn
H,SO, KoHu,. 1 mn

B xonby emxocteio 250 My, cHaOXeHHYIO Hacaakod Biopma ¢ Tepmomerpowm,
MOMEIIAT 22 T aIuMUHOBOW KHUCIOTH, 54 mur abc. stanona, 30 mir Tomyoma
u 1 mi konm. H,SO,. Konly coemuHsIIOT ¢ HUCXOSIIUM XOJOJMIEHUKOM, OKaH-
YUBAIOIIMMCS aJIOH)KEM ¢ KOHHYecKoi koinboi oovremom 100 mi. Peaknmonnyro
CMECh HarpeBarOT Ha KOJIOOHarpeBaTelie Tak, YTOObI TeMIEpaTypa Peaki[HOH-
Hoii cmecn Obuta 100-115 °C. Ilpu 75 °C HauMHaeT OTTOHATHCSA a3e0TPOIHAs
CMECh CNHUPTA, TOAyoJa W BOJbI. IIeperoHKy MpOIODKAIOT 10 TeX IOop, MOoKa
TeMIIepaTypa OTXOAAIIUX MapoB He mocTurHeT 78 °C, mocie dero HarpeBaHUe
npekpamanT. JUCTHIUIAT COOMPAT B KOHUYECKYIO KOJ0y, B KOTOPYIO MOMe-
mart 25 1 6e3BogHoro K,CO;. CoOpaHHBIA AMCTHILISAT SHEPTHYHO BCTPSIXHU-
BaroT ¢ K,CO;, dunbTpyroT u Bo3BpamarT B koi0y. Kon0y BHOBE HarpeBaroT
U OTTOHSIOT a3€OTPOIHYIO CMECh, MOKA TEMIepaTtypa B Mapax HE JOCTUTHET
78-80 °C. Quctumnar BHOBb cymar 6e3BoaubiM K,CO; n Bo3Bpamaror B mepe-
FOHHYI0 KONOy. [IpoTekaHue peakiuu KOHTPONUPYIOT ¢ Hcnonb3oBanueM TCX
(metposneiinbiii 3dup : ameron = 9 : 1). Ecau ecTh HEOOXOJUMOCTh, OTTOHKY
a3€0TPOMHON CMeCH MPOBOAAT TpeTHi pa3. OcTaBIIyOCS XKHUIKOCTh MEpero-
HSIOT B BaKyyMe BoJoCTpyiHOro Hacoca. Ilomydaror 29 r npoaykra (95% ot
TeopeTnueckoro); T. kum. 138 °C / 20 mm pr. ct.; ng 1.4270.

AMP H & (m.a., CDCL3): 1.17 (6H, 7, J = 7 Tu); 1.58 (4H, m); 2.23 (4H, m); 4.04 (4H, T, J = 7 Tu).
AMP 3C 6 (m.a., CDCl,): 14.0; 24.2; 33.8; 60.1; 173.2.

B5.25. 2-®enmmameramua (aMux PeHHIYKCYCHOH KHCIOTHI)

TuA. c. 163
CN  HCl NH;
H,0 o)
beH3unymanng 25r CuHTEe3 NnpoBOQAT
HCl KoHu. 100 mn B BbITAXKHOM WKady

STaHon 100 mn

B aByxropayio konby emkocthio 500 Mi, cHaOXEHHYIO KamelbHOH BOPOH-
KO M OOpaTHBIM XOJOIMJIBHUKOM, ToMemaroT 25 r Oensmwinnanuga B 100 mu
koHl. HCl. PeakunoHHYI0 CMECh MHTEHCHBHO MEPEMENIMBAIOT! IIPU TEMIIEpa-
type® 40 °C B Teuenue ~20 muH. Iocie TOro Kak pacTBOp CTAaHOBUTCS MPO-
3payHbIM, TEMIIEPATYPY YBEIHYHBAIOT 10 46 °C U MpoaosDKaroT IepeMEIInBaHuE
eme B TeueHue 20 muH. Cmech oxnaxaaroT no0 15 °C u MemjIeHHO HpHKambl-
BaroT K Hed 150 mur jensHON BOABI. AMHUI BBIIAAAET B BHIE KPHCTAIHYECKOM

O0s13aTeTbHO HCIONIB3YIOT MEXaHMUECKYI0 MeIaiKy!

2 BHyTpeHHHWH TepMOMETp, BoAsHas GaHs!
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Mmaccel. IlepeMernBanue npogomxaT 30 MUHYT TPU 3TOH Ke TeMmImepaType,
GUIBTPYIOT MOMYYCHHYIO CMECh, OCaJ0K mepemeriuBaioT 20 MHH ¢ JEASHOM
Bonoii (15 mu), dunstpyror! u cymar npu 60-70 °C B Bakyyme BOZOCTpYii-
Horo Hacoca. Beixon 23.9 r (83% ot Teopernueckoro), T. . 144-148 °C.
Ocamox MoxHO mepekpucramiuzoBath w3 90 mu sranona. Beixoxg 16.6 T
(58% ot Teopetuueckoro), T. mi. 153-154 °C2.

AMP 'H & (m.a., AMCO-dg): 3.40 (2H, ¢); 6.97 (1H, yw. c); 7.22-7.29 (5H, m); 7.54 (1H, yuu.).
AMP 3C & (m.g., AMCO-dy): 42.4; 126.4; 128.2; 129.2; 136.6; 172.5.

b5.3. Peakyuu eHonamoe cNoXxHoIX 3¢pupoe (anKunupoearue, KOHOeHcayuu)

B5.3.1. JusTnia-2-0eH3uaMajioHar
(mmaTHIOBBINA 3GHUpP GEH3UIMATOHOBOI KHCJIOTHI)
Opr. P. 6.9 c. 171

o o — cl o -
O 0O O
EtONa ® ©
——— Na H _—
0 EtOH >/.—O o

Hatpuin metannnyeckumn 1.2r CuHTe3 NnpoBOAAT
dTaHon abc. 15 mn B BbITAXKHOM WIKady
ManoHoBbI 3¢up 161

beHn3sunxnopupg 6.3r

Sdup 40 mn

B Tpexropnyto KpymioaoHHYI0 Konly eMkocThio 100 M, CHa0KEHHYIO MEIIANKOMH,
KarenbHOM BOPOHKOM 1 0OpaTHBIM XONOIMIIBHUKOM C XJIOPKAIBIUEBON TPyOKOH, 1mo-
MenfaroT 15 Mt abc. ATHIIOBOTO CIIMPTa U PacTBOPSIOT B HeM 1.2 I MeTayuidecKkoro
Hatpus. [Ipy UHTEHCUBHOM MEPEMEIINBAHUH M3 KalleJbHOH BOPOHKH MPHOABISIIOT
16 r manonosoro s¢upa’, cMech nepemernuBaoT 10 MUH NpU KOMHATHOM TemIle-
paTtype ¥ MpUKanbBaoT 6.3 T OEH3WIXIOpHIA. 3aTeM PEaKIMOHHYIO CMECh KHIIS-
TAT ¢ OOpaTHBIM XOJOAWIHHUKOM JI0 HEHTpanbHOW peakuuu cpenpl. [Tocne aToro
OOJBILYIO YacTh STUIIOBOTO CITHPTA OTTOHSIOT B BAKYyME, & 3aT€M K MACISHHCTOMY
OCTaTKy NPHOABISIFOT BOAY M CMECh DKCTParupyrot sdupom (2x20 mir). DpupHbIi
pacTBOp CyIIAT W MOABEPrarT (pakiuoHHOM meperodke. Beixox 10.7 r (85% ot
TeopeTHueckoro), T. kurm. 163-170 °C / 12 mm pr. cr.; n&’ 1.4860.

AMP 'H & (m.g., CDCl3): 1.19 (6H, T, J = 7 Tu); 3.22 (2H, g, J = 7.7 Tw);
3.64 (1H, 1, J = 7.7 Tu); 4.14 (4H, ke, J = 7 Tu); 7.19-7.26 (5H, m).
AMP '3C & (m.a., CDCl,): 14.0; 34.7; 53.9; 61.4; 126.7; 128.5; 128.8; 137.9; 168.8.

Onepanuio MOBTOPSAIOT JIBAXJIbL.
Kpynusle OecrBeTHBIC TUIACTHHKY.
Jlns yMeHBbIICHUS OIH MPOAYKTOB JHATKHIMPOBAHUS OepyT M30BITOK MaJOHOBOTO 3(HpA.

2
3
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B5.3.2. JIu3THIa-2-0eH3MIuIeHMAJIOHAT
(mu3THIOBBIH Y(HP GEH3HITHIEHMATOHOBON KHCJIOTHI)

Opr. 1. 2. c. 160
o]
CHO H g
©/ CHg,COOH/CeHG o)
o —

MarnoHoBbIn 3¢up 161
beH3anbgerng, 1061
YKCycHasa Kucnota nepsaHas 1r
beH3on 50 mn
MNunepnguH 05r

B xpyrmomonHnoit konbe emkoctbio 250 mul, cHaOkeHHO# Hacaakoit dwHa—
Crapka ¢ oOpaTHBEIM XOJOIWIBHUKOM, HArpeBalT cMech 16 T MaloOHOBOTO
a¢upa, 10.6 r 6enzampaernna, 0.5 r munepununaa, 1 r nensHOU YKCyCHOH
kucnotel u 50 Mn OeHzona. Peakius 3akaHduBaeTcs, KoTjaa IMpeKpamaeTcs
ornenenre Boasl (2—-6 u). CMech OXIa)caarT, GEH30JBHEINA CIOH IPOMBIBA-
10T HeOonpmmM KommuectBoM 10%-ro pacrBopa xmopuma Hatpus (4x20 i),
cymat Na,SO, u otroustor 6eH301. OCTaTOK MEPETOHSIOT B BaKyyMe Brixog
17.4 r (70% ot Teopetnyeckoro), T. kum. 186 °C / 18 mm pr. ct.; n¥ 1.5347.
s aHANMMTUYECKH YUCTOTo BemiecTBa T. I 32 °C.

AMP 'H & (m.a., CDCl3): 1.28 (3H, T, J = 8 Tw); 1.33 (3H, T, J = 8 Tu); 4.30 (4H, m);
7.36-7.44 (5H, m); 7.74 (1H, ¢).

AMP '3C & (m.a., CDCl,): 13.80; 14.06; 61.53; 61.54; 126.3; 128.7; 129.3; 130.4; 132.8;
142.0; 164.0; 166.5.

Bb5.3.3.  9JT1ua-3-okcodyraHoar
(ameToykcycHblii 3¢up)

JIAB. c. 107
(/O Na o O
o kcunon )J\/U\o/\
N\ A
STunaueTaTt 70 mn CuHTE3 XKenaTenbHoO
HaTtpun meTtannnyecknn 5r npoBecTN B OAVH AeHb
Kcunon (cyxon) 100 mn

YKCycHasa Kucnota nepgaHasn 15 mn
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a) Ilpueomosnenue nopowka Hampus

B tpexropayro konl0y, cHaOXeHHYI0 OOPAaTHBIM XOJOAMIBHUKOM C XJIOPKAallb-
[UEBOW TPYOKOH M MelIankoi (Ha MEeTeNbKy MEMIAJKH HAJAeTh 3 LEMOYKH W3
KaHIEAPCKUX CKPEMOK, M0 3 CKPENKU B KaxoH memnouke), nomemaT 100 ma
CYXOT0 KCHJIONIa ¥ 5 T METAJUTMYECKOTO HATpHsl. TpeThe TOpio KOoJIOBl 3aKphIBa-
10T mpoOkoi. HarpesatoT kon0y Ha KomGoHarpeBarene 10 TeX IOp, MOKa KCH-
JONl HE 3aKWIINT, a HATPHA HE PacIUIaBUTCS. 3aTeM HarpeBaHHE MPEKpamiaioT,
OBICTPO 3aITyCKAIOT MEIMIAIKY M IPOJOJDKAIOT MHTCHCHUBHOE IEPEMEIINBAHUE
7 OXJIAKICHUE CMECH.

0) Ilonyuenue ayemoykcycrnoeo spupa

OCTBIBIINH KCHJION NEKAaHTHPYIOT, M3MEIBICHHBIH HAaTPUil NMPOMBIBAIOT abcC.
>pupoM, JeKaHTHPYIOT 5QHp U 3aTeM npubasnsoT 70 MI CyXoro sTuianeraral.
Ilo oxoHyanun OypHOW peakIi pPeakKIHOHHYI0 CMECh OCTOPOXHO KHIATAT JI0
MIOJTHOTO PAcTBOPEHUS HATPHSA M OXJIAXKIAIOT 10 KOMHATHOW TeMIeparypbl. 3aTeM
npubasisor 50%-i pacrsop CH;COOH no kucioit peakiuu (~30 mi), k mo-
JY4EHHOMY PacTBOpPY A00ABISIOT paBHBIH 00beM HachimieHHoro pacteopa NaCl
10 paccioenus’. BepxHuii CIOH OTAENAIOT, a HWKHHIT SKCTParupyroT 3Gupom
(2x30 mur). OObenuHEHHBIE BEPXHHUN CIOH M d(QUPHBIC BBITSDKKH MPOMBIBAIOT
1 M pactBopom Na,CO;, 3aTeM BOmo#l m0 HeHTpambHOU peakunuu. PacTBo-
pHUTENs OTTOHSIOT NMPH aTMOC(HEPHOM AABICHHH, a OCTATOK IEPETOHSIOT B Ba-
kyyme. Beixon 18 r (64% ot teoperuueckoro®), T. kumn. 74 °C / 14 mm pr. ct.,
nZ 1.4195.

AMP 'H & (m.a., CDCLy): 1.19 (3H, 1, J = 7.2 Tu); 2.18 (3H, ¢); 3.37 (2H, o);
411 (2H, k, J = 7.2 Tu).

AMP '3C & (m.a., CDCl,): 13.8; 29.8; 49.8; 61.0; 166.9; 200.4.

B5.3.4. ITHI-2-0KCOMUKIONEHTAHKAPOOKCHIAT
(2-xkapOITOKCHIMKIONMEHTAHOH)

JIAB. c. 108
o (0]
o Na 0
N Mo/\ TOJ‘IyOJ'I' o
A A\

Ouatnnagnnar 202 r
Hatpun metannnyeckumn 23r
Tonyon (cyxon) 150 mn

BeicyiieH Haja Ge3BOJHBIM XJIOPHIOM KalbIIUS.
Ecnu paccioenuns Het, To mobasisitor 50 Mit a¢upa U IKCTParupyroT.
B pacuere Ha HaTpuii.

2
3
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B tpexropiyio konby emMxoctbio 500 M, CHaOKEHHYIO MEIIAJIKOM!, KalelbHOi
BOPOHKOI M 0OpaTHBIM XOJIOJMJIEHUKOM C XJIOPKaJBIHEBOH TpyOKOH, momerna-
10T 2.3 T MeTaunyeckoro Hatpus’ u 50 My cyxoro Tojyona. PeaknuoHHYyro
CMeCh KHUILITAT Ha KoJOOHAarpeBaTeie MPU HHTCHCUBHOM IMEPEMEIIUBAHUU 10
TeX TI0p, TI0Ka HATpUil He OyleT pasOouT «B MbUIL»S. 3aTeM, He OXJaxaas Kojoy,
MIpH TIepeMelIrBaHuy npuoasisior 3a 15 mun 20.2 T qusTHiioBOrO 3dupa anu-
MHHOBOM KUCIOTHI. PEakI[MOHHYI0 CMECh KHUILITAT B TEUEHHE 3 4acoB, TEPHOIHU-
4eCcKu J00aBiIsAs Yepes XONOAMIbHUK cyxol Tomyon* (~100 mi), uToGsl comep-
KHMOE KOJIOBI OCTaBajJOCh JIOCTAaTOYHO JKUIKUM M XOPOIIO TEepEMEIINBAIOCh.
3areM peaxIMOHHYI0 CMECh OXJIQXKJAlT B OaHe CO JIbJAOM M MEIJICHHO BBUIU-
BatoT B 100 M 10%-ro pacTBOpa yKCYCHOH KHCIOTHI, oxiaxaeHHoro mo 0 °C.
TonyonbHBIN CIIOH OTAENSIOT, MpoMBIBaOT Bogol (30 mur), 3aTeM OXJIaxICHHBIM
7%-m pactBopoM Na,CO; (2%25 M) u cHOBa BOJIOI /10 HEMTPAIBHOM peakiuu®.
Tomyon OTTOHSIOT Ha POTOPHOM HCIHIApUTENE, @ OCTATOK IEPETOHSIOT B BaKyyMe.
Beixon 12 r (77% ot teoperuueckoro), 1. kun. 102-104 °C / 11 mm prt. cT,;
nZ’ 1.4520.

AMP 'H & (m.a., CDCl3): 1.04 (3H, T, J = 8 Tw); 1.60-1.68 (1H, m); 1.88-1.93 (1H, m);
2.06 (4H, m); 2.91 (1H, 7, J = 8 Tu); 3.95 (2H, kB, J = 8 ).

AMP '3C & (m.a., CDCly): 13.9; 20.7; 27.2; 37.8; 54.5; 61.1; 169.2; 212.2.

B5.3.5. Jtna-(2E)-3-penni-2-nponeHoar
(3THN0BBII 3PUP KOPHUHOH KHCIOTHI)

V. p. 1036
(6]
o] cHO . 0
——4 + —_—
o) @ kcunon
\ A
dTmnayetat (cyxon) 80 mn
Hatpuin metannnyeckumn 48T
beHn3anbperug 17 mn
YKCyCHasa Kucnota negsaHas 15 mn
Kcunon (cyxon) 70 mn
DTaHon abc. 1 mn
dTunaueTaTt ana 3KCTpakumm 25 mn

KoHcTpykuust Memanky onucana B mnpeasiaymem cuntese (55.3.3a).
CMm. pasn. Al.2.

CM. CHHTe3 aleTOyKCYCHOTO ddupa.

Ecnu cmecs rycreer.

Ha 3T0if cTajiuu CHHTE3 MOXXHO OCTaBHTh /IO CJICAYIOLIECTO 3aHATHS.

[ T N R N
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B Tpexropnyto xonby emrocthio 500 M1, cHaOXEHHYIO OOpaTHBIM XOJOAMIIb-
HUKOM C XJIOPKaJIbIUEBOH TPyOKOW M Memiankod (Ha MeTeabKy MENIalKd Ha-
JeTh 3 [EeMOoYKd M0 3 KaHIEISIPCKUE CKPENKH B KaXKJIOW IIEMOYKe), TOMEIIAI0T
4.8 r Hatpust B 70 mu cyxoro kcunona. TpeTbe ropio KonObl 3aKPBIBAIOT
npobkoit. HarpesatoT ko0s10y Ha KoaOOHArpeBarene 10 TeX MOop, MOKa KCUIION He
3aKHIUT, @ HATPUIl HE PaCIUIaBUTCS. 3aTeM HarpeBaHHe MPEKPaIaroT, OBICTPO
3alyCKarT MENIANKY W MPOAOJDKAIOT MHTEHCHBHOE mepeMerinBanue. KonOy
OXJIAXAIOT MPH MEePEMEIINBAHNH, MEUIAJKY OCTAHABIMBAIOT U OCTOPOXHO CIIU-
BAIOT KCHJIOJN, 3aTeM BHOCAT B konOy 80 mu sTunanerara, comepxamiero 1 mi
a6c. sranona. Cmech ObicTpo oxnaxkaaroT a0 0 °C, BKIIOUAIOT TEpeMEITHBAHIE
n 32 30 MHH NPHUKANBIBAIOT 17 MJ CBEXEMEPErHAHHOTO OeH3alblIerusia, moji-
nepxuBas temneparypy cmecu 0-5 °C. PeakIIMOHHYIO CMECh NEpPEeMEIINBAIOT
1 vac mpu 3TOit Temmepatype, 3aTeM MEAJICHHO NpuKanbiBaloT Boxy (~100 mur)
u 15 mn nensHo#t ykcycHON KucnoTel (ocmopoosicno! B peakunOHHONW cMecH
MOXET OCTaThbCsl HempopearupoBaBlIuid HaTpuil!). DOUPHBIHA CIOH OTACNSAIOT,
BOJHBII 9KCTparupyroT stunamneratom (25 miu). OObeqUHEHHBIE OpraHUYeCKUEe
ciou npombiBaroT (50 mu) pas6asiaennoit HCI (1:1) u cymar cynbdarom mar-
HUS. DTUIAIETAT OTTOHSIOT Ha POTOPHOM HCHApUTENe, OCTATOK MEPETOHSIOT.
Beixon 21.7 r (77% ot Teoperudeckoro), T. kum. 126-131 °C / 6 mm pT. CT,;
nZ’ 1.5590.

AMP 'H & (m.4., CDCL,): 1.42 (3H, T, J = 7 Tw); 435 2H, k, J = 7 Tu);
6.53 (1H, g, J = 16 Tw); 7.44 (3H, m); 7.59 (2H, m); 7.79 (1H, A, J = 16 Tw).

AMP '3C & (m.a., CDCl,): 14.2; 60.3; 118.1; 127.9; 128.7; 130.1; 134.3; 144.5; 166.9.

B5.3.6. JduwdTHa-2-peHnamanoHar
(mmaTHIOBBII A3hHUP PEeHNIMATOHOBOI KHCIOTHI)

TnA. c. 218
o o o o o @ o o
\/ofko/\ . NaH, A ~_ o T/\o o0~
CeH1z
LinknorekcaH a6c. 75 mn CuHTe3 npoBOAAT
NaH, 80%-a cycneH3na 20r B BbITAXKHOM WKady
B Ba3e/IMHOBOM Mache
IOvatnnokcanat 98 r
STnoBbIN 3¢Mp GeHUNyKCycHom Kucnotel 111
S¢up abe. 200 mn
ddup ana skcTpakummn 105 mn

YKcycCHaA KucnoTa negaHas 17 mn
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a) Tonyuenue smunosoeco spupa henunuyagenesoykcychoi Kuciomol

B Tpexropnyro konby emkocthio 500 My, cHaOXeHHYI0 MeXaHHYECKOM
MeIIaJKoi, 0OpaTHBIM XOJOJUIBHHUKOM C XJIOPKaJbLHEBOW TpyOKoil W Ka-
MeJIbHOW BOPOHKOM, MOMEIIAIT cycreH3uto 2 T ruapuna Hartpus (80%-s cy-
CIICH3Usl B Ba3eIMHOBOM Macie), nobaBnsatoT 70 Mi 6€3BOIHOIO IHKIOTeKcaHa
u B TedyeHue 30 MHH NMpHUKaNbBIBalOT MPH MEPEMEIINBAHNHA U HAarpeBaHUH [0
60 °C cmecr 9.8 r gquaTHIIOBOTO 3¢HUpa MaBeneBoi KucaoTel, 11 T 3TUmoBOTO
sdupa PEeHUITYKCYCHOH KHMCIOTHI B 5 Myl mukinorekcanal. Uepes3 HECKOIBKO
MHHYT HAuMHAETCA PEakKius ¢ OyPHBIM BbIJAEJIECHHEM Ta3a U BCKMIAHHEM?.
B KoHIle mpuKanbIBaHUs BBIMAJAaeT 00bEMHUCTHIA OECIIBETHBIN OCaloK Harpue-
BOHM COJIM 3THIIOBOTO 3(upa (EeHUIIABEIeBOYKCYCHON KHCIIOTHI, MOCIE Yero
CMeCh HarpeBaloT erie nmpuMmepHo 1 yac (10 OKOHYAHHUsS BBIACICHUS BOJIO-
pola) U OCTABIAIOT HA HOYb NPU KOMHATHOW Temmeparype. 3aTeM K cMecu
nobasmstror 100 M Ge3BogHOTO 3dHpa, THIATEIHHO MEPEMENIUBAIOT, 0CATOK
OT(UIBTPOBHIBAIOT M NMPOMBIBAIOT Ha (uisTpe 70 mi 6e3BogHOTrO 3dupa. Bei-
CYLIIEHHYI0O Ha BO3JyXe COJb BHOCST IpH NepeMelmnBaHuu B cmech 130 mu
HaceimeHHoro pacrBopa NaCl u 17 mn neasitHo# ykcycHO# KucioTel. 3a-
TeM 3KcTparupyior s¢upom (3x35 mur), oObequHEeHHBIE 3()UPHBIC BBITSHKKU
npoMbiBatoT Bomoi (2x35 mu) u BeicymuBaroT Hax Na,SO,. ITocie oTroHku
pactBoputessi B Bakyyme octaercs 15 r (85% oT TeopeTHueckoro) chiporo
3TUIIOBOTO 3¢upa (heHHIIIaBeIeBOYKCYCHOH KHCIIOTHI, KOTOPBIA jJaiee ¥c-
MOJIB3YIOT 0€3 OYUCTKH.

6) Hexapbonunuposanue 3muno6oeo 3Qhupa
enunyasenesoyKCyCcHOU KUCIomol

Harpesaror mo 185 °C 10 r celporo mpoaykTa, IMOJYYEHHOTO Ha MpEIbI-
Oymiedl craawu, ¢ OOpHOW KHUCIOTON (Ha KOHYHMKE MITIATENsI) B yCTAHOBKE
11 meperoHku. IIpEMepHO dYepe3 2 4aca 3aKaHYMBAETCS BhLAEICHHE Taza’.
Peaknmonnyro cMmech QpakIMOHHPYIOT B BaKyyMe MaclsHOTO Hacoca. BrI-
xo1 6.9 r (77% oT TeopeTHYecKoro) MUITHIOBOTO 3dupa (HeHUIMaTOHOBON
KHCJIOTHI B BUie OecuserHoro macina, T. kum. 98-105 °C / 1 mm pr. ct.;

ng® 1.4938.
AMP 'H & (m.n., CDCl3): 1.25 (6H, T, J = 7 Tu); 4.20 (4H, k8, J = 7 Tu); 461 (1H, ¢); 7.36 (5H, u.m.).
AMP 13C 6 (m.g., CDCl,): 14.0; 58.0; 61.7; 128.1; 128.6; 129.3; 132.9; 168.1.

JuatunoBeiii a¢up masenaeBoid kucnotsl (T. kum. 116-117 °C/50 MM pT. CT.) U STHIOBBIH
a¢dup denmnykcycHoir kucnorsl (1. kun. 103-104 °C/15 MM pT. CT.) NpeaBapHTEIBHO
MIEPETOHSIOT.

Ecnn peaknus uper cimmkoMm OypHO, CMech CIeQyeT OXJaJuThb Ha OaHE CO JIBIOM.
Ocmopooicno! Oxcun yrinepona. Tsra!
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B5.3.7. 1-®enuna-1,3-6yranauon

(ben3zonaameToH)
M. c. 182

AuetodeHoH 10 mn
STunaueTtaTt 20 mn
Hatpuin metannnyeckumn 2r
ddup abe. 90 mn
ddup ana aKCTpakuum 20 mn
YKCycHas Kucnota nepaHan 6 mMn

B xonby emkocthio 250 mi1, cHaOXEHHYIO OOpATHBIM XOJOIWILHUKOM, 3aIlld-
HICHHBIM XJIOPKANbIUEBOW TPYyOKOH, MOMemaloT 2 T U3MEIbUYCHHOTO B KCH-
none Harpus (kcuinoi Obul cuT Aekantanuer)! n 60 mu abe. sdupa. 3aTem
npubapisiror 10 mu arnerodenona. KonOy u3-mon amneToeHOHA OIMOJACKHU-
BaOT 2 pasa nmo 15 mu abc. »¢upa W BBHUIMBAIOT B pPEaKIUOHHYIO KOJIOY.
ITpucoeAMHSIIOT XOTOMUIBHUK W 4epe3 Hero BauBaroT 20 M dTHIaneTaTa
B 2 mpueMa, J0XKUAAACh OKOHYAHUS OypHOW peakuuu. 3aTeM PEeaKkIHOHHYIO
cmech HarpeBatoT 30-40 MuH Ha KonOoHarpeBartese, IEPUOIUIECKH BCTPSIXH-
Basi KOJOy, U OCTAaBISIOT HAa HOYb. OcaZoKk B KOJOE OCTOPOKHO Pa3MELIMBAIOT
CTEKJITHHOM Malo4Koi, peaklHOHHYI0 CMECh OXJAXKAAIT M 4epe3 OOpaTHBIH
xonoauibHuk npunuBaroT 100 mu Boasl (crauana ocmopookcno!l). Tlocne pac-
TBOPEHHS OCaJKa COJCPKUMOE KOJOBI MEPENUBAIOT B JCIUTEIBHYI BOPOHKY
U O0TOpPAachIBAIOT BEpXHUH d(QUpPHBIA ci10d. BogHbIil cioil OBICTPO 3KCTparu-
pyroT 3¢pupom (2x10 ma) um >dupHBIE BHITSKKM oTOpackiBaroT?. OcTaBuimiics
BOJIHBII CIIOM OBICTPO OTQUILTPOBBLIBAIOT Yepe3 cKaamndaTsiii punbTp®. 3atem
pacTBOp OXJIAXKIAIOT B OaHE CO JIbJOM M TMOJKUCISIOT PACCUYHUTAHHBIM KOJH-
yectBoM JieasHoln CH;COOH (~6 mur). BeimaBiiye CBETIO-KENThIE KPUCTAIIBI
oT(hUIBTPOBBIBAIOT Ha BopoHKe Bbroxuepa. Beixox 6.1 r (45% ot Teoperuue-
ckoro), T. mi. 58-59 °C*. BeH30MIaleTOH MOXHO IEPErOHATH B BaKyyMe,
T. kun. 155 °C / 30 MM pr. cT. JlomonHUTeIbHAS OYUCTKA HEOOJBIINX KOJHU-
4yecTB OCH30MIALIETOHA JAOCTHIACTCs BO3TOHKOW B BaKyyMe.

AMP 'H & (m.a., CDCl3): 2.22 (3H, ¢); 6.20 (1H, ¢); 7.44-7.48 (3H, m); 7.89-7.91 (2H, m);
16.21 (1H, ywwup.c).
AMP 3C 6 (m.4., CDCl,): 28.7; 96.6; 126.9; 128.5; 132.2; 134.8; 183.3; 193.7.

OO0 m3MenpueHnu Hatpus cM. paszn. b5.3.3.

OKcTpakiued 3pUpoM y#asIoT He BCTYNHBIIMH B PEAKIHIO aneTO(EHOH.

[IlenouHoit pacTBOp HE ciemyeT XpaHUTh Oonee 15-20 MUH, MOTOMY HEOOXOIMMO 3apaHee
MIPUTOTOBHUTH BCIO HEOOXOJUMYIO IOCYIY.

Kpucrammmsytor 3 10-12 M crmpra.
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Bb5.3.8. 1,3-/ludenna-1,3-nponanauox

(mmGenzonMeTaH)
Memoo A MMXPuM. c6. 9. c. 34
o} o o O
N Na  H7H,0
+ acup
StmnbeHsoat 30r CuHTe3 npoBoOAAT
AueTtodeHoH 10r B BbITAXKHOM WKady
Hatpun metannnyeckum 2r
d¢dup abe. 65 Mn
YKCycHasa Kucnota nepgsaHas 10 mn

B xonby emxoctero 250 Mi1, cHaOKEHHYIO 0OpaTHBIM XOJIOIMJIBHUKOM C XJIOPKAIb-
UEBOI TPYOKOM, IOMEIIAIOT 2 T HATPUsl, M3MEBIEHHOTO B Kewtone! (Keuson Obut
ciut nekanranmeit), u 50 mur abe. aupa. 3arem npubasisior 10 M arerodeHoHa.
KonOy u3-mox amerodeHoHa omomackuBaioT 15 mi abc. 3¢upa M ero BBUIMBAIOT
B PEAKLMOHHYIO KOOy, [IpHCOCHMHSIIOT XOJIOAUIBHHK U Yepe3 Hero BauBaroT 30 M
9TUNOEH30aTa B JBa MPHEMa, JOXKUAASICH KOHIA OYpHOH peakuud. 3aTteM peakiu-
OHHYIO CMECh HArpeBaroT 2 yaca Ha KoJOoHarpeparese A0 MOJHOTO PAaCTBOPCHUS
Hatpus. KonOy mepuomiyecki BCTPSXUBAIOT. 3aTeM BBINABIINE HATPUEBBIC TPOM3-
BOJIHBIC TIPH OXJIKACHUH PA3JararoT MpsMo B PEAKIIMOHHON Konbe moOaBlieHHEM
paccuntanHoro (Ha B3sATBIA Harpuif) xonmmuectBa 50%-ro pactBopa CHZCOOH?.
Kucnory mn00aBisioT HEOOMbIIMMH MOPUHUSIMH 4Yepe3 OOPaTHBIA XOJNOIUIbHHUK.
IMocne pacTBOpeHHs] OCaiKa OPraHUYECKUIl CIION OTHEISIOT, TPOMBIBAIOT BOIOH,
1 M pactBopom Na,CO;, cHOBa Bomoi, cymar mpokaieHHbiM MgSO,. Ddup ot-
TOHSIFOT Ha POTOPHOM HCIapUTeNie, OCTATOK MEePEroHsoT B Bakyyme. Beixon 11.4 ¢
(61% ot Teopermueckoro), T. kum. 219-221 °C / 18 mm pr. cr., T. mn. 77-79 °C.

Memoo b TWA. c. 217
(6] 1) (0] (0]
o NaH H7H,0 @ @
+ —_—
CeH12
S1nnbeHsoat 30r
AueTtodeHoH 12r
fvppung Hatpua, 80%-a cycneHsua 45
LnknorekcaH (6e3BofH.) 150 mn
YKcycHaa KucnoTa negaHas 10 mn
Sdup 200 mn
H-MNeHTaH 80 mn

OO0 u3MmenpyeHnu Hatpus cM. paszn. b5.3.3.

2 Ocmopoaicno! MoxeT ocTaThesl HEMPOPEarupoOBaBIIKi HaTpHiil
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B tpexropnyio konby emkxocthio 500 Mi, cHaOXeHHYIO MexXaHHYeCKOH Me-
HIAJIKOM, 0OPAaTHBIM XONOAMIBHUKOM C XJIOPKANbIIMEBOH TPYOKOW U Kameib-
HO# BopoHkoH, momemarT 4.5 r ruapuna Harpus (80%-s cycmeHsusi B Ba-
senuHoBoM Macne) u 130 mn 6e3BomHOro HukiorekcaHa. J[oBOIsST cMech
J0 KWIICHHS W MPHUKANbIBAIOT MPHU HepeMemnBanuu pactBop 12.0 r amero-
¢enona n 30.0 r »Tunbdenzoara B 20 MJI IHUKIOTEKCaHa C TaKOW CKOPOCTHIO,
4TOOBl MPU WHTCHCHBHOM BBIJICJICHHH BOAOPOJA CYCIEH3Hs cinabo Kumena
(mnmuTenpHOCTH MpuKambiBanus ~1 yac). 3arem cMech KUOATAT ¢ oOpar-
HBIM XOJIOMMJIBHUKOM [0 TpekpaiieHus BbaeneHus rasa (~10 mun). Ilo-
CJie 3TOTO PEAKIUOHHYI0 CMECh OXJaXJAIT A0 KOMHATHON TeMIepaTyphl,
MEeJIEHHO TpUOaBIsAOT K Heil cmech 10 Mu seasHOM ykCcycHOM KucmoThit
u 50 mn Bomel, 3aTeM mpuiauBalT 50 M JensHO# BOABI U OTHACISIOT Opra-
Hu4eckyto (asy. Boauywo ¢asy skctparupyroT 3dupom (2x100 mi), opranu-
geckyto a3y nmpomsiBator 100 min H,O, cymar Na,SO,. PactBopurens ot-
TOHSIOT Ha POTOpHOM mcmaputene. OCTaTok mpeacTaBiseT coboi opaHKeBoe
MAaciio, KOTOpOe KPHUCTAIIU3yeTCsl pH pacTupanuu ¢ x-neHranom (50 mu).
Honywaror 13.8 r npoaykra, 1. min. 72-75 °C.

MoXHO MOJy4uTh emme 6.7 T MpPOoAyKTa ¢ TaKOH e TeMIeparypou IaBie-
HUS, OTOTHAB M3 MaTOYHHKA PacTBOPUTENbh W M30BITOK ATHUiIOeH30aTa U 00pado-
taB ocrarok 30 mu w-nientaHa. [locie MepeKpUCTAILIM3AIUE CHIPOTO MPOMYKTa
u3 30 M MeOH? nonyuaror 15.5 r (69% or TeopeTuueckoro) auOEH30UIME-
TaHa B BUJE OCCIIBETHBIX KPHUCTALIOB, T. . 76—77 °C.

AMP 'H & (m.a., CDCl3): 6.86 (1H, ¢); 7.49 (4H, 7, J = 7.5 Tu); 7.56 (2H, 7, J = 7.5 Tu);
7.99 (4H, g, J = 7.5 Tu); 16.93 (1H, ¢).
AMP 3C & (m.g., CDCl,): 93.1; 127.1; 128.6; 132.4; 135.4; 185.7.

Bb5.3.9. JT1uia-2-0en3ui-3-oxcodyTaHoar
(ben3mIameTOYKCYCHBINM 3(hup)

NAB. c. 109
cl o O
/(l)]\/[cj)\ EtONa @ 07>
0™ TEtoH
ALeToyKCyCHbIN 3dup 195 CviHTe3 npoBoAAT
BeH3unxnopwng 20r B BbITAXKHOM WIKady
Hatpuin metannnyeckumn 35r
3TUNoBbIN CcNpT abc. 75 mn
beH3on 50 mn
HCl KoHu. 1.5 mn

1
2

Ocmopooicno! MoxeT ocTaThCsl HENpOpearnpoBaBIINi HATpHii!
Metanoa sinoBut! IlepexpucTamIU3annio MPOBOAIT B BBITSDKHOM INKady B NPHCYTCTBUH
IpenoiaBaTes.
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B tpexropmnoit xonbe emkocthio 250 My, cHaOXeHHOH OOpaTHBIM XOJIO-
JWIHBHUKOM C XJIOPKaJIbLHUEBOW TPyOKO#, KameabHOH BOPOHKOW M MeXaHH-
YeCKOM MemIajKkol, K 75 mi abc. ciupTa npuOaBisAIOT HEOONBIIMMU KYCOUYKaMH
3.5 T MeTa;TM4ecKoro HaTpHd, ciels 3a TeM, YTOOBl IepeMennBaeMas CMech
criokoitHo kumnena. [lociie pacTBOpeHHsS BCeTo HATPHs K IMOJTYyYEHHOMY elle
TEIUIOMY pacTBOPY 3THJIaTa HATpHs, MPOAOIDKAs NEepeMelInBaHue, J00aBISIOT
MOCTENEHHO W3 KaleJbHOW BOpoHKH 19.5 T cBexemeperHaHHOTO aleToyK-
cycHoro s¢upa. K npuroroieHHOMY TakuM 00pa3oM HaTpaneTOyYKCYCHOMY
3¢upy NpH HEPrUYHOM IIEPEeMENIMBAHUN T00aBIAIOT U3 KaleJlbHOH BOPOH-
ku 20 r Gensmwnxyopuaal ¥ KHOATAT CMECh ¢ OOPATHBIM XOJIOAMIBLHUKOM
Ha KosiOoHarpeBaresie B TedyeHne 6 dacoB. KoHen peakumm ompenensercs
M0 OTCYTCTBHIO IIEJIOYHOHW peakiuu. 3aTeM OoOpaTHBIN XOJIOJWIHHUK 3ame-
HSIOT Ha HUCXOJSIINI M OTTOHSIOT CIIUPT U3 peakuoHHOW cMmecu. OcTaTok
oxyaxxaaroT g0 15 °C m no0aBisAIOT K HEMY NpH MEpEeMENIUBAHUU CMECh
100 ma Bogst 1 1.5 ma konu. HCL. [lepeHocsT conepxuMoe KoObI B JeNH-
TEJIbHYI0 BOPOHKY, OPTaHUYECKUH CIOW OTHENAIOT, a BOJHBIN 3KCTParupyroT
50 M 6ensosia. OpraHndecKuil ciIoi M OEH30JbHYIO BBITSIKKY OOBEIMHSIOT;
npomMbiBatoT 50 MJI BOABl W BRICYmIMBAIOT Hax npoxaiteHHsIM Na,SO,. Pac-
TBOPHUTENIH YAQISIOT Ha POTOPHOM HCIIapUTENe M OCTAaTOK IEeperoHsIoT. BeI-
xon 17 r (52% ot teoperuueckoro); T. kum. 158-160 °C / 15 mMm pr. cT.;
nZ 1.5020.

AMP 'H & (m.a., CDCl3): 1.21 (3H, T, J = 7 Tw); 2.20 (3H, ¢); 3.18 (2H, #, J = 7.5 Tu);
3.80 (1H, 7, J = 7.5 Tu); 416 (2H, K, J = 7 Tu); 7.16-7.35 (5H, m).

AMP '3C & (m.a., CDCly): 13.9; 29.4; 33.8; 61.1; 126.5; 128.4; 128.6; 138.0; 168.9; 202.2.

B5.3.10. ITtua-(2E)-3-pennn-2-nponenoar
(3TUII0BBII YPUP KOPUIHOH KHCTOTHI)

0
CHO
® 9 \/U\o/\
+ PhsP—CHCOOEt — » + PhyP=0

a)  Hueudpam mpugpenunkapbsmoxcumemuipocgonutixiopuda

Memoo A
J. Org. Chem. 1962. V. 27. P. 647

/—COOEt | ppp _,{ ® COOE‘} cf 2 H,0

cl Ph,

1
2

Jlakpumatop.
Ipu conepxanuu eHonpHO# Qopmer 4.5%: 12.99 (1H, c).
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dTnnxnopauerart 116r CuHTe3 npoBoaAT
TpudpernundochuH 219r B BbITAXKHOM WKady
beHson (cyxon) 20 mn

ddunp (cyxon) 20 mn

B nByxropayio kondy emkocthio 100 mi, cHa®XeHHY0O MarHUTHOH Merraj-
KOW, KameixbHOW BOPOHKOW, OOpPAaTHBIM XOJOTUILHHKOM C XJIOPKalbIHEBOUN
TpyOKoii, momemiator 21.9 r Tpudenmndocduna m 20 ma cyxoro GeHzoma.
K xopomo nepememmBaemMoii cmecu ObICTpo mpukanbBaloT 11.6 T aTmixiop-
aieraral, mepeMenIMBaHKUE MPOAOIDKAIOT emle 1 yac mpu KOMHATHOW TemIepa-
Type ¥ OCTaBIAIOT PEaKIMOHHYIO CMech Ha OfHy Hexemto. OOpaszoBaBmimecs
KpUCTAIBl OTGUIBTPOBBIBAIOT, MPOoMbIBalOT 3¢upom (30 mi) u cymart Ha
BO3JyXe 10 mocTossHHON Mmacchl. Beixox 31.3 r (89% ot Teopernyeckoro),
T. . 87-88 °C.

IpoaykT MoxHO nepekpucramauzosath u3 cmecu CH,Cl, — CCl, (1:1)
WM W3 aleTOHHTpmia. YacTh KPUCTAJNTM3AIMOHHOW BOJBI MOXHO yja-
JUTH BBIIEP)KUBAHUEM IIOJIYYEHHOTO ITIperapaTra IpH OCTAaTOYHOM JaBICHUHU
2 MM pt. ct. Hag P,O5 B TedeHme HeIedH; MOCIE TAaKOTO BHICYIIMBAHUA
npoaykTa T. mi. 144 °C2 T1odHOCTBIO 00€3BOKECHHBIA MPOAYKT MONYdaroT
a3€0TPOMHOM OTTOHKOI BOJBI ¢ GEH30JIOM® C MOCIIEAYIOIMM BbIIEPKUBAHUEM
MIPH OCTaTOYHOM JaBieHWH 1 MM pT. cT. Hag P,O5 B TeueHue NBYX HeIelb

(r. . 217-218 °C).

Memoo b

Stunxnopauertar 44r CviHTe3 npoBoAAT
TpudenundocduH 79r B BbITAXKHOM WWIKady
AueToHUTpUN abc. 25 mn

STunauerar abc. 25 mn

B kpyriononHoii konbe emkoctsio 100 My, cHaOKEHHONW MAarHUTHON MEMIaIKON
1 00paTHBIM XOJIOMWIBHUKOM C XJIOPKaJIbLINEBOW TPYOKOW, KUIATAT B TEUCHUE
6 wacoB pactBop 7.9 r TpudeHundochuna u 4.4 r sTHIXIOpaneTaTa B 25 M
a6¢. aneronuTpuaa®. PeakMOHHYIO CMECh OXJIAKIAIOT, T0OABISIOT MO KarlisaM
STHJIALIETAT JI0 C1ad0ro MOMYTHEHHS M OCTaBJIAIOT Ha 12 yacoB mpu KOMHATHOM
TeMIIepaType 10 OKOHYaHMs Kpucramm3anud. OOpa3oBaBIIyOCS COIb OT(HIb-
TPOBBIBAIOT, MPOMBIBAIOT a0c. dTHiIaneTaToM Miau adc. a¢upom. Beixox 9.1 r
(72% ot teopetuueckoro)®, 1. wi. 144 °C®.

Jlakpumarop.

Momnoruzapar ¢oconueBoit conu.

Hacagkxa duna—Crapka.

Monutopusr ¢ nomompso TCX.

[Tocne mepekpucTamIM3auu U3 adc. aleTOHUTPUIIA.
Momnoruzapar ¢oconueBoit conu.

o A W N P
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6)  Tpugenurxapbsmokcumemuiengocgopan
(omun(mpupenungpocpopanunuden)ayemam)
J. Org. Chem. 1962. V. 27. P. 647

® O
{ ® /—COOEtJ c®2m,0 NaOHHO o b CHCOOE

PhyP

TpuderHnnkapbatokcumetTundochoHms 139r CuHTe3 npoBoAAT
xnopvg gurngpart B BbITAXKHOM WKady

NaOH, 0.5 M BogHbIN pacTBOp 33 mn

B xonby Dprnenmeiiepa emkxocthio 100 mit, cHaOKEHHYI0O MATHATHOW MEIIIAJIKOMH,
nomermatotT 120 M1 Boasl 1 npubapisror 13.9 T nuruapara xjopuaa TpHQEHMII-
kapOsTokcumeTtmidochonns. K momyaeHHOMY pacTBOpY IpUOaBISIOT 1-2 Karm
CIIUPTOBOTO pacTBopa (eHondTanernHa U TUTPYIOT IPH HWHTCHCHUBHOM IIepe-
MemuBaaud 0.5 M pacTBOpOM THIpPOKCHIA HATPHUS JO IMOSBICHHS MaJlWHOBON
okpacku. O0pa3oBaBImIMECsS KPHUCTAIB OTQMIBTPOBEIBAIOT, TPOMEIBAIOT BO-
0N 10 HEUTpalbHOM peakluu MPOMBIBHBIX BOJA W CylIaT Ha Bo3nyxe. Buixoa
11.5 r (~100% ot TeopeTmueckoro), T. mi. 122.5-124.5 °CL,

8)  Omunosulil 3pup KOPUYHOU KUCIOMDbL
Tetrahedron Letters. 1996. V. 37. P. 1281

(0]
cHo o~
+ Ph3P—CHCOOEI _— + Ph3P=O

TpndeHUnkap63TOKCUMETUNIEH- 125r CuHTes npoBoaAT
bocdopaH B BbITSXKHOM wWKady

ben3zanbaerng 3.2r

lekcaH unu neTponenHbln adup 80 mn

B nByxropiyio kosnly emkocThio 250 Mil, CHaO)KEHHYI0 MarHUTHOW MEIIaJIKOH,
00paTHBIM XOJOJUIBLHUKOM W TPyOKOW I BBOJA aproHa, momemart 80 mi
rekcana wiM Huskoro (T. xum. 38-69 °C) merponeiinoro >¢upa, 3.2 © GeHs-
anpneruga u 12.5 r tpudenunkaposTokcumeTmieHpochopana. Cmech mepe-
MemuBaT 12 4acoB Hpu KOMHATHOW TemIeparype, 3areM (QHIBTPYIOT 4epes
cioit cunukarens TonuHon 4 cM. Ocamok Ha cuiukareie mpombiaioT 100 mut
CMECH dTHIAIETaTa ¢ FeKCAaHOM WIIM HHM3KUM meTposeiueiM ddupom (1 : 20).
OunbTparel 00bEAMHAIOT M YIMApUBAIOT Ha POTOpPHOM pacTtBoputene. Ocra-
TOK IeperoHstoT B BakyyMme. Beixon 5.2 r (90% or TeopeTH4ecKoro), T. KHIL.
126-131 °C / 6 mm pr. cr.; n¥ 1.5590.

! Tlo mpyruM maHHBIM MOCJIE TMEPEKPUCTAIUIM3ANMM M3 3TaHoNma T. Wi 116-117 °C.
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AMP 'H & (m.a., CDCls): 1.42 (3H, 1, J = 7 Tw); 4.35 (2H, k, J = 7 Tu); 6.53 (1H, A, J = 16 Tu);
7.44 (3H, m); 7.59 (2H, m); 7.79 (1H, g, J = 16 Tw)".

AMP '3C & (m.a., CDCly): 14.2; 60.3; 118.1; 127.9; 128.7; 130.1; 134.3; 144.5; 166.9.

b6. CUHTE3bI C UCMOJIb30BAHUEM MATHUHOPTAHUYECKUX
COEAMHEHWI (PEAKTUBOB IPUHbAPA)

B6.1. IMony4yenne peaktuBoB I puHbsipa
Opr. 1. 2. c. 215

RX + Mg — RMgX

Marxuunn 48 r
S¢up abe. 100 mn
AnkunnranoreHmng 0.2 monb

B tpexropayto konby emxocthio 250-500 mi, cHaOXeHHYI0 MEXaHHYECKOH
MEIIanKoW, 0OpaTHBIM XOJIOJMIBHUKOM M KalelbHOW BOPOHKOU C XJIOpKaJIbIIHe-
BBIMH TPyOKaMH, moMemaioT 4.8 T cTpyXeK MarHus ¥ HeOOIbIIOoe KOJIHMYECTBO
abc. adupa (10-15 mur). 3arem mpuGaBnsAoT 1-2 M aNKWiI- WIA APUITANO-
reanga. Yepes 5-10 MuH (a1 aKTHBHBIX TaJIOT€HUIOB — B TEYCHHE MHHYTEI)
MPOUCXONNT IIOMYTHEHHE PAacTBOpa W paszorpeBanue >¢upa. Ecnu peakums He
HAa4YMHAETCS, TO B PEAKIHOHHYIO CMECh MOOABISIOT HECKONBKO KPHUCTAJIUKOB
vona, nmubo 1-2 xarm cyxoro Opoma, nmu6o 0.5 mMn gmbpomdTaHa U clerka
IooTpeBarT Konly Teruioi Bomoit. [locme Toro xak peakumwsi Hadajach, JO-
0aBIAIOT MO KAIISIM MPH IEPEMEIINBAHUN OCTAIBHOE KOIUYECTBO AJNKWI- WU
apuranorenuaa (cymmapao 0.2 mounb), pacTBopenHoro mpuMepao B 80-90 mu
abc. adupa. [obaBneHue peareHTa BEIyT C TaKOW CKOPOCTHIO, UTOOBI CMECh
YMEpeHHO Kurmena. Eciam peakius HauMHACT MPOTEKATh CIUIIKOM JHEPTHYHO,
KOIIOYy OXJIAKIAIOT XOJIONHOHM Bomoil. K koHIy mpubaBieHuUs TAIOTeHHUIA peak-
OUOHHYI0O CMECh aKKypaTHO TOAOTPEBAIOT HA IUIUTKE, IMOANCPIKUBAS KUTICHUE
s¢upa OO IpaKTHIECKH IOIHOro pactBopenus maraus (~30 mun). PacTBop Mmar-
HUHOPTraHNYECKOTO COCAMHEHUS MO)KHO OCTaBUTH HAa HOYB, IIPH 3TOM XOJIOTUIIb-
HUK JOJDKEH ObITh CHaO)KeH XOpoImIel XJIOopKaimbIueBoil TpyOkoit. Ilpn peakmmmn
¢ KapOOHWJIBPHBIM COSAMHECHHEM Iocieanee Oepercs ¢ HemoctaTkoM B 15-20%
K MarHHHOPTraHUYeCKOMY COCIMHEHHIO. AJIKOTONATHI MarHws pas3iaraioT pas-
6asnennoit HCl win maceimennsim pactBopom NH,Cl. B mpuBeneHHbIX HIDKE
pUMepax MPHUBOMATCS ONTHMAIbHBIC KOIMYECTBA PEArcHTOB, IS TOTYUYCHUS
10-15 r KOHEYHBIX TPOIYKTOB.

Ilpu evinoanenuu cunmezos RMgX u ¢ yuacmuem RMgX credsm 3a mem,
umoobwl 6ONMU3U NPUbOPa He OBLLIO OMKPLIMO2O naameru 2opeaku!!!

! OGparure BHMMaHWE HAa MPUCYTCTBHE YUC-U3OMEPA.
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b6.2. 1-®denndTAHOI
(meTnndennaKapouHOI) M. ¢ 331
OH
CHO ®
<—I ﬂ.—Mg|>+ ©/ __, HMHO,
3¢)y|p sq)mp
beHn3anbaerug 15r
Metunnogunp, 284 r
Maruunn 48 r
3¢up abe. 125 mn
ddup ana aKCTpakuum 40 mn
HCl KoHU. 20 mn

B pactBop peaktnBa I'puHbsApa, mpurotosieHHoro u3 28.4 r meTmianonuia
n 4.8 r marang B 100 M aGc. adupa, nmpubOaBIAIOT MO KaluIAM TIPH TepeMe-
IIMBAHUU M OXJaXAeHUU pactBop 15 r Oensanpaerumal B 25 mu abe. sdupa.
[lo oxoHUaHWM M00aBIIEHUS PEaKIMOHHYIO CMECh HarpeBaroT IIpH IEpeMeIlu-
BaHNM B TeuyeHHe 1 yaca Ha DIEKTPOIUIMTKE C 3aKPHITOH CIUPAIBI0 TaK, YTOOBI
CMeCh YMEpeHHO Kurena. Ha 3Toi ctaguy peakIMoHHYIO0 CMECh MOJKHO OCTaBHTB
Ha HOYb. Ha npyroit neHp konmly OXiaXkgaroT JIESTHONW BOIOW M MPORYKT peaKInH
paznaraiot, mo6apmss mo KamnsivM 30 M nmeastHON Bozwbl, a 3areM 20 MIT KOHII.
HCI, pas6asnennoit 20 ma Bogbl. CMeCh MEPEMENIHBAIOT IO MOTHOTO PACTBOPE-
HUS ocajka, Ha 4to Tpedyercs 1-1.5 gaca. DGUpHBIA CII0H OTHENSAIOT, 8 BOTHBIH
sKcTparupytoT 3dupom (2x20 mit). DdupHbe CIOH OOBEAUHSIOT, MPOMBIBAIOT
HaceimeHHpIM pacTBopoM NaHSO;, 5%-m pactBopom NaHCO; m HeGombmum
KOJTMYEeCTBOM BOJABI. DupHBIH pacTBop cymar mpokaneHHBIM Na,SO,, 3dup
OTTOHSAIOT Ha POTOPHOM HCIIApUTENe, OCTATOK IMEPEroHSI0T B BakyyMme. Brixox
12 r (70% ot Teopetuueckoro), T. kum. 98 °C / 20 mm pr. cr.; nZ 1.5270.

AMP 'H & (m.a., CDCly): 1.50 (3H, g, J = 6.5 Tw); 2.40 (1H, ywwmp. c); 4.88 (1H, k, J = 6.5 Tu);
7.30-7.40 (5H, m).
AMP 3C & (m.4., CDCly): 25.1; 70.2; 125.3; 127.3; 128.4; 145.7.

CrexTpsl npuBencHsl B npuioxkenud B5 (b4.2.14).
ITo aHaNOrMYHONW METOJWKE W3 STUIMarHuiOpoMuna u OeH3albIeruja Io-
ayuaroT stwidenunkapounon, T. kun. 103 °C / 14 mm pr. cr.; nd 1.5200.

B6.3. BenzruapoJ
(mapennaxapOMHOI, TMPEHUTIMETAHO)
{0. Bbin. | n Il. c. 280

OH
Br M MgBr CHO H(?H 0
gl + EEEGLLELL A
acup amp

Jns ouncTku OeH3anpleruia ero mepen peakuueil npompiBaloT 1 M pacTBOpPOM COJBI,
Bozoii, cymar MgSO, u HeperoHsroT B BaKyyMe.

1



b6. CuHmesbl ¢ ucnob308aHUeM MazHULIOP2AHUYeCKUX C0eOUHeHUL 241

BpombeH3on 235r
Marxunn 36T
beH3anbgerng, 12r
HCl KoHu. 12 mn
Bucynbput HaTpus, 40%-i1 pacTBOp 10 mn
S¢dup abe. 110 mn
ddup ana sKCTpakuum 40 mn

K pactBopy peaktuBa I'punbspa, mpurorosieHHoro u3 23.5 r 6pombeH3ona
u 3.6 r marausa B 80 mu abc. 3dupa, MpU MHTCHCHBHOM IMEPEMEIIMBAHUU
U OXJaKACHUM JICASHOW BOJOH IpUOABIAIOT MO KamjsM pacTBop 12 r cBexe-
neperHanHoro Oenszanpiaeruna B 30 mia abcomorHoro 3¢upa. Yepes 30 mun
YAAJISIOT OAHIO CO JIBJOM, JAI0T PEaKIIMOHHONH CMECH HArpeThCs A0 KOMHATHOM
TEeMIIEpaTypsl U mocie 3Toro 15 MUH HarpeBaloT Ha BOASHOI OaHe, YTOOBI
JOBECTH peakuuio 10 KoHuna. CHOBa OXJIaKAAIOT PEaKLMOHHYIO CMECH JIbJOM
u nocteneHHo npubarisioT 30-40 T gbaa, a 3aTeM MO KarmsiM pactBop 12 mu
KOHIICHTPUPOBAHHOW CONISTHON KHCIOTHI B 12 Ml BOmbI (pa3ioxeHHe COJSHOM
KHCIOTON TPOM3BOAAT M0 OOpa30BaHHS MPO3PAYHBIX PACTBOPOB). DHUPHBIH
pacTBOp OTACNSIOT, BOJHBIH dKCTparupyrotr s¢upom (2x20 mu). CoennHeHHbIC
3(UpHBIC BBITSKKH YHEPTUYHO BCTPSXHUBAIOT B JICTHTENBbHOW BOopoHKe ¢ 10 M
40%-ro pactBopa OucynbduTa Harpus (I8 ynaJeHHs HENPOPEarupoBaBILETO
OeH3aibJeruaa), 3aTeM MPOMBIBAIOT HEOOJIBIIMM KOJIMYECTBOM PAacTBOpA COIbI
(mo mIenmovHOW peakiuu) ¥ BOMAOM, MOCIE Yero BBICYIIMBAIOT XJIOPUAOM Kallb-
ust. [Tocne OTroHKH 3dupa MaciooOpasHblil 0CTATOK 3aKPHCTAITH30BBIBACTCS
npu oxnaxaeHuu. Beixoq 9.8 r (54% ot Teopernueckoro), T. 1. 68-69 °C.
IMony4eHHbIH GEH3TUAPON MEPEKPUCTAIUIN30BHIBAIOT U3 BBICOKOKHITAIIETO Iie-
Tposneitnoro 3¢wupa.

AMP 'H & (m.8., AMCO-dg): 5.71 (1H, #, J = 4 Tu); 5.91 (1H, g, J = 4 Tw);
718 (2H, 17, J=8Tu); 728 (4H, 7, J =8 Tu); 7.37 (4H, #, J = 8 Tu).

AMP 3C 6 (m.g., OMCO-dg): 74.2; 126.1; 126.5; 127.9; 145.6.

B6.4. 1,2-IndeHUIIdTAHOT
(benzmndrennaKkapouno)

CHO ®
Cl Mg MgCl H /H,O
—_— + —_— =
achup adup

NAB. c. 142

OH Q

MarHui 481
beHn3sunxnopug 26.7r
beHzanbaerng 177 r
S¢up abe. 110 mn

YKCycHas KucsioTa 8 mn
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K a¢upHOMy pacTBOpy OCH3MIMATHUIIXJIOpHUIA, MOTyYeHHOMY 13 4.8 T MarHus
u 26.7 v 6ensunxiopuna B 80 mi abc. adupa, Npu WHTEHCHBHOM IepeMeIlu-
BaHUHM M OXJAXKJCHUHU JIbJJOM MPUKAMBIBAIOT pacTBop 17.7 r OeH3aibaerumaa
B 30 mur abcomoTHOTO 3¢Upa. PeakiMoOHHYI0 CMech MepeMeIInBaloT Ha X001y
nonyaca. [1o OKOHYaHUH PEeaKLUH K PEaKIHOHHOW CMeCH MpH MepeMelIMBaHuU
JN00aBISIOT MO KaruisaM (BHaYaie OYeHb OCTOPOXKHO) 67 MII BOJBI, CMENIAHHON
c 8 MJ JensHOW YKCYCHOW KHCIIOTBHI; TIPH 3TOM KOJIOYy OXJIaKAArOT CHapyXH
nensHoi Bomo. DdupHblit cioit mpomeiBator 10%-m pactBopom NaCl, 10%-m
pactBopom Na,CO; u HaceimienubiM pactBopoM NaCl, 3arem cymrar npokajeH-
HeIM K,CO5;. Dup OTrOHAIOT HA POTOPHOM HCIAPUTENIE, OCTATOK IMEPETOHS-
10T B BaKyyMe BOJOCTPYHHOIO HACcOCa, MCIONb3ys BO3AYLIHBIH XOIOJMIBHUK.
Cobuparor ¢pakiuto ¢ T. kum. 169-170 °C / 15 MM pT. CT., KOTOpas TYyT
Ke 3aKpHCTaUTH30BbIBacTcs. Boixox 24.8 r (75% oT TeopeTHueckoro); T. I
66-67 °C (u3 cMecH HU3KOTO METPOJCHHOTO 3(upa U OEH301a).

AMP 'H & (m.a., CDCl3): 2.14 (1H, yw. ¢); 3.06 (2H, m); 4.91 (1H, m); 7.23-7.40 (10H, m).
AMP 3C 6 (m.4., CDCl,): 45.9; 75.2; 125.8; 126.5; 127.5; 128.3; 128.4; 129.4; 138.0; 143.7.

B6.5. 1-(2-®ypua)npomnano.-1
(3THI-0-pypHIKAPOHHOT)
t0. Bbin. [ n Il. c. 283

©]
Br Mg_~ MgBr) @\C _ G HMHO0
apup —/ o”~CHO 3dmp o

H
Stunbpommna 251
MarHuin 48T
®ypdypon 151
S¢dup abe. 125 mn
ddup Ona sKCTpakuum 60 mn
Bucynbdut HaTpus, 40%-in pacteop 40 mn

K s¢duprHoMy pacTBOpy 3THIMArHUHOpOMHIA, MOIydeHHOMY U3 4.8 T MarHus
u 25 r stunopomuga B 100 M abce. adupa, oxnaxkaearomy g0 —15 °C (cosb/ien),
NpU WHTCHCHBHOM IepeMElIMBAaHUM TMPHUKANbIBalOT pacTBop 15 T cBexermne-
pernannoro ¢ypdypona B 25 mu abe. sdupa. [lociae 3Toro ymansioT OGaHio
C OXJIAXK/AIOLIEH CMEChIO, NAIOT PEAKIIMOHHON Macce HarpeTbcsl 0 KOMHATHOM
TeMIepaTypbl U 3aT€M OCTOPOKHO HarpeBarOT Ha BOASHON OaHe J0 KUIMEHUS

MoXHO HCTIOJIB30BaTh HpﬂMOﬁ XOJIOAHUIIBHUK JIubuxa. Ilo JOCTUKCHUU TOYKHU KHIICHUS
TBEPAOTO NMPOAYKTa TOK BOABI NEPEKPLIBAIOT U CIIMBAIOT U3 XOJIOAWJIIBHUKA BOAOY. I[aIII)Heﬁ-
IIyI0 NEPETOHKY BEAYT C TOCTATOYHO BBICOKOU CKOPOCTBIO, 4TOOBI KOHACHCAT pacCIlIaBJIsLII
KpPICTa.IIJ'IPI3yIOI].[PII>1CS{ B XOJIOAWUJIBHUKE MPOAYKT. CnenyeT BHUMATCJIBbHO CJIICAUTHL 3a TEM,
9TOOBI XOJIOAUJIBHUK HC 3a0uBaiics. Henb3st UCIONBb30BaTh OOBIYHBIEC AJIOHXKH C TOHKOH
pr6K0171 — NPEANOYTUTCIIBHEC AJIOHK-LIIayK».
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s¢upa. [locae 30-MHHYTHOTO HarpeBaHHsS KOJIOY OXJIaXXJarOT BOJOH M pas-
JlaraloT TOJYYEeHHBIH pacTBOp BOAOH /10 0Opa3oBaHMS T'yCTOH KameoOpa3HOMH
Macchl OCHOBHOHM conu MarHus. DQUPHBIA PaCTBOP OCTOPOKHO JCKAHTHPYIOT,
KaleoOpa3Hy MacCy OCHOBHOM COJNIM MAarHus TIIATENHHO MPOMBIBAIOT 3PUPOM
(3%x20 mu) mpu nepememuBanuu. CoeqHHEHHBIE 3QUPHBIC BBHITSLKKA 00padaThi-
BaroT 40%-m pactBOpoM GucynbuTa Hatpus (2x20 M), cymar npokaseHHbIM
K,CO;. Ha cienyromuii qeHp 100aBasioT 3—4 Kamid aHwinHa (s ynaneHus
CIICZIOB CEPHUCTO# KHCIOTHI), QUIBTPYIOT dGUPHBIN pacTBOp uepe3 CKiaaya-
ThI (PUIBTP, OTTOHSIOT 3up U HPAKIHOHUPYIOT OCTATOK B Bakyyme. Brixon
13.2 r (67% ot Teopernyeckoro), T. kum. 74-76 °C / 10 mm pr. cr.; n¥ 1.4761.

