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The Chemistry of Heterocyclic Compounds

The chemistry of heterocyclic compounds is one of the most complex
branches of organic chemistry. It is equally interesting for its theoretical
implications, for the diversity of its synthetic procedures, and for the
physiological and industrial significance of heterocyclic compounds.

A field of such importance and intrinsic difficulty should be made as
readily accessible as possible, and the lack of a modern detailed and
comprehensive presentation of heterocyclic chemistry is therefore keenly
felt. It is the intention of the present series to fill this gap by expert
presentations of the various branches of heterocyclic chemistry. The subdivi-
sions have been designed to cover the field in its entirety by monographs
which reflect the importance and the interrelations of the various com-
pounds, and accommodate the specific interests of the authors.

In order to continue to make heterocyclic chemistry as readily accessible
as possible, new editions are planned for those areas where the respective
volumes in the first edition have become obsolete by overwhelming pro-
gress. If, however, the changes are not too great so that the first editions can
be brought up-to-date by supplementary volumes, supplements to the
respective volumes will be published in the first edition.

ARNOLD WEISSBERGER
Research Laboratories
Eastman Kodak Company
Rochester, New York
EpwARD C. TAYLOR
Princeton University
Princeton, New Jersey



Preface

In 1950 Benson and Savell published an excellent review of the v-triazole
ring system (Fig. 1.1) and exclaimed that through 1947 more than 1400 such

NkN,N\H
Figure 1.1

compounds had been described in the literature!" It had been 60 years since
Hans von Pechmann, assistant to Baeyer and later professor at Tiibingen,
prepared and correctly formulated the 1,2,3-triazole ring both in the parent
compound and in substituted derivatives.” In the past seven years Chemical
Abstracts has reported studies involving well over 9000 mono cyclic 1,2,3-
triazoles!

The synthesis and chemistry of the 1,2,3-triazoles have been reviewed
several times since 1950, and thesé sources should be studied in conjunc-
tion with this volume. The Azoles, by Schofield, Grimmett, and Keene,® is
especially important in that it quite successfully places the 1,2,3-triazoles in
the context of related heteroaromatic nitrogen compounds.

With so many recent and well-written reviews, the desirability of another
requires a specific answer. My purpose in this and succeeding sections is
essentially complete coverage of syntheses through Chemical Abstracts
1976. The reader should be able to determine if a given compound has been
prepared and the best method yet described for that preparation. The major
share of space in this book is devoted to comprehensive tables of all
monocyclic 1,2,3-triazoles with appropriate references. Only those refer-
ences are cited that provide useful alternative methods of syntheses. The
narrative complements the tables by bringing together, in as brief a manner
as possible, those synthetic methods of greatest utility. The objectives of the
narrative are to (1) unite closely related examples that are dispersed by the
alphabetical arrangement of the tables, and (2) to call attention to those
promising areas ripe for further study.

Please notice that a few compound types that have been made in very
large numbers and have especially cumbersome names are located in a

vii
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separate section for ease of searching. Chapter 17 should be consulted for
these parent structures rather than the chapter related to their normal
structural assignment.

K. THomMAs FINLEY

Brockport, New York
May 1980
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CHAPTER 1

Alkyl- or Aryl-Monosubstituted
1,2,3-Triazoles

1.1. 1-ALKYL- OR ARYL-SUBSTITUTED 1H-1,2,3-TRIAZOLES

The nineteenth century story of 1,2,3-triazoles has been well told,’ and
Wiley has thoughtfully outlined the weaknesses of synthetic efforts during the
first 80 years.” Along with Hussung and Moffat, he described what appears
to be the first satisfactory method for preparing the parent compound
(1.1-1) on a half mole or larger scale (Eq. 1). The overall conversion
obtained is 70%. Gold has modified this synthesis, improving the yield to
79% and reducing the time required from one week to a half day.?

HOZCH COzH
heat

HO,CC=CCO,H + PhCH,N; — N...N

\N/ YARCUUIm
CH,Ph
N ;/N‘\ HIC, 1141 (1)
CH,Ph

The direct addition of hydrazoic acid to acetylenes with electron-with-
drawing groups® can produce comparable yields of 1.1-1 (Eq. 2), but the
safety problems are quite real.® Acetylene itself can be converted to 1.1-1 in
high yield through reaction with sodium azide under carefully controlied
conditions (Eq. 3).°

COH
HC=CCO,H+HN; —— N*NNH — 1.1-1 (2)
HC=CH+Na*N; 5%, 1.1-1 A3)

The addition of trimethylsilylazide to the carbon-carbon triple bond (Eq.
4) is attractive both for safety and for the ease of removing the silyl group.’

1



2 Alkyl- or Aryl-Monosubstituted 1,2,3-Triazoles

With acetylene itself excellent yields have been reported.® The thermal
rearrangement of the trimethylsilyl group in 1.1-2 is well established. The
presence of strong electron-withdrawing groups facilitates the reaction. The
decarboxylation product (1.1-3) has been obtained quantitatively in
dioxane.”

Me3SiN3 + IQIECR2 —— N /N —_—

N
l
SiMe,
1.1-2
R! R?
t}gﬂ — 111 ()
1.1-3

R',R?=CN, CO,H, CO,R, H

The safest and perhaps most generally applicable synthesis of 1-alkyl-
1,2,3-triazoles relies on the nucleophilic character of the heterocyclic nit-
rogen atoms of L1-1 (Eq. 5). Gold has shown® that with equimolar
reactants, 1.1-4 and 1.1-5 are formed in a ratio of 4:1 whereas an excess of
1.1-1 (or its silver salt) produces a lower conversion and a greater excess of
1.1-4.

1.1-1+RBr St /N + N/‘\ N/]\\J (5)
R = Pr, 2-propenyl R
1.14 1.1-5

A variety of functionally substituted alkyl chains can be attached to the
1,2,3-triazole nitrogens using Gold’s method (Egs. 6 and 7).> Notice that
either substitution or addition can occur, given the appropriate reactant.

( .. = B\
+CICH,CH,CN e O @\ + N\N}J (6)
(CH,),CN |
71% (CH,),CN
1.1-1¢ 26%
/‘=\
(CH,),NH,
§ 68%




1-Alkyl- or Aryl-Substituted 1H-1,2,3-Triazoles 3

Hubert'® has prepared a variety of 1-arylmethyl-1,2,3-triazoles (1.1-6)
(Ar=Cl;C,, 2,5-Me,CH,, 4-Cl, 4-MeO and 4-NO,C.H,) in acceptable
yields (Eq. 8).

\ —

CH,Ar

1.1-6

HC=CH+ ArCH,N,

The N-aryl substituent played a key role in the birth of triazole chemis-
try,! and-the significance of such compounds continues at a high level after
nearly a century. El Khadem and his collaborators recognized the possibility
of using the aryl-triazoles as intermediates in the preparation of: (1) sulfa
drug analogs and (2) azo dyes for cellulose. They have made detailed studies
of such compounds, beginning with a significant improvement (Eq. 9) in von
Pechmann’s original method.'"!?

CH=NNHPh B\
| + cuso, 22, { N ©
CH=NNHPh ‘o I\LI;I

Ph

A fundamentally different method was developed to provide the 1-aryl-
1,2,3-triazoles in fair-to-good yields (Eq. 10)."*

‘- [
2ArN;+Na* "OEt —— N\‘N’N\ (10)
Ar

The pressures, temperatures, and (often) long reaction times required in
the direct addition of azides to acetylene has led to extensive studies of
alternatives such as the addition to enol esters (Eq. 11),'* ethers (Eq. 12),"*
and enamines (Eq. 13)."°

In some cases the intermediate triazolines are formed with regiospecific-
ity. The exceptions are enamines that can tautomerize. Aromatization can
occur spontaneously (e.g., 1.1-7), or it may require stronger heating or
treatment with acid or base {(e.g., 1.1-9, 1.1-10). The yields are often quite
good and the conditions fairly mild.

Nucleophilic substitution has also been applied frequently as a synthesis of
N-aryl triazoles.'®'” As we should expect, this method is useful largely with
nitrated fluorobenzenes. Both the solvent and the addition sequence appear
to be significant in determining the product isomer distribution (Egs. 14 to
16)."7

Huisgen and his collaborators'® have also prepared 1-phenyl-1,2,3-
triazole in excellent yield from the azide and an active methylene substrate
(Eq. 17).



4 Alkyl- or Aryl-Monosubstituted 1,2,3-Triazoles

OAc

+ AcOCH=CH, — N\\N/N\ —_— I\/L:\}I\ (11)
Ar Ar

1.1-7 1.1-8
OBu
AIN;{ + BuOCH=CH, — —— 1.1
3 u 2 N\\N/N\ 1.1-8 (12)
Ar
1.1-9
0
N

[_(

+CH2=CH-—Nf_B — NN X, 1,18 (13)
N NN,

\ 1.1-10
NO, NO,
/) El‘k

No N NO, | N NO,

O(CH;CH2)! NOZ N02
F /&m, 95% 0% (14)

O,N NO, '

1.1-1 + Mej50° 53% 41% (15)
NO: 2% 75% (16)

* 3.1-1 refluxed for several hours before the fluoride is added.
b1.1-1 is added to the dissolved fluoride.

o CO,H
i Na”~ "OEt /AF\ heat o
HCCH,CO,Et+PhN, N0t NN e, NN (17
W \Ph N \Ph



2-Alkyl- or Aryl-Substituted 2H-1,2,3-Triazoles 5
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1.2, 2-ALKYL- OR ARYL-SUBSTITUTED
2H-1,2,3-TRIAZOLES

The preparation 2-alkyl- and substituted alkyl-2H-1,2,3-triazoles has been
achieved using Gold’s nucleophilic substitution reaction,'® and although the
product distribution is unfavorable for simple alkyls (Eq. 18), proper choice
of reactant and subsequent chemistry can make this a most useful prepara-
tive approach (Egs. 19 and 20).

)\ . [/ 7\
Ny NH + RBr 30 NG+ NG (18)
R = Pr, 2-propenyl R 1'2
( o, 7\
+BrCH,CO,Et oM N + NN (19)
CH,CO,Et I
— CH,CO,Et
- 58% 39%
N NH <
+CH,=CHCN — e~ , NNN (20)
(CHZ)ZCN
. 99%

Nearly thirty years ago Riebsomer made an extensive study of the
introduction of functional groups in 2-phenyl-2H-1,2,3-triazole.?® As Equa-
tion 21 indicates, the well-known utility of the aryl nitro group was ex-
ploited and offers many other possibilities for further development. Lynch has
continued the study of intermediate 1.2-1, cleared up some earlier misun-
derstanding, and contributed several useful new routes (Eq. 22).2"?* The
yields in these reactions are generally adequate, and the rest could likely be
improved with study. An obvious extension of both of these methods
involves the nucleophilic substitution of fluoronitroaryl systems (Eq. 23).2*2¢



6 Alkyl- or Aryl-Monosubstituted 1,2,3-Triazoles

As indicated in Section 1.1, this method allows rather good control of the
product distribution obtained.

m /B
NN — NN

i i (21)
1.2-1 Y

Y = NO,, NH, NHAc, As(O)(OH),,
NHSO,C4H,NHAc-4, SO,Cl, SO,NH,

SO,NHPh

VAR 7\

NN &,?N (22)

,J\r Ar'
Ar=Ph, 4-NO,C.H, Ar'=4-Br, 4-Ph, 4-NO,CH,
F NO. N
NO, 2 O:

=\ [\
G — -0 DO e

20% 62%

The most extensive and continuing study of 2-aryl-2H-1,2,3-triazole
chemistry is that of El Khadem and his collaborators.?* In addition to their
reinvestigation of von Pechmann’s original work (Eq. 24), they have de-
veloped important methods of introducing functional groups (Eq. 25)*¢ and
have greatly expanded our knowledge of the synthesis of 2-aryl-2H-1,2,3-
triazoles from sugars (Eq. 26).>” The range of substituents available is
impressive, and the yields are generally excellent.

N N

24D = e O)om
) \N/

H,

uSO,

Ar=
4-MeCy

(|3H=NNHAr
CH=NNHAr

X DO @9



4-Alkyl- or Aryl-Substituted v-Triazoles 7

CH=NNHAr
C=NNHAT
HOCH
1 =N .
HCOH e, );NI/\J—Ar <o [ N—ar @6)
HCOH HO,C
REFERENCES
19. 64: 2082g 20. 43: 2619i 21. 58: 6819f 22. 59: 10053c
23. 74: 99950x 24, 67: 64310s 25. 85: 27070 26. S5: 3562f

27. 61: 5738¢

1.3. 4-ALKYL- OR ARYL-SUBSTITUTED v-TRIAZOLES

The preparation of a wide variety of 4-alkyl-1,2,3-triazoles (1.3-1) has
been accomplished by the direct addition of hydrazoic acid®® or trimethyl-
silylazide?®-*° to various terminal alkynes (Eq. 27). In general, the yields are
good, but the lower homologs are better made either through the silyl
derivative or by decarboxylation (Eq. 28).>' A novel approach has been
applied by Haszeldine and his collaborators® to the synthesis of the 4-
(trifluoromethyl) (1.3-2) substituent (Eq. 29). The yield, based on unrecov-
ered starting material, is near quantitative, and this method clearly de-
serves further development.

RV‘\
Ny
RC=CH 1.3-1 @7

+HN,

MeC=CCOH +HN;, — N N_ — NN (28)



8 Alkyl- or Aryl-Monosubstituted 1,2,3-Triazoles

FC F5C
) ) \ )\
Me;SiCHN, + CF,CN —— 1{17191 B N (29)
SiMe;, 1.3-2

In an attempt to study triazole analogs of the a-amino acids as an-
timetabolites, Sheehan and Robinson®? prepared alanine containing such a
substituent (1.3-3) along with a series of 4-substituted 1,2,3-triazole inter-
mediates. The best route (Eq. 30) was discovered after several alternatives
were investigated.

CHO o)
—C I wo, TN

/N‘N’/N + PhCNHCH,CO,H —>- /r\LN/N 0 T~
H
Ph
NH,
,CH,CHCO,H .CH CHCO (30)

__ 2 I 2 2 2

NN NH — N

\N// /
u €=0 H/

Ph 1.3-3

An impressive array of methods has been applied to the preparation of 4-
phenyl-1,2,3-triazole (1.3-4): the standard trimethylsilylazide (Eq. 29),%°?
sodium azide (Eq. 31),> and hydrazoic acid®® additions. But, in addition to
these well-documented techniques: tosylazide addition (Eq. 32)*° in-
tramolecular cyclization (Eq. 33),>* triphenylphosphonium salt addition (Eq.
34),% addition to styrenes bearing strong electron-withdrawing B-groups

Ph

PhC=CH + Na'N; Meso, N;;;}\]‘ N (31)

1.3-4

SO,N, 11N

PhC=CH + @ e N\‘NN\ Ha50,, 1.3-4 (32)

Me¢ Ts

Ph

No—CH, 42, 1.3-4 (33)

Ny
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(Eq. 35),*” and the cyclization of a,B-bishydrazones (Eq. 36)** have all been
employed. With the exceptions of Equations 33 and 35 (CN), the yields of
these varied methods are uniformly good to excellent. The first (Eq. 27) and
last three (Eqgs. 34 to 36) methods have all been employed with variously
substituted phenyl acetylenes and have generally produced excellent
yields.**™*! The effect of aryl substituents on the yield of triazole in Equation
35 and the rather surprising by-products (which are also very much in-
fluenced by the substituent present) have been reported and strongly sug-
gest some interesting chemistry to be studied.*”*

PhC=CX +Ph,P —— PhC=CPPh{X~ Jala_ (34)
Ph PPh}
R@ won 1.3.4
Ph H
~. ./
/C=C\ + Na*N; M=59, 1.3.4 (35)
H NO,
orCN
I e
PhCCHBTr, + N,H, —— PhCCH=NNH, —:%*
Ph
— HNO.
N_ N HNO:, 1.3-4 (36)
N"SNH,
REFERENCES
28. 49: 3949b 29. 68: 13061z 30. 78: 111412r 31. S0: 9392f
32. 43: 6621d 33. 60: 5537¢ 34. 73: 25364s 35. 64: 5075e
36. 79: 66254y 37. 75t 140767d 38. 68: 59506b 39. 80: 108452q

40. 77: 100955y 41. 76: 85756t



TABLE 1. ALKYL- OR ARYL-MONOSUBSTITUTED 1,2,3-TRIAZOLES

Compound

Reference

1.1. 1-Alkyl- or Aryl-Stibstituted 1H-1,2,3-Triazoles

v-1,2,3-triazole

v-1,2,3-triazole-1d

1-[2-[ N-[3-acetamido-4-[(3'-chloro-4'-nitrophenyl)azo]-
N-ethylamino]lethyl]-

1-acetamide, N-[2-chloro-5-{[1-0x0-2-(3-pentadecyl-
phenoxy)butyl]aminolphenyl]-a-(2,2-dimethyl-1-oxo0-
propyl)-4,5-dihydro- 4,4-dimethyl-5-oxo-

1-(acetamidomethyl)-

1-[(3-acetamido)phenyl]-

1-[(4-acetamido)phenyl]

1-(4-amino-3-chlorophenyl)-

1-(5-amino-2,3-dihydro-3,3-dimethyl-2-hydroxy-
naphtho[1,2-b:4,3b'Mdifuran-4-yl)-

1-(3-amino-4-ethoxyphenyl)-

1-(2-aminoethyl)-

1-(2-aminophenyl)-

1-(3-aminophenyl)-

1-(4-aminophenyl)-

1-(3-aminopropyl)-

1-(2-azidophenyl)-

1-(2-benzimidazolyl)-

1-(2-benzothiazolyl)-

1-[(1H-benzotriazol-1-yl)methyl]-

1-benzyl-

1-[2-(1-benzylbenzimidazolyl)]-
1-[(4-benzylamino)-3-oxo-2-phenyl-2 H-pyridazin-5-yl}-
4,5-bis(trimethylsilyl)-

4,5-bis(trimethylsilyl)- 1-phenyl-
1-(4-bromo-2,6-dinitrophenyl)-
1-(4-bromophenyl)-

1-{2-(N-butylanilino)ethyl]-
1-[(4-carboxyanilino)methyl}-
1-(3-carboxy-4-hydroxyphenyl)-
1-(2-chloro-4,6-dinitrophenyl)-
1-(4-chloro-2,6-dinitrophenyl)-
1-(4-chloro-2-methyl-3-oxo-2H-pyridazin-5-yl)-
1-(3-chloro-4-nitrophenyl)-

50: 15517¢ 8§5: 17626g
64: 2082g 70: 87698a

82: 56932r

69: P28576r

83: P155710u

24: 3215
67: P100995¢
67: P100995¢
67: P100995e
74: 13031p

67: P100995¢e

64: 2082¢g

67: 64311t

67: P100995¢

81: 62940n 67: P100995e

64: 2082¢g

67: 64311t

74: 53669

74: 53669

73: 3865d

24: 3232' 50: 15517e
84: 159507b

T4: 53669

77: 88450v

60: 5537¢

60: 5537c

60: 4132¢g

69: 10402w 77: 126516f

69: P28576r

50: 8612h

81: P63478¢

60: 4132¢g

60: 4132g

78: 72035y

67: P100995e

1-{2-[4-[(2-chloro-4-nitrophenyl)-azo]-N-ethylanilino]ethyl]- 69: P28576r

1-(4-chloro-3-oxo-2-phenyl-2H-pyridazin-5-yl)-
1-(4-chloro-3-ox0-2H-pyridazin-5-yl)-
1-(4-chlorophenyl)-
1-[2-(4-chlorophenyl)-1,3-dioxo-2-indanyl]-
1-[(4-chlorophenyl)methyl]}-
1-[2-[[4-[3-(4-chlorophenyl)-2-pyrazolin-1-ylJphenyl]}-
sulfonyllethyl]-
1-(2-cyanoethyl)-

10

74: 125600e
78: 72035y
69: 10402w
73: 56037s
73: 3865d
72: P91491m

64: 2082g



TABLE 1 (Continued)

Compound Reference
1.1. 1-Alkyl- or Aryl-Substituted 1H-1,2,3-Triazoles (Continued)
1-(cyanomethyl)- 64: 2082g
1-[(1-cyano-2-phenyl)ethenyl}- 64: 2082¢g

1-(2,4-dibromophenyl)-

1-[(4,5-dichloro-4-cyclopenten-1,3-dion-2-yliden)-
methyl]-

1-(2,4-dichlorophenyl)-

1-(2,5-dichlorophenyl)-

1-{2-[4-[(2,4-dichlorophenyl)azo]- N-ethylanilino]ethyl]-

1-[2-[4-[(2,4-dichlorophenyl)azo]- N-ethyl-3-methyl-
anilinojethyl}-

1-[2,3-dihydro-4-(N-isopropylacetamido)-3-oxo-2-
phenyl-5-pyridazinyl]-

1-[2,3-dihydro-6-(N-isopropylbenzamido)-3-oxo-2-phenyl-
5-pyridazinyl}-

1-[(2,4-dimethylphenyl)methyl]-

1-[2-(3,5-dinitrobenzamido)ethyl]-

1-(2,4-dinitrophenyl)-

1-[1,3-dioxo-2-(4-methoxyphenyl)-2-indanyl]}-

1-(1,3-dioxo-2-phenyl-2-indanyl)-

1-(1,3-diphenyl-3-oxopropyl)-

1-{2,6-di-(2-pyridy})-4-hydroxypyrimidin-5-yl]-

-ethanoic acid

-ethanoic acid, ethyt ester

-ethanoic acid, hydrazide

1-ethenyl-

1-[2-ethenyloxy)ethyl]-

1-{(ethenyloxy)methyl]-

1-[3-(ethenyloxy)propyl]-

1-[2-(N-ethylanilino)ethyl]-

1-[2-[N-ethyl-(3-methylanilino)Jethyl}-

1-{5-(2-formylfuranyl))-

1-(4-formylphenyl)-

1-[2-(3-hydroxy-2-phenazineacetamido)ethyl]-, 5,10-
dioxide

1-[(1-hydroxyphthalid-1-yl)phenylmethyl]-

1-[(1-hydroxyphthalid-1-yl)phenylmethyl]-, acetate
ester

1-(6-imidazo(1,2-b]pyridazinyl)-

1-(2-iodo-4-nitrophenyl)-

1-(4-iodo-2-nitrophenyl)-

1-(4-isocyanatophenyl)-

1-[4-(isopropylamino)-3-oxo-2-phenyl-2H-pyridazin-5-yl]-

1-(5-isoxazolyl)-

1-[(4-methoxyphenyl)methyl}-

1-methyl-

1-{2-(1-methylbenzimidazolyl)]-

1-(1-methyl-1-nitroethyl)-

1-(9-methyl-4-oxo-4H-pyrido[ 1,2-a lpyrimidin-2-yl)-

11

19: 4763
78: P124250m

19: 4763
19: 476>
69: P28576r
69: P28576r

77: 88450v
77: 88450v

73: 3865d
84: P121664n
68: 48845k
73: 56037s
73: 56037s
49: 132271
69: P87008¢
64: 2082¢
64: 2082¢g
64: 2082¢g
80: 82834p
84: P59482w
84: P59482w
84: P59482w
69: P28576r
69: P28576r
78: 43170h
78: P124250m
72: PS5499m

73: 56037s
73: 56037s

79: 126424r
60: 4132¢
60: 4132¢
72: P100715s
77: 88450v
26: 1606°
73: 3865d

50: 9392f §5: 17626g

74: 53669j
52: 7292g
74: 53669j



TABLE 1 (Continued)

Compound Reference
1.1. 1-Alkyl- or Aryl-Substituted 1H-1,2,3-Triazoles (Continued)
1-(2-methylphenyl)- 19: 476*
1-(4-methylphenyl)- 69: 10402w

1-[[4-(2-methylphenyl)amino]-3-oxo-2-phenyl-2H-
pyridazin-5-yl}-

1-[6-(3-methylpyridazinyl)]-

1-(3-methyl-2,4,6-trinitrophenyl)-

1-[4-(4-morpholinyl)-3-oxo-2-phenyl-2 H-pyridazin-5-yl}-

1-(2-nitrophenyl)-

1-(3-nitrophenyl)-

1-(4-nitrophenyl)-

1-{[4-(2-nitrophenyl)amino]-3-oxo-2-phenyl-2H-
pyridazin-5-yl}-

1-(3-0x0-1-butenyl)-

1-{2-(4-0x0-9-methyl-4H-pyrido[ 1,2-a ]Jpyrimidinyl)-

1-{3-0x0-2-phenyl-4-(1-pyrrolidinyl)-2H-pyridazin-5-yl]}-

1-{3-0x0-2-phenyl-4-(phenylamino)-2H-pyridazin-5-yl}-

1-(4-oxo-4H-pyrido[1,2-a Jpyrimidin-2-yl)-

1-[(2,3,4,5,6-pentachlorophenyl}methyl}-

1-phenyl-

1-{(1-phenyl)-3-oxobutyl]-

1-(phenylthioxomethyl)-

1-[2-(phthalimido)ethyl]-

1-(phthalimidomethyl)-

-1-propanoic acid

-2-propanoic acid

1-(2-propenyl)-

1-propyl-

1-(2-pyrimidiny})-

1-8-p-ribofuranosyl-

1-(succinimidomethyl)-

1-(2,3,5-tri- O-acetyl- B -D-ribofuranosyl)-

1-(2,4,6-trinitrophenyl)-

1-(trimethylsilyl)-

1.2. 2-Alkyl- or Aryl-Substituted 2H-1,2,3-Triazoles

2-(4-acetamidophenyl)-
2-{4-(4-acetamidobenzenesulfonamido)phenyl}-
2-(2-aminoethyl)-

2-(4-aminophenyl)-
2-{4-(4-aminobenzenesulfonamido)phenyl]-
2-(3-aminopropyl)-

2-(4-arsonophenyl)-
2-(4-benzamidophenyl)-

2-(4-biphenylyl)-

2-(4-bromophenyl)-
2-(3-carboxy-4-hydroxyphenyl)-
2-(3-carboxyphenyl)-

12

T77: 88450v

74: 53669

60: 4132¢g

7T: 88450v

67: 64311t 68: 48845k

67: P100995e

69: 10402w 67: 64365p
68: 48845k

77: 88450v

70: 72424j
74: 53669j
77: 88450v
77: 88450v
88: 123849w
73: 3865d
§8: 2447a 69: 10402w
49: 13227f
79: 78696g
64: 2082
73: 3865d
49: 13227
24: 32152
64: 2082g
64: 2082g
74: 53669j
78: 84715h
73: 3865d
78: 84715h
68: 48845k 74: 99950x
79: 78696g

43: 2619i

43: 2619i

64: 2082g

43: 2619i 81: 62940n
43: 2619i

64: 2082g

43: 2619i

43: 2619i

58: 68191

21: 2690° 59: 10053¢c
81: P63478¢

55: 27070e



TABLE 1 (Continued)

Compound

Reference

1.2 2-Alkyl- or Aryl-Substituted 2H-1,2,3-Triazoles (Continued)

2-(4-carboxyphenyl)-
2-(5-chloro-2-hydroxyphenyl)-
2-(2-chlorophenyl)-
2-(3-chlorophenyl)-
2-(4-chlorophenyl)-
2-[(4-chlorosulfo)phenyl]-
2-(2-cyanoethyl)-
2-[1-(2,6-dichlorophenyl)-2-nitroethyl]-
-2-ethanoic acid

-2-ethanoic acid, ethyl ester
-2-ethanoic acid, methyl ester
2-[4-(2-hydroxynaphth-1-yl)azolphenyl-
2-(2-hydroxyphenyi)-
2-[(4-methoxycarbonyl)phenyl]-
2-(2-methoxyphenyl)-

2-methyl-

2-(3-methylphenyl)-

2-(4-methylphenyl)-

2-(2-nitrophenyl)-

2-(4-nitrophenyl)-

2-phenyl-
2-{4-(N-phenylsulfamoyl)phenyl]-
2-(phenylthioxomethyl)-
2-[2-(N-phthalimido)ethyl}-