AMP 'H & (m.a., CDCl3): 0.88 (3H, T, J = 7.5 Tu); 1.81 (2H, m); 2.79 (1H, ywwmp. c);

4.51 (TH, 7, J=7.5Tu); 6.18 (1H, g, J = 3.2 Tu); 6.27 (1H, m); 7.31 (1H, m).
AMP 3C 6 (m.g., CDCl,): 10.0; 28.7; 69.2; 106.0; 110.2; 141.9; 157.0.

ITo 3TO METOAMKE MOXKHO TONYy4aTh W APYTUE ATKWI-0-QypUIKapOUHOINbIL.
Tak, u3 meTunMarauiinonuaa u pypdypoina morydaroT METHI-o-(QypUIKapOUHOT
(r. xunm. 75-77 °C / 23 mm pr. ct., ng 1.4808; Beixog 70% ot Teope-
THYECKOT0); B3aWMOJCHCTBUEM MponuiMarauiiopomuna ¢ ¢ypbyiom —
nponmi-o-Qpypuiakapounon (r. xun. 84-86 °C / 10 mm pr. cr.; n¥ 1.4889;
BBIXOZ 62% OT TEOpEeTHYECKOro).

B6.6. 2-MeTua6yTanosu-2
(muMeTHII THIAKAPOMHOI)

0. Bbin. | n Il. c. 285

® OH
Br Mg MgBr H /H,0 |
—_—> / + O — >
acup aup N\
Stunbpommna 22 r
Marxuunn 4r
AueToH abc. 10r
S¢dup abe. 125 mn
ddup ona sKCTpakuum 40 mn

K »¢pupHOMY pacTBOpYy METHIMAarHMHWOAWAA, MOTYYCHHOMY W3 4 T Maraus
u 22 r stwiopomuaa B 100 min abe. adupa, Ipu UHTEHCHBHOM TEpPEeMEIIMBAHUH
Y OXJIQKJCHUU JIBJJOM W3 KalleTbHOW BOPOHKH MOCTEIICHHO MPUOABISIIOT PacTBOP
10 r aGc. anerona B 25 mu abc. adupa. OT NepBBIX Kalellb aleToHa 00pasyeTcs
OenpIif 0CcaloK, KOTOPHIN CHAaYajla pacTBOPSIETCS, a 3aT€M BHOBH OCEHAET B BHUIIC
CHHEBATO-CEPOii BA3KOH Macchel. Ilocie Toro kak peaxius 3akonuena (~0.5 gac),
OXJXKJICHHUE YHAIAIOT, JAIOT KOJIOe HarpeThCs 10 KOMHATHOW TEeMIIepaTypHI,

! Jnsa ymanenus Hempopearuposasiero ¢pypdypona.



244 b. MpenapamusHas yacme

a 3aTeM IOJICTABISIOT BOJSHYIO OAaHIO M HarpeBaroT Ha Hed 15 MuH mim ocras-
JISIOT CTOATH Ha HOYb. BHOBH OXJI@XJAlOT KOJMOY' M OCTOPOXHO pasiararoT
PEaKIMOHHYI0 CMECh, J00aBIss depe3 KaleldbHYl0 BOPOHKY IpH paboTaromieit
MelIajiKe HachIIeHHBIH BOJHBIN PacTBOp XJOpUAAa aMMOHHMS,; BHa4aje o0pasy-
€TCsI XJIOTIbEBUIAHBIA 0Ca/lI0K, KOTOPBIH 3aTeM pacTBOpsieTcs. DPHUPHBIH pacTBOp
OT/ZENSAIOT, BOMHBII pacTBOp dKCTparupyot 3¢upom (2x20 mi), oObeTHHECHHbIE
3¢UpHBIE BHITSKKH BBICYIIMBAIOT Haj mpokaneHHBIM K,CO,. Ilocne memien-
HOW OTroHkH 3¢dupa u3 HebonbInoi Konbbl ¢ Aeduiermatopom (Ha BOASHOM
0aHe) OCTAaTOK MOJBEPraloT Meperonke, codupas dpakmuo ¢ T. kun. 95-110 °C.
[Ipu moBTOpHOI meperoHke M3 HeOOJIbIIOW KONMOBI Kisii3eHa ¢ BBICOKMM Jie-
¢ermaropom mpu 100-104 °C cobuparor 2-metundyranon-2. Beixonq 7.6 v (50%
oT Teopermueckoro), T. kum. 102 °C / 760 mm pr. ct.; ng 1.4052.

AMP 'H & (m.a., CDCl3): 0.92 (3H, 1, J = 7.5 Tu); 1.20 (6H, c); 1.51 (2H, K, J = 7.5 Tu);
1.65 (1H, ywwp. o).

AMP 3C & (m.g., CDCl,): 8.5; 28.6; 36.3; 71.1.

B6.7. 3-MeTnjrekcanoJ-3

(MeTHI THIIPONMUIKAPOHHOIT)
NAB. c. 142

OH

@
Br Mg MgBr H/H,0 |
—, + o) > >
/"  oadup — achup ) AN

Mponun6pomug 25r
MarHuin 48 r
MeTnnsTnnKeToH abc. 151
S¢dup abe. 120 mn
ddup Ona sKCTpaKuum 40 mn

K s¢upHOMY pacTBOpY H-TIpONMMIMArHUAOpPOMUIA, MONYYSHHOMY H3 25 T mpo-
munopomuaa u 4.8 T maraus B 100 M aGc. adupa, npu OXJIaKISHUU JISATHON
BOJIOM TIOCTENEHHO MPHUOABISAIOT U3 KaleJIbHOW BOPOHKH pacTBOp 15 r meTwmi-
stunketoHa B 20 mi abc. a¢upa. PeakinoHHYIO0 CMECh OCTaBIAIOT Ha 2—3 4aca
(myume Ha HOuYb) M 3areM BeLIMBaKOT B cMech 50 r NH,C1 u 150 r tomuenoro
Jabaa. DOUPHBIA CIOH OTHENAIOT, BOAHBIA 3KcTparupyioT 3dupoMm (2x20 mi).
OO0OwvenuuenHble 3upHble Gpakiuu cymar npokaieHHbIM Ky,CO;, OTTOHSIOT 3hHp
M IEPErOHSIOT Hony4eHHbl ciupT. Beixom 19.3 r (80% or TeopeTHueckoro);
T. kur. 139 °C / 760 mm pr. cr.; n® 1.4230.

AMP H & (m.g., CDCl3): 0.78 (3H, T, J ~ 8 Ty); 0.82 (3H, T, J ~ 8 Tw); 1.03 (3H, ¢);
1.27 (4H, u. m.); 1.21-1.33 (4H, m); 1.37 (2H, K, J ~ 8 Tu); 1.50 (1H, ywwmp. c).

AMP 3C & (m.a., CDCl,): 8.1; 14.6; 17.0; 26.2; 34.1; 43.6; 72.7.

1 JlepsHas BOxa.
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AHAJTOTHYHO U3 METHIITHIKETOHAa W OyTHIOpPOMHIA MONYyYarOT METHII-
stunbytunkapounon. Beixom 20 r (75% oT TeopeTHUYECKOTO); T. KHII.
161 °C / 760 mm pr. ct.; n¥ 1.4270.

B6.8. 2-®eHnadyTanoua-2
(MeTmTHIGEHNIKAPOUHOT)

MOX. c. 645
O
@ OH
Br ﬂ» MgBr . . H /H,0O
—/ apup —/ acmp ::: k \

STun6pommng 12r

MarHunn 24 r

AueTtodeHoH 9r

ddup abe. 80 mn

ddup ana aKCTpakuum 60 mn

B pactBop peaktuBa ['punbspa, moiaydenHoro u3 12 r stunbpomuna u 2.4 r
maraus B 60 mn abc. adupa, mpu nepemMelinBaHUU U CHUIIBHOM OXJIXKIACHHH
JeASTHOW BOJOHM MO KarisiM B TedeHue 15 MuH mpubaBisioT pactBop 9 T ame-
topenona B 20 mu abe. sdupa. [Ipu 3ToM BhIMamaer OeEsblii OCamoK. 3aTeM
ko0Oy octaBisaoT Ha 30 MUH B OXJIaXKAaroIled CMecH, MOcle 4ero MeJJIeH-
HO mpubaBisitoT HackimeHublit pacteop NH,CIl, adup mpu stom kunerp He
nowkeH. ConepkuMoe KOJIObl TTOCTENEHHO Pa3XMKaeTcs B oOpa3yroTcs JBa
ciosi. B menutensHON BOPOHKE CIIOM Pa3felisioT, BOIHBIA CIOH 3KCTParupyroT
s¢pupom (3x20 mia). OGbeaMHEHHBIC dPHUPHBIE (PAKIHK IPOMBIBAIOT BOJIOM
(2x10 ma), 10%-m pactBopom combl (2x10 mi) u cymar 6e3BogasiM Na,SO,.
O¢dup OTrOHAIT Ha POTOPHOM HCIApUTENIe, a OCTATOK IEPErOHSIOT B BaKy-
yMme. Beixon 8 r (71% ot Teopernueckoro), T. kum. 93-94 °C / 9 mm pr. cT.;
nZ 1.5150.

AMP 'H & (m.g., CDCLy): 0.85 (3H, 7, J = 7.5 Ty); 1.60 (3H, c); 1.87 (2H, m); 2.10 (1H, ywwp. c);
729 (1H, 1, J=7.5Tu); 739 2H,1, J = 7.5 Tu); 7.49 (2H, o, J = 7.5 Tu).

AMP 3C 6 (m.g., CDCly): 8.2; 29.4; 36.6; 74.8; 124.8; 126.4; 128.0; 147.7.

B6.9. 2-®eHUINPONaHOoI-2
(muMeTHIpeHUTKAPOMHOIT)

JIAB. c. 145

OH

@
Mg H /H,0
— = —Mgl + —_— = >
acup acpup
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Metunuognn 284 r
Marxunn 48 r
AueTtodeHoH 241
d¢dup abe. 100 mn
ddup Ona sKCTpaKuum 150 mn

K s¢uprOoMy pacTBOpy MeTHIMarHMHHOAMIA, OTydeHHOMY W3 4.8 T Maruus
u 28.4 r metunuonuaa, B 100 mn aGc. adupa mocreneHHO MpHUOABIAIOT W3
KaleJlbHOM BOPOHKM MPHU MEPEMEIIMBAHUU U OXJAXKACHUHU JIEeISIHOW BOJOU
24 T cBexenepernanHoro anerodpeHona. [lo okoHYaHWU peakIuu cMech OCTaB-
JSIOT HA HOYb MO0 KUIATAT 1 yac Ha KonboHarpeBartese, mocie OXJIaKICHUS
BeutnBatoT B cMech 200 r mpaa, 10 r NH,C 1 n 50 mn 2 M pactBopa HCI.
D¢uUpHBIA CcI0H OTIENAIOT, BOIHBIA IKCTparupyrot s¢pupom (2x75 mi). O6b-
enuHeHHble dPupHBIe Ppaknun npombiBaioT 50 ma 1 M pacTBopa OucCyIih-
¢ura Hatpus, Bomoi (2x100 mu) u cymar mpokaneHusM K,CO5. Ddup oT-
TOHSIOT HAa POTOPHOM HCHApPHUTENE, OCTATOK MEPEroHsI0T B BaKyyMe. Beixon
16.3 r (60% ot Teopernueckoro); T. kurm. 80 °C / 7 mm pr. cr.; nd 1.5260.

AMP 'H & (m.g., CDCLy): 1.63 (6H, ¢); 2.69 (1H, ywwmp. c); 7.30 (1H, 7, J ~ 7.5 Tu);
7.40 2H, T, J ~ 8 Tu); 7.55 (2H, g, J ~ 8 ).

AMP 3C & (m.a., CDCl,): 31.5; 72.3; 124.3; 126.4; 128.0;149.0.

b6.10. H3onponennn6eH3o. (0-MeTHICTHPO)

OH

O~ wwies
\ unu KHSO:;

B mpubop 11 BakyyMHOW NeperoHKH, cOOpaHHBIH Ha OCHOBE KOJI-
o0p1 Knsiizena (aedmermatop 5-6 enouek), momemarT cmech 13.6 T
2-pennnnponanona-2 u 3-4 r mupocynbdara kamus (K,S,0;) win ruapo-
cynbdara kanus. Coznator B npubdope Bakyym ~60-80 MM pT. cT. m ocTOpoxk-
HO HarpeBaloT CMeCh C OJHOBPEMEHHOW (MEAJICHHOW) OTTOHKONH CMECH BOJIBI
U 0-METHJICTUPOJA. O-MEeTHICTUPON OTAEISIOT B JEIUTEIbHON BOPOHKE U Cy-
[IaT NpoKaleHHbIM cyibdaroM Maraus. Beixon 9.4 r (80% ot TeopeTHyeckoro),
T. kun. 162 °C / 750 mm pr. cr.; n& 1.5370.

AMP 'H & (m.a., CDCly): 2.29 (3H, ¢); 5.23 (1H, ¢); 5.52 (1H, c); 7.37-7.47 (3H, m);
7.60-7.61 (2H, m).

AMP '3C 6 (m.a., CDCly): 21.7; 112.3; 125.5; 127.4; 128.2; 141.3; 143.3.
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b6.12. Tpudenuimerano
(Tpudrennaxapounon)

Memoo A
0. Bbin. | n ll. c. 284; latt. c. 379

0 @
Br MgBr N ©)
Mg . O™ | HMO, @ oH
acup adup

BpombeH3on 235Tr1
MarHumn 36r
StunbeH3oat 95r
S¢dup abe. 130 mn
H,S0, (d?° 1.84) 10r

K s¢upromy pactBopy peHHIMArHuiOpoMuaa, MOTydYeHHOMY U3 3.6 T MarHus
u 23.5 r 6pom6Oen3ona B 100 M abc. adupa, Ipu WHTEHCUBHOM IEpEeMEIINBa-
HUM U OXJIQXKJCHUH JIbJIOM MPHKANbBIBAIOT pacTBop 9.5 T cBexenepernaH-Horo
stunbenszoara B 30 mi abc. adupa; mpU ATOM BBIIACIACTCS OCIBIA OCaJOK.
3areM HarpeBalT PEaKIUOHHYIO CMeCh Ha BOISHOW OaHe, o0paszyercs rycras
Karreoopasnas Macca. CHOBa OXJIKAAIOT KOJIOY JIbJAOM M MOCTEIIEHHO BHOCST
B Hee 100 r nbaa, a 3areM no kamisM pactsop 10 r xonm. H,SO, (d3° 1.84)
B 20 Ma Bozbl. 3aTeM M3 PEaKIMOHHOW CMECH OTIOHSIOT 3dup, mocie 4yero
MOJBEPTalOT CMECh MEPErOHKE C BOMASHBIM MapoM (Ui yJaleHUs Hempopea-
rUpOBaBIIero OpombeH30a U Mo60YHO obpa3oBasinerocs oudenunia). Tpude-
HUJIKapOMHOJI, OCTABIIMICS B KOJOE B BHJC KEITON KPUCTATITHYECKONH MAacCHI,
OXJIKIAIOT, OTQHIBTPOBBIBAIOT, MPOMBIBAIOT BOJOM, XOPOIIO OT)KUMAIOT U BbI-
CYLIMBAIOT MEXIy JTucTamu (uibTpoBanbHOW Oymaru. Beixonm 14.3 r (87%
0T TeopeTudeckoro). Ilociae mepeKpUCTATIH3ANMA U3 CIUPTA MOIYYaIOT
13.7 r (83% ot TeopeTtnueckoro), T. mwi. 162 °C.

Memoo b
-M. c. 323

0]

Br Mg MgBI’ . . m @ OH
achup amp
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Marnwnin 3r
BpombeH3on 20r
BeHzodeHoH' 182 r
d¢dup abe. 100 mn
ddup ona sKCcTpakuum 60 mn

K s¢upuomy’ pactBopy (eHMIMAarHMHOPOMHUAA, TOTYYEHHOMY U3 3 T MarHus
u 20 r 6pombenzona B 70 mu abc. aupa NMpu MHTCHCUBHOM IepPEMEIIMBAHUH
U OXJIOKJEHUU JIBJIOM MpHUKaIbIBatoT pacTBop 18.2 T 6en3odenona B 30 mu abc.
a¢upa. Ilociie npubasnenus 6eHzodeHoHa kondy HarpeBaroT B TeueHue 30 MUH
Ha BOJsiHOW OaHe. OxyaguB KoJ0y CHOBa BOJOW CO JILJAOM, pasiiaratoT ajaKOTOJISAT
XOJIOJTHOH BOJIOM, K KOTOPOW JOOABICHO PACCUYUTAHHOE KOJUYECTBO COJISTHOU
KHCJIOTHL. PacTBOp KHCIOTHI MPUIMBAIOT W3 KamelIbHOW BOPOHKH IPH HEMpe-
PBIBHOM TepeMeIInBaHuK. DQPUPHBIA CIIOH OTHCNSIOT B JICIUTCIBHONH BOPOHKE,
BOJIHBINM cllol 3kcTparupyior 3dupom (3x20 mir). OpraHudyeckuii CIOH MPOMEI-
BAIOT PacTBOpPOM OukapOoHaTa HATPHS U yHAJSIOT PACTBOPHUTEIh HA POTOPHOM
UCTIapuTeNie, a OCTAaTOK IMOIBEPraroT MEpPEeroHKe C BOMSHBIM IapoM Ui yhale-
HUS HeMpopearnpoBapiiero 6poMOeH30/1a 1 OCH30()eHOHA, a Takke OmQeHwmIa.
[To oxnaxkIeHWH OCTaBIIMKCA B KojOe Tpu(EHHIKApOMHON OT(MIETPOBBHIBAIOT
Ha BOpOHKE bIOXHepa, BHICYIIMBAIOT HA BO3AYXE M MEPEKPUCTAILIHN3OBBIBAIOT U3
crupra. Beixon 15.6 r (60% ot Teopermueckoro), T. mi. 162 °C.

AMP H & (m.g., CDCl3): 2.83 (1H, ¢); 7.26 (15H, o).
AMP '3C & (m.a., CDCly): 82.0; 127.2; 127.85; 127.88; 146.8.

Bb6.13. 1-Mernanukiaorexkcen-1

JIAB. c. 146
1 M9, gl )+ O-»M OH
achup 9 acnp 3(249

MarHuin 481

MeTtunuogng 248 r

LlnknorekcaHoH 213 r

S¢up abe. 125 mn

ddup ana aKkcTpakyum 90 mn

K a¢uprOomy pactBopy 0.2 Mo MeTWIMarHUAHOAWIA, TOMy4YeHHOMY U3 4.8 T Mar-
Hust u 24.8 v mermmmonuna B 100 mm aGce. adupa, mpu MHTEHCHBHOM TIepeMe-
OIMBAHAW W OXJIAXKIICHUH JBIOM IPUKAIBIBAIOT pacTBOp 21.3 T HHUKIOTEKCaHOHA

! ECH?,O(beHOH mpeABapUTECIbHO JOJIKCH OBITH OYHIICH HeperPICTaJ'[J'IPI3a].[PIeﬁ U3 3TUIIOBOTO

ciupra; T. 1. 48 °C.



b6. CuHmesbl ¢ ucnob308aHUeM MazHULIOP2AHUYeCKUX C0eOUHeHUL 249

B 25 mu abc. a¢upa, HarpesaroT 1.5 daca Ha BomsgHOW OaHe W 3aT€M BBUIMBAIOT
B KOHHYECKyIo Kooy, cogepxkamnryto cMech 30 r NH,C1 u 100 r TomdeHoro sipaa.
DdupHBIA CIIOW OTAENAIOT, BOAHBIH 3KCTparupyroT 3dupom (3x30 mu). O6b-
eMMHEHHBbIC dY(UPHBIC BBHITSHKKA MPOMBIBAIOT 75 MIJI BOJbBI, CYIIAT MPOKAJCHHBIM
K,CO; u otrossiror 3¢up. OcTaTok MOMEMAT B KPYIIOAOHHYIO KOJOy ¢ 00-
PaTHBIM XOJNOJMIBHHKOM, JOOABISIOT HECKONBKO KPUCTAIIMKOB HOMA U KUIIATST
oxono 1 vaca Ha konboHarpeBarene. 3ateM cymiar npokaieHHeM MgSO, u nepe-
TOHSIOT C BBICOKUM Je(IerMatopoM, A00aBUB ellle HECKONbKO KPHCTALIHKOB
noxa. Juctumnst npomeiBator 30 mut 1 M pacteopa Na,S,04, Bomoii (2x40 mi),
cymar cyiab}haroM MarHus U BHOBb meperositor. Beixox 12.5 r (60% ot teope-
Tuueckoro), T. kur. 108-110 °C / 760 mm pr. ctr.; nZ 1.4510.

AnvmeprnamugHuiii Memoo decudpamayuul

O H,po,
~ (7

1-Mertunuukiaorekcanon (IONMy4YeHHBIH Ha MPEIbIIYIIEH CTaquK) IOMEIAIOT
B kon0y Kunsiizena, nob6asmstor 10 ma HzPO,. ITonydeHHy0 cMech HarpeBaroT
10 130-160 °C u OTrOoHSIOT 00pa3yIOUIUIiCS METHIITUKIOreKCeH. OTHOBpEMEHHO
C TPOIYKTOM OTTOHSIETCS BOJIA. Bomy OTHENSIOT, MPOIYKT CyIIaT TpaHyJIUupo-
BanHbeiIM M@SO, u neperonsior. Beixon 14.5 r (~70% oT TeopeTHUECKOrO),
T. kxun. 108-110 °C / 760 mm pr. ct., nZ 1.4505.

AMP H & (m.4., CDCl5): 1.52-1.60 (4H, m); 1.63 (3H, c); 1.90-1.99 (4H, m); 5.38 (1H, m).
AMP 3C & (m.a., CDCl,): 22.4; 23.0; 23.9; 25.3; 30.1; 121.1; 134.0.

b6.14. 1-IlmkJorexceH-1-uyiGeH3oJ1

(1-penmmmmrnorexcen-1)
JIAB. c. 147

° ©
o Mg MaBr H /H,0 OH KHSO,4

—_— + —_— _

adpup acup CeHs

A

Marxuunn 48T
LinknorekcaHoH 197 r
BpombeH3on 327r
d¢dup abe. 120 mn
ddup Ona aKCTpakuum 80 mn

K s¢pupHomy pacTBOpy (eHHIMArHuiOpoMuzaa, moinydeHHOMY u3 4.8 T MaruHus
u 32.7 r 6pombOen3ona B 100 mur abc. adupa, Mpu WHTCHCHUBHOM IEPEMEIIH-
BaHMHM M OXJIAXKJCHUU JIbJIOM NPUKANBIBAIOT pacTBop 19.7 T HUKIOreKcaHoHa
B 20 Mi abc. sdupa. 3aTreM peaknUOHHYIO CMECh KHUIATAT B TeueHue 1 yaca
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Ha KonboHarpeBatese (Jydile OCTAaBUTh HA HOYb) M NPHU MEPEMEIINBAHUH MO-
CTENIEHHO BBUIMBAIOT B KOHMYECKYIO KOJOy €MKOCTBIO 1 JI, comepikallyro cMech
70 v mpga m 150 mu HaceimenHoro pactBopa NH,C1l. DdupHsii pactBop OT-
JETISIIOT, BOJHBIA 3KCTparupyroT sdupom (2x40 mur). OObenuHeHHbIe dQUPHBIC
BBITSDKKH TIPOMBIBAIOT BOJOH J0 HEWTPaJbHOW pEakIMy W CyIIaT MPOKaJIEHHBIM
MgSO,. [locne oTroHku 3dupa OCTATOK PaCcTBOPSIOT B 75 MJ OCH30JIa U KH-
MATAT TOJIYYEHHBIH pacTBOp ¢ oOparHBIM XojommiabHUKOM Hax 25 r KHSO,
B TeueHue 2 yacoB. OTHeNsIoT 00pa30BaBIINICS HWKHUN BOMHBIA CJIOH, a OCH-
30JIHBIH pacTBOp cymar npokaneHHeIM MQSO,. OcraBmmiics mocie OTTOHKH
Oensona 1-penunnukiorekceH-1 meperousor B Bakyyme. Boixon 19.1 r (60% ot
TeopeTndeckoro); T. kurm. 120-123 °C / 10 mm pr. cr.; n¥ 1.5690.

AMP H & (m.a., CDCl3): 1.66 (2H, m); 1.76 (2H, m); 2.20 (2H, m); 2.40 (2H, m);
6.10 (1H, m); 7.15-7.38 (5H, m).
AMP 3C & (m.g., CDCl,): 22.2; 23.1; 25.9; 27.4; 124.7; 124.9; 126.5; 128.1; 136.6; 142.7.

AHajoruyHo U3 26.2 T IUKIONEHTAHOHA MONyYaroT okoyio 27 r 1-heHunuk-
nornentena-1 (64% or teopermueckoro); 1. kum. 99-101 °C / 10 MM pr. cT.;
ng 1.5355.

b6.15. Ben3soitHast KHCJIOTA

Br MgBr ® COOH
O %O ey
acup

-M. c. 325

MaruHui 36T
BpombeH3on 235
ddup abe. 130 mn
ddup ana aKCTpakuum 80 mn
HCl KoHu. 24 mn

B kpyrnononno#t konbe emxoctpo 500 My, cHaOXeHHOW MEXaHHYEeCKOW Me-
IAJKOM, KalelbHOH BOPOHKO M OOPAaTHBIM XOJIIOAUIEHHKOM C XJIOPKAIBIHMEBON
TpyOKOH, mosydaroT peaktuB [puHbsipa u3 3.6 r marausa u 23.5 r 6pombOeH3011a
B 100 mu abc. adupa. 3arem koi0Oy XOpOIIO OXJIaxaarT (JIed C COJbI0), MPH-
Oasysror eme 30 mur abc. 3dupa U, 3aMEHUB KaIleIbHYI0 BOPOHKY Ta30MpPOBO/I-
HOHM TpyOKOH, MOXOmsImed Mo JHA KOJOBI, MPOMmycKaT 3—4 yaca HE CIUIIKOM
OBICTPBII TOK yrIekucnoro rasa (u3 ammapara Kunma)®, Beicymume ero mpen-
BapUTENBHO MPOMYCKAaHUEM Yepe3 JBE MPOMBIBAIKU C CEPHON KHCIOTOW. 3arem
3aMEHSIOT Ta30IPOBOJHYIO TPYOKY KamelbHON BOPOHKOHM M, MPOMOKas CHIBHO

1 AnbrepHaTHBHEIN, GoJee YMOOHEIH METON MPOBENEHHS PEAKIIMU — MPUOABIECHHE PACTBOPA

¢eHmIMaraniitbpoMua Kk cyxomy npay B sdupe. OOpaboTka peakIMOHHOW CMECH, Kak
OIMCAHO Jajee B METOAMKE.
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OXJIQXXJaTh KOOy, MPHOABIAIOT 1O KaIlIiM pacTBOp 24 MII KOHI. COJISTHOM KHC-
JOTHL B 24 mu Bozpl. PasnoxeHne cUMTar0T 3aKOHYCHHBIM, KOTa 00pasyloTcs
JIBa TIPO3PavHBIX pacTBOpa. DQUPHBIH PacTBOp OTHENSIOT, a BOJHBIH IKCTpa-
rupytoT 3¢upom (2x40 mi). O6beanHEHHBIE dGUPHbIE BHITSHKKA 00OpabarbiBa-
10T B aenutenbHOi BopoHke 10%-M pactBopom NaOH. Illenounyro BBITSKKY
HMOJKHUCIAIT pa30aBIeHHON COJITHOW KHCIOTOH, BBIAEIMBIIYIOCS OCH30HHYIO
KHCJIOTY OT(HIBTPOBBIBAIOT, TPOMBIBAIOT HEOOJBIIMM KOJMYECTBOM XOJOMHOM
BOJBI M BBICYIIMBAIOT. [IpOJYKT MepeKpHCTaUIN30BhIBAIOT M3 TOpSYeil BOABI.
Beixon 9.1 r (50% ot Teopernyeckoro), T. wi. 122 °C (Bo3rousiercs).

AMP 'H & (m.g., CDCly): 7.46 (2H, 1, J ~ 8 Ty); 7.60 (1H, T, J ~ 8 T'y); 8.11 (2H, g, J ~ 8 y);
12.74 (1H, ywwup. ).

AMP 3C & (m.g., CDCl,): 128.5; 129.3; 130.2; 133.8; 172.7.
Crextp npuBencH B npunoxkenun B5 (B5.1.7).

b6.16. TlenranoBasi Kucji0Ta (H-BaJIePHAHOBASI KHCJI0TA)

-M. c. 326
Br Mg MgBr &m \/\/COOH
NN m

Marnwnin 6r CuHTe3 npoBoaAT
H-ByTn6pomma 34r B BbITS)KHOM WKady
d¢dup abe. 100 mn
ddup Ans aKCTpakummn 80 mn
H,SO, KoHu,. 7 mn
HCl KoHU. 24 mn

B kpyrnononno#i konbe emxocteo 500 My, cHaOkeHHOW MeXaHHYEeCKOW Me-
IITAJIKOH, KamleJIbHOH BOPOHKOW M OOpaTHBIM XOJIOAMIBHUKOM C XJIOPKaJIBIIHEBOM
TpyOKOH, ToMydaroT peakTuB [puHbsApa u3 6 r Maraug u 34 r #-OyTundpomuaa
B 100 mn abc. adupa. 3aTem konly OXJTAKIAIOT CMECHIO JThJ]a M COJH, Karelb-
HYI0O BOPOHKY CHHMAIOT W 3aMEHSIOT MPOOKOH, BHEIIHEE OXJaKACHUE YOUPaIoT.
[leprognueckun OTKpBIBast M OBICTPO 3aKphIBas MPOOKY, B KOJIOy BHOCAT He-
OONBIINMH TTOPHIUSIMH KyCOYKH TBEpPAOH YIIeKHCIOTH. JloOaBieHwne TBepmroi
YTJIEKHCIOTHI MPEKPAIIaroT, KOTAa peaknOHHAs CMech 3arycTeeT W Koida Io-
KPOETCsl CHapy)XM HHeeM. 3aTeM IOCTEIECHHO MpHOaBISAIOT (MPH OXJaKACHUH
JBJIOM M CHJIBHOM TepeMelnuBanuu) pactsop 7 mi koHn. H,SO, B 40 Mu Bozbl
U TIepeMeIInBaloT, ITI0OKa He o0pasyeTcs JBa NMPO3payHBIX cI0s. DPUPHBINA CIOM
OTIEIISIFOT, BOJHBINA dKCTparupyoT sdupom (3%25 mi). O0beanHeHHbIe 3DUpPHbBIC
(paknuy MOBTOPHO BCTPSXUBAIOT ¢ pa3daBieHHBIM pactBopoM NaOH, memownoit
pacTBOp OTAENSAOT U HarpeBaioT ero B crakaHe 10-15 mun mpu 100 °C (mist
yIOaJIeHUS] TIpUMeceil JIETYINX OPTaHHYECKHX BEIIeCTB — MPOAYKTOB IMOOOUYHBIX
peakumii). 3areM INENOYHOH PacTBOpP OXJIAXKIAIOT U MPU OXJIAKICHUU U Iepe-
MEIINBAaHUH CTEKJISHHON MaJOYKOH OCTOPOXXKHO MOJKHCISAIOT KOHII. COJITHOHM
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KUCIIOTOM 0 CHJIBHOKHUCION peakunu. BepxHuil cinoil BaJepruaHOBOW KHCIOTHI
oTAeNA0T, cymar miaBinensiM Na,SO, u meperonstor. Brixox 15.2 v (60% ot
TeopeTHueckoro), T. kum. 182-187 °C / 760 mm pr. ct.; n& 1.4100.

AMP 'H & (m.a., CDCl3): 0.93 (3H, T, J = 8 Tw); 1.36 (2H, u. m.); 1.64 (2H, u. m.);
2.36 (2H, 1, J = 8 Tw); 11.75 (1H, ywwp. c).

AMP 3C & (m.g., CDCl,): 13.7; 22.2; 26.7; 33.9; 180.7.

b7. AMNEKTPOONNIbHOE 3AMELLEHWUE B APOMATUYECKOM PAAY

b7.1. Humpoeanue

Bb7.1.1. 1-Bpom-2-auTpoden3oa u 1-6pom-4-HuTpoGenzon’
(0-GpoMHUTPOGEH30.1 M P-OPOMHUTPOOEH30.1)

EOC. p. 484
Br Br Br
HNO4/H,SO, NO
—_— +
NO,

Bpom6eHzon (d3° 1.49) 10 mn CuHTe3 npoBoaAT
A3oTHaa kncnota 70%-1 15 mn B BbITA)KHOM LIKady
H,S0, (d%° 1.86) 15 mn
MeTtunenxnopug 40 mn
JTaHon 90 mn

B Tpexropnyto koiby emkoctbio 250 M, cHaOXEHHYI Melnankoii, oOpart-
HBIM XOJIOJUJIBHUKOM U KamelbHOW BOpOHKOH, momemaroT 15 mum 70%-#
HNO; u mpu6asnsror? 15 mn konu. H,SO,, mpu 3ToM TemmepaTrypa cMecH
noguumaercs no 55-60 °C. CMmech oxJlaXgaroT B OaHe C JEAIHON BOJOU
no 25-30 °C. Ilpu atoii Temmneparype npukambiBaroT 10 mi 6pomOeH301a
CO CKOpOCThIO 1 MJI/MUH, MOAAEPKHBAS TEMIIEPATyPy PCAKIMOHHON cMecH
Hmwke 30 °C. Ilo okoHuanum mpubaBiIeHUs BCero OpoMOeH301a PeaKIHOHHYIO
cMmech nepememuBaroT 10—15 MuH, oxnaxaaroT, 1o6arisaoT 40 M METHIICHXJIO-
puaa, IepeMeIInBalOT HECKOJIBKO MUHYT, IIPOUCXOAHUT PACCIOCHUE PEAKITHOHHON
cmecu. CMech MEepeHOCST B ACIUTENbHYI0 BOPOHKY. HIDKHUN KMCIOTHBIN cioif
OCCIIBETCH, BEPXHUI OPTaHUYCCKUN CIOW OKpAIEeH B XKENTHIH 1BEeT. OTACISIOT
HYDKHUHW CJIOU, BepXHUH mpoMmbiBatoT 20 MJI BOJBI, HACHIIICHHBIM PacTBOPOM

1
2

Bpems cuHTe3a 2 yaca.
He naoGopor!
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NaHCO; (3%25 mu) u 25 mn naceimennoro pactsopa NaCl. (Boowwiti croii
MPH MPOMBIBAHUH MMEET MEHBINYIO IJIOTHOCTh W HAXOAMTCS ceepxy, a oped-
Huweckull cnoil — euusy). Opranudeckyro (asy cymar 0e3BOIHBIM CYIb(HaTOM
HaTpusi, QUIABTPYIOT, OTTOHSIOT Ha POTOPHOM HCIApPUTEIEC METHICHXJIOPHU.
K ocrarky mpubasnsror 80 mur 3TaHONa, MPU STOM MacIO000pa3HOE BEMIECTBO
HauMHAeT KPHUCTAIN30BaThCcsi. CMECh HArpeBarT 0 IOJHOTO PaCTBOPECHHS
ocaaka (1-2 MwuH), OXJaxgalOT B OaHe C JIEAAHON BOJOW, MPH 3TOM BhINA-
JAl0T KPacHBBIEC HUTOJIBYATHIC KPUCTAILIBI 1-0poM-4-HUTpOOeH30/a. BrimaBiiue
KPUCTAILIBI OTQHIBTPOBLIBAIOT HA BOPOHKE C IMOPUCTHIM THOM B BaKyyMe BO-
noctpyiHoro Hacoca. Ocamok mpombiBaloT 10 M 3TaHONA, OXJIAXKICHHOTO
B JensHoi Oame, u cymar Ha Bo3ayxe. Beixox 10.2 r (53% or Teopernue-
ckoro), T. m1.123-125 °C.

AMP 'H & (m.a., CDCl3): 7.69 (2H, @, J =9 u); 8.11 (2H, g, J =9 Iy ).
AMP 3C & (m.g., CDCl,): 125.0; 129.9; 132.6.

W3 MaTOYHOTO PacTBOPa MOXHO BBIICITHTH MOMONHUTEIBHOE KOJHYECTBO
cmecu 1-6pom-2-uutpobensona u 1-6pom-4-uutpobensona (ot 2.1 g0 3.2 1)
¢ T. wi. 70-110 °C. C nmoMoIIbi0 TOHKOCIOWHOH XpoMaTorpadguu Ha cuiydore
B CH,CI, — rekcan (1 : 6) MOXHO HACHTH(DHUIMPOBATH 00a U30Mepa.

Bb7.1.2. 3-Hurpoben3oiiHas KUCJI0TA

Memoo A*
COn. c6. I. c. 295
Oy~ ENGL COOH
®
HNO4/H,SO, NaOH H /H,0
- Ho o
2
NO, A NO;

MeTtun6ensoar (d 1.1) 10 mn CuHTe3 NpoBOAAT
HNO; 70%-a 8 mn B BbITSXKHOM WKady
H,S0, (d%° 1.84) 28 mn
MeTaHon 10 mn
NaOH 4r
HCl KoHu. 15 mn

a) Ilpucomosnenue numpyrowei cmecu

B xonunueckyoo koiaby emkocthio 125 M momemaror 8 mur kouu. HNO;, mpu-
6asmsror 8 ma konr. H,SO,, oxmaxmgaror cmech 10 5 °C B 6aHe €O JbIOM.

! Bpems peaknum 3 waca.
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6) Humpoganue memunbenzoama (nonyuenue memus-3-numpobensoama)

B Tpexropmnyio xonby emkoctbio 250 My, cHaGXeHHYIO Mellankoii, obpart-
HBEIM XOJIOAMJIFHUKOM, KamelnbHOW BopoHKoW, moMemiator 20 ma koHm. H,SO,,
npubasnaoT cpazy 10 M metnnoBoro adupa OeH30WHOW KHCIOTHI M OBICTPO
oxXJaxaaT monydeHHyr cMmechk mo 0-5 °C B 6ane co mpaom. K oxmaxnen-
HOMY PacTBOPY IPHUKAMbBIBAIOT OXJIKACHHYIO HUTPYIOIIYIO CMECh B TCUCHHUE
5-10 muH, monaepxuBas Temmneparypy peakuuu ~5 °C. Ilo okoHUaHWM TpH-
0aBJICHUS PEaKIMOHHYIO CMeCh mepeMelnuBarT 10 MUH MpH OXNaXIeHHH, Na-
nee youparot 6aHio co Jpa0M U 15-20 MHH mepeMemmBaT A0 yCTaHOBICHUS
KOMHATHOM TeMIepaTypbl peaklUOHHON cMecH. Jlamee OCTOPOXKHO U MEJJIEHHO
IIpH NIepEeMEIINBAHNHN BBIIMBAIOT MONy4YeHHYI0 cMech Ha 100 r m3menbsueHHOTO
TBAa, TOMEIIEHHOTO B cTakaH eMKocThio 600 mu. OOpasyromuiics ocagok OT-
(uIBTPOBBIBAIOT Ha BOpoHKe broxHepa m mpombiBatoT 10 M1 oXJ1aXkJI€HHOTO 110
0 °C meranona. Ocanok cymar Ha Bo3nyxe. Beixon 11 r (75% ot Teopermue-
ckoro), T. mi. 75-76 °C. Ecnu monydeHHOe COeMHEHHE MMEET 00Jee HU3KYIO
TeMIIepaTypy IUIaBICHHS, €r0 HMepeKpUcTauIn3oBbiBaoT u3 10 M MeTaHonA.

6) Tuoponuz memun-3-numpobenzoama

B Tpexropnyio koia0y eMkocThio 50 M, CHaOXKEHHYIO KalleJbHOH BOPOHKOMN
U OOpaTHBIM XOJOAMIBHHKOM, MoMmemarT 11 r Merun-3-HuTpobeH3oara, mpu-
KanblBAalOT PacTBOp 4 I THApPOKCHIA HATpust B 16 MJI BOIBI M KHUIATAT CMEChH
B TeueHne 15 muH. [Ipu 3TOM MeTHIIOBBIH 3(QUP MOJHOCTBIO PacTBOPSETCS.
Peaknmonnyroo cMech oxnaxjarot, pasdasisior 20 mu Bogsl. Ecnu cMech okpa-
nmeHa, ee 00pabaThIBalOT aKTUBHUPOBAHHBIM YIJIeM U QUIBTPYIOT. [lodydeHHBIN
pacTBOp IMpH OXJIAXKACHUHM M NepeMellnBaHuK BbUIMBAIOT B 250 mu pa30aBieH-
Hol comstHOU kmceaoTel (15 mur konm. HCI + 235 M H,0), nmepemeniuBaror 10
TexX Iop, MoKa TeMreparypa cMecu He momgaumercs mo 23—-25 °C. BeimaBmmii
0Ca/loK OT(HUIBTPOBBIBAIOT, MPOMBIBAIOT HEOOJBIIUM KOJIHMYECTBOM XOJIOIHOM
BOJIbI, CymiaT Ha Bo3ayxe. IlonydeHHas 3-HMTPOOEH30iHas KHCJIOTa MMEET
T. 1. 138-140 °C. Ilpenapar nepekpucTain3oBbBaroT u3 1%-it HCI u cymar
Ha Bo3ayxe. Beixog 9.7 r (96% ot Teopermyeckoro), T. . 141 °C.

Memoo bt
0. BbIn. 3. c. 76; MOX. c. 227

COOH COOH coo® COOH
@ KNO, @\ Ba( OH)z Ba2®l _HCl
H2804 NO, |, NO,

Bo BpeMst HETpOBaHMS OEH30IHOM KUCIIOTHI B KaUeCTBE IIABHOTO IIPOJYKTa peakiuu odpa-
3yercs M-HUTpoOeH30#Has kuciora. OIHOBpeMEHHO 00pasyeTcs HEKOTOPOE KOJIHYECTBO
0- M n-HUTPOOCH30WHON KHUCIIOT, yIaJeHHEe KOTOPBIX HpPENCTaBiseT cO00H TOBOIBHO
KpOIOTJIMBYIO omepanuto. YHUCThIM NPOLYKT MOXHO IOJNyYUTh HUTPOBAHMEM METUIIOBO-
ro s¢upa OeH30HHOH KHCIOTHL. B 3TOM ciiydae oOpa3yeTcss YHCTHIH METHJIOBBIA 3Up
M-HUTPOOEH30IHOH KHCIIOTHI, W3 KOTOPOTO THIPOJINU30M MOXKHO IOJYYUTH UYUCTYIO
M-HATPOOEH30WHYIO KHUCIIOTY.

1
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beH3oHaA Knucnota 5r CuHTe3 NnpoBOAAT
HuTtpaT Kanuna 10r B BbITA)KHOM WKady
H,S0, (d?® 1.84) 12.5 mn

Tmppokcug b6apusa 125r

B crakan momemaror 12.5 M1 H,SO, (d2° 1.84), HarpeBaroT Ha 3IEKTPOILIUT-
ke 1o 70 °C, mpu mepeMeImBaHUU BHOCSIT CMECh 5 T OCH30WHOW KHUCIOTHI
n 10 r HUTpara Kamws, Cieds 3a TeM, YTOOBI TeMIlepaTypa CMecH He IHOAHH-
Mmanacek Beime 80 °C. Oty Temmeparypy HOAAEpXKHUBAIOT IO TeX IOp, MOKa Ha
MTOBEPXHOCTH CMECH HE BBIJCINTCS HUTPOOCH30WHAs KHCIOTa B BHAE Macia,
KOTOpO€ TpH OXJKICHWH 3aTBepreBaeT. KHcioTy oTmensror, moka oHa Haxo-
IUTCS B BUJAE Macia. JTO Macyio MPOMBIBAIOT HECKOJIBKO pa3 BOJOW, Iepe-
HOCST B KOOy U TEPEeroOHKH C MapoM M OTTOHSIOT C BOASHBIM ITapOM He-
MIPOPEearnpoBaBIIyI0 OSH30MHHYI0 KHCIOTYy. Korma HauMHAeT OTTOHATHCA YHCTas
BOJA, NEPETOHKY IMPEKPAIIaoT W K TOPSYeMy OCTAaTKy B IEPErOHHOW Koibe
MpHUOABIAIOT MOYTH KUIAMUI pacTBop 12.5 r ruapokcnaa 6apust 1O TMOSBICHUS
ciabomienogHor peakuu. [Ipubasnsaior 300 Ma Boapl, cMech HAarpeBaroT 10
KHIICHHUA J0 TOJIHOTO PAacTBOPEHHS OCalKa, TOPIYHiA pacTBOp (GHIBTPyroT depes
BOPOHKY JUIs Topsdero (GuisTpoBanus, [1o oxaXkaeHnn BBIIENSIOTCS WTOJIHYaThIe
KPUCTAIUTBI OapHeBOil COMM HUTPOOEH30MHON KHCIOTHL. WX OTGMIBTPOBBIBAIOT
u xkumsataT ¢ 10-i1% HCI (kucnoTy mo0aBisIOT 0 KHCIOW peaknuy pacTBOpa).
BrienuBinytocs mocie oxnaxIaeHns 3-HUTPOOCH30MHYIO KHCIIOTY OTACIAIOT Ha
BOPOHKE C TIOPHCTBHIM JHOM, IPOMBIBAIOT BOAOH W NEPEKPUCTAIUIN30BBIBAIOT M3
Bogsl. [Tonmyuaror 3.75 r (55% ot Teopernueckoro), T. wi. 141 °C.

AMP 'H 6 (m.4., AMCO-d,): 7.82 (1H, 1, J = ~ 8 Tu); 8.36 (1H, a, J = ~ 8 Tu);
8.46 (1H, @, J = ~ 8 y); 8.62 (1H, m); 13.54 (1H, ywwup. c).
AMP 3C 6 (m.4., OMCO-dg): 123.6; 127.2; 130.4; 132.4; 135.3; 147.8; 165.5.

B7.1.3. 4-MeToKcH-2-HATPOAHMIMA®

COrn. c6. 3. c. 358

NH } NHJ?\ L
C?/-— NHJl\

NH,
HNO
3 N02 KOH N02
—_—>
CH3COOH H,0
e e TAN
b b
n-AHN3NANH 123 r CuHTes npoBOAAT
HNO; (d?° 1.40) 10 mn B BbITAXXHOM wWKady
CH;COOH nepaHas 30 mn
YKCYCHbIN aHrMapug 10.3 mn

! Bpewms peakuunm 4 waca.
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a)  4-Memokcu-2-Humpoayemanuiuo
B tpexropmoii konbe emrocThio 200 My, cHaOXEHHOU MeMIaNKOH, 0OpaTHBIM
XOJIOMWIIEHUKOM M TePMOMETpoM, cMmemuBaioT 12.3 r n-anusuamna, 30 mi Je-
IstHO#M yreycHOM kuciaoThl u 20 mut Boabl. ITycKarOT B X0 MEIIANKY M, KOTIa
n-aHW3WAWH PacTBOPUTCH, MIPHOABIAIOT K copepxkuMomy Konosr 35 T nbaa. Korma
temreparypa nmornsutcs 10 0-5 °C, x cMmecu mpuOaBisAOT B OJUH TPHEM IIPH
opicTpom mepememuBanuu 10.3 mMi ykcycHoro aHruapuia. Yepes HECKOIBKO
CEKYH]I COIEPKUMOE KOJOBI MPEeBPAIIaeTCsl B KPUCTALUTUIECKYIO MacCy, U TeM-
neparypa nosbimaercs 10 20-25 °C. KonOy HarpeBaioT Ha BOASHON OaHe 110
TE€X TOp, MOKa KPHCTAITUYECKas Macca HE PACTBOPUTCA W 3aTeM IpH Tepe-
MEIIMBAHUN OXJaXAaroT pactBop 1o 45 °C. [Ipu 3To#t Temmeparype HaYMHAIOT
BBIICIIATHCS KpUCTa/uibl. Koy moMemaroT B OaHIO CO JIbJAOM M B OAWH MPUEM
nobapisor k conepxumomy 10 M HNO; (d3° 1.4) (55%-ii u36biTok). Temmepa-
Typa cMecu moBsiraeTcst 10 70 °C, U BCKOpe HaYMHACT BBINAAaTh 0CaIO0K (eCiIu
MIOBBIIICHUST TEMITEPATyPhl He HAOMIOMAeTCs, CMECh HAarpEeBalOT HA BOJSHON OaHe
a0 70 °C). Perymupyst oxJaxJeHHE, TEMIIEpaTypy MOIJACPKUBAIOT B TCUCHUE
10 mun npu 60-65 °C, a 3atrem B Teuenue 10 muH moBomsat mo 25 °C (ecnu
MO3BOJIUTH CMECH OXJIAXKAAThCS CaMOIPOM3BOJILHO, TPOAYKT PEaKIMA TEMHEET).
PacTBOp MOMEIIAIOT HA HOYb B XOJOAMIBHUK. BBIMABIINE KEITHIE KPUCTAILIBI
OT(GHUIBTPOBBIBAIOT, MPOMBIBAOT 30 MJI JICASHON BOJABI U TIIATEIBHO OTKHMAFOT.
[IpomayKT BBICYIIUBAIOT Ha BO3/AYyXC WM B BaKyyM-DKCHKATOPE HaJ XJIOPUIOM
kajbiusa. Beixoq 16 r (75% ot teopernyeckoro), 1. mi. 116-116.5 °C.
[Ipenapar MOXXHO TEPEKPUCTATIIN30BATh U3 Pa30aBICHHOTO BOTHOTO CITHPTA:
2 M stuioBoro cimpta U 4 Ma Boxel Ha 1 T BemecTBa. [locne mepekpucrai-
mu3amuu T. 1. 116.5-117 °C.

6) o-Humpoayemanunuo

B crakan emkocteio 200 mi momemarotT cMech 16 T 2-HUTpo-4-METOKCHALIETAaHH-
nuga u 25 Mt XononHo# menoun (8.8 r eakoro Kanu pacTBopsitoT B 6.3 M1 BOAB,
OXJXKIAIOT U 10BoAAT 00beM 10 25 min). ColepKMMoe CTakaHa MepeMeIlBaIOT
Y HarpeBaloT B TeueHWe 15 MUHYT Ha BOASHOW OaHe, IMOCJIE YETO OXJIAKIAIOT
1o 0-5 °C. Ocanok oTGHUILTPOBBIBAIOT, IIPOMBIBAIOT JIENHOI Bogoi (3%15 mu)
M OT)KMMAIOT, Kak MOXKHO Jrydmre. [IpogykT cymar B BakyyM-dKcukaTope. BoI-
xon 12 r (95% or teoperuueckoro), T. mi. 122-123 °C.

MK (v, cm™"): 3520; 3510; 1570; 1480; 1210; 1020; 1090; 780.

AMP H 6 (m.a., AMCO-dq): 3.75 (3H, ¢); 7.03 (3H, 7, J = ~ 8 Tu); 7.15 (1H, @, J = ~ 8 Tu);
7.29 (2H, ywwup. ¢); 7.38 (1H, g, J = ~ 8 Tu).

AMP 3C & (m.a., AMCO-d,): 55.4; 104.9; 120.7; 127.0; 129.1; 141.9; 149.2.

b7.1.4. N-(4-Hurpodenmi)aneramun

(n-HUTpOALETAHMINT)
{O. sbin. Ill. .74

NO
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AueTtaHunnpg, 56T CuHTe3 npoBOAAT
HNO; (d%° 1.4) 4.7 mn B BbITAXXHOM WKady
H,SO, (d%° 1.84) 30 mn

B xpyrnononnoi#t mimHHOTOpiOH KOoyIGe B 30 Mu kxoHm. H,SO, pacTBOpsioT
5.6 r aneranunuaa (ecinu pacTBOPEHHE UAECT OYCHDb MEIJICHHO, MOXKHO HArpeTh
cmech 10 40-50 °C). ITomyuyennsiii pacTBop oxnaxnaior 1o 0-2 °C B Gane co
TBJIOM U COJBI0. TepMOMETp OMYyCKAaroT B KOJIOY IMPAaKTHYECKH IO JHA. 3aTeM
npubasisror 4.7 ma koHI. HNOj; ¢ Takolf CKOpOCTBIO, YTOOBI TeMIieparypa cMe-
cu He moxHrManack Beime 5—6 °C. [lo okoHYaHWH TPUOABICHUS OXJIAXKICHUE
yOupaT W IPOAOIDKAIOT MEpeMelInBaHue B TeYeHHE 1 daca NMpH KOMHATHOU
TeMIeparype. 3aTeM pPeakIUOHHYI0 CMeChb TOHKOW CTpyed IIpH XOpOLIEM Iepe-
MEIIMBaHUHU BBUIMBAIOT B BOLY C MEJKO M3MEIBYCHHBIM JIbIOM (100 mseou!).
KonmuaectBo nbpna u Bogsl B 10 pa3 Oompmie oO0beMa peakmMOHHOW CMECH.
BrimaBmuii cBETIO-KENTHIH OCAIOK A-HUTPOAIETAHWINAA OT(HUIHTPOBHIBAIOT
Ha BOpoHKe broxHepa, MpOMBIBAIOT HEOOIBIIMMH MOPIHUSIMHI XOJIOTHOW BOJEI,
omxuMaioT. IlepeHocsT BemecTBO B ctakaH ¢ 30 M BOZABI, MPUOABISIIOT COIY
0 MICNOYHOW pPEaKIUy W HATrPeBalOT O KHUIICHHUS IS TUAPOIN3a IPUMECH
o-uutTpoaneTanmmmaa. OxmnaxnamoT pactBop no 50 °C, oTGUIBTPOBHIBAIOT
¥ THOIATETFHO IPOMBIBAIOT A-HUTpOAIeTaHWIHI Boxod Ha Qumerpe. [Ipomykr
MEPEKPUCTAILTA30BEIBAIOT M3 MUHUMAIBHOTO KOJTHMYECTBA CIHPTA CICAYIOIIAM
0o0pa3zoM: B TOpSIYMN CIUPTOBON pacTBOpP MPHUOABIAIOT TOPSIYIO BOAY IO IIO-
SIBIICHVSI HEUCUE3AIOMIeH MYyTH W OXJIQKJAIOT MIPH MEPEMEIINBAHUH TTOTyICHHYIO
CyCIIeH3UI0. BhImaBmme KpuCTauIbl OT(GUIBTPOBLEIBAIOT HA BOPOHKE C IMOPH-
CTBIM AHOM. Bpixox n-uurpoaneranmnuaa 3.8 r (51% oT TeopeTHUeCKOTo),
1. . 207 °C.

AMP H & (m.g., AMCO-dg): 2.04 (3H, ¢); 7.66 (2H, a, J = 9 Tu); 8.04 (2H, 8, J = 9 Tu);
10.50 (1H, o).

AMP 13C & (m.a., AMCO-dg): 24.6; 119.3; 125.3; 142.7; 145.7; 170.6.

B7.1.5. N-(2-Hurpodenui)aneramun
(o-HHTpOAE TAHUIN/)

o 0 NAB. c. 151
NHJJ\ NHJl\
HNO, NO,

—_—

(CH,C0),0
AueTtaHunug 5r CuHTe3 npoBoAAT
HNO; (d2° 1.4) 6 MmN B BbITAXKHOM WKady
YKCYCHbIN aHrMapug 25 mn

B Tpexropiyio xonby emkocthio 150 Mi, cHaOKEHHYIO MEXaHHYECKOW Me-
IIaJIKOW, TEPMOMETPOM M KallelbHOH BOPOHKOMW, MOMEMIAIOT S5 T' alleTaHWIn/a
u 25 mi ykcycHoro anruapuaa (noo mseou!). Cmech oxmakgaiot g0 5 °C
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(TepMoMeTp B PEakIMOHHOW CMECH) W, CTPOrO MOAJACPKUBAs 3Ty Temiepa-
Typy (IpH mepeoXJaICHHH PEakKlusl CHadana He WJCT, a 3aTeM CTaHOBUTCS
HEyTpaBIsAeMOil), BHOCAT MO KAaIUIAIM B TeUeHHE 2 YacoB 6 MII OXJaKACHHON
no 5 °C asorHoii kuciotel (d2° 1.4 r/mn). 3aTeM BBIICPKHUBAIOT PEAKIIMOHHYIO
CMech MpHU JTOH Temmeparype B TedeHHe 1 daca W BBUIMBAIOT €€ B BOLY CO
asaom (50 r mpma + 50 mu1 Boxbl). BeimaBiumii 0cagok OT(UIBTPOBHIBAIOT Ha
BOpoHKe BroxHepa M MpOMBIBAIOT JieAsHOW BoAo#. Brixox 6 r (95% ot Teope-
THYECKOTO), T. 1. 91-94 °CL,

B7.1.6. N-(4-Bpom-2-HuTpodeHnI)aneraMmu

(4-6pom-2-HMTpOANIETAHMIIMI)?
MMXPwl. Bbin. 22. c. 45-46

o 0
NHM\ NHJl\
N

HNO4/H,SO, 0,
_— >
r r
4-bpomaueTtaHunnng 14r CuHTe3 npoBOAAT
H,S0O, (d%° 1.84) 32.2 mn B BbITAXXHOM WKady
HNO; (d?° 1.35) 6.7 mn

B tpexropayio konby emkocThio 100 mur, cHabGXeHHYIO MEIIAIKOW, Ka-
MEeJNbHOW BOPOHKON W TepMomeTpom, momemniatoT 14 r 4-OpomaneraHuiauia
u 28 min xoun. H,SO,. PactBop oxnaxmarot no 0 °C u mo kamisM B Tede-
HUE Yaca MPUOABIAIOT MPEABAPUTEIHHO MPUTOTOBICHHYIO HUTPYIOUIYIO CMECH,
cocrosmyo u3 6.7 mn azornoit kuciorsl (d7° 1.35) u 4.2 mn xonu. H,SO,.
Temmeparypa peakIMOHHON CMECH NMPHU 3TOM He JOJDKHA mpesbimats +5 °C.
[MocTtemeHHo pacTBOpP TyCcTEET M MPUOOPETAET HKEITO-KOPUIHEBYIO OKPACKY.
[To oxoHwanwm npuOaBICHHS HUTPYIONIEH CMECH PEaKIHOHHYIO MacCy BBI-
nepxkuBator 30 mun npu 0 °C, a 3arem BrutumBatoT Ha 100 r nppa. BeimaBmmid
KENTBIA 0CANOK OTQHILTPOBBIBAIOT, TpoMbIBatOT 200 M JIeAsTHON BOJBI, CyIIaT
CHayalla Ha BO3AyXe, a 3areM B cymnmibHoM Ikady mpu 50 °C. Beixox 16 T
(94% ot teoperuueckoro), T. mwi. 98-100 °C.

ITociie mepekpucTaIu3aiy Ipoaykra u3 BogHoro crnupra (1:1) momygaror
CBETJIO-XKEJNITHI HrompuaTelii mopomok ¢ T. mi. 103-104 °C. Brixon 43% ot
TEOPETUYECKOTO B pacyeTe Ha MCXOMHBIN 4-OpoMareTaHmiIu.

AMP 'H & (m.a., CDCl3): 2.23 (3H, ¢); 7.65 (1H, aa, J = 9 Tu n 2.3 Tu);
8.27 (1H, @, J = 2.3 Tu); 8.64 (1H, g, J = 9 y); 10.17 (1H, ywwmp. c).
AMP 3C 6 (m.g., CDCl,): 25.6; 115.2; 123.6; 128.2; 134.0; 136.5; 138.7; 169.0.

1
2

IIpr HEOOXOOMMOCTH NMPOLYKT MOXKHO IMEPEKPHCTAJIIIM30BaTh U3 BOJBI.
Bpewms peakmuu 2.5 gaca.
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B7.1.7. 2-AMuHO-5-HMTpPOGEH30iiHAsI KMCJIOTA
(5-nuTpoanTpaHMIOBasA KHCI0TA)!
MMXPwull. Bbin. 1. c. 58

(6] (0]
NHM\ NHM\ NHz

NH,

Oj/o\f o

COOH
COOH COOH o, COOH Hgl
_— e
CeHe, A A
NO,
NO,

AHTpaHunoBan Kucsora 17 r CvHTe3 npoBoOAAT
beHson 125 mn B BbITAXKHOM WIKady
YKCYCHbIN aHrugpua 12.5 mn
HNO; (d?° 1.52) 20 mn

a) Ayemaumpanunosas xucioma

B konbe ¢ obpatHeiM xonmomawiabHUKOM B 125 mu Gensona mpu 50-60 °C pac-
tBOpsitoT 17 r (0.125 MoJb) aHTPaHUIOBOM KHCIOTHI, U B PAcTBOpP TPH ITOM
TeMIeparype depe3 oOpaTHBIH XOJIOMWIBHUK A0OABISAIOT HEOONBIINMHU TTOPLHUS-
MU 12.5 M yKCYCHOTO aHTHApHIA, MOCJE Yero uepe3 5 MUHYT HabOiromaercs
BBINTAJICHHE 0Ca/ika. PeakIMOHHYI0 Maccy KHIATAT ¢ OOpaTHBIM XOJOAHMIIBHU-
koM 2 yaca. [lo oxmaxkaeHnu OTQWIBTPOBBHIBAIOT HAa BOpOoHKe broxHepa BHI-
MaBIIUH PO30BATBI KPHCTAUIMYECKUH ocanok; cymar mpu 60 °C. Beixox 16 r
(72% ot teopetnueckoro), 1. mi. 185-187 °C.

0) 5-Humpoayemaumpanuiosas Kucioma

B mnockononnyro kon0y emkocTtbio 100 mil, CHaOKEHHYIO MarHUTHOW MEIIaTKOH
U BO3AYIIHBIM X0I0OauiIbHUKOM, omemaoT 20 mi koui.? HNO;. Konby oxax-
narot 1o 0 °C, 3areM npuOaBILIIOT TP MIEPEMEIINBAaHAN HEOOJIBITUMH TOPIHSIMHU
10 r aneTaHTpaHWIOBOM KHUCIOTHL. TemrepaTypa Mpu 3TOM HE OJDKHA MPEBbI-
math 4 °C. PeakunoHHyo cMech mepememuBaT mnpu 5-7 °C 2 gaca u 3atem
BeimuBatoT Ha 100 r nmpaa. BelmagaeT kenThlid 0CaoK, ero OTQWIBTPOBHIBAIOT,
npoMbiBaroT 150 M Boael U cymar Ha Bo3myxe. Ilomywaror 7.3 r (56% ot
TEOPETHYECKOTO) CBETIO-KEITOTO TOPOIIKA, KOTOPBIH cpa3y THAPOIU3YIOT.

8)  5-Humpoanmpanunogas kucioma

4 T 5-HUTpOANETAaHTPAHWIOBOHW KHCIOTH KHIATAT 1 yac B kojbe ¢ oOpaTHBIM
xonommibHUKOM ¢ 35 M 20%-ro pacTBOpa COJNITHOM KMCIIOTHI. 3aTeM peakiu-
OHHYI0O cMech BbutMBatOT B 100 mu ropsiaedd Bozabl. BrimaBmimii mocie oxiiax-
JICHUS JKEeNTHIH 0CalloK OT(QUIBTPOBHIBAIOT, MEPEKPHCTAIIH30BBIBAOT N3 50%-T0
sraHona u cymar npu 70 °C. Beixox 5-HuTpoaHTpaHWIOBO KHCIOTH 1.5 T
(46% ot teoperuueckoro), T. mwi. 270 °C.

Bpewms peakmuu 5 gacos.

2 C a3oTHOU KHCNOTON 6oJee HU3KOW KOHIIEHTPAIMH PEAKIUS HE HJET.
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VK (v, cm™"): 3000; 1700; 1490; 1460; 1230; 825; 880.

AMP 'H & (m.a., AMCO-dy): 6.88 (1H, g, J = 9.5 Tu); 7.91 (2H, ywup. ¢); 8.08 (1H, m);
8.61 (1H, g, J = 3 Tu); 13.3 (1H, yw. c).