-2-propanoic acid

-2-(2-propenyl)-

2-propyl-

2-B-p-ribofuranosyl-
2-(4-sulfamoylbenzene)-
4-(tetramethylphosphindiamidoylidyne)-2-phenyl-
2-(2,3,5-tri- QO-acetyl- B-p-ribofuranosyl)-
2-(trimethylsilyl)-
2-(2,4,5-trinitrophenyl)-

1.3. 4-Alkyl- or Aryl-Substituted v-Triazoles

-4-alanine

-4-alanine, a-benzamido-

-4-alanine, a-benzamido- (azlactone)
-4-alanine, N-benzoyl
4-(2-acetamidoethyl)-
4-(2-aminoethyl)-

4-benzyl-

4-(1,1"-biphenyl-4-yl)-
4-[bis{4-(N,N-dimethylamino)phenyl]methyl}-
4-(3-bromophenyl)-
4-(4-bromophenyl)-

13

21: 2690° 58: 3562f
T1: P124445j
84: 135554p
61: 5738¢
61: 5738¢
43: 2619i
64: 2082g
81: P91539%u
64: 2082g
64: 2082g
24: 32157
43: 2619j
71: P124445j
21: 2690°
71: P124445j
50: 9392f 55: 17626g
68: 48845k
58: 27070¢
§5: 3562f
67: 64310s
81: 62940n
43: 2619i 84: 135554p
43: 2619i
79: 78696g
64: 2082g
64: 2082¢g
64: 2082g
64: 2082g
78: 84715h
43: 2619i
82: P156328s
78: 84715h
68: 13061z
74: 99950x

43: 6621d

43: 6621d

43: 6621d

43: 6621d

43: 6621d

43: 6621d

77: 126517g

76: 85756t

56: 12876h

76: 85756t

78: 140767d 76: 85756t
79: 66254y 85: 177330p



TABLE 1 (Continued)

Compound Reference
1.3. 4-Alkyl- or Aryl-Substituted v-Triazoles (Continued)

4-butyl- 49: 3949b
4-[4-(tert-butyl)phenyl]- 76: 85756t
4-butyl-2-(trimethylsilyl)- 65: 15414d

4-(1-butynyl)-

4-(1-butynyl)-2-(trimethylsilyl)-
4-(chlorodiphenylmethyl)-, monohydrochloride
4-(3-chlorophenyl)-

4-(4-chlorophenyl)-

5-(4-chlorophenyl)-4-(triphenylphosphonio)-, bromide

5-(4-chlorophenyl)-4-(triphenylphosphonio)-,
hydroxide, inner salt

5-(4-chlorophenyl)-4-(triphenylphosphoranylidene)-

4-(2-cyanoethenyl)-

4-(2-cyanoethenyl)-, (Z)-

4-(2-cyanoethyl)-

4-(4-cyanophenyl)-

4-(4-cyclohexylphenyl)-

4-decyl-

4-(3,5-dichlorophenyl)-

4-(diethoxyphosphinyl)-5-phenyl-

4-[4-(N,N-dimethylamino)phenyl]}-

4-(2,4-dinitrophenyl)-

-4-ethanamine

4-ethyl-

4-(4-ethylphenyl)-

4-(4-fluorophenyl)-

4-heptyl-

4-hexyl-

4-isobutyl-

4-isopentyl-

4-isopropyl-

4-[(2-isopropylamino)ethyl})-

-4-methanol, a,a-bis[(4-N,N-dimethylamino)phenyl]-

-4-methanol, a,«-diphenyl-

4-(4-methoxyphenyl)-

4-methyl-
4-methyl-2-(trimethylsilyl)-
4-(3-methylphenyl)-
4-(4-methylphenyi)-
4-(2-naphthyl)-
4-[2-(5-nitro-2-furanyl)ethenyl]-
4-(3-nitrophenyl)-
4-(4-nitrophenyl)-

4-nonyl-
4-octyl-

14

65: 15414d

65: 15414d

80: 133389¢g

76: 85756t

78: 140767d 79: 66254y

80: 108452q 84: 164688r

80: 108452q

79: 66254y

79: 66254y

85: 177330p

74: 64224m

43: 6621d

83: 95918f

78: 111412r

49: 3949b

83: P10089p

80: 108452q

84: 164688r 85: 177330p

74: 99950x

81: P154677k

49: 3949b

76: 85756t

76: 85756t

49: 3949

49: 3949b

73: P27318d

49: 39490

72: 110456x

43: 6621d

56: 12876h

80: 133389g

76: 85756t 77: 100955y
84: 164688r

50: 9392f 68: 13061z

68: 13061z

83: P10089p

80: 108452q 84: 164688r

68: 59506b 76: 85756t

77: 101470y

83: 95918f

74: 99950x 80: 108452q
84: 164688r

49: 3949

49: 3949b
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TABLE 1 (Continued)

Compound Reference
1.3, 4-Alkyl- or Aryl-Substituted v-Triazoles (Continued)
4-pentyl- 49: 3949b
4-phenyl- 60: 5537¢ 79: 66254y
80: 108452q 84: 164688r
4-phenyl-5d- 76: 85761r

4-phenyl-2,5-bis(trimethylsilyl)-
4-phenyl-2-(tributylstannyl)-
4-phenyl-1-(trimethylsilyl)-(?7)
4-phenyl-5-(trimethylsityl)-
4-phenyl-2-(trimethylstannyl)-
5-phenyl-4-(triphenylphosphoranylidene)-
S-phenyl-4-(triphenylphosphonio)-, bromide
5-phenyl-4-(triphenylphosphonio)ylide-
4-propyl-

4-propyl-2-(trimethylsilyl)-

-4-pyruvic acid, oxime
4-(rhodaninylmethylene)-
4-(1Htetrazol-5-yh)-

4-a-thiopyruvic acid

4-(triffuoromethyl)-
4-(trifluoromethyl)-2-(trimethylsilyl)-

60: 5537¢
78: 29956n
60: 5537b 68: 130612z(?)
60: 5537c
78: 29956n
79: 66254y
80: 108452q
79: 66254y
49: 3949b
65: 15414d
43: 6621d
43: 6621d
71: 13067t
78: 111412r
78: 111412r
78: 111412r

4-(triphenylphosphonio)-, hydroxide, inner salt 84: 17493y
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CHAPTER 2

Alkyl- or Aryl-Disubstituted
1,2,3-Triazoles

2.1. 1,4-ALKYL- OR ARYL-DISUBSTITUTED
1H-1,2,3-TRIAZOLES

The traditional synthetic method—addition of azides to terminal
acetylenes—has been used extensively and often gives a good yield of
1,4-disubstituted product. Moulin' carried out a large number of such
reactions (Eq. 1) and found a high degree of regiospecificity (except with
(2.1-1, R =R’=Ph where the yield of each isomer is poor). This particular
problem was overcome by Munk and Kim? using an enamine (2.1-2) (Eq. 2).
They also prepared the S-methyl analog of 2.1-3 with an overall yield of
45% . Experiments with the opposite isomer of 2.1-2 demonstrated the same
highly regiospecific product formation®. Kirmse and Horner® greatly im-
proved the yield of this reaction, but they also found a preference for
1,5-product (2.1-3; 1,4=42.5% and 1,5=51.5%).

RN, +R'C=CH —

RI

?q,____\

N (1)
NN

2.1-1

R =PhCH,, Ph, 4-MeOPh, 4-NO,Ph

R'=R5COH, Ph

Q

H

>C=CHPh + PhN, —

2.1-2

H

P

KO
MeOH

) _
L NN @
N \Ph N \Ph

91% 95% 2.1-3

19
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Most studies*” of azide addition have shown a pattern of approximately
equal yields of 1,4- and 1,5-disubstitution; however, there are a few
intriguing exceptions. For example, 2-nitroethylazide produced a 3:1 excess
of 1,4-addition (2.1-4 over 2.1-5) (Eq. 3).” Tisler and his collaborators®
found an even greater preference for 1,4-addition with a series of
heteroaromatic azides (Eq. 4). An especially interesting case comes from the
much-studied field of 1,2,3-triazoles involving sugar residues where Garcia-
Lépez* found that with 2-O-trichloroacetyl-tri-O-acetyl-a-D-glucopyranos-
ylazide, the trichloroacetyl group is lost and only 1,4-product is formed. In
another study’ members of this laboratory reported that azidomethyl ethers
and sulfides produce only fair yields of mixtures except in three cases (Eq.
5).

Ph

O,NCH,CH,N, +PhC=CH — N,

N +
N7\
3 pts. CHzCHzNOz

2.14
~

N ®
CH,CH,NO,
1pt.
2.1-5

Ph h
NNYI N7—N\ /=(P @
\ + PhC=CH — N, +
\N’N\N/ N N N Ar NN/ \

) 3 Ar

Ar (and related heterocycles) 5 pts. 1pt.
Ph
R—X—CH,N;+PhC=CH — NN (5)
CH,XR

R=Ph X=0,8
Me O

A variety of other methods has been applied to the synthesis of 1,4-
disubstituted 1,2,3-triazoles; for example, the method developed by
Sheehan'® has been modified by Hiittel and his collaborators (Eq. 6).!! This
modification allows the conversion, in high yield, of the formyl group (2.1-6)
into various functionally substituted side chains (Eq. 7).
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various 6)
derivatives

o

F(cuo fz(cni;,g\

N N  + PhCONHCH,CO,H 228 NG
K

Ph

/ ~N” )]

R
R =Me, Ph Ph=75%

The anion of N-nitrosomethylethylamine (2.1-7) reacts with nitriles to
form products of structure 2.1-8 in fair-to-good yield (Eq. 8).'> N-methyl-
1,2,3-triazoles can be prepared by alkylation although both 1- and 2-methyl
products are formed (Eq. 9).'* The reaction of benzonitrile with
diazomethane in the presence of trialkyl-aluminum catalysts provides a
modest yield of 2.1-9."*

R
NO AN
RCN+M CHN/ N_N (8)
{+ —p
AN SNTN
Me Me
2.1-7 2.1-8
R = Ph, 4-MePh, 8-C,H, 40-70%
Ph Ph Ph
I——,_ 7—-— \ ;/ R
\N}] A + Me;SO, — N\\N}\] AN + I‘{N/N ©)
H Me !
Me
2.1-9
62% 38%

The acid catalyzed condensation of N,N-dimethylaniline with the formyl
group (Eq. 10) produces an excellent yield of the methanol derivative
2.1-10."* The generality of this reaction should be examined.
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OH

CHO NMe l
B 2 /=vc~(@>NMez) (10)
N + A, 2
/N\N’/ Me / \N”
Me 2.1-10
83%

A large number of 3-propenyl derivatives (2.1-11) may be obtained in
high yield from the reaction of 3-acetamidopyridine with cyanogen bromide
and anilines followed by diazotization (Eq. 11).** Similar results have been
reported in the diazotization of N-alkylpyridinium salts (Eq. 12).'¢

NHAc _ NHAc
©/ + ArNH,+BrCN — ﬂ Br~
HN® NHPh
Ar
OHC
Cri=cn “
Ar
2.1-11

Ar = Ph, 4-MePh, 4-Et,NPh, 4-NO,Ph,etc.  Yields = 60-80% (lower for 4-ROPh)

O o, OHCCH=CH
e N N 12)

+ \‘N/ \

lll Br- R
R = Me, Et, CH,CH=CH,, PhCH,
REFERENCES
1. 46: 8651g 2. 61: 2926b 3. §3:5253d 4. T72: 3718n
5. 79: 66254y 6. 83: 79201n 7. 83:19318le 8. 83: 97213w
9. 72: 43576w 10. 45: 9037f 11. 49: 6241h 12. 78: 72017u
13. 67: 108605y 14, 86: 12876h 15. 64: 3522g 16. 66: 3783%
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2.2. 1,5-ALKYL- OR ARYL-DISUBSTITUTED
1H-1,2,3-TRIAZOLES

The 1,5-addition product is often a synthetically interesting by-product of
reactions producing 1,4-disubstituted 1,2,3-triazoles. An example of this,
which also illustrates the importance of electronic effects in these reactions,
has been provided by Tsypin and his collaborators (Eq. 13).)” These results
should be compared with Equation 3 in Section 2.1.

R’ R!

RN;+R'C=CH — I\{\N}\I\ + N\\N;‘I\
Ipts. R 1pt. R

R = MeCHNO,, O,NCH,CH, R’ = Ph, HOCH

(13)

Olsen'® has reported that the addition of benzyl azide to acetone forms a
modest yield of 1-benzyl-5-methyl-1H-1,2,3-triazole (2.2-1) along with the
trisubstituted product 2.2-2 (Eq. 14). He was able to isolate the inter-
mediate 5-hydroxy-1,2,3-triazole (2.2-3).

OH

e

PhCH,N; +Me,C=0 228, N .
CH,Ph
2.2-3
CH,
¢
Me / Me
N N o Me N:N_}\l (14)
SN N\ NINZAN
N CH,Ph CH,Ph
2.2-1 2.2-2
37% 40%

L’abbé and his collaborators have also demonstrated the importance of
electronic effects in the synthesis of 1-vinyl-1,2,3-triazoles by adding azides
to either acetylenes (Eq. 15) or active methylene compounds (Eq. 16).'%2°
In both cases iodoalkyl azides may be added, with comparable results, to
produce precursors of 2.2-4 and 2.2-5. This very productive group has
pioneered the excellent general method for 1,5-disubstituted-1,2,3-triazoles
involving phosphorus ylides (Eq. 17).?" The high yields and wide range of
substituents employed makes this method most attractive. Product structures
were demonstrated by the Dimroth addition and decarboxylation (Eq. 16).
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[ Ph

+PhC=CH — N N
SN N
CH=C§
Bu-t Bu-1
—CH 2.24
/ i 70%

N, Ph
=

"W ch—cn
22°5 Bu-1
30%
[+ RCOCH,CO,Et 135+ 2.2-4 (16)
R=Me, Ph 60-84%

+
(15)

In a closely related study®? the same high degree of regiospecificity was
obtained although the yields varied greatly (Eq. 18). Other laboratories have
contributed to the development of 1,2,3-triazole synthesis through
phosphorus-containing intermediates (Eqgs. 19,20).2>2* The subsequent hyd-
rolysis of 2.2-7 was not reported in this particular study, but it should be
possible in high yield.

Ph;P* O~ R
H{R ~(
PhyP—CHCOR+ AN, — | "NON | — N N (7
Ar Ar

R = Me, Ph, 4-NO,Ph Ar = Ph, 4-NO,Ph, 4-BrPh, 4-MeOPh

N R? R
N R’COC=PPh ﬁ R
TN Og=rens WA
R! R? R* =C
Rl/ RZ
2.26

RI' R R R R %
H H PhCO H Me 98
H H PhCOH Ph 95
PhCOH Me H Me 20
PhCOH Me H Ph 15
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Il
(EtOL,P O Ph
H-y——Ph =

PhCOCH,PO(OEt), + ArN; —— N Ny\ — N N N (19)
Ar Ar
Ar=4.CIPh 36%
4-NO,Ph 64%
7
R,P HMe
R,POC=CMe +PhN, —— N, N/N\ (20)
Ph
R = EtO, n-PrO, Cl, Et, Ph 2.2-7
47-61%

The use of organometallics shows promise in the preparation of 1,5-
disubstituted 1,2,3-triazoles. A preliminary announcement®® of the use of
Iotsich complexes followed by two detailed studies?®? illustrates the rather
broad range of possible application (Egs. 21,22). The yields of 2.2-8 bearing
an alkynyl group are good to excellent except with R=Me or Ph.?’ The
Russian scientists engaged in these studies have reported experiments with
alkynyl lithium salts*® in which only 4-triazeno products are obtained with
certain azides (Eq. 23).

R

N—N
SN7N\
Ar
2.2-8

70-90%
RC=CMgBr+ AN, ____ [-cox @1
HO,C. R
N
Ar

R = Ph, CH,==CH, MeCH==CH, 1-cyclohexenyl
Ar = Ph, 4-BrPh, 3- and 4-NO,Ph

RC=CC=CMgBr+R'N, — 2.2-8 R =C=C(H or Et) (22)
R=H,Et R =Me,Ph, 4-BrPh, 4-NO,Ph
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R
/—( R =Ph75%, n-Pr 30%

N\\N/N\R’ R'=4-BrPh

RC=CLi+R'N, 2.29 (23)
R'N=NNH R

R’ = Ph, 4-NO,Ph
NG =

r

The addition of azides to enamines (Eqs. 24,25)***° and enol ethers (Eq.
26)*! followed by elimination from the relatively unstable triazolines (e.g.,
2.2-10) represents an important advance. Simplicity and generally excellent
yields make these methods worthy of further study.

N(\j 1 (\O
CHFC<R + — _@

NO,
2.2-10 R
N—N—@NOZ (24)
N
R = CHMe, CH,CHMe, g
% 2.2:11=70 90 2.2-11
Me Me

‘Me / /
cH=c" AN N N R det, N N 25
I + AN, NVZAN NN/ \R )

HR Ar
2.2-12
R =Me Et n-Pr n-Bu PhCH, Ph(CH,), c¢-CiH,,
% 2.2-12= 30 56 60 85 78 43 62

EO iEt /;_/’\
No—cH, + e NN
e w@m = NN,

NO Me 99% 100%
R=Me, Ph Ph 93%

(26)
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An especially promising approach to the 1,5-diaryl-1,2,3-triazoles was
suggested some years ago, but apparently it has not yet been pursued.>® The
addition of phenyl azide to B-nitrostyrenes (Eq. 27) produces a poor yield of
triazolines (2.2-13), but the subsequent reduction and elimination are essen-
tially quantitative.

O,N H Ar
HHAr Oy (H) =~
ArCH=CHNO, + PhN, — N @ i NN (27)
N \P N
h Ph
2.2-13
Ar = 2-BrPh 4-BrPh 2-CIPh 4-CIPh  2-HOPh
% 2.2-13 = 33 60 59 31 29

Similar problems of variable yield exist in the Dimroth addition of aryl
azides and ethyl acetoacetate followed by decarboxylation (Eq- 28).>> The
relationship between yields of 2.2-14 and 2.2-15 (e.g., Ph=30% :85%;
4-NO,Ph=77%:35%) is a lead that deserves to be followed.

HO,C HMe Me
MeCOCH,CO,Et + ArN, —— N N o, N N 28
ST AT AN W, @
Ar Ar
2.2-14 2.2-15
Ar = Ph 4-BrPh 4-CIPh 4-1Ph 4-NO,Ph
% 2.2-14= 30 54 80 75 17
% 2.2-18= 85 58 50 40 35

Pocar®* and Crandall®>*® and their collaborators have reported reactions
(Eqgs. 29 to 31) that may be either isolated examples or the basis of exciting
new methods. Yields of 2.2-16 were generally much less than the example
shown and 2.2-17 was reported only as the major product.

M CHchzNMez
AN =~
N Lo NUN (29)
\N/ \
Ph

N\
ENj \’h 90%

0]
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Ru R'
I
R" \\CHCHCOZR
: -CH,+PhN, — N
R CH, +PhN, — N Ny\P (30)
h
CO.R 2.2-16
R =Me,Et, R'=H,Me 91% R'H, R"CO,Me
R"=H, CO,Me
N
'PCHMez + PhN, —» C]-/q b —
]
H, Me, Ph
CH,NHCHMe,
B o
Ph
2.2-17
REFERENCES
17. 83: 19318le  18. 80: 47912r 19. 75: 196222 20. 72: 121447w
21. 74: 141988t 22, 77: 164609w 23, 79: 78884s 24. 79: 126568t
25. 64: 9713h 26. 67: 100071a  27. 68: 87243g 28. 68: 105100q
29. 63: 11551c 30. 67: 82171b 31. 62: 164248p  32. 66: 10887k
33, 69: 10402w 34. 61: 3096¢ 35. 83: 79160x 36. 83: 79201m

2.3. 2,4-ALKYL- OR ARYL-DISUBSTITUTED
2 H-1,2,3-TRIAZOLES

A large amount of effort has been expended on the conversion of
osazones (2.3-1, D-glucose) to osatriazoles (2.3-2, D-glucose) (Eq. 32). The
method, pioneered by Hann and Hudson,?” has been developed extensively,
notably by Hardegger’® and El Khadem.*®* The range of 2-aryl-1,2,3-
triazoles containing a sugar residue in the 4-position is very broad, but the
basic ring-formation step has remained substantially the same.

Using glucose as the starting material and modifying the 2- and 4-
substituents, Riebsomer and his students*®*' produced a number of new
1,2,3-triazoles based mostly on the chemistry of the 4-formyl group (Eq.
33). The yield of 2.3-3 is nearly quantitative, and its conversion to various
derivatives proceeds in good to excellent yield. An alternative, high-yield
route to these products is found in the lithium aluminum hydride reduction
of the 4-methyl ester (Eq. 34).*?
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C|H=NNHPh /N}\I Ph
I=NNI—lPh =N/
HO——(|3——H CusO. HO—Cl—-H 32)
H—C—OH *° " H—C—OH
H—(E—OH H—(li—OH
CH,OH CH,OH
2.3-1 2.322
CHO Y
.- / { VR
2,32 M 19, N N — N 33
\]\l,/ \rf/N (33)
Ph Ph
2.33
Y = Me, CH,OH, CH,Br, CH,CN
CO,Me CH,OH
Vi \( LA, i \( .. A
1\{N/N — N_N ——— Derivatives as in Eq. 33 (34)
| |
Ph Ph

The analogous reactions of «.B-bisarylhydrazones (2.3-4) to 1,2,3-
triazoles lacking a sugar substituent (Eq. 35) has been reported,** but in
general the yields are poor to fair. A few exceptions, such as 4-Ph-2-(4-1Ph)
80% and 4-Ph-2-(4-BrPh) 60%, indicate the need for further examination.
Another reason why this route shows potential is the reported improved
preparation of the starting material 2.3-4 (Eq. 36).**

Ar!
1
ACC=NNHA? /,——\N( “
CH=NNHAr? " N ¢
|
2.34 Ar?
Ar' = Ph, 4-BrPh

Ar? = Ph, 4-XPh, 4-NO,Ph

>—CAr + PANHNH, — 2.34 (36)
Ar*=Ph

X=Cl,Br Ar=Ph, 4-MePh, 4-MeOPh, 4-CIPh, B-C,,H,
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The synthesis of N-methyl-1,2,3-triazoles from benzonitrile and
diazomethane in the presence of trialkylaluminums (Eq. 37) can produce
moderate yields when the proper choice of catalysts and reaction conditions
is made. The direct preparation of 2.3-5 with dimethyl sulfate has also been
reported in comparable yield.**

Ph

—~

ICH;AIEt,
PhCN+ CH,N, —/—= l\iN)l 37

|
Me

2.3-5
43%

Tanaka and Miller*® have found that 1,2,3-triazole ylides (2.3-6) are
excellent nucleophiles (Eq. 38).

Ar *PPh, Ar *PPh, X"~ Ar
oL o= TT w0
NGO Bx, N o, N (38)
N7 N N
|
R R
2.3-6 2.3-7
RX =Ed EtO,CCH,CH,Cl 24-(NO,),PhBr
% 2.3-7= 71 100 67
REFERENCES
37. 38: 3622% 38. 42: 1209h 39. §8: 114544 40. 43: 2619b
41. 46: 6123e 42. 8§6: 5943d 43, 69: 76826u 44. 76: 153646

45. 67: 108605y 46. 79: 66254y

2.4. 4,5-ALKYL- OR ARYL-DISUBSTITUTED v-TRIAZOLES

The early study of Sheehan and Robinson*” in which they sought 1,2,3-
triazole analogs of histamine (e.g., 2.4-1), included some 5-phenyl inter-
mediates (Eq. 39). The yields are generally excellent.

Organometallic azides add smoothly to acetylenes (Eqs. 40,41), and the
resulting 2-trialkylsilicon (2.4-2)*® or tin (2.4-3)*° derivatives hydrolyze in
near quantative yield. The addition of acetylazide to triphenylphosphorane
methylenes (2.4-4) followed by hydrolysis (Eq. 42)° is another attractive
route. Yields of 60% and greater were reported for a variety of substituents
on 2.4-S.
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Ph CHO O Ph O
Nt NN

N N + N — N S N
Vi Ny H/iu// \'s‘/\H

Ph CH,CH,NH,

several o
e NP (39)
H
2.4-1

N

\ e )

e NN “
|

' SlMe ’
RC=CR 3 R R
n-BusSnN3 2.4-2 q H
R, R'=Me, Et, PN &N/N\H
7 '(\ .
N NDI _*L,‘ (41)
|
Sn(Bu-n),
2.4-3
R! R? R! R?
COR! w __(
d on- b 42
Ph,P=C + MeCON, — Qy o, N N (42)
AN SNX, SN
R? c H
2.4-4 2.4-5

The preparation of 4-aryl-5-heteroaromatic-1,2,3-triazoles in excellent
yield can be accomplished by the direct addition of the azide ion to
appropriate styryl sulfones (Eq. 43).>" Except for Ph and 9-anthryl (50 and
60%), the yields are 80 to 90%.

Ar Y
SO,Ph .
+ - (CONMe:
ArCH=C\ + Na* "N, == I*{\Ny\ (43)
Y H
2.4-6

Ar = Ph, 4-MeOPh, 4-CiPh, 4-Me,NPh, 3-pyridyl, 3,4,5-(MeO),Ph, 9-anthry!
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2,700 41

OH
N S
ArC=CCO,Me +Na* "N, —» “i\N}“\H NN
Ar = Ph, 4-CIPh 2.47
’ 4-CIPh 92% 4-CIPh 96%
Ph88% (44)

The conversion of a carbomethoxy group to various hydroxymethyl de-
rivatives (2.4-7) in very high yield has been reported by Burgess and
Sanchez (Eqgs. 44,45).52 Of special interest is the high yield of the fulvene
(2.4-8) and the product composition reported for 2.4-9 and 2.4-10.

i
. Ph CPh
< >"“ = i
N_N
Et;N,THF NN
Sy
c|:] 95%
Ph CPh, P OMe
soci F—( e ) _MeOH —CPh;
e e SN
90% 94%
PhMth
EtsN
CgHg THF iN’/N
2.4-8
98%
OH
Ph Ceh, Ph CPh,
M
SN\H N7
2.4-9 2.4-10

35% 53%
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TABLE 2. ALKYL- OR ARYL-DISUBSTITUTED 1,2,3-TRIAZOLES

Compound Reference

2.1. 1,4-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles

-4-acetaldehyde, 1-phenyl-, oxime 49: 6242c

1-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-4-phenyl- 72: 3718n

1-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-4-phenyl-,  72: 3718n
3',4',6'-triacetate ester

-1-acetic acid, 4(or 5)-(1-hydroxycyclohexyl)-, 60: 15859d
ethyl ester
-1-acetic acid, 4(or 5)-(1-hydroxyethyl)-, 60: 15859d
ethyl ester
-1-acetic acid, 4-(hydroxy-1-methylethyl)-, 60: 15859d
ethyl ester
-1-acetic acid, 4-phenyl- 80: 108451p
-1-acetic acid, 4(or 5)-phenyl- 60: 15859d
-1-acetic acid, 4-phenyl-, ethyl ester 80: 108451p
-1-acetic acid, 4(or 5)-phenyl-, ethyl ester 60: 158594
- 1-acetonitrile, 4-(methoxymethyl)-a-(4-methoxy- 59: P15420h
salicylidene)-
-4-acetonitrile, 1-methyl- 49: 6242¢
-4-acetonitrile, 1-phenyl- 45: 9038c
-4-acrolein, {-allyl- 66: 3783%
-4-acrolein, 1-benzyl- 66: 37839u
-4-acrolein, 1-benzyl, phenylthydrazone 66: 37839%u
-4-acrolein, a-bromo-1-phenyl- 64: 35231
-4-acrolein, a-bromo-1-phenyl-, (4-nitrophenyl)- 64: 3523f
hydrazone
-4-acrolein, 1-(4-bromophenyl)- 64: 3523¢
-4-acrolein, 1-(4-bromophenyl)-, phenylthydrazone 64: 3523e
-4-acrolein, 1-(2,4-dinitrophenyl)- 64: 3523f
-4-acrolein, 1-ethyl- 66: 3783%
-4-acrolein, 1-ethyl-, phenylhydrazone 66: 37839u
-4-acrolein, 1-(4-methoxyphenyl)- 64: 3523¢
-4-acrolein, 1-methyl-, (E)- 75: 63702z
-4-acrolein, 1- methyl-, phenylhydrazone 66: 37839
-4-acrolein, 1-(4-methylphenyl)- 64: 3523e
-4-acrolein, 1-[4-[4-(methylphenyl)sulfinyllphenyl]- 64: 3523f
-4-acrolein, 1-(1-naphthyl)- 64: 3523e
-4-acrolein, 1-(2-naphthyl)- 64: 3523e
-4-acrolein, 1-(3-nitrophenyl)- 64: 3523e
-4-acrolein, 1-(4-nitrophenyl)- 64: 3523¢
-4-acrolein, 1-phenyl-, (2,4-dinitrophenyl)hydrazone 64: 3523e
-4-acrolein, 1-phenyl-, (4-nitrophenyl)hydrazone 64: 3523e