AMP '3C & (m.a., AMCO-d,): 108.4; 116.4; 128.6; 128.7; 135.0; 156.1; 168.1.

B7.1.8. 9-Hurpoautpauen’
COf. c6. 4. c. 368

NO, NO,
HNO;  Hcl NaOH
—_— _—
CH3COOH H0 @@@
|
AHTpaueH 5r CvHTe3 npoBoOAAT
YKCycHasa Kucnota nepgsaHas 44.5 mn B BbITAXKHOM LIKady
HNO; (d2° 1.42) 2 mMn
HCl KoHu. 12.5 mn

B tpexropnoii konbe emrocthio 200 M, CHAOXKEHHOW MEMIATKOW, KameIbHON
BOPOHKO# U TEPMOMETPOM, TOTOBAT CYCIEH3HIO 5 T' TIIATENFHO M3MENBYCHHOTO
anTpanena B 20 MJ JIeASSHOM YKCYCHOW KHCIOTBI. 3aTeM KOOy MOrpyKaroT
B BOJsHYI OaHo, Harperyio no 25 °C, u depe3 KallelbHYI0 BOPOHKY MpH
CHJIbHOM TepeMEIIMBaHNN MeieHHo npuiauBatoT 2 mia koHl. HNO;. Ckopoctb
MPUJIMBAHUS PETYIHPYIOT TaK, 4TOOBI TeMmIeparypa peakIHOHHOW cMecu He
nonanManack Beime 30 °C. Ora onepanus 3anumaer 15-20 munyt. [ocie
toro kak Bcsi HNO; npubasiieHa, cMech mepeMeInBaioT J0 TeX Top, MoKa pac-
TBOp He cTaHeT npo3paynbiM (~0.5 gaca), a 3aTeM MPOJOIKAIOT MepeMEIIBaHUE
emre ~0.5 gaca. TTocne 3TOro pactBOp GUIBTPYIOT, YTOOBI YAATUTH HEMPOpPEAru-
POBaBILUIA aHTpalleH, ¥ K QUIBTPATy MEJICHHO MPU CHIBHOM MEPEeMEIIMBAHIH
npubasnsor cmech 12.5 mu konn. HCI u 12.5 Mt nensiHO# yKCYyCHOM KHCIOTHI.
B pesynbrare BhImamaeT O1emIHO-XKENTHIH 0canok 9-HuTpo-10-xmop-9,10-murun-
poaHTpaieHa; ero OoTGUIBTPOBBHIBAIOT Ha BOPOHKE CO CTEKJISHHBIM (DUIBTPOM
W MPOMBIBAIOT IBYMsI MOPIMAMHU MO 6 MI JIeASHONW YKCYCHO# KHCIIOTHI, a 3a-
TeM BOJIOH, MPOJOIKast 3Ty OMEPALUIo 0 TeX MOp, MOKA PEaKIsl MPOMBIBHBIX
BOJ| HE CTaHET HeWTpanbHOU. [locne 3Toro mpemapar M3BJIEKAIOT U3 BOPOHKH,
TIIATENIFHO pacTHpatoT B cTynke ¢ 15 mu Terutoro (60-70 °C) 10%-ro pactBopa
NaOH. Eme temnyio maccy QUIBTPYIOT Ha CTEKISHHOM (UIBTPE, YTOOBI BBI-
JeTTUTh HEOYHIICHHBIA OKPAIICHHBIA B OPAHI)KEBBIN I[BET HUTPOAHTpALCH, U 00-
pabareiBatoT ero 10%-Mm pactBopom enkoro Hatpa (4x10 mi). 3aTem mpenapar
TIIATENILHO MPOMBIBAIOT BOJOW MO HEHTPaNbHOW PEakIHH MPOMBIBHBIX BOI.
Hust atoro tpedyercs okoinro 200 mu Bomel. Heounmienusiii 9-HuTpoaHTpareH
CyIIaT Ha BO3JyXEe M MEPEKPHCTAIUTU30BBIBAIOT U3 JICASHON YKCYCHOW KHCIOTHI,
MPU 3TOM JIydIlle MOCTENEHHO J00aBIATh CyXOl Mpenapar K KUISIel YKCyCHOR

! Bpewms peaknum 2 waca.
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KHCJIOTE ¥ MPOQHUIBTPOBATH MMOMYUYCHHBIH PACTBOP Ha BOPOHKE IS TOPSYETO
¢bunpTpoBanus (IS MEPEKPUCTAIIH3ANMYA HA KAKIBIH TPaMM BBICYIICHHOTO
npenapara cieayer Oparts 10 mMi ykcycHOW KucioThl). Beixon mpemapara, Ko-
TOPBI MOMYYaeTCcs] B BHJC SPKO-OPAHIKEBO-)KENTHIX UTOIBYATHIX KPHCTANJIOB,
4.4 r (70% ot Teopernyeckoro); T. . 145-146 °C.

WK (v, cm7): 1490; 1410; 1380; 770; 720.

AMP 'H & (m.a., CDCly): 7.42 (2H, 1, J = 7.5 Tw); 7.53 (2H, 7, J = 7.5 Tu); 7.87 (4H, 7, J ~ 8 Tu);
8.39 (1H, o).

AMP 3C & (m.g., CDCly): 121.2; 122.5; 126.0; 128.2; 128.7; 130.2; 130.5; 144.1.

B7.1.9. 2-Hurpodenoa u 4-uutpodenon
t0. Boin. 1. c. 72

OH OH OH
HNO4 NO,
—_— +
H,O
NO,
®eHon 1410 r CuHTe3 NnpoBOAAT
HNO; 19%-a 94 mn B BbITS)KHOM WKady

a) o-Humpogenon

B xommueckyio kxonby momemaroT 14.1 r ¢enona, mobammsior 1.5 Mi Bomb
W, clerka HarpeBas koily, pactuaBisioT ¢enon. PaciaBneHnsIid (eHom mocre-
MICHHO TIPH MOCTOSHHOM Ie€peMeIInBaHu npuOaBisaioT Kk 94 mu 19%-it a3oTHOI
KHCJIOTHI, HAXOJSAMICHCS B OXJIaXTaeMOou JeassHoit Bogoi 250 M KpyriomoHHON
konbe. Temmeparypa peakimmoHHONW cMecH Bce Bpemst nobkHa ObrTh Hibke 20 °C.
Ilocne no6aBienus Bcero heHoma Komdy ¢ TEMHOOKPAIICHHOW CMECHIO OCTaBIIA-
IOT CTOSITh 2 Yaca B XOJIOAHO# OaHe. 3arem (00s3aTenbHO B TOT K€ JICHB) CIIU-
BAalOT KHCJIOTY C BBIACTHMBIIETOCS Macia, MPOMBIBAIOT €r0 HECKOJIBKO pa3 BOHOM
U OCTaBISIOT IO CJIO€M BOABI. DTy CMECh HEPEHOCAT B KOJOY JUI TEePETOHKH
C TapOM MU TNEPErOHSIOT C MapoM 0 MPEKpPaIIeHUs MePeroHKH o-HUTPodeHona,
KOTOPBIIl OTTOHSETCSA B NMPHEMHHUK B BHJE XXEITOTO OBICTPO KPHCTAJIIM3YIOIIe-
rocs macnal. [lo OKOHYaHMH TIEPETOHKHU KENTHIE KPUCTAIUTBI OT(GUIBTPOBLIBAIOT
Ha BopoHKe BroxHepa, XOpomio OT)KMMAIOT M BBICYIIMBAIOT Ha BO3AyXe. BrIxon
6.5 r (31% ot TeopeTnueckoro) o-HutpodeHona, T. mwi 45 °C2,

AMP 'H & (m.a., AMCO-dg, CDCl5): 6.97 (1H, 7, J = 8.5 Ty); 7.14 ( 1H, &, J = 8.5 Tu);
754 (1H, 7, J=8.5Tu); 7.94 (1H, 8, J = 8.5 Tu); 10.66 (1H, yw. c).
AMP '3C & (m.a., AMCO-ds, CDCl3): 119.4; 119.5; 125.0; 135.5; 135.9; 153.2.

! BemectBo moxer 3aKpUCTAJUIN30BbIBATLECA B XOJIOAWJILHUKE, [IO3TOMY BOAY M3 XOJIOAWJILHU-

Ka HaJ0 Ha HCKOTOPOC BpEMs CJIIHUTh, NEPETOHKY IPOAOJIKATh, IIPU 3TOM IrOpsA4UM KOHJCH-
CaTOM KpUCTAJUIbl pACIIaBJISIOTCA U CMBIBAKOTCS B IIPUEMHUK, 3aTEM BOAY K XOJIOAWUJIBHUKY
CHOBa IMOAKJIIOYAIOT.

2 Tlocne mepekpHCTAITM3AIME U3 Pa3baBIEHHOTO BOXHOTO 3THiIOBOTO criupTa (1:1).
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6) n-Humpogenon

n-HutpodeHon He TeperoHseTcsi ¢ BOASHBIM HapoOM U OCTAETCSI B CMOJIUCTOM
OCTaTKe B TEpEroHHOW koybe. J{ns BBIENCHUS n-HUTPOQEHOIA ITOT OCTATOK
OTICISIOT OT BOIBI, JOOABJISIFOT PAaCTBOP THAPOKCHIA HATPHUsS, TOHKO PacTEePTHIi
AKTMBUPOBAHHBIN yrojb, KUMATAT U GUILTPyIoT. Punsrpar ynapusaror® B dap-
(dopoBoil Hamke Ha BOASHOW OaHEe JO TEX IMOp, MOKa Karulisi pacTBOpa HE OyaeT
3aCTHIBaTh MPH OXJaKACHUU. K ocTarky mocie ynapuBaHus TOOABIISIOT PacTBOP
THUAPOKCUAA HATPUS U OoXiaxknaroT. OOpa3oBaBIIHiACs n-HUTPODEHOISIT HATPUS
OT(UIBTPOBHIBAIOT HA BOPOHKE C MOPUCTHIM JTHOM, MPOMBIBAIOT HEOOIBIIMM
konuyectBoM 10%-ro pacTBopa THAPOKCHAA HATPUS M XOPOIIO OTKUMAIOT.
Honyuyennyro coib pasnaraiotr 10%-it HCl npu HarpeBanuu. BoienuBiuiics
Macioo0pa3Hblid 7-HUTPOGEHON 3acTHIBACT MPH OXJAXKICHHH. Ero mepexpu-
CTAJUTM30BEIBAIOT U3 BOJABI C J00aBIeHHEeM 1 MII CONITHON KHCHOTHL. [lomydaror
2.2 r (10% ot Teoperuueckoro), 1. w1 114 °C.

AMP 'H & (m.g., IMCO-dg, CDCl,): 6.91 ( 2H, &, J = 9.2 Tu); 8.08 (2H, &, J = 9.2 Ty);
10.75 (1H, yw. c.).

AMP '3C & (m.a., AMCO-d,, CDCl3): 115.6; 125.8; 139.8; 163.9.

b7.1.10. HurtpobensoJ
t0. Boin. lll. c. 70

NO,
HNO;
—_—
H,SO,
beH3on 13r CuHTes npoBoOAAT
HNO; (d? 1.4) 17 mn B BbITSOKHOM WKady
H,S0, (d%° 1.84) 21 mn

B xpyrnogonnyio kondy emkoctbio 100 mi ¢ 3¢ (heKTHBHBIM OOpaTHBIM XOJIO-
IUiIbHAKOM TomernaroT 21 mir konn. H,SO, M mocTeneHHo npu BCTPAXUBAHHH
U OXJIAXACHUH JeasHor Bomou mpubaBnsoT 17 mm koHu. HNO;. K oxmax-
JIEHHON 10 KOMHATHOM TEeMIIepaTypbl CMECH IOCTEIICHHO MPH BCTPSIXHUBAHUU
MpuOaBISIOT HeOOMbpIIMMH TopiHsIMHu 13 T OeH30J1a, MOJEep)KUBAs TeMIIC-
parypy peakumonHoil cmecu He Bhime 30-40 °C, qis vero koyby BpeMs OT
BpPEMEHM TOTIpYyXXarT B OaHIO C JensHoi Bojxoi. Ilociae mpubaBnenus OeH-
30J1a KOJIOY MOTPYKarT B BOASHYI OaHIO, MOJJEpKUBas B OaHe TeMIepary-
py 60 °C, BpeMst OT BpeMEHHU BCTpSXUBas comepkumoe Koibvl. Yepes 1 gac
CMECh OXJXKIAIOT, IEPEIUBAIOT B ICTUTCIBHYIO BOPOHKY U JAIOT OTCTOSTHCS.
OTaensioT BEpXHHUH CIOW, TPHU pa3a MPOMBIBAIOT BOJOU, pa30aBICHHBIM pac-
TBOPOM IIENI0YH, CHOBA BOJIOW 0 HEUTPANbHOW pPEaKIMU MPOMBIBHBIX BOJI.
Hutpo6eH3os cymar mpoKaJeHHBIM XJIOPHIOM KalbIist (B KOHHYIECKO# Kobe
o6bemMoM 50 M1, CHaGKEHHOM XOJIOAMIBLHHKOM), CIIErKa HarpeBas Ha BOISHOM

L Moo msaeoi.
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0aHe, MOKa >KUAKOCTh HE CTAHET COBEPLIEHHO NpPO3padyHOil. BricymieHHBIH
HUTPOOEH30J OT(QUIBTPOBBIBAIOT OT OCYLIUTENS U MEPETOHAIOT B BaKyyMe
(ne docyxa!). Beixox 20 r (98% ot Teopernueckoro), T. kum. 211 °C / 760 mm
pr. ct.; n& 1.1562.

AMP 'H & (m.g., CDCl3): 7.55 (2H, pa, J = 7.5 n 8.5 Tu); 7.71 (1H, 1, J = 7.5 Tu);
8.22 (2H, a, J = 8.5 ).
AMP "3C & (m.a., CDCl,): 123.4; 129.3; 134.6.

Bb7.1.11. 1,3-luanTpobeH30.

(m-muEATpOGEH30.)
t0. Boin. . c. 75

NO NO
2 NaNO, 2
H,SO4
NO,
HuTtpob6eH3on 10r CuHTe3 NnpoBOAAT
NaNO; 125 B BbITA)KHOM LIKady

H,SO, KoHu, 25 mn

B xpyrnomonHo#i konbe emkxocthio 100 mm B 25 mn xonu. H,SO, pactBo-
pstor 10 r HUTpOOeH307a, MOTPYKAIOT TEPMOMETP B KUAKOCTh M HArpeBaloT
1o 80-90 °C. 3arem MasieHbKMMH TOpHHAME NpubaBisfioT 12.5 T pacreproro
B nopomok NaNOj; ¢ Takoil ckopoCThIO, YTOOBI TeMIlepaTypa He MOJHHUMAaJIach
Beime 130 °C. OOpasyronuiicss TUHHTPOOEH30JI BCILUIBIBACT B BHUJIC Macia,
HaOmomaetcst ciaboe BbIIEJICHHE OKCHIOB a3ora. HarpeBaHwe mponoykaroT
elle HeKOTOpOe BpeMsl, II0Ka BeCh HUTpAT HATPHUs HE Mepeiier B pacTBOp.
Peaknnonnyto cmech oxnaxgator 10 70 °C v BBUIMBAIOT NPU HepeMeIInBaHUH
B crakaH co 120 T M3MENBYEHHOTO JbJa, TUHUTPOOEH30J BBINIAJAeT B BHUJE
amop¢HoOTO Ocanka. BomgHbIii pacTBOp AEKaHTHPYIOT, MPUOABISIOT K OCAAKY
50 M1 BOAIBI, HATPEBAIOT 10 KUIEHHS NPH NepeMEeINBaHNN, TOPSIIUH pacTBOp
JNeKaHTHPYIOT, OXJIAXKIAIOT U (QWIBTPYIOT. DTy OIEpaIfio IOBTOPSIOT 0 TEX
Mop, NMOKa He JOCTUTHYT HEWTPaJIbHOW Peaki[i MPOMBIBHBIX BOJ, Kbl pa3
CJIMBasi OXJIAXICHHBIN pacTBop depe3 GuiubTp. Kpucramisl Ha QHUIBTPE MPOMBI-
BalOT HECKOJBKO Pa3 XOJOAHOH BOJOW, MPHUCOENUHSAIOT K OCHOBHOH Macce Ju-
HUTPOOEH30JIa, OT)KUMAIOT MEX/Y JHCTaMU (MIBTPOBAIBHOM OymMaru M cymar
Ha Bo3ayxe. BbIxoj HeOUHIeHHOro AuHUTpoben3ona 12.6 v (92% ot Teoperu-
yeckoro). ITocne mepekpucTain3ali U3 HeOOIbIIOr0 KOMTHYECTBA KHITAIICTO
ciupra nonydaror 10.5 r (77% oT TeopeTH4ecKoro) YUCTOr0 AMHUTPOOCH30MA,
T. . 90 °C.

AMP 'H & (m.a., CDCl3): 7.84 (1H, 1, J = 8 Tu); 8.57 (2H, aa, J = 6 Ty n 2 Tu);
9.01 (1H, 1, J = 2 ).

AMP '3C & (m.a., CDCl,): 118.9; 128.9; 130.8; 148.4.
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B7.1.12. 3-Hurtpoben3ajibaerua

MNOX. c. 226
CHO KNO; CHO
B ——
©/ H2S04
NO,
beHsanbperng 5r CuHTe3 npoBoaAT
HuTtpaT Kanuna 55r B BbITAXKHOM WIKady

H,SO, (d%° 1.84) 20 mn

B ToncrocteHHoM crakaHe eMKocThio 100 Mi1, cHaOXEHHOM MEXaHUYECKOM
MEIIAJIKOM M KamelbHOW BOPOHKOH, pactBopsitor B 20 mn xonu. H,SO, mpu
20 °C 5.5 r mutpata kamusg. CTakaH MOMENIAIOT B 0aHIO CO CMECHIO JIbJa
u conu u npu temneparype 0 °C ¥ CHIBHOM NepeMelBaHUHM U3 KaleJlbHOH
BOPOHKHM MEJUJICHHO NPWINBAIOT 5 I CBeXeNneperHaHHoro OeH3albAeruaa, mo-
nepxwuBast Temnepatypy B uHrepBaie 0-5 °C. [lociie okoH4YaHUs TpUOaBIECHUS
OeH3aIbIETUIa PEAKIIMOHHYI0 CMeCh mepememmBaoT eme 1.5 vacal, a 3arem
TYCTYI0O OpPaH)XEBOTO IIBETAa MacCy BBUIMBAIOT B cTakaH eMKocThio 200 mi
¢ 10 r u3MenbpueHHOTO JbJa. BrigenuBmmiics ocalok OTHENSAIOT Ha BOPOHKE
BroxHepa, IpoMBIBaIOT HECKOJIBKO pa3 BOAOH, TIIATEIBHO OT)KUMAIOT M CyIIAT
B BakyyM-3kcukaTope. Beixon 5.9 r (83% ot teopernueckoro), T. mi. 58-60 °C.
[Ipu HeoOxoauMocTH 3-HUTPOOEH3ATIBAETHl MOXKHO HEPEeKPUCTAIN30BATh M3
OeH30J1a WIN MeTposieiHoro 3dupa.

AMP 'H & (m.a., CDCl3): 7.74 (1H, 7, J ~ 8 Tu); 8.19 (1H, &, J ~ 8 Tu); 8.41 (1H, g, J ~ 8 Tu);
8.62 (1H, ¢); 10.07 (1H, ¢).

AMP 3C 6 (m.g., CDCly): 124.0; 128.4; 130.3; 134.7; 137.2; 148.5; 189.8.

b7.2. bpomupoearue

b7.2.1. BpomoeHn3oa
0. Bbin. Il c. 241; M. c. 59

Br

Br2
—
Fe

beHson 195 r CunHTe3 npoBOAAT
bpom 11 mn B BbITAXKHOM WIKady
Fe (onunkn) 05r

1 Konen peaxuun ompenensoor ¢ nomomsio TCX, nerponeiinsiii a¢pup/aneton (4 : 1).
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B kpyriononHyto AByXTOpIiyto KoynOy eMkocTbio 150 Mi1, cHaOKeHHYIO Kamelb-
HOMl BOPOHKOHW M XOJIONMIBHUKOM, COEJUHEHHBIM C W30THYTOH CTEKJISHHOM
TpYyOKO#, KOHEIl KOTOPO#l OIyCKaroT B CTakaH C BOJOW Tak, 4TOOBl OHa He Ka-
canack xuakoctu’, BHOcAT 0.5 I KPYIHBIX JKeNE3HBIX omuiok, 19.5 r Genszona
W TIPUKAIBIBAIOT W3 KaleldbHON BOopoHKH 11 mur OGpoma, mepemeninBasi peakiu-
OHHYIO CMECh JIETKMM KPYTOBBIM BpamleHHeM KojObl. CHadaja NMpHKarbIBaOT
HeOOMbIIOE KOMYECTBO OpoMa M IyT Hauajia peakuuu?, Ilpubasnenue 6poma
BEAYT 3aT€M C TaKOH CKOPOCTHIO, YTOOBI peakiys IIia JOCTaTOYHO HHTEH-
cuBHO, HO He OypHo. [lo okoHuaHum mpudaBieHHs OpoMa INepeMellrBaHHe
MPOAOIDKAIOT, €CIM peakuHs 3aMeIJIUTCs, TO AJIs ee 3aBepUICHHsS Koy0y He-
KOTOpO€ BpeMsi HarpeBaroT Ha BoastHON Oane g0 60—70 °C (moka peakioHHas
cMech He 00eclBeTHTCs). PeakllMOHHYI0 CMeCh MPOMBIBAIOT B KoJbOe /1Ba pasa
BOJIOH, MEpPEeHOCAT B KOJIOy AJisi MEperoHKH ¢ BOASHBIM mapoM. CHauana OT-
roHsieTcss OpOoMOEH30I1, 3aTeM B XOJOIMJIBHWKE HauMHAeTCs KPUCTaJUIH3allHs
n-nqubpombensona. [IpueMHUK MEHSIOT, TOOOYHBINH MPOAYKT peakiuu COOUpPaIoT
70 KoHHa. JucTumnat, comepkamuii OpoMOEH30J, MEepeTUuBaIOT B JEIHUTETh-
HYIO BOPOHKY U TIOCJI€ OTCTaWBaHHS OTIEINAIOT OpoMOEH30J1, BBICYIINBAIOT €TO,
CJIerKa HarpeBas HaJl PacTONYEHHBIM XJIOPHUAOM KaJbIHs O HOJXY4YEeHHUS IpO-
3pavyHON KUAKOCTH, M TeperoHsoT. CoOuparoT (pakunio, MeperoHIIOuyrcs
npu 140-170 °C, a ocTarok emie ropsuuM BBUIMBAIOT B (Gap(OpOBYIO HAIIKY.
@paknnto ¢ T. kun. 140-170 °C moaBepraroT BTOPUYHOH HeperoHke. Brixox
18 r (46% ot Teoperuueckoro), T. kum. 156 °C / 760 mm pr. ct.; n¥ 1.5598.

AMP H & (m.a., CDCl3): 7.17-7.26 (3H, m.); 7.46-7.50 ( 2H, m).
AMP 3C 6 (m.4., CDCl;): 122.5; 126.8; 130.0; 131.5.

1,4-/Tubpomoenzon

3aKpuCTaUTM30BABIIMICS OCTATOK, BBUIMTHIA paHee B ¢apdopoByr yaiiky,
00BEIUHSAIOT C KPUCTAJJIAMH, OTOTHAHHBIMH C BOJSHBIM I1apOM, OTKHUMa-
I0T Ha BOpOoHKe BroxHepa, 3aTreM Mexny iucramu (pUIbTpOBajIbHOW OyMaru
U IePeKPHCTAUIN30BhIBAIOT U3 MUHHMAJIbHOTO KOJIMYeCTBa ciupTa. [lomyuaroT
1 r 1,4-qu6pombensona (2% ot teoperuueckoro), T. mi. 89 °C.

B7.2.2. 1,4-]ludbpomoeH30.1
(n-nubpomGeH30.1)
MN-M. c. 42

Br

Brz
Fe

Jnst momIonieHys BBIAEISIONIEro OpOMUCTOTO Bogopoaa. st 9Toi el MOXKHO HCIIONB30BaTh
KEpH C «OJHBKOW» U PE3MHOBYI0 TPYOKy (TpyOKy mociie 3KCIEepHMEHTa BBIOPACHIBAKOT).
Hauano peakunm ompemensioT IO MCYE3HOBEHHIO OKPACKHM M BBIACICHUIO OPOMHCTOTO
BOJIOpOJA.
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beH3on 5.5 mn CunHTe3 npoBOAAT
bpom 7.4 mn B BbITAXKHOM WIKady
Fe BoccTaHOBNEeHHOe 02r

B Tpexropnyio kondy emkocTbio 50 My, CHaOKECHHYIO MEMIANKOH, KameabHOM
BOPOHKOI M OOpaTHBIM XOJOAMIBHUKOM, Momeniaror 5.5 M cyxoro GeHzona,
0.2 r BoccranosaeHHoro xene3a u 0.2 mi cyxoro 6pomal. Korna naunercs pe-
aKI¥s, BKITIOYAIOT MEIIANKY W MOCTENEHHO M00aBISIOT U3 KarelbHOH BOPOHKH
eme 7.2 M OpoMa ¢ TakoW CKOPOCTBIO, YTOOBI PEaKIlHs IUIa JOCTATOYHO MHTEH-
cusHo. Korja peakuus 3amemInTcs?, kKoaby morpyxaror B Harperyio g0 50 °C
BOASIHYIO 0aHIO M MPOJOJDKAIOT TP MEPEMEIIHBAHUE MPU ITOU TeMmIeparype
npukamneiBate 0pom. ITocne moGaBieHus Bcero Opoma KojOy HarpeBalT Ha
KUMSIIed BOMsaHOM Oane B Teuenue 1 waca. Jlanee peaknMOHHYIO Maccy OXJax-
JAI0T 1O KOMHATHO#M TeMmepaTypbl M JKCTparupyot ee sdupom (2x20 mi).
Do¢upHbIil pacTBOp MPOMBIBAIOT BOAOH, 2 M pacTBOpOM THAPOKCHIA HATPHS,
2 M pacTBOpPOM COJISTHOM KHCIIOTBI, CHOBA BOJIOH U cyrar npokaneHHbiM CaCl,.
D¢up OTrOHAIOT Ha POTOPHOM HCHApHUTENE, K OCTATKY MPU TepeMEIIMBaHHH
CTEKJISTHHOW MaNo4KoW MPUOABIAIOT 5 MJI renTaHa U OXJIAKJAlT cMech B OaHe
CO NbJOM. BbImaBimii ocasok n-TubpoMOeH301a OTGUIBTPOBBIBAIOT, BHICYIIIHBA-
10T Ha Bo3ayxe. Brixox 9.9 r (68% ot Teoperndeckoro u3 pacuera Ha GSH30I),
T. . 83-85 °C. Ilocne mepekpucTaUIN3alid U3 MUHUMAJIBHOTO KOJHYECTBA
cnupta T. 1. 89 °C.

AMP 'H & (m.a., CDCl3): 7.34 (4H, ¢)
AMP 3C & (m.g., CDCl,): 121.0; 133.1.

b7.2.3. 4-Bpom-mpem-0yTuii0eH30J1

Orl. c. 300
+ Br2 i
Br
mpem-byTun6eHson 68 r CuHTe3 npoBOAAT
bpom 26 mn B BbITA’)KHOM LIKady

Keneso (onunkun) 05r

B tpexropnywo kondy emkocThio 500 Mi, cHaOXeHHYH OOpaTHBIM XOJIO-
JTUIBHUKOM, MEXaHHYECKOH MemanKkod M KamelbHOH BOPOHKOW, momemnia-
ot 0.5 1 xene3Hpx ommwiok u HamuBawT 10 T mpem-OyTunOenzona. 3aTem
MpU TepeMemunBanun npudasnsor 2 ma O6poma. Yepes 10 MuHYT BiIMBaioT
58 T mpem-OyTunOen3ona M mo KarwiaM npubasistor 24 mir 6poma. B mporiecce

! Bpom BEICYMHBAIOT, MEPEMENINBAS €TO C KOHI[. CEPHON KHCIOTOH B KOHHYECKOH KOJIOOUKE,

OTACIAKT €ro Ha JeITATEITBHOMN BOPOHKE — 6pOM HaxXoauTCsd B HUXKHEM CJIOC.

2 Tlocne npubasienus 3—4 M Gpoma.
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npubaBieHns OpoMa HauYMHAETCs WHTEHCHBHOE BBIJEIICHUE Ta3a, peakIOHHas
CMEeCh 3aMETHO pPa3orpeBacTCs, M €€ OXJIAXIAIOT BOIOH (KOMHATHOI Temrie-
parypbl). ITo okoHYaHHM MPUOABICHUS OpoMa CMeCh MEePEeMEIINBAIOT B Tede-
HUe 2 4acoB, GUIbTpYyIOT B konOy Kusitsena oobemom 150 Mi m meperoHsioT
B BaKyyMe BojoOcCTpyiiHoro nacoca. Bwixog 95 r (88% ot Teoperudeckoro),
T. kun. 95-110 °C /10 mm pr. cr.; n¥ 1.5192.

AMP 'H & (m.a., CDCl3): 1.29 ( 9H, ¢); 7.23 (2H, @, J = 8.8 Tu); 7.39 (2H, @, J = 8.8 Tu).
AMP 3C 6 (m.4., CDCl,): 31.2; 34.5; 119.2; 127.1; 131.0; 150.0.

b7.2.4. 1-Mertokcu-4-6poMmoeH30.1

(n-6pomann3o.)
JIAB. c. 158; MNOX. c. 194

o~ o~
VAR
+ O O~Br2 —
/
r

AHnnzon 108 r CunHTe3 npoBOAAT
bpom 6.1 mn B BbITAXKHOM WIKady
HdnokcaH 10 mn

a) JQuoxcanoubpomuo

K oxmaxmaemoit mpgom cmecu 10 mi muokcana m 11 mMn remrana mpuiu-
BalOT OXJIAXKIECHHBIN pacTBop 6.1 Mir Opoma B 21 M1 renrtaHa W IMepeMEIINBaIOT
CMeCh 5 MHH, OXJaXIas ee B 0aHe ¢ XONOMHON BomOH. BeimaBmmii opamxke-
BBIl OCAJOK OTHAEISAIOT Ha MOPUCTOM CTEKJISHHOM (HIBTPE, IPOMBIBAIOT TI'eK-
canoM (2x5 mu) u cymar Ha ¢unbTpe B TeueHue 5-6 mun. [lomydator 22 T
(75% ot Teopernueckoro) nuokcaHauOpomuna, T. wi. 64 °C. IIpoaykT ToT4yac
BBOJSAT B PEaKIHIO.

0) n-bpomanuszon

B mpmunHOTOpNYIO KpyrmomoHHyio Konly emkoctbio 50 mu BHocsar 10.8 r anu-
30J1a W TIPU OXJIAXKACHUH BOAOH W BCTPSAXHMBAHWH IMPUCHITAIOT 25 T' IHOKCaH-
nuOpomuaa. PeakmoHHy0 cMech MepHOANYECKH BCTPSIXUBAIOT MPHU KOMHATHOM
temmeparype B TeueHne 30 muH u BeummBamT B 100 mur Bombl. [Ipomykr skc-
tparupytoT 3dupom (2x50 mu). DdupHbie BBITIKKHA MPOMBIBaOT 2 M pacTBo-
poM NaOH wu Bomo#t. DdupHsiil skcTpakT cymar mnpokaneHHbiM CaCl,. Ddup
OTTOHSIOT, OCTAaTOK IEPETOHSIOT B Bakyyme. Brixon oxomo 10.5 v (56% ot
TeopeTudeckoro), T. kum. 99-100 °C / 18 mm pr. cr., nZ 1.5630.

AMP 'H & (m.g., CDCly): 3.77 (3H, ¢); 6.78 (2H, 3, J =9 Tw); 737 (2H, 8, J = 9 Tw).
AMP '3C & (m.a., CDCly): 55.3; 112.7; 115.6; 132.1; 158.6.

AHAJIOTHYHO MOXeT OBITh TONydeH n-Opombeneron, 1. mi. 227-233 °C /
760 MM pT. CT.
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B7.25. N-(4-Bpomdenna)ameramug
(n-6pomaneraHuIua)

EOC. p. 503
O O
NHJl\ NH'H\
Br2
—_—>
CH;COOH
r

AuetaHunupg 52r CuHTEe3 npoBOAAT
bpom 2 mMmn B BbITAXKHOM WKady
CH;COOH nepgsaHan 30 mn

B mByxropayroo koi0y emMkocThio 250 M, CHAOXKEHHYI0 MAarHUTHOH MEIIaIKON
U oOpaTHBIM XOJOJWJIBHUKOM, MOMEINAIOT 5.2 T aleTaHWIHAa W NpuOaBis-
0T 20 M neasHON yKCcycHO# KuciOThl. CMECh NMepeMellnBaloT C JIETKHUM
HarpeBaHUEM 0 PAacTBOPEHHS alleTaHWIWAa. 3aTeM K Hed NMpH KOMHATHOM
TeMIeparype mpuOaBisAOT TpeMs paBHBIMH MOPHHUSAMH pacTBOp 2 M Opoma
B 10 Mu mensHO# yKCyCHOW KHCIOTHI, IepeMennBas 2—3 MHH MEXIy Kaxk-
IOeIM npubasiieHneM. OOyciioBIeHHas! IPUCYTCTBHEM OpoMa OKpacka JIOJDKHA
ncyesarb. B Tedenwe Tperpero mepuoma npuOaBleHWS HAYWHAET BHINIAJAThH
CBETIIO-KENTHIH ocanok. [lo oxoHyanwm mpubaBneHus OpoMa peakINOHHYIO
CMech MEpEeMEeNIMBAIOT emle 5 MHH. 3aTeM NpUOaBIAIOT NPH IepeMellnBa-
Hun 150 M xomomuo# Bombl. [lpwm sToM BhIManmaer Oenblid ocamok. [IpuGas-
astor 0.5 r TBepmoro OucynbpduTa HATpHs, MEPEMENMINBAIOT W HAaOIIOAAIOT
3a OKpacKoil BOJAHOTO pacTBopa. bucynbdur Harpus mpomokaroT nMpuOaBiIsATh
mo 0.5 r g0 Tex mop, mMoKa He HMCYE3HET *kejitas okpacka (OOBIYHO XBaTaeT
oxHoit mopuun). OTGUIBTPOBEIBAIOT 0CaJ0K HAa BOPOHKe BroxHepa, mpombiBa-
10T XOJIOAHO# Bomo (2X25 M), OTXKHMAIOT MEXKAY JTUCTaMU (QHIBTPOBAIBHOMN
Oymaru. OTXaTelil OT BOJBI OCAJOK MEPEHOCHT B KOHHUYECKYIO KO0y 00beMoM
125 mx u pacTBOPAIOT B MHUHHMAJIBHOM KOJMYECTBE KHUIIAMIETO METaHOJa.
[Tocne mMemIeHHOTO OXJaXJEHHs BBINABIIMK OCaZOK OT(IIBTPOBBIBAIOT Ha
BOPOHKE C MOPHCTHIM JHOM, Cymiar Ha Bo3ayxe. Beixox 6.2 v (75% ot teo-
peTuyeckoro), T. mi1. 165-167 °C.

W3 mMaTouHOTrO pacTBOpa, OCTABIIETOCS IIOCIE MEPEKPHUCTAIITU3AINHN, MOKHO
MOJIYYHUTh JOMONHUTETRHO 1.5 T n-Opomaneranmnmma. OOmuil BBIXOA COCTaB-
nseT 93% OT TeopeTHUYecKoro.

AMP 'H & (m.a., AMCO-dg): 2.01 (3H. ¢); 7.40 (2H, g, J = 8.8 Tw); 7.51 (2H, g, J = 8.8 Tw).
AMP '3C & (m.a., AMCO-d,): 24.2; 114.9; 121.3; 131.7; 138.7; 169.0.
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B7.2.6. 4-BpoMaHuJuH
(n-6poMannIMH)

NIAB. c. 159
) 0]
NHJJ\ NH’U\ NH,
Bry HCI
CH;COOH A
r r

AueTtaHnnug 135r CunHTe3 npoBoOAAT
bpom 5.5 mn B BbITAXKHOM WIKady
CH;COOH nepaHas 70 mn
HCl KoHU. 50 mn

B mByxropnyio koia0y emkocthio 200 mil, CHAOKEHHYIO OOPAaTHBIM XOJIOIMIIb-
HUKOM M KareJIbHOH BOpoHKOM, BHOCAT 13.5 r aneranununa u 50 mu jgeasHoi
YKCYCHOW KHCIJIOTBI; KOOy Clierka HarpeBaloT JJis 3aBEpLICHHS PacTBOPCHUSI.
3areM mpu Temieparype, He npesbimarorieit 40 °C, MeaseHHO MPH MepeMeIln-
BaHUHU 100aBJAIOT pacTBop 5.5 mur 6poma B 20 Mt JIeasHOW YKCYCHON KHCIIOTHI.
Uepes 8-10 mMuH peaxius 3aKkaHYMBaeTCS. PEakI[MOHHYIO CMECh C BBIIABIIUM
ocankoM BbutHBalOT B 300 M jeasHOW Boabl. 3aTeM Tyma ke M00aBISIOT
pacTBop ruapocyinb(ura Harpus® 10 06eCIBEYHBAHUS PACTBOPA U BHINAIEHHUS
ocanka. benblii ocamok oTQUILTPOBBIBAIOT Ha BopoHke broxuepa. ITomyueH-
HBI n-OpoMalneTaHuinua 0e3 OYHCTKU MOJBEPraroT TUIPOIH3Y — MEPEHOCST
B KpyIIOAOHHYIO K00y oOomemom 500 mur, mobasmstor 150 mu Bombl, 50 M
koHn. HCl u xunsarar ¢ ob6paraeiM xonomuabHukoM 30 muH. K ocCThIBIIEH
cmecu nmobapnsior 20%-i pactBop NaOH mo 1mienouHo#l peakiiuu U OTTOHS-
IOT TOJIYYCHHBIA n-OpOMAaHWIMH C BOASIHBIM IapOM. n-BpoMaHHIIMH 3acThIBa-
€T B XOJOAMJIbHHUKE, O3TOMY BpeMsl OT BPEMEHH M3 pPyOalllKku XOJOAMIbHHKA
MPUXOAUTHCS ciauBaTh Boay. CoOpaBumimiics B MpUEMHHKE n-OpOMaHWIMH OT-
(GUIBTPOBHIBAIOT HA BOPOHKE BIOXHEpa M BBHICYIIMBAIOT Ha BO3IYyXE MEKIY
aucTamu GuIsTpoBanbHOM Oymaru. Beixog okomo 10 r (58% ot Teoperuue-
cKkoro), T. . 64-65 °C.

AMP 'H & (m.a., CDCl3): 4.8 (2H, ywwup. ¢); 6.56 (2H, o, J = 8.8 Tu); 7.24 (2H, o, J = 8.8 ).
AMP 3C 6 (m.a., CDCl,): 110.0; 116.6; 131.9; 145.3.

B7.2.7. 4-Bpom-N,N-mumMeTHIaHWINH

(n-6pom-N,N-qumMeTHIAHNINH)
JIAB. c. 160

\N/

\N/

Br,, KOH

—_—
H,0, anokcaH

! Twocynbgar HaTpus HexenaTesneH.
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OumeTunaHunnH 121 r CuHTe3 npoBOAAT
bpom 161 B BbITAXKHOM WKady
IdvnokcaH 190 mn

KOH 56T

KOH, 40%-1n pacTtBOp 15 mn

B uetbipexropiyio kondy emxoctero 500 My, CHAOKEHHYI0 MEXaHWYECKOH Mela-
KOM, KareIbHOH BOPOHKOH, TEPMOMETPOM M BO3IYIIHBIM XOJIOIWILHUKOM, ITOMEIIa-
10T pactBopbl 12.1 v mumernnanmwivHa B 30 miu auokcaHa u 5.6 r KOH B 20 mn
BOJIBI. 3aTeM IPU UHTEHCHUBHOM IePEeMEIlBAaHUH B TEUEHHE 2 4acOB IPHUKAITBIBAIOT
pactBop 16 r Br, B 160 mn auokcana, moaaepKuBasi TEMIEPaTypy PEakMOHHOM
cMmecu ~5 °C. OpraHuyeckuil CJIOW OTHEISIOT U mpombiBatoT 15 mi 40%-ro pac-
tBopa KOH. JlnokcaH OTTOHSIOT B BaKyyMe, OCTAaTOK II€PEKPUCTAIUIN30BBIBAIOT U3
stunoBoro cnupra. Bexox 15 r (75% ot Teoperudeckoro), T. mi. 52-54 °C.

AMP 'H & (m.g., CDCl3): 2.89 (6H, ¢); 6.56 (2H, #, J = 9.2 Tu); 7.27 (2H, A, J = 9.2 Tu).

AMP 3C 6 (m.g., CDCl,): 40.5; 108.5; 114.1; 131.6; 149.4.

Mo apyroit metomuke (Xuxxunbommom B. Peakuuu OpraHUYEeCKHX COCIHHE-
Huit. — M.: Xumudeckas nureparypa, 1939, c¢. 377.) numernnanuiud Gpomu-

PYIOT B YKCYCHOU KHCIIOTE, PEaKIMOHHYIO CMECh HEUTpanmu3yroT KoHi. NH;
1 oTHUIBTPOBHIBAIOT n-OpoM-N,N-THuMeTHIaHUIHH.

B7.2.8. 2,4,6-TpuopoMaHniun

MN-M. c. 43
NH, NH,
Br2, H20 ' Br
_—
A
O3H r
CynbdaHnnoBaa Kucnota 3461 CunHTEe3 NnpoBOAAT
bpom 3 mn B BbITAXKHOM WWIKady

B aByxropayio kosnby emkocthio 500 My, cHaOKEHHYIO MAarHMTHOW Memiaj-
KOU, KamneJbHOW BOPOHKOHW W OOpaTHBIM XOJOAWJIBLHUKOM, MOMEMIAIOT PAacTBOP
3.46 r cyab(haHUIOBON KHCIOTHl B MUHUMAJIbHOM 00beMe KHITAIIeH BOAbI 3aTeM
NPY MHTEHCHBHOM TMEPEMEIIMBAHIH K KHUITAIIEMY pacTBOpY mpukanbiBaor 280 it
OpOMHO# BOIIbI, MPUTOTOBJIEHHOW pacTBopeHueM 3 M Opoma B 300 M BOmBI,
JI0 TIOSIBJICHUSI Hewcyuesaroleil okpacku opoma. [Ipu HeoOXomuMocTH JT00aBISIOT
JIOTIOJTHUTENIbHOE KOJMYEeCTBO OpPOMHOW BOABI. BBHIMAaBIIMI METKOKPHCTAIIIHYE-
CKHUil 0CaioKk TpUOpPOMaHMINHA OT(UIFTPOBBIBAIOT M BBICYIIHMBAIOT Ha BO3IyXeE.
Brixon 6 r (91% ot Teopernueckoro), T. w1 119-120 °CL

AMP 'H 6 (m.a., CDCl;5): 4.40 (2H, yw. c.); 7.49 (2H, <.
AMP 3C 6 (m.a., CDCl,): 108.7; 133.7; 141.3.

! MosxHO NEPEKpUCTAUIN30BaTh U3 OcH30I1a.
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B7.2.9. 3-HurpodpomoensoJ
(m-6pomHETPOOEH30.1)

Memoo A
[O. Bbin. lll. c. 244
N02 BI'2 NOZ
R
Fe
Br
HutpobeH3on cyxom 123 r CuHTe3 npoBOAAT
bpom 9 mn B BbITAXKHOM WKady
Fe BoccTaHOBNeHHOe 1.2r

B tpexropmyio kpyrimomonHyio kondy emroctbo 100 My, cHaOXKEHHYIO MemIai-
KOIi, 0OpaTHBIM MIAPUKOBBIM XOJIOJAUILHUKOM® M KalelbHOI BOPOHKOM? ¢ KOPOT-
KOW OTBOJHOW TpyOKo#, momeriaroT 12.3 T HuTpoOeH3oma. Koy HarpeBaroT Ha
MacinsiHoH Oane. [lpu 135-145 °C u HempepbIBHOM MEpeMEIINBaHUN B KOJIOYy TpU
pa3za BHOCAT 1m0 0.4 T MENKHX JKEJIE3HBIX OIMWJIOK U 1Mo 3 MJI OpoMa, MPUIIMBAs €ro
U3 KarenbHoi BOopoHKHU (Bcero 1.2 T sKele3HbIX OmmwiIoK B 9 mi 6poma). Kakmyro
HOBYIO TOPIIHIO EJIE3HBIX OMIIOK U OpoMa BHOCST B PEAKIIHOHHYIO MAacCCy JIHIIb
IOCJIe YaCOBOI0 HarpeBaHUs Mpedplaymiei nopuun. Ilocne BBeneHus Bcero opoma
MPOIOJDKAIOT HATPEBAHUE €IIe OAWH Yac, YOAIAIOT MACIIHyI0 0aHIO, BEUTUBAIOT
comepkumoe Koiobl B 75 mMir Boabl ¢ 3 Mia 36%-ro pactBopa OucyiabbuTa Ha-
TPHsl, TOJYYEHHYIO CMECh MEPETOHSIOT C BOAAHBIM mapom®. IlepBble mopuu
TUCTHILIATA, COACPIKAINe HEe BCTYNHBIINA B PEaKIUI0 HUTPOOEH30I, COOMPAIOT
oTaensHO. [leperoHsionmecs: ¢ mMapoM KENThIe KPUCTAILIBI M-HUTPOOpoMOeH3011a
OTICIAIOT (UIBTPOBAaHHEM Ha BOpOHKE BroxHepa, XOpoImIo OTKHMAalOT M BEICY-
MIMBAIOT MEXKIY JIMCTaMK (GHIBTPOBaIbHOM Oymaru. Beixox 16 r (79% ot teope-
THYECKOro), T. kum. 117-118 °C / 9 mm pr. cr.; T. . 51.5-52 °C.

Memoo b
J. Org. Chem. 1981. V. 46. P. 2169
NO
NO2 karo, 2
—_
H,SO4
r
HuTtpob6eH3on 73T
KBrO, 1Mr
H,SO, KoHu, 48 mn

BepxHuii koHeI] 00paTHOTO XOJOMIBHUKA 3aKPhIBAIOT MPOOKON C M30THYTO# TpyOKOU st
0TBOJIa BBIJICJISIIOIIErOCsI OPOMUCTOrO BOJOPOJA, KaK yKa3aHO IpH CHHTe3e OpoMOeH3oua
(pasn. B7.2.1).

Kpan kamenbHON BOPOHKHM JOJDKEH OBITH cMa3zaH (ocOpHON KHCIOTOW M MPOBEPEH.

3 Cwm. pasn. A3.5.
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B derbIpexropinylo KpyrionoHHYIO KOOy emKocThio 250 mil, cHaOXeHHYIO
MEXaHUYEeCKOH MeIIaKol, TepMOMETPOM, KalleJIbHOH BOPOHKOH M OOpaTHBIM
XOJIOJMIIEHUKOM, TIOMEIIAOT OXJIaKICHHBIH /10 KOMHAaTHOH TeMIieparype pac-
tBOp 48 mn xonu. H,SO, B 48 mu Boawl! u mpubapnsooT 7.3 r HUTPOGEH30IIA.
JoBozasT temmepaTrypy peakunoHHod cMecu 1o 25 °C M IpH MHTEHCHBHOM
HepeMelINBaHIH TOPIUSIMUA 1O 1-2 T ¢ MHTEpBaIOM B 5 MHUHYT MpHOABIAIOT
11 r KBrO;, nognepxuBas Temneparypy cmecu B uHTepBajie 25-35 °C. [locne
npubasneHus Bcero konmmdectBa KBrO; cmeck mepemermBatot emie 3.5 4aca npu
9TOM TeMIieparype, OXJIaXIaloT 10 KOMHATHOH TeMIepaTypsl, OT(QUIETPOBBIBAIOT
TBEP/bIil POAYKT M MPOMBIBAIOT Ha GuisTpe Bomoi (2%x20 mu). Ipoaykr cymar
JI0 TIOCTOSTHHOM Macchl Ha (MIBTPE B TEUEHHE HECKOJIBKHX YacoB, HE OTKIIOYas
BakyyM. Beixox 10.8 r (90% ot teopernueckoro), 1. mi. 48-51 °C.

AMP 'H & (m.a., CDCly): 7.41-7.47 (1H, m); 7.79-7.85 (1H, m); 8.14-8.17 (1H, m);
8.32-8.36 (1H, m).
AMP 3C & (m.g., CDCl,): 122.0; 122.8; 126.6; 130.6; 137.5; 148.6.

b7.2.10. 3-Bpoméen3aabaeru
(1-OpomMOeH3aIBAETHT)
Ber. 1905. B. 38. S. 28

CHO CHO
Br2
_—
©/ AlBrj
r
ben3anbaerug 5.2 mn CnHTE3 NnpoBOAAT
AlBry 32r B BbITAXKHOM WIKady
Br, 3 mn
HCl KoHu. 30 mn
ddvp 125 mn

B tpexropayro konby eMkocThio 250 M, CHAOXKCHHYIO MEXaHHYECKON MeIra-
KO, BO3IYIIHBIM XOJIOMUIEHUKOM W KaleIbHOH BOPOHKOW, MOMEMIAOT 32 T JbI-
MsIIero nopomkooopasuoro AlBr; u 100aBisOT MO KarisM HPU HEpeMEIu-
BaHWU 5.2 MII MIEPErHAHHOTO OCH3aNbJeTHIa. PeakIoHHAs CMECh CTAHOBUTCS
TEMHO-KOPHUYHEBOTO I[BETA M pa3orpesaercs. [locne oxmakaeHus 10 KOMHATHOMN
TEMIIEPATyPhl MEUICHHO TI0 KaIUIIM IPUOaBISIOT 3 MJI OpoMa M BBIICPKUBAIOT
1 gac, mepeMemmBas 0 TeX MOp, MOKa PEAKIMOHHAs Macca HE 3aTBEpIEeT.
3areM B pEaKIMOHHYIO KOJIOYy OCTOpOxHO mobaBmstor 50 T Menko MCTONTYEH-
Horo sipaa u no kamism 30 mut koHi. HCI, npu stom Habmiomaercs cuIbHBIN
pazorpeB u OypHoe Boiaenenue HBr. K momyuennoit cmecu nobasisior 75 mi
IUATUAIIOBOTO d(upa MW OCTABIAIOT HAa HOUYb. OTIENSIOT TEMHO-KOPUIHEBEIN
OpPTraHWYECKHH CIIOH, BOXHBIA dKCTparupyrotr sdupom (2x25 mir), oObequHEH-

! B Boxy n06aBisAOT CEPHYIO KHCIOTY.
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Hble 3QupHble ¢pakuuu npoMbiBaloT 10%-M pacTBOpPOM COJISTHOH KHCIIOTHI,
3areM 10%-Mm pactBopom NaHCO,, nanee Bomoil n cymar MpoOKaJeHHBIM CYIIb-
¢atom HaTpus. DPUp OTrOHSAIOT Ha POTOPHOM HCIapuTeie 0e3 HarpeBaHHUs
0aHM, OCTATOK MEPEroHsoT B Bakyyme. Boixox 7.6 T (80% ot TeopeTndeckoro),
T. kur. 120-121 °C / 20 mm pr. e, nZ’ 1.5940.

MK (v, cmv™"): 1700; 1550; 1400; 1200;780; 700; 660.

AMP 'H & (m.g., CDCly): 7.41 (1H, 1, J = 7.7 Tw); 7.73 (1H, g, J = 7.7 Tw);
7.80 (1H, o, J = 7.7 Tu); 7.99 (1H, c.); 9.95 (1H, <.

AMP '3C & (m.a., CDCly): 123.3; 128.3; 130.6; 132.2; 137.2; 138.0; 190.5.

B7.2.11. 9-BpomaHTpaueH

0 Br
L Q01O
CCl,

Y A
AHTpaueH 5r CunHTe3 npoBoaAT
N-BpomcykuyuHmumng (NBS) 5r B BbITAXKHOM WKady
cda, 25 mn
DTaHon 10 mn

B nmByxropmnoit konbe emrocthio 100 mu, cHaOXeHHON MeImankoil M 0OpaTHBEIM
XOJIOAUIBHUKOM, HarpeBaroT J0 KHIIEHHS cMech 5 T aHTpaneHa, 5 r NBS,
25 mi CCl, u mobasisror 1-2 kpucraiuia Hona. Kak ToJIbKO HauHeTCs peakius,
HarpeBaHMEe BPEMEHHO MPEKPAIIAIOT, 0 OKOHYaHMU OyPHOM CTaJuu peaKnun’
HarpeBaHue BO30OHOBISIOT M KUISTAT CMECh eme 1 wac. 3aTeM emie ropsayio
CMeCh OT(QMIBTPOBHIBAIOT OT CYKIIMHUMHUA, KOTOPBIA MPOMBIBAIOT HEOOJBIINM
konmuectBoM kursiiero CCly, mprcoequHsAs MTPOMBIBHYIO KHIKOCTh K (DHIIBTpa-
Ty. OTrOHSIOT Ha POTOPHOM HCIIAPUTENE OONBIIYI0 YaCTh PACTBOPHUTEINS, OCTa-
TOK BBIIMBAIOT B cTakaH. OKOHYATEILHO PAaCTBOPUTENH YITAPUBAIOT U3 CTaKaHa
Ha Kumsnei BoxsHo#t 6ane®. CTakaH M3BICKAIOT U3 0AHHM U HAIOT COIEpKU-
MOMY OXJIAIHUTHCS MPH MOCTOSHHOM TepeMemunBanud. [lpu 3ToM oOpa3yrorcs
XOpoI1Io opOpMIICHHBIE KPHCTAJUIBI, KOTOPBIE 3aTeM IEPEKPUCTAIIN30BBIBAIOT
n3 10 mu sramona. Beixox 5.5 r (76% ot Teopermueckoro), 1. wi. 101 °C.

AMP H & (m.g., CDCLy): 7.47-7.51 (2H, m); 7.57-7.62 (2H, m); 7.95-8.02 (2H, m);
8.38 (1H, c); 8.51-8.54 (2H, m).

AMP '3C & (m.a., CDCly): 122.3;125.5; 127.1; 127.5; 128.5; 130.5; 132.1.

! Wmma 108 °C / 12 MM pr. cT.

OueHb BaXHO, 4TOOBI PEakius HE OCTAHABIHBAJIACH.

Taea! Ecnu cMech yIapuTh Ha POTOPHOM HCIIAPUTENE JI0CYXa, 00pa3yloTcsl TBEpIbIe KOMKH,
KOTOPBIE TPY/IHO H3BJIEYb M3 KOJOBL.
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B7.2.12. 9,10-iln6pomMaHTpaneH
COn. c6. 1. c. 189

Br
Br2
—_—
Q00 = QOO
Br
AHTpaueH 3r CuHTEe3 NnpoBOAAT
cd, 30 mn B BbITAXKHOM WKady

Br, 1.8 mn

B konby emrocthto 100 mur, cHaOXeHHYIO KaleJIbHOH BOPOHKOH, MEIIaTKOH
1 OOpaTHBIM XOJOIWUIBLHUKOM, IMMOMEMIAIOT CyCTeH3HI0 3 T aHTpaleHa B 30 mi
YEeTHIPEXXJIOPHCTOTO yriaeposa, 3areM meaneHHo (B Teuenue 10 MuUHYT) mpu
3 dpexTHBHOM MepeMmernuBanuu npubasiastoT 1.8 mi Gpoma. Peakmus mpo-
TeKaeT NMpPU KOMHATHOHM TeMIieparype ¢ oO0pa3oBaHHEM MaJopacTBOPUMOTO
9,10-nubpomanTpaiera. /s NOJHOTHI MPOTEKAHUS PEAKIUH CMECh OCTOPOXK-
HO HArpeBarOT Ha BOASHON OaHe MpPU MOCTOSHHOM IMEPEMELIMBAHUH, CIEIs 3a
TEM, YTOOBI Mapbl OpoMa MOJHOCTHI0 KOHJICHCHPOBAIUCH B XOJOoAWIbHUKE. [1o-
CTEIEHHO PEaKIMOHHYIO CMECh JOBOMAT 0 KUINECHHS M KUIATAT 1 yac. 3aTem
CMECh OXJIQXKIAIOT M OCTABJISIOT HA HOYb; BBHIMABIIMHA OCAJOK OT(UIBTPOBHI-
BAIOT, IPOMBIBAIOT HEOONIBIINM KomuuecTBOM xonoguoro CCl, u BbIcymIHBatOT.
[Monyuaror 4 r npoxykra (71% ot Teopetnueckoro)!, T. mi. 218-219 °C. Ilocne
KOHLICHTPUPOBAaHUSI MaTOYHBIX PAaCTBOPOB MOXKHO IMOJY4YUTH emie ~1 r Heouu-
IIEHHOTO TIpoayKTa ¢ T. Tul. 216 °C. boyiee YUCTHIA MPOAYKT MOXKHO IOJYYUTh
nepekpucTansanueir u3 Goapiroro kommyecTsa CCly. Beixox 5.0 r (88% ot
TEOPETHYECKOr0), T. 1. 221-222 °C.

MK (v, cm™"): 1500; 1300; 1250; 920; 820.
AMP H 6 (m.4., CDCly): 7.59-7.64 (4H, m); 8.54-8.59 (4H, m).
AMP 3C & (m.4., CDCl,):123.5; 127.4; 128.3; 131.0.

b7.3.  Hooupoeanue

Bb7.3.1. 3-UonbGeH3oiiHas KHCJIOTA
(m-uonOen3oiinas KHCI0TA)

J. Am. Chem. Soc. 1919. V. 41. P. 294

COOH COOH

., HNOgH;SO,
—_—
2 TCH4COOH

HpKO-)KeJ'[TOI‘O BETAa.

1
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beH3onHaAa Knucnora 6.1r CunHTe3 npoBOAAT

I, 64r B BbITAXKHOM WIKady
CH;COOH nepgsaHan 15 mn

ccl, 4 mn

HNO; (% 1.40) 3.4 mn

H,S0, (d%° 1.84) 5.6 MmN

B Tpexropnyio konby emrocthio 100 My, cHaOKEHHYIO MEIMIANKOH, KareJlbHON
BOPOHKOH W 0OpaTHBIM XOJOAMJIBHUKOM, TToMematT 6.1 r OeH30iHOM KUCIIOTHI,
6.4 r Tonko pacreproro l,, 15 mn nexsnoit CH;COOH u 4 mn CCl L. Tlpu cna-
OOM KHIICHHH PEaKIIMOHHOW CMECH B KOJIOy IO KaIlIsiM B TE€UYCHHE 2 YacoB IPH-
6aBnstor cmech 3.4 ma koHi. HNO; u 5.6 mur xonn. H,SO,. TlepememmuBanue
MpH TOH XK€ TeMmIepaType MpoaonKaT emie 2.5 yaca. 3areM peakiMOHHYIO
KOJIOY OXJIGKIAIOT, COACPKUMOE pa30aBIIAIOT BOAOH, OCaJOK OT(HHIBTPOBBIBAIOT,
MIPOMBIBAIOT BOJIOM M HECKOJIBKO pa3 MepeKpucTain3oBbiBatoT 3 50%-ro Bo-
naaoro crnupra. Beixoq 9.3 v (75% or teopernueckoro), 1. mia. 185-187 °C.

AMP 'H & (m.4., AMCO-dg): 7.31 (1H, 7, J = 8 Tw); 7.95 (2H, m); 8.25 (1H, ¢); 13.2 (1H, yw. c.).
AMP '3C 6 (m.a., AMCO-d): 94.4; 128.5; 130.5; 132.8; 137.6; 141.1; 165.8.

b7.3.2. 1,4-Iuuon-2,5-q1uMeTHIOEH30J1
(2,5-quuoa-n-Keu101)

| M. c. 30
. HNO3/H,SO,
—_—
2 "CH4COOH
|
n-Kcunon 265r CuHTEe3 NnpoBOAAT
I, 635r B BbITAXKHOM LIKady
CH;COOH nepgsaHan 75 mn
Cdl, 2 mn
HNO; (d?° 1.40) 1.5 mn
H,S0, (d% 1.84) 3 mn

B Ttpexropmnyio konby emkocthio 250 mu, cHaOXeHHYIO OOpaTHBIM XOJOIMIIb-
HUKOM, MENIANIKOW U KameJlbHOW BOpOHKOH, momemaror 2.65 T n-kcuiona,
6.35 r ToHKO pacTeproro uona, 25 ma nexsnoit CH;COOH u 2 mn CCI 2
PeakIMoOHHYI0 CMeCh HATPEBAIOT IO KHUIICHHS Ha KOJOOHArpeBaTeie W MpPHU HH-
TEHCUBHOM TMEpEeMEIINBAaHUK B TeueHre 1 yaca J0OABISIOT MO KAILIIM PacTBOP
1.5 M konm. HNO;, 3 mur xonn. H,SO, B 50 M1 yKCyCHOW KHCIIOTBI M Jajee

! I‘ICTI)II)CXXIIOI_‘)I/ICTI>II‘/II yoiepoa I[06aBJ'I$HOT JUJIA CMBIBaHUS MOJa, BOSIOHSIOUIEIOCS B IPOLECCE

peakuu.

2 CM. mpesbIIyIyI0 METOHUKY.
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MEPEMEIINBAIOT MPU KUIITYECHUHU J0 00ecIBeUnBaHUs pacTBopa. Ilocime oxmax-
JeHHsI 10 KOMHATHOI TeMIIEpaTyphl BBINABIIME KPMCTAJIBI OT(HIBTPOBHIBA-
0T U TEePEeKPUCTAITU30BEIBAIOT U3 YKCYCHOH KHCIIOTHI B KOJOE ¢ OOpaTHBIM
xonoaunbHuKOM. Beixox 7.6 T (85% ot Teopernueckoro), 1. wi. 101-102 °C.
WK (v, cm™"): 1410; 1070; 870; 775.

AMP 'H & (m.a., CDCly): 2.33 (6H, ¢); 7.63 (2H, ¢).

AMP 3C 6§ (m.4., CDCl5): 26.9; 100.6; 139.2; 140.6.

Bb7.3.3. 2-Hon-1,3,5-TpuMeTHIOEH30

(MoaAMe3uTHIIEH)
M. c. 31
.1, HNOyH,S0,
e
2 "CH,COOH

MesunTtunen 3r CuHTe3 npoBoOAAT
I, 32r B BbITAXKHOM LWKady
CH;COOH nepaHas 40 mn
HNO; (d?° 1.40) 1.2 Mn
H,S0, (d%° 1.84) 0.4 mn

B Ttpexropnyto kondy eMkocThio 150 mil, cHaO)KEHHYI0 OOpaTHBIM XOJOIUIHHU-
KOM, MEIIAJIKON M KamleJIbHOH BOPOHKOW, MOMENIAIT 3 T ME3UTHIIeHa, 3.2 T TOH-
ko pacteproro |, u 40 ma nensHoit CH;COOH. K peakunonHOW cMecu mpu
25 °C ¥ MHTEHCUBHOM TIepeMENIMBaHUH MPUOABIAIOT MO KaIulsaM cMech 1.2 miu
koHIl. HNO; u 0.4 mn xonn. H,SO,. IlepememmBanue nponopkat npu 25 °C
B TeyeHue 2.5 4yacoB. PeakniMOHHYI0 Maccy OCTaBISIOT HA HOYb MPH KOMHATHOM
TeMIeparype, 3areM pa30aBisiOT ABOHHBIM 0OBEMOM BOJIbI, BBIMIABIINN 0CaIOK
OT(HIBTPOBBIBAIOT, IIPOMBIBAIOT XOJIOJHOW BOZOH, BBICYIIMBAIOT M MEPEKPUCTAII-
JU30BBIBAIOT U3 MEHTaHA WIM MeTpojeiHoro a¢upa. Beixox womMesutuicHa
5.4 r (88% ot Teopernueckoro), T. mi. 30 °C.

AMP H & (m.a., CDCl3): 2.1 (3H, ¢); 2.35 (6H, c); 7.05 (2H, <).