-4-acrolein, 1-phenyl-, oxime 64: 3523e



TABLE 2 (Continued)

Compound Reference
2.1. 1,4-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)
-4-acrolein, 1-phenyl-, phenylhydrazone 64: 3523¢
-4-acrylic acid, a-benzamido-1-phenyl- 49: 6242b
-4-acrylic acid, 1-benzyl- 50: 4129¢

-4-acrylic acid, a-cyano-1-methyl, ethyl ester
-4-acrylic acid, 1-methyl-
-4-acrylic acid, 1-phenyl-
-4-alanine, N-benzoyl-1-phenyl-
-4-alanine, 1-methyl-
-4-alanine, 1-phenyl-
4-(2-aminoethyl)-1-methyl-
4-(2-aminoethyl)-1-phenyl-
4-(2-amino-4-thiazolyl)- 1-phenyl-
1-(4-anilino-3-oxo-2- phenyl-2H-pyridazin-5-y1)-4-
(chloromethyl)-
4-[1-C-(R-D-arabinitolyl)]-1-phenyl-, 1,2,3,4,5-
pentaacetate ester
4-[(D-arabino-1,2,3,4,5-pentahydroxypentyl)-2,3:4,5-
bis-O-(1-methylethylidene)- 1-C-}-1-phenyl-. (R)-
4-[(D-arabino-1,2,3,4,5-pentahydroxypentyl)-2,3:4,5-
bis-O-(1-methylethylidene)-1-C-]-1-phenyi-, (S)-
4-[(D-arabino-1,2,3,4,5-pentahydroxypentyl)-2,3:4,5-
bis- O-(1-methylethylidene)-1-C-]-1-phenyl-,
1-acetate ester, (R)-
4-[(D-arabino-1,2,3,4,5-pentahydroxypentyl)-2,3:4,5-
bis-O-(1-methylethylidene)-1-C-}-1-phenyl-,
1-acetate ester, (S)-
4-(D-arabino-1,2,3,4,5-pentahydroxypentyl-1-C)-
1-phenyl-, (R)-
4-(D-arabino-1,2,3,4,5-pentahydroxypentyl-1-C)-
1-phenyl-, (S)-
4-(D-arabino-1,2,3,4,5-pentahydroxypentyl-1-C)-
1-phenyl-, 1,2,3,4,5-pentaacetate ester, (S)-
4-(azidomethyl)-1-(4-azido-3-ox0-2-phenyl-2H-
pyridazin-5-yl)-
1-(4-azido-3-0x0-2-phenyl-2H-pyridazin-5-yl)-
4-(chloromethyl)-
4-[(2-azidophenoxy)methyl]-1-[2-(2-propynloxy)phenyl]-
1-(1 H-benzimidazol-2-yl)-4(or 5)-(1-hydroxycyclohexyl)-
1-(2-benzothiazolyl)-4(or 5)-(bromomethyl)-
1-(2-benzothiazolyl)-4(or 5)-(1-hydroxycyclohexyl)-
1-(2-benzothiazolyl)-4(or 5)-{N-(2-hydroxyphenyl)-
N-(methylamino)methyl]-, methylcarbamate ester
1-(2-benzothiazolyl)-4(or 5)-pentyl-
1-(2-benzothiazolyl)-4(or 5)-phenyl-
1-[4-(benzylamino)-3-oxo-2-phenyl-2 H-pyridazin-5-y1}-
4-[(benzylamino)methyl}-
1-[4-(benzylamino)-3-oxo-2-phenyl-2 H-pyridazin-5-yl]-
4-(chloromethyl)-
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67: 118072m

§0: 4129c, 66: 3783%
64: 3523g

49: 6242b

49: 6242b

49: 6241i

49: 6242d

45: 9038c, 49: 6242b
50: 4924¢

72: 55344g

79: 66696u
84: 180505j
84: 180505j

84: 180505j

84: 180505j

84: 180505j
84: 180505j
84: 180505j
72: 66882g

72: 66882¢g

84: 105510d
79: P78815v
79: P78815v
79: P78815v
79: P78815v
79: P78815v
79: P78815v
72: 55344g

72: 55344g, 76: 153690u



TABLE 2 (Continued)

Compound

Reference

2.1. 1.4-Alkyl- or Aryl-Disubstituted 1H-1,2.3-Triazoles (Continued)

1-[4-(benzylamino)-3-oxo0-2-phenyl-2 H -pyridazin-5-yi}-
4-[(dimethylamino)methyl]-

1-[2-[(4.6-O-benzylidene-2-deoxy-a-D-altro-
pyranosidyl) methyl}-4-phenyl-

I-benzyl-4-isopropenyl-

1-benzyl-4-isopropyl-

I-benzyl-4(or 5)-methyl-

1-benzyl-4-phenyl-

1-{(benzylsulfonyl)methyl}-4-phenyl-

1-[(benzylsulfonyl)methyl]-4(or 5)-phenyl-

1-{(benzylthio)methyl]-4-phenyl-

1-benzyl-4-[D-threo-(1.2,3-trihydroxypropyl)]-

1-benzyl-4-(2,3,5-tris-O-benzyl- 3-D-ribofuranosyl)-

4-{bis[4-(dimethylamino)phenyl]methyl]-1-methyl-

1-[5-bromo- 1-(2-cyanoethyl)-6-oxo-6 H-pyridazin-4-yl]-
4-(chloromethyl)-

1-[5-bromo-1-(2-cyanoethyl}-6-0x0-6 H-pyridazin-4-yl]-
4-(hydroxymethyl)-

1-{4-bromo-2-(2-hydroxyethyl)-3-ox0-2 H-pyridazin-
5-yl]-4-(hydroxymethyl)-

1(4-bromo-2-methyl-3-oxo0-2 H-pyridazin-5-yl)-
4-(chloromethy!)-

1-(4-bromo-2-methyl-3-0x0-2H -pyridazin-5-yl)-
4-(hydroxymethyl)-

4-(bromomethyl)-1-phenyl-

1-(4-bromo-3-oxo-2-phenyl-2 H-pyridazin-5-yl)-4-
[(tert-butylamino)methyl]-

1-(4-bromo-3-ox0-2-phenyl-2H-pyridazin-5-yl)-4-
(chloromethyl)-

1-(4-bromo-3-0xo0-2-phenyl-2 H -pyridazin-5-yi)-4-
(hydroxymethyl)-

1-(4-bromo-3-oxo-2-phenyl-2 H-pyridazin-5-yl)-4-
(iodomethyl)-

1-(4-bromo-3-oxo0-2-phenyl-2 H-pyridazin-5-yl)-4 -
{(methylamino)methyl]-

1-{(5-bromo-6-0x0- 1 -phenyl-6H -pyridazin-4-y1)-4-
(methylamino)-, triethylammonium iodide

1-{(4-bromo-3-oxo-2-phenyl-2 H-pyridazin-5-yl)-4-
(aci-nitromethyl)-

1-(4-bromo-3-oxo-2 H-pyridazin-5-y1)-4-(chloromethyl)-

1-(4-bromo-3-0x0-2 H-pyridazin-5-y!)-4-(hydroxymethyl)-

1-(5-bromo-6-oxo- 1-phenyl-6 H-pyridazin-4-yl)-4-
[(thiocyanato)methyl]-
1-(4-bromophenyl)-4-methyl-
4-(2-bromophenyl)-1-phenyi-
4-(4-bromophenyl)-1-phenyl-
1-(4-bromophenyl)-4-vinyl-
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72: 55344g
75: 88891y

46: 8651g

46: 8652b

60: 15859d

51: 138541, §3: 5253d
72: 43576w

51: 13855

72: 43576w

75: 88891y

77: 34803u, 82: 43677m
56: 12877g

72: 121473b

70: 3996k, 72: 121473b
70: 3996k, 72: 121473b
72: 121473b

70: 3996k, 72: 121473b

84: 105510d
72: 55344

72: 121473b

70: 3996k, 72: 65613h,
72: 121473b
72: 121473b

72: 55344¢
72: 55344g
72: 66882g

72: 121473b

70: 3996k, 72: 65613h,
72: 121473b

72: 66882¢

69: 10402w
66: 10887k
66: 10887k
77: 126516f



TABLE 2 (Continued)

Compound

Reference

2.1. 1,4-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

-2-butanedioic acid, 1-phenyl-, dimethyl ester
- 1-butanoic acid, 4-phenyl-
1-[4-(butylamino)-3-ox0-2-phenyl-2H-pyridazin-5-yl}-4-
(hydroxymethy})-
1-butyl-4(or 5)-ethyi-
1-butyl-4(or 5)-methyl-
1-tert:-butyl-4-phenyl-
4-[(5-chioro-2-hydroxyphenylymethyl]-1-
(2,4,6-trinitrophenyl)-
1-(4-chloro-2-methyl-3-oxo-2 H-pyridazin-5-yl)-4-
(hydroxymethyl)-
1-(4-chloro-2-methyl-3-ox0-2H-pyridazin-5-yl)-
4-phenyl-
4-(chloromethyl)-1-(4-chloro-3-oxo-2-phenyl-2H-
pyridazin-5-yl)-
4-(chloromethyl)- 1-[4-(methylamino)-3-oxo0-2-phenyl-
2H-pyridazin-S-yl]-
4-(chloromethyl)-1-[4-[(3-methylphenyl)amino]-3-oxo0-
2-phenyl-2H-pyridazin-5-yi]-
4-(chloromethyl)-1-[4-[(4-methylphenyl)amino]-3-oxo-
2-phenyl-2H-pyridazin-5-yl}-
4-(chloromethyl)-1-[4-(4-morpholinyl)-3-ox0-2-
phenyl-2H-pyridazin-5-yl]-
4-(chloromethyl)-1-(3-0x0-2-phenyl-4-piperidinyl-
2H-pyridazin-5-yl}-
4-(chloromethyl)-1-[3-0x0-2-phenyl-4-(1-pyrrolidinyl)-
2H-pyridazin-5-yl}-
1-(4-chloro-3-oxo0-2-phenyl-2 H-pyridazin-5-yl)-4-
(hydroxymethyl)-
1-(4-chloro-3-oxo-2H-pyridazin-5-yl)-4-
(hydroxymethyl)-
1-(4-chloro-3-oxo-2H-pyridazin-5-yl)-4-phenyl-
1-(4-chlorophenyl)-4-methyl-
1-(4-chlorophenyl)-4-[2-(4-morpholinylethyi]-
1-(4-chlorophenyl)-4-(4-morpholinylmethyl)-
4-(2-chlorophenyl)- 1-phenyl-
4-(4-chlorophenyl)- 1-phenyl-
1-(4-chlorophenyl)-4-[1-(1-piperidinyl)ethyl])-
1-(4-chlorophenyl)-4-(1-piperidinylmethyl)-
1-{4-(cyclohexylamino)-3-oxo-2-phenyl-2 H-pyridazin-
5-y1}-4-(hydroxymethyl)-
1-[6-(6-deoxy-1,2:3,4-di-O-isopropylidene-a-D-
galactopyranosyl)]-4-phenyl-
4-[(3,5-dichloro-2-hydroxyphenyl)methyl}-1-
(2,4,6-trinitrophenyl)-
1-[4-(diethylamino)-3-oxo-2-phenyl-2 H-pyridazin-
5-yl]-4-(chloromethyl)-
1-(3,4-dihydro-1 H-2-benzopyran- 1-yl)-4-phenyl-
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83: 79160x
84: P164786w, 85: P123926u
74: 125600e, 76: 153690u
60: 15859d
60: 15859d
78: 72017u
84: 90080n
78: 72035y
78: 72035y
76: 153690u
72: 55344g
72: 55344¢
T72: 55344g
T2: 55344g
72: 55344g
72: 55344g
74: 125600e
78: 72035y
78: 72035y
69: 10402w
76: 126879
76: 126875b
66: 10887k
66: 10887k
76: 126879f
76: 126875b
76: 153690u
75: 88891y
84: 90080n
72: 55344g

81: 914862



TABLE 2 (Continued)