B7.3.4. 2,4-lumon-1,3,5-TpuMeTHIOEH30T
(mmmoaMe3nTHIIEH)
M. c. 32

HNO4/H,SO,
_— >

+1,
CCl,, CH;COOH

1 Ecnmu KpHUCTAJUIbl HE BbINIAAAI0T, BBUJIMBAKOT PCAKIMOHHYKO CMECh B BOAY, OTACIAIOT Opra-

HUYECKUI CHOﬁ, KOHOCHTPUPYIOT €ro BTPOC HAa POTOPHOM HUCHAPUTEIIC U OXJIAXKIAIOT.



b7. dnexmpogpunbHoe 3ameerue 8 apomamuyeckom pady 277

Me3utnneH 3r CunHTe3 npoBOAAT

I, 64r B BbITAXKHOM WIKady
CH;COOH nepgsaHan 85 mn

ccl, 1 mn

HNO; (% 1.40) 3 mn

H,S0, (d%° 1.84) 2 mn

B Tpexropnyro kpyrmononHyio koindy emkocThio 150 mul, cHabxeHHYI0 0o0Opart-
HBIM XOJIOMMIIEHUKOM, MEIIAIKOW W KalelbHOW BOPOHKOH, MOMEMAIOT 3 T ME3H-
TuneHa, 6.4 r ToHko pacreproro l,, 25 mi neasnoii CH;COOH u 1 M CCI,t.
K peakmmonnoit cmecn npu 70 °C u mpu MHTEHCUBHOM IEPEMEIINBAHUU TPHU-
OaBmstroT o KarsiM cMech 3 mi koHI. HNO; u 2 mir korn. H,SO, B 60 M
nexsHot CH;COOH. IlepememnBanne npomomkaroT npu 70 °C B TeueHue
2.5 4JacosB, 3aTeéM pEaKIHOHHYIO CMECh OXJIaKJAlOT, BBIIABIINE KPHCTAJUIBI OT-
(PUITBTPOBBIBAIOT, TPOMBIBAIOT BOAOH M MEPEKPUCTAIUIM30BHIBAIOT U3 YKCYCHOM
kucnotel. Beixox 7.5 r (80% ot Teopernueckoro), T. mwi. 74-75 °C.

AMP H & (m.a., CDCly): 2.37 (6H, ¢); 2.88 (3H, ¢); 6.94 (1H, ).
AMP '3C 6 (m.a., CDCly): 29.9; 37.4; 103.1; 127.9; 141.8; 143.4.

B7.35. 4-Uon-1,1"-6upenna
(4-uondudenn)

M. c. 40-41
O—~O-
CH3;COOH
Budenun 335r CuHTe3 npoBoOAAT
l 3.2r B BbITAXKHOM WIKady
CH;COOH nepgsaHan 25 mn
KMnO, 26T
H,S0, (d?° 1.84) 1.8 mn

B Tpexropiayro koia0y emkocThio 100 M1, CHaGKEHHYIO MEMIANKOM, 0OpaTHBIM
XOJIONMUJIHUKOM M KaleJbHOM BopoHKo#, nomemniator 3.35 r oudenmna, 3.2 T us-
MenpaeHHoro l,, 2.6 r KMnO,, 25 mi nensHo#l yKCyCHOW KHCJIOTHI M ITOCTe-
nexHo npubasnsor 1.8 mi koum. H,SO,. PeakninOHHYIO CMECh BBIACPKHUBAIOT
Ha KUIsIIeH BOAAHOW OaHe NP MHTEHCHBHOM IE€PEMENIMBAHMM 0 IOJIHOTO
MCUE3HOBEHMSI MOZIa’. 3aTeM PEaKIUOHHYIO CMECh OXJIaXKIalT 0 KOMHATHOI
TEMIIEPATYPHl, BBIMABIIANA OCAA0K OT(GHUIBTPOBHIBAIOT, IPOMBIBAIOT BOIOM OT
HEOPraHWYECKUX COJeH M MEePEKPUCTAIIU30BBIBAIOT M3 JTUIOBOTO CIHUPTA,
OTHENsAsA MPUMECH Ha BOPOHKE it ropstuero (GuiasTpoBaHus. Beixom 4.5 1
(74% ot teopernueckoro), 1. mi. 112-113 °C.

! I‘ICTI)II)CXXIIOI_‘)I/ICTI>II‘/II yoiepoa I[06aBJ'I$HOT JUJIA CMBIBaHUS MOJa, BOSIOHSIOUIEIOCS B IPOLECCE

peaKIuHy.
2 ~2-2.5 uaca.
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AMP H & (m.a., CDCly): 7.33-7.36 (2H, m); 7.38-7.42(1H, m); 7.45-7.49 (2H, m);
7.57-7.59 (2H, m); 7.78-7.80 (2H, m).

AMP 13C & (m.a., CDCl,): 93.0; 126.8; 127.6; 128.8; 128.9; 137.8; 139.9; 140.6.

Bb7.3.6. 4,4-Tunon-1,1"-6udpennn
(4,4'-numnondoudennn)

M. c. 41.
HNO4/H,SO,
tly ———————— | |
CCly, CHsCOOH

BbudpeHun 385r CnHTEe3 NnpoBOAAT
I, 635r B BbITAXKHOM WIKady
CH;COOH nepgsaHan 15 mn
Cdl, 5mn
HNO; (d?° 1.4) 2.5 mn
H,SO, (d%° 1.84) 5.5 mMn

B Ttpexropmnoii konbe emrxocTsio 150 M1, cHaOKeHHOW MemIanKkoil, 0OpaTHEIM XO-
JTOAWIFHUKOM W KamlelbHOW BOPOHKOH, cMmemmBaroT 3.85 T Oudennna, 6.35 T u3-
mensaernoro l,, 15 mu neasnoit CH;COOH u 5 ma CCl,t. K peakunonnoii
cmecu mpu 90-95 °C? ouenb MemieHHO (B TeueHme uyaca) M0OABISIOT CMECH
1.5 mx xonn. HNO; u 5.5 mn xonn. H,SO,. HarpeBanme mpomosmkaroT eie
1 gac, 3atem BHOCAT B KonOy B TedeHwe 15 mmH eme 1 mMi a30THOH KHCIOTHI
u depe3 25 MHH HarpeBaHHe NMPEKpPaIIaioT U OCTABISAIOT CMECh Ha HOYb. 3aTeM
CcMeCh pa30aBIISIOT BOIOH, 0CaAOK OT(HUIBTPOBHIBAIOT, IPOMBIBAIOT PACTBOPOM
Cynb(puUTa HATPHUSA, BOAOUW M MEPEKPHUCTAILNTU30BBIBAIOT U3 JCASHOW YKCYCHOM
KHCJIOTBL B K0jI0€ ¢ 0OpaTHBIM XOJOAMIBHMKOM. Brixon 6.9 r (68% or teope-
tHyeckoro), 1. mwi. 204 °C.

AMP 'H & (m.a., AMCO-d, CDCly): 7.38 (4H, o, J ~ 8 Tu); 7.76 (4H, #, J ~ 8 ).
AMP '3C & (m.a., IMCO-dg, CDCl3): 94.1; 129.3; 138.8; 140.2.

b7.3.7. 2,7-Junon-9H-¢payopenon-9
(2,7-munondryopenon)
M. c. 48
O o

D
@ @ ? CCly, CHsCOOH @ @

UeThIpeXXJIOPUCTHIN YIIIepO JOOABISIOT Ui CMBIBAHUS HOJa, BOSTOHSIOMIETOCS B MpOIecce
peakuu.
Kumnsimas BonsHas Oans.

1

2
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®nyopeHoH 45r CuHTe3 npoBOAAT

I, 635r B BbITA)KHOM WKady
CH;COOH nepgsaHan 50 mn

cd, 1 mn

HNO; (d%° 1.4) 2 mMn

H,S0, (d%° 1.84) 7 mn

B tpexropnyro kondy emkocthio 100 Mi, cHaOXEHHYIO MeINalKod, oOpart-
HBIM XOJOAMJIBHHKOM W KareabHOHW BOPOHKOH, momemaroT 4.5 r ¢uyopeHoHa,
6.35 r usmensuennoro l,, 50 mn nensnoit CH;COOH u 1 mn CCl,t 3arem
PEaKkLHOHHYI0 CMeCh HArpeBaloT Ha necdyaHoi Gane 10 100 °C? u 106GaBIsIOT
U3 KamnejabHOW BOpOHKU cMech 7 i koHi. H,SO, m 2 mn HNO;. Harpesanue
npogoimkatoT 1.5-2 vaca. PeaknimoHHYI0 cMech OXJIaXXJAlOT, BBITABIIUI 0CaIOK
OT(hHIBTPOBBIBAIOT, TIPOMBIBAIOT BOAOM 70 HEHTPALHON pEaKilvu, BHICYIIMBAIOT.
[IpoayKT mepeKpUCTaUIN30BEIBAIOT U3 CMECH TOIYOJa W YKCYCHOW KHUCIIOTHI
(2:1, 10 mu wHa 1 r BemectBa). 2,7-AurondIyOpeHOH BhIMAgacT B BUIC OpaH-
xeBbiXx Ul Beixon 8.64 r (80% or teoperudueckoro), T. mi. 205-206 °C.

AMP 'H & (m.g., CDCly): 7.39 (1H, g, J 7.8 Tw); 7.67 (1H, g, J 8.2 Tu); 7.91-7.94 (1H, m);
8.06 (1H, u. m); 8.39-8.46 (2H, m).
AMP '3C & (m.a., CDCly): 96.6; 119.8; 120.9; 123.2; 130.2; 134.1; 144.0; 191.1.

b7.4. Humpo3supoeanue

b7.4.1. N,N-JAumeTna-4-HUTPO30aHUIUH
(n-HUTpO30MUMETHIIAHUIINH)

-r.c. 119
~N~ SN ~N~
NaNO, NayCO3
> HCI
HCI/H,0 H,O/acpup
Neo Neo
AdvmeTunaHunuH 5r CuHTe3 npoBoaAT
NaNO, 31r B BbITAXKHOM WWKady
HCl 8.6 mn
Sdup 20 mn
DTUNOBbLIN CNUPT 5 mn

a)  N,N-ZJumemun-4-numposoanununa 2uopoxiopuo

B ToncrocTeHHOM cTakaHe, CHAOKEHHOM MEIIAIKOH, TEPMOMETPOM M KalelbHOM
BopoHkoii, cmemuBaroTr 8.6 M1 HCl ¢ 51 MUMETHIAHUINHAS, npuOaBISAIOT OKO-
70 40 T U3MEeTBYEHHOTO JIbJAa W MEUIEHHO, MPH IOCTOSHHOM IepeMeIINBaHNU
n Temneparype He Bbime 10 °C  mpuiamMBaiOT W3 KalesJbHOW BOPOHKH B TEUEHHUE

CM. mpensIaymuil CHHTE3.
VYka3aHa TeMmIeparypa necdyaHoil OaHu.

8 I[I/IMGTI/IJ'IaHI/IJ'II/IH BHOCAT B KHCIIOTY.
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1 gaca pactBop 3.1 r HuTputa Harpus B 10 mu Bombl. CMech OKpamuBaeTcs
B OpaH)XEBBIH ILIBET, U M3 HEE BBINAJAIOT XKENThIE KPUCTAJUIBI FHAPOXIOpUIA
n-HUTpo3oauMeTHIaHuInHA. CoAepKUMOE CTaKaHa MEePEMEIINBAIOT B TEUCHUE
1 gaca, ocanok OT(GUIBTPOBHIBAIOT, XOPOIIO OTKHUMAIOT CTEKJISTHHOW MPoO0-
KOH, IPOMBIBAIOT 5 MJ 3THJIOBOTO CIUPTA U BBICYLIMBAIOT B 3KCHUKaTope. BrI-
xon 7.2 v (93% ot teopernueckoro), 1. mwi. 177 °C.

6)  N,N-ZJumemun-4-numposoanunun

Jli1st BeIZIeTIeHUsT CBOOOTHOTO OCHOBaHHMS COJIb #-HUTPO30JMMETHIIAHWINHA 00padaThI-
BaIOT B JICTIMTENILHON BOpoHKe 5%-M pactBopoM kapOoHara Hatpus U 20 mi 3¢wupa.
OcHoBaH#e TepeXOUT B 3(DUPHBIA CIIOH, KOTOPBIA OTHEIISIOT, & 3aTeM OTTOHSIOT
a¢up. n-HATPO30IMMETHIAHUINH BBIIEISETCS B BHUIE 3€JCHBIX demryek. [Ipomykr
MOXHO TEpPEeKPUCTAIUIN30BaTh U3 IeTponeitnoro s¢upa. [lomyuaror 3enensie Kpu-
ctauiel ¢ T. 1. 85 °C. TIpoaykT B CyXOM BHZIE CIIOCOOCH K CaMOBO3TOPaHHMIO.

VK (v, cm7"): 1500; 1600; 1340; 1360; 1100; 820
AMP H & (m.a., CDCLy): 2.87 (6H, ¢); 6.68-6.72 (2H, m); 7.76-7.80 (2H, m).
AMP 3C 6 (m.g., CDCl,): 40.10; 110.30; 125.40; 155.30; 162.96.

B7.4.2. 4-Hutpo3odenoa
(n-nuTpo3odenon)

-r.c. 119
OH OH
NaNOZ/HZO
H,SO,
N
0

®eHon 5r CuHTe3 NnpoBOAAT

NaNO, 46T B BbITAXKHOM WKady

H,SO, KoHu,. 2 mn

B ToncrocTeHHBIN cTakaH, CHaOXEHHBIM MEIIaIKOW, TEPMOMETPOM M Kalelb-
HOM BOpOHKOMW, momematoT 45 MJ BOABI, pacTBOPSIOT B Heil 4.6 T HUTpHUTa
HaTpua W npubaBisAoT 5 r deHona, pacrnnaBieHHoro B 15 mi Bomer. B oty
cMech BHOCAT 60 T M3MENbYEHHOTO JIbJja M U3 KaIlelIbHOI BOPOHKH B TEUCHHE
1 gaca mo kxamiAM NpUOABISAIOT XOJOAHBIA PAcTBOP CEPHON KHCIIOTHI, HpPEA-
BapUTEIBHO MPHUTOTOBICHHBINA cMemenneM 2 mi koHi. H,SO, ¢ 7 Ma BOAEL
[IpubaBnenue pacTBopa CepHOIl KHCIOTHI MPOBOIAT MPH IHEPTHUHOM IIepe-
MEIIMBAaHWU W HAPY>KHOM OXJIQXKJEHUH PEaKIHMOHHON MAacChl JIBJOM C COJIBIO,
9TO0BI TeMIleparypa BHYTpH KoiObl Obla okoso O °C. Ilpu 3T0#f TemmnepaType
PEaKIMOHHYIO CMECh IEPEMEIINBAIOT elle 2 Jaca, MOoCie Yero A-HUTPOo30(eHO0I
B BU/I€ OECIIBETHBIX KPHCTAJUIOB OT(QHIBTPOBBIBAIOT, TPOMBIBAIOT XOJIOTHOH BO-
JIOM 10 HEeHTpanbHON peakWy MPOMBIBHBIX BOJ M BeIcymmBaroT mpu 50-60 °C.
Beixox 5.2 r (80% ot Teoperuueckoro), T. mwi. 133 °C.

VK (v, cm™"): 3000; 1600; 1550; 1320; 1150; 1030; 800; 870.
AMP H & (m.a., AMCO-dg): 6.63 (2H, 8, J ~ 9 Tu); 7.67 (2H, a4, J ~ 9 Tw); 13.0 (1H, yw. c).
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b7.5.  Cynecupoeanue

Bb7.5.1. 4-MeTna6en3oiacyib(poKuciaora, ruApar
(n-Tosryoscyab(oKuCI0Ta, MOHOTHAPAT)

NAB. c. 156
H,SO, H,O
7 2 - H,0
A
OzH
Tonyon 32 mn CuHTe3 npoBoAAT
H,SO, 88%-A 19 mn B BbITAXKHOM WIKady

B kpymionoHHyo aByxropiayio koinOy emkocTbio 100 mi, cHabGxeHHYIO
MEXaHUYECKOU MEIIAJKOW M OOpPATHBIM XOJOMHJIBHHKOM, MOMEIIAIOT 32 MII
tonyona u 19 mi H,SO,!. CMmech HarpeBaroT Ipu MOCTOSHHOM IMEPEMEIIMBAHUY
no ciaboro paBHOMepHoro kumnenus. IIpubauszutensHo yepes3 1 uvac, korma
CJIOW TOJIyoJia MPAKTUYECKU MCUYC3HET, HAarpEBaHHUE MPEKPAIAlOT ¥ BBUIMBAIOT
Temiyw peakuuonHyio cmech B 100 mi Bombl. Ecnm mpu 3TOoM otnmenser-
Cs CIIOH HEMpOpearupoBaBIIETO TOJNYOJa, €r0 OTACISIOT C MOMOINBIO JeH-
TEIHHON BOPOHKH U OTOpachiBaroT. OCTaBIIMIICS BOJHBIA PAcCTBOP MOMEMIAIOT
B ctakaH emkocThio 500 mi1, 100aBISAIOT aKTUBUPOBAaHHBIA yrojb M KHUIIATST
o obeciBeunBaHus pacTBopa. OTMIBTPOBAHHBIA OT yriis OCCIBETHBIN pac-
TBOp YMapWBalOT Ha POTOPHOM HcmapuTeie no oobema 50 mu, mepeHoCsT
B CTakaH, OXJaXIalT JbaoM 10 5-7 °C u HacwlmanT ra3zoodpasasiv HCI2,
BrInaBiyio #-TomyosacynbPOKUCIOTY OTQUIBTPOBBIBAIOT HA MOPUCTOM (DHIIb-
Tpe, THIATEIHLHO OTXKUMAIOT M CyIIaT B BaKyyM-dKcukarope Hanx koHI. H,SO,.
OIHOBPEMEHHO B SKCHKATOP MOMEIIAIOT CTAKAHYUK C TBEPJOW IICIOUYBIO JIsI
HOMIOMICHUS XJIOPUCTOr0 Bomopoaa. Beixon 37.4 r (65% oT TeopeTHueckoro),
1. 1. 104-105 °C.

AMP 'H & (M.4., D,0): 2.37 (3H, ¢); 5.09 (3H, ¢); 7.34 (2H, a, J = 8.3 Tu);
7.72 2H, g, J = 8.3 Tu).

AMP 3C 6 (m.g., D,0): 23.4; 128.3; 132.3; 142.4; 145.3.

B7.5.2. 2,5-IlumMeTn0eH30/1cy1b()OKUCTOTA, TUTHAPAT
(n-xcuaoncyabdokuciora, ITUrHAPAT)

NAB. c. 155
H,SO, H,0 SOsH
A - 2 Hzo

1
2

Hano TouHO BBIZIEpkKATH KOHIICHTPAIIHIO.
Iloo mszou!
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n-Kcunon 3.5 mn CuHTe3 npoBOAAT
H,SO, KoHu,. 5 mn B BbITA’)KHOM LIKady

B tpexropiyio xonby emxoctbio 100 mul, cHaOKeHHYIO MemIanKod M oOpart-
HBIM XOJONHMJIBHUKOM, MOMEIIAT 3.5 M KCHIIoJIa M 5 MJI KOHII. CepHOH
kucinotel. Cmech HarpeBaroT Ha BoasHoil Oane mpu 90-95 °C B TeueHwme
15 mun. Ilocne oxyaxkJeHHS 10 KOMHATHOW TEMIIEpaTyphl pPeakIMOHHYIO
cMech BpUTHMBAOT B 8.5 Mu Boawl, oxnaxkmennoid no 0 °C. Bemmarmyro
n-KCWIONCYIb()OKHCIOTY OT(QHUIBTPOBHIBAIOT HA CTEKJISHHOM (IWIBTpE, Hpo-
MBIBaIOT oxJiaxaeHHbIM 10 5 °C pactBopom 10 mu xonu. HCIl B 5 mut Boasl
W THOIATENBHO OTXKMMAIOT. J{JI OYMCTKHM OT MPUMECH CEpPHOW KHCIOTHI IO-
JYYeHHYIO A-KCHJIOJCYIb()OKHUCIOTY MEepEeKPHCTAININ30BBIBAIOT U3 PAaCTBOpa
15 ma xonn. HCl u 10 ma Bomel. Beixog 30 r (68% ot TeopeTuueckoro),
1. 1. 86 °C.

AMP H & (m.g., D,0): 1.96 (3H, c); 2.24 (3H, c); 6.87 (2H, ¢); 7.37 (1H, ).
AMP '3C & (m.a., D,O): 18.7; 19.6; 126.7; 131.63; 131.68; 132.5; 153.7; 134.0.

b7.6.  Ayunupoeanue

B kauecTBe KaTajm3aTopa MpH NPOBEICHUW PEaKIHMH allMJIMPOBAHHS Hau-
bonee uacto ucmonb3yercs Oe3Bomubii AlCl; — Gmenuo-x)enTeiit (nHOTIA
OCCBETHBII) JIETKO THAPOIU3YIONINICS NOpomoK (ABIMHT Ha Bo3nyxe). XIio-
pHUI QTIOMHHUS pa3belacT Koxky, nponykr ero ruuppoinusa — HCl — pasmpa-
xKaeT ciausucteie obonouku. Paborars ¢ AICI; cieayer ¢ 0cTOpOXHOCTBIO,
noo mseou. B3BemmuBare AICI; crexyeT Takke MakcHMaibHO OBICTPO, MOJ
TATOM MIIM B XOPOIIO BEHTHJIMPYEMOM MOMEIICHUH, HEMOCPEICTBEHHO Mepe]
BHECEHHEM B PEaKUHMOHHBIH cocyn. Ecnu Bo3HHMKaeT HEOOXOAMMOCTh BO BHE-
cenuu AlCl; mo vactsm, B3BENIMBAHUE MPOU3BOAST B OHOKCE C MPUTEPTOM
KPBILIKO.

b7.6.1. 1-(4-MetokcugeHn1)ITAHOH
(n-ameTHJIAHN30J1, H-METOKCHALIETO(EHOH)

NAB. c. 171
~0
AICI3
2 CCI4
O
AHnzon 10r CuHTe3 npoBOAAT
AICl; 6e3BoaHbIN 14 r B BbITAXKHOM WIKady

Auetunxnopug 86T
cd, 60 mn
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B Tpexropnyio konly emkoctbio 250 My, CHaOXKEHHYI0 MEXaHUYECKOH Me-
IIaJIKO#W, OOpaTHBIM XOJIOAMJIBHUKOM M KalelbHOW BOPOHKOM, MOMEIIaroT
14 r 6e3somuoro AICIl;, mo6asisror 60 miu CCl,, nepemermBator 10 MuHyT,
OXJIQXKJAIOT B OaHEe CO JIBJJOM W IIPH CHIIFHOM IepeMENINBaHUN MEJICHHO IIpH-
KambelBafoT 8.6 T ameTwiIxiopuia, a 3aTeM INPH OXJaXJISHHH JIBAOM C COJBIO
(~0-5 °C) mpuxansiBaror 10 r anuzona. CMecH JAIOT HarpeThCs 10 KOMHATHOM
TEeMIIepaTyphl, epeMemnBaloT 1 yac W OCTaBISAIOT HA HOYb. 3aT€M OCTOPOXK-
HO BbutMBalOT B cMech 150 ma 2 M HCI u 100 r npaa. Tsokensiil opranu-
yeckui ciaoh otmenstor, npoMbiBaioT 2 M HCI (2x25 ma), 1 M pactBopom
Na,CO; (2%25 mi) u Bojoi. PacTBOpHTENHh OTTOHSIOT HA POTOPHOM HCIApPHTEIE.
Ocrarok meperoHsoT B Bakyyme. Boixox 11.8 r (85% ot TeopeTnueckoro),
T. kun. 163 °C / 28 mm pr. cr.l, . mn. 37-38 °C.

AMP 'H & (m.a., CDCl3): 2.49 (3H, ¢); 3.81 (3H, ¢); 6.87 (2H, g, J = 8.9 Tu);
7.88 (2H, o, J = 8.9 Ty).

AMP 3C 6 (m.g., CDCly): 26.2; 55.3; 113.5; 130.4; 163.3; 196.6.

AHAJIOTHYHO MOXKHO TONY4YUTh: 4-MeTunarieroderoH, Beixoq 85% ot Teopetu-
geckoro, T. kuil. 93 °C / 6 MM pr. cT.; 4-3TUnanerodenon?, Beixon 75% ot Teope-
tueckoro, T. kui. 125 °C / 20 mMm pr. cr.; 4-3TokcnanerodpeHon®, Boixon 70% or
TeopeTnyeckoro, T. kum. 134-138 °C / 13 mm pr. ct,, T. kum. 268-269 °C / 758 MM pr. cT,
T. . 37-38 °C; 4-n-OGyrunauneropenon®, Beixoq 64% oT TeOpeTHUUYECKOTO,
T. kun. 135-138 °C / 15 MM pr. ct.; 6-anetunrerpanun®, Beixon 70% ot Teope-
Tryeckoro, T. kum. 152 °C / 12 mm pr. ct., T. kum. 209-211 °C / 760 MM pt. cT,;
nponrodenon®, Beixox 77% or Teoperuueckoro, T. kuim. 85 °C / 7 MM pr. cT.;
oytupodenon, Beixon 80% or Teopernueckoro, T. kum. 74 °C / 3 MM pr. cT.;
kanpodenon’, Beixox 80% ot Teopetnueckoro T. kum. 124-125 °C / 9 mm pr. ct,,
T. . 24.7 °C.

B7.6.2. 1-(2-Tuapoxcu-5-MeTu/aeHus1)ITAaHOH
(2-ruapoxcu-5-mernaaneTodeHoH)

Ilepezpynnupoexa @puca

o NAB. c. 169
o/u\ OH O
AICl,
E —
A

IIpomykT 3acThIBaeT IpH MEPETOHKE, HOITOMY JIydIlle HCIIOIb30BaTh XOJIOAMIEHUK 0e3 BO-
JSHOI pyOamky.

2 B.7.1V.S. 726.

3 B. 8. Ill. S. 280.

4 B. 7.1l S. 1170.

5 B.7.8S. 377.

6 B.7.1V.S. 680, Opr. T. 1. C. 423.
T B. 7.1l S. 257.
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n-TonunauyeTar 75r CuHTe3 npoBOAAT
AICl; 6e3BoaHbIN 8r B BbITA)KHOM WKadpy
HCl KoHu. 20 mn

B tpexropiyio konby emkoctbio 250 Mi, cHaOXEHHYIO TEPMOMETPOM U XO-
JTOAMIBHUKOM, BHOCAT 7.5 I n-TonmiameraTra W IOCTENEHHO HEOOJBIIMMU
nopuusMu go06asnsror 8 r 6e3sogHoro AICl;. Konby marpesator g0 120 °C
(TemmepaTypa peakIMOHHOW CMECH), BBIICPKUBAIOT MPH ITOH TeMIEparype
10 MuH, 3aTeM TOPAYYI0 PEAKIIMOHHYI0 MAacCy MPH MEePEMENIHBAHUY BbLIHBA-
10T B cmech 65 r mpaa u 20 mu konn. HCIY. Tlocne Toro kak nen pacraer,
BBIMABIINN 0CaJ0K OT()HUIBTPOBBIBAIOT, BHICYIIUBAIOT U EPEKPUCTAILIIHU3OBHI-
BalOT M3 METHJIOBOro crnupta. Beixox okono 6.8 r (91% ot teoperudeckoro),
T. 1. 50 °C.

AMP 'H & (m.a., CDCl3): 2.30 (3H, ¢); 2.60 (3H, ¢); 6.86 (1H, g, J ~ 9 Ty);
7.27 (1H, g, J ~ 9 Tu); 7.49 (1H, c); 12.09 (1H, ¢).

AMP '3C & (m.a., CDCly): 20.5; 26.6; 118.1; 119.3; 128.0; 130.4; 137.5; 160.2; 204.4.

B7.6.3. Aneruiadeppouen

MN-M. c. 45
(0]
O
@ (}~ H3PO,
e + _— e
®eppoueH 9r CuHTe3 npoBoOAAT
YKCyCHbIN aHrnapug 50 mn B BbITAXKHOM LWKady

H;PO, KoHu. 2 mn

B Tpexropmyio xoi0y, CHaOXKEHHYIO MEIIaIKOi, TepMOMETPOM M OOPATHBIM XOJIO-
IWIIBHAKOM, TToMeImaoT 50 Ml YKCYCHOTO aHTHApHAA M 2 MJ KOHIL. (ochopHOit
KHCIOTHL. llepemMemBaroT 3Ty cMech B TeueHHe 15 MHUH u 3areM m00aBIAIOT
B kKon0y 9 1 deppouena. Harperaror cmech Ha mecyanoit 6ane mo 115-120 °C
U TOIJEPXKUBAIOT 3Ty Temneparypy B Tedenume 20 mun?. Ilocne oxmaxaeHus
mo 20 °C peakuoHHYI0 CMECh BBEUIMBAIOT B 1 I BOABI W OCTaBISIOT Ha He-
CKOJIBKO YacOB WJIM Ha HOYb, HO HE JOJBINE, TaK KaK aleTuiadepporeH pasia-
raercs B KHUCIIOW cpefe. BrimaBimmii KOpUIHEBBIN 0CagoK OT(MIETPOBHIBAIOT HA
BOpOHKe broxHepa W THIATEThHO MPOMBIBAIOT BOJOM 1O HEUTPAIBHON PEaKIUU.

Ecnm p€akKMOHHAasA MacCa 3aKpUCTAJIJIM30BbIBACTCA B KOII6€, TO CMCCH JibJla MU KOHII.
COJITHOW KHCIJIOTHI IIO6aBIIHIOT B KOH6y.

TepMOMeTp HaxoauTcCs B peaKHHOHHOﬁ cmecu! Konen TEPMOMETpPA 3allUIIECH PE3NHOBLIM
IIJIaHT'OM.
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Ocaok BBICYIIMBAIOT Ha BO3/IyXe, a 3aTeM B BaKyyM-dkcukarope Han P,Os.
[MonyuatoT cMmech deppolieHa U aleTHapeppoleHa, cyMMapHO okojo 12 r.
3areM 3 I MONYYEHHOM CMECH TOABEPralOT XpOMATorpadpoOBaHUIO! Ha KOJOHKE
¢ Al,O;. [ns atoro konoHka 3amonusiercs cycrnensueit Al,O; B merponeiinom
s¢upe, a 3aTeM Ha KOJIOHKY HAHOCHTCS B CYXOM BHAe 3 T' MPOAYKTa, Mpel-
BapuTenbHO pacTepToro ¢ 5 r Al,O;. @eppolieH smoupyeTcs MeTposeiHHbIM
sbupom (KenTas 30Ha Ha KOJIOHKE), a 3areM anetuideppoieH (opaHikesas
30Ha) — cMechlo OeH3on—meTponeitnbiii 3¢up (1:2). PactBopurtens 3 oboux
bpakuuii ynansiercs B BaKyyMe, W ONMpEACseTcsl BbIXOA (heppoleHa U aneTH-
¢bepporena. UnctoTa NpoayKTOB KOHTposupyercs: MetonoM TCX Ha miacTHHKe
«Cunygon». U3 nepsoit Gppakiun 0o0braHO BeigensaoT ~0.3 T ¢eppouena, T. mi.
172-173 °C (B 3amasHHOM Kammuisape). DeppolieH MOKHO HPU HEOOXOAUMOCTH
BO30THaTh. M3 BTOpOW (ppakumm OOBIYHO BBIACISIOT Oosee 2 T ametmiadep-
pouena. Cymmapupiii Boixoq 8 r (73% oT Teoperudueckoro), T. mi. 85-86 °C
(u3 metposneiinoro 3¢upa).

AMP 'H & (m.a., CDCl3): 2.36 (3H, ¢); 4.16 (5H, ¢); 4.46 (2H, m); 4.73 (2H, m).
AMP 3C 6 (m.g., CDCly): 27.4; 69.5; 69.8; 72.3; 79.2; 202.0.

B7.6.4. 1-(9-Autrpuma)ITaHon

(9-amermmanTpanen)
MMXPwull. Bbin. 23. c. 35

(6]
O AClh
+ _—
QOO ~, Q0

AHTpaueH 75T CuHTe3 npoBOAAT
AueTtunxnopug 2r B BbITA)KHOM WKapy
AICl; 6e3BoaHbIN 114r

HCl koHu. 20 mn

B ugereipexropmnoit xonbe emrocthio 250 Mi, cHaOXEeHHON MeXaHHYECKOH
MEIIAJIKOW, OOpPaTHBIM XOJOAMWIBHHUKOM C XJOPKAJIBIMEBOH TpyOKoH, Ka-
MeTbHOW BOPOHKOH M TepmoMeTpoM, B 50 MI cyxoro OGeH30iia pacTBOPSIOT
7.5 r anTpaneHa u mpubaBnIAOT npH nepeMenuBaHuu 20 T aneTHIXIOPUAA.
PacTBop oxnaxxgaror cmechio sbaa ¢ conbio (-5 °C) u mpu 3Toii Temmeparype,
He TIpeKpamas nepeMemuBanus, npubasisor nopuuamu® 11.4 r 6e3801HOTO
AICl; B Teuenue 1 uaca. Comepxumoe koinObl nepemermnBatt eme 30 MuH,
Imoclie 4ero JarT Temieparype cMmecu momgHsatees no 10 °C. IlomydeHHEBIH
KOMILIEKC KpacHOTO IBeTa pasmararoT cMmeckio 10 r mpma m 20 mMn KoHI.
COJITHOM KHCNOThI. OTAEensoT BEpXHUU OpPraHUYECKUM CIIOH, BOAHBIN cioi

1 Mertomom TCX na mracturke «Cunydon» B GeH30JI€ TPEABAPUTENBHO OIIEHHBAETCSA COOT-

HomeHHe (eppolieHa M aleTwIheppoLeHa.
2 o 0.8-1r.
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sKcTparupyrot O6eHzonoM (3%X10 M), OeH30JbHBIC (GPAKIHUHA MPUCOCAHHIIOT
K OCHOBHOW W OTTOHSIOT OEH30J Ha POTOpHOM wucmaputesne. OcraBmiascs
B KOJIOE I'ycTast Macca IpH OXJIAXJICHUU 3aTBEpPCBAET. BBIXO TEXHHUYECKOTO
ketoHa coctaBisieT 6.5 r (70% oT Teopernueckoro). BemecTBo pacTBOpsi-
0T B 50 MJI KWIAMIETO STHUIOBOTO CHHPTA M TOPAYHMHA PacTBOP (YHUIBTPYIOT.
IMpu oxnaxkJeHWH (QUIbTpPaTa BHIMAAIOT CBETIO-KOPUUYHEBBIE KPUCTAJIIH,
T. wi. 74-76 °C. Beixon 9-anerunantpanena 4.6 r (50% ot Teopernyeckoro).

VK (v, cm7"): 1700; 1400; 1200; 880; 750.

AMP H & (m.a., CDCly): 2.77 (3H, c); 7.45 (4H, m); 7.82 (2H, g, J ~ 9 Tu);
7.95 (2H, #, J ~ 9 Tu); 8.40 (1H, ¢).

AMP '3C & (m.a., CDCly): 33.7; 124.3; 125.4; 126.6; 126.7; 128.1; 128.8; 131.0; 136.7; 207.80.

B7.6.5. 1-(2,4-TuruapoxcudeHnn)dTaHOH
(2,4-muruapoxcuanerodeHon)

JI-1U. c. 134
OH OH
ZnCl,
T Todmp
OH OH
O

PesopuuH 3r CuHTe3 npoBOAAT
AueTtoHUTpUn 15r B BbITAXKHOM WKady
ZnCl, 1r
ddup 40 mn

B mockomonnoi konbe emrocthio 100 mur B 20 mu abcomoTHOTO 3duUpa pac-
TBOPSIIOT 3 T pe3opiuHa u 1.5 T alleTOHUTpHUIA, ¥ K IHOJYYEHHOMY pPacTBOPY
no6aBistoT 1 r 6E3BOAHOrO XJIOpHAA ITUHKA. 3aTeM NP OXJIaXJICHUHU JIbJIOM
JKUJKOCTh HACBIIMAIT XJOPUCTHIM BOAOPOIOM, OCTABIISIOT Ha HOYb MJIM Ha
HECKOJIbKO aHeH. K monydeHHOW TycToil mMacce MOOABISIOT MPU OXJIKICHUU
20 mn nepstHOW Bombl. i OTHEICHHS MPUMECEH B PEaKIMOHHYIO Maccy Io-
0aBsAOT HebobIIOe KomuuecTBO dhupa (20 M), MepeMEIINBAIOT M OTAEIS-
10T QUPHBIA cloi. BomHBIN clol KETMMWHA pasiaraloT NMyTeM KHIISYCHUS
B TeueHue 15 MUHYT. 3aKpUCTAIM30BABIIHMICS MPU OXJAXACHUU 2,4-TUTH-
IPOKCHAeTOPEHOH OTAEIAIOT M cyliar Ha Bosayxe. Beixom 2.9 r (70% ot
TeopeTHueckoro), T. mi. 143-144.5 °C.

MK (v, cm™"): 3400; 1620; 1600; 1200; 780; 720.

AMP 'H & (m.g., AMCO-d,, CDCl5): 2.51 (3H, ¢); 6.26 (1H, g, J = 2.6 Tu);
6.37 (1H, pa, J = 8.8 n 2.6 Tu); 7.63 (1H, a, J = 8.8 Tu); 10.34 (1H, c); 12.63 (1H, ).

AMP 3C & (m.a., IMCO-ds, CDCly): 26.0; 102.5; 108.1; 112.8; 133.0; 164.6; 164.9; 202.0.
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B7.6.6. 2-(4-Merna6en3om1)6eH30iiHAT KHCJI0TA

2-(n- o i
(2-(n-Tosrymn)6eH3oiiHasE KHCJIOTA) COM. 6. 1. c. 389

COOH
@)
O
AICl3
+ O ——-»
OTanesbll aHrMApuA 10r CunHTE3 NnpoBOAAT
Tonyon 46.2 mn B BbITAXKHOM WIKady

AlC, 201

B tpexropayto koia0y emkocThio 250 M, CHaOKEHHYIO MEMIAIKOH M OOpaTHBIM
xoJomuIbHIKOM, momeniaroT 10 r drareBoro anruapraa u 46.2 Mt Toyona, cMech
OXJIAXKIAIOT TIOTPY>KEHUEM KOJIOBI B 0aHIO co JhAoM. K XomomHOW peaKiMoHHON
cMecu cpazy npubasmsror 20 r ToiarensHo pacreproro B crynke AlCl,, mocie yero
yAAIAIOT OaHIO CO JIbIOM U HEMEIUICHHO IyCKaloT B Xoa Memianky. CMech 3aMEeTHO
pa3orpeBacTCs M OKpPAIIMBAcTCs B OJMBKOBO-3eieHbIH 1BeT. Korma yepe3 ~10 mu-
uyT BeigeneHre HCl Heckombko 3aMemmnTcs, KOOy CTaBIT Ha BOASHYIO OaHIo,
KOTOPYIO TIOCTENICHHO HarpepaioT B TeueHue 45 munyt go 90 °C; a1y Temmeparypy
MOJICP)KUBAIOT B TeueHHEe 2.5 YacoB, BCE BpEeMs DHEPTUYHO MEPEMEIINBas peak-
IIHOHHYI0 Maccy. K KOHIy HarpeBaHWsA BBIACICHHE XJIOPHUCTOTO BOXOPOAA IOUTH
IpeKpalaeTcs, U PeakiMio MOXHO CUMTaTh 3aKkoHUeHHOH. He mpekpamias mepe-
MEIIUBAHHUs B KOJIOE, TOPSUYI0 BOAY B OaHe CHavaa 3aMEHSIOT XOJOIHOM, a 3aTeM
Jno0aBysItoT K Hel Jen. Korjma peakiyoHHas CMECh OXJIaTUTCs, K Hel J00aBIsIOT
KyCOUYKH JIbJIa IO TeX IMOp, IOKa TEMHAas Macca MOJTHOCTHIO HE Pa3jIoKUTCS U 00b-
€M CMECH He JOCTHUTHET IIOJIOBHHBI 00beMa KOJOBI. 3areM n00aBisgroT 15 mut
kouil. HCI, oruero ocamok cOMBacTCs B KOMOK M PacTBOD CTAHOBHMTCS CBETIIBIM,
CMECh HarpeBaroT Ha KHUIIAIICH BOAsHON OaHe. M3OBITOK TONyoJa OTTOHSIOT C BO-
JSTHBIM T1apOM, PEAKIIHOHHYIO CMECh OXJIKIAIOT, IEKAaHTUPYIOT BOMHBINA CIIOH de-
pe3 BopoHKy BroxHepa M 0CazioK, He M3BJeKas M3 KOJObI, IPOMBIBAIOT HEOOBIIMM
KOJIMYECTBOM XOJIOAHOH BoAbI. Ocamok, ocTaromuiics Ha GUIBTPE, MPUCOSTUHSIOT
K BelecTBy B Koyidoe. OH COCTOUT B OCHOBHOM M3 M-TONYHJI-0-OCH30MHOM KHUCIIO-
Thl, YACTUYHO B KPUCTAUIMYCCKOM COCTOSIHHH, YACTHYHO B BHAC MACISTHHCTBHIX
KOoMKOB. K 3TOMYy OcamKy HmpHOABIISIOT HArPEThI PACTBOP 5 I' YINICKKMCIIONO HATPHSI
B 100 M1 BofBI, HarpeBaroOT U nepeMerrBaioT. Uepes ~10 MUHYT KHCIIOTa MEpexo-
JUT B pacTBOp, a IMPUMECH OCTAIOTCSA HEPacTBOPEHHBIMH. Elre ropsueii KUAKOCTh
(uABTPYIOT, GUIBTPAT MEPEHOCAT B CTAKaH U KHUCIOTY OCa)XIar0T MprOaBIcHUEM
6.5 MJI KOHII. COJITHOM KHCIOTHI. n-TOmyHi-o-OeH30HHas KHUCIOTa BBIACISACTCS
B BHJC OBICTPO KpHCTaLIM3yIomierocss Macia. JKHIKoCTh C OCaaKOM OXJIaXIaroT
JIBJIOM, TPOAYKT OT(HIBTPOBBIBAIOT M CYIIAT Ha Bo3myxe, 3arem — mpu 100 °C.
Brixong 15.6 r (96% ot teopermueckoro), T. mwi. 138-139 °C.



288 b. lpenapamuswas yacme

VK (v, cm™"): 3400; 1670; 1200; 780; 720.

AMP 'H & (m.a., CDCLy): 2.37 (3H, ¢); 7.18 (2H, A, J = 7.8 Ty); 7.33 (1H, g, J ~ 6 Tu);
7.52-7.64 (4H, m); 8.04 (1H, g, J = 7.7 Tu); 10.22 (1H, yw. ¢).

AMP 3C 6 (m.g., CDCly): 21.7; 127.5; 129.1; 129.3; 129.5; 130.8; 133.1; 134.4; 142.7;
144.0; 170.8.

b7.7.  Qopmunupoeanue

B7.7.1. 2-I'mapokcu-l-nadranbaerun

(2-ruapoxcuHaTONHBIN aJbIern) COM. ¢6. 3. c. 365

CHO
OH croy, NeoH OH
+ S
QT+ on
B-Hadton 10r CuHTEe3 npoBOAAT
STtaHon 95%-in 30 mn B BbITAXKHOM WIKady
CHCl; 1Mr
NaOH 20r
HCl (d2° 1.18) 17.5 mn

B Tpexropnyio kpyniomoHHYI0 KOOy eMKocThio 250 mit, cHaOkeHHYI0 (B (hEeKTHB-
HBIM O0OpaTHBIM XOJIOAMIBLHUKOM, MEIIAIKON W KarleJIhbHOH BOPOHKOH, MOMEIIAIOT
10 r B-nadrona u 30 mur 95%-ro sTanona. IlyckaroT B XOm MEIIAIKY H OBICTPO
npuOaBIISIIOT K comepkuMomMy Kostobl pactBop 20 r eakoro Harpa B 41.5 M1 BOIBI.
IonydyeHusIit pacTBOp HarpeBaroT Ha mapoBoi 6ane n0 70-80 °C u npubOaBisOT
K HEMY IO KaruisM xjopogopM. TTocrie Toro Kak peakius HadHETCs , TaIbHEHIIEro
HarpeBaHusi He TpeOyeTcs. XmopodopM MPUOABIISIOT CO CKOPOCTBHIO, HEOOXOTUMOH,
4yT00bI TOIIEPKUBATEL CIIOKOMHOE Kuenre cMecu (~0.5 gaca). Korma npubasienue
NpUOIKASTCS. K KOHILY, B OCAJIOK BBINAIACT HATPUEBAsl COJb THIPOKCUHA(PTONHOTO
anpneruna. [locae Toro kak Bech xjmopodopm OyneT mpuOaBiicH, MepeMeuTUBaHIE
MIPOIOJDKAIOT B TEUEHHUE ele oaHoro 4aca. CoupT ¥ M30BITOK XJopodopMma OTro-
HSIOT Ha BOISHOW OaHe. K ocTarky mpu SHEpruvHOM IepeMelIMBaHUH TTPUOABIISIIOT
no karsiM koHil. HCI mo kucmoii peakimu cpesibl. BoigenuBiieecs: TEMHOE Macio
CMEIIIaHO CO 3HAYUTENHHBIM KOJMMYecTBOM xnopuma Harpus. s ynamenus NaCl
MpUOABISIOT JOCTATOYHOE VISl €r0 PACTBOPEHHUS KOJIMYECTBO BOZBL. 3aTeM Macio
OTJIEJISIIOT Y MPOMBIBAIOT HECKOJBKO pa3 ropsiuei Bogoi. Ilocne meperoHku B Ba-
kyyme nonydaror 8.7-9.5 r cmabo okparieHHoro BemecTBa ¢ T. kum. 177-180 °C
/ 20 MM PT. CT.2, 3aTBEpAEBAIONIETO TIPU OXJAXICHUH. L[BeT AWCTHLIATA B OT-
JETIbHBIX OIBITAX Pa3IM4eH; OH MOXET OBbITh 3€JCHBIM, PO30BBIM HIIH SHTAPHBIM.
Boixon 5.7 r (48% or Teopetuueckoro)®, T. mi. 79-80 °C.

O Hayaje peakuud MOKHO CYIUTh 110 IoJy0OMY OKpAIIMBAHUIO PEAKIIMOHHOW CMECH.
Wiu 163-166 °C / 8 mm pr. cr. UToObl n30exarh pasjiokeHus, Jiydine paborarsh npu Gosee
HU3KOM JIaBJICHHUHU.

Tlocne nepekpucramuuzanuu u3 cnupra (~7 m).
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AMP 'H 6 (m.a., AMCO-d,, CDCl,): 7.16 (1H, A, J ~ 8.5 Tw); 7.38 (1H, 7, J ~ 7.5 Tu);
7.57 (M1H, 7, J~75Tu); 779 (1H, o, J ~ 8 Tu); 8.00 (1H, g, J ~ 8.5 Iu);
8.69 (1H, A, J ~ 8.5 Ty); 10.81 (1H, ¢); 12.44 (1H, yw. c).

AMP 3C & (m.a., AMCO-d,, CDCl5): 111.9; 118.7; 120.7; 124.1; 127.5; 128.9; 129.0; 132.2;
138.4; 164.1; 193.3.

B7.7.2. 9-AnTpaneHkapoajbaerun
(9-anTpanabaerun)

J. Am. Chem. Soc. 1953. V. 75. P. 989

CHO
@
+ N=CHO + POCI; — /H0, ©©©
/

AHTpaueH or CuHTe3 npoBOAAT
OumeTtundopmamng cyxom 8r B BbITA)KHOM WKady
o-Auxnop6eHson 10 mn
POCl; 14r

B gerpipexropnyro konby emxocthio 500 mi, cHaOXeHHYIO OOpaTHBIM XO-
JONWIBHUKOM C XJOPKaJIBIUEBOH TPyOKOH, TEpMOMETpPOM, KaleIbHOW BO-
POHKOW M MarHMTHOW Memankod, momemarT 9 r aHTpameHa, 8 T cyxoro
oumetuiadopmamuna, 10 ma o-muxnopbensona. K moxydeHHnoit cmecu mpu-
6asnsror mo kamasM 14 © POCI; ¢ Tako#t ckopocCThio, 4TOOBI TeMIepaTrypa
He npessimana 35-40 °C. CycmeHsus mepeMenInBaeTCss W HarpeBaeTcs Ha
BOIIHOM 0GaHe 10 MOJHOrO PacTBOPEHHUsS aHTpaleHal, mocje Yero HarpeBaHue
MIPOJOJKAIOT €€ OKOJO 2 4acOB, KOHTPOJIUPYS IOJNHOTY MPOTEKAHUS peaK-
OUH METOJOM TOHKOCIOWHOH Xpomarorpaduu. 3aTeM PEaKIHOHHYIO CMECh
OXJIXIal0T, HeliTpanu3yoT 1 M pacTBopoM ameTaTa HaTpHUs U pa3OaBISIOT
Bomoit mo0 1 1. PeakumoHHYI0O Maccy OCTaBISIOT Ha HOYb B XOJIOJUIIbHU-
Ke. BrpimaBmuii xeNThiil 0CaloKk QUIBTPYIOT U MEPEKPUCTAIIIM30BLIBAIOT U3
JeISHOW YKCYCHOM KHCIOTHI, HCIONB3Yyd KOIOy ¢ OOpaTHBIM XOJOIHUIBHU-
koM. OcaloK OT(HHUIBTPOBHIBAIOT M MPOMBIBAIOT HEOOIBIINMHU KOJTHYECTBAMU
KHCJIOTHI M XOJ0JHOTO MeTaHoia. Beixong 6.6 r (63% or TeopeTHUECKOTO),
T. 1. 104-105 °C.

VK (v, cm™"): 1670; 1600; 1420;1050; 890; 720.

AMP 'H & (m.a., CDCl3): 7.49 (2H, 1, 8, J ~ 85Ty ); 7.60 (2H, T, 8, J ~ 8.5 Tu);
7.94 (2H, g, o, J ~ 8.5 Tu); 8.52 (1H, c); 8.88 (2H, A, &, J ~ 8.5 Mw); 11.39 (1H, ).

AMP '3C & (m.a., CDCly): 123.4; 124.5; 125.5; 129.0; 129.1; 130.9; 131.9, 135.1; 192.8.

! Ecnu pacteopenne B Teuenwe 30 MUH He OyNET MONHEIM, HEOOXOAMMO JOOABUTE €Ille

5 mu puxiiopGeH3ona.
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b7.8.  Ankunupoeanue
b7.8.1. H3onponuiadenson

-r. c. 157
AICI
Mponunxnopwng 10 mn CuHTe3 NnpoBOAAT
AICl; 6e3BoaHbIN 2T B BbITAXKHOM WIKady
beHson cyxom 100 mn

B tpexropnyro KpyrionoHHy0 KoiaOy eMmMKocThio 250 My, cHaOXeHHYI0 Me-
IIaJIKOM, KareJIbHOW BOPOHKOW M OOpATHBIM XOJOIMJIBHUKOM, BHOCAT 80 M
cyxoro Oensona u 2 r usMmenwdeHHoro Oe3Bomnoro AICI;. KonOy nHarpesarot
Ha BoxsHOM Gane no 80 °Cl. K marperoil CycHeH3uMm Mo KaruisMm J00aBJISIOT
pactBop 10 M mponmnxiopuaa B 20 M Gen3ona. PeaknnoHHyI0 cMech BbIIEp-
KuBatoT 1ipu Temneparype 80 °C 10 NpeKpalieHns BhIETIEHHS XJIOPOBOI0OPOIa’
W BBUIMBAIOT B cTakaH co JgbpaoM U 10%-m pactBopom HCI. Opranmyeckwuit
cioii otmenstrotr, mpomeiBatoT 10%-m pactBopom NaOH, Bomoit 1o HeliTpansHON
peakuuu U cymar npokaneHHbIM CaCl,. BricynieHHBIH pacTBOp MEPEroHSIOT
n3 KonObI Biopiia, oTroHsAs cHavama OEH30J ¢ BOASHBIM XOJIOMMIBHHKOM, a 3a-
TEM H30MPOMWIOEH30JI ¢ BO3XYIIHBIM XOJOAMJIBHHKOM; COOMpPAIOT (PpaKIuio
¢ T. kun. 151-153 °C. Beixon 10 r (74% ot teopermueckoro); nZ’ 1.4913.

MK (v, cm™"): 1450; 1430; 1050; 750; 700.
AMP 'H & (m.a., CDCl3): 1.25 (6H, g, J = 7 Tu); 2.89 (1H, cenr, J = 7 Ty); 7.14-7.26 (5H, m).
AMP 3C & (m.4., CDCl5): 24.0; 34.2; 125.7; 126.4; 128.3; 148.8.

B7.8.2. mpem-Byrnnaéenson

AICI

mpem-byTnnosbin cnupT 74r CuHTe3 npoBOAAT
AICl; 6e3BoaHbIN 6.7 1 B BbITAXKHOM WIKady
beH3on cyxom 45 mn

HCl, 2 M pacTBOp 80 mn

B getbipexropiyto koily emMkocThio 250 M, CHAOKCHHYI0 MEXaHUYIECKON Mela-
KOH, 0OpaTHBIM XOJIOMUIHPHUKOM, KareJIbHOW BOPOHKON M TEPMOMETPOM, JOXOS-
MM 0 IHa KoJIOBI, BHOCAT 45 M cyxoro Oensona u 6.7 r Ge3soxuoro AlCI;.

Tepmomerp B Game.

2 KOHTpONb 10 CMOYEHHOM BOMOH HWHIMKATOPHOU Gymare.
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[pu sHEpruYHOM nepeMeIuBaHuy 100aBISIOT O KAIwiaM 7.4 T mpem-OyTHIIOBOTO
CIIMpTa, TOIICPKHUBas TEMITEparypy peakuuoHHoi cmecu B uHTepBane 20-30 °C.
[locne 3TOTO pEaKkIUMOHHYIO MAacCy OCTaBIISIOT Ha HOYb. 3aT€M €€ BBUIMBAIOT
B cMech 400 1 komororo sibaa u 80 M 2 M HCI, otnensior Bepxuuii GeH30I1b-
HBIN CIIOW B JICJMTEIILHOW BOPOHKE, a HIDKHUN SKCTPArupyroT sgupom (2%25 mi).
Oprannydeckre (Qpakiuu OOBEAMHSAIOT, PACTBOPUTENb YIANSIOT Ha POTOPHOM
HCIapuTene, a ocTaTok neperousor. Beixox 8.9 r (70% ot Teopernyeckoro),
T. kun. 165-170 °C; nZ 1.4980.

AMP 'H & (m.4., CDCLy): 1.32 (9H, ¢); 7.16 (1H, T, J ~ 8 Tw); 7.28 (2H, 7, J ~ 8 Tw);
739 2H, p, J ~ 8 Tu).

AMP 3C 6 (m.g., CDCly): 31.4; 34.6; 125.2; 125.4; 128.0; 151.0.

Ananorudyso! MOXHO MONyuuTh mpem-amunoen3on®. Boixox 60% ot TeopeTu-
yeckoro; T. kun. 188-191 °C; nZ 1.4910.

b7.8.3. Bensnadensoua

(mupennameran) o c 158
+ — >
beH3on cyxom 50 mn CuHTe3 npoBoaAT
AICl; 6e3BoaHbIN 5r B BbITA)XXKHOM WKady
beHn3sunxnopug, 12 mn
HCl KoHu. 80 mn

NaOH, 5%-»n pactBop

B tpexropnyio KpymiogoHHYIO Kon0y eMKocThio 250 My, cHaGXEeHHYI0 Memran-
KO, KareabHOH BOPOHKOH M 0OpaTHBIM XOJOAMIBHUKOM, BHOCAT 50 My cyxoro
Oensona u 5 r usmensuenuoro 6ezBoxHoro AlCI;. Konby oxnaxkmaror Bogoi co
JBAOM W TPW TIEPEeMENINBAHNHN MPUOABIAIOT MO KamaM 12 M OeH3mIxmopua.
Bo Bpems peaknuu OypHO BbLAENsieTcs XJopoBopopon. Korma ero BeigeneHue
MIPEKPaTUTCS, CMECh BBIACPKHUBAIOT NPH OXJIAKICHWH B TedeHue 15 muH. 3arem
B koiOy BHOCAT 40 T M3MENBYCHHOTO JIbJA W TOAKUCIAIOT cMech KoHi. HCI
70 KUCJOW pEeaKIuu Cpenbl, IEPEHOCIT B JNENHUTENbHYI0 BOpOHKY. OpraHu-
YeCKHH CIOW OTHENSAIOT, IPOMBIBAIOT 5%-M pacTBOPOM THIPOKCHIA HATpHS,
BOAOW 10 HEHWTpambHON peaknHH, CymarT Oe3BOAHBIM XJIOPHUAOM KaJbIIHS.
BbeH3onm OTTOHSIOT Ha POTOPHOM HCIApUTENE, OCTAaTOK NEPEroHSAI0T B BaKy-
yMe C BO3AyHIHBIM X0noauabHukoM. Beixox 10.5 r (61% or teopernueckoro)s,
T. kuiL 145 °C / 22 mm pr. cr.; n® 1.5770, 1. 1. 22-24 °C.

VK (v, cm™"): 1500; 1450; 730; 700.
AMP H & (m.g., CDCLy): 4.32 (2H, ¢); 7.53-7.56 (6H, m); 7.60-7.66 (4H, m).
AMP '3C & (m.a., CDCl,): 41.8; 126.0; 128.4; 128.8; 141.0.

Hcnonb3ys TUMETUIITUIKAPOHHO.
2 0. o | m Il. c. 285.
3 Jludenunmerad — GeCLBETHOE KPUCTAIIMUECKOE BEIIECTBO C LIUTPYCOBBIM 3aMaXOM.
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B7.8.4. BeH3ruapuiadoensoJ

(Tpudrennameran)
J. Am. Chem. Soc. 1918. V. 40 P. 791

o @©
©—> ©

beHson cyxom 140 mn CuHTe3 npoBoaAT
AICl; 6e3BoaHbIN 61 B BbITAXKHOM WKady
beHsrngpon cyxon 8r

B tpexropiyro xonly, cHaOXEeHHYI0 MEIIAJIKOH, KalleIbHOH BOPOHKOI M o0Opar-
HBIM XOJIOJMJIBHUKOM C XJIOPKaJbIIMEBOH TPyOKOi, MOMeIaT 6 r 6e3BOAHOTO
AICIl; 1 100 M cyxoro OeH3ona. 3areM NpH HApY)KHOM OXJIKIACHUH JIbJIOM
1 TepeMeIINBaHuN T00aBISIOT U3 KaleJIbHOH BOPOHKH PacTBOpP 8 T BHICYIIEH-
Horo OeHsrunposna B 40 M cyxoro 6eH3071a M OCTaBISAIOT PEaKIMOHHYIO CMECh
Ha HOYb IIPU KOMHAaTHOM Temneparype. Ha apyroit 1eHp ee BBUIMBAIOT B CMECH
200 r mpma B 72 ma 2 M HCI. Boaubiii cioii OTAEIAIOT W OTOPachIBAIOT,
a opraHuveckuii ciod mpombiBaroT nocienosarensHo 30 ma 2 M HCI u Bo-
nou (2x25 mut). Cymar npokanenHsiM CaCl,. BeH301 OTTrOHSAIOT HA POTOPHOM
HCHapuUTeNie, a OCTATOK MEePeKPHUCTAUIN30BbIBaOT U3 dTanona (6 r u3z 20 mi).
Beixox 4 r (33% ot teoperuueckoro), T. mwi. 90-91 °C.

AMP 'H & (m.a., CDCl3): 5.54 (1H, ¢); 7.09-7.28 (15H, m).
AMP 3C 6 (m.4., CDCl,): 56.8; 126.2; 128.2; 129.4; 143.8.

b7.8.5. IIukjaorekcuiadoeH3o

0000

COM. c6. 2. c. 567

beHson cyxom 53 mn CuHTe3 npoBoaAT
LinknorekceH cyxom 20 mn B BbITA’)KHOM WIKady
H,SO, KoHu,. 5 mn

B Tpexropnyio koi0y, CHaOXEHHYI0 MEXaHHMYCCKOW MEIIaaKo#, KaIeib-
HOW BOpPOHKOH WM TepMOMETpPOM, MmoMmemaioT 53 MJ cyxoro OeH3ola
n 5 mu xoun. H,SO,. K oxmaxkneHHOW peakIMOHHON CMECH HpPH TOCTOSH-
HOM TIepeMemnBaHuu B TedeHHe 30 MHH MEIJIEHHO IO KaIuIsiM J00aBIISIOT
20 M3 cyXOro IUMKJIOTEKCEHa, ciens 3a TeM, YTOOBI TeMIepaTypa MOJAepXKH-
Banach B mHTepBane 5-10 °C. Ilocme Toro xak mpuOaBiIeH BeCh MUKIOTEKCEH,
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nepeMennBaHnue MpoJoKaT eue B TedyeHue 1 yvaca. OTAENSAOT yrieBo-
JOPOAHBIN CIOW, OXJa)XJAIT €ro JbJAOM M MPOMBIBAIOT XOJOIHOW KOHI.
H,SO,! (2x5 mi). 3aTeM NpoAYKT NPOMBIBAIOT TEMIoi? Bomoi (2x25 mi),
3%-m pactBopom NaOH (2x15 mu) u BHOBB BOoit (2%25 mur). OpraHudeckuii
crnoit cymat mpokaneHHbiM CaCl, U meperoHs0T U3 KOJIOBI C BBICOKHM Je-
(daermMaTopoM, cobupas MUKIOTeKCIIIOeH30) B nHTepBaie 238-243 °C. Beixon
22 r (68% ot Teopernyeckoro), T. kun. 238-243 °C.

AMP 'H & (m.g., CDCly): 1.25-1.41 (5H, m); 1.72-1.89 (5H, m); 2.48 (1H, m);
7.13-7.29 (5H, m).

AMP 13C & (m.a., CDCly): 26.2; 26.9; 34.5; 44.6; 125.7; 126.8; 128.2; 148.0.

Bb7.8.6. 2,6-Au-mpem-6yTnnantpanex
K. 06w, Xum. 1986. T. 56. C. 392

000~ < LOQU

AHTpaueH 5r CuHTe3 npoBoAAT
mpem-byTunxnopug 1Mr B BbITSDKHOM WKady
AICl; 6e3BofHbIN 02r

CCl, cyxon 40 mn

B Tpexropnyro KpymIogoHHYIO KOOy emkocThio 250 M, cHaGXEHHYIO Me-
XaHUYECKON MelalKoi W OOpaTHBIM XOJOAMJIBHHKOM, BHOCIT 5 T aHTpaleHa
B 40 M1 cyxoro uerwipexxaopuctoro yriaepoaad, 0.2 r 6e3BomHOro xjopuaa
amomuHusA B 11 T mpem-Oytunxnopuaa. PeakiimoHHYI0 cMech TepeMeninBa-
T 1ipu 75 °C B TeyeHume 2 yacoB. [1o OKOHUAHUHW pPEaKIIUU PEAKIIHOHHYIO
Maccy oxJaxiarT, npubasnsor 30 ma rekcana’, ocagok OTQHIBTPOBBIBAIOT
U [EPEKPUCTAIIM30BEIBAIOT U3 rentada. Beixox 6.1 r (75% or Teopernyecko-
ro), T. wr. 253 °C.

MK (v, cm™): 1450; 750.
AMP H & (m.4., CDCly): 1.3 (18H, ¢); 7.4 (2H, c); 7.8-7.9 (6H, m).

H,SO, mpoMBIBAaIOT ISl MIPEBPAILCHHUS THIMKIOTEKCHICYTb(hAaTa B KHCIBIA LUKIOTEKCHII-
cynbgaT, KOTOPHIH Aaiee MOKET OBITH OTMBIT.

2 50 °C.

MOKHO HCIIONB30BaTh B Ka4eCTBE PACTBOPHUTENS AMXJIOPITAH.

Wnu netrponbHOTO 3dupa.
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b8. HYKNEOOUNbHOE 3AMELLEHUE B APOMATUYECKOM PADY

B8.1. 1-(2,4-TunnTpodenust)ruapasuH
(2,4-muanTpodeHnaruapasun)

Nab. c. 183
cl CH,COONa NHNH;
+ NoHyH, O — »

O,N NO, EtOH  oN NO,
2,4-InHnTpoxnopbeHson 10.1r CunHTe3 npoBOAAT
DTMNOBbLIN CNUPT 90 mn B BbITAXKHOM WIKady
CH;COONa 47 r
lmgpasmHrugpat, 70-80%-n pactBop 3r

B tpexroprnoii konbe emrxocteio 250 mil, cHaO)KeHHONW MEXaHHMYECKOH MEIajIKoH,
KarelnbHOH BOPOHKOW M OOpaTHBIM XOJOAMIBHUKOM, B S50 MII 3THJIOBOTO criMpTa
pacteopsior 10.1 1 2,4-munuTpoxnopbensonal. 3areM B peakIMOHHYIO CMECh ITPH-
0aBIIIIOT pacTBOP, MOMYYCHHBIN cMerieHreM 30 MIT STHIOBOTO CHHpPTA, 25 MIT BOIBI,
5.7 r anerara kanmus (i 4.7 T anerara Hatpusi) U 3 T 70-80%-ro ruppasuHruapa-
Ta?, KUnarsr conepxuMoe KoJObl ¢ 0OPaTHBIM XOJNOAUILHUKOM HPH TIOCTOSTHHOM
nepeMenrBaiui B Teuenne 1 yaca. OcHoBHas Macca 2,4-THHUTPOGECHIITHpa3HHA
BbIMajiacT B TedeHue nepBbix 10 muH. [0 OKOHYAHMH KUTISTYCHHUSI CMECh OXIIaX/a-
10T B JISJSTHON BOZIE, OCaJ0K OT(HIBTPOBHIBAIOT Ha BOpOHKE broxHepa M mpombIBa-
101 chadana 10 ma terwtoro (60 °C) stmosoro crmpra®, a 3arem 10 mMn Harperoit
1o 80-90 °C Bozp! u cymar Ha Bo3ayxe. Beixon 6 © (60% ot TeopeTnueckoro);
T. 1. 190-192 °C (c pasn.). IIpemapaT MoxeT ObITh MEPEKPUCTAIIM30BAH W3
n-Oytunosoro crmpra (30 Mt Ha 1 r 2,4-AMHUTPOGEHUNTHIPA3HHA).

AMP 'H & (m.a., AMCO-dg): 5.01 (2H, ywwup.c); 7.62 (1H, g, J = 9.5 Tu);
8.19 (1H, an, J = 9.5 v 2.5 Tw); 8.74 (1H, A4, J = 2.5 Tw); 9.97 (1H, ©)

AMP '3C 6 (m.4., AMCO-dg): 115.5; 123.4; 127.5; 129.5; 134.2; 149.2.

B8.2. 4,4'-TaauTpoandeHnIoBblii dpup

Memoo A (peakyus Ynvmana) NAB. c. 182

OZN@I . HO@NOZ _KeCOs, Cu_ 021\14<C:>>704<C:>>—No2
225°C, 6 yac

BbI3bIBa€T 0KOTH KOXHU.

Bonublii pacTBOp ruppasuHruapara 6osuee HU3KOH KOHIIGHTPALMU MOXKHO CKOHLIEHTPUPOBATh,
CMelIaB C JABOMHBIM 00beMoM Kcuiiona M 3aTeM otorHaB mpu 70 °C a3eoTpomHyio cMech
kcuiona u Boabl. Ilocae atoro mpu 118-119 °C meperonsitor 85%-ii ruppasuHruapar.
['mapas3uH sA0BUT.

Jns ynaneHus: Hempopearuposasiuero 2,4-InHUTPOXJIOpOeH301a.
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I Cu-
a) Ipuzomosnenue KAmaauzamopa NAB. c. 186

CuSO,'5H,0 10r
Zn-nbiib 4r

10 r CuSO,5H,0 pactBopsiror B 35 MJI HOAKHCIEHHOH Topsiued Bomwil. ITo-
JyYEHHBIH pacTBOP OXJIAKAAIOT A0 KOMHATHOW TEMIEepaTypbl, 3aTeéM INpH HH-
TEHCHBHOM II€PEMEIINBAaHUN J00ABISIOT HEOOIBIIMMH MOPIHUSIMA 4 T IIUHKOBOM
NBUIM 70 MOJHOTO O0ECIBEYMBAHHUS PACTBOPA. BhIMaBmuii ocamok? oTaens-
0T JIeKaHTalUeld U HECKOJBKO pa3 IpOMBIBAIOT BOAOW. I yhnaneHus LMHKA
K OCaJKy INpH IepeMemuBaHun no0aBisiorT mo kamwmim 5%-o H,SO, mo Tex
Iop, MoKa He TPEKpaTHTCS BBIIEICHHE Bomopoaa. KpacHBIH MOPOIIOK Menu
OT(UIBTPOBBIBAIOT, IPOMBIBAIOT AUCTHILIMPOBAHHON BOMOM M XpaHSAT IMOJ CJIO-
€M BOJBI B XOPOIIO 3aKPBITOW CKISHKE. llepen ymorpebieHMeM BBICYIIMBAIOT
MOCJIEIOBATENFHBIM MIPOMBIBAHIEM CIIUPTOM H abc. 3UpOM.

0)  Peaxyus CU-axmueuposanno2o apomamuiecko2o
HYK1e0DUNbHO2O 3amelyens

K,CO; npoKaneHHbIn 4r
n-HutpounopbeHson 5r
n-HutpodeHon 12r
Cu (kar) 02r

B crynke tmarenbHO pactupator cmech 4 1 mnpokaienHoro K,COg,
12 r n-autpodeHona, 5 r n-uurponondensona u 0.2 r MegHOTO Karaau3aTopa.
3areM TONYYECHHYI CMECh MEPEHOCAT B ABYXTOPIYIO KPYTIOJOHHYIO KOJIOY
eMKOCTbi0 50 M1, CHaOKEHHYIO0 BO3AYIIHBIM XOJOMUIBHUKOM C XJIOPKAIIBIIACBOI
TpyOkoii u Tepmomerpom®. Koy marpesator mipu 225 °C B Teuenue 6 uacos
Ha mecyaHoi Oane. 1o OXJaKACHUH K PEaKIHOHHON Macce M0OABNISAIOT MPH
nepeMenIuBaHiy 25 M BOIBI M OTQUIBTPOBHIBAIOT 00Pa30BaBIIYIOCS CYCIICH-
3HI0 Ha BOpoHke broxHepa. TBepaplil MPOIYKT MPOMBIBAIOT Ha (uibTpe 15 M
10%-ro pactBopa NaOH, Bomoli m BBICYIIMBaOT Ha Bo3myxe. llemeBoi mpo-
aykt skcrparupytot CHCI; B anmmapare Coxcnera B TedeHue 12 vacos, 3arem
CHCI; ynanstor B Bakyyme BojocTpyiiHoro Hacoca. Beixom 3.1 r (60% ot
TEOpETUYECKOro), T. mwi. 143 °C4

Memoo B (MW-axmueauus apomamuueckozo HyKieoQuibHo2o 3ameuienus)

Org. Letters. 2003. V. 5. P. 2169

K,CO3, AMCO
O,N | + HO NO, —— » OoN O NO,
MW, 10 MuH.

Job6asmsror 3-5 xamens koHI. H,SO,.
Menp u UUHK.

[lapuk TepMoMeTpa B peaKkIMOHHOI CMeECH.
ITocne mepexpucTamIN3anny U3 STaHOJA.
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K,CO; npoKaneHHbIn 276
n-Hutpoxnop6eH3on 1.57r
n-HutpodeHon 1.67r
JMCO a6c. 50 mn

B konby Dpnenmeiiepal emkocteio 100 ma momemaror 50 mu a6e. JIMCO,
a 3areM npubasisgior 1.57 r n-HUTpoxmopOenzona, 1.67 r n-aHuTpodeHona,
2.76 T menkomucnepcHoro 6e3BonHoro K,CO,;. PeakimonHyio koia0y HECKOIBKO
pa3 BCTPAXMBAKOT U MOMEIIAIOT B OBITOBYI0 MHKPOBOJHOBYIO Meub? Ha 10 mu-
HyT. PeaknMOHHYI0 CMECh OXJIaXTarT 10 KOMHATHOW TEMIIEPaTypbl’ W INpH
NepeMEIIMBaHUH TPHIUBAIOT JICISHYIO BOAY IO ITOJHOTO OCaXACHHS IPOAYK-
ta peaknuu. [lomyuennyio cmech nmepememmusaior enie 30 MHHYT, 0CafoK OT-
(GUIBTPOBBIBAIOT, IPOMBIBAIOT Ha (UIBTPE NUCTUIUIMPOBAHHOW BOAOH M CymiaT
B BakyyMe 110 NOCTOsiHHU Maccel. Beixom 2.1 r (83% or Teoperuueckoro),
T. . 138-140 °C4,

B8.3. 2,4-TuautpodeHo

NAB. c. 184
|
c NaOH OH
E—
0N~ C:No2 H0 o N C:No2
2,4-AnHntpoxnopbeHson 25r CunHTe3 npoBOAAT
NaOH 13r B BbITAXKHOM WKady

B xpyrogonHo#t konbe emkocThio 100 M1, cHaGXKEHHOW OOPATHBIM XOJOIMIIb-
HUKOM, KUIATAT cMech 2.5 T 2,4-muautpoxiopbensona, 1.3 r tBepmoro NaOH
u 50 ma Bogwl. Korma pacTBop cTaHeT MpoO3pavyHbIM, KUISYCHHE MpeKpaiia-
101°. PacTBOop (uibTpyror eme ropsuum u noaxucisror konu. HCl mo kucnoii
peakuuu cpeasl. ITocie OXNaxKACHUS BbIACTUBINHNCS 2,4-TMHUTPO(EHOT OT-
(UIBTPOBBIBAIOT Ha BOPOHKE BrOXHEpa, MPOMBIBAIOT BOJOW, BBICYIIHBAIOT Ha
BO3MIyXe W MEepPeKPUCTALIN30BBIBAIOT 13 50%-ro BOIHOTO 3THUIOBOTO CIHPTA.
Beixon 1.9 r (85% ot Teopernueckoro); T. . 111-113 °C.

AMP 'H 6 (m.a., CDCl3): 7.34 (1H, g, J = 9.1 Tu); 8.44 (1H, aa, J = 9.1 Ty n 2.7 Tu);
9.03 (1H, A, J = 2.7 Tu); 10.99 (1H, ywwup. c).

AMP '3C 6 (m.a., CDCly): 121.2; 121.8; 131.6; 132.6; 140.2; 159.0.

W3 nupekca.

2450 MTI'w, 300 BT
TCX-KkoHTpOB.

UYucrora npoxykra 98-99%.
~1.5-2 yaca.

[ I N R I
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B8.4. 1-(2,4-TunurpodeHnst) nunepuanH
(N-2,4-quHuTpodeHHANUNEePUINH)

( JIAB. c. 184
O e >
O,N NO,
2,4-AnHnTpoxnopbeHson 15r CuHTe3 npoBOAAT
MNunepnguH 1.72r B BbITA)KHOM WKady

STaHon 25 mn

B xpyrnogonnyro kondy emkocThio 125 mi momemator 1.5 v 2,4-muHUTpO-
xnopbensona, 1.72 r munepunuaa 1 25 miu stunoBoro crupta. Ilpucoenunsior
K KoyOe OoOpaTHBIA XONOMWIFHUK W HarpeBaroT cMmech 10 MUH Ha BOISHON OaHe
mpu 85 °C. 3areMm ynmansioT 0aHIO W JAIOT PEAKIMOHHONH CMECH OXJIAIHUTBCA MO0
KOMHAaTHOH Temrieparypsl. Ecim mpomyKT peakiiiy BhINAfaeT B BHIE Macia, cTapa-
IOTCS BBI3BATh KPUCTAJUIM3ALNIO NOTHPAHUEM O CTEHKH KOJIOBI CTEKJITHHOH ITaiod-
KOI TIpH OTHOBPEMEHHOM OXJIKACHHH JIBOM. B HEKOTOPBIX CiTydasx OKa3bIBAaeTCs
TIOJIE3HBIM OT/IENIUTH MACIIO JIeKaHTanuel n J00aBUTh K HEMY HEOOJIBIIYIO TTOPIHIO
crmpra. Brimasmme opamkeBble KPHCTALIEI OT(IIETPOBHIBAIOT Ha BOpoHKe broxme-
pa, MPOMBIBAIOT Ha (QHIBTPE TMocaeaoBarebHo 20 MII BOABI M 5 MIT OXJIQKAEHHOTO
BO JIbIy 3THJIOBOTO CIIMPTa M BBICYIIMBAIOT MEXAY JTUCTaMH (PHIBTPOBAILHOM
oymarn. @unerpar HarpesaroT 10 70 °C Ha mmTKe B cTakaHe eMkocThio 100 mur
W MEJIEHHO TIPY TEePEMEINBaHNH J00aBIAIOT K HeMy 25 mil Boisl. [lomyueHHsbrit
pacTBOp OXJIXXKJAIOT CHadajla 10 KOMHATHOW TeMIIepaTyphl, a 3aTeM B TEUCHHE
1 gaca B 6aHe co apIOM. BrImaBmme KpucTauibl OT(OMIBTPOBEIBAIOT Ha BOPOHKE
Broxnepa, mpombiBaroT Ha (uiIsTpe 5 M1 Bomsl ¥ 1.5 MIT 0XJTaXKIEHHOTO STHIIOBOTO
CIIMpTa ¥ BBICYIIMBAIOT MEXTy JIMCTaMH (HIBTPOBAIBHOM Oymarn. Obe moprun
KPHUCTAIUIOB OOBEANHSIOT M MEPEKPHUCTANTN30BBIBAIOT M3 30 MII STHIIOBOTO CITUPTA.
Boixon oxomo 1.6 r (85% or Teopetnueckoro)l; T. wr. 94-95 °C.

AMP H & (m.a., CDCly): 1.69 (6H, ywnp.c); 3.21-3.23 (4H, m); 7.07 (1H, g, J = 9.4 Tu);
8.16 (1H, pg, J = 9.4 Ty n 2.8 Ty); 8.61 (1H, g, J = 2.8 Tu).

AMP '3C & (m.a., CDCly): 23.5; 25.4; 51.8; 119.1; 123.9; 128.0; 137.2; 149.7.

b9. BOCCTAHOBNEHUE APOMATUYECKUX HUTPOCOEAUHEHMI

B9.1. (2)-1,2-Tupenunauasen-1-okcum
(azoxcuGen30.1)

NO, MeONa \N
MeOH

J1ab. c. 188

@

1 YKenTble UIIBL
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HuTtpob6eH3on 75r CunHTe3 npoBOAAT
HaTtpuin meTannuyecknin 5r B BbITAXKHOM WIKady
MeTaHon 50 mn

B nByxropmyro kpyrionoHHyto koiby emioctsio 500 M1, cHaOXeHHYI0 00paTHBIM
XOJIOMMIBHUKOM C XJIOPKaJbLIUEeBOH TpyOKoH, momertatoT 100 mi mMeTaHoma u ye-
pe3 Bropoe ropio’ BHOCAT 10 I METaIMYECKOTO HATPUS C TAKOM CKOPOCTBIO,
4TOOBl CIHPT CMOKOIHO kumen. ITocie TOro Kak BeCh HATPHUIl Mpopearupyer,
B KOJIOy NMpHIIMBAIOT 15 T CBe)XeNeperHaHHOTO HUTPOOeH30/Ia U B TedeHne 3 da-
COB KHUIIATAT CMECh Ha BOJSHOW OaHe, BpeMsi OT BPEMEHH BCTPSAXUBAs KOJOY.
Jlaee OCTaTOK CIMPTAa M HENPOpPEearupoBaBIIEr0 HUTPOOCH307a OTTOHSIOT
¢ BOISHBIM mapoM. OcTaBIIHiCS B KOJIOE MPOAYKT BOCCTAHOBJICHHS MEPEHOCST
B OXJI&XJIAEeMBbIil JbJOM CTaKaH. BpImaBlIne KPHCTAIUIBI a30KCHOCH301a OT(UIIb-
TPOBBIBAIOT HAa BOpOHKe BroxHepa, MPOMBIBAIOT Ha (HIBTPE BOAOH M CylIaT Ha
Bo3nyxe. [TonmyueHHBI mpenapar HEOOXOAMMO MEPEKPHCTAILIN30BATh U3 METHU-
nooro criupra®. Beixox 11 r (90% ot Teopetnueckoro); T. mwi. 36 °C.

B9.2. 1-Hutpo3o-4-x10p6eH30J1
(n-x10pHUTPO300€H30.1)

Nab. c. 197
Cl Cl
Zn-nbinb  FeCly
NH,ClL  1¥h,0
NO, EtOH/H,O N,

NO)
n-XnopHutpobeH3son 5r CuHTe3 npoBoOAAT
Zn-nblnb 5-6r B BbITAXKHOM WiKady
JTtaHon 30 mn
NH,CI 05r
FeCls 8-9r
H,SO, KoHu, 2-3 mn

B tpexropno#i konbe emxocthro 250 My, cHaOxeHHOW Memankod W 00-
pPATHBIM XONOAMJIBHUKOM (TpeThe TOPIO 3aKPhITO MPOOKOil), pacTBOPSIOT
5 r n-uutpoxiopbensona B 30 mu stuimoBoro cnmpra u npubasngor 0.5 T
NH,CI B 5 M1 Bozibl. PeakilMOHHYIO0 CMECh HATPEBAKOT [0 KUICHHS H OCTOPOXKHO
4yepe3 TPeThe Topiio MPHOABISIOT HEOONBIIMMH MOPLUHSIMA IPU SHEPTHYHOM IIe-
pemenmBanuy 5—6 T nuHKOBOH mbuTH. ComepuMoe Koimobl KursaTAT 5—-10 muH,
OT(QWIBTPOBBIBAIOT B TOPSYEM COCTOSHHUHM Ha BOpPOHKe BroxHepa m K oxiaxJeH-

1
2

He 3a0bIBath 3aKkphIBaTh ropiio MpoOKOIi.
A30KCHOEH301 MOXKHO TT€PEeKPHCTAIM30BaTh U3 IETPOJICHHOro 3(hupa WiIN renTaHa.
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Homy 110 0 °C duusrpary mobasisior pacteop 8-9 r FeCl; B 250 M neastHoi
BOABI, moakucieHHo 2—3 mu koHn. H,SO,. BrimaBmiee B 0camok HHUTPO30-
COoeqMHEHNE OT(HHIBTPOBBIBAIOT Ha BOPOHKE BrOXHEpa, MPOMBIBAIOT BOAOH 10
HEUTPAIbHOM pEaKIMK, XOPOIIO OTKUMAT Ha (QUIbTPE, CyIIaT Ha BO3IyXE
U MEePEeKPHUCTANIN30BBIBAIOT U3 JICASHOW YKCYCHOH KHCIOTHI. Bbixom 2.9 r
(75% ot teopetnueckoro); T. . 88-89 °C.

B9.3. 4-AMuHOO€EH30IiHASI KHCJI0TA
(n-aMuHOGEH30IiHAS KHCJI0TA)
Nab6. c. 189
N02 NH2
FeSO,
_—
NHy/H,0
OOH OOH

n-HutpobeH3olHas KucnoTa 167 r CuHTEe3 npoBOAAT
NH; BOgHbIN KOHU, 200 mn B BbITAXKHOM WIKady
NH;, 2 M pactBop 20 mn
FeSO,'7H,0 278 r

B Tpexropnoii konbe emkocThio 1 151, cHaOXeHHOW MeNIajaKoW, KaleJlbHOU
BOPOHKOW W OOpaTHBIM XOJOAMIBHUKOM, HarpeBaioT mo 80-85 °C pactBop
278 r FeSO,7H,0 B 280 mi Boabl W HOOABIAIOT MPHU DHEPTUIHOM IMEpeMe-
IIMBaHUKM pacTBOp 16.7 T n-HUTPOOEH30MHON KHUCIOTH B HEOONBIIOM 00B-
eme 2 M Boanoro pactsopa NH;l. Benen 3a 3TUM BHOCAT B PEaKIUOHHYHO
cmech 200 mi xoHi. pactBopa NH;, kumatat 5 MHUH B ocaok OT(HUIBTPO-
BHIBAIOT Ha BOpOHKe BloxHepa uepe3 OyMakHBIH (DUIBTp, MOKPBITHIA CIOEM
YUCTOTO MEJIKOTO Tecka. [ToJKUCIIOT QHIBTpaT YKCYCHOW KHUCIOTOHM J0 KHC-
JIOW peaxiiu, BBIIABINYIO 4-aMHHOOECH30MHYI0 KHCIOTY OT(GHIBTPOBBIBAIOT HA
BOpoHKe BroXxHepa u BBICYHIMBAIOT Ha Bo3ayxe. Beixonm okono 6.8 r (50% ot
TeopeTHueckoro); T. mi. 186-188 °C.

ITonyueHHYO 4-aMHHOOCH30WHYIO KHUCJIOTY MOKHO OYHUCTHUTH KUIMSAYCHHEM
C aKTUBHUPOBaHHBIM YIVIEM BOJHOTO pacTBopa ee coiu. I[locne ynaneHus yris
¢buapTpoBaHHEM 4-aMHHOOCH30MHYI0 KHUCIOTY OCa)XIal0T JA00aBiIcHUEM (UIIb-
Tpara K 2 M pacTBOPY YKCYCHOM KHCJIOTBI, OT()MIBTPOBBIBAIOT M BBICYIINBAIOT
Ha BO3JIyXe.

AMP 'H & (m.a., AMCO-d,, CDCly): 6.58 (2H, o, J = 8.8 Tu); 7.68 (2H, o, J = 8.8 ).
AMP 3C 6 (m.4., AOMCO-d,, CDCl5): 112.7; 117.5; 131.2; 152.7; 167.9.

AHaJOTUYHBIM 00pa30M U3 M-HUTPOOEH30HHOM KHUCIOTHI MOMYydaloT M-aMHHO-
Oensoiinyio kuciory (Beixox 40% ot Teopermueckoro; T. mia. 172-174 °C).
Coektpsl SIPM obeunx kucior npuBefeHbl B npuinokennd B5 (59.3)

1 ~20 M
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AMP 'H & (m.A., AMCO-d,, CDCly): 6.81 (1H, am, J = 7.7 Tu); 7.10 (1H, 1, J = 7.7 Tu);
719 (1H, g, J = 7.7 Tu); 7.27 (1H, m).

AMP '3C & (m.a., AMCO-dg, CDCl3): 114.9; 117.4; 118.3; 128.7; 131.3; 148.2; 168.1.

B9.4. 1,2-BeH3ojianaMuH
(o-penmstenaMAMHUH)

Nab6. c. 195
NO NH
QL,, Wt OL,,
i OH
Ni, Me
NH ’ NH
2 A 2
o-HutpoaHunuH 16.7 r CvHTe3 npoBoaAT
STaHon 70 mn B BbITXKHOM WKady
lmgpasmHrugpat, 85%-1 pacTBop 5 mn
Hukenb PeHes 05-1r

a) Ilpucomosnenue nuxens Penes
(eomosssm nenocpedcmeenno neped cunmesom)

B xonbe mnm crakane emkxocThio 50 Mia cycnenaupytoT B 10 mMi Boasr 1 T TOH-
kousmenpdenHoro crasa Ni ¢ Al, conepxkamiero 30-50% Ni. B cycnensuro
MOCTENeHHO 0e3 BHENIHEro oxjaxJeHus BHocAT TBepasii KOH c Takoi cko-
pOCTHIO, 9TOOBI HE BO3ZHHMKAJIO YPE3MEPHOTO BCIIEHHUBaHMA. Peakius mpoTekaeT
o4eHb OypHO, HAYMHAACH ITOCIIE KOPOTKOTO MHIYKIIMOHHOTO Teprona. BHecenne
tBeproro KOH mpomomxaror 1o Tex mop, moka ero n1o0aBieHHe HE EPECTaHET
BBI3bIBATh BUAUMYIO peakiuio (~2 r). [lo OKOHYaHWM pPEaKIUUd CMECU JA0T
nocrosate 10—15 muH, 3aTem BoigepkuBatoT 30 MUH Ha BOAsTHOW OaHe, Ha-
rperoit 1o 70 °C, meKaHTHPYIOT BOMY, 2—3 pa3a MPOMBIBAIOT TEMHBIH MOPOII-
kooOpa3ubiii Ni qUCTHIIIMPOBAaHHON BOJOM, 3aTem 2—3 pa3a abc. METaHOJIOM
unu dTaHonoM. Karammszarop MOXKHO XpaHHUTH TOJ CIIOEM BOIBI WM CIHPTA,
HO aKTMBHOCTb €ro nocrterneHHo nagaeT. CyXol aKTHBHBIM KaTajiu3aTop camo-
BOCIUTAMEHSIETCSI Ha BO3AYXE.

6) Boccmanognenue 0-HUMPOAHUIUHA

B tpexropnyro kpyrionoHHyI KoilOy emkocThio 500 mi, cHaOxkeHHYIO Me-
IIaJIKOHW, OOpaTHBIM XOJIOAMJIBHUKOM M KameJlbHOW BOPOHKOM, MOMEIIAaroT
20 r o-nurpoanununa u 200 mun merunosoro crnupral. KonOy HarpesaroT Ha
BOJISTHOM OaHe J10 MOJHOTO PacTBOPEHHMS O-HUTPOAHWIMHA, OXJIAKIAIOT, BHOCST
1-2 r Hukens PeHes u U3 KaneiabHOH BOPOHKM MEMJIEHHO NMpHOABISIOT 15 mu
85%-ro ruapasunruapara’. [loce npubaBieHHsT BCETO KOJMYECTBA I'HAPA3HMH-
rUIpaTa cMech HarpeBaloT Ha BozsHO# Oane. Uepe3 15-20 mMuH xento-3eseHast

MoryT OBITH HCIIONIB30BAHBI STHJIOBBIH, MPOIMIOBBIN WIN OyTHIOBBIH CIHPT.

Boxmnslil pacTBop ruapasuHruapara 6oiee HU3KOH KOHIEHTPAMH MOXKHO CKOHIIEHTPHPOBATH,
CMeIIaB C JIBOMHBIM 00BbeMOM Kcmiona u 3aTeM ororxas npu 70 °C a3eoTpomHyo cMmech
kcwona u Boxsl. [Tocne storo mpu 118-119 °C meperonsiror 85%-it TunpasuHrHpar.
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HeHa 00eCIBEUYNBACTCS, YTO CBUJECTEIBCTBYET 00 OKOHYAHMH BOCCTAHOBJICHHUS .

PacTBOop neKkaHTHPYIOT C KaTanu3aropa, KHUIATAT C aKTHBHPOBAHHBIM YTJIEM,
OTTOHSIOT M30BITOK CIUPTA, QUIBTPYIOT W OXJIAXKIAIOT JIbA0M. CBETIO-KEeNThIe
Yemyiiyarele KpHCTaJUTBl OT(GHMIBTPOBEIBAIOT Ha BOpOHKe broxHepa m cymar
B 9KcHKarope Haj mpokaneHHbiM MQSO,. Beixox 14 r (90% ot Teoperuue-
ckoro), T. m1. 102-103 °C?,

W3 MaTo4HOTO pacTBOpa MOXXHO BBLAEITUTH O-(EHWICHINaMHH B BHIE TH-
apoxnopuaa (CBeTNIbIe UTroNbYaThle KPUCTAIUIBL), U Y€ro K HEMY MPUOAaBISIOT
koH1. HCl mo kucioii peakuuu cpepl U ynapuBaroT. BbIXoa MpH 3TOM MOBBI-
maetcs 10 94-97% or TeopeTHIeCKoro.

AMP 'H & (m.a., CDCl3): 3.35 (4H, ¢); 6.69 (4H, m).
AMP 3C 6 (m.g., CDCl,): 116.7; 120.2; 134.7.

B9.5. 2-Amunomeruidypan
Crc. soin. Il c. 67

J\ LiAH, [/ \
O \ acup O \H
\OH 2
Okcnm dypdypona 1M1ar CuHTe3 npoBoOAAT
LiAIH, 42 r B BbITAXKHOM WWIKady
ddunp abc. 300 mn
ddunp ana aKCTpakuum 150 mn

B tpexropiyro kpyrnogoHHy konOy eMmkocTbio 500 mul, CHaOXXCHHYI0 MEXaHHU-
Yeckol Memankor, 3QeKTHBHBIM 0OpaTHBIM XOJOIMJIBHUKOM M KaleJIbHOH BO-
ponko#, nomemarot 240 mi abc. sdupa u octopokHo npuckinaior 4.2 r LiAIH,.
3areM Ipu MHTEHCHBHOM IepEeMEINBAaHNY B TeUeHHe 1 yaca MpUKarbIBaIOT pac-
tBOp 11.1 1 okcuma dypdypomna B 50 M abe. adpupa. Peakimonnyro cmech mepe-
MemuBaloT 1 yac rmpu KOMHATHOW TeMIleparype M OCTaBIIIOT Ha Houb. Ha cremy-
IOIIMI JIeHb NP MHTEHCHBHOM TEPEMEIINBAHNH M OXJIAXKIEHUH KOJOBI XOJIOIXHOM
BOJIOW K CMECH OCTOPOXXHO mpuKanbiBaioT 20 M XoiomHOHW Bombl. D(HpHEIA
CIIOW JEKaHTHPYIOT, 0canok mpombiBatoT 3¢upom (3x50 mu). OObequHEHHbIC
s¢upHbIe BHITDKKH cymar npokaneHHBIM K,CO;, adup MeIIeHHO OTTOHSIOT W3
KOJIOBI C BBICOKHM JAe(IerMaropoM, OCTaToOK IMeperoHstor. Beixox 6.6 T (68% ot
TeopeTHueckoro), T. kum. 141-142 °C / 760 mm pr. cr.; n¥ 1.4906.

AMP H & (m.a., C¢Dg): 1.02 (2H, ¢); 3.53 (2H, ¢); 5.91 (1H, aa, J = 3.2 Ty v 0.9 Tu);
6.10 (1H, pg, J=3.2Tu n 1.8 Tu); 7.12 (1H, ag, J = 1.8 Ty n 0.9 Iu).

AMP 3C & (M.4., C¢Dg): 39.6; 104.9; 110.4; 141.4; 157.9.

Konen peaknum ompenensior metogom TCX Ha minactuHkax «Curydon» B cucteme
renra-aneron (9:1).

IlepexpucTammn3oBBIBAIOT W3 BOJBI, K KOTOPOW J00OaBICHO HEOONBIIOE KOJIUYECTBO
Na,SO;.
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B9.6. BensruapuiaamMux
J1ab6. c. 90
Q o © o, O
O —» N - NH,
NHg/H,0
a) Ionyuenue oxcuma 6enzopenona
beH3odpeHOH 108 r CuHTe3 npoBoAAT
NH,OH-HCI 12r B BbITAXKHOM WIKady
NaOH 20r
ST1aHon 95%-n 150 mn

B kpymmomonnyro konby emkocThio 500 Mil, CHAOKEHHYIO MAarHHTHOH MeEIaTKON
U 00paTHBIM XOJOAMIBHUKOM, momernaroT 150 mi sranomna, 10.8 r GenszodenHona
u 12 r NH,OH-HCI. K xoporio nepemMeImBacMoil CMECH OCTOPOYKHO TPUITHBAIOT
oxnaxneHusid pactBop 20 r NaOH B 100 M1 BOmbI, MPUCOSAUHSIOT OOPATHBIN XO-
JIOJIMIBHUK W KUITATAT CMech B TedeHHe 1 yaca. 3aTeM peakIMOHHYIO CMeCh OXJIax-
natot, npuwimBaioT 200 My XOJI0QHOW BOIBI U OT(QHIETPOBBIBAIOT HE BCTYITUBIIMI
B peakiio Oenzoderon. K ¢ubrpary m006aBisioT HEMHOTO KOJIOTOTO JIbJa M IOJI-
kucisiror 1 M H,SO,. Beimasmmii okcum 6eH30()eHOHA OTGHIBTPOBBIBAIOT U CyIIIAT
B Bakyyme nipu 70 °C o mocrosiHai Maccel. Beixon 10 1 (86% ot Teoperuyeckoro),
T. wi. 135 °C. Ilocne mepekpucTauM3anyy 13 3taHona T. i 141 °C.

0) Honyuenue benseuopuramuna
Monatsh. Chem. 1963. Bd. 94. S. 678

Okcnm 6eH30deHoHa 10r CuHTe3 npoBoAAT
Zn-nbinb 15r B BbITAXKHOM WIKady
NH; BOogHbIN KOHU, 250 mn

CH;COONH, 2r

beH3on 40 mn

StaHon 95%-1 50 mn

ddup 250 mn

B mByxropmyro kpymionoHHyIo koi0y emkocTsio 500 mi1, cHaOXeHHYI0 00paTHBIM
XOJOAMIIBHUKOM U 3(()EKTHBHOM MEXaHWYSCKOM MENIAJIKOHM, TOMENaloT CMeCh
250 mn Bomuoro koHI. NHs;, 10 r okcuma 6em3odenona, 2 r CH;COONH,, 50 mx
sranoina ¥ 15 r nmukoBO# mbelmn. CMech KHUISTAT B TeueHue 3—4 yacoB ¢ 00-
paTtHeIM XoNmoAwabHUKOM. [lo oxmakpeHnn cMmech QUIBTPYIOT depe3 MOpPUCTHIN
CTEKJISIHHBIA (DHUIIBTP, OCAIOK MPOMBIBAIOT Ha (Guiusrpe Oenzomom (2%20 mi).
Ounprpar (comepsKUT OEH30JI M BOAHBIN CJI0i) sKcTparupyror 3¢upom (3x50 mi),
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3ateM K ¢unprpary nobasmaor 10 ma 50%-ro NaOH u cHOBa 3KcTparupyior
adupom (2x50 mi). OObenuHEeHHbIE dPUPHBIC BBHITSHKKH CYIIAT MPOKAJICHHBIM
K,CO,, ymapuBaloT Ha pOTOPHOM HCIIAPUTENE, OCTATOK IEPETOHSIOT. BBIXom
7.5 r (80% or Teopernueckoro), T. kum. 118 °C / 1 mm pr. ct., nZ 1.5925.

AMP 'H & (M.a., C¢Dg): 1.38 (2H, ywwp. c); 5.00 (1H, c); 7.15 (2H, 7, J = 7.4 Tu);
724 (4H, 7, J=74Tu); 743 (4H, 7, J = 7.4 Tu).

AMP 13C & (m.4., C¢Dg): 60.0; 127.0; 127.3; 128.5; 146.5.

610.  PEAKLWUWU APOMATUYECKUX AWUA30COERUHEHWIA

Obuwue 3ameuanusn

1. Bce cuHTE3BI BHIOMHSIOT B BBHITSDKHOM IIKady B 3aIIUTHBIX oukax. Jlwmazo-
COCNMHEHHSA B CYXOM BHIE W B KOHI[. PacTBOpax B3PBIBYATHI, a BEIAEISIO-
IIFECs MPU ITUA30TUPOBAHUU OKCHIBI a30Ta SIOBUTHL

2. Ha 1 monp amMuHa pekoMeHAyeTcsl OpaTh He MeHee 3 MOJIb HEOpTraHWYECKOU
KHCIIOTEHI.

. Hutpoanwnmmnsl auazotupyror B 50%-i H,SO,.

. AHTPaHWIOBYIO U CyAb()aHUIIOBYIO KHUCIIOTHI JTydIle OUA30THPOBATh, 100aB-
751 PeaKkTHBHI B OOpaTHOM MOPSIAKE. PAacTBOP KHUCIOTHI B PAacCUUTAHHOM
konmmdyecTBe 2 M pactBopa NaOH, k koropomy mpuOaBlieHO pacCUMTaH-
Hoe konmdecTtBO NaNO,, mobaBnsoT k 3—4-KpaTHOMY H30BITKY HEOPTaHH-
YECKOW KHCIIOTHI.

5. InazopactBop Bcerga cieayeT HMpHUOaBIATh KO BTOPOMY KOMIIOHEHTY peax-

1Y, a HE Ha00OpOT.

6. Konerr nuazoTupoBaHUS OMPENEISIOT MO HMOAKpPaXMalbHON OyMakke depes
5 MuH mociie mpubaBIeHUs PacTBOpa HUTPUTA W HE3aBUCHMO — TPHUA3EHOBOU
npo6oii. M30erTok HNO, pexoMenayercs BO Beex cirydasx yoparh gobaBiie-
HUEM CyXOW MOYEBUHEI.

7. Ilepen 00pabOTKOM peakMOHHONW CMECH HEOOXOMMMO 00S3aTeNIbHO MPOBEPUTH
MOJIHOTY PA3JIOKEHUsI CONM NHa30HUsS mpoOoit ¢ B-Hadromom. [ns storo Ha
¢unpTpoBaNbHYI0 OyMary HAHOCST PAIOM KaIUTI0 AHa30pacTBOpPa U KAarulio
pactBopa B-nHadrona B 2 M pactBope NaOH. Ilpu Hanmuuum conu Aua3oOHUS
B MECTE CONPUKOCHOBEHUS ISITCH HAHECCHHBIX PACTBOPOB IOSBISECTCS SpKast
MOJIOCKA a30KPACHUTEIIS.

W

B10.1. MHoadeuso.n

Nab. c. 200
®
NHz NaNo, N, K |
o ¢l HO
AHunuvH 93r CunHTEe3 NnpoBOAAT
HCl KoHu. 25 mn B BbITAXKHOM WIKady

NaNO, 8r
Kl 20r
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B crakaH, oxjmaxmaeMblii cHapyxH JbaoM, BHocaT 25 mur koum. HCI, 50 mu
Bomel ¥ 9.3 T aHwimHA, oxnaxaarT 10 5-10 °C u mo kamisaM npu nepeMerin-
Banuu npwiuBaroT pactBop 8 © NaNO, B 40 mu Bomwl, ciiens 3a TEM, YTOOBI
He OBUJI0O MHTCHCHBHOIO BBIICICHHS OKCHUIOB a30Ta. 110 OKOHYaHHH BBEICHUS
NaNO, cmech nepememmuBaror B Teuenue 1 wacal. Jlanee B pacTBOp H06aBISAIOT
CYXYI0O MOYEBMHY? JI0 HPEKpAIECHUs BbIAEIEHUs I'a30B, HOCTENEHHO BLLIMBAIOT
peakimonHyio cMech B pactBop 20 r Kl B 25 M1 BOABI U OCTaBIAIOT Ha HOYb.
3areM K pPEakIMOHHOW CMECH J0O0aBISMIOT KOHII. PACTBOP HICIOYH O SIBHO IIle-
JIOYHOW PEaKIuH, MOMEIIAI0T B KOJIOY €MKOCThIO 1 71 M OTrOHSIOT MOAOEH30JI
¢ BoAAHEIM mapom®. Bo u3bexkanue OypHOro BCIIEHMBAHHUS HEpPBbIE NMOPIUM BO-
JITHOTO TIapa CJeIyeT MPOIMyCKaTh B PEaKIMOHHYIO CMECh OCTOpokHO. MombeH-
3011* OTHENAIOT OT BOABI B JEIMTENLHON BOPOHKE, pa30aBlsiOT BABOE d(QUPOM,
cymrat npokaieHHsiM CaCl,. Ddup ymangoT Ha pOTOPHOM HCMAPUTENE, OCTa-
TOK (ppaKIMOHHUPYIOT, 100aBUB ~1 T mopoInka MeTautudeckoro Zn. Bexox 18 r
(90% ot Teopernueckoro); T. kum. 188 °C / 760 mm pr. ct.; ng 1.6205.

AMP 'H & (m.a., CDCl3): 7.07 (2H, 1, J = 7.4 Tu); 7.30 (1H, 7, J = 7.4 Tu);
7.68 2H, a0, J = 7.4 ).
AMP 3C & (m.a., CDCl,): 94.3; 127.4; 130.1; 137.4.

AHAJIOTUYHO MOXXHO TIOJy4aTh M30MEPHBIE HOJTONYOJNbI, HOJAaHU30Ibl U HOJI-
IU(QEHUITIOBBIE APUPHI.

B10.2. 2-Hoxade3oiiHass KHCI0TA

(o-uonbeH30lHAA KHCIOTA)
MN-M. c. 51

J. Chem. Soc. 1965. P. 3721

@
@INHZ NaNO, @NZ I Ki |
H,S0, HSO > @I
COOH 274 COOH 4 HO COOH

AHTpaHunoBasa KucioTta 63r CunHTe3 npoBoOAAT
H,SO, 50%-a 60 mn B BbITAXKHOM WWKady
NaNO, 34r

Kl or

B crakan emrxocteio 100 My, cHaOXKEHHBIN MarHUTHONM MEIIAJIKON U KalleJIbHOMI
BOPOHKOH, BHOCAT 6.3 T anTpanmioBoit kucioTsl u 60 ma 50%-it H,SO,. AH-
TPaHWIOBYIO KHUCIIOTY PacTBOPSIOT IPH HATPEBAHWM, a 3aT€M IPH MEpPEeMEIn-
BaHWW W BHEITHEM OXJIAXKICHUM W3 KaleTbHOW BOPOHKH MEIJICHHO N0OAaBISIOT
pactBop 3.4 r NaNO, B 6 mu Bogsl. /loGaBieHne BeayT C TakOW CKOPOCTHIO,

Peaknyisi Ha HUTPUT-MOH IO MOIKPAXMATBHONW OyMaKKEe JIOJDKHA OCTABATHCS MOJIOKUTEIHHOM.
Jns ynaneHus m30bITKA a30THCTOW KUCIIOTHI.

Cwm. pazg. A3.5.

Hiokauii cioi.

AW N e
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4TOOBl TeMIlepaTypa peaklMOHHOW cMecu He mogHumanack Beime 5 °C
U HE BbLIEISIUCh okcuabl azoral. U36eirok HNO, ynansior mo6asieHuem
MoueBUHBI?, [TpOQUIBTPOBAHHBIN TIPU HAPYKHOM OXJIAXKJIEHHM IMAa30PacTBOP
npubaBisoT K xonogHomy pactBopy 9 v Kl B 50 mur 3%-i#t H,SO,, pazbasnsaior
BJIBO€ XOJIOZHOW BOAOH W OCTaBIAIOT Ha HOYb. Ha ciemyromuii neHp peaknu-
OHHYIO CME€Ch IIpH NMEpPEeMEIIMBAaHUU HarpeBalOT Ha KHIIAIIEH BOISHON OaHe
¢ OOpaTHBIM XOJIOAMJILHUKOM J0 OTPHLATEIbHOI mpobsl ¢ f-HadToraom. Harpe-
BaHHME TPOBOASIT NMpUMepHO 2 4aca. [1o oXiaKAeHWH 0CaZoK 0-MOAOEH30WHOM
KHCIIOTHl OT(UIBTPOBBIBAIOT, PACTBOPSIOT B MHHUMAJbHOM KOJHMYECTBE pac-
tBopa NaHSO;, momyueHHBIH pacTBOp MPOQHUIBTPOBBIBAIOT M BBUIMBAIOT INPH
nepeMenMBanuy B 6onbinoii 06bem 10%-it HCI. BeimaBmuii ocamok oT¢uiib-
TPOBBIBAIOT, CyIIAT Ha BO3AyXxe. Beixon o-uonden3oitnoit kucnorsr 10.2 r (89%
OT TeopeTHYeckoro), T. mi. 163 °C.

AMP H & (m.a., AMCO-dg): 7.19 (1H, o, J = 12 Tu); 7.44 (1H, @, J = 12 Tu);
7.68 (1H, o, J=12Tu); 7.94 (1H, g, J = 12 Tu).

AMP 3C 6 (m.4., OMCO-dg): 94.2; 128.4; 130.3; 132.7; 137.2; 140.7; 168.5.

b10.3. 4-BpomToiyou
(n-opomTosyour)
COrn. c6. 3 c. 137
a)  Bpomuo meou(l)
COI. c6. 3 c. 468; MOX. c. 169

CuS0O,'5H,0 30r CuHTEe3 NpoBOQAT
KBr 202 r B BbITAXKHOM WKady
NaHSO; 76T

B kpyrnmomonnyio koi10y eMkocThio 250 Mil, CHaOXKEeHHYIO0 OOPAaTHBIM XOJOIHIIb-
HHKOM W MarHuTHO# Memankoi, mob6asistor 30 r CuSO,5H,0, 20.2 r KBr
u 100 mn Temoi BoJBI, K 3TOMY PacTBOPY IPU MEePEMEIIMBAHUY MPUOABIISIOT
nopiwsivmu 7.6 T NaHSO; 1o obecriBeunBaHusi pacTBOpa, 3aTe€M CMECh OXJIaXKIIa-
10T. BecuBeTHbIN TspKenbId ocamok Opomuaa meau(l) oTrduIbTPOBBIBAIOT HA BO-
ponke BroxHepa, MPOMBIBAIOT BOAOH, TIIATEIBHO OTXXHMaioT. Beixoa 16 r (90%
OT TEOPETHYECKOTO).

6) 4-Bpommonyon (n-6pommonyon)
COn. c6. 3 c. 468; MNOX c. 169

®
NH, NaNO, N2 © CuBr Br
—_ >
—>st04 HSO,

Oxcupl a30Ta SJOBUTHL. 3aKpHIBATh IBEPIYy BEITSHKHOTO mKadal
Jlo oTpHunaTensHON MPOOBI MO MOAKPaXMaITbHOH Oymaikke.

1
2
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n-TonywauH 108 r CuHTe3 NnpoBOAAT
H,SO, KoHu,. 10.75 mn B BbITAXKHOM WKady
NaNO, 7r

B crakane emkoctpto 250 mi k 100 mur Boabl mpuOaBISIOT MPH TepeMeIInBaHUT
10.8 mn xonm. H,SO,, a 3arem, He oxnaxnas, 10.8 r n-tomyuawna u Harpe-
BalOT CMECh JI0 MOJHOTO pacTBOpeHHs amMuHa. [loixydeHHBIH pacTBOp OBICTPO
oxXJaxmamT B JeasHor Oanme g0 5-10 °C mpu MHTCHCUBHOM NEpeMEIIHBa-
nun’, nuasorupyror pactsopom 7 T NaNO, B 12.5 M Boabl, HOAAEPKHUBas
TEeMIIepaTypy peaknuoHHoi cmecu B mHTepBaie 10-15 °C, u ocTaBisgioT mpu
oxnaxnaeHnu Ha 15-20 muH. 3aTeM moirydeHHBIH AMazopacTBOp oOpabarbiBa-
I0T CyXOW MoueBHHOU (ocmopooicno, eéckunanue!) IO OTPULATEIBHOW MPOOHI
M0 MOJKpaxManbHOH OyMarkke W BHOCAT ero mopuusmMu nmo 10-15 mn mpwu
nepememmuBanuu B cmech 8 T CuBr, 2.5 KBr u 0.1 r nmopomxka meraniu-
geckoit menn? B 10-15 mn 48%-ii HBr u ocransior na HOub. Ha apyroii
JeHb, eciy npoba Ha aAua3oHUU ¢ B-Ha(TOIOM MOTOKUTEIhHAS, PEaKIIHMOH-
HYI0O CMECh HarpeBaloT ¢ OOPaTHBIM XOJIOJMIBHUKOM J0 OTPHULATEIBHOM IpOObI
¢ B-madronom, noamenaunBatoT pactBopoM NAaOH u OTroHSIOT n-OpoMTOITYON
C TapoM. 7-BpOMTOIIyON OTHENSIOT, BOXHBIM CIIOH SKCTparupyoT OEH30JI0M
U BBITSDKKH OOBEIMHSIOT C OCHOBHOW INopuueil BemecTBa. beH30mbHBIN pac-
TBOp n-OpOMTONyOJIa MPOMBIBAIOT HECKOJIbKO pa3 koHu. H,SO, (moka ona He
nepecTaHeT TEMHETh), 3aTeM Bomoi W BeicymuBaroT Hax CaCl,. Benson or-
TOHSIOT Ha POTOPHOM HCIIApUTENE, a OCTAaTOK IEePeroHAT B BakyyMme. BEI-
xon 12.1 v (70% ot teoperuueckoro), T. kum. 183-185 °C / 755 mm pt. crt,,
T. . 25-26 °C.

AMP 'H & (m.4., CDCly): 2.28 (3H, c); 7.02 (2H, g, J ~ 8 Tw); 7.35 (2H, A, J ~ 8 ).
AMP 3C & (m.4., CDCl3): 20.9; 119.0; 130.8; 131.2; 136.7.

B10.4. 2-Xyiop6pom6en30a
(o-6pomx10pGeH30.T)
COI. c6. 3 c. 467

©)

@INHZ NaNO, @INZ © CuBr Br
T Br — ~

c B cl cl

o-XnopaHunmH 128 r CuHTe3 npoBOAAT

HBr 48%-a 38 mn B BbITAXKHOM WKady

NaNO, 7r

CuBr 79r

1
2

UroObl BHIMAN MEJNKHE KPUCTAIUTBI COU aMUHa.
Cwum. pasn. b.8.2, meTon A, myHKT a.
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B kxondy emkocthio 250 Mnm momemiaioT cMmech 12.8 r o-xXJopaHHIHHA
u 30 ma 48%-#i HBr. Kon0y ycranaBiuBaloT B 0aHe CO JIbJOM H, MpubaB-
JsI K COMEPIKUMOMY KoJObI Jen, oxnaxaamt ero g0 0 °C. 3arem k cmecH
ObIcTpO TIpU NepeMeniuBaHuM npuiupatoT pactBop 7 T NaNO, B 12.5 mn
BOJBI, Cliels 3a TeM, 4yToObl TeMmIepaTypa PeakIHOHHOHW CMeCH He IPEBHI-
mana 10 °C, u npu HeoOxoauMoCTH H00aBiIAS KyCcOUKH Jipaa. [locrmemuue
2-3 mu pactBopa NaNO, B Boje mpuOaBIsSIOT ¢ OCTOPOKHOCTBIO M A0 TeX
1op, Nmoka B pacTBope He OyzmeT oOHapyxkeH u3obitok HNO,'. OnHoBpeMenHO
cmech 7.9 v CuBr? u 8 mn 48%-ii HBr marpeBaloT 10 KMIEHMS B KPYIJIO-
JOHHOH Tpexropiiol konbe emkocThio 500 mul, CHaOXKEHHOW HUCXOASAIINM
XOJIOJUIBHUKOM, K KOTOPOMY B KaueCTBE NMPHEMHHKA MPUCOEIMHEHA KOJ0a
oovemom 200 mi, TpyOKOW Ui BBOAA Iapa, KOTOpas IMepeKphIBAeTCs BHH-
TOBBIM 3aKHMOM, M JIEJIUTEIbHONH BOPOHKOH. ITpumepHo 1/4 vacTh oxytaxk-
JECHHOTO PacTBOpa AUA30HUs MEPEHOCAT, HE QUIABTPYA, B ACIUTEIBHYIO BO-
poHKY W HeMmemieHHo npunuBaroT K CuBr B HBr, kotopsiii HarpeBarmT 10
KHIIEHHUS Ha IUJIaMeHU Topenku. J[oOaBieHue BEOyT C TaKOH CKOPOCTBIO,
YTOOBI KHIIEeHUE ObIJI0 HempephIBHBIM. CIEeNYyOUIyI0 MOPIUI0 OXJIaXICHHOU
CONIM Ha30HHUS TOOABISIOT B KaleJbHYIO BOPOHKY, He MpepbiBas mpubas-
nenus ero k CuBr. Beck pactBop nmoGamisior 3a 15-20 mMuH, B TeueHue
3TOTO BPEMEHHU OOJIbINAs YaCcTh BEHICCTBA MEPETOHAETCS C BOASHBIM MAapOM.
Koraa mpubaBieHre 3aKOHYEHO, KpaH Ha BOPOHKE MEPEKPHIBAIOT, OTKPHIBA-
0T 3Q)KHM Ha MapoNpOBOJE W B CMECh MPOMYCKAIOT CHIBHYIO CTPYIO Mapa
(ouxu!) mo Tex mop, MOKa HE MEPECTAHET MEPErOHAThCS OPraHUYECKOE Be-
mectBo. Beero cobupator mpumepro 100 mn mguctwisgta. JucTwiiitT, mo-
JYYEHHBIA MPH MEPETOHKE C MapoM, MOANIETaYHBAIOT M MIEPETOHAIOT C apoM
emte pas. o-bpomxiopOeH30m OTAENAIOT OT BOABI M pa3baBigioT B 2—3 pasa
o6enzosnoM. OpraHuYecKuil CiI0W OTAENAIT U NpoMbiBatoT konu. H,SO, mop-
OUSMH 10 2-5 M 70 TeX Mop, IoKa KHUCIOTa He HayHeT IPH 3TOM JIHIIb
cnabo okpamuBathes (0OBIYHO MpOMBIBalOT 3—4 pasza). 3areM MOJydYeH-
HYI0 MaclIsSHHCTYIO JKHAKOCTH mpombiBaioT 10 mi1 Boxmbl, 5%-M pacTBOpOM
NaOH (2x5 mia) u, Hakouern, emie 10 M Boabl. BhICyIIMBAIOT HaJ Mpo-
kanenubpiM CaCl, u meperonsmor. Beixog 18.5 r (96% or Teopermueckoro),
T. kum. 199-201 °C / 742 MM pT. cT.

AMP 'H & (m.p., CDCl3): 7.09 (TH, T, J ~ 8 Tw); 7.22 (1H, T, J ~ 8 Tw); 7.42 (1H, g, J ~ 8 Tu);
7.59 (1H, g, J ~ 8 Tu).

AMP 3C & (m.a., CDCl,): 122.5; 127.8; 128.3; 130.4; 133.7; 134.4.
AHQJIOTHYHO MOXKHO TOJYYUTh M-XJIOPOPOMOEH30I, M-THOPOMOCH30JI C BHI-

xomoM 80-87% oT TeopeTHUECKOro, a TaKkke o-OpoManu3oi. [locnenHuii Hemb3s
npombiBath KoHI. H,SO,.

KoHTponbs 1o nogkpaxManbHOH Oymaxke.

2 Tlpurorosnenue 6pomuaa mMeau(l) mpuseneno B cuntese n-6pomronyona (pasa. 510.3, a).
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B10.5. 4-Hurpouoadenson
(n-HuTPOMOTGEH30.T)

° J1a6. c. 201
NH2  NanoO, N> o K '
O,N O,N OoN
n-HutpoaHunuH 1r CuHTes npoBoaAT
H,SO, KoHu,. 0.9 mn B BbITAXKHOM WKady
NaNO, 05r
KI 2r

B crakan emkxocteio 50 mur momemaror 1 r n-uurpoanmanHa, 0.9 M KoHI.
H,SO, u 6 mMn Bogsl. B Teuenne 15 MuH mepeMemmBaOT CMECh TEPMOMETPOM,
IIapUK KOTOPOTO 3amumeH MypToid m3 pe3mHoBOH TpyOKH. 3aTeM MOMEmaloT
CTakaH B 0aHIO CO JIBJOM H, MOJIEPKHUBAsI TEMIIEpPaTypy PEakIMOHHOW CMECH
B uaTepBane 0-5 °C, HAaYMHAIOT OCTOPOXKHO, MO KaIlIIM, IPpUOABISATE PACTBOP
0.5 r NaNO, B 2 M Bombl. OXJIaXKICHHBI PAacTBOP TUA30COCAMHECHUS (UIh-
TPYIOT W QUIBTPAT 100ABJIAIOT MpH IepeMeImnBaHni K pactBopy 2 T Kl B 6 mi
Bonsl ipu temieparype 20 °C. Uepes yac BBIICTUBIIHICS 0CaIOK OTQUIETPO-
BBIBAIOT Ha BOpoHKe broxHepa, mpompIBaoT Ha (QuUIBTpe 3 MJI HACHIIICHHOTO
pactBopa Na,S,0;, Bomoit (2X5 M) M MEPEeKPUCTAILTU3OBBHIBAIOT M3 3TAHOIA.
Beixog 1.2 r (66% ot Teopernyeckoro), T. wi. 171 °C.

AMP H & (m.g., CDCl3): 7.92 (m).
AMP 3C 6 (m.a., CDCl5): 102.7; 124.8; 138.6.

B10.6.  4-(4-TumermiamunodeHn)a306eH30Cyab(POHAT HATPHUS
(MeTHIIOBBII OpaHIKeBbIii, TeJTHAHTHH)

®
NH, N=N N7
©
H
Na®
O3H O,H

CynbdaHunnoBas Kucnota 5r CuHTe3 npoBOAAT
NaOH, 15%-n pactBop 15 mn B BbITAXKHOM WIKady
NaNO, 2r

AvmeTunaHunmH 3r

HCl, 2 M pacTBOp 20 mn

NaOH, 2 M pacTtsop 20 mn

B mnockomoHHOMN KoJiOe pacTBOPAOT 5 T cynb(aHUIOBON KHUCIOTH B 15 mn
8%-ro pactBopa NaOH u mo6aBisioT pacTBOp 2 T HUTPUTA HATPUA B 25 MII
BOIBI. 3aTeM A3TOT PacTBOp MPIJIMBAIOT HEOOJNBIIUMH MOPUUSMH INPHU Mepe-
MEIINBaHUM ¥ OXJIQKJISHUH JIbIOM B 15 mMin 2 M pacTtBOpa CONSHOM KUCIIOTHI.
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Heo6xomumo cremuTh, 4TOOBI TEMIepaTtypa CMECH He MoAHUMaach Beime +5 °C.
OtaensHO pacTBOPSIOT 3 T auMeTHaanumnHa B 4 mut 2 M pacteopa HCI. K sto-
My pacTBOPY HPHIUBAIOT PaHEE MOJYYCHHBIH PAacTBOP COJNM TUA30HUS, Iepe-
MEIIUBAIOT, OXJIAX AT JIIOM U IMpHOABJIAIOT 1o Karmsim 2 M pactBop NaOH
10 pH 8-10 (koHTposb M0 yHUBEpCANLHON HHAMKaTOpHOM Oymare). Uepes 1 yac
0CaJ0K OT(GUIBTPOBBIBAIOT, TIIATEIHFHO OT)KMUMAIOT Ha (QMIBTPE W CylIaT Ha
BO3yxe. BBIXOJ MPAaKTUYECKH KOJUYCCTBECHHBIMH.

AMP 'H & (m.4., IMCO-dy): 3.05 (3H, ¢); 3.33 (3H, ¢); 6.83 (2H, &, J ~ 8 Tw); 7.72 (4H, ¢);
7.79 H, g, J ~ 8 ).

AMP 3C 6 (m.g., OMCO-dg): 113.3; 123.3; 127.0; 128.2; 143.7; 145.5; 154.9; 155.1.

b10.7. n-Hutpoben3onazonagron-2
(KpachenL napakpacHbIii)!

NH,
_NaNO, “/ _._.ozN@N N
H /H O

NO,

n-HntpoaHmnnuH 25r CnHTE3 NnpoBOAAT
HCl, 20%-1 pactBop 10 mn B BbITAXKHOM WIKady
NaNO, 15r

2-HadTton 25T

NaOH, 30%-1 pactBop 10 mn

CH;COONa - 3H,0 5r

B crakane emxocthio 200 mia pactBopsitor B 20-25 M ropsiueidl BOJBI
2.5 r n-uutpoanunuHa, npubasmsaa 5 ma 20%-ii HC1. Io oxmaxaeHuu mo-
oasisror eme 5 M 20%-it HC1 u, ecnu BeIMageT 0cajok, — BOMY, IO €ro pac-
TBOpeHusi. OXjanuB cMech B OaHE CO JIBJIOM, MPHOABIAIOT MPH HENPEPHIBHOM
nepeMennBaHny ManeHbkuMu noprusamu pactop 1.5 r NaNO, B 10 mun H,0O
JI0 TIOSIBJICHUSI HUTPHUT-HOHA (M0 HOAKpAXMaabHOW OyMaskKe) M OCTABISAIOT CTO-
ATh B OaHe co npJaoM Ha 1 vac (BbIAENEHHE SAOBUTHIX OKcUaoB azotal). B aTo
BpeMsl BO BTOPOM CTakaHe pacTBopsioT 2.5 r 2-Hadroma B 10 mu 30-32%-1o0
pactBopa NaOH, nobGapnsis ropsdyro Boxy A0 MCYE3HOBEHHS OCajka. 3aTeM
B nua3zopactBop npubamisitor pactBop 5 T CH;COONa'3H,O B 25 mu Boabl
U, B Cclly4ae HaJIOOHOCTH, 3TOT PacTBOp U PACTBOP COJIM JAWA30HHSA (DUIBTPYIOT.
Hanee pactBop 2-HadToNa MOPIMSIMH NPH HepeMeIINBaHUH TPUIHBAIOT B JIU-
aszopactBop, npuckinaoT 5 r unctoro NaCl, cpasy ke OTGHIBTPOBBIBAIOT Yepes
OyMaxxHbIi (QUIBTP Ha BOpOHKE BIOXHEpa BBHIMABIINKA KpacHTEIb W MPOMBIBAIOT
HECKOJIBKO pa3 Ha QuibTpe HachimeHHbIM pacTtBopoM NaCl. Kpacurens cymar
Ha BO3Ayxe Ha Quiubrpe. BBIX0J MPaKTHYECKH KOJIUYECTBEHHBIN.

! Bopoxxkun B.®. Xumus kpacureneil — M.: Xumus, 1981. Crenanos B.U. Beenenue

B XUMHIO M TEXHOJOTHIO OpraHMYecKuX Kpacureneil — M.: Xnmmus, 1985.
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Perucrpanus cnexrpos SIMP npoaykra BecbMma 3aTpyIHMTENIbBHA BBULY €r0
KpallHe HM3KOM pacTBOPUMOCTU B BOJE€ U OOJIBIIMHCTBE OPraHMYECKHUX pac-
TBOpPUTEIIEN.

AMP 'H & (m.a., AMCO-dg): 7.47 (1H, 7, J ~ 8 Tu); 7.58 (1H, 7, J ~ 8 Tu);
7.67 (1H, o, J~ 8 Tw); 7.92 (4H, 7, J ~ 8 Ty ); 8.30 (2H, A, J ~ 8 T); 841 (1H, A, J ~ 8 Ty ).

611.  CMHTE3 FETEPOLMKNNYECKUX COEQUHEHWIA
b11.1. XuHoauMH

NAB. c. 222
NH2 OH H2$O4 @@
HO OH —_ NO
©/ * \)\/ ©/N02 N
HuTtpob6eH3on 10r CuHTes npoBoOAAT
AHVANH 155r B BbITAXKHOM WKady
MuuepwnH 50r
H,SO, KoHu,. 24 mn
ddup 90 mn
HCl KoHU. 25 mn
ZnCl, 151

NaOH TtBepgbin
NaOH, 40%-1 pactBop

B kpyriononnyio kon0y emkocthto 1 i momemaror 10 r HHTpOOEeH30I1a,
15.5 r anmwmmea u 50 r rmnepunal. [unepyud IpeaBapUTENLHO 06E3BOKUBAIOT
HarpesanueM B papdopopoii yamke 10 180 °C% B cMech MOCTENEHHO NPU CUIIb-
HOM BcTpsixuBaHuU BBOIAT 12 mur H,SO,; mpu 3TOM 00pa3yercst CBETIIO-KeNTast
COJIb aHWJIMHA, U PEaKkIMOHHAs CMeCh TeMHeeT. 3aTeM KO0y CHaOXaroT BepTH-
KaJbHBIM OOpaTHBIM XOJOAWIFHHKOM M HAUYMHAIOT OCTOPO’KHO HarpeBaTh Ha CeT-
Ke. B 9TOT mepuon kaTeropudecku 3ampemiaeTcss OTXOIUTh OT MpHOopa, Tak Kak
NaXe Tpu HEGOJIBIIOM TIEPETPEBE MOKET MPOM3OWTH BBHIOPOC CMECH M3 KOJIOBI.
Koraa HauHeTcs kuIeHHe, TOPENKY OTCTABISIOT M AT MPOUTH OYypHOH cTamuu
peaxIyy, Tociie 4ero PeaklMOHHYI0 CMeCh HECKOJBKO pa3 CHOBa JIOBOAAT IO
KHIIEHUsI HarpeBaHHEM TOpEeNKOH. 3aTeM depe3 XOJIONWIBHUK BBOAAT HeOOIIb-
My nopuusmu (mo 0.5-1.0 mu) eme 12 mu xonn. H,SO,, HarpeBas cMmech
JIO KHIICHUS TOCIIC BHECCHHS KaXJTOH MOPIUU, W KUIATAT B TEUCHHUE 3 YaCOB.
Jo6aBnstoT HEOONBIIOE KOJUYECTBO BOJBI W OTTOHSIOT HENpOpeardpoBaBIIUI
HUTPOOEH30J1 ¢ BOISIHBIM HapoM. ConepKuMoe KOJIO0Bl OXJIaKAAIOT U J00aBIISIOT

1
2
3

Jlo6aBuTh B peaknnoHHylo cMech FESO, Ha KOHUMKe IImarels.
Tneal
Ocmopooicno! PeaknoHHAs: CMECh MOXKET CaMOBOCIUIAMEHSTHCS.
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cHadana 40%-# pacTBOp mIeN0YM, a TOTOM TBEPAYHO INEI0Yb JO MIETOYHOH
peakuuu cpenbl. XUHOJIMH W HENpPOpearupoBaBUIMK aHWIMH OTTOHSIOT C BOAS-
HBIM MApOM, JUCTHIULIT dKCTparupyot 3dupom (3%30 mu). DdupHbIe BHITSKKH
00BEUHSAIOT, (PP OTTOHAIOT Ha POTOPHOM HCHApHUTENE, OCTATOK PACTBOPSIOT
B cmecu 25 mut koni. HCIl u 100 M Bogel. K Temnomy mpo3padHomMy pacTBo-
py npubasmistor pacteop 15 v ZnCl,t B 25 mn 2 M HCI. Brimasimyro nocie
OXJIJK/ICHHS IBOWHYIO COJIb XMHOJIMHA OT(MIIBTPOBBIBAIOT Ha BOpOHKe bBroxHepa,
TIIATEFHO OT)KUMAIOT CTEKJSIHHOW MpoOKoil 1 mpombiBatoT Ha ¢uibpTpe 20 M
2 M HCI nmns ynanenus anununaa. Conb pasjaratloT B KpPyrJIOJOHHOH OJHO-
ropiyioit koyibe emkocThio 250 M1 goGaBieHueM KoHIl. pactBopa NaOH mo te-
JIOYHOHM peaKuuu Cpeibl W MEPEeroHsI0T BTOPHYHO C BOJSHBIM IMapoM. XWHOJIWH
W3BJIEKAIOT 3pHUpoM, 3dupHbIe BRITKKH cymaT TBepabiM NaOH. Ilocne otroHku
a¢upa XHHONUH TEPEroHsoT B BakyyMme. Boixox 13 r (60% oT TeopeTiyeckoro),
1. kun. 105-110 °C / 10 mm pr. c1.; nZ 1.6280.