Compound

Reference

2.1. 1,4-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

1-(3.4-dihydro-1H-2-benzothiopyran- 1-yl)-4-phenyl-
1-(3,4-dihydro-1 H-2-benzothiopyran-1-yl)-4-phenyl-,
$,S-dioxide
4-[6-C-(1,2:3,4-di-O-isopropylidene-D-glycero-a-D-
galactohexopyranosyl)]- 1 -phenyl-
1,4-dimethyl-
1-[4-(dimethylamino)-3-oxo-2-phenyl-2 H-pyridazin-
5-yl}-4-{chloromethyl)-
1-[4-(dimethylamino)-3-ox0-2-phenyl-2 H-pyridazin-
5-yl}-4-[(dimethylamino)methyl]-
1-[4-(dimethylamino)-3-0x0-2-Phenyl-2 H-pyridazin
5-yl}-4-(piperidinylmethyl)-
4-[(1,3-dimethyl-2-0x0-3,5-cyclohexadien- 1 -
yl)methylt]-1-(2,4,6-trinitrophenyl)-
1-(3,3-dimethyl- 1-butenyl)-4-phenyl-
1-(2,5-dimethylphenyl)-4-isopropyl-
1-(2,5-dimethylphenyl)-4-methyl-
1-(2,5-dimethylphenyl)-4-phenyl-
1-(1,3-dioxo-2-phenyl-2-indanyl)-4-(azidomethyl)-
1-(1,3-dioxo-2-phenyl-2-indanyl)-4-(chloromethyl)-
1-(1.3-dioxo-2-phenyl-2-indanyl)-4-(hydroxymethyl)-
1-(1,3-dioxo-2-phenyl-2-indanyl)-4-(iodomethyl)-
1-(1,3-dioxo-2-phenyl-2-indanyl)-4-[(thiocyanato)-
methyl]-
1,4-diphenyl-
1.4-diphenyl-, -4-!*C
1.4-dipheny!-5-(trimethylsilyl)-
4-(dipiperidinylmethyl)-1-phenyl-
-1-ethanol, 4(or 5)-ethyl-
-1-ethanol, 4(or S)-(1-hydroxycyclohexyl)-
-1-ethanol, 4(or 5)-(1-hydroxyethyl)-
-1-ethanol, 4-(hydroxymethyl)-
-1-ethanol, 4(or 5)-(3-hydroxy-3-methyl-1-butynyl)-
-1-ethanol, 4-(1-hydroxy-l-methylethyl)-
-1-ethanol, 4-(1-hydroxy-2-methylpropyl)-
-1-ethanol, 4-phenyl-
-1-ethanol, 4(or S)-phenyl-
1-[4-(ethenyloxy)butyl}-4-phenyi-
1-[2-(ethenyloxy)ethyl]-4-phenyl-
1-[(ethenyloxy)methyl]-4-phenyl-
1-{3-(ethenyloxy)propyl}-4-phenyl-
i-(ethoxymethyl}-4(or 5)-phenyl-
1-ethyl-4-phenyl-
1-{(ethylthio)methyl]}-4(or 5)-phenyl-
1-B-D-galactopyranosyl-4-phenyl-
1-8-D-galactopyranosyl-4-phenyl-, 2',3",4'.6'-
tetraacetate ester
1-a-D-glucopyranosyl-4-phenyl-
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81: 914862
81: 91486z

75: 88891y

85: 77337c
72: 55344g

72: 55344g
T72: 55344¢

84: 90080n

75: 19622z
22: 3411}
22: 3411!
22: 34117
73: 98912d
73: 98912d
73: 98912d
73: 98912d
73: 98912d

82: 154936q
82: 154936q
60: 5538a
49: 6242¢
60: 15859d
60: 15859d
60: 15859d
60: 15859d, 83: 193181e
60: 15859d
60: 15859d
62: P10443h
83: 19318le
60: 15859d
84: P59482w
84: P59482w
84: P59482w
84: P59482w
§1: 13855f
S1: 13854i
51: 138551
54: 12125¢, 72: 3718n
72: 3718n

72: 3718n



TABLE 2 (Continued)

Compound

Reference

2.1. 1,4-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

1-B8-D-glucopyranosyl-4-phenyl-

1-a-D-glucopyranosyl-4-phenyl-. 3',4°,6'-
triacetate ester

1-B-D-glucopyranosyl-4-phenyl-, 2'.3'.4'.6'-
tetraacetate ester

4{or 5)-(1-hydroxycyclohexyl)- 1-(6-isopropyi-4-
methyl-2-pyrimidinyl)-

1-{4-[(3-hydroxyphenyl)amino]-3-0xo-2-phenyl-2H-
pyridazin-5-yl]-4-(hydroxymethyl)-

4-[(2-hydroxyphenyl)methyl]-1-(2.4,6-trinitrophenyl)-

4-[(2-hydroxyphenyl)methyl]-1-(2,4,6-trinitrophenyl)-,
acetate ester

4-(2-hydroxyphenyl)-1-phenyl-

1-(imidazo[ 1.2-bIpyridazin-6-yl)-4-phenyl-

1-(2-iodo-2,3-dimethylbutyl)-4-phenyl-

1-[4-(isobutylamino)-3-oxo-2-phenyl-2 H-pyridazin-
5-yl]-4-(chloromethyl)-

1-[4-(isobutylamino)-3-oxo-2-phenyl-2H-pyridazin-
5-yl]-4-[(isobutylamino)methyl}-

4(or S)-isopropenyl-1-{(4-methylphenyl)methyl]-

4-isopropenyl-1-phenyl-

1-[4-(isopropylamino)-3-oxo-2-phenyl-2H-pyridazin-
5-y1}-4-(chloromethyl)-

1-[4-(isopropylamino)-3-oxo-2-phenyl-2H -pyridazin-
5-yl]-4-(hydroxymethy!)-

1-isopropyl-4-phenyl-

4-isopropyl-1-phenyl-

-4(or 5)-methanamine, 1-(1H-benzimidazol-2-yl)-N,N-
dimethyl-

-4(or 5)-methanamine, 1-(2-benzothiazolyl)-N,N-
dimethyl-

-4-methanamine, 1-(4-chlorophenyl)-N-methyl-N-phenyl-

-4(or 5)-methanamine, N,N-diethyl-1-{4-(ethylamino)-
6-(isopropylamino)-1,3,5-triazin-2-yl}-

-4-methanamine, N,N-diethyl-1-(4-nitrophenyl)-

-4-methanamine, N-isopropyl-1-phenyi-

-4-methanamine, N-methyl-1-(4-nitrophenyl)-N-phenyl-

-4-methanol, 1-(3-aminophenyl)-a,a-dimethyl-

-4-methanol, i-(4-aminophenyl)-a,a-dimethyl-

-4(or 5)-methanol, 1-(1H-benzimidazol-2-yl)-

-4(or S)-methanol, 1-(1H-benzimidazol-2-yl)-a,a-
dimethyl-

-4(or 5)-methanol, 1-(1 H-benzimidazol-2-yl}-a-pentyl-

-4(or 5)-methanol, 1-(1H-benzimidazol-2-yl)-a-phenyl-

-4(or 5)-methanol, 1-(2-benzothiazolyl)-

-4(or 5)-methanol, 1-(2-benzothiazolyl)-a,a-dimethyl-

-4(or 5)-methanol, 1-(2-benzothiazolyl)-a-ethyl-
a-methyl-
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§4: 12125b, 72: 3718n
72: 3718n

72: 3718n
79: P78815v
76: 153690u

84: 90080n
84: 90080n

66: 10887k
83: 97213w
75: 19622z
T72: 55344¢

72: 55344g

60: 15859d
46: 8652b
76: 153690u

76: 153690u

78: 72017u
46: 8652b
79: P78815v

79: P78815v

76: 126875b
79: P78815v

76: 126875b
83: 79201m
76: 126875b
53: 3199

46: 8651h

79: P78815v
79: P78815v

79: P78815v
79: P78815v
79: P78815v
79: P78815v
79: P78815v



TABLE 2 (Continued)

Compound

Reference

2.1. 1,4-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

-4(or 5)-methanol. 1-(2-benzothiazolyl)-a-methyl-

-4(or 5)-methanol. 1-(2-benzothiazolyl)-a-pentyl-

-4(or 5)-methanol, 1-(2-benzothiazolyl}-a-phenyl-

-4(or 5)-methanol, 1-(2-benzoxazolyl)-

-4-methanol, 1-benzyl-

-4-methanol, 1-benzyl-a.a-dimethyl-

-4-methanol, 1-benzyl-a-hexyl-

-4(or 5)-methanol, 1-benzyl-a-methyl-

-4-methanol, a,a-bis{4-(dimethylamino)phenyl]-
1-methyi-

-4(or 5)-methanol, 1-butyl-

-4(or 5)-methanol, 1-butyl-a,a-dimethyi-

-4(or 5)-methanol, 1-butyl-a-methyl-

-4{or 5)-methanol, 1-{6-(sec-butylamino)-4-
(ethylamino)-1,3,5-triazin-2-yl}-

-4-methanol, 1-{1-(2-carboxybenzoyl)phenylmethyl]}-

-4(or 5)-methanol, a-(3,4-dihydro-2.6-dimethyl-2H-
pyran-2-yl)-1-(2-ethoxyethyl)-

-4(or 5)-methanol, a,a-dimethyi-1-(6-isopropyl-4-
methyl-2-pyrimidinyl)-

-4(or 5)-methanol, a,a-dimethyl-1-[4-(methylphenyl)-
methyl]-

-4-methanol, a,a-dimethyl-1-(3-nitrophenyl)-

-4-methanol, a,a-dimethyl-1-(4-nitrophenyl)-

-4-methanol, a,a-dimethyl-1-phenyl-

-4-methanol, a,a-dimethyl-1-phenyl-, acetate ester

-4-methanol, a,a-dimethyl-1-[4-(triphenylplumbyl)butyl]-

-4-methanol. a,a-dimethyl-1-[5-(triphenylplumbyhpentyl]-

-4-methanol, a.a-dimethyl-1-[3-(triphenylplumbyl)propyl]-

-4(or 5)-methanol, [-(2-ethoxyethy})-

-4(or 5)-methanol, 1-(2-ethoxyethyl)-a-methyl-

-4(or 5)-methanol, 1-[4-(ethylamino)-6-(isopropyl-
amino)-1,3,5-triazin-2-yl]-a,a-dimethyl-

-4(or 5)-methanol, 1-[4-(ethylamino)-6-(isopropyl-
amino)- 1.3,5-triazin-2-yl}-a-phenyl-

-4-methanol, 1-[4-(2-hydroxy-1-naphthylazo)phenyl]-
a,a-dimethyl-

-4-methanol, 1-(1-hydroxyphthalid-1-yl)phenylmethyl)-

-4(or 5)-methanol, 1-(6-isopropyl-4-methyl-2-
pyrimidinyl)-

-4(or 5)-methanol, 1-(6-isopropyl-4-methyl-2-
pyrimidinyl)-a-phenyl-

-4-methanol, 1-[(4-methylphenyl)methyl]-
a,a-dimethyl-

-4-methanol, a-methyl-1-(4-nitrophenyl)-(?)

-4-methanol, 1-[4-(4-morpholinyl)-3-0x0-2-phenyl-
2H-pyridazin-5-ylj-

-4(or S5)-methanol, 1-{(6-nitro-2-benzothiazolyl)-
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79: P78815v
79: P78815v

79: P78815v

79: P78815v

46: 8651g, 73: 98912d
46: 86511

46: 8651g

60: 15859d

56: 12877h

60: 15859d
60: 15859d
60: 15859d
79: P78815v

73: 98912d
60: 15859d

79: P78815v
60: 15859d

53: 3199h
46: 8651h
46: 8651h
46: 8651h
67: 8224%h
67: 8224%h
67: 82249h
60: 15859d
60: 15859d
79: P78815v

79: P78815v
46: 8651h

73: 98912d
79: P78815v

79: P78815v
46: 8651g

§2: P2086a
76: 153690u

79: P78815v



TABLE 2 (Continued)

Compound

Reference

2.1. 1,4-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

-4-methanol, 1-(1-nitroethyl)-

-4-methanol, 1-(2-nitroethyl)-

-4-methanol, 1-(4-nitrophenyl)-

4-methanol, 1-[4-[(2-nitrophenyl)amino}-3-oxo-2-
phenyl-2H-pyridazin-5-yl}-

4-methanol, 1-{4-[(4-nitrophenyl)amino]-3-0x0-2-
phenyl-2H-pyridazin-5-yl}-

4-methanol, 1-[3-oxo-2-phenyl-4-(phenylamino)-
2H-pyridazin-5-yi]-

4-methanol, 1-[3-oxo-2-phenyl-4-(1-piperidinyl)-
2H-pyridazin-5-yi]-

4-methanol, 1-{3-oxo0-2-phenyl-4-(1-pyrrolidinyl)-
2H-pyridazin-5-yl}-

-4(or 5)-methanol, 1-pentyl-

-4-methanol, 1-pentyl-

-4-methanol, 1-phenyl-

-4-methanol, 1-phenyl-, benzoate ester
-4-methanol, 1-(4-pyridyl)-, I'-oxide
-4-methanol, 1-(4-quinolyl)-
1-(methoxymethyl)-4-phenyl-
1-methyl-4-(4-methylphenyl)-
4-methyl-1-(4-methylphenyl)-
1-methyl-4-(2-naphthyl)-
4-methyl-1-(4-nitrophenyl)-
1-methyl-4-phenyl-

4-methyl-1-phenyl-
1-[(methylsulfonyl)methyl]-4-phenyl-
1-[(methylthio)methyl}-4-phenyl-
4-(4-morpholinylmethy!)- 1-(4-nitrophenyl)-
4(or 5)-(4-morpholinylmethyl)-1(or 2)-[2-(5-nitro-
2-furanyl)ethenyl)-
1-(6-nitro-2-benzothiazolyl)-4(or 5)-phenyl-
4-(2-nitroethenyl)-1-phenyl-
4-(2-nitroethenyl)-1-propyl-
1-(1-nitroethyl)-4-phenyl-
1-(2-nitroethyl)-4-phenyl-
t-(4-nitrophenyl)-4-phenyl-
1-(4-nitrophenyl)-4-(4-pyrrolidinylmethyl)-
4-[(2-0x0-1,3,4,5,6-pentachloro-3,5-cyclohexadien-
1-yDmethyl}-1-(2,4,6-trinitrophenyl)-

1-(3-0x0-2-phenyl-4-piperidinyl-2 H-pyridazin-5-yl)-4-

(piperidinylmethyl)-
4-[(2-0x0-1,3,5-trichloro-3,5-cyclohexadien-1-yl)
methyl])-1-(2,4,6-trinitrophenyl)-
1{-(pentafluorophenyl)-4-phenyl-
1-pentyl-4-phenyl-
40

83: 193181e
83: 193181e
§8: 12561b
76: 153690u

76: 153690u
76: 153690u
76: 153690u
76: 153690u

60: 15859d

83: 193181e

37: 1194, 46: 8651h,
48: 2685b

49: 3948e

55: 27338f

§5: 27338e

72: 43576w

78: 72017u

69: 10402w

78: 72017u

69: 10402w

67: 108605y, 72: 43576w,
78: 72017u

61: 2926¢, 69: 10402w

T2: 43576w

72: 43576w

76: 126875b

77: 101470y

79: P78815v

49: 6242¢

62: 15262a

83: 19318le

83: 19318le

62: 16248b, 70: 19987u
76: 126875b

84: 90080n

T72: 55344
84: 90080n

81: 135588r
83: 193181e



TABLE 2 (Continued)