AMP 'H & (m.a., CDCl3): 7.32 (1H, m); 7.49 (1H, m); 7.67 (1H, m); 7.75 (1H, m);
8.09 (2H, 1, J = 8.5 Ty ); 8.89 (1H, m).

AMP 3C 6 (m.g., CDCly): 121.0; 126.4; 127.7; 128.2; 129.4; 129.5; 135.9; 148.3; 150.3.

B11.2. 2,3-IluMeTHJIHHIOJI
J. Org. Chem. 1957. V. 22. P. 1703

0]

NHNH
b . \)J\ L, N\
HCI CH,COOH NH
QeHunrngpasvH CONAHOKNCABIA 7.5 T CuHTe3 NnpoBOAAT
MeTnnaTunKeToH 45r B BbITAXKHOM WKady
CH;COOH nepgsaHan 25 mn

B aByxropiyro KpyrmIOOOHHYIO KOJIOYy eMKOCThIO 250 Mil, CHaOKEHHYIO OOpaTHBIM
XOJIOAMITBHUKOM M TEPMOMETPOM, MOMEIIAIOT 4.5 I METHIIDTUIKETOHa, 25 MIT JIeISTHON
CH;COOH, 7.5 r comstHOKHCIIOTO (heHUITHAPa3uHa U HarpeBaroT cMech 10 90 °C.
Uepes 15-20 muH cMech camopasorpeBaercs v HaunHaeT kureTb CH;COOH. Tlocie
TOTO KaK CaMOIPOU3BOJILHOE KHUIIEHHE IPEKPaIlaeTCsl, HarpeBaHHe MPOJIOJDKAOT ellle
30 mun mpu 90 °C. CMech OXJTaKaaroT, BEUIMBAIOT B Jiex (75 T), ocamok oTGUIETpo-
BBIBAIOT U MPOMBIBAIOT 125 MIT BOMIBI, pacTBOPSIOT B 75 Mil adupa. DdupHbIi pac-
tBop npombiBaroT 20 M1 10%-it HCI, 5%-bmv NaOH (2x20 mu1) u Bomoit (2%20 mu).
O¢wupHbIi 3KcTpakT BhICYMBaOT Na,SO,, 3(hHp OTTOHSIOT Ha POTOPHOM HCIIApUTEIIC.
Ionyuaror 6.3 r (63% ot Teoperrueckoro) 2,3-qumMeTHwinEAoNa, T. w1 101-104 °C.
[pomyKT mepekprUCTaIIM30BBIBAIOT U3 MeTpoieiinoro a¢dupa. Beixon mocne nepe-
kpuctammzaimu 5.7 v (57% or Teopernueckoro), T. w1 102-106 °C.

AMP H & (m.., CDCly): 2.18 (3H, ¢); 221 (3H, ¢); 7.03-7.12 (3H, m); 7.3 (1H, yump. ©); 7.44 (1H, m).
AMP 3C 6 (m.a., CDCl,): 8.4; 11.3; 106.9; 110.0; 117.9; 118.9; 120.8; 129.4; 130.6; 135.1.

1B pacdere Ha OC3BOJHBIM.



312 b. lpenapamuswas yacme

B11.3. 2-DeHuaIMHI0I

Memoo A lar. c. 10
0 NNH—@
NHNH
2 MoK
+ — —
A A NH

AueTtodeHoH 6r CuHTe3 npoBoaAT
®eHnnrmgpasuH 54r B BbITAXKHOM WKady
H;PO, KoHU. 20 mn
P,0; 40 r

a) Ilpucomosnenue penunreuopazona ayemopenona

B kpyrononnyio koi0y emkocthio 100 mir, cHaOKeHHYIO 0OpaTHBIM XOJIOIMIIb-
HUKOM C XJOPKaJBIHEBOW TpyOKoH, moMemniaroT 6 T anetodeHoHa u 5.4 r cae-
XKereperHaHHoTo (eHmaruapasuaa. CMech HarpeBaloT Ha BOJASHOW OaHe NpH
100 °C 1 gac, oxJaxmalOT W PACTUPAIOT A0 TE€X MHOp, MOKa OHA IOIHOCTHIO
He 3aTBepieeT. 3aTBepJeBIlyi0 Maccy pacTupaioT ¢ 10 mu 3TaHONa, TPOLYKT
OTQIIFTPOBBIBAIOT, TpoMEIBatoT Ha QuubTpe 10 mnm oxmaxamernoro mo 0 °C
stanona. Beixox 9.5 r (91% ot Teopernueckoro), T. wi. 105 °C.

6) Ilpucomosnenue noaugocghopnoil Kuciomol

B kpyrononnyro koi0y emxoctbio 100 M1, cHaOKEHHYIO 0OpaTHBIM XOJIOIMIIb-
HUKOM C XJIOpKaJbIIMeBOH TpyOko#, momemator 20 M (hochopHON KHUCIOTHI.
Hoprusamu gobGasnsitor 40 T dpocdopHoro anrunpuna. [locie BHECeHHS Bcero
¢dochopuoro anrugpuna warpesarot cmech 30 mun mpu 80 °C.

8) Ionyuenue 2-penurunoona

K monyuennoi nonmudochopuoii kuciaore (IIOK) npubasnsior 9.5 r penuiru-
npas3oHa anerodenona u nepememmuBaioT cmeck 1 gac mpu 100 °C. Ilo oxmax-
neann 10 80 °C BeumuBaror Ha el (400 r) ¥ OT(UIBTPOBHIBAIOT BhINABIIMIA
0CaJIOK CEporo IBeTa, MPOMbBIBAIOT Ha (UIBTPE BOAOH, MEPEKPHCTAIIIU30BBI-
BAIOT M3 2TaHonal, NpuMeHss aKTUBUPOBAaHHLINA yronb. Beixox 5.1 r (56% ot
TeopeTuueckoro), T. mr. 185-186 °C.

Memoo B2
Orl. c. 562

B mmpokoropioii xonde Dpnenmeiiepa emkocthio 100 mi x cmecu 6 T are-
todenona u 5.9 r penunruapasuna npudasnsaoT 30 r monupochopHON Kuc-
note. TlepeMeninBas TEPMOMETPOM, CMeCh MEJUIEHHO HATPEBAIOT, MOKAa HE
3aMETST PE3KOr0 TOBBINICHHUS TEMIIEPATyphl, BBI3BAHHOTO HAYAIOM PEaKIIHU.
Tenepp Temmeparypy noanepkuBaroT B uHTepBaie 175-190 °C, oxnaxnas

! W3 pacuera 4 mi sTanona Ha 1 r BemecTsa.

DTUM METOAOM II0JIYy4YaroT HEOOJIBIITHE KOJINYECTBA 2-(beHI/IJII/IH,IIOIIa.

3 TIpuroToBNEHHOH, KaK OMUCAHO BHINE B MyHKTe 0), u3 8 mi 85%-it H;PO, u 16 r P,Os.
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IIpY HEeoOXOAMMOCTH KoyOy Ha Kurseil BoasHol Oane. [Io okoH4YaHMM peak-
IIMM JAI0T CMECH OXJIAAUTHCS M pasdasisitor 50 Mur xonmoxHO#M Boabl. PactBop
IKCTparupyrr sgupom, cymar npokaneHHbIM Na,SO, M OTrOHSIOT pacTBO-
putenb. OCTaTOK OYHIIAIOT MEepeKpUCTAIUIM3AlMeH 13 sTaHona. Beixox 7.4 r
(77% ot teopernueckoro), 1. mi. 188 °C.

AMP 'H & (m.a., CDCl3): 6.85 (1H, m); 7.14 (1H, m); 7.22 (1H, m); 7.35 (1H, m);
7.42-7.49 (3H, m); 7.64-7.71 (3H, m); 8.44 (1H, ywnp. ).

b11.4. 2-DenundeH3UMHIA30.1

leT. c. 82
COOH
@INHZ @/ NoK @N C
+ —_— \

NH, A NH
o-OeHuneHanaMmmnH 108 r CuHTe3 npoBOAAT
beH3onHaa knucnota 122 r B BbITAXKHOM WKady
H;PO, koHL,. 20 mn
P,0; 30r

B xpymmononHoit konbe emrocthio 250 Mt emenmBarot 10.8 T o-enmnenmamuHa
u 12.2 r Gensoiinoi kuciotel ¢ 50 r nomadocopHoii KucaoTert. OGpazoBaBIILYIOCS
MacTy MeJUIEHHO HarpeBaroT IpH MepemMemmBaHiny TepMomeTpom 1o 190-200 °C
Y TIOJYYCHHBIH pacTBOpP IPHU 3TOW TEMIepaType BEACPKUBAIOT 2—3 daca. 3aTeM
Maccy oxnaxnaroT 10 100 °C u BBUIMBAIOT TOHKOH CTpyiKoi B 50 M SHEPrHIHO
nepemMemuBaeMoil Boxbel. Ocafok OT(MIBTPOBHIBAIOT, MPOMBIBAIOT HEOOIBIIUM
KOJIMYECTBOM BOABI U 0OpabarpiBaroT n30sITKOM 10%-r0 pactBopa Na,CO;. Oca-
JIOK OT(HIBTPOBBIBAIOT, MPOMBIBAIOT Bomoi u cymrar mpu 100 °C. Breixon ceiporo
mpoaykra 18.5 r (95% ot teoperuueckoro). ITocie mepekpucTaau3aliu u3
cnupra nony4aror 15.5 r (80% or teoperuueckoro), T. i 294-295.5 °C.

AMP H & (m.a., CDCly): 7.05-7.07 (2H, m); 7.35-7.49 (5H, m); 8.11-8.13 (2H, m).
AMP '3C & (m.a., CDCly): 110.0; 119.5; 123.6; 124.6; 139.1; 149.0; 152.0.

B11.5. Ben3okca3oJ

let. c. 90
NH, N
@I * HCOOH — @(}
OH A
o-AMrHodeHon 18r CuHTe3 npoBOAAT
HCOOH 99.5%-a 10 mn B BbITAXKHOM LIKady

1 Cwm. cuntes 2-penmmunnona (pasa. 511.3).
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B xpyrnomonHo# koybe eMKOCThIO 50 M KHIATAT ¢ OOpaTHBIM XOJIOAWIIb-
HukoM B TedeHue 1 waca cmech 18 r o-ammuodenona m 10 ma 99.5%-ii
HCOOH. 3atemMm, 3ameHuB 00paTHBIA XOJOAMIBHUK Hacallkoi Bropia ¢ Hucxo-
JSIIUM XOJIOJMIIBHIUKOM, PEaKIMOHHYIO0 CMECh IeperoHsoT, codupas (Gppaxiuro
¢ T. xum. 140-210 °C. JUCTHUISAT BCTPSIXHUBAIOT C HACBHIIICHHBIM PacTBOPOM
K,CO; nns HedTpanu3anuu M30BITKa KHCIOTHI. BeH30KCa301 3KCTparupyroT
sbupom (25 i), >3¢upHy0 BHITKKY cymart npokaneHHbiM K,COj;. Ddup
OTTOHSIIOT, OCTaTOK IEeperoHsT, cobupas ¢paxuuio ¢ T. kun. 181-183 °C.
BeH30Kca30y1 TIEperoHseTcs B BHE TM0YTH OecuBeTHOi xuakoctu (N 1.17),
MpH JKENaHWH ero MOXXHO meperHats B Bakyyme. Boixong 8.1 r (41% ot
TeopeTrdeckoro). [Ipu mmuTenbHOM XpaHEeHHH OEH30KCa301 00pa3yeT KpymHbIe
OecuBeTHble Tpu3Mbl, T. I 30-31 °C.

AMP 'H & (m.a., CDCly): 7.36 (2H, m); 7.57 (1H, m); 7.77 (1H, m); 8.20 (1H, ¢).

Bb11.6. 2-MeTHa0eH30KCA30.1

JNIAB. c. 218
o
NH; ?; N
oL, §- =00
OH 0}7 A ©
o-AMrnHodeHon 5r CuHTEe3 NnpoBOAAT
YKCYCHbIN aHruapug 125r B BbITAXKHOM WKady

B nByxropayro KpyriogoHHy koj0y emkocThio 100 mi, cHaOxeHHyHO Ka-
NEeNbHONH BOPOHKOH, OOpaTHBIM XOJIOAHJIBHUKOM C XJIOPKaJbIMEBOH TPyOKOi
M MarHUTHOW MEIIaJKOW, MOMENIAIOT 5 I' 0-aMHHO(EHOJIa B 3aTeM MEIJICHHO
IpH OXJaXJCHHH JIeNIHOH BONOM nobaBigroT 12.5 r yKCycHOTO aHTHUIpH-
na. PeakumoHHyl cMmech KHUIATAT B TedeHne 30 MHH, a 3aTeM IeperoHs-
10T, cobupas ¢paknuro ¢ 1. kum. 140-210 °C. Ilocne oKOHYAHUS TEPETOHKHU
3Ty (GpakKiMI0 BCTPSIXUBAIOT C HACBIIICHHBIM BOIHBIM pacTBopoM K,CO; mo
MOSIBIICHUS MIETOYHOU peakuuu (ocmopooicno, OypHOE BbIACICHHE TUOKCH-
na yrieponal!) u 3atem skctparupyroot sdupom (2%25 mu). DdupHsiit pac-
TBOop BHICymmBarOT Haa K,COj;, 3Qup OTrOHSAIOT, OCTATOK MEPETOHSIOT.
Beixon 4.5 r (61% ot teoperuueckoro); T. kum. 85 °C / 20 mm pr. cr.};
ng 1.5395.

AMP 'H & (m.a., CDCly): 2.61 (3H, ¢); 7.27 (2H, m); 7.43 (1H, m); 7.63 (TH, m).
AMP 3C 6 (m.g., CDCl,): 14.4; 110.1; 119.4; 124.0; 124.4; 141.5; 151.0; 163.7.

! Mmu 200-202 °C / 760 mm pr. cT.
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B11.7. Ben3zorpmuazou

let. c. 87
Ol e O
N
NH, CH3;COOH NH
o-OeHnneHgnamunH 54r CunHTEe3 NnpoBOAAT
CH;COOH 12 mn B BbITAXKHOM LWIKady

NaNO, 35r

B crakane emxocthio 250 mi pactBopsioT 5.4 T o-peHwIeHANaMHHA B CMECH
12 mn CH;COOH u 25 M Bogsl. K momydeHHOMY pacTBOpY NpH ITE€peMerIn-
BaHWHU moprusamMu 1o 2—-3 M pob6asisttor pacteop 3.5 T NaNO, B 10 mm Bogpsl.
[Iporcxoaut caMoONpOM3BOIBHOE PAa30TPEBaHNE PEAKIMOHHOW CMECH, TeMIlepa-
Typa ee gocturaer ~7/0 °C u OKpacka CTaHOBHUTCS OpaHXKeBO-KpacHOH. PacTop
OXJIAXTAIOT Ha JeqsHON OaHe W HelTpamusyroT mobaBmenmem 2 M NH,OH
1o pH 7, mpomomkas mepeMemnBaTh CMECh 10 NMPEKpaIleHHs BBIIAJICHUS KpHU-
CTAJUINYECKOTO ocanka. KopuuHeBbIli 0cafok OT(MMIBTPOBHIBAIOT, HPOMBIBAIOT
nenston Bojoi (4%25 mun) u cymar npu 70-80 °C, a 3aTeM nepeKpUCTaIU30BbI-
BaKOT u3 GeH30/1al ¢ MPUMEHEHNEM aKTMBUPOBAHHOTO yris. Beixon 4.6 T (77% ot
TeopeTuueckoro), T. mwi. 98-99 °C. BeH30TpHa301 MOXKHO TaKXe OYHCTHTH Iepe-
TOHKOIl B Bakyyme, cobupast ¢gpakuuio ¢ T. kumn. 156-159 °C / 2 mm pt. cr.

AMP 'H & (M.a., OAMCO-dg): 4.20 (TH, yw. c); 7.48 (2H, m); 7.98 (2H, m).
AMP 3C & (m.a., AOMCO-de): 114.9; 125.3; 138.7.

Bb11.8. 2-MeTnjia0eH3UMHAA30.1

let. c. 79
NH, N
HCI
+ CH3;COOH —— \>___
NH, NH
o-OeHuneHanammnH 108 r CuHTe3 npoBOAAT
CH;COOH 9 mn B BbITA)KHOM WKady

B kpyrmononHyro kondy emkocthio 50 mi nomerraror 10.8 T o-bennnennnamuna,
9 M1 CH;COOH u 1-2 mu konn. HCI. CMech KUISATAT ¢ OOpaTHBIM XOJOMHIIb-
HuKoM 1.5-2 gaca, pa3zbaBnsroT 12 M Boasl, 100aBIsAOT 1 T aKTHBUPOBAHHO-
ro yms u kunAtar eme 15-20 MuHyT. Yronbs oT)HIBTPOBBIBAIOT, a (GUIBTpAT
P SHEPTUYHOM ITEePEMEIIMBAHUUA M OXJAXICHUU JICASHOW BOJOW OCTOPOXK-
Ho mommenaunBaoT 20%-m pacrBopom NH,OH 1m0 mosiBjaeHus B peakiinoH-
HOH cMecH ciiaboro 3amaxa aMMuaka. BeITTaBmMid 0cajok OT(HIBTPOBBIBAIOT,

I U3 pacuera 5 mur O6eH3ona Ha 1 T BemecTBa.
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TIIATEILHO MPOMBIBAIOT JieasHOM Bomon (4x5 mui) u cymar npu 100-110 °C.
Beixox 10.6 r (80% ot teoperuueckoro), T. mi. 173-174 °C. TlomydeHHbIi
NPOAYKT CJerKa OKpallleH, ero MOKHO MCIIONb30BaTh JUIS JalbHEHIINX CHHTE30B
0e3 JIOTOIHUTENILHON OYHUCTKH, HO TIPH HEOOXOAMMOCTH 2-METHIIOCH3MMHUAA30
OYMIIAIOT TEePEeKPHUCTAITN3AUe U3 BOABI C NMPUMEHEHHEM aKTHBHPOBAHHOTO
yost. [Tomydaror GemocHEKHBIE HTOJIOYKU ¢ T. 1. 176-177 °C.

AMP 'H & (m.a., AMCO-dg, CDCly): 2.56 (3H, c); 7.08-7.13 (2H, m); 7.46 (2H, yuw. c);
12.34 (1H, yw. c).

AMP 3C 6 (m.g., AMCO-dg, CDCly): 14.7; 121.1; 151.3.

B11.9. 4,5-Indennanvuaazon

let. c. 74
o @
\\Ll CH{COONH, | N\>

O O NA CH3COOH NH
beHsun 525r CuHTe3 npoBoaAT
YpoTtponuH 065r B BbITAXKHOM WKady
CH3;COONH, 3r
CH;COOH 125 mn

B kpyriomonnyio koi0y emkocTbio 250 miI, cHaOKEHHYIO0 OOpaTHBIM XOJOIHIIb-
HUKOM C XJIOpPKaJbI[MeBOH TpyOkoi, momemaror 5.25 r Gensmma, 0.65 r ypo-
tponmHa, 3 T CH;COONH, u 125 mn CH3;COOH. Cmech xumarsat 1 dac.
OxnaxIeHHyI0 peakIMoHHyI0 Maccy BbumMBaioT B 1.25 m Boxsl. Ilomydennsrit
pacTBOp 00ECIBEUMBAIOT HarpeBaHWEM C aKTUBHPOBAHHBIM yIiIeM, (QUIBTPY-
10T, QUIBTpaT HEHTPaNHM3YyIOT BOAHBIM PAacTBOPOM aMMHaka. BeimaBmmil oca-
JOK OTHAENAIOT (QMIBTPOBAaHMEM, NMPOMBIBAIOT Ha (MIBTPE XOJIOJHOW BOIMOM
(4%30 M), cymrar B Bakyyme tipu 100 °C. Beixox 5 r (91% ot Teopetndeckoro),
T. . 231-232 °CL

AMP 'H & (m.g., CDCly): 7.29-7.35 (6H, m); 7.50-7.53 (4H, m); 7.69 (1H, ¢).

Bb11.10. 3,5-Aumernanupason

NaOH
R RN =
2

HeperI/ICTaJIJ'II/I?)aL[I/IS[ U3 JUOKCaHa.

let. c. 70

Yz
P4

Z
I

1
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lMapasvH cepHOKUCAbIN 13r CuHTe3 npoBOAAT
NaOH, 10%-1 pacTtBop 80 mn B BbITA)KHOM WKapy
AuetnnaueToH 10r

B tpexropinoii konbe emkocthro 250 mul, cCHAOXKEHHOM KamleabHOW BOPOHKOH,
MEXaHMYECKON MEIIAIKOH U TEPMOMETPOM!, pacTBOpsOT 13 I' CEpHOKHUCIIONO
runpasuna B 80 mn 10%-ro pacrBopa NaOH. K pactBopy MemieHHO mo Ka-
mwisM npu oxiaxaeHuu a0 15 °C B Teuenne 30 muH npubasisior 10 T ame-
THJIaleToHa. PeakimoHHYI0 cMech MepeMeInBaoT B TeueHne 1 yaca mpu 3Toi
tTemneparype, 3areM npubasisor 40 Mi BOABI IS pacTBOpEHHS Ocalka He-
OpPraHWYeCKHX COJIel M IEePEHOCAT B JIEIUTENbHYI0 BOPOHKY. OOpa3oBaBmImniics
MUPa30J dKCTParupyroT 3dupom (3%25 mi). DdupHbie BHITSKKA 0O0BETUHSIOT,
mpoMbIBatoT HackieHHbIM pactBopoM NaCl u cymar 6e3Bogubivm K,CO5. Ddup
yAaJSIFOT Ha POTOpHOM wucmaputene. Beixon 7.4 v (77% 0T TeopeTHUECKOro),
T. 1. 107-108 °C. [Ipu HeoOXOAMMOCTH MPOAYKT MOKHO MEPEKPHCTATH30BATh
M3 BBICOKOTO TeTponeiiHoro s¢upa (T. kum. 70-100 °C).

AMP 'H & (m.a., CDCl3): 2.28 (6H, ¢); 5.80 (1H, ¢); 10.5-13.3 (1H, ywwup. c)
AMP 3C & (m.g., CDCl,): 12.2; 103.9.

B11.11. 4(5)-®enunaumMuaaszon

lfet. c. 74
0]
Br N
+ HCONH, —— >
A NH
®eHaunnbpommna? 8r CunHTEe3 NnpoBOAAT
®opmammng 50 mn B BbITAXKHOM WIKady

B xpyrnogonnyio koi0y emkoctbio 100 mi, cHaOXXEHHYIO BO3AYLIHBIM XO-
JONUIBHUKOM C XJIOPKANBIMEBON TpyOKo#, momemaioT 8 r ¢eHanmiopoMu-
na, 50 M ¢popmamuga u kunATAT 2 vaca. [Ipm 3ToM cHayama oOpasyercs
SIPKO-KpacHBIM pacTBOp, KoTopbiii depe3 10-15 MHHYT cBeTieeT W J0 KOHIA
peaKkIuu OCTAaeTCs CBETIO-OpaHKeBbIM. [lo oxiaxaeHun ero obpadarbiBa-
ot 200 M ropsiueii pas6asinennoi HCI (1:1), mpu HEOOXOOMUMOCTH KHIIATAT
c yriaeM, QUIBTPYIOT W (QIIBTPAT MOAIIECIAYMBAIOT PACTBOPOM aMMHAKa [0
pH 7-8. Bemapmnii 4(5)-heHuIMMIIa30d OTACISIOT ¥ OYHINAIOT II0CJIEHO0-
BaTeIbHOU IepeKpHcTauIn3anueil u3 Boabl U GeHzona. Brixom 5.2 r (90% ot
TEeopeTHuecKoro), T. mr. 128-129 °C.

AMP 'H & (m.a., AMCO-dg): 7.19 (1H, 7, J = 7.4 Tu); 7.36 (2H, 7, J = 7.6 Tw); 7.60 (1H, ¢);
7.76 (1H, c); 7.80 (2H, #, J = 7.5 Tu); 12-12.75 (TH, yw. ¢).
AMP 13C & (m.a., AMCO-d): 114.9; 124.2; 126.0; 128.4; 133.9; 135.9; 138.1.

1
2

Ha xoH4nk TepMoMeTpa HaJeT PEe3WHOBHIM IUIAHT.
Jlakpumatop!
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B11.12. Merna-2-amuno-4,5,6,7-Terparunpo-1-6enzornodeH-3-kapooxkcunar
Bull. Soc. Chim. Fr. 1975. N2 8. P. 1786

Opr.T. 2. c. 22
(0]
O (o) O/—_—\NH, Sg OMe
+ CN —
(:/r MeO/lk/ MeTaHon I\
57 >NH;,
LInknorekcaHoH 98 r
MeTtunuymnaHoauertar 99 r
Cepa nopolLok 32r
MopdonuH 4 mn
MeTaHon 30 mn

B Tpexropnoii konbde emrxoctsio 100 My, cHaOXeHHOH OOpaTHBIM XOJIOIMILHUKOM,
KareIbHOH BOPOHKOM, BHYTPEHHUM TEPMOMETPOM M MAarHUTHOHM MeIIajKoi, ome-
IICHHOH B BOAsAHYIO 0aHrO, TOTOBAT pacTBop 9.8 r mukimorekcanona u 9.9 r metmi-
ruanoarierara B 30 i metanosna (0cmoposicho, METaHON U €ro Maphl SAOBHUTHI!).
K momyuennomy pactBopy mpuOaBistoT 3.2 T TOHKO pacTeprtoit cepsl. Ilpu mepe-
MEIINBaHUN K TIOMYYEHHOH CMEeCH MPHOABISIOT MO KarusiM 3—4 MiI MOpgOIUHA,
cresist 3a TeM, 94TOOBl peaknnoHHas CMech He reperpeBaiachk. [lo okoHUaHM 3K30-
TEPMUYECKOH peaKkIMy CMeCh HarpeBaloT Ha BOISIHOW OaHe 10 TOTHOTO pacTBO-
peHust cepbl (MHOTIA OTIOJHUTENBHBIN HarpeB He TpeOyercs). [Tocne oxnaxneHus
1o 0 °C u3 pacTBOpa BBIIAZAET MPOAYKT B BHJE JKEATHIX KpHcTawios. Ilomyqen-
HBII POAYKT OT(GHIBTPOBBIBAIOT MO BaKyyMOM Ha mopuctoM ¢usrpe. [Ipomgykr
OYHMINAIOT MepeKpUCTAIUTN3AINEH N3 METaHONA WM STaHOINA, ToNydasi OecIiBETHbIE
uronpdarsie Kpuctamwisl. Boixon 15.8 r (75% ot teopernueckoro), T. mi. 122 °C.

AMP 'H & (m.g., CDCLy): 1.75 (4H, m); 2.49 (2H, m); 2.68 (2H, m); 3.78 (3H, ¢); 6.01 (2H, yw.c).
AMP 3C & (m.a., CDCl,): 22.7; 23.2; 24.4; 26.8; 50.5 105.3; 117.5; 132.3; 161.8; 166.4.

B11.13. 5-Hurpodypan-2-kapéanabaerua
(5-uuTpodypdypou)
0

0)
I \_ o °
/ o>/_ HNO, OzN% T hso,
Q>\CHO j)(o Y

let. c. 94

I\
H.0 A OZN/Q\CHO

®ypdypon 6.7r CuHTe3 npoBOAAT
YKCYCHbIN aHrngpug 50 mn B BbITAXKHOM LWIKady
HNO; (d%° 1.42)" 5 mn

H,SO, KoHu, 13.55 mn

! KommMmepueckas KOHIIEHTPUPOBAaHHAs a30THast KucinoTa oObruno mmeeT d2° 1.32 — 1.36 r/mu.

Kucnory ¢ d3° 1.4 roropsat, cmemusas koH. HNO; ¢ gpiMsmieii. COOTHOLIEHHE KOMIIO-
HEHTOB OIPEIENSIOT 110 «IPaBUIYy KpecTa»
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a)  5-Humpodyppyporouayemam

B uetsipexropnyio kon0y eMrocThio 250 M, CHaO)KEHHYI0 MEXaHWYEeCKOH Me-
IIaJIKOH, OOpaTHBIM XOJIONMIBHUKOM, KalelbHOH BOPOHKOHW W TEPMOMETPOM,
ONYILIEHHLIM MOYTH 10 AHA KoaObl!, momemaoT 50 MJI yKCyCHOro aHrMApHaa
W, TIOAJIEPXKUBAsl TEMIIEpaTypy COAepKUMOro Koiobl oxono 0 °C, mpuiauBaroT
5 M HNO; u 0.25 min xonn. H,SO,. 3areM k HUTpyrOIEH cCMeCH HPUIHBAIOT
B Teuenne 10 MuHyT 6.7 T cBekemepernanHoro Gpypdypona tak, 9ToOBl TeMIe-
parypa cmecu He npessimiana 10 °C. IlomydeHHBIH 3eeHOBaTHI pacTBOp Iepe-
memmBatoT 1.5 9 mpu 15-18 °C, mocne yero xk HeMy npuiuBaroT 42 MIJI BOABI,
CIIeNs 32 TeM, YTOOBI TeMIlepaTypa peaknmuoHHoW cMecu He Obina Beimie 10 °C.
OObpasyercs CBETIO-OpaHKeBas dMYIbCHSA, K KOTOPOH HpH MepeMemnBaHuu
npunuBatoT 8.4 mn 20%-to pactBopa Na;PO,, moxnepxuBas Temmeparypy pe-
aKIHOHHOW cMecH 0kojo 53-55 °C, mocie 4ero mpojoiKarT MepeMelInBaHIe
eme 1 gac mpu KoMHaTHOW Temneparype. Hutpodypdyponananerar Beiensercs
B BHJIE CBETJIIO-KOPHYHEBBIX KPHCTAJUIOB, KOTOPbIE OT(QMIBTPOBBIBAIOT, TIPOMBI-
BalOT Ha QuiIbTpe BoAo#l W cymar. Beixon mpoaykra 11 r (65% ot Teoperu-
yeckoro), T. mwi. 87-89 °C. Ilociie mepeKpUCTAIUIM3AUUKN H3 CIIUPTA HONTYYaIOT
KeNToBaThle KpucTayisl ¢ T. wr. 91-92 °C.

6)  5-Humpogypgypon

B Tpexropaymo mpoayTyo a30oToM HIH aproHoM koy0y eMmkocThio 500 mu,
CHa0)KCHHYIO MEIIAJIKON, BO3IYIIHBIM XOJOAWJIBHIUKOM M KarelbHOW BOPOHKOH,
nomerniatroT 11 r HuTpodypdyponauanerara u Ipu NepeMENTUBAHUA B TEUCHUE
15 mMunyTt npunuBaioT pactBop 13.3 mu koni. H,SO, B 48 mu Bomel. Peak-
IIMOHHYI0 CMECh HarpeBaloT B TedeHHe 1 yaca Ha KuIsiied BOASHON OaHe.
B TeueHue Bcero sKCIepUMeEHTa B KOJIOY MPOIYCKAaIOT YMEPEHHBIH TOK a30Ta.
Hutpodypdypon BbiaenseTcs Ha JHE KOJObI B BHUJIE TEMHO-BUIITHEBOW Mac-
JSHUCTOU KHAKOCTH. [1o OXJaxJeHWH peaknMOHHOW cmecu HUTpodypdypon
skctparupyor 250 M adupa. DOUPHBIA IKCTPAKT MPOMBIBAIOT HEOOIBITUMHU
NOPIMSIMH BOZBI IO UCYE3HOBEHHS PEaKIMU Ha Cyab(harT-uOH M CYILIaT MPOKa-
JIEHHBIM Cylb(haToM HaTpus. DPUP OTTOHSAIOT, OCTATOK MEPETOHSIOT B BaKyyMe.
Beixon 5.2 r (81% ot Teopernyeckoro), T. kum. 128-132 °C / 10 MM prT. CT.
Hutpodypdypon — xentoaras OBICTPO KPUCTAJUTU3YIOMASACS NMPU KOMHATHOU
TeMIepaType MAacisSHUCTasi XUAKOCTh. [IpOIyKT HMepeKpUCTAIITN30BBIBAIOT U3
nerpojeiinoro 3¢gupa; T. mi. 35-36 °C.

MK (v, cm™"): 1715; 1550; 1360; 1260; 1210.
AMP 'H & (m.a., CDCl3): 7.40 (1H, g, J = 4.5 Tu); 7.46 (1H, g, J = 4.5 Tu); 9.84 (1H. ¢).
AMP 3C 6 (m.g., CDCl,): 111.8; 119.1; 151.0; 178.3.

b11.14. 2-Bpomrtuoden
let. c. 31

A\ HBr/KBrO3 (‘)\
S Br

CJIeI[I/ITL, yTOOBI MeIajgKka He Kacajlach TepMOMeTpa!

1
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TnodeH 336Tr CuHTe3 npoBOAAT
HBr, 40%-a 20 mn B BbITAXKHOM WKady
KBrO; 223r

Sdup 40 mn

B uetsipexropmnyio kondy emxocThio 200 My, cHaOKEHHYI0O MEXaHWYEeCKOH Me-
IIaJIKOH, TEPMOMETPOM, KalleJIbHOM BOPOHKOM M BO3IYIIHBIM XOJOAMIBEHUKOM,
moMernaioT pactop 3.36 r cBexernepernanHoro tuodena B 20 mu a¢dupa. Peax-
OUOHHYIO cMech oxiaxaarT a0 5 °C u mopuusmu npubasisior 20 mu 40%-it
HBr, e momyckas moBbimeHust Temmneparypsl Boime 10-12 °C. 3atem mpwu
WHTEHCHBHOM II€pEMEIINBaHNHY, MOJEpKuBas Temreparypy He Bbime 10 °C,
B TeueHne 0.5 gaca mpubasmsaror mo kamrsMm pactBop 2.23 r KBrO; B 40 mn
BOJBI, TIOCJIE YE€TO BBIICPKUBAIOT pEakIUOHHYI0 cMmech 2 daca mpu 20 °C.
OpraHu4eckuil CIIOW OTHENSIOT, BOIHBIA IKCTparupyrotr sdupom (2x10 mu).
Opraanyeckue Gpaknuu o0vennHA0T U npombiBaioT 10%-m pactBopom NaOH
70 TIPEeKpaIleHns] OKPAIIMBAaHUA MIEJIOYHOTO pPacTBOpA, 3aTeM BOAOH M cymiar
6e3BogHbIM MQSO,. Dup OTrOHSIOT, OCTATOK MEPETOHSIOT, coOupast GppakIuio
¢ T. kum. 145-156 °C. Ilocne MOBTOPHOH MEPEroHKH MONydaroT 3.8 T MpoayKTa
(58% ot Teoperuueckoro), T. kum. 150-153 °C / 760 mm pr. cr.; nZ’ 1.5860.

MK (v, cm™"): 1221; 1044; 973; 841; 819.

AMP 'H & (m.a., CDCly): 6.9 (1H, ag, J = 5.5 n 3.5 Ty); 7.08 (1H, aa, J = 3.5 n 1.4 Tu);
7.25 (1H, pp, J = 5.5 n 1.4 Tu);

AMP 3C 6 (m.a., CDCl,): 112.1; 127.0; 127.6; 129.8.
B11.15. 5-Bpomypan-2-kapéanabaerua

(5-6pomdypdypoun)
leT. c. 28; A-b. c. 73; JI-M. c. 15

[ SR (W
0~ “CHO cicH,CH,ClL Sy — O

TMOPOXUHOH
®ypdypon 4.2 mn CuHTe3 npoBOAAT
1,2-AnxnopataH 40 mn B BbITAXKHOM WKady
bpom 2.6 mn
Cepa 0.01r
MAapPOXMHOH 0.01r
MgO 08r

B uetsipexropmyto kondy emxoctsio 100 mil, cHaOKeHHYIO KalelnbHOH BOPOHKOMH,
OOpaTHBIM XOJIOAWIBHAKOM C XJIOPKAJIBIHEBOH TPyOKOH M KammIsipoM JUIs Tpo-
IMyCKaHMs caboro TOKa MHEPTHOTO rasa, MOMEIIAoT 4.2 MJI CBEXKEeTIepEerHaHHOTO
dbypodypoma, 20 mir cyxoro muxmopatana, 0.01 r cepsr u 0.01 T ruapoxmHOHA.
PacTBOp HarpeBaloT Ha BOASHOH OaHe 10 KUIEHHS M NPHOABISAIOT B TEUCHHE
0.5 gaca pactBop 2.6 mi Opoma B 20 MI QUXIIOpITaHA C TaKOH CKOPOCTHIO,
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4T00Bl OPOM yCIeBal MPOPEarupoBaTh M €ro Mapbl HE MOJHHUMAIUCH B XOJO-
IuibHUK. OMTHOBPEMEHHO Yepe3 CMech MPOMYCKAIOT Cla0blif TOK HHEPTHOTO rasa.
IMTo oxoHUaHWUH OPOMHUPOBAHUS PACTBOP KHUIATAT enie 30 MUHYT, 3aTeM TMOPLHUSIMH
nob6aemsror 0.8 T MgO s paznokeHHst TOOOYHBIX MTPOIYKTOB OpOMHpPOBAaHUS
U OCTaB/SIIOT Ha 15 mMuHyT. OCafioK OTAENSIOT, @ PacTBOP IEPErOHSIOT C BOXS-
HBIM IapoM. B mepByro odepesb OTTOHSETCS AMXIOPITAH, MOCIE Yero HAYMHACT
neperouatecs opomdypdypon. Kak Tombko B XONOAMIBHUKE TOSBATCS MEPBBIC
Kpuctajuisl 6poMpypdyposia, XOJIOIMIFHUK 3aMEHSIOT Hacankoil Bropua, Hermo-
CPEJICTBEHHO COCAMHSIOIIEH MEPEroHHyI0 KoJIOy C TaKoi ke KOIOOH-IIPUEMHHUKOM,
OXJIaXIAaeMON MPOTOYHOM Bozioit. [To okoHUaHMU MeperoHku OpoMbypdypora ot-
(GHUIBTPOBBIBAIOT, 2—3 pa3a MPOMBIBAIOT XOJIOAHON BOJOMH, BBICYIIMBAIOT MEWKIY
nuctaMu QuiabTpoBanbHOW Oymaru. Beixom 5.5 r (63% oT Teoperudeckoro),
T. ot 79-80 °C. {ns ounctku 5 r 6pomopypdyporna pactopsitor B 12.5 M crimp-
Ta, PacTBOpP OOCCIBEUNBAIOT KUISTYCHUEM C AKTUBHPOBAHHBIM yIVIeM, (UIBTPYIOT
ropsiuuM, GUIBTpaT pa30aBiISIOT paBHBIM 00BEMOM ropsiuell Boabl. [Ipu oxnax-
JeHuH pacTBopa OpoMbypdypos Beiagaet B Buae OSCIBETHBIX ONECTAIINX WL,
TEMHEIOMNX NpH XpaHeHuH; T. mi. 82 °C.

b11.16. 5-Uoadypau-2-kapdaiabaerug

(5-uondypdypo.r)
A-bB. c. 74; 1-M. c. 18

K
Br@CHO "CH,COOH I@CHO

5-bpomodypdypon 5r CunHTE3 NnpoBOAAT
Kl (cyxom) 5r B BbITAXKHOM WWKady
CH;COOH nepaHas 25 mn

B kpyriomonnyro koy0y emkocThio 150 My, cHaOkeHHYIO OOpaTHBIM XOJO-
JTUIBHUKOM, MOMEIIAT cMech 5 r 5-0pomdypdypona, 5 r cyxoro Kl u 25 mn
JNeTHON YKCYCHOU KHCIOThI. CMech KUIATAT 1 yac B kojbe Ha TecyaHou
Oane. I3 mpospauHoro pactBopa yxe depe3 12—15 MUH HAYMHAET BBIACIATH-
csl OCalloK; MpH JajibHEWIIeM HarpeBaHWU KOJIMYECTBO OCAJKa YBEIHMYHUBACTCS
U pPacTBOpP CTAaHOBUTCS KpacHO-KOpH4YHEBBIM. Uepe3 1 dac k OXJIaXJEHHO pe-
AKIMOHHOW cMecH mpH nepememuBanuu ao006asisitor 70 mur Boabl. [Ipu atom
BBIJIEJISIeTCS OOMIIBHBIM OCaJoK, KOTOphId vepe3 1.5 yaca oTduibTpoBBIBAIOT
Ha BOpOHKe BroxHepa, mpoMBIBalOT BOAOH M CylIaT B BaKyyM-3KCHKAaTOpe Haj
6e3soaueiM CaCl,. Beixox 5 r (79% ot teopernueckoro), T. mir. 124-126 °C.
Heounmenunsiii 5-uondypdypon pactBopsior B 22 Ma chnupTa, H00aBiIs-
ot 0.5 r akTuBUpOBaHHOrO yrisi, KUMATAT 10 MUH U QUIABTPYIOT TOPSUUM.
U3 ¢unbrpara npu OXJaKICHUHW HAYMHAET BBINAJATh OCAJOK B BHJE JKEJITBHIX
uronouek. [Ipu noOaBneHHH paBHOrOo 00beMa BOJBI U3 PacTBOpa ONSTH BBIMA-
JaeT OOMJIBHBIA OCallOK B BUJE JKEITHIX MYIIUCTHIX Uri. Kpucramibsl oTduib-
TPOBBIBAIOT, MPOMBIBAIOT 3—4 pa3za HeOOJbIIUMHU TOPIHUSIMH XOJOIHOW BOIBI
U OCTaBIISIIOT HA HOYb B JKCHKATOpE HaJa XJOPHIOM Kanblius. Bwixong 4.5 1
(71% ot Teopernyeckoro), T. mr. 127-128 °C.
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B11.17. 2-Tuodenkapoaanaerua

(2-THenmITAIBLACTH)
J. Am. Chem. Soc. 1953. V. 75. P. 989

©]
Q + >N—CHO + POCl; ——» 1/H20, Q\CHO

TnodeH 105 CuHTe3 npoBoOAAT
OMOA 12.1 mn B BbITAXKHOM LIKady
POCl; 14.3 mn

Sdup 60 mn

B konby o6vemom 250 mit, cHaOXKEHHYIO MEIIATIKOH, KareIbHOW BOPOHKOH, Tep-
MOMETPOM ¥ BO3IYIIHBIM XOIOAMIBHUKOM, oMemaror 10.5 r tTmodena u 12.1 mn
IM®A. Cmech oxnaxaaroT 10 10 °C u memanenHo npukansiBaoT 14.3 M POCI;.
IIpn sTOM Temmeparypa peakIHOHHOH Macchl TOCTENEHHO MoBbimaercs. Konby
OXJIQKJAIOT, CIEAs 3a TeM, YTOObl TeMIepaTrypa peakIHOHHOH CMECH He Tpe-
Beimraia 30-40 °C. Korma seimenenne HCI mpekparutcs, koiaby HarpeBaroT Ha
BoAsHOW OaHe B TedeHHe 1 waca ¢ mepemermmBaHuEM. PacTBOp oXIaxmarorT,
B koiOy mobapnstor 150 T ToNYeHOTO JibJia, MOCIIE Yero pacTBOp HEHTpaiu3y-
fOT HachleHHBIM pacTBopoM CH;COONa. MacisiHblii clioi OTACNSIOT, BOJHBIN
aKerparupytoT adupom (3x20 mu). Opranuyeckue Gpakuuu 0ObEAUHSIOT, TPO-
MEIBAIOT HACHIIICHHBIM BOAHBIM pacTBopoM Na,COj, cymar Ham 6e3BOAHBIM
Na,SO,. Ddup ymansgioT B BakyyMe BOIOCTPYHHOTO HAacoca, MACISIHBIA OCTAaTOK
MEPErOHSIOT B BakyyMe B arMocdepe aprona. Brixon 10.2 v (72% ot teoperu-
yeckoro), T. kum. 44-45 °C / 1.1 mm pr. cr.; n¥ 1.5900.

WK (v, cv™"): 1670; 1500; 1250;1050; 870.
AMP H 6 (m.4., CDCls): 7.21 (1H, m); 7.76-7.80 (2H, m); 9.94 (1H, m).
AMP 3C & (m.a., CDCl,): 128.3; 135.1; 136.4; 143.9; 183.0.

b11.18. 1H-Uupon-3-kapéanabaerua
(3-popmuaunmo)

let. c. 25
CHO
@

Y+ N=CHO + socl, —» AH0, A

NH / NH
Mupgon 6r CunHTe3 npoBoOAAT
SOcl, 3.7 mn B BbITSDKHOM WKady
OAMOA abc. 15 mn
NaOH 42r

B tpexropmyio xonby emrocthio 50 Mi, cHaOXKEHHYI0 MEXaHWYCCKOW MeIral-
KOH, OOpaTHBIM XOJOAMJIBHUKOM C XJIOPKaJIBIIMEBOW TPYOKOH W TEpMOMET-
poM, momemaroT 3.7 ma ceexeneperdannoro SOCl, u MemIeHHO MO KarisMm
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IpU MOCTOSHHOM MEPEMCIIMBAHUKM W OXJAXKJACHUU IJbJAOM MPHOABIAIOT
4 mn abe. [IM®A!L Yepes 30 mMuH 00pa30BaBUIMICS CEPHUCTHIM AHTHIAPHIL
yAAISIOT MPOMyBAHHEM HHEPTHOTO rasa 4epe3 peaklMoHHyo cMech. K mo-
JNYYCHHBIM OECHBETHBIM KpHcTamiam no0aBnsior 8 ma JJM®DA u mo karmisim
MpU MEpEeMEIINBaHUE TPUOABIAIOT pacTBop 6 r uumona B 3 mu JIM®A, noxn-
JIepIKUBasl TeMIepaTypy peakunoHHoi macchl He Bbime 20 °C. PeakiuoHHy!O
CMeCh BBIICPKUBAIOT MpH 3Tol Temmeparype 30 MHHYT M BBUIMBAIOT Ha Je/,
a 3aTeM HEeHTpamu3yIoT BOJHBIM pacTBopoM 4.2 T eaxoro Hatpa B 10 mu Bompbl,
HArpeBalOT A0 KHUIICHHS M OXJIKAAIOT. BhIMaBiine KpUCTAIIIBI OTQUIBTPOBBI-
BAIOT, TPOMBIBAIOT BOJOW M cymar Ha Bo3ayxe. Beixom 7.3 r (98% ot Teope-
THYeCKoro), T. . 192-193 °C.

WK (v, cm™"): 1650; 1430; 1400; 1110; 780; 760.

AMP 'H & (m.g., AMCO-d,, CDCly): 7.20-7.26 (2H, m); 7.49 (1H, g, J ~ 7 Ty); 8.05 (1H, ¢);
817 (1H, p, J ~ 7 Tu); 9.95 (1H.c); 11.97 (1H, yw. ¢).

AMP 3C & (m.a., IMCO-dg, CDCl3): 112.2; 118.3; 121.0; 122.0; 123.3; 124.2; 137.1;
137.6; 184.5.

B11.19. 2-Metunadypan

(cuabBaH)
JIAB. c. 135
A\ N,H, - H,0 D\/N—NHz NaOH @\
o~ ~CHO Ho~_OH O YAN O

®ypdypon 25r
lmpgpasmHrugpat, 85%-1 pacTBop 15 mn
DTUIEHINNKOSb 125 mn
NaOH 4r

B xpyrononHoit konbe emkocThio 250 M cMemMBaIOT 25 I cBEKeNeperHaH-
HOoTO (bypdypoma ¢ 125 MI STHIECHTIIMKONS U TIOCTEIICHHO NMPU BCTPSIXUBAHUU
W OXJIaXXJeHHH Bonoi mpubasmsror 15 mu 85%-ro pactBopa ruapasuHruapara.
[Ipu 5TOM BBIMagaeT KeAThI KPUCTAIUIMIECKHH 0CaloK Tuapa3zoHa Qypdypoina
(vHOTZAa OCaJOK He BBIMAJAeT, HO HAa BBIXOJIC CHJIbBAHA JTO CYIIECTBEHHO HE
ckaspiBaeTcsi). CMech OCTaBisIIOT Ha 15 MHH MpH KOMHATHON Temmeparype,
3areM npubaBisaoT 4 T TBepaoro NaOH, mpucoenuusior k konde nmedaerma-
TOp C HHUCXOJAAIIUM XOJOAMJIBHUKOM, AJOH)XEM W NMPHEMHUKOM W HarpeBaloT
cmech 45 muH npu 100 °C. 3arem B TedyeHue 1 yaca Temreparypy HOAHUMAIOT
no 145 °C, mpu 3TOM OTrOHSIIOTCS CIJIbBaH W Boja. CHIIBBAH OTHENSAIOT OT
Bogbl, cymar ruiaBieHsiM NaOH u meperonsitor. Beixon 12.8 v (60% ot Teo-
peTnueckoro), T. kum. 63-68 °C / 760 mm pr. c1.; n¥ 1.4345.

AMP H & (m.g., CDCly): 2.28 (3H, ¢); 5.94 (1H, m); 6.25 (1H, m); 7.26 (1H, ¢).
AMP '3C & (m.a., CDCly): 13.4; 105.4; 110.3; 140.8; 152.1.

1 Tumerundopmamuy. Abcomotuposanue cm. Opr, T. 2. C. 409.
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b11.20. M30HHMKOTHHOBAA KHCJIOTA

Opr. . ll. c. 12; V. p. 1061; B-X. c. 831

COOH
KMnO
O~
Hx0 O
N N

4-MeTtunnmpunanH 15r
Anuksart 336 2r

KMnO, 79 r

B xpyriogonHoii konbe eMrocTsio 1 11, cHaOKeHHONH 0OpaTHBIM XOJIOAMIIEHIKOM,
pactBopstioT 15 r 4-metmnmmupuauaa B 700 M Bombl M pHOABIAIOT 2 T KaTalu-
3atopa Amuksar 336 (cmech OpomuioB TeTpaankuiammonust Ce—Cg). 3aTeM mpu
MepeMEeIINBaHNN Ha MAarHWUTHOW MeIajgke HeOOIbIIUMH IMOPIUIMH T0OABIAIOT
79 r KMnO,. PeakunoHHyI0 cMech KHIIATAT MPH NEpEeMEIINBAaHUHN B TEUCHHE
40 muayT, oxnaxnaoT 10 40 °C u ¢uiasTpytor Ha Gonbiioii BopoHke broxmepa
gepe3 Oymaxubii ¢puinsTp. Octarok Ha ¢QmIbTpe mpoMbiBaroT 50 Ma Teruroit
Boabl. OO0beaMHEHHBIE (DUIBTPATHI MOMEMIAIOT B CTAKaH HAa 1 71 M MOJKHUCISIOT
HCI no pH 3.6 (pH 3.6 — m3osnexrpudeckas Touka)l. IlomydeHHBINH pacTBOp
ynapuBaT 10 o6bema 100 My Ha poropHoM ucmaputene?. 1o oXJTaxaeHUn
KHCJIOTa BBINAJAeT B BHJE MEIKUX OenbIx KpucTaymioB. lIponykr ordumstpo-
BBIBAIOT, IIPOMBIBAIOT MAJIBIM KOJIMYECTBOM JICASHOW BOZIBI M CYIIAT HA BO3IyXe.
Beixog 10 r (50% ot teopernueckoro), 1. mi. 311 °C B 3amasitHHOM KamuJsipe.

AMP 'H & (m.a., D,O/DCI): 5.30 (3H, ¢); 8.61 (2H, g, J = 7 Tu); 9.08 (2H, p, J = 7 Tu).
AMP '3C & (m.a., D,O/DCl): 130.0; 145.4; 145.5; 149.7; 167.8.

Bb11.21. MeTHIN30HUKOTHHAT

o b

COOH
O CH50H O
HCI
N N
M30HMKOTMHOBAA KKUCOTa 5r
MeTaHon 100 mn
ITUNEHTNNKOSb 125 mn

! Hpome BCCTO Z[OGaBI/ITI) HECKOJIBKO Karl€Jib pacTBOpa METHJIIOBOTO OPAaHIKEBOTO U HpI/I6aBH$ITI)

KHCJIOTY IO KaIlIAM 10 IIOSABJICHUSA PO30BOTO0 OKpalllMBaHUS.

2 ManeHbKUMHI nopuousaMH, TaK KakK IPOUCXOAUT CHUJIIBHOC BCIICHUBAHUC.
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B konbe emkocthio 200 M, cHaOXEeHHOW OOpPATHBIM XOJOIUIBHHUKOM
u TpyOKO# aJs mojaBoJa Tas3a, CyCIeHIUPYIOT 5 T H30HUKOTHHOBOW KHCIIOTHI
B 100 Mu1 MeTaHOJIAa ¥ TIPH HETPEPHIBHOM INE€PEMEIINBaHUH MPOIYCKAIOT Ta300-
OpasHbIil XJIO0POBOJOPOJ 0 pacTBopeHus ocanka (20 MuHyT). XJI0pOBOIOPOT
MOJTy4aloT B KOJIOE €MKOCTHIO 1 7T IyTeM NpWIMBAaHUS KOHI[. CEPHON KHCIIOTHI
k cycnensuu NaCl B koun. HCI. 3atem cmech kumstst B Teuenue 40 MuHyT,
OXJIAXKJAIOT, PACTBOPHUTENH OTTOHSIOT Ha POTOPHOM HCITApUTENIe U K OCTaTKy
NpuINBaKT Hackimenubiii pactop NaHCO; no pH 7.5-8!. Brinasiuee macio
AKCTParupyrT 3pupom, opraHudeckyr ¢asy oraenswor, cymar MgSO, u ymna-
pUBaOT Ha pOoTOpHOM HcrapuTene. OCTaTOK MpeacTaBlsgeT cOO0H MpaKTHie-
CKH YUCTBIH METHJIOBBIA 3(QHp H30HUKOTHHOBOW KHCIOTHI. Bbhixon 4.5 r (80%
OT TeopeTnyeckoro), T. kum. 104 °C / 21 mm pr. ct., 209 °C / 760 mm pT. cT,;
nZ 1.5135.

AMP 'H & (m.g., CDCly): 3.96 (3H, ¢); 7.84 (2H, a, J = 8 Tu); 7.78 (2H, #, J = 8 Tu).
AMP '3C & (m.a., CDCly): 52.7; 122.8; 137.2; 150.6; 165.5.

B11.22. 1-DTHAKaApOOMETOKCHITHPUINHUITH O

o b

o b
EZ>NS+/_|&ATOH’QP|O
§

MeTnnn3oHnKoTUHaT 5r
Stnnnoana 58r
AueToH 5 mn
ddup 15 mn

5 r MeTHJI0BOTO 3(Upa U30HUKOTUHOBOM KHUCIOTH M 5.8 T 3THIMOIUIA pac-
TBOPSIOT B S5 MJ aleToOHa B MaJeHbKOW KOJIOOUYKe, CHAa0XEHHOU 0OpaTHBIM
XOJNOAMIBbHUKOM. CMech KHIATAT Ha BOAsSHOW OaHe 40 MHUHYT, OXJaxIaroT
U npu nepemenuBanuu npuwiuBaoT 10 M adupa. Ocagok oTaeisor GHuib-
TpOBaHUEM, MPOMBIBAIOT 5 MJI 3¢upa M cymar Ha Bo3ayxe. Beixom 5.1 r
(47% OT TEOPETHYECKOro), BEMIECTBO TEPMUUYCCKH HEYCTOMUYHBO.

AMP 'H & (m.a., CDCly): 2.75 (3H; 1); 4.01 (3H, ¢); 5.02 (2H, K); 8.60 (2H, g, J = 7 Tu);
9.76 (2H, p, J = 7 Tw).

AMP '3C & (m.a., CDCl,): 16.6; 53.8; 57.5; 127.4; 143.7; 145.8; 161.4.

1 Ocmopoacno! Cunbnoe Bcnenusanue!
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b11.23. 2-DenoxcHnHpHIHH J. Am. Chem. Soc. 1937. V. 59. P. 297

Q. O S0, 0

2-bpomnupugunH 79r
®eHon 94r
K,CO; 6e3BOAHbIN 69r
Sdup 50 mn

B oxgnoropmyro kpyrmogoHHyto kosOy emkocThio 100 My, cHaOKeHHYIO BO3AYII-
HBIM XOJIOMHJIBHHKOM C XJIOPKaJBIIUEBOH TpyOKoH, momemarTt 7.9 v 2-6pommu-
puauHa, 9.4 T denona u 6.9 r MenkonucnepcHoro 6e3BogHOoro K,CO,. Peakmuon-
HyI0 cMech HarpeBaroT 3 yaca npu 200-210 °Ct, oxmaxaaror, pa36aBisioT BOmOM
W JT00aBISAIOT TBEPIBIH THAPOKCH] KaJdHs 10 CHIBHOIICIOYHON peakmuu. [Ipo-
IOYKT OTTOHSIOT C BOASHBIM [APOM, AMCTHILISAT 3KCTPArupyror sdupom (2%25 mi),
3¢ UpHBIC BBHITSHDKKH OOBEAMHAIOT U cymar npokanreHHbM Na,SO,. D¢up orro-
HSIOT Ha POTOPHOM HCIIAPHMTENE, OCTATOK IeperoHstor. Brixog 7.8 r (91% ot
Teopetndeckoro), T. kum. 134-135 °C /11 wmwm pr. cr, T. 1. 40-41 °C.

AMP H 6 (m.a., CDCl3): 6.99 (1H, u. m.); 7.14-7.43 (5H, m); 7.68 (1H, u. m.);
7.90 (1H, o, J = 8.4 Tu); 8.21 (1H, g, J = 8.4 Tu).
CHHTe3 3aMCIIECHHBIX MUPUINHOB Pa3HOOOPA3HOTO CTPOCHUS, OCHOBAHHBIA Ha

B3aUMOJIeHCTBHH TamoreHnupuanHoB ¢ O-, S- n C-HykiieopuiaaMu, MOXKHO
OCYIIECTBUThL B YCIOBUAX MHKpPOBOJIHOBOM aktuBanmu (MW)2,

b11.24. 1H-WUupoa-2,3-110H-3-ruapa3on
(u3aTHH-3-THAPA30H)
J. Chem. Educ. 1993. V. 70. P. 332

O NNH,
o NoH,/MeOH o
NH A NH
M3aTtnH 125r
lmapasmHrugpat, 55%-1 pacTBop 15r
MeTaHon ab6c. 100 mn

B ognoropnyto konby emkocThio 250 mu, cHaOkeHHYIO 3P ¢GeKTHUBHBIM 00-
paTHBIM XOJIOAWIBLHUKOM, ToMmemaroT 12.5 r muzatuna, 15 r 55%-ro pacrtBo-
pa ruapasuaTuapara 1 100 mur abc. MeTaHosa. PeaklMOHHYIO CMeCh KHIIATST
B TeueHue 1 daca, oXJaXJarmT B MOMENIalT B 0aHio co jbaoM. Yepes 0.5 gaca
BBIMABIIIUE JKEJIThIe KPUCTAILIB OT(UIBTPOBBIBAIOT U BBICYIIMBAIOT B BaKyyMe.
Beixox 13 r (95% ot Teopernyeckoro); T. mi1. 215-219 °C.

Temonocurens 6anu — crmaB Byna.
2 Tetrahedron, 2002. V. 58. P. 4931.
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AMP H & (m.a., OMCO-dg): 6.86 (1H, 8, J ~ 8 Tu); 6.95 (1H, 7, J ~ 8 Ty); 7.13 (1H, 7, J ~ 8 T);
7.35 (1H, &, J ~ 8 Tw); 9.54 (1H, ywup. g, J ~ 15 Tu);
10.58 (2H, ywwup. g, J ~ 15 Tu).

AMP 3C & (m.g., OMCO-dg): 110.1; 117.6; 121.4; 122.3; 126.4; 127.1; 138.7; 162.9.

B11.25. 1,3-Juruapo-2H-unmoa-2-on
(uB0AMHOH-2, OKCHHI0J)!

J. Chem. Educ. 1993. V. 70. P. 332

NNH,
EtONa/EtOH
O (0]
NH A NH
Hatpuin metannnyeckumn 2r
dTaHon abc. 50 mn
M3aTuH-3-rugpasoH’ 5r

B nByxropiayio kxonby emxocTthio 100 mi, cHaOXeHHYI0 MarHUTHOW Merrai-
KO, O0OpaTHBIM XOJOIMJIBHUKOM W TepMoMmeTpom?, momemiaror 50 mu abec.
3TaHOJA U PACTBOPAIOT B HeM 2 I Harpusa®. ComepKUMOE KOIOBI HArPEBAIOT
npu nepememmBanuu 10 60-70 °C n HeOOMBPIIMMHU MOPUHUAMH C WHTEPBAJIOM
B 10 MHHYT BHOCAT 5 T M3aTUH-3-TUApPa30HA. PEakmOHHYIO CMECh KHUIIATAT
B Teuenne 0.5 yaca, oXJa)maroT, OCTOPOKHO BBUIMBAIOT HA JIEA U MOIKHUCISIOT
cmechk 10%-m pactBopoM consHOM KucioTel 1o pH 1. Cmeck sKCTparupyroT
spupom (2%25 mi), oObeqUHEHHBIE d(HUPHBIE BHITSHKKU CYIIAT IPOKAICHHBIM
XJIOPUAOM KanbIus. DQUp OTTOHSIOT Ha POTOPHOM HCHapHTENe, 00pa3oBaB-
IIUICS CBETIIO-OPAHKEBBIA OCaTOK MEPEKPUCTALTN30BEIBAIOT M3 50 M BOZBI
¢ noOaBieHHEM HEOOJBIIOTO0 KOJMYECTBAa aKTHBHPOBAHHOTO yriisl. Bexomg 3 T
(73% or teopernueckoro), 1. mi. 125-127 °C.

AMP H & (m.A., AMCO-dg): 3.38 (2H, ¢); 6.75 (1H, A, J = 8 Tu); 6.84 (1H, 7, J = 8 Tu);
7.09 (2H, m); 10.31 (1H, ©).
AMP '3C & (m.4., AMCO-d): 36.2; 109.6; 121.6; 124.8; 126.2; 127.9; 144.1; 176.9.

B11.26. 1-(5-MeTuna-2-¢pypui)ITaHoH
(2-meTmi1-5-anerusypan)

Memoo A
o)
/
Gy 5y

Ilomyuen B mpeablAyIIEM OIBITE.
Ha xomen TepMoMeTpa HajeTa pe3nHOBas TpyOKa.
Hatpuii BHOCUTCS B CHHPT B HECKOJIIBKO IIPUEMOB.

JIAB. c. 169

1

3
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CunbBaH 8.2r CuHTe3 npoBOAAT
FeCl; 6e3BoaHbIN 017 r B BbITA)KHOM WKady
YKCyCHbIN aHrmapua 12 mn

B kpymiononHoi konde eMkocThio 50 M, CHAOXEHHOW OOPaTHBIM XOJOIMIIb-
HUKOM, KHIATAT 35 MHH cMecCh 8.2 T cuibBaHa, 12 MJI YKCYCHOTO aHTHApHUIA
u 0.17 T xjopHoro >ene3a. PeakiiMOHHYIO CMECh OXJIQXIAlOT 0 KOMHATHOU
TEMIIEpaTyphl, BBUIMBAIOT B cTakaH ¢ 50 MJI BOZIbBI, OTAEISAIOT Ha ACIUTEIBHON
BOPOHKE Maclio00pa3HbIii OPTaHUYECKHIA CIIOH, a BOMHBIA CIIOH HEHTpan3yIoT
6e3sonubiM K,CO5 u akcTparupyior Oenzosiom (2%25 mur). MaciooGpa3Hbiii
MPOAYKT OOBEIUHSIOT C OCH30JIBHBIM YKCTPAKTOM, MTPOMBIBAIOT MOCIICI0BATEIb-
Ho 1 M pacTtBopoM cofbl, BOIOM U cymiar mpokaieHasiM MgSO,. PactBoputens
OTTOHSIIOT, OCTaTOK MEPEroHsroT B BakyyMme. Beixom 5 r (40% or Teopernue-
ckoro), T. kui. 85-90 °C / 13 mm pr. cr.; nZ 1.5090.

Memoo b ¥ypH. 06w, Xum. 1961. T. 31. Boin. 3. C. 994
(0]
Mg(CIO
& . O>\ g(ClOy), 7\
0 ? A (o]
CunbBaH 82r CuHTe3 npoBoAAT
YKCYCHbIN aHrngpug 12 mn B BbITAXKHOM WKady
Mg(ClO,), (aHruapoH) 033r
beHson 30 mn

B kpyrmmonoHnyro kon0y emkocThio 50 mil, cHaO)KeHHYIO MarHMUTHOW Memra-
KO M 0OpaTHBIM XOJOIUJIBHUKOM C XJIOPKAJNbIIMEBOH TPyOKOW, IMOMeENaroT
8.2 r cunbBana, 12 mia ykcycHoro anruapuaa u 0.33 r amruaponal. Cmech
HarpeBaroT MpH IepeMelIuBaHuN Ha BOAsSHOW OaHe ¢ Temneparypoit 50-75 °C
B Teuenune 40-45 muH, 3aTeM KUIATIAT 5—7 MuH. OXJIaKIESHHYIO 10 KOMHATHOMN
TeMIepaTypbl cMech BhUIMBAOT B 30 MJI XOJIOJHON BOJBI, OCTOPOKHO HEHTpa-
JU3YIOT TPU TIepeMeIInBaHUH TBEPAbIM KapOOHATOM HATPHA W IKCTParupyroT
OenzosoM (2%15 mi). BeH30bHBIE BBITSDKKA OOBEAMHSIOT U CYIIAT MPOKAJICH-
oM M@SO,. beH3011 ynansioT Ha pOTOPHOM HCIapHTeNe, OCTATOK MEPETOHSIOT
B BakyyMme. Beixox 7.7 v (62% ot Teoperuueckoro), T. kum. 75 °C / 10 mm
pr. cr.; n& 1.5090.

AMP 'H & (M4, CDCly): 2.39 (3H, ¢); 243 (3H, ¢); 6.16 (1H, &, J = 3.3 Tw); 7.10 (1H, g, J = 3.3 ).
AMP 13C & (m.4., CDCly): 14.0; 25.6; 108.9; 119.4; 151.5; 157.8; 186.0.

AHAJIOTUYHO MONTyYaroT 2-aneTHadypaH: BeIxon 82% OT TeOpeTUYEeCKOro, T. KHII.
75 °C / 19 mm pr. cr.; n¥ 1.5100, T. . 28-29 °C.

! FI/IFpOCKOHI/I‘{eH, B3BCIIMBATh 6I)ICTp0 B 3aKpBIT017I nocynue.
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AMP 'H & (m.g., CDCly): 2.47 (3H, c); 6.53 (1H, aa, J 3.5 Ty 1.6 Ty);
7.18 (1H, pg, J = 3.5 Ty n 0.8 Tu); 7.58 (pa, J 1.8 Ty n 0.8 u).

AMP 3C 6 (m.g., CDCl,): 25.9; 112.2; 117.2; 146.4; 152.8; 186.7.

B11.27. 1-(2-Tuenwa)>TaHoH
(2-anernnruoden)

let. c. 30
o)
Mg(CIO
U . > 9(ClOy), A\
S Cz/.f A S

TnodeH 84r CunHTEe3 npoBOAAT
YKCYCHbIN aHTMapug 11.5 mn B BbITAXKHOM WKady
Mg(CIO,), (aHrngpoH) 0.56r

benson 30 mn

Cwmech 8.4 1 tnodena, 11.5 mi ykcycHoro anrugapuaa u 0.56 r anruapona Ha-
rpeBaloT Ha kumsmieil BoasHol O0aHe 25-30 muHyT. L{BeT pacTBOpa mpH 3TOM
M3MEHSETCSI OT (PHOJIETOBOTO 110 3esieHoro. OXJaxIeHHYI0 O KOMHATHO# TeM-
neparypsl cMech BbUTMBalOT B 30 MJ XONOIHO# BOJIbI, OCTOPOXXHO HEWTpa-
JU3YIOT TPU MEepEeMElIUBaHUHM TBEPIbIM KapOOHATOM HATPUS U IKCTPArUPyIOT
OenzonoM (2x15 mir). BeH30abHBIE BHITSHKKA OOBEIUHSIOT M CyIIAT MPOKAJICH-
HbIM MQSO,. BeH3on yaaisroT Ha pOTOPHOM HCIapUTelle, OCTATOK IMEPETOHSIOT.
Beixon 12 r (95% ot teopermueckoro), T. kum. 209-213 °C / 760 MM pT. cT.;
nZ 1.5650, T. mn. 10-11 °C.

MK (v, cm™"): 1667.
AMP 'H & (m.a., CDCly): 2.45 (3H, ¢); 7.03 (1H, m); 7.54 (1H, m); 7.61 (TH, m).
AMP 3C & (m.a., CDCl,): 26.4; 127.8; 132.3; 133.5; 144.1; 190.3.

b11.28. AnmiadgypaHsl
KypHan. O6w. Xum. 1961. T. 31. Bein. 3. C. 994

OOmass MeToaMKa anWIMpoBaHUs (QypaHa M cuibBaHa (2-MeTmindypana) aH-
THOPUAaMHU KapOOHOBBIX KHCJIOT B NMPHUCYTCTBHU OE3BOIHOIO IEpXJopara mar-
Hus (QaHTUIPOHA) B KAa4eCTBE Karajau3aropa.

(R'C0),0 -
R/O (RO R/\ R

Mg(CIOy), o]
R=H, CH,

QOypaH unn cunbBaH 0.1 monb CviHTe3 npoBoAAT

AHrMapua KapboHOBOW KUCSIOTbI 0.11 monb B BbITSDKHOM WKady

Mg(CIO,), (aHrngpoH) 0.0015 mornb

beH3on 30 mn
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B kpyrononnyro kondy emkoctsio 50 My, cHaOKEeHHYI0 MarHUTHOHM MeIIajKoi
1 OOpaTHBIM XOJOIMIIBHUKOM C XJIOpKajJblueBol TpyOkoit, momemarot 0.1 Momb
¢ypana win cunpBaHa, 0.11 Monb aHTHAPHUAA COOTBETCTBYIONIEH KapOOHOBOM
kucnotel 1 0.0015 monb anruaponal. CMech HArpeBAIOT NP MEPEMENTUBAHUM
Ha BonsgHOHN OaHe ¢ temmeparypoit 50-75 °C B Teuenue 40-45 muH, 3aTem
KHIATAT 5—7 MuH. OXJaXJeHHYIO 10 KOMHATHOW TemIiepaTrype cMech BBUIMBA-
1oT B 30 MJI XOJIOMHOW BOJBI, OCTOPOXKHO HEHTPAJIM3YIOT NpPU MEepeMelInBaHuU
TBEP/ABIM KapOOHATOM HATPHs U SKCTparupyrotr OeHzonom (2x15 mi). Bensouns-
HBIE BBITSDKKH OOBETUHSIOT M cymar npokaneHHsIM MQSO,. Bensoxn ymansior
Ha POTOPHOM HCIIapHTEJe, OCTAaTOK MEPEeroHs T B BakyyMme. Brixom 60-85%
ot Teoperuueckoro (cm. tadm. 10).

Ta6nuua 10. MonyyeHne auubHbIX NPOM3BOAHbIX dypaHa v cuiibBaHa (2-meTundypaHa)

Cyo0cTpar AHruapun YcaoBus IponykTt T. kum., Brixon,
peakuumn, peaknun °C/mm pr. cT. %
mun/°C (T. mr. °C) OT Teop.
Oypan VKCyCHBII 40/50 2-Auerundypan 75/19 82
unu 5/100 (28-29)
CunbBaH VKCyCHBII 40/50 2-Mertun-5-are- 75/10 62
wu 5/100 THI(ypan
Dypan TIpomuonosslii | 45/60-65 2-Ilpormonui- 95/18 62
dypan
CunbBan | [IponmoHoBsiit | 45/70-75 | 2-Mertun-5-nipo- 92/17 69
wim 5/100 nuoHuI(ypaH
Dypan MacstHbrit 45/70-75 | 2-Byrupundypan 85/10 86
unu 7/100
Oypan Wzomacnsubiii | 45/70-75 2-N300yTHpHi- 73/12 69
i 5/100 dypan

B11.29. 2-®ypui(dpennn)meranHoH (2-6enzonndypan)

Q\COOH

beHson cyxom
Mnpocnunsesasa kKucnoTa

socl,

AICl; 6e3BoAHbIN
BeH3on gna skcTpakuun

1

socl,
—_—
CeHe

38 mn
6.7r1

CuHTe3 npoBOAAT

CIrC. Bbin. 3. c. 74

I\
A\ o+© AICl, o
0

0]

B BbITA)XKHOM WKady

5.2 mn

53r
20 mn

FI/IFpOCKOHI/I‘{eH, B3BCIIMBATh 6I)ICTp0 B 38.KpBIT017I nocynue.
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a)  Xnopaneudpuo nupociuzesoll Kuciomol

K pactBopy 6.7 T mupocim3eBoit KHCIOTE B 12 M1 cyxoro O6eH30i1a IpHOaBIISIOT
5.2 ma SOCI, B 6 M cyxoro 0eH30/1a U KUISTAT CMECh B TeucHue 6 4acos,
cliesisl 32 OKOHYaHHEeM peakuuu no npekpamieHuto Beiaenaenuss HCI. M30siTok
SOCI, u 6eH301 OTTOHSIOT B BaKyyMe, a XJIOPaHTHIPUI MUPOCIU3CBOH KHCIOTHI
MEPErOHSIOT B Bakyyme, cobupas dpakuuio ¢ T. kum. 74 °C [/ 20 mm pr. cr.
Monyuator 5.2 T (67% 0T TEOPETHUESCKOT0) XJIOPAHTHIPUAA THPOCIH3EBOM KHC-

TOTHIL.

0) 2-Benzoungypan

B uyetbipexropnyto kondy emkxoctsio 100 M1, cHaOXeHHYI0 MEXaHHYECKOW Me-
IIAJIKOH, TEPMOMETPOM U OOPATHBIM XOJIOJAMIBHUKOM C XJIOPKAJIBIUEBOH TpyO-
KOH, MOMeIaroT 5.2 T XJIOpaHTHIPUIA THPOCTU3EBON KUCIOTH 1 20 MJI CyXoro
O0ensomna. IlyctuB B xoa memanky, B TeueHne 10 MUH BHOCAT HEOOIBIIMMHU
nopuusimu 5.3 1 6e3BogH. AlICl;. Urobsl Temmepatypa B Koji1b6e pe3Ko He MOBBI-
ragach, €€ OXJaXJalT BOAOU co JbaoM. ITo oxkoxuanuu npubasienus AlCI,
CMECh HAarpeBalOT Ha BOJASHON OaHe B TEYCHHE 2 YaCcOB. 3aTeM PEaKIUOHHYIO
CMECh OXJIAKIAIOT M MEePEHOCAT B cTakaH, coaepxkammii 20 r apaa. Crakan
OXJIXKIAI0T U HpUIHBaOT pacTBop pa3d. HCl mo monHoro pactBopenus obpa-
30BaBIIETOCS THAPOKCUAA ATIOMHHUS. BEH30IBHBINA CIIOH OTAEISIOT OT BOIHOTO,
MOCIEAHUAN JABAXKIBI IKCTpArupyor oenzonaoM (2x10 mi), oObeauHEHHbBIC OCH-
30JbHBIC (PAKINH TPOMBIBAIOT BoaoH, 10%-M pacTBOpOM COJMBI, CHOBa BOJOMH
JI0 HEUTpPaTbHOW pPEaKIMu IPOMBIBHBIX BOJ U BBICYIIUBAIOT Haa OE3BOJIHBIM
Na,SO,. 1306bIToK OCH30J1a OTTOHSIOT Ha POTOPHOM HCIIAPUTENE, OCTABINCECS
MacJIo TIEPEerOHSI0T B BaKyyMe B aTMoc(depe aprona Ha O6aHe co ciuiaBoM Byna
(remmepatypa 6anu 160-170 °C). Brixox 5.5 r (80% ot TeopeTmueckoro),
1. kun. 152 °C / 12 mm pr. cr.; n¥ 1.6020.

MK (v, cm™"): 1760.

AMP 'H & (m.a., CDCl3): 6.57 (1H, m); 7.22 (1H, o, J = 3.5 Tu); 7.47 (1, 2H, J = 7.5 Tu);
7.57 (1H, 1, J =7.5Tuw);); 7.69 (1H, c); 7.96 (2H, A, J = 3.5 Tu).

AMP 3C & (m.a., CDCly): 112.1; 120.5; 128.2; 129.1; 132.4; 137.0; 147.0; 152.0; 182.4.

b11.30. 2-®ypua(2-TueHHT)METAHOH
(2-THeHMIT-2-ypPHIKETOH)
Rec. trav. Chim. 1912. V. 52. P. 395
J. Org. Chem. 1989. V. 54. P. 6120
MypH. Opr. Xum. 1986. T. 22. C. 2610

N
O S 0

XJ'IOpaHFI/IHpI/I,I[ HI/IPOCJ’IH?)CBOﬁ KHUCJIOTHI — CHUJIBHBIN JIaKpuMarop. Pabora ¢ HUM MIPpOBOAUTCA
TOJIBKO B BBITSI?)KHOM mKad)y

1
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XnopaHrugpua nupocan3eBon KACIOTbI 26.1r CuHTe3 npoBoAAT
TnodeH 168 r B BbITA)XKHOM WKady
beHson cyxom 170 mn

SnCl, 6e3BogHbIi’ 522r

beH3on ana akcTpakuum 150 mn

B tpexropnyio konby emkocThio 500 M1, CHaOKEHHYIO MEXaHHUYECKOW Mela-
KOH, TEpMOMETPOM, KalleJIbHOW BOPOHKOW M OOpaTHBIM XOJIOMMIBHUKOM?, TIOMe-
maroT 170 M cyxoro 6eH3ona, 26.1 T XJ0paHTHAPHUIA THPOCTU3EBON KHUCIOTHI
u 16.8 r THodena. [Ipn WHTEHCHBHOM MEPEMEIIMBAHUN U OXJIAXKACHUU JIbJIOM
npukansiBaioT 52.2  6e3soguoro SNCl,° B Teuenne 30 MuH. Y6uparoT oxiax-
JeHHEe W MEePEeMEIINBAIOT PEaKIHOHHYI0 CMECh MPH KOMHATHOW TeMIepaTrype
B TeucHHE 8 4YacoB, 3aTeM BBUIMBAIOT PEakIMOHHYIO Maccy Ha 250 r u3Meh-
YEHHOTO Jibaa. BOAHBIH pacTBOP OCTOPOXKHO HeiTpanusyioT TBepasiM Na,CO,,
skcTparupyroT 0enszonaoM (3x50 mur). OObequHEHHBIE OCH30IBHBIC BBITSKKH
NPOMBIBAIOT BOAOHM M CyIIaT MOJIEKYIsipHbIME cuTamu 3 A. beHzon ynanstor Ha
POTOPHOM HCIIApPHUTENE, OCTATOK IEPErOHSIOT B Bakyyme. Brixom 16.4 r (46%
OT TeopeTuueckoro), T. kum. 165 °C / 11 mm pr. cr.; nd 1.6332.

AMP 'H & (m.a., CDCl3): 6.58 (1H, aa, J 3.5 Ty, J 1.8 Tu); 7.17 (1H, aa, J 5.0 Tu, J 3.7 Tu);
7.38 (1H, pa, J 3.5 Tu, J 0.7 Tu); 7.67 (1H, pa, J 1.6 Ty, J 0.7 Tu);
7.69 (1H, pa, J 5.0 Ty, J 1.1 Tw); 8.15 (1H, pa, J 3.6 Ty, J 1.2 Ty).

b11.31. 2-®ypaabaeruaa oKcUM
(oxcum ¢pypdypo.a)

NH,oH /[ \
@\CHO SRS

CIC. Bbin. 2. c. 67

~OH
Oypodypon 10 mn CuHTe3 npoBoAAT
NH,OH - HCI 104 r B BbITA)KHOM WKapy
Na,CO; 8r
beH3on 75 mn

B nByxropnyio kon0y emxocthio 100 mu, cHaOXeHHYI0 MarHMTHOM Melnal-
KO, KareJbHOH BOPOHKOW M OOpaTHBIM XOJOAMJIBHUKOM, MOMEIIAIOT PacTBOP
10.4 r NH,OH-HCI 8 20 ma Bombl 1 mpuiauBaroT 10 M1 CBEKENEPErHaAHHOTO
¢ypdypona. K momyueHHOH cMecH HpU WHTEHCHBHOM I€pEMEIINBAaHUH IPH-
kanbiBatoT pactBop 8 r Na,CO,; B 30 mu1 Boabl, 3aTeM CMech HarpeBalOT Ha Ku-
nsiiel BoAsHOM OaHe B TeueHHe 5 4acoB, OXJaXIArOT A0 KOMHAaTHOH TeMIepa-
TYpBI U 3KCTparupytot adupom (3%25 mu). O0bearHeHHbIE YQUPHBIE BBHITSHKKH
MPOMBIBaIOT Bomoi, cymar MgSO,. Dbup ynansor Ha pOTOPHOM HCHApHUTEIIE.
Beixon 13 r (95% ot Teoperuueckoro), T. mi. 89-90 °C.

1 235 M
BopoHKa M XONOAUIBHUMK CHAOXKEHBI XJIOPKANBLUHUEBEIMU TPYOKAMH.

3 Jlerko ruaponusyercs BIaroif Bo3myxa.
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AMP 'H & (m.a., CDCl3): 6.53 (1H, aan, J = 3.3 Ty, 1.8 Tu v 0.6 Tu); 7.36 (1H, A, J = 3.5 Tu);
7.47 (1H, pg, J = 1.8 Ty n 0.6 Tu); 7.55 (TH, ywwmp. ¢); 10.55 (1H, ywwup. c).

AMP '3C & (m.a., CDCly): 112.3; 118.2; 137.0; 143.4; 145.1.

b11.32. 2-Iluanodypan
J. Chem. Soc. 1956. Ne 8. P. 2856

/A socl
oy ——— Q\CN

~OH
Okcnm dypodypona 10r CuHTe3 NnpoBOAAT
SOCl, 20r B BbITAXKHOM WKady
Sdup cyxom 40 mn

B nByxropnoi konbe eMkocThio 250 MiI, CHaO)KEHHOW 00paTHBIM XOJIOIUIbHUKOM
U KaIenbHOM Boponkoii', pactsopsior 10 r okcuma ¢ypdypona B 40 M cyxoro
s¢upa. 3areM NpH UHTEHCUBHOM IepeMennBannu npukanbsaoT 20 r SOCL,.
CMech HarpeBaroT npu c1aboM KUTIEHUH B TedeHue 1 yac, oxXJaknarT, H30bITOK
SOCI, ocTopoxkHO pasnaralT HachllleHHbIM pactBopoMm Na,CO5% Opranuue-
CKUH CJIOW OTHEINSIOT, mpoMbiBatoT Boaol u cymar MgSO,. Doup ynmansior
B BaKyyMe BOIOCTPYMHOro Hacoca, ocTtaTok meperousior. Beixom 4.3 r (51%
OT TeopeTuyeckoro), T. kuil. 146 °C /12 mm pr. ct.; nZ 1.4834.

AMP 'H & (m.a., CDCl3): 6.55 (1H, o, J =33 Tuwm ~ 1 Tw); 712 (1H, o, J = 3.5 Tu,);
7.61 (1H, 1, J ~ 1 Tu).

AMP 3C 6 (m.g., CDCl;): 111.4; 122.0; 126.2; 147.3.

Bb11.33. bBen3uia-2-pypuiakeron
Chem. Ber. 1953. Bd. 86. N2 1. S. 123

Do O e e, (3
o’ ~CN oup -0

2-LimaHodypaH 17.2r CunHTe3 npoBOAAT
beHsnnxnopwng 316r B BbITAXKHOM WIKady
Mg (cTpy»Ka) 72T

CH;COOH 25 mn

ddup cyxon 250 mn

1
2

XONONUIBHHUK U KallelbHAss BOPOHKA CHAOXKEHBI XJIOPKAIBIIUEBBIMHA TPYOKaMHU.
PactBop Na,CO; 1006aBNSIOT 1O KAIUIAM TIPH OXJIAXKJICHUM CMECH XOJIOJHOW BOJIOW W MHTCH-
CHUBHOM I€pEeMEUINBaHUU.
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a) Ionyuenue peaxmusa Ipunvsipa

B tpexropiyto komOy emkoctbio 500 mi1, cHaOKEHHYI0 MEXaHIMUECKON MEIIIAIKOH,
0OpATHBIM XOJIOMMILHUKOM U KalleJIbHOM BOPOHKOIA!, IoMeInarT 7.2 T MarHueBon
cTpyxku u 15-20 M a6c. adupa. [TomkmrouaroT oOpaTHBI XOIOAWIBHUAK U TPH-
0aBISFOT 2—3 MJI CBEXETEperHaHHOTO OeH3WIXJIopuaa. Yepes HEKOTOpoe BpeMs
HaynHaeTcs OypHas peakius. OcTaBHmIviics OeH3WIXKIOpUA pacTBopsAoT B 180 mi
abc. a¢upa, MOIyIEeHHBIH pacTBOP MEAJICHHO IIPH MOCTOSHHOM NepeMeNINBaHIH
mpuKaneBaloT kK Mg ¢ Takoit ckopocTsio, uyToOB 3dup crmabo kunen. [locme
npubaBJIeHHsl BCETO pacTBopa cMmech kunsatat eme 0.5 gaca?,

6) Bzaumooeiicmsue 2-yuanopypana ¢ 6eH3UAMASHUUXIOPUOOM

K sdupHOoMy pacTBopy OCH3MIMArHUAXIOPU/IA TPH HHTCHCHBHOM TEpeMEIINBAHUH
U OXJIAXKICHHUH XOJIOMHOW BOAOHN MpHKambIBatOT pacTBop 17.2 T 2-mmanodypana
B 50 mu »dupa. Peaknmonnyio cmech nepememmuBaror eme 30 MUH W, He Tpe-
Kpalias repeMelIiBaHie U OXJIAKACHHEe, MPUKAIBIBAIOT cMeCh 25 MJI YKCYyCHOMN
kucsnotsl U 10 Mit Boabl. DGUPHBIA CIOH OTACNSIOT, MPOMBIBAIOT HACHIICHHBIM
pacteopom NaCl, cymar MgSO,. D¢up ynansoT B BaKkyyMe BOIXOCTPYHHOTO Ha-
coca, OCTAaTOK MEeperoHsT B BakyyMme. Beixonq 15 r (44% oT TeOopeTHYEeCKOro),
T. kurt. 164 °C / 18 mMm pt. ct., T. mi. 47-48 °C.

B11.34. TIupposio[l,2-alnupa3unbl

OO0mas MeToauKa CHMHTE3a M3 alfUIbHBIX NMPOW3BOAHBIX (ypaHa M ITHICH-
JuaMuHa.

: NH> I\ R I\ R
I\ R, - R/()\( Pd, R
O Ry Yy

a) Ionyuenue 3,4-oucudoponuppono[l,2-alnupasunos
KypH. Opr. Xum. 1986. T. 22. C. 2610

AuundypaH nnn auuncunbBaH 0.1 monb CuHTe3 npoBOAAT
STuneHgnamuH, 90%-n BoaHbIN 26r B BbITAXKHOM WKady
beHson 75 mn

B xpyrogonHoit xonbe emkocThio 100 mir, cHaGXkeHHOW OOpaTHBIM XOJIOAMIIb-
HUKOM, KUIATAT cMech 0.1 Moib anmuiisHOTO MPOM3BOAHOTO (ypaHa WIIH CHIIb-
Bana u 26 r 90%-ro Boguoro sruneHauamuna (0.3 Monb) B Teuenue 5-8 yacos,
3areM npuinBaroT 50 M xonoqHOU Boxbl. [loyd4eHHYI0 CMECh 3KCTParupyroT
GenzonoM (3x25 mir), GEH30/IbHbBIE BBITSHKKH OOBEAMHSIOT W CyLIAT MPOKaJICH-
veiM Na,SO,. beH3on ynansror Ha POTOPHOM HCIIAPHUTENE, OCTATOK MEPETOHSIIOT
B BakyyMme. Boixonsl 1eneBbix 3,4-guruaponuppoio[l,2-ajuupasunos cocras-

asrot 50-80% o1 TeopeTHueckoro’.

1
2

XoNOMUIbHUK U KallelbHass BOPOHKA CHAOXKEHBI XJIOPKAIBIUEBBIMUA TPYOKAMH.
Be3 nomoiHUTENEHOTO HArpeBaHUSI.
8 Cwm. tabm 11
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1-MeTtun-3,4-gurugponuppono(1,2-alnupasuvH

AMP H & (m.g., CDCl3): 2.26 (3H, 7, J = 1.4 Tu); 3.78 (2H, AA'BB' J = 2.0 Ty, 1.4 Ty, 1.5 y,);
3.79 (2H, ABC, J = 2.0 Tu, 1.2 Ty, 1.8 Ty, 2.6 Tu); 6.16 (1H, pa, J =Ty, J 2.6 Tu);
6.43 (1H, pa, J = 3.7 Ty, J 1.5 Ty); 6.69 (1H, pa, J = 2.6 Ty, J 1.5 Tu).
1,6-Aumetnn-3,4-gurupponupponol1,2-alnnpasnx
AMP 'H & (m.a., CDCl3): 2.12 (3H, ¢); 2.23 (3H, 7, J = 1.4 Tu);
3.78 (2H, AA'BB' J=2.0Tu, J 1.4 Ty, J=15Tu,);
3.79 (2H, ABC,J =20Tuy, J 1.2 Ty, J 1.8 Ty, J 2.6 Tu);
5.90 (1H, pa, J =3.7 Ty, J 46 Ty, J 0.6 Tu); 6.38 (1H, @, J = 3.8 Tu).

AMP 3C & (m.a., CDCl,): 10.9; 21.7; 38.6; 46.9; 107.1; 109.2; 124.4; 131.0; 158.2.

6) Ilpucomosnenue nainaouedoi YepHu

B Tpexropioi xonbe emrxocThio 25-30 mul, CHa0KEHHOW MarHUTHOW MEIIaJIKOH,
0OpaTHBIM XOJOAUIBHUKOM, KalelbHONH BOPOHKOH M TEPMOMETPOM, PACTBOPSIOT
npu HarpeBanuu 1.77 r PACl, B 2 mu xoun. HCIl. K monydennoMmy pactBopy
npubaBiIAiOT 6 MJI MypaBBHHON KHCIOTHI M OXJIAXIAIOT 10 KOMHATHON TEM-
nepaTyphl. 3aTeM MpH WHTCHCHBHOM IME€PEMENIMBAHUN IO KAIUISIM MPUOABIISIOT
8 M 50%-ro BogHOTO pactBopa KOH ¢ Takoii CKOPOCTBIO, YTOOBI TeMIieparypa
peakIMoOHHOM cMecH He moaHuManack Beime 25 °C. Ilociie mpubaBneHus Beel
IIEJI0YX 0CaJ0K MHOTOKPATHO ITPOMBIBAIOT JUCTHILIMPOBAHHON BOIAON METOIOM
JeKaHTallu O TeX IOop, MOKa Karajiu3arop He OyIeT XOpOIIO OCaXaaThCs Ha
nno cocynal. Tlepen MCIONBb30BaHUEM OCAMOK JOMOJHHUTEIBHO IPOMBIBAIOT Ha
(uIBTPe AMCTUILIMPOBAHHON BOJOM, 3aT€M METAHOJIOM?.

8) Honyuenue nuppono[l,2-alnupasunos.

B nebompmoit kpyrmomoHHON KoOe, CHAOKEHHOW OOPAaTHBIM XOJIOIWIHHIKOM,
marpesaioT 0.05-0.1 moip cooTBeTcTBYIOMErO 3,4-muruaponupponoll,2-ajmou-
pasuHa Cc mamnagueBoil uepueo npu 225-260 °C B teuenme 8-10 wacor mo
HpeKpanienus BlIeIeHns Bogopona®. PeaklMOHHYI0 CMECh PacTBOPSIOT B XJIO-
podopme, KaTaauzarop OTPUIBTPOBBIBAIOT, XJIOPOGOPM YAAISIOT Ha POTOP-
HOM HCIIApUTENe, OCTATOK MEPErOHS0T B Bakyyme. Llemesie muppoio[l,2-a]
MUPa3sHHEL moay4aioT ¢ BeixomoMm 40-85% or teoperuueckoro (cM. tabm. 11)

1-MeTtunnuppono[1,2-alnupasux

AMP 'H & (m.a., CDCl3): 2.65 (1H, ¢); 6.73 (1H, aa, J 4.1 Ty, J 1.1 Tu);
6.79 (1H, on, J 4.0 Ty, J 2.8 Iy); 7.32 (1H, g, J 1.0 Tu); 7.38 (1H, g, J 4.8 Tu);
7.64 (1H, o, J 5.4 Tu).

AMP 3C & (m.a., CDCl,): 10.9; 21.7; 38.6; 46.9; 107.1; 109.2; 124.4; 131.0; 158.2.
1,6-Aumetunnupponol(1,2-alnupasviH

AMP 'H & (m.g., CDCly): 2.36 (1H, ¢); 2.60 (1H, c); 6.5 (1H, g, J 4.3 Tu); 6.65 (1H, A, J 4.0 Tw);
7.29 (1H, o, J 5.0 Tu); 7.36 (1H, #, J 4.9 Tu).

AMP 3C & (m.a., CDCly): 10.9; 21.7; 38.6; 46.9; 107.1; 109.2; 124.4; 131.0; 158.2.

! XpausaT non Bopoil.

Iloo mszoi.

3 [Too mszoil.
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Ta6nuua 11. Monyuyenue 3,4-gurngponupponol1,2-alnnpasnHos u nupponol1,2-alnupasnHos

nuppono[1,2-alnupasux

nupposno[1,2-ajnupasun

Hcxoanbie BemecTBa IpoaykT peakuuun T. kum., Brixon,
°C/mMm pT. c1.|% oT Teop.

2-Auerundypan 1-Metun-3,4-qurunpo- 123-127/20 78
nupposno[1,2-alnupazun

1-Merun-3,4-guruapo- 1-Metui- 81-83/3 63

nuppono[l,2-a]nupasun nuppoio[l,2-a]nupazun

2-ITponmonundypan 1-Otun-3,4-guruapo- 110-114/5 60
nuppono[1,2-a]nupasun

1-Otun-3,4-qurunpo- 1-Drunnup- 135/10 55

nuppono[1,2-a]nupasun poio[1,2-a]-nupasun

2-Uzobytupundypan 1-U3onpomnuin-3,4-1arunpo- 115/11 67
nuppoio[1,2-a]-nupazun

1-U3zonponui-3,4-1uruapo- 1-W3onponmnmup- 118-120/11 82

nuppoio[1,2-a]nupazun pono[1,2-aJuupasuu

2-bytupundypan 1-TIpomnun-3,4-nuruapo- 95-100/1 67
nupposno[1,2-alnupazun

1-TIponun-3,4-guruapo- 1-TIponmnmup- 85/10 85

nupposio[1,2-a]nupaszun pouo[1,2-a]nupasun

2-Metun-5-anetniadypan 1,6-Aumernin-3,4-guruapo- 133-137/17 67
nuppono[1,2-alnupasun

1,6-Aumernin-3,4-auruapo- 1,6-umernnmup- 93-98/3 76

nuppono[1,2-a]nupazun poino[1,2-a]nupazun

2-Metun-5-npormmonnndypan | 6-Mertun-1-3tun-3,4-guruapo- | 117-118/7 50
muppoino[1,2-a]uupazun

6-Metun-1-31tri-3,4-1uruapo- 6-MeTun-1-3tmi- 100-103/1 70

nupposno[1,2-a]uupazun nuppono[1,2-aluupazun

Dennn-2-pypunkeToH 1-®enun-3,4-nurnapo- 200-202/15 66
nupposo[1,2-a]nupasun

1-®enni-3,4-auruapo- 1-Dennn- 185-186/2 70

nupposno[1,2-a]nupazun nupposno[1,2-a]nupazun

Bensun-2-¢pypunkeron 1-Bensui-3,4-quruapo- 197-198/9 58
nupposno[1,2-a]uupazun

1-Bensuin-3,4-quruapo- 1-Bensunmnuppoino[1,2-a]- 185-190/1 58

nupposo[1,2-a]nupazun NUpasuH

2-Tuenui-2-hypuaKeTon 1-(2-Tuenwn)-3,4-qurumnpo- 184-186/3 59
muppoio[1,2-a]nupazun

1-(2-Tuenun)-3,4-quruapo- 1-(2-Tuenun)- 186-189/3 42
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612.  [PYTME PEAKLUM APOMATMYECKUX COEAUHEHWIA

B12.1. (R,S)-2,2-Muruapokcu-1,1'-6unadrua (BINOL)
Memoo A (meepooghaznviit memoo cunmesa)
J. Org. Chem. 1989. V. 54. P. 3007

A @@ oH

HadTon-2 1r
FeCl;-6H,0 38r
CH,Cl, 20 mn

Cwmechk 1 r madproma-2 u 3.8 r FeCl;6H,0 TmarensHo M3MEIBYAIOT B CTYIIKE
araToBbIM IECTUKOM, MOMEIIAIOT B CTEKISHHYIO MPOOUPKY U BBIICPKHUBAIOT
2 gaca nipu 50 °C. 3aTem OXJaXJACHHYIO JO KOMHAaTHOH TeMIlepaTyphbl peakiiy-
onnyio cmech pasnararotr 10 mi 10%-it HCI, nponykr skcrparupyror CH,CI,
(2x10 mua). OpraHndyecKuid CIOH OTHENAIOT, MPOMBIBAIOT IUCTHILINPOBAHHON
Bojoi m cymar MQSO,. MeTuneHxXaopu ynapuBarT J0CyXa Ha POTOPHOM
ucnapuTene, TBEPAbld OCTATOK MEPEKPHUCTAIIM30BBIBAIOT U3 TONyojda. Beixon
0.95 r (95% ot Teopermueckoro), T. mi. 215-217 °C.

Memoo b
(meepoogpaznvit Memoo cunmesa ¢ MW-akmuesauueii npouecca)

Synlett. 1994. P. 435

= ol

HadTon-2 1r
FeCl; - 6H,0 38r
CH,Cl, 20 mn

TimatensHO HM3MeNbueHHYIO B cTynke cmech 3.8 r FeCl;-6H,0 u 1 r Ha-
¢Tona-2 mepeHOCAT B MPOOUPKY M3 CTEKJa NUPEKC AuaMeTpoM 8 MM
¥ TMOMENIAT B OBITOBYIO MHUKPOBOJNHOBYK meubl. Uepes 20 cexynm pe-
aKIMOHHYI0O CMech oxnaxnaaoT’? u pasnararor 10 mim 10%-it HCI, npo-
aykt skctparupyor CH,Cl, (2%10 mu). Opranuyeckuii ¢i0il OTACISIOT, POMBI-
BalOT IUCTWUIMPOBaHHON BoJoH u cymar MgSO,. MeTuneHxopun yrnapuBaoT
J0cyXa Ha POTOPHOM HCIIApHUTENIe, TBEPIbIH OCTATOK MEPEKPUCTAIUITH30BEIBAIOT
u3 tonyona. Beixox 0.76 r (76% ot Teopernyeckoro), T. i 215-217 °C.

1 2450 MTu, 280 Br.
2 TCX-KOHTPOJE.
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Memoo B
(cemepodpasnviit memoo cunmesa:. nagpmon-2 | eoonwtit pacmeop FeCl,)

Tetrahedron. 1996. V. 52. P. 1005

N @@ OH

HadTton-2 1r
FeCl; - 6H,0 38r

B oGy Dpnenmeiiepa emxocthio 50 mir momemniator pacteop 3.8 r FeCly'6H,0
B 20 MJ OIUCTWIUITMPOBAHHOW BOABI M MpHUchIMaoT 1 r HadTONa-2, TIATEIBHO
M3MENBICHHOTO B cTymke. OOpa3oBaBIIyIOCS CYCIEH3WI0 WHTCHCHUBHO Iepe-
MEIIMBAIOT ¢ MOMOIIFI0 MarHUTHOW Melmayiku B TedyeHue 1 waca mpu 50 °C,
3aTeM OXJIaXIAIOT J0 KOMHATHOW TemmepaTypsl. Ocalok OTGUIBTPOBHIBAIOT,
TPYKIBI IIPOMBIBAIOT JUCTHUIHPOBaHHON Bomoi (3x10 mu1) u BeICyIIMBA-
0T B BaKyyMe NpH KOMHATHOMW TemIiepaType 10 MOCTOsHHOU Macchl. Ilepe-
KpHCTAUIM30BBIBAaIOT U3 Toiyojda. Beixox 0.95 r (95% or TeopeTHueckoro),
T. . 215-217 °C.

AMP H & (m.g., CDCly): 5.08 (2H, ¢); 7.17 (2H, g, J = 8.4 Twy); 7.30-7.40 (6H, m);
7.89 (2H, B, J = 8.4 Tu); 7.95 (2H, g, J = 9 Tu).

AMP 3C 6 (m.g., CDCl;): 110.8; 117.7; 124.0; 124.2; 127.4; 128.3; 129.3; 131.3; 133.3; 152.7.

613.  «YTAJANKA»

R. K. Hill, J. Barbaro «Experiments in Organic Chemistry», CPC, Inc. 1996
B13.1. Peaxnusi Tpu(peHHIMETAHOJIA ¢ HOAUCTOBOAOPOIAHON KHCIOTOM

@ HI
OFor- 2
Q

TpudeHunmeTaHon 05r
YKCycHasa Kucnota 10 mn
HI 47%-a 2 mn
Bucynbdut HaTpua 1r

STaHon
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PactBopsror 0.5 r Tpudenunmeranona B 10 mu Temiol yKCYCHOHM KHCIIOTHI,
npubasisor 2 ma 47%-ro pactBopa Hl u monydeHHBINH pacTBOp KHUISATAT
1 gac. Cmech OXJNaXIAOT M BBUIMBAIOT B pacTBop 1 r Oucynsdpurta HaTpus
B 20 mut Boabl. TBepablil 0calok OTIENAIOT U HMPOMBIBAIOT BOJIOH Ha (UIBTpE,
HEePEeKPUCTAIIN30BbIBaOT U3 15-20 M 3TaHONa, cymiaT, OmpelensioT T. ILL
Jnst onpeneneHust CTPyKTYphl MONYYEHHOIO COEIUHEHUS MPOBOASAT CIEAYIO-

ITUEe TECTHIL.

1. PacTBOpsIOT HEOOIBIIOE KOIMYECTBO IOJYyUYEHHOTO BEIIECTBA B 3TAHOJNE
U NpuOaBIAIOT CHUPTOBOI pacTBOp HuTpara cepebpa. IlosBieHue ocanxa
CBUJIETEIBCTBYET O MPUCYTCTBUU HOAA.

2. Cuarp Y®- u UK-criexktpsl i onpeneneHus QyHKIHOHAIBHBIX TPYII B T10-
JYYEHHOM COEJUHCHUMU.

3. CpaBHUTH SKCHEPUMEHTAIBHO ONPEAETICHHYIO T. M. C JUTEPATYPHBIMH JIaH-
HBIMH ISl BEIIECTBA MPEANOJAaraéMoro CTpOCHHUS.

B13.2. Oxucienne anerogeHOHA THNOXJIOPUTOM HATPUS

O
NaOCI
— ?
NaOCl, 5%-i1 pacTBOp 40 mn
AueTtodeHoH 1 mn
HCl KoHU. 5 mn

B koHmueckyto xonby emkoctbio 100 mi momemaror 40 ma 5%-ro pactBopa
TUIOXJIOPUTA HATPUS U C MOMOIIBI0 MHKPOIHUIETKH WM LINPULIA TPUKAIbI-
BatoT 1 Mi ametodeHoHa. VIHTEHCHBHO TEPEMEIIMBAIOT W HATPEBAIOT KOJIOY
npu 60 °C B Teuenue 10 MUH, pacTBOp CTAaHOBHTCS INMPO3PAYHBIM.

Jl00aBIsIOT HECKOJIBKO Kallellb alleTOHA JJIsl Pa3IoKEeHUsT U30bITKA TUIIOXJIO-
pHUTa, cMeCh HArpeBalOT I0 KuIeHHs u mogkucisior 5 mu koun. HCL. (Yoenu-
TECh, YTO PACTBOP UMEET KUCIYIO PEAKIHIO MO YHHBEPCATHLHOMY HHIMKATOPY.)
PeakuinoHHy0 cMech OXJIQXKIAIOT JO KOMHATHOW TeMIieparypsl, 3aTeM B OaHe
CO JIbJIOM, BBINABLIMIA 0CaJOK OT(GHIBTPOBHIBAIOT, MPOMBIBAIOT HECKOJIBKHMHU
MUJLTHIIMTPAMU XOJIOMHOW BOJIbI, OT)KUMAIOT BOJy Ha (UIBTPOBAIBHON Oymare.
T mn. onmpenenstoT TONBKO MOCHe TOro, Kak OyAeT MOoJHAas YBEPEHHOCTh B TOM,
YTO BELIECTBO COBEPIICHHO CyXOe.

1 TMpoba Bervwmeiina na 2anozen. B TIaMeHW TOPENKH HATPEBAIOT MEMHYIO TPOBOJOYUKY.

Ha oxnaxneHHyr0 IPOBOJIOYKY ITOMEINAIOT HECKOIBKO KPUCTAJUIMKOB BELIECTBA U OCTOPOKHO
BHOCAT B IUTaMsl ropenku. OKpaniuBaHWe IIAMEHH B 3€JICHBIH IBET yKa3bIBaeT Ha HaJIM4He
rajorena. (Brumanue! TIpoba oueHb 4yBCTBHUTEIbHA, U MOJOKHUTEIBHBIN PE3YIbTaT MOXET
OBITh IPH HAJIWYUH CJICAOB HOJAMCTOBOJOPOMAHON KHUCIOTHI M MPUMECH HOOHIa HATPHS).
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)IJ'ISI OnpeaAcCJICHUA CTPOCHHUA MOJTYYCHHOTO COCAUHCHUA MPOBOAAT CICAYHO-
e TECTHI.

1. IIpoby Benbuiteiina Ha ramorent.

2. TIpoGbl Ha PacTBOPUMOCTH?.

3. CpaBHeHI/Ie T. TUI. C JIUTCPATYPHBIMHU JAHHBIMH UIA CICAYIOHINX COC}:[I/IHeHPlﬁ:

CoenuHeHue T. mi., °C CoenquHeHHe T. mi., °C
1-(2-Xnophenun)sranon Kunxocts Bensoiinas kucnora 122-123
1-(3-Xnophennn)stanon XKunkocts 2-XnopOeHsoitHas K-Ta 139-143
1-(4-Xnophennn)3taHoH 18-20 3-XnopbensoitHast k-Ta 154-157
1-(2,4-QuxnopdeHui)3TaHOH 33-34 4-XnopbeH3oiiHas K-Ta 240-243
1-(3,4-quxnopdeHnin)sTaHoH 72-74 DeHunykcycHas K-Ta 75-78
2-Xnop-1-pernarTaHoH 52-56 DeHOKCHYKCYyCHAA K-Ta 98-101
2,2-JTuxnop-1-peHusranon 21-22 2-Xnop-1-(4-xnopdeHnn)3TaHoH 98-102

Bb13.3. BoccraHoBieHue o,f-HenmpeneabHO apoMATHYECKO KHCIOTHI

COOH ;
\/ Ni ?

mpaHc-3-OeHnnnponeHoBas kucsiota 11

NaOH, 5%-n pactBop 50 mn
Ni/Al (cnnae PeHes) 3r
HCl KoHu. 30 mn

B nByxropnoit xpyrinomoHHOH Kosbe emkocThio 250 mi, cHaGkeHHOU Mexa-
HHUYECKOW Memankod, pacTBopsitoT 1 r mparnc-3-GEeHUINPONICHOBOW KHCIIO-
Tel B 50 Ma 5%-r0o pacTBOpa THIpOKCHAA HATPHUS W HATPEBAIOT MOTYYCH-
Heiid pactBop no 90 °C. CHumaror HarpeB W mobOaBisioT 3 r criaBa Ni/Al
MaJBIMH TIOPIUSAMH B TedeHHe 15 MuH. DQexkTHBHO mepememmnBamT odpa-
3yIoIIylocst cMech. [1o okoHUaHWW TpubaBICHHs BCEro cijiaBa PeHest cMech
cuoBa HarpeBaoT npu 90-95 °C, moGaBusroT ropsdeit Boabl, eciim HEoOXO-
OUMO i uHTeHcHBHOTO mnepeMemuBanus (<50 mi). OUIBTPYIOT TOPAYYIO
cMech Ha BopoHke broxHepa. Ocajgok Ha (UIBTPE MPOMBIBAIOT TOPSIUYUM
5%-m pactBopoM ruapokcuaa Hatpus (4-5 mia). O6pasoBaBmiuiics Ni-Penes

Cwm. cHocky ! ma c. 341

TIpOBEPSIOT PaCTBOPUMOCTE MONYYEHHOTO COEIMHEHUS B Pa30aBIEHHBIX BOAHBIX PACTBOPAxX
TUPOKCU/IA HATPHS, THAPOKApOOHATA HATPHS M CONSHON KHMCIOTHL. Kakue BBIBOIBI MOMKHO
CHENaTh W3 MOMYyYEHHBIX PE3yJIETaTOB?
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MEePEHOCIT ¢ BOPOHKHM B CKISHKY ¢ Bomoi (cyxoii Ni-Penes moxeT Boc-
miaMeHuThes!). OuapTpar oxJaxmarT B 0aHe CO JbIOM M MEIJICHHO MPH
nepeMenmuBanuy NpuOaBISIIOT ero K 30 MJI KOHII. COJITHOW KHCIIOTBI C TaKoH
CKOPOCTBIO, UTOOBI TEMIlepaTypa PeakIUOHHOW CMECH HE IOJHHMMAJIach BBIIIE
85 °C. I[lo oxoHYaHWH MPUOABICHUS CMECh OXJAXIAIOT JIHJIOM, BBIMABIIHIA
0ocagok OT(IIBTPOBEIBAIOT Ha BOpoHKe broxuepa, mpomeiBaror 10-20 M

XOJIOTHOU BOJEI.
YCTaHOBIIEHHE CTPOECHUSA:

1. [TpoBecTH KayecCTBEHHBIN TeCT Ha HalMW4KMe NBOMHON cBiA3u ¢ 2%-M pacTBo-
pOM IepMaHraHaTa KajHus WM C PacTBOPOM OpoMa B HYETHIPEXXJIOPHCTOM

yriaepoze.
2. IIpo6GbI HA PacTBOPUMOCTSL.

3.()HpeHeHHTL T. IIJI. 1 CPpaBHUTHL €€ C T. IUI. CICAYIOIINUX COGﬂHHeHHﬁ:

2

CoennHeHnne T. ma., °C CoennHenne T. m., °C
KopuuHas kuciora 133-134 | (E)-3-®enunmnponen-2-on-12 33-35
2-I'mppoxcu-3-eHnnmnponanopas 96-97 1-®enun-1,2-3TaHauon 66-68
KHCIIOTa
3-T'unpokcu-3-¢peHnnnponanopas 92-93 Ben3oiinas kuciora 122-123
KHCIIOTa
2-Oxco-3-deHunmnponanHonast 154-155 3-Oenunmnponanopas 47-49
KHCJIOTa KHCIIOTa
BensomnykcycHas kuciora 103-104

Bb13.4. Bs3auMoaeiicTBHE CAJTHIUIOBOI0 AJbIAEIHAA ¢ AMITUIMAJIOHATOM

CHO

OH

CanuuunoBbi anbaerna
OvaTtunmanoHart
MunepuauH cyxon
DTaHon abc.

DTaHon 95%-1n

COOEt

+

nmnepunanH
MNEpUANH

COOEt

3.5 mn
5.5 mn
0.4 mn
20 mn
3 Mn

HpOBCpS{IOT PacTBOPUMOCTDb MOJTYUCHHOI'O0 COCANHCHUS B p836aBIIeHHLIX BOJAHBIX pacTBOpax

TUAPOKCHUIa HATpuUs, FI/IZIpOKap6OHaTa HaTpus uU COJISTHOM KUCHOTHL. Kakwe BBIBOABI MOXHO
CACJIaTb U3 TOJYYCHHBIX pe3yHBTaTOB?

TpI/IBI/IaJ'II)Hoe Ha3BaHHUE 3TOTO COCIUHCHUS — IIMHHAMUIIOBBIN CIHPT.
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B cyxywo kpyrmomonHyio kon0y emkocthio 100 My, cHaGXEHHYIO OOpaTHBIM
XOJIOAMIBHUKOM C XJIOPKAJIBIIUEBOU TPYOKOH, moMerarT 3.5 MIJI CaluIHIOBOIO
anpaeruaa, 5.5 mu cyxoro mmdtmiamanonara, 20 mu abc. stanona, 0.4 miu cy-
XOTO MUIEPUANHA W OTHY KAIUTIO JICJASHONH YKCYCHOM KHUCIOTHI. CMECh KHMISATAT
B TeYEHHUE 2 YacoB, 3aTEM MEPEHOCAT B KOHUYECKYIO KOJOy, mpubapisoT 30 mi
BOJBI U OXJIXKMAIOT B O0aHE CO JIbJAOM. BhIMaBIive KpUCTaIbl OT(QUIBTPOBLIBA-
0T, IPOMBIBAIOT 2 pa3a 1mo 3 mi JieasHbiM 50%-M BOAHBIM PacTBOPOM 3TaHOIIA.
Ocaziok cyIar, ONpeaeNisioT T. TUl., BRIXOA. JIJis ompeaesieHust CTPYKTYPHI I10-
JYYCHHOTO COEIUHEHHUS MPOBOAAT CICAYIOIINE MPOLEAYPHI:

1. TIpo6bI Ha PacTBOPUMOCTH'

2. lpoananusupyiire UK-ciextpsl u cnekrpsl SIMP H nmony4ennoro coemu-
HEHUSL.

3. CpaBHHTE H3MEPEHHYIO T. IUI. MPOAYKTa C JIMTEPATYPHBIMH JAHHBIMH.
(Opr. T. 2. C. 162)

4. Kaxoit MmexaHu3M 00pa30BaHUs IOJYYEHHOTO COEIWHEHUS?

B13.5. B3aumoneiicTBue n-XJI0pOeH3aIbAErHAa ¢ THAPOKCHIOM KaJIus

CHO
_KOH, > (A +B)
Cl
n-XnopbeHsanbaerug, 5r
CH;OH wnun C,H,OH 15 mn
KOH TB. 9.7r
CH.Cl, 130 mn
AueToH 4 mn
[ekcaH 10 mn
HCl KoHU. 15 mMn

B xonmueckyto koyby emkocthio 150 mi momemarot 9.7 r tBepmoro KOH,
15 M3 BOABI PacTBOpP OXJAXKAAIOT 10 KOMHATHOW TeMmrmepaTypbl. B npyroi
K0j10€e pactBopsoT 5 r 4-xjopOensanpaeruaa B 15 mur MeraHona (TaHona),
clierKa HarpeBalT CMECh JIO MOJHOTO PAacTBOPEHHUS OCajJKa M BECh PacTBOP
cpa3y IPWJIUBAIOT K PACTBOPY IIEJIOYH, OBICTPO MEpEeMEIInBas MOTyYaroulyrocs
cMech. Peaknusi 3K30TepMUYHA, U CMECh CTAHOBUTCS TeMHOU. Uepe3 HecKoyb-
KO MUHYT HauWHaeTcs BblMajeHue ocaigka. C 3TOro MOMEHTa TeMIepaTypy
PEaKIMOHHON CMecH CleAyeT MOoAIepKuBaTh B mHTepBajie 55+65 °C, snep-
TUYHO TiepeMeniuBas B TeueHue 45 muH. Jlagee cMech OXJIaXJalT 0 KOM-
HATHOW TeMIlepaTypbl U NEPEHOCAT B JNCIUTEIbHYI0 BOPOHKY, J00aBJIAIOT

! HpOBepS{IOT PacTBOPUMOCTDb MOJIYUCHHOTO COCANHCHUS B pa36aBHeHHBIX BOJAHBIX pacTBOpax

THAPOKCHUAA HATpuUs, FI/IZIpOKap6OHaTa HaTpus nU coyisTHOM KHUCOoTH. Kakve BBIBOJIBI MOXXHO
CACJIaTb U3 TOJYYCHHBIX pe3yHBTaTOB?
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50 mu nensuoit Boasl, 110 M CH,Cl,, HeckoaBKO pas BCTPAXHMBAIOT CMECH,
JIAI0T OTCTOATHCS M OTAENAIOT OpraHuYecKuil cioi. BomHbI cioil skcTpa-
rupytotr CH,Cl, (2x10 mMa) U opraHu4ecKkue SKCTPakThl 00beauHsoT. [Ipoayk-
Thl peakiuu (A W B) BeIIEIAIOT M3 000UX IKCTPAKTOB — OPraHHUYECKOTO
U BOJHOIO.

1. [IpombIBaroT opraHudecKuil SKCTpakT 2 pa3a mo 10 M HacBIIEHHBIM pac-
TBOpOM THIpokapOoHaTa HaTpus W cymar 15 muH Haxg O6e3BogH. Na,SO,.
OcymmTens OTQUIBTPOBHIBAIOT, (GHIBTPAT ymapuBaloT. OCTaToOK pacTBOPSIOT
B 8-10 mur 4%-ro pacTBOpa aleTroHa B TeKCaHE, HarpeBalOT N0 KUIICHUS
U OXJIQXKJAIOT 10 KOMHATHOH TemmepaTypbl. TBepaoe BeniectBo (A) Bbima-
JIaeT MPHU OXJIAXKICHUU. Ero oTQUIBTPOBRIBAIOT, MPOMEIBAIOT 2—5 MJI OXJIAXK-
nennoro go 0 °C rekcana, cymaTr Ha BO3JAyXe, B3BEIIMBAIOT M OIpe-
eS0T T. oIt

2. BomHBIN KCTPaKT MEPEHOCAT B KOHUYECKYIO KOJIOY M KHUISITAT ¢ 1 T akTH-
BHPOBAHHOTO YIS JUIsl 00ECIBEYHMBAHMS, CMECh OXJAXKIAIOT, (QHIBTPYIOT,
MOAKHUCIAIOT 15 MJI KOHI. COJSHOM KHCIOTH NPU OXJIAXKICHUU U TIepe-
MemuBaHuu. [Ipu 3ToM BEIMazaer Oenblii ocajok, cpeaa AOJDKHA OBITh
cunbHOKHCI0H (onpeaersitor pH). Ocagok oTGHUILTPOBBIBAIOT, TPOMBIBAIOT
Ha QuibTpe 75 MIJI XOJOTHOHN BOABI, OTXKUMAIOT BOJY, IEPEHOCIT Ha Yaco-
BOC CTEKJIO M OCTaBISIOT CYHIMTHCS Ha BO3AyXe, moiydvaroT BemecTBo (B).
OnpenesnsioT BBIXOJ U T. IUI. 3aT€M YCTAaHABIMBAIOT CTPYKTYPHI MOJTyYeH-
HBIX coenuHennii A u b.

3. TecT Ha PacTBOPUMOCTB.?

4. Kakue kauecTBEHHbIE PeaKIWW MOTYT JaTb IOJE3HYI0 HH(pOpManuio?

5. Ananmuz UK-ciekrpos u cnektpos SIMP 1H.

6. CpaBHEeHHE T. M. C JUTEPATyPHBIMH MAHHBIMHU IJIs TIPEINOIaracMbIX
COEIMHEHHH.

Bb13.6. Peaknus 3-¢peHnINponanoBoi KucJa0Thl ¢ moaudochopHoii KUCI0TOH

COOH
MoK
— ?
MonndocpopHas Knucnota 5mn
3-OeHunnponaHoBaa kucnota 1r
STunaueTtaTt 10 mn

BemectBo A nomxHO miaBuThes B uHTepBaie 50-80 °C.

TIpoBepsiIOT PacTBOPUMOCTD MOJYYEHHOTO COEAMHEHHs B Pa30aBIIEHHBIX BOIHBIX PacTBOPax
THIPOKCUA HATPHsl, TUAPOKApOOHATA HATPHS U COJITHON KHCIOTHI. Kakue BBIBOIBI MOXKHO
clleNaTh U3 IMOJYYEHHBIX Pe3YJIbTaToOB?
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B kpyrononnyio koi0y emkocthio 100 M momemaror 5 M nmonudochopHoit

kuciorsl (II®K)?!, npubasnsior 1 r 3-GpeHUINPONaHOBONW KHCIOTHI U TIEpE-

MEIINBAIOT CMECh 10 €€ MOJHOT0 pacTBopeHwus, fganee HarpesawotT mpu 90 °C

B TeueHue 1 vaca (cMmech mpu 3TOM TeMmHeeT). Ilociie 3TOTO CMECH HAOT

oxnagutbes no 60 °C, nmpubaBnsroT 10-15 My BOXBI M MHTEHCHBHO Iepe-

MEIIUBAIOT 10 MOJY4YeHHs OMHOPOAHOI Macchl (HIET pa3orpeB, OCTOPOXKHO!).

PeakIMOHHYIO CMECh OXJIaXJAIT MPAKTHYSCKU O KOMHATHOW TeMIepaTyphl

U TIEPEHOCAT B JEIUTEIbHYIO BOPOHKY, pubaBisior 15-20 mi BoAbI U dKTpa-

THPYIOT 3TUIALETATOM. BOJHBIN CION OTAENSIOT, OPraHMYECKHH KCTPAKT MPO-

MBIBAIOT BOJHBIM PAacTBOPOM THAPOKApOOHATA HATPHs, CyHIAT MPOKAJICHHBIM

Na,SO,. OTOUIBTPOBBIBAIOT OCYIIUTENb, PACTBOPUTEIbh YMAPUBAIOT, OCTATOK

3aKPUCTAITU30BBIBACTCS MIPH OXJIAKICHHH.

VYcTaHOBIEHHE CTPYKTYPBI MONYYEHHOTO COCTUHEHHUS.

. TecT Ha pacTBOPUMOCTBH,

2. Kakyrwo mone3nyw HHPOPMAIMI0O MOKHO W3BJIEYb U3 PE3ylbTaTOB TeCTa Ha
pPacTBOPUMOCTH?

3. Anamuz UK-cniektpos u crekrpos SIMP H.

4. CpaBHeHHE T. IUI. C JUTEPATyPHBIMU JaHHBIMU JJIS MPEANOTIAraeMbIX COCIU-
HEHUH.

5. IMoxymaiiTe, Kakue KaueCTBEHHbIC PEaKIIMM MOXHO MPOBECTH JUISi TIOATBEPIK-
JIEHVs TIPENONAraeMoil CTPYKTYpbl MOJy4E€HHOTO COECAMHEHUS?

6. OnumKMTe MexaHu3M 00pa30BaHUS MPEANOIAraeMOTO COCTUHCHHUS.

=

B13.7. Peaxkuus auneTroykcycHoro 3¢upa ¢ ruipa3uHoM

o O
/U\/“\ * N2H4 - ?
07>
ALEeTOYKCYCHbIN 3¢up 1 mn
ST1aHon 95%-1 2.6 Mn

lmopasnH, 64%-1 pacteop 0.4 mn

B mpobupke pactBopsitor 1 mi ameTtoykcycHoro sdupa B 2 Mi abc. Wiu
95%-ro stanona. [oroBsat Bomubli pacTBOop 0.4 M 64%-ro ruapasuHa
B 0.6 MJ 3TaHONA M 3TOT PacTBOp MO KallIsIM MPUOABISIIOT K PacTBOPY alle-
TOYKCYCHOTO 3¢upa B TedeHHe 5 MUH. Peakuust sk30TepMHUYHAs U MPOOHUPKY
HaJ0 MEePUOJUYECKU OXJIaXaaTh. [l0 OKOHYAaHWUU NMPUOABIICHUS CMECh OCTaB-
JSI0T TIPU KOMHATHOW TemrmepaType Ha 15 MuH, 3aTeM oxiaxaalT B OaHe

Cwm. cunre3 ¢enmnmuanona (pasa. b11.3).

TIpoBepsIIOT PacTBOPUMOCTH MOJIYYEHHOTO COCMHEHHS B Pa30aBICHHBIX BOAHBIX PacTBOPaX
THIPOKCHIA HATPHs, THAPOKApOOHATa HATPHsS M COJITHOM KHCIOThI. Kakde BBIBOIBI MOXHO
clenath U3 IMOJNYYCHHBIX PEe3yJIbTaToB?

Tect ¢ 2,4-muHNTPOQEHIITHIPA3OHOM.
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CO JIBJOM, TIPH ITOM BBIMAAacT OCCHBETHBIH 0CAT0K, €r0 OT(PHUIBTPOBHIBAIOT,
IIPOMBIBAIOT HECKOJIBKUMMU KaIlJISIMU XOJIOAHOTO 3TaHO/]Aa, CylIar, B3BEIIUBAIOT
U OINpPENEsOT T. III.

Macc-crekTp HIpOAyKTa COAEPIKHT MUK MOJEKYIIPHOro noHa ¢ m/z 98.
AMP 'H & (m.a., D,0O): 2.59 (3H, ¢); 3.52 (2H, ¢); 6.02 (1H, ¢, o6bmeHuBaetca B D,0).
AMP 3C 6 (m.a., D,0): 24.3; 58.2; 150.1; 156.2.

1. [lpuBeauTe MeXaHU3M OOpa30BaHMS MPEAIOIATaEMOT0 COSAUHEHUS.

2. Kakoe coemuHenne oOpasyeTcs, €Ciad THAPasdH B STOH peakIHH 3aMCHHUTH
Ha THAPOKCHUIAMHUH?

b13.8. B3aumopeiicTBHe apoMaTH4YeCKUX AJIb1ETHI0B
¢ TMIPOKCHMJIAMHHOM B MYPaBbHHOIi KHCJI0Te

CHO
/©/ + NH,0HHCI —> 2
0

n-MeToKkcnbeHsanbaerua 14r
NH,OH - HCI 09r
HCOOH, 96%-#a 10 mn

B xpyrmononnyro konby eMkocThio 50 My, cHaOXKeHHYI0 0OpaTHBIM XOJOAMIIb-
HukoM, nmomemant 1.4 r n-meroxcubensansaeruga u 0.9 r NH,OH - HCI, npu-
6asmstor 10 Mt 96%-it HCOOH u kumsarsat cmecs 30 munyT. [anee cmech
BelIuBatoT B 100 M1 BOABI CO JIBIOM, TIEPEMEIIMBAIOT HECKOJIBKO MUHYT, TIOCIIE
9Yero BBINAZACT OCAIOK, KOTOPBIH OT(GUIBTPOBBIBAIOT W IPOMBIBAIOT Ha (HIIb-
Tpe HEOONBIIMM KOJUYECTBOM BOABI. IlepeKpHCTaIIN30BBIBAIOT IOJYYEHHOE
BEIIECTBO M3 BOJABIL, CyIIAT, ONMPENENIAIOT T. IUI.

Hmxe NPUBEACHBI T. IJI. BO3BMOXHBIX IPOAYKTOB PCAKIUHU:

Coenunenue T. ma., °C
4-MeTokcubOeH30MHAsT K-Ta 182-185
4-MeTOKCHOCH3UIOBBIH CITUPT 23-25
OxcuM 4-MeTOKCUOEH3aIbAeruIa 64; 133
(mBe hopmpbr)
n-MeTOKCHOEH30HUTPUIT 59-60
n-MeTOoKCHaHUITHH 57-60
n-AMHHOOEH3AJIbIET UL 68-70
n-MeTtokcubeH3amu 164-167

! MosxHO IIO6aBI/ITI) HCEMHOT'O 3TaHOJIa.
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YcTaHOBIEHUE CTPYKTYPHI MOJYUYEHHOTO COEAUHEHUS.

1. Tect Ha pacTBOpHMOCTh. Kakue peaknunum MOTYT AaTh IOJIE3HYIO HH(pOpMa-

o ?

. Ananus UK-cnekrpos u cnekrpos IMP ‘H.

. CpaBHEHUE T. 1. C TUTEPATyPHBIMU JJAHHBIMU AJIsL IPEAIONIAraéMoro coeau-

HEHUS.

4. ITomymaiite, Kakue Ka4eCTBEHHbIE PEaKIIM MOKHO NPOBECTH UIS MOATBEPIXK-
JIeHUs MpEeArnonaraeéMoil CTpyKTypsl MOIYyYEHHOIO COEIUHEHUS.

5. [IpuBenuTe anbTepHATHBHBIN MYyTh IOJYYEHHUS BBIIECICHHOTO COCTUHECHHS.

w N

B13.9. Peaxnusi 6eH30HMTPH.IA C Mpen-GyTHIOBBIM CIUPTOM

CN ®
©/ +§7OHH—>?

mpem-byTnnoBsbin cnupt 370 mr
beH3zoHuTpUN 515 mr
H,SO, KoHu,. 0.5 mn
CH;COOH nepgsaHan 0.75 mn
C,H;OH 95%-n 10 mn

B nipo6upke rorossaT pactBop 370 Mr mpem-0ytuioBoro cnupra u 515 mr Gen-
3oHuTpmwiIa B 0.5 M1 neasHOM yKCYCHO#M KHCIOTHI. B apyroil mpoOupke roToBAT
pactBop 0.5 mur koHIl. cepHO# KuCIOTH B 0.75 MII IeaIHONW YKCYCHOM KHMCJIOTHI,
KOTOPBIH MO KamigM A00aBISIOT K MEpBOMY pacTBOpy. IIOCKONBKY peakiius
9K30TEPMHUYHA, CMECh HY)XHO NEPHOAMYECKH OXJIAXAAaTh aKKypaTHO BCTPSIXU-
Basi MPOOHPKY C pEaKUMOHHOW cMmechio. OCTaBISIOT PEakUHOHHYIO CMECh Ha
30 MuH, a 3aTeM C MOMOILIBI0 MHIIETKH MPHIMBAIOT ee K 15 mu XonogHoi
BOJIbI. BhImaBmuii ocalok OT(MIBTPOBBIBAIOT, MPOMBIBAIOT XOJIOJHOW BOJOM,
MEePEKPUCTAIUTH30BBIBAIOT U3 BOAHOTO 3TaHona (2 mu coupra U 1.5 M Bombl
Ha kaxapie 100 mMr ob6pasma), cymiar, onpeaessioT T. IUI.