Compound

Reference

2.1. 1,4-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

1-(phenoxymethyl)-4-phenyl-
4-(phenoxymethyl)-1-phenyl-
1-(1-phenylethenyl)-4-phenyl-
1-phenyl-4-[2-N-phenylformimidoyl)ethenyl)-
4-phenyl-1-[(phenylsulfonyl)methyl]-
4(or 5)-phenyl-1-[(phenylsulfonyl)methyl}-
4-phenyl-1-[(phenylthio)methyl}-
4(or 5)-phenyl-1-[(phenylthio)methyl]-
4{or 5)-phenyl-1-(piperidinylmethyl)-
4-phenyl-1-8-D-ribofuranosyl-
4-phenyl-1-8-D-ribofuranosyl-, 2',3',5'-
tribenzoate ester
4-phenyl-1-styryl-, (E)-
4-phenyl-1-(tetrazolof 1,5-b Jpyridazin-6-yl)-
1-phenyi-4-[D-threo-(1,2,3-trihydroxypropyl)]-
1-phenyl-4-[D-threo-(1,2,3-trihydroxypropyl)]-,
triacetate ester
4-phenyl-1-B-D-xylopyranosyl-, 2',3',4'-
triacetate ester
-1-propanoic acid, 4-[3-(acetylamino)phenyl]}-
-1-propanoic acid, 4-(3-aminophenyl)-
-1-propanoic acid, 4-(3-bromophenyl)-
-1-propanoic acid, 4-(3-chlorophenyl)-
-4-propanoic acid, 1-(3-chlorophenyl)-
-1-propanoic acid, 4-(3-ethoxyphenyl)-
-1-propanoic acid, 4-(3-fluorophenyl)-
-4-propanoic acid, 1-(3-fluorophenyl)-
-4-propanoic acid, 1-methyl-
-4-propanoic-a,8-d, acid, 1-methyl-, methyl ester
-4-propanoic acid, 1-methyl-, methyl ester
-4-propanoic acid, a-methyl-1-phenyl, ethyl ester
-1-propanoic acid, B-methyl-4-phenyl-
-1-propanoic acid, 4-(3-methylphenyl)-
-1-propanoic acid, 4-(3-nitrophenyl)-
-1-propanoic acid, 4-(3-nitrophenyl)-,
isopropyl ester
-4-propanoic acid, B-oxo-1-phenyi-
-1-propanoic acid, 4-phenyl-
-1-propanoic acid, 4-phenyl-, ethyl ester
-4-propanoic acid, 1-phenyl-
-4-propanoic acid, 1-phenyl-, ethyl ester
-4-propanoic acid, 1-phenyl-, methyl ester
-4-propanol, 1-phenyl-
-4-propanol, 1-phenyl-, benzoate ester
-4-prop-2-enal, 1-phenyl-
-4-prop-2-enoic acid, 1-(3-fluorophenyl)-
-4-prop-2-enoic acid, 1-phenyl-
-4-pyruvic acid, I-methyl-
41

72: 43576w
84: 105510d
82: 156182q
64: 3523e
72: 43576w
81: 13855f
72: 43576w
§1: 13855¢
§2: 13727
72: 3718n
72: 3718n

71: 38476p
83: 97213w
75: 88891y
75: 88891y

75: 88891y

84: P164786w

84: P164786w

84: P164786w

84: P164786w

84: P164786w

84: P164786w

84: P164786w

84: P164786w

73: 98878x, 75: 63702z
73: 98878x, 75: 63702z
73: 98878x, 75: 63702z
83: 79160x

83: P10089p

84: P164786w

84: P164786w

84: P164786w

37: 5405', 79: 66254y
80: 108451p

80: 108451p

83: 79160x

83: 79160x

83: 79160x

64: 3523f, 83:79160x
64: 3523f

84: P164786w

85: P123926u

83: 10089p

49: 6242¢



TABLE 2 (Continued)

Compound

Reference

2.1. 1,4-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

-4-pyruvic acid, 1-methyl-, oxime
-4-pyruvic acid, I-phenyl-, oxime
1-(2,3,5,6-tetrafluoro-4-pyridyl)-4-phenyl-
-4-a-thiopyruvic acid, 1-phenyl-

2.2.  1,5-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles

1-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-5-phenyl-
1-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-5-phenyl-,
3'.4' 6'-triacetate ester
-1-acetic acid, 5-phenyl-
-1-acetic acid, 3-phenyl-, ethyl ester
5-(2-aminoethyl)- 1-phenyl-
1-(4-aminophenyl)-5-phenyl-
S-[(D-arabino-1,2,3,4,5-pentahydroxypentyl)-2,3:4,5-
bis-O-(1-methylethylidene)-1-C-]J-1-phenyl-, (R)-
5-[(D-arabino-1,2,3,4,5-pentahydroxypentyl)-2.3:4,5-
bis-O-(1-methylethylidene)- 1-C-}-1-phenyl-, (S)-
5-[(D-arabino-1,2.3,4,5-pentahydroxypentyl)-2.3:4,5-
bis-O-(1-methylethylidene)- 1-C-]-1-phenyl-,
1-acetate ester, (R)-
5-[(D-arabino-1,2,3,4,5-pentahydroxypentyl)-2,3:4,5-
bis-O-(1-methylethylidene)-1-C-}-1-phenyl-,
1-acetate ester, (S)-
5-[(D-arabino-1,2,3,4,5-pentahydroxypentyl)-2,3:4,5-
bis-Q-(1-methylethylidene)-1-C-]-1-phenyl-,
1-benzoate ester, (R)-
5-(D-arabino-1,2,3.4,5-pentahydroxypentyl-1-C)-1-
phenyl-, 1,2,3,4,5-pentaacetate ester, (R)-
1-(2-azido-1,5-diphenyl-3-ox0-1,4-pentadien-4-yl)-
S-phenyl-. (Z,Z)-
1-[1-benzoyl-2-(3-nitrophenyl)ethenyl]-5-methyl-, (Z)-
1-{ 1-benzoyl-2-(3-nitrophenyl)ethenyl]-5-
(3-nitrophenyl)-, (Z)
1-[1-benzoyl-2-(4-nitrophenyl)ethenyl]-5-
(4-nitrophenyl)-, (Z),
1-[1-benzoyl-2-(4-nitrophenyl)ethenyl]-5-phenyl-, (Z)-
1-(1-benzoyl-2-phenylethenyl)-5-methyl-, (Z)-
1-(1-benzoyl-2-phenylethenyl)-5-(4-nitrophenyl)-, (Z)-
1-(1-benzoyl-2-phenylethenyl)-5-phenyl-, (Z)-
1-(1-benzoyl-1-propenyl)-5-methyl-, (Z),
1-(1-benzoyl-1-propenyl)-5-phenyl-, (Z)-
5-[2-(benzylamino)ethyl]- 1-phenyl-
1-benzyl-5-tert-butyl-
1-benzyl-5-methyl-

5-[2-(benzyimethylamino)ethyl]-1-phenyl-
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49: 6242
45: 9038b
78: 58205x
45: 9038b

72: 3718n
72: 3718n

80: 108451p
80: 108451p
61: 3097e

67: 100071a
84: 180505j

84: 180505j

84: 180505

84: 180505j

84: 180305j

84: 180505j
77: 164609w

77: 164609w
77: 164609w

77: 164609w

77: 164609w

77: 164609w

77: 164609w

77: 164609w

77: 164609w

T7: 164609w

61: 3097d

67: 82171b, 80: 47912r

67: 82171b, 80: 47912r,
84: 30978b

61: 3097d



TABLE 2 (Continued)

Compound

Reference

2.2, 1,5-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles

(Continued)

1-benzyl-53-phenyl-

1-benzyl-5-(2,3,5-ris- O-benzyl-B-D-ribofuranosyl)-
1-{(benzylsuifonyl)methyl]-5-phenyl-
1-[(benzylthio)methyl}-5-phenyl-
1,5-bis(4-nitrophenyl)-
5-(bromomethyl)- 1-phenyl-
1-(4-bromophenyl)-5-(1-butynl)-
1-(4-bromophenyl)-5-(diphenylmethyl)-
1-(4-bromophenyl)-5-ethynyl-
1-(4-bromophenyl)-5-methyl-
1-(4-bromophenyl)-5-(4-nitrophenyl)-
1-(4-bromophenyl)-5-phenyl-

1-(4-bromophenyl)-5-propenyl-
1-(4-bromophenyl)-5-propyl-
1-(4-bromophenyl)-S-vinyl-
I-butyl-5-methyl-
1-butyl-5-phenyl-
1-butyl-5-propyl-
S-(1-butynyl}-1-methyl-
5-(1-butynyl)-1-(3-nitrophenyl)-
5-(1-butynyl)-1-(4-nitrophenyl)-
1-(2-chloro- 1-0x0-2.4,6-cycloheptatrien-5-yl)-
S-methyl-
1-(4-chlorophenyl)-5-(diphenylmethyl)-
1-(2-chlorophenyl)-5-methyl-
t-(4-chlorophenyl)-5-methyl-
1-(4-chloro-3-0x0-2-phenyl-2 H-pyridazin-5-yl)-5-phenyl-
1-(4-chlorophenyl)-5-phenyl-
1-(4-chlorophenyt)-5-phenyl-4-phosphono-,
monomethyl ester
5-(1-cyclohexen-1-yl)-1-methyl-
S-(1-cyclohexen-1-yl)- 1-(4-nitrophenyl)-
5-(1-cyclohexen-1-yl)- I-phenyl-
I-cyclohexyl-5-methyl-
1-(3,7-dibromo-2-hydroxy-1-ox0-2,4,6-cyclo-
heptatrien-5-yi)-5-methyl-
1-(3,7-dibromo-2-hydroxy- 1-0x0-2,4,6-cyclo-
heptatrien-5-yl)-5-phenyl-
1-(2,4-dichlorophenyl)-5-methyl-
1-(2,5-dichlorophenyl)-5-methyl-
4-(diethylphosphiny!)-5-methyl- 1-phenyl-
1-(3,4-dihydro-1H-2-benzothiopyran- 1-yl)-5-phenyl-,
S.S-dioxide
1,5-dimethy!-

46: 86511, 51: 13854i,
§3: 5253d, 80: 47912r,
84: 30978b

77: 34803u. 82: 43677m

72: 43576w

72: 43576w

74: 141988t. 79: 31992k

§2: 17246i

68: 87243g

70: 115081q, 83: 114297w

68: 87243g

69: 10402w, 79: 31992k

79: 31992k

68: 105100q. 74: 141988,
79: 31992k

67: 100071a

68: 105100q

67: 82171b

67: 82171b

67: 82170a

53: 16120e

68: 87243g

68: 87243g

68: 87243g

76: 140726k

83: 114297w
53: 16120¢
69: 10402w
74: 125600e
79: 78884s
79: 78884s

67: 100071a
67: 100071a
67: 100071a
67: 82171b
76: 140726k

76: 140726k
§3: 18946h
§3: 18946h
79: 126568r
81: 914862

67: 82171b



TABLE 2 (Continued)

Compound

Reference

2.2. 1,5-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

5-[2-(dimethylamino)ethyl}- 1 -phenyl-
1-(1,2-dimethy!-6-benzimidazolyl)-5-methyl-
1-(3,3-dimethyl-1-butenyl)-5-methyl-, (E)-
1-(3,3-dimethyl-1-butenyl)-S-phenyl-
1-(3,3-dimethyl- 1-butenyl)-5-phenyl-, (E)-

1-(1,3-dioxo-2-phenyl-2-indanyl)-5-(hydroxymethyl)-

1,5-diphenyl-

-5-'*C, 1,5-diphenyl-

5-(diphenylmethyl)-1-(4-methylphenyl)-

5-(diphenylmethyl)-1-phenyl-

4-(diphenylphosphinyD)-5-methyl- 1-phenyl-

1,5-diphenyl-4-(trimethylsilyl)-

-1-ethanol, 5-(hydroxymethyl)-

-1-ethanol, 5-phenyl-

1-ethyl-5-methyl-

5-ethyl-1-phenyl-

5-ethyl-1-propyl-

5-ethynyl-1-(4-nitrophenyl)-

5-ethynyl-1-phenyl-

1-(3-fluorophenyl)-S-phenyl-

1-B-D-galactopyranosyl-5-phenyl-

1-B-D-glucopyranosyl-5-phenyl-

1-B-D-glucopyranosyl-5-phenyl, 2'.3’ 4’ .6'-tetra-
acetate ester

1-(2-hydroxy- 1-ox0-2,4.6-cycloheptatrien-5-yl)-
5-methyl-

1-(2-hydroxy-1-0x0-2,4,6-cycloheptatrien-5-yl)-
S-phenyl-

1-(2-iodo-3,3-dimethylbutyl)-5-phenyl-

1-(4-iodophenyl)-5-methyl-

5-isobutyl- 1-(4-nitrophenyl)-

5-isopropenyl-1-methyl-

5-isopropenyl-1-(4-nitrophenyl)-

5-isopropenyl-1-phenyl-

5-isopropyl-1-(4-nitrophenyl)-

5-isopropyl- 1-propyl-

1-(5-isoxazolyl)-5-phenyl-

-5-methanamine, N-isopropyl-1-phenyl-

-5-methanol, 1-(1-nitroethyi)-

-S-methanol. 1-(2-nitroethyl)-

-5-methanol, a-methyl-1-(4-nitrophenyl)-(?)

-5-methanol, 1-(4-nitrophenyl)-

-5-methanol, 1-pentyl-

-5-methanol, 1-phenyl-(?)