YcTaHOBIEHHE CTPYKTYPHI HOIYYEHHOTO COCIUHEHUS.

1. Tect na pactBopumocTh!. Kakue peakuum MOryT Aarh MOJE3HYIO UHPOD-
Manuio?

2. Anamus UK-cniektpos u criekrpos SIMP 1H.

3. CpaBHeHHE T. IUI. C JIMTEPATYPHBIMHU JTAHHBIMH TIPEANIONAraeMOro COSTUHEHNS.

HpOBepS{IOT PacTBOPUMOCTDb MOJIYUCHHOTO COCANHCHUS B pa36aBHeHHBIX BOJAHBIX pacTBOpax
THAPOKCHUAA HATpuUs, FI/IIIpOKap6OHaTa HaTpus nU coyisTHOM KHUCOoTH. Kakve BBIBOJIBI MOXXHO
CACJIaTb U3 TOJYYCHHBIX pe3yHBTaTOB?
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B13.10. Peaknus 6eH3amMuaa ¢ 5pOMOM B IIEJOYHOM cpee

@]
H
2 4NaOH+Br, —» ?
beH3amnpg, 1.2r
YKCYCHbIN aHrMapug 1 mn
CH;COONa 1r
HCl 10%-a 10 mn
NaOH TB. 24r
Br, 1 mn

B kpyrnomonnyio kon0y emkocThio 250 MJI MOMEIIAIOT XOJOIHBIH pacTBOp
2.4 v NaOH B 20 mu Bogpl, mpubasisifor 1 Mi Opoma, akKypaTHO INepeMelu-
BalOT M OXJaXIaloT KolOy B OaHe co mpjaoM. Ilpubapnstor 1.2 T pactepToro
B myapy OeH3zaMuaa HEOOJBIIMMHU HOPIHSIMH. IlepeMennBaHue MPEeKpamanT
U OCTOPOXKHO B30aNITHIBAIOT KOJOY JIO IOJIHOTO pacTBOpeHus OcH3ammma. KonOy
MMOMEMIAIOT B 0aHr0 ¢ BoaoH, Harpetoit 1o 40-45 °C, u momHUMAaIOT TeMIeparypy
no 70-75 °C, nomnmepxxuBas 3Ty Temmneparypy B Tedenue 20 muH. loOaBistor
30 M BOZBI, CHAOXKAIOT KOJIOY HUCXOISIIUM XOJOAWIBHHKOM U CMECh MEepero-
HAIOT B TeueHHe 15 MUH 110 TeX MOp, MOKa HE CTAHET OTTOHATHCSA YHCTasl BOAA.
K muctwuiaty npubasssitor 10%-10 HCI o xucioii peakiuu 1o yHUBEPCATLHOMY
uHauKaropy (~2 mur). 3arem npuOaBisiioT 1 M YKCYCHOTO aHTHIPUIA U CPasy
Beien 3a 9THM ObICTpo 1 T arjerara Hatpust (ecnu ObUTO q00aBiacHO Oojee 2 M
10%-# consHOM KHCIOTHI, TO KOJMYECTBO aleTaTa HATpUsS HAIO IPOIOPITHO-
HAJIbHO YBEJIMYHTH). B30aNThIBAIOT COMEPKUMOE KOJIOBI JJIsl MOJTHOTO CMEIICHUS
pEareHToB, CMECh OXJIKIAIOT B OaHE CO JIHJOM JIO TIOTHOTO OCKACHUS TBEPIOTO
BertectBa. Ocazok OTGUIBTPOBBIBAIOT (€C/IM OH He OECIBETHBIN, €ro MmepeKpu-
CTaJUTU30BBIBAOT M3 BOJBI), CYIIAT U ONPEICISIOT T. ILI.

YcTaHOBIIGHHUE CTPYKTYPHI TOJYYEHHOTO COCIMHCHUS.

1. Ananus UK-cnektpoB u cnekrpos SIMP H.
2. [IpoBOASAT TECTHI HA PACTBOPUMOCTE .

3. CpaBHI/IBa}OT T. IJI. C JIUTEPATYPHbIMU NAHHBIMHU.

B13.11. OnpenejeHue CTPYKTYPHI AATYKTA
ruapoxgaopuaa uucrenna ¢ aneronom (CgH,,CINO,S)

NH, o o
H + — !
S\/)\COOH :

HCI

! HpOBepS{IOT PacTBOPHUMOCTD MNOJTYUYCHHOI'O0 COCANMHCHUS B pa36aBHeHHBIX BOJAHBIX pacTBOpax

TUAPOKCHUIa HATpuUs, FI/IZIpOKap6OHaTa HaTpus u coysTHOM KHCOTH. Kakne BBIBOJIBI MOXXHO
CACJIaTb U3 TOJYYCHHBIX pe3yHBTaTOB?
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L-LnctenH rmgpoxnopmna MoHormgpar 1r
AueToH cyxomn 22 mn
HuHrngpux

B kpyrmomoHHO# Konibe, CHAOXKEHHOW OOpAaTHBIM XOJOIUIBLHHKOM, CYCIIEH-
mupyioT 1 r MoHormapara ruzapoxnopuna L-muctenna B 20 ma 6e3BoxHOTO
al[eTOHa M HArpeBalT CMECh M0 KHUMeHHs. I[UCTeHH OBICTPO pacTBOPSAETCS
U 3aTeM BbIMagacT TBephaoe BeliecTBo. Kumenune nomaepxuBaror 30 MuH,
3aTeM PEaKkIMOHHYIO0 CMECh OXJaxaaroT B OaHe co nbaoM. OTQMIBTPOBEIBA-
0T OECIIBETHOE KPUCTAJUIMYCCKOE BEIIECTBO, MPOMBIBAIOT €ro 2 MJI CYXOTO
areToHa. [ yCTaHOBJICHUS CTPYKTYPHI MOJYyUYEHHOTO COCAMHEHHUS MPOBOIST
CICAYIOIIHE PEaKIIUU:

1.

Hunrunpunnas peakius. Heckonbko M MOMy4eHHOTO MPOAYKTa PAaCTBOPSIOT
B CMECH aleTOH/BOJa, cpa3y K€ KallaloT MOJYyYeHHBIH pacTBOp Ha (uib-
TPOBaNbHYIO OyMary W Ha TO JK€ ISTHO KalaloT HUHTHIPWHHBIN peareHr.
OunsrpoBaNbHYI0 Oymary cierka HarpeBaroT. IIpoBenure aHaIOTHYHBIN TeCT
C HCXOJHBIM LIMCTEHHOM M CPaBHHUTE PE3yJIHTaTHI.

. Tect Ha Hamu4yue THONBHOW rpynmnbl. PacTBopsioT 1-2 Mr mosy4eHHOTO

COEAMHEHUS B BOJHO-AL[ETOHOBOM PAacTBOPE, CPa3y e KalalT 3TOT PacTBOP
Ha QUIBTpOBaNbHYIO Oymary um jobGamisiorT 1 kamtro pactBopa 3,3'-mukap-
6okcu-4,4'-nuaurponudenuwnaucyibduaal Ha TO ke IATHO Ha GUIBTPOBAIL-
HOW Oymare. AHAJIOTHYHBIA TECT MOBTOPSIOT ¢ IUCTenHOM. YTo HalmromaroT
B KaXJOM ciyd4ae?

. ToukocnoiiHas xpomarorpadus. B kadecTBe 3/10€HTa HCIONB3YIOT CMEChH

OyTaHOII—YKCyCcHas KHcioTa—Boxa B coorHomenun 4:1:1. IlposBusior Xxpo-
MarorpamMMmy B HUHTHJIPUHHOM pacTBOpe, clierka HarpeBas IuacTuHKY. Cpas-
HUBAIOT ITOJIyYeHHbIE BEIMYMHBI Rf JJI MCXOIHOTO THAPOXJIOpH/A IHUCTEHHA
U €ro aJayKTa C aleTOHOM.

b513.12. HwurpoBanue QeHHUIANETOHATPHIA®

CN CN
HNO3/H,S0,
—_— NO,
DeHunauetToHUTPUN 2 mn CuHTe3 NnpoBoaAT
HNO; (d?° 1.42) 6 MmN B BbITAXXHOM WKady
H,S0, (d%° 1.84) 6 mMn

2

Peaktu Dmimana 5,5'-nutno6uc(2-HuTpoOeH30HHAsS KUCIOTa).
Bpewms peakmun 1.5 gaca.
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K 6 ma kxonm. H,SO, mpu oxnaxaeHWH NeAsSHOW BOJON NpHOABISIOT
6 min xoHu. HNO;. Ilpogomxas mepeMelmnBaHue W OXJaXJEHHE, C MOMO-
b0 MITNPHUIIA B T€YCHHE 5 MHH NPUKANBIBAIOT 2 MJ (DeHHJIALETOHUTPHIA,
noazxepxuBas Temnepatypy cmecu Hmwke 25 °C. [lo okoHYaHWM NpHUKaIbI-
BAaHUS OXJaXJEHUE yOUparoT M OCTaBISAIOT PEAKIHOHHYIO cMech Ha 1 gac
Mpu KOMHATHOW Temneparype. IloaydeHHbIH KenThIil pacTBOp BBUIMBAIOT NPH
NepeMenIMBaHiY Ha W3MEJbYEHHBIH Jied, MPH 3TOM BBINIAAaeT TBEPAbIH oca-
JIOK, KOTOpBI OT(QHIBTPOBHIBAIOT M MPOMBIBAIOT XOJOIHOW BOaoH. [IpomykT
HePEeKPUCTAUIN30BbIBAIOT U3 cMecu 10 Mi 3TaHOona M 4 M BOABI, 0CaJOK
OTGHUIBTPOBBIBAIOT, CYIIAT, OMPENEISAIOT T. IUL., NMPU HEOOXOJUMOCTH peru-
crpupytor criektp AMP H. Kaxkoii nuzomep o0pasyercsi B pe3ysibTaTe peakiun?
o-Hutpodenmnaneronntpun 1. mi. 82—85 °C, m-HUTpOEHWIAETOHUTPHI T.
wi. 63 °C, n-HuTpodeHmnaneToHuTpua T. mwi. 115-116 °C.
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B1.

NMPUNOXEHUA

XAPAKTEPUCTUYECKME YACTOTbI MOTNOLLEHNA

B UK-CNEKTPAX ANA PASNIUYHBIX CTPYKTYPHbIX JJIEMEHTOB
MOJIEKYN OPTAHWYECKUX COEQUHEHMIA '

Boanosoe uyuciao, | Huren- Tun xonedanmii, Coenunenus
emt CHBHOCTH | CTPYKTYPHBIH 3JIeMeHT
3700-3600 (y3kas) | 1. Bai., —OH (ueaccouump.) | cnupThl, GEHONBI, KHCIOTHI
3600-3200 (mmmp.) | c. Bast.,, —OH (accouuup.) THJIPOKCHKHCIIOTEI
3500-3350 cp. Bas.,, -NH (Heaccouuup.) | nepBHYHBIC H BTOPUYHBIC
3400-3100 cp. Bast., —-NH (accoumup.) aMHHBI, aMH]BI
3300-3250 c. Baix., =C-H AIKAHBI
3300-3150 (mmwmp.) | cp., c. Baist., —-NH;* COJIM aMUHOB
2700-2500 (ump.) | cp. Baist.,, —OH (accouuup.) KapOOHOBBIE KHCIIOTHI
3080-3000 CIL., Cp. Bain., =C-H QJIKEHBI, apeHBI
3100-2800 cp., C. Bai., —C—H pa3HBIX THUNOB | aJKaHbI, UKJIOATKAHBI
2960-2870 cp. Bai., —-CHj aJIKaHBI
2830-2815 cp. Bai., —O—CH, mpocTeie 3QupsI
2820-2730 cp. Bai., —-N-CH, N-MeTHIaMUHBI
-2720 cp. Bait., —C(0)-H AJbJETU B
2600-2550 CIL Bai., —S-H THOJIBI
2260-2210 . Bain., —C=N HUTPHUIIBI
2270-2000 BaJL., —Y=C=X M30I[MaHAaThl, KETCHBI, H30-
(Y=C, N; X=0, S), -N, THOLMAHATHI, a3Hbl
2280-2240 cp. Bai.,, -N=N* COJIM AMA30HUS
2260-2210 c. Bai., —C=N HUTPHITBI
2160-2100 CIL Bai., —C=C- aJIKUHEI
1900-1600 c. Bai., >C=0 KapOOHWJIbHBIC COCTHHEHUS
1860-1740 c. Baiy., >C=0 RCOHal
1840-1780 c. Bair., >C=0 AQHTUAPHUIBI KHUCIIOT
1780-1720 (2 momocsr)
1780-1750 c. Bai., >C=0 aprIKapOOHOBBIE KUCIOTHI,
1760-1700 BUHWJIOBBIE 3(QHPHI
1750-1730 c. Bair., >C=0 CJIOXKHBIE d(QUpPEI
1730-1710 Baix., >C=0 HaCBIIIEHHBIE aJIbJET U b
U KETOHBI
1715-1680 c. Bai., >C=0 HEHACBIIICHHBIE
U apOMAaTHYECKUC AllbICTHIbI

1

Coxkpamenus: ci. — cinadas, cp.
MEHHAs I10JI0Ca IOMIOIIEHHUS
KojebaHue.

— CpenHsis, C. — CHiIbHasl, OC. — OYeHb CHJIbHAL, . — Iepe-
Ball. — BaJIcHTHOE KoiebaHue, aed. — aedpopManuoHHOE
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Boanosoe uyuciao, | Huren- Tun xonedanmii, Coequnenus
emt CHBHOCTH | CTPYKTYPHBIi 3JIEMEHT

1690-1660 c. Bain., >C=0 HEHACBIICHHBIE
U apOMaTHYECKUE KETOHBI

1680-1630 c. Bai., >C=0 aMUIBI

1660-1600 cp. Bai., >C=C< aJIKCHBI, apCHBI

1650-1620 cp. ned., —-NH, MEPBUYHBIC AMUJIBI

1650-1580 c. ned., -N-H aMHHBI

1610-1590 cp. ces3u C—C B apeHax apeHsl

1570-1510 cp. ned., -N-H BTOPUYHBIC aMHIBI

1560 c. Bar., -NO, anugparnieckne
HHUTPOCOETHHEHHUS

1518 c. Bai., —NO, apoMaTH4eCcKue
HHUTPOCOCTHHCHUS

1500-1480 cp. cesizu C-C B apeHax apeHbl

1480-1430 cp., C. ned., -CH; u —CH,— YIJICBOAOPOIBI

1420-1340 CIL., Cp. ned., —-OH COHPTHI, QEHOJIBI,
KapOOHOBBIE KHCIOTHI

1390-1370 c. ned., -CHs YIJIEBOIOPOIBI

1360-1030 cp., ¢ Bai., —»C-N< aMUHBI, aMUJIBI

1350-1240 c. Bai., -NO, HUTPOCOCTUHEHHUS

1290-1050 cp., C Bai., C-0 CITUPTHI, TPOCTHIC IPHUPHI

1250-1200 c. Bar., C-O (eHonBI

1250-1180 c. Bair., C-O 2¢hupBl KAPOOHOBBIX KHCIOT

1200-1150 c. Bai., C-O TPETHYHBIE CIIUPTH

1150-1080 cp. Bair., C-O BTOPUYHBIE CIUPTHI

1050-1010 c. Bair., C-O NEePBUYHBIE CIHUPTEHI

970-960 c ned., =C-H 1,2-au3aMenieHHbIE
mMpanc-aaKeHbl

995-985 c. ned., =C-H TEPMHUHAJIbHBIC AJTKCHBI

915-905 c

860-800 c. ned., =C-H 1,4-nu3aMenieHHbIE
GEH30IIBI

810-750 cp. ned., =C-H 1,3-qu3aMeleHHbIE

710-690 c. OeH30IIBI

885-855 c. ned., =C-H 1,1-1u3aMeIeHHbIE aIKEHEI

780-500 cl., cp. pai., —C—Hal raJIOTCHIIPOU3BOHbBIC

780-720 cp. ne¢p., -C-H ankaHbl HaunHas ¢ Cy

770-735 c. ned., =C-H 1,2-au3aMeneHHbIe
GEH30IIBI

770-730 c. ned., =C-H MOHO3aMeIIeHHBIE OEH30IIbI

710-690

730-680 cp. ned., =C-H 1,2-mu3aMeleHHbIE
Yuc-aJIKeHBI

c. ned., =C-H 6eH301
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B2. XAPAKTEPHbIE BEJINMWNHBI XUMUYECKMX CABMIOB
MPOTOHOB PA3JINYHBIX IPYNN (B m.A.)

Tum mporona |11] 10 9 8 7 6 5 4 3 2 1 |0

\C CH
/ 3

\ _
—C—CH(5).
/ (2.,

\
C=CH—
/

O
=C-CH I

\
C_CH3
V4

C—OH deHonbl cnupTbI
| |

amun bl AMWUHbI
| |

—NH@)-
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B3.

AWANA30HbI XUMUYECKWX CABUIOB (B m.p.)
B CMEKTPAX AMP *C HEKOTOPbIX IPYNMUPOBOK

Ecnu 3amecTuTens He yKaszaH, HOAPa3yMEBAETCs alKWIbHAs Ipymna.

Tun atoma C

180

160

140 | 120 | 100

80 60

40

~CHs, ~CH,—, ~CH<

—CH= (anxeusr)

—CH= (apomaruka)

—CH=

=C-C (annuibHbIi)

=C-C (GeH3uIIbHBI)

=C=

B

Hal-C

>N-C (amuHbI)

—O-C (cruptsr)

—O-C (3¢upsi)

—S—C (tuoJbr)

-SO-C (okcubi)

-S0,-C (cynbhoHbI)

~C(=0)-C

—CHO (anbmerumsr)

>C=0 (keToHbI)

-COOH

—-COOR

~COONR,

—-C=N

Dypanbl

[Mupponst

Tuodensr

[upuannsl
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B4. OOPMbl BEAEHNA NNABOPATOPHOIO MYPHAJIA

HasBanue npoaykra:

Bpyrto-hopmyna:
M =

CBoiicTBa: T. IUI. °C | Teoperudeckuii BHIXO " r

T. KHII. °C/ MM PT. C€T. | JOCTUTHYTHIN T, %
OT TEOPETUUECKOTO

[pyrue cBoiicTBa JlocTurHyTslii oT L, %
METOANKH

CBoiicTBa COEJMHEHUS COIVIACHO JAHHbBIM, IPUBECHHBIM B JINTEPAType:

Cxema cuHTE3a U YPaBHCHHUC pCAKIMHU:

Pearent Bpyrro-thopm. M d Vi m(V) n

Hcnionb3yemble pacTBOpUTENN

HazBanue Kon-so CBoliCcTBa ¥ METOJ OYHCTKH
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Bo3moxHEBIE T000YHBIE peakuuu:

Onucanne TIPOBEICHUS CUHTE3a

Z[OHyH.ICH K BBIIIOJIHCHHUIO 3aJa4H: 3ayTeHo:
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6.

Pabora Ne

Cunre3 (naszeanue cunmesupyemo2o eeujecmsa)
JIuTeparypHBIN HCTOUHHK (pamunus asmopa u nazeanue
PYKOBOOCMEQ)

PaGora Hauara (0ama)

OCHOBHas peaKius (peaxyuonnas cxema)

[ToGouHBIE peakiuu (peaxyuonnvie cxemoi)

Pacuer cuntesa (Huowce npusedena mabnuya)

Mcxoanble Bemecrsa Tpebyemble KoIMYeCTBA H30BITOK,
MOJIb
Hassarue| Mon. | Koncranre| KOHUeHTpauws (%) 0 TEOPUHU 10 METOJIKE
" wacca | (1o mrep, | ¥ TWIOTHOCTS PacTBopa
dopmyna JIaHHBIM) B MOJIb | BT M MJI | B MOJIb | BT ¥ MJI
[Inan paboTk: (HE ABJIAETCA KOIMMEH METOQUKH! B naane

NOOPOOHO 3aNUCHIBAIOMCSL BCE NOCLE008AMENbHbIE ONEPAYUL NPU BLINOTHEHUU CUHME3d,
odaromes HeoOX00UMble NOSCHEHUsL.)

CTyaeHT 1oOMycKaeTcsl K BBIMOJHEHHIO PadOThI TOJIBKO MOCJe YTBeP:KAeHHs Tpe-
nojaBarejieM pacueTa CMHTe3a M IUIaHAa padoThI!

OTueT O BBIOJHEHUU CUHTE3a! (cocmaensiem cmyoenm 60 épems nposedenust
cuumesa. IIpedcmasnsem coboti noOpobHoe onucanue npogederUs CURMe3d U Ompadxcaem
HabOeHUst IKCNePUMEHMAMOPA'. 6UO PEAKYUOHHOU CMeCU, USMEHeHUs npu 000a81eHuu
peazenmog (mennoguie s¢hpexmol, usmenenue ysema u m.n.). B omueme ommeuaemcs
NPOOOAAHCUMENLHOCHIL OMOENbHBIX cmaoduil cunmesa. Eciu ovinu oonywensr omcmynie-
HUSL OM MEMOoOUKU, Credyem YKa3amb Ux NPUYUHY U npoaHAIUUpO6ams nocie0Cmeus,
K Komopuvim oHu npugenu. Ocoboe sHumanue credyem yoeiums Memooy 6bloenieHus u
OUUCKU YeNe8020 NPOOYKMA; 0053ameibHO HA00 YKA3amb GblX00 HeOUUUEHHO20 npe-
napama, 4moodvl MOJCHO ObIIO OYeHums nomepu 8 npoyecce ouucmru. Ipu evioenenuu
NpOOYKmMa nepezoHKol NOOPOOHO ONUCAMb X00 NEPE2OHKU, YKA3bIBASI USMEHEHUe meMne-
Pamypul, HUCIO NOLYUEHHbIX PPAKYUL C UHIMEPEALAMU MEMREePAmyp UX KUNEHUs, MACCY
Kaxcoou ppakyuu, ee nokasamensb nperomienus. Ilpu noayyenuy Kpucmaiiuieckoeo ee-
wecmea onucmb CROCO6 KpUCMALIUZAYUU C YKA3AHUEM KOIUYECMEd UCTIONb308AHHO20
pacmeopumeinsi u NOmepb Npu KPUCMALIUZAYUL.)

KoncTaHTbl U BBIXOA IPOnyKTa (6 6ude mabnuywl)

Mpoaykr KoncranTbl Bbixoa BemecTBa
H3MepeHHbIe 110 JTUTEePATYPHbIM r %
JAaHHBIM OT Teopuun OT METOAUKH

Pabora 3akoH4eHa

3arpayeHo _____ pabouux aHEH
IIpenapar cnan

ITonnuce npenonasareis
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B5.  CNEKTPbl AMP HEKOTOPbIX COEAMHEHUN

MeTOmUKK CHHTE3a 3TUX COEAMHEHHI MPUBEICHBI B MpenaparuBHoi yact (4. B).
Homepa pHCyHKOB HOBTOPSIOT HOMEpPAa COOTBETCTBYIOLIMX pa3lesioB 4acTH b,
IJe NMpUBEACHa METOIUKA.
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B6 PEKOMEHAYEMAA NONOMHUTENIbHAAL NIUTEPATYPA

B6.1.  JlabopamopHoe o6opydoeaHue. OcHoeHble npasuna, npuemol
u memodsl pabomel 8 nabopamopuu op2aHu4ecKko20 cuHmesa

1. A.E. Aeponomos, FO.C. llabapos. JlabopaTtopHbie pabOTHl B OPraHUYECKOM
npaktukyme. — M.. Xumus, 1974,

2. C.C. I'umuc, A.HU. a3, A.B. Heanos. IIpakTUKyM 10 OPraHUYECKOW XHMUH.
Oprannyeckmii cuuTe3. — M.: Boicmas mkona, 1991.

3. Opranukym™m. B 2 1. — M.: Mup, bunom, 2008.

4.J1. Tumye, T. Aiixep. llpenapatuBHas opraHuyeckas xumus. — M.. Mup,
1999.

B6.2.  (nexkmpockonus opzaHuyecKux coeduHeHuli

1. P. Cunvsepcmeiin, I. Baccrnep, T. Moppun. CnekrpoMeTpudecKas HACHTH-
(dukamys OpraHMdYecKux coemuHennid. — M.: Mup, 1977 (B usn-Be «BuHOM»
B 2010 r. BBIET HOBOE M3IAHME 3TOM KHWIH).

2. /1. Bpayn, @. ®@noiio, M. Cetinzb6epu. CUEeKTPOCKONUS OPTraHUICCKHX Be-
mectB.— M.: Mup, 1992.

3. X. Ioumep. Beenenune B kypc cnekrpockonuu SIMP. — M.: Mup, 1984.

4. 3. Jlepoym. CoBpemeHHble MeToAbl SAIMP nns XUMHYECKHX HCCIeA0Ba-
Hui. — M.. Mup, 1992,



NPEAMETHbIN YKA3ATE/b

CaeTibIM HIpU(TOM yKa3aHbI CTPAaHHIBI, HA KOTOPBIX YIIOMUHAETCSl COCUHEHHE, Tep-
MUH U [JIp.; TOIYKUPHBIM HIPUPTOM 0003HAUYEHBI CTPAHHMIIBI, TJIe PUBEJCHA METOIUKA
CHHTE3a COOTBETCTBYIOILETO COCIMHEHMS, a MONYKUPHBIM C IIOAYEPKUBAHUEM — IJIE

NIPUBEJIEHBl OpUTrMHalbHbIe cleKTpbl SIMP coenuHeHus.

AmunuHoBast kuciaora 220, 226, 446
A300eH3011 (pazzaeseHue cMecu a300eH3071a

U o-HUTpOaHwInHa) 153
Azokcubenszon 297

Anomx 19
AMHUJI HATPHSA, MEPBI TIPEIOCTOPOXKHOCTH TIPH
pabore 10

mpem-Amunbenson 291
n-AMuHoOeH3aibaeruy 345
4-AmunoOeH30iHas kuciaora 299, 521
Mm-AMmuHOOEH30MHas Kuciora 299, 522
n-AmunoOeH30Has kuciaora 299, 521
2-Amunomerwidypan 301, 524
2-AMuUHO-5-HUTpOOEH30lHAas kucnora 259, 480
o-Amunotdenon 313,314
n-Amunotdenon 150
AHanu3 cMecH AMHUTPOGEHUITUAPA30HOB
Ha ractuske «Silufol» 152
Anrunpuz GochopHsiii, ocymmTens 31
Anrunpon 328,329
o-Aum3uauH - 149
n-Anmuaua - 149, 255
n-AunsmaeHaneropeson 209
Anmson 172,267,282, 390
Anmwmana 149, 182, 199, 303, 310
AmnncoBas kuciora 215, 345
9-Antpansaerun 289, 512
AwntpanmioBas kuciora 259, 304
AntpaxuHon 192,414
Amntpanen 192,260, 273, 274, 285, 289, 293
9-Antpanenkapbanpaerny 288, 512
1-(9-AnTpun)sranon 285, 508
Acnupun 143, 364
Aykcoxpom 72
Aneranwmun 149, 257, 268, 269, 372
MEPEKPUCTAILTH3ALIS [TOTYMHKPOKOINYECCTB
U3 BOJIbI C IPUMEHEHUEM amityabl 151
ArneranTpaHuioBas kuciaora 259
n-Anermnanuzon 282, 505
9-Auerunanrpanes 285, 508
2-(Auerunokcn)oen3oiinas kucinora 143, 364
4-(Auerunoken)pennn anerar 145, 366
AnetuiicanuuuioBas kuciaora 143, 364
6-Auerunrerpanud 283
2-Auernntuoden 329, 545
Auermideppouen 284, 507
paszeneHue cMecu depporeHa
u auermwideppouena 152
2-Auerundypan 330, 336, 546

Anerwixnopun 140, 209, 225

2-Aunerumukinonenradnon 209, 437

Aueron 208, 342, 347

Auneronutpun 286

AueroykeycHsiii obup 228, 236, 344, 457

Auerodpenon 184,204,208, 211, 215,233,234,
245,246,312, 339

Aumndypansr 329

Bbemzanmpanmwmua - 199, 425
Benzanpnernn 195, 196, 199, 206, 208, 210, 216,
222,228,230, 238, 240, 241, 264, 272
anmu-benzanpnokenm 196, 420
cun-benzanpaokcum 197, 421
(E)-benzanpnoxkcum 196
benzampmernnamun 198, 424
berzamun 147, 347, 369
Bensruppunamun 302, 525
Bewsrunpunbenzon 292,516
Bensrunpon 205, 240, 292, 464
Benzun 189,213,316, 411
bensunaneroykcycusiii apup 194, 235, 462
Bensunbenson 291, 515
1-bensun-3,4-guruaponuppoio [1,2-a]-
nupasuH 336
bemswmunenaneron 208, 433
Bewsmwmmnenaneropenon 159, 208, 436
benswmnenanerodenona quopomun 159, 382
Benzwunosslii cimpt 221, 448
1-bensunmuppono[1,2-aJnupasun 336
bensmwidenmnkapounon 241, 465
bewsmnpenmnkeron 213
bensun-2-gypunkeron 333, 336
Bewswixiopun 176,181, 183,227, 235,241, 291,
333
Benswmmanuy 226
Benswtuinossiii a¢pup 176, 395
N-bensun-N-atmmdranamun 183, 404
1,2-benzonmuamun 300, 523
benzonmnokcan 178, 398
(benzonnamuno)ykcycHast kuciora 148, 371
benzownanieron 233, 460
N-benzownmmmunua 148, 371
benzomnykcychas kucinora 341
2-bemzomndypan 330, 331, 547
Bensownxnopun 142, 147, 148
berzoun 189, 190
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Bensoiinas kucinora 151, 220, 221, 224, 250,

255,275,313, 447
Bbensokcazon 313, 5332
Bensonutpun 346
Benzorpuazon 315, 534
Benzodenon 205, 248
1,4-benzoxunon 188
n-benzoxuHon 188
Buc(aumerunamuno)meran 201
Buc(auytrnamuHo)veran 201
Bucpenon A 205, 432
budenmn 277, 278

Bpom, Mepbl IPeI0CTOPOKHOCTH TpH pabote 8§

o-bpomanmson 307

n-Bpomanmszon 267, 489
4-bpomanunue 269, 491
o-bpomanmnua 184

n-Bpomanmnua 269, 491
9-bpomantpanen 273, 496
4-Bpomarnieranmnny 258
n-Bpomanerannun 258, 268, 490
Bpomanerodenon 215,317, 441
m-bpombenzanbnernn 272, 495
3-Bpombensanpaerun 272, 495
Bpombenson 241,247, 249, 250, 252, 264, 487
2-BpomOytan 167
4-bpom-mpem-0ytundenzon 266, 488
(1-BpomBuHmI)OeH301 158, 159, 381
2-bpomrekcan 167
2-Bpom-N,N-mumernnanmnne - 183, 405

3-bpom-N,N-mumermnanuaus - 184, 406
o0-bpom-N,N-mumernnanmnna - 183, 405
n-bpom-N,N-mumernnanunme - 269, 492

4-Bpom-N,N-umeTninanunne - 269, 492
1-bpom-2,2-qumernnnponan 168
4-Bpom-2-aurpoaneranunny 258, 479
1-bpoM-2-HuTpOOEH30T 252
1-bpom-4-HuTpobeH3on 253, 476
m-BpomunTpoGenson 271, 494
o-bpomuuTpobeH301 252
n-bpomuutpobenson 252,476
N-(4-bpom-2-autpoderHnn)aneramuy 258, 479
5-bpomHonan 168

1-bpomnienran 167

2-bpommupuaus - 326

a-Bpomerupon 158, 159, 381
o-bpomctupon 157
N-Bpomcykuuaumug 161,273
2-Bpomtnoden 319, 539
4-bpomromnyon 305, 528
n-Bpomromyon 305, 528
N-(4-bpomdennn)aneramun 268, 490
2-bpom-1-ermmranon 215, 441
5-Bpomdypan-2-kapoanbaerun 320
5-Bpomdypdypon 320, 321
4-bpomxankoH 209
o-bpomxiopoenszon 306, 529
Bpomnuknorekcan 168

[

Bpomaran 166, 387
[(E)-2-Bpomatenmin]6enson 157, 379
[(Z)-2-bpomatenun]oenzon 157
byzepa—Jlambepma—bepa 3akon 70
bynsena xonba 14

Byrannmumon-1,4 170

H-Bytunamun 210

Bytmwnanerar 139, 141, 360
emop-bytunanerar 141
mpem-bytunanerar 225, 452
4-n-Bytunaneropenon 283
mpem-bytunbenzon 266, 290, 514
n-Byrunopomun 174,245,251
H-Bytunossrii ciupr 139, 175, 180
mpem-bytunosslii ciupt 164, 225, 290, 346
mpem-bytunxnopun 164,293
H-ByTmiatiiosnid a¢up 174, 393
2-Byrupundyparn 330, 336
bytupodenon 283

bioxnepa Boponka 18

n-Banepuanosas xucnora 251, 475
BenuunHa ynensHOro ONTHYIECKOTO BpaIlieHHs
Bosronka npu arMochepHOM TaBIeHAH
U B Bakyyme 44
Bopounka broxuepa 18
— genuTensHas 18
— st pmisTpoBaHus 18
—KanenpHast 18
— KanenbHas ¢ obBogoM 18
—lomma 18

I'ekcanmmoBas kucinora 220, 446
T'emmantun 308

Tmppasunruapar 294, 323, 326, 344
I'nppasun ceprokucneit 317
T'mppokopuunas kucnora 222, 449
n-I'mnpoxcnaneranmwmuy 150, 373
T'mppokcunamue runpoxsopun 196, 332
2-T'uppokcu-5-mMetunaneropeHon 283, 506

54

1-(2-I'mppoxcu-5-merungenmn)stanon 283, 506

2-T'uppokcu-1-Hadranpaernn 288, 511
2-T'uppokcuHadroiinblii anpaernn 288, 511
N-(4-T'mnpokcucenmn)aneramuy 150, 373
2-T'mnpoxcu-3-denunnponanosas kuciora 341
3-T'mapoxkcu-3-hennnmnponanopas kucinora 341
T'mppoxunon 145

T'mppoxunonauanerar 145, 366

I'mnmyposast kucnora 148, 371

Imunepun 310

T 146, 148

o-D-TI'imokoza 144

I'punbsipa peakTussl, oayuenue 239

Jle3sxpanupoBanue B criekrpockoruu SIMP - 87
Juacrepeoronus B cnekrpockonuu IMP 105
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Jubensanparieron 207, 435
Jubensunmunenaneron 207, 435
Jubensmikeron 191,213,413
Hubenzomn 189, 213, 316, 411
Hubenzomnmeran 193,234, 416
9,10-Tubpomanrpauen 274,497
1,4-Jlubpombenson 265
n-Jlubpomberszon 265
2,3-Tubpom-1,3-mudenmn-1-nponanon 159, 382
(1,2-Anbpom-2-dpermwmTin)oenson 160
Jubpomuy Gensanbaneropenona 193
Jubpomun OensunmaeHaneropeHona 159, 382
JubpomkopuyHas kuciora 156, 157, 377
meso-JIubpomctunbben 160
Jubpomctupon 158, 159, 380
2,3-JTubpom-3-(ermmpornanosas kuciora 156, 377
1,2-Tubpom-1-penumsran 158, 159, 380
Jubpom-n-xnopkopuuHas kucinora 157, 378
2,3-In6poM-3-(4-x10pheHII)IPOTIaHOBAsT
kucinora 157, 378
mpanc-1,2-JlTubpomumkiorekcad 155, 376
1,2-lu6pomatan 179
2,6-An-mpem-0ytunanrpanen 293
Ju-n-6ytunossiid opup 174, 394
Jurunpar tpueHmIKapOITOKCHMETHI(POCHOHNMIA-
xyopuga 236
2,3-Turuapo-1,4-6en3omuokcun 178, 398
1,3-Turunpo-2H-unnon-2-ou 327
(R,S)- 2,2"-Nurunpoxcu-1,1'-6unadrun
(BINOL) 337, 550
1-(2,4-qurnnpoxcudenmn)sranon 286, 509
Jumzoammtosstii opup 177, 397
Jnmsonentuwnossiid apup 177, 397
4,4"-Tunonbudennn 278
4,4'"-Nuuon-1,1"-6udpennn 278
1,4-Tunondyran 170, 388
1,4-Tunon-2,5-mumerunoenson 275, 499
2,5-Aumon-n-xeunon 275,499
Junonmesutunen 276, 300
2,4-JTunon-1,3,5-rpumernnodenson 276, 500
2,7-Annon-9H-dmyopenon-9 278
2,7-Nunondmyopenon 278
B-/lnMeTHnIaMUHONIPOHO(EHOH
corstHOKMCHbIi 211, 439
4-(4-InmetrnaMuHO(EHMIT)-a300eH30CyIb(hOHAT
Harpus 308
3-JlnmeTiiaMuHO- | -peHumponaHoH- 1 -
rugpoxiopun 211, 439
N,N-Jumernnanunun 225,270, 279
2,5-JInMeTHIOCH30ICYIb(OKHUCIIOTA,
nuruapar - 281, 504
3,3-IumernnOyranon-2 190, 412
1,6-Anmermin-3,4-nuruaponuppono| 1,2-al-
nupasud 335, 336
2,3-umernmuamon 311, 331
N,N-JIumerun-4-HuTpo3oaHuwand 279
N,N-/IuMeTnn-4-HUTpo30aHIINHA
rugpoxiopun 279

3,5-Anmermmupazon 316
1,6-Mumerrmuppono[ 1,2-aJmmpasur - 335, 336
Humermncynbdar 168, 172,177, 184
MEpbI IPEJOCTOPOKHOCTU
npu pabote 7
Jumerundenmnkapounon 245, 470
Jumernndopmamuy 322
JumernmaTuikapounon 243, 467
Jlumpoma XonoguinbHUK 16
1,3-Iunurpobenzon 263, 485
m-JInantpodenszon 263, 485
4,4'- TuantponudeHwosslii opup 294
2,4-luaurpopenmnruapasud 198, 294, 518
1-(2,4-TuauTpodenmm)ruapasun 198, 294, 518
2,4-TMHATPOGEHMITUIPA30H [IUKIIOTeKCAaHOHA
198, 423
N-2,4-Junaurpodenmmmumnepunua 297, 520
1-(2,4-Juantpodenmn)mumepunua 297, 520
2,4-Tuaurpodpenon 296, 519
2,4-Tuaurpoxnopbenzon 294
1,4-lnokcan 178, 215, 267, 270
Juokcanaubpomun 267
1,3-Iuokcacnupo[4,5]nexan 195, 419
2,4-Tuokcuauerodperon 286, 509
1,3-Tudenunaneron 191,213,413
(2)-1,2-Tudpennnmuazen-1-oxeuy 297
4,5-Tudpenmmmunazon 316
Hupenunkapounon 205, 240, 292, 464
Hupennnmeran 291, 515
Jupenunmeranon 205, 240, 292, 464
(1EAE)-1,5-Mudennn-14-nenrammen-3-o0 207, 435
1,3-Audenun-1,3-nponanaunon 193, 234,416
(2E)-1,3-Audenmn-2-nponen-1-on 208, 436
1,2-Tudenunmsranon 155, 241, 465
(E)-1,2-Mudpenmwmrien 155, 375
o-Juxnopbenzon 289
1,1-Tuxnop-2-penmmminonponad 160, 383
1-(3,4-Juxnoppenmn)sranon 340
2,2-Tuxnop-1-penmmranon 340
1-(2,4-Juxnoppenmn)sranon 340
Jwytunamunar 229
Jwytunamua 183, 201, 202
JIMSTHIIaMIHOMETWISTIVIOBEIH 3¢up 202, 429
N,N-Amtunanwmus - 182, 403
Justunoensunamun 183, 404
Justun-2-0ens3unuaeHManonar 228, 456
Justnn-2-0enzunmanonar 227, 455
Juotunrekcanauoar 225, 229, 453
Juytunmanonar 227, 228, 341
JIMITHIIOBEIN 2(pUp aTUIHHOBON KUCIOTHL 225,
229, 453
JIu3THIIOBBINA 3pUp OCH3MINICHMAIOHOBOH
Kkucinotel 228, 456
JluaTHIOBBIHA 2¢Up OCH3MIMAIOHOBON
kuciotsl 227, 455
JlusTunoBblii a¢up sHTapHOU KucnoTel 142, 363
Jwotunokcanar 231
Jwotuncykiunar 142, 362
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Juotnn-2-dpenmnmanonar 231
Juotundocpur 181, 401, 402

L STy L7

Justundocdonar 181, 401, 402

Hzarun 326
Wzatun-3-runpazon 327, 543
Wzoamunanerar 141
W3zoamundpomun 167
W3zoamunosslii ciupr 146, 177
H30amMuIIoBbIi 3P CaTUIHIOBOM
KHUCIoTh, 146, 367
W3o6ytunopomun 167
W3o0ytrmmonuy 170
W300yTmnosslii cmpt 186
2-N3o0ytupuindypan 330
M3omacnsnerit anpaerun 186, 409
M3onnkornHOBas kucinora 324

1-(M3onentmnoken)-3-metiwnoyran 177, 397

W3zonponenmnoenzon 246,471
W3zonpormnbenzon 290, 513

1-M3onponuin-3,4-guruaponuppono[ 1,2-al-

nupasuH - 336
W3zonponumnoselit ciupt 162
Mzonpormxiopuy 162, 385
Wnapon 322

1H-Nunon-2,3-mvoH, 3-runpason 326, 543

Wnponunon-2 327
1H-Nunon-3-kapbansaerun 322, 541
2-Nonbesoitnas kuciora 304,527
3-Nonbensoiinas kuciora 274, 498
o-Nonbensoiinas kuciora 304,527
m-Nonbensoitnas kucinora 274, 498
Wonbenzon 303,526
4-Uon-1,1"-6upenun 277, 501
4-Uonbudennn 277, 501
1-Uonbyran 170

2-Uonbyran 170

2-Wonrekcan 170

Honmesutmiien 276

Honmeran 168, 240, 246
Honodopm 214

1-Uonnenran 170

3-Nomnenran 170
2-Uon-1,3,5-tpumerunbenson 276
Monykcycnas kucnora 171, 389
5-Nondypan-2-kapoanbaerun 321
5-Uondypdypon 321

Kammu enxoe, ocymmrens 31

Kammit yrnexucnsiii, ocymmurens 31
Kamus runpokenn, ocymmrens 31
— kapOoHar, ocymmrens 31
Kansuws xnopun, ocynmrens 31
Kanpodenon 283

2-KapO3TOKCHUIIMKIIONIEHTaHOH 229, 458

Kapnnyca—Konpos xpusast 102

KBanToBO€ 4nciio MaruutTHoe 75
——cnuHoBoe 75

Kiaccudukanys ciuHOBBIX cucteM 102
Kitactep MonekynspHblIi,

B Macc-CreKTpoMerpun 61
Knaysuyca—Knanetipona ypasHenue 38
Knaiizena xonba 15
—Hacagka 19
Konba Byuzena 14
—Bropya 15
— Knatisena 15
— KOHM4YecKkas 14
— KpyIIoJoHHas 14
—mMepHast 20
— @asopckozo 15
— Opnenmetiepa 14
Konebanust MoneKy: BalleHTHbIE 66
—— neopMaiioHHBIE 66
KoHcTaHTa CIIMH-CITHHOBOTO B3aHMOJICHCTBIS

B criekTpockoruu SIMP 97
— 9KpaHUpOBaHUs B criekrpockoruu SIMP 84
Kopuynas kucnora 156, 216, 223, 340, 443
—— BOCCTaHOBJIeHHE 223
Kpacurens napakpacuelit = 309
n-Kpezon 177
n-Kpesona metwnossrii apup 176, 396
Kpucramumsamus 33
n-Kenwnon 275, 282
n-Kcunoncymsdokucnora, quruapar 281, 504

JlaGopaTopHbli xKypHa, BeneHue 355, 357

JIubuxa XONOQWIbHUK 16

JIntuitanmroMuHUATUAPHL, MEPBI ITPELOCTOPOIKHOCTH
npu padore 10

Marnuii cepHOKUCIBIN, ocymuTens 31

Marnus cynbgar, ocymurens 31

MaionoBas kuciiora 218

MaionoBslif a¢up 227, 228

Manomertp, paBiuIa 6e30macHOCTH IpH padote 43

—pryTHBIH 21

Macc-cniekrpomerpus 56

Mesurunen 277

Mertmwiamun 199

Mertui- 2-amuHO-4,5,6,7-TeTparuapo-1-
Oenzornoden-3-kapookcunar 318, 337

2-Metun-5-anerundypar 327, 330, 336

4-Metunauerodperon 283

2-Merunbensumugazon 315, 535

Merunbenzoar 253

2-(4-Metunbenzoun)oensoiinas kucinora 287, 510

2-Merunbensokcazon 314, 333

4-Metunbensoncynbdokuciora, ruapar 281, 503

2-MetunOyranon-2 243, 467

3-MetunOytuicamumnar 146, 367

3-Metwunrekcanon-3 244, 468
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4-[1-Mertwun-1-(4-ruppoxcudennn)ati|oerson 205, 432
1-Merun-3,4-nuruapormppono| 1,2-a]mmpazun 335, 336

Mertwm3zonukoruHar 324, 325
Metwmonun 168, 240, 246, 248
Mertun-4-merundennnosrii apup 176, 396
1-Merun-4-metokcubenszon 176, 396
Mertun-3-auTpobensoar 254
Mertunosslit opankeBblit 308
4-Merunmmupuaus - 324
1-Metunnuppono[1,2-a]nupasun 335, 336
2-Merunmnponanans 186, 409
2-Metun-5-npormonundypan 330, 336
o-Metunctupon 246, 471
Metundenmikapounon 204, 240, 431
Mertundenmwrosstii spup 172, 390
Mertun-f-penmmrnkeron 194, 417
2-Merundypan 323, 542
Merunuuanoanerar 318
1-Merwmmknorekcen-1 248, 473
MetumTunOytrnkapounon 245
6-Metui-1-311n-3,4-aurugpornupponol( 1,2-al-
nupasud - 336
6-Merun-1-stunnupponol 1,2-ajmupasun - 336
MetumTunnponmikapounon 244, 468
Metumundenmikapobuson 245, 469
1-(5-Metun-2-¢ypun)sranon 327
Merto[ 3IEKTPOHHOIO Yaapa B Macc-
CIEKTPOMETpUU 58
Mertozb! aHanM3a (HU3UKO-XUMHUYECKHE 55
Mertoasl MOHHM3ALMU B MACC-CIIEKTPOMETPUH 58
—MALDI 60
n-MerokcuaHwiiH 345
n-Metokcuaneroperon 215, 282, 505
n-Mertokcubensanperuy 218, 345
n-Metokcubensamun 345
4-MetokcuOeH3mIOBBI ciupt 345
4-Metokcuben3oiinas kucinora 215, 345, 442
n-Metokcuben3oiinas kucinora 215, 345, 442
n-MeTokcnOeH30HUTpHIT 345
1-Meroxcu-4-6pombenson 267, 489
n-MeTtokcukopuyHas kucinora 218
4-MetokcH-2-HUTpoaHWINH 255, 478
4-Metokcu-2-HUTpoaLneTaHmmy 256
(2E)-3-(4-MetokcueHm)-2-IporeHoBast
kucnora 218
1-(4-Metokcudenmrn)sranon 282, 505
4-Metokcuxankon 209
Memanka MaruutHas 21
— MexaHudeckas 21
MuxpoBomnHoBas akruBanust (MW) 295, 326
Mopdoma 200
1-Mopdomuuonuknorekcen-1 200, 426
1-Mopdomuuonuknonenten-1 - 200, 209
MybTUIIIETHOCTb CUTHAJIOB B CIIEKTPOCKOIIMU
SMP 94
MypasbuHas kuciiora 141, 184,313

Hacanxa Bropya 19

—luna—Cmapka 19

— Knaiizena 19

Harp exnkwuii, ocymmurens 31

Harpwii, MepbI IPEI0CTOPOKHOCTH TIpH paboTe
— CepPHOKHCIIBIN, ocymmTens 31

Harpus runpokena, ocymmurens 31

— cynbar, ocymmrens 31

Hadron-2 309, 337, 338

B-Hadpron 288,303

Heonentunbpomuyn 168

Heonentunosslit ciupt 168

Hukenb Penes 222,300

Hunrunpun 348

o-Hutpoanmmua 300

n-Hutpoanwmuu 149, 308, 309
5-HutpoanTpanuinosas kuciora 259, 480
9-Hutpoantpauen 260, 481
o-Hurpoaneranwmn 257
n-Hutpoaneranmwmya 256
S-Hutpoauerantpanuiosas kuciora 259
3-Hutpobenzanpuerun 264, 486
3-Hutpoben3oiinas kuciora 253,299, 477
m-Hurpobensoiinas kucnora 253,299, 477
n-HutpoOen3oiinas kuciora 299
Hurpobenzon 262,263, 271,298,310, 484
n-Hurpobensonazonadron-2 309
3-Hurpobpombenzon 271, 494
n-Hurpozogumermnanmwie 279
n-Hutpozodpenon 280, 502
4-Hurpozogpenon 280, 502
1-Hurposzo-4-xnopbenzon 298
n-Hurpononbenzon 295, 308
4-Hutpouonbenzon 308
[(1E)-2-Hurpo-1-nponenmn]6enzon 210, :
N-(2-Hurpodenun)aneramun 257
N-(4-Hurpodpenmn)aneramun 256
2-Hurpo-1-dermwmponen 210, 438
2-Hurpodenon 261, 482

4-Hutpodenon 261, 483

n-Hutpodenon 262,295
5-Hutpodypan-2-kapbansaeruy 318, 538
S-Hurpodypdypon 318, 538
S-Hurpodypdyponguanerar 319
n-Hurpoxiopbenzon 296

Hurposran 210

Homorpamma naBnenne—remmneparypa 39

—
|m
%

Osepxayszepa 3pdexr 115
7-Okcabuimkio[4.1.0lrentan 161, 384
(E)-Oxcum Gensanpaeruna 196,419
(Z2)-Oxcum GOenzanpaeruna 197, 421
Oxcum Oenzopenona 302

OxcuM 4-MeToKcuOeH3ambIernaa 345
Oxcum pypdypona 301, 332, 548

OxcuM nukiorekcaHona 197, 422
Oxcungon 327
2-Okco-3-(peHmponaHoBas Kucinora 341
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Oxrmnanerar 141

Ocymmrenn 31

Opxuzest 146

Oruer o pabote, cocraBnenue 135

Mamnanuesas yepup 335

IMapadopm 202,211

Iapaneramon 150, 373

Iackana TpeyronsHuk 97

1,2,3,4,6-ITenta-O-auetnn-o-D-riirokonupaHosa
144, 365

ITenraanerwi-a-D-timoko3a 144, 365

IlenranoBas kucnora 251, 475

IlepBast moMoLIb IPY HECYACTHBIX citydasx 11

Ieperpynnuposka @Ppuca 283

ITunaxommua 190, 412

IIunakona rexcarugpar 191

IMunepumuua 218, 228

ITunerka 20

Iupuaun 218

ITupokarexun 179

TIupocnuseas kuciora 219, 224, 330, 445

IMuppomno[1,2-a]mupasunsr 334

Tlomudocdoprast kucnora 312, 343

Tonspumerpus 54

IMocyna nmaGoparopuast 13

—MepHast 21

— ¢apdoposast 20

Ioram, ocymmrens 31

TIpubop ist mpoBeNCHHS BO3TOHKU 45

———neperonku 41

— —— IIEPETOHKU B Bakyyme 43

— —— IIEPETOHKU C BOASHBIM napom 47, 48

— — — peakIuy B HHEpTHOI atMocdepe 27

———cuHre3a 22,26

—— ¢unsTpoBanus 36

IIpuemnuk 14

IIponanans 185, 408

Ipormmunbpomuyn 244

1-IIpomwt-3,4-murunpormppono| 1,2-ammpasus 336

2,2-ITpormmnen6uc(4-pennn-1-om) 205, 432

n-IIponmnosslit ciupr 186

1-IIpormmmuppornol[ 1,2-a]mupasun 336

Tpormmxnopun 290

2-IIpormonundypan 330, 336

IIponnonosslii ansuernn 185, 408

Ipomnodenon 283

PactBoputenu B criekrpockonuu IMP 122

— JUI DKCTpakuu 29

— JIETKOBOCIUIAMEHSIOINECS, [TPaBUJIa TEXHUKU
Ge3omacHoctd 9

Peakums Mannuxa 211,439

— Vnomana 294

Pezopuun 286

Pexruduxanust 40

Penakcauus cnvH-pelerounas 78
— cnuH-crimHOBasg 80
PTyTB, MEpBI IPEOCTOPOKHOCTU IIpH padoTe &

CanmupioBast kuciiora 143, 146
CamuuioBelii anpaeruy 341

CnBur 6aToxpoMHBIH 72

— FMICOXPOMHBINA 72

CumbBan 323, 328, 330, 5342

Coxcnema kcTpakrop 32

Cnexrp UK 67

— MOHOpE30HaHca B criektpockormu SIMP 3C - 114
-Yo 71

Cnexrpomerp AMP ummynscubii 81

— — C HenpepbIBHOM pasBepTkoi 80
Cnexrpockomnust nHppakpacHas (UK) 66
— B YO u BuauMoii odnactu 68

— JJIeKTpoHHass 68

—SMP 75
——H 84
—=BC 112

— — IPUTOTOBNICHHE oOpasma 129
CHuH-CIIMHOBOE B3aNMOJeiicTBIE
B criekTpockornuu SIMP 93
Craxkat 1abopatopHeni 14
CTeKI10, MephI IPeJOCTOPOKHOCTH IIpH padore 11
mpanc-Crunpben 155, 160, 375
Crupon 158, 161
Cynbgannnosas kucinora 270, 308

Tapenka treopernueckas 40

Temneparypa kunenus 39

—mIaBieHust 53

Tepmomerp 20

Terparunpodpypan 171
N,N,N,N-Terpamernnmerananamus 201
TerpaeHUILMKIONCHTaAUCHOH 212
1,2,4,5-Terpadenmmnenrananon-1,5 213, 440
N,N,N,N-Terpasrunmerananamun 201, 428
2-Tuenunansaerun 322
1-(2-Tuenmn)nuppono[ 1,2-a]jmupasun 336
2-Tuenun-2-gpypunkeron 331
1-(2-Tuennn)stanon 329, 545

Tuoden 320, 322,329, 332
2-Tuodenkapbanpaeruy 322
n-Tonmunauerar 284

o-Tonynaun 149

n-Tomynmuua 149, 306
2-(n-Tomymm)oen3oitnas kucnora 287, 510
Tomyon 220, 287

n-Tomyoncynsgoxucinora 200
n-Tomxyoncynsdokucnora, MmoHoruapar 281, 504
Tpedoms 146

2,4,6-Tpubpomarmwmn 270, 493
Tpubytundopar 180, 400

Tpunonmeran 214
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1,3,5-Tpumernnrekcaruapo-1,3,5-rpuazun
203, 430
1,3,5-Tpumernn-1,3,5-rpuasunan 203, 430
Tputunxnopun 164
Tpudenmnkapbunon 165, 247,
TpudennnkapootokcumermieHpocdopan 238
TpudennnkaposroxcnmeTmidochonms
xyopu quruapar 238
Tpudenmnmeran 292, 516
Tpudpenunmeranon 247, 338,472
Tpudenmndocpun 168, 237
Tpudenmnxnopmeran 164, 179
Tpustunamun 181
TpusTUNOEH3MIAMMOHHUS XJIOPUT
TpyOka xnopkansuuesast 19
TOBAX 159,161,181

159, 161, 181

Ykeycnas kucnora 138, 228, 230, 260, 315,316
Vikcycuslit anruapug 140, 143, 144, 145, 149, 150,

216, 255, 259, 284, 314, 318, 328, 347
VYpasuenue Kuaysuyca—Knaneiipona 38
Yporporun 316

@Dasopckozo konda 15

Oenamunbpomun 215,317, 441

®eneron 172, 391

N-®enunaneramun 149, 372

2-Oenmnaneramuy 226, 454
DeHnnaneToHuTpunn - 348
2-Oenmnbensumuiazon 313

®Dennnbenzoar 142, 363
1-®ennn-1,3-0yranmuon 233, 460
2-Oenmnbyranon-2 245, 469
4-OenmnOyranon-2 194,417
(3E)-4-®ennn-3-0yren-2-on 206, 433
Oenunruapasus - 312

DeHUIrUApasuH COMHOKUCIbI 311
ODennnrunpaso aneropexHona 312
2-®enmi-1,3-muokconan 195,418
o-Oenmrenmamun - 300, 313, 315, 523
4(5)-Oennmmavunazon 317, 536

2-Oenmwmamon 312, 532

DeHnIMaNOHOBOM KHUCIIOTHI IUATIIOBEI a3¢up 231
Dennnmverannmun - 198, 424
N-[(E)-®enmnmernnen|anmwmH 199, 425
1-®enmmupponol[ 1,2-a]mupasun 336
3-OennnnponanoBas kucinora 222, 341, 343, 449
2-@enmmponanon-2 245,470
(E)-3-®enmnmnpornien-2-on-1 341
(2E)-3-®enun-2-nporneHosas kucnora 216, 443
mpanc-3-Dennnmponenoas kucnora 340
OenunykcycHas kucinora 191, 340
DeHUITYKCYCHOM KUCTIOTBI amMuy, 226, 454
N-®ennn-N-[(E)-dpennnvermnen]avun 199, 425
ODennn-2-pypunkeron 336
1-®enmmukinorekcen-1 - 249, 474

1-®enmmsranamud (1o Jleiikapmy) 184, 407
1-®ennn-1,2-3ranguon 341
1-®enmmranon 204, 240, 431
o-OenmmtunamuH (1o Jletikapmy)
OennmTunossiii opup 173, 391
2-Oenokcunupuand - 326
®denoxcuykcycHas kuciora 172, 340, 392
Denon 142, 172, 173, 205, 261, 280, 326
ODeppouen 284
paszenenue cMecH (epporneHa u
anermidepponena 152
Ounsrpopanue 35
Onyopen 192
Onyopenon 192, 278, 415
®opmamua 201, 203, 213
dopmamug 317
3-Oopmunuagon 322
DoToNOHM3ALMS B MACC-CIIEKTpOMETpHH 59
®ranesblii anruapuy 287
2-Oypanpaernna okcum 332, 548
®ypan 330
2-®ypankapbonoBast kucinora 219, 445
3-(2-®ypun)axpunosas kucinora 217
(3E)-4-(2-®ypuin)-3-6yren-2-on 207, 434
1-(2-®ypum)nponanon-1 - 242, 466
(2E)-3-(2-®ypui)-2-nporneHoBast kuciaora 217
2-Oypun(2-tuennn)meranon 331
2-Oypun(penmwn)meranon 330, 547
2-Oypdypunnnenaneron 207, 434
Dypdypon 207, 217, 219, 242,318, 320, 323,
332

184, 407

Xamkon 159,208, 436
Xumunueckuii casur B ciekrpockonuu SIMP - 84
tabmuma, IMP 'H 353
tabmuna, IMP 3C 354
Xunomua 310, 5330
XJopaHrHIpU TUPOCIN3eBOH Kuciotel 331, 332
o-XnopanunuH 149, 307
Xnopaneramun 148, 370
n-Xnopbensanpnerun 218, 342
2-Xnopben3oiiHas k-ra 340
3-Xnopbensoiinas k-ra 340
4-Xnop6enzoitnas k-ta 340
2-Xnopopombenzon 306, 529
o-Xnopopombenzon 306, 529
Mm-Xnopopombenszon 307
[Xnop(nudenmm)merun]oenzon 164
n-XJjopkopuuHas kuciora 157, 218, 444
2-Xnop-2-metunnponad 164
n-XnopHutpodenzon 288
n-XnopHUTpOo300eH301 288
2-Xnopnponan 162, 385
XnopyxkeycHas kuciora 138, 171, 173
(2E)-3-(4-Xnopdenun)-2-nporeHonast
kucnora 218,444
1-(2-Xnopdenmn)aranon 340
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1-(3-Xnopdenmn)sranon 340
1-(4-Xnopdernmn)sranon 340
2-Xnop-1-penumsranon 340
2-Xnop-1-(4-xnopdenmn)sranon 340
Xnoprukinorekcan 163, 386
XonopunsHuk Jumpoma 17

— Humpoma—J/lubuxa 17

—Jlubuxa 17

— obparHblii 16

—mpsamoit 16

— IIapuKoBbIA 17

Xpomarorpadust ra3o-KuakoctHas S50
— KOJIOHOuHast 48

— TOHKOCJIOMHast 51

Xpomodop 72

IIBer momoHUTEIbHBIN 74

— CHEKTpalbHbIil 74

2-llnano¢pypan 333, 549

Hukmnorekcan 231

Iuknorekcanon 154, 187, 188

uknorekcanon 187, 195, 197, 198, 200, 220,
248,249,318, 410

I{uknorekcaHoHa STHICHKETamb 195, 419

Hukmnorekcen 153, 155, 161,292,374

1-Iuknorekcen- 1-unbenson 249, 474

4-(1-Iuxnorekcen-1-wi)moppomun 200, 426

Huknorekcenokcun 161,384

uknorekcumbenson 292, 517

uxnorekcunoblid coupt 163

Huxnorekcwixnopun 163, 386

Huxmon 212

Huknonenranon 200, 250

4-(1-Uuknonenten-1-wn)mopdomun 200, 427

Hunuanp mepubiii 20

L-LlucTtenH ruapoxaopun MoHOTUapar 348

Yacrots! nornomenus B UK-ciexkrpax 351

Mg 13
LlnmudposanHoe coequuenne 13
Lllomma Boponka 18

IKpaHUpOBaHUE B crieKTpockoruu SIMP 87
Okcukarop 37

Oxkcrpakrop Coxcrema 32
Okcrpaknust 28
— TBEPJIbIX 00BEKTOB 32
1,2-Dnokcunukiiorekcan 161, 384
Opnenmetiepa xonbda 14
Orunanerar 138, 157, 228, 230, 233, 359
4-Orunaneropenon 283
Oruin-2-0eH3un-3-okcodyranoar 235, 462
Orunbensoar 224,234,247, 451
Orunbpomun 166, 182,242, 243,245, 387
OtunrmunuHat, ruapoxuopun 146, 368
1-3tun-3,4-quruaponuppono| 1,2-a]-mupazua - 336
OruieHaneranb OeHzanbaernaa 195,418
Orunenmkons 178, 195
OrwieHnuamud 334
DTHIIeHKeTalb HUKIOrekcanoHa 195,419
Orummonun 173, 325
1-DTunkapOOMETOKCHITUPUANHUS Homuy 325
Orunosslii 2¢up mmnuHa, xaopruapar 146, 368
—— KopuuHOH kucnorsl 230, 236, 238, 459, 463
—— IIMPOCIN3eBOi kucnorslr 224, 450
—— (heHMITYKCYCHOM KHCIOTEl 231
— — (heHNIIIABEIeBOYKCYCHOH KHCIIOTEL,
JekapOOHIIUpoBaHue 232
Otun-3-okcobyranoar 228, 457
OTun-2-0KCONUKIONeHTaHKapOokeunar 229, 458
1-Srummuppono[1,2-a]mupasun 336
OtuntpudeHuMeTIoBsi dpup 179, 399
Oruwn(tpudpenmndocdopanununen)anerar 238
Otun-(2E)-3-denmn-2-nponenoar 230, 236, 238,
459, 463
Otundopmuar 141, 361
Orui-o-ypuikapounon 242, 466
Otun-2-dypoar 224, 450
Orwnxnopanerar 137, 148,237, 358
4-OrokcnaneropeHon 283
[Droken(audenmwt)mermn]oenson 179, 399
N-(Oroxcumerun)-N-otmmdranamun - 202, 429
Dddexr Osepxayzepa 115
D¢ dexTbl AMHAMUYECKHE B CIEKTPOCKOITHN
SMP 123

S17B1, MepBI IPEOCTOPOXKHOCTH IIpH pabote 7
SnTapHas kucnora 142
STHTApHOM KHCIIOTHI IUATHIOBBINA oup 142, 362
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