1-(4-methoxyphenyl)-5-methyl-

44

61: 3097a

74: 48048b

72: 121447w

75: 19622z

72: 121447w

73: 98912d

46: 86511, §3: 52534,
61: 2926¢, 64: 9713h,
66: 10887k, 67: 100071a,
79: 31992k, 82: 154936q

82: 154936q

76: 115081q 83: 114297w

83: 114297w

79: 126568r

60: 5537h

83: 193181e

83: 193181¢

67: 82171b

61: 3097b, 67: 100071a

67: 821702

68: 87243g

68: 87243g

85: P21383x

72: 3718n

72: 3718n

72: 3718n

70: P28923x
76: 140726k

75: 196222

69: 10402w

58: 12560h 63: 11551d
69: P96740q

67: 100071a

67: 100071a

63: 11551e

67: 82170a

26: 1606

83: 79201m

83: 193181e

83: 19318le

52: P2086a

58: 12561c

83: 193181e

§2: P2085h

74: 1419881, 79: 31992k



TABLE 2 (Continued)

Compound

Reference

2.2. 1,5-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

1-(4-methoxyphenyl)-5-(4-nitrophenyl)-
1-(4-methoxyphenyl)-5-phenyl-

5-[2-(methylamino)ethyl]- t-phenyl-

1-[1-[2-(methylamino)phenyl}- I-methylethyl}-5-
(4-nitrophenyl)-

5-methyl- 1-(2-methylphenyl)-

1-methyl-5-f[(4-methylphenyl)sulfonylJmethyl]-

5-methyl-1-(4-nitrophenyl)-

S5-methyl-1-(3-0x0-3-phenyl- 1-propenyl)-, (E)-
1-methyl-5-phenyl-

1-methyl-5-phenyl-, monopicrate
5-methyl-1-phenyl-

1-(2-methyi-1-phenyl-5-benzimidazolyl)-5-methyl-
S-methyl-1-(1-phenylethenyl)-
5-methyl-1-(2-phenylethyl)-(?)
S-methyl- 1-phenyl-4-phosphono-
S-methyl- 1-phenyl-4-phosphono-, dichloride
5-methyl- 1-phenyl-4-phosphono-, diethyl ester
1-methyl-5-propenyl-
S-methyl-1-propyl-
1-[(methylsulfonyl)methyl]-5-phenyl-
5-methyl- 1-styryl, (E)-
1-[(methylthio)methyl]-5-phenyl-
1-methyl-5-vinyl-
1-(1-nitroethyl)-5-phenyl-
1-(2-nitroethyl)-5-phenyl-
1-(4-nitrophenyl)-5-pentyl-
1-(4-nitrophenyl)-5-phenyl-
S-(4-nitrophenyl)-1-phenyi-
1-(4-nitrophenyl)-5-phenyl-4-phosphono-,
monoethyl ester
1-(3-nitrophenyl)-5-propenyl-
1-(4-nitrophenyl)-5-propenyl-
1-(4-nitrophenyl)-5-propyl-
1-(3-nitrophenyl)-5-vinyl-
1-(4-nitrophenyl)-5-vinyl-

1-(3-0x0-3-phenyl-1-propenyl)-5-(4-nitrophenyl)-, (E)-

1-(3-ox0-3-phenyl-1-propenyl)-5-phenyl-, (E)-
1-(pentafluorophenyl)-5-phenyl-
1-pentyl-5-phenyl-

1-phenyl-5-propenyl-

S-pheny!- I-(1-phenylethenyt)-
S-phenyl-1-[(phenylsulfonyl)methyi]-
1-phenyl-5-propyl-
S-phenyl-1-B-D-ribofuranosyl-
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74: 141988t, 79: 31992k

62: 162438f, 74: 141988t
79: 31992k

61: 3097¢

73: 14769

53: 16120e, 53: 18946h

30: 10273

58: 12561a, 62: 16247g,
69: 10402w. 79: 31992k

77: 164609w

67: 100071a, 72: 43576w

72: 43576w

69: 10402w, 79: 31992k.
80: 47912r

74: 48048b

72: 121447w, 77: 1646(09w

67: 82171b

79: 1265681

79: 1265681

79: 126568r

67: 100071a

63: 11552¢, 67: 82171b

T72: 43576w

T72: 121447w

72: 43576w

69: P96740q

83: 193181e

83: 193181e

68: 12925x

79: 31992k, 79: 78884s

T74: 141988t, 79: 31992k

79: 78884s

67: 100071a
67: 100071a
68: 129272
67: 100071a
67: 100071a
77: 164609w
77: 164609w
81: 135588r
83: 193181e
67: 100071a
72: 121447w, 77: 164609w
72: 43576w
68: 105100q
72: 3718n



TABLE 2 (Continued)

Compound

Reference

2.2. 1,5-Alkyl- or Aryl-Disubstituted 1H-1,2,3-Triazoles (Continued)

5-phenyl-1-8-D-ribofuranosyl-, 2',3',5'-
tribenzoate ester

5-phenyl-1-styryl-, (E)-

5-phenyl-1-(2,3,5,6-tetrafluoro-4-pyridinyl)-

5-phenyl-1-tetrazolo[ 1,5-b]pyridazin-6-yl-

1-phenyl-5-vinyl-

-1-propanoic acid, 5-(3-fluorophenyl)-
-1-propanoic acid, 5-phenyl-

-1-propanoic acid, S-phenyl-, ethyl ester
-5-propanoic acid, 1-phenyl-
-S-propanol. 1-phenyl-

2.3. 2.4-Alkyl- or Aryl-Disubstituted 2H-1,2,3-Triazoles

-4-acetaldehyde, a-(formylmethoxy)-2-phenyl-

-4-acetaldehyde, a-(formylmethoxy)-2-phenyl-,
bis(4-nitrophenylhydrazone)

-4-acetamide, a,a-dichloro-N,N,2-trimethyl-

2-{4-(acetamidomethyl)phenyl]-4-phenyl-

2-(4-acetamidophenyl)-4-(D-arabino-1,2,3,4-tetra-
hydroxybutyl)-, tetraacetate ester

2-(4-acetamidophenyl)-4-methyl-

-4-acetic acid, 2-(3-chloro-4-methylphenyl)-,
sodium salt

-4-acetic acid, 2-(3-chlorophenyl)-, sodium salt

-4-acetic acid, 2-(4-methylphenyl)-, sodium salt

-2-acetic acid, 4-phenyl-

-4-acetic acid, a-amino-2-phenyl-

-4-acetic acid, a,a-dichloro-2-methyl-, ethyl ester

-4-acetic acid, 2-phenyl-

-4-acetic acid, 2-phenyl-, methyl ester

-4-acetonitrile, 2-(3-chlorophenyl)-

-4-acetonitrile, a,a-dichloro-2-methyl-

-4-acetonitrile, 2-phenyl-

4-(3-acetoxy-4-chlorotetrahydrofuryl)-2-phenyl-,
[28-(2c. 3B, 4a)]-

4-(2-acetoxyphenyl)-2-phenyl-

4-[2-(6-acetyl-3-0x0-6-azabicyclo{3.1.0Jhexyh)}-
2-phenyl-, [1R-(1a, 2B, Sa)]-

4-[1-[(acetyloxy)methyl]propyl-2,3-bis(acetyloxy)-
B-D-glucopyranosidyl]-2-phenyl-, tetraacetate
ester, [1S(R), 2R}-

4-[1-[(acetyloxy)methyl]propyl-2,3-bis(acetyloxy)-
B-D-glucopyranosidyl}-2-phenyl-, 2,3,4,6-tetra-
acetate ester, [IR-[IR*(S*), 2§*]]-
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72: 3718n

71: 38476p

78: 58205x

83: 97213w

61: 3097b, 64: 9713h,
67: 100071a

85: P123926u

79: 66254y, 80: 108451p,
85: P123926u

80: 108451p

83: 79160x

83: 79160x

49: 13901e
49: 13901e

74: 76377b
72: P100716t
58: 11454d

46: 6123i
81: P51143d

81: P51143d

81: P51143d

79: 66254y, 80: 108451p
46: 6123d

74: 76377H

56: 5943¢

56: 5943e

81: P51143d

74: 76377b

46: 6123e, 56: 5943d
80: 133719q

71: 22079a
77: 165027s

76: 14832d

79: 66704v



TABLE 2 (Continued)

Compound

Reference

2.3. 2,4-Alkyl- or Aryl-Disubstituted 2H-1,2,3-Triazoles (Continued)

4-[ 1-[(acetyloxy)methyllpropyl-2,3-bis(acetyloxy) 4-O-
(2.3,4,6-tetra- O-acetyl-g-D-glucopyranosyl)-g-D-
glucopyranosidyl]-2-phenyl-, triacetate ester

4-[1-[(acetyloxy)methyl]propyl-2,3-bis(acetyloxy)
0-2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl-
(1*4)}-, triacetate ester

4-[1-{(acetyloxy)methyllpropyl-2,3-bis(acetyloxy)
0-2,3,4,6-tetra-O-acetyl-8-D-glucopyranosyl-(1*4)-
0-2,3,6-tri-O-acetyl-8-D-glucopyranosyl-(1*4)-O-
2,3,6-tri-O-acetyl-gB-D-glucopyranosyl-(1*4)]-,
triacetate ester

-4-acrylic acid, 2-phenyl-

-4-acrylic acid, 2-phenyl-, ethyl ester
4-(1-amino-3-oxo- 1 -butenyl)-2-phenyl-
2-(4-aminophenyl)-4-(D-arabino-1,2,3,4-tetrahydroxy-
butyl)-, tetraacetate ester
2-(4-aminophenyl)-4-(D-lyxo-1,2,3,4-tetrahydroxy-
butyl)-, tetraacetate ester
2-(4-aminophenyl)-4-(L-xylo-1,2,3,4-tetrahydroxy-
butyl)-, tetraacetate ester
2-(4-aminophenyl)-4-methyl-
4-(4-aminophenyl)-2-methyl-
2-[4-(aminosulfonyl)phenyl]-4-(4-formylphenyl)-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-(4-bromo-2-
chlorophenyl)-
4-(D-arabino-1,2,3.4-tetrahydroxybutyl)-2-(4-bromo-
phenyl)-, 4'-(4-toluenesulfonate) ester
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(4-bromo-2,5-dimethylphenyl)-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(3-carboxyphenyl)-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(4-carboxyphenyl)-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(3-chlorophenyl)-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(4-chlorophenyl)-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(2-ethylphenyl)-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(2-ethylphenyl)-, tetraacetate ester
4-(D-arabino-1,2,3.4-tetrahydroxybutyl)-2-
[4-(hydroxyamino)phenyl]-
4-(D-arabino-1,2,3.4-tetrahydroxybutyl)-2-
[4-(hydroxyamino)phenyl]-, tetraacetate ester
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(2-methylphenyl)-
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76: 14832d

76: 14832d

76: 14832d

43: 2619c, 56: 5943e,
64: 8276b
43: 2619c
83: P206088g
§7: 73531, 88: 114541
59: 11691a
59: 11691a
46: 6123i
80: P49275j
84: Pig81616h
63: 1850g
61: 5738c
63: 1850h
70: 78274¢
70: 78274g
70: 78274g
70: 78274¢
60: 643h
60: 643h
61: 5738¢
61: 5738c

54: 1504d



TABLE 2 (Continued)

Compound

Reference

2.3. 2,4-Alkyl- or Aryl-Disubstituted 2H-1,2,3-Triazoles (Continued)

4-(D-arabino-1,2,3,4-tetrahydroxybuty!)-2-
(3-methylphenyl)-

4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(4-methylphenyl)-

4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(4-methylphenyl)-, 4'-(4-toluenesulfonate) ester

4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(4-nitrophenyl)-

4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-phenyl-

4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-phenyl-,
4'-benzoate ester
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-phenyl-,
3,4-diacetate ester
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-phenyl-,
tetraacetate ester
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-phenyl-,
4’-(4-toluenesulfonate) ester
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-2-
(4-sulfamoylphenyl)-
4-(L-arabino-1.2,3-trihydroxybutyl)-2-phenyl-
4-(4-azidotetrahydro-3-furanol-2-yl)-2-phenyl-,
methanesulfonate ester, [2S-(2a, 38. 4a))-
4-(4-azidotetrahydro-3-furanol-2-yl)-2-phenyl-,
4-toluenesulfonate ester, [2S-(2a. 38, 4a))-
2-(4-benzamidophenyl)-4-methyl-
4-(2-benzoylethenyl)-2-phenyl-
2-benzyl-5-phenyl-4-phosphono-, diethyl ester
2-(4-biphenylyl)-4-phenyl-
4-[1,3-bis[4-(benzotriazol-2-yl)-2-chlorophenyl]}-
2-propyl]-2-phenyl-
2,4-bis(4-bromophenyi)-
2.4-bis(4-nitrophenyl)-
4-[4'-(bromomethyl)[ 1,1’-biphenyl]-4-yi]}-2-phenyl-
4-(bromomethyl)-2-(4-bromophenyl)-
4-(bromomethyl)-2-(3-chlorophenyl)-
4-(bromomethyl)-2-phenyl-
4-[4-(bromomethyl)phenyl])-2-phenyl-
2-(4-bromophenyl)-4-(D-galacto-1,2,3,4,5-penta-
hydroxypentyl)-
2-(4-bromophenyl)-4-(D-manno-1,2,3,4,5-penta-
hydroxypentyl)-
2-(4-bromophenyl)-4-methyi-
2-(4-bromophenyl)-4-phenyl-
4-(4-bromophenyl)-2-phenyl-
4-(3-bromopropy!)-2-phenyl-
-4-butanenitrile, 2-phenyl-
-4-butanoamide, 2-phenyl-
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$4: 1504d, §5: 27071f,
70: 78274g

§3: 344h, 54: 9899¢,
§8: 270711, §5: 3562h,
70: 78274g

61: 5738

57: 7353e

57: 22971, 61: 14759,
70: 78274g
§7: 2297f

71: 81672m
61: 10754¢g
61: 5738¢

50: 10009g

68: 69231x
80: 133719q

77: 165027s, 80: 133719q

46: 6123
43: 2619
80: 108452q
58: 6819f
85: 5562z

69: 76826u

69: 76826u

79: P147435k

66: 37841p

81: P51143d

46: 6123e, 56: 5943d
84: P181616h

69: 106976n

69: 106976n

§9: 13483f, 66: 37841p
69: 76826u

69: 76826u

56: 5943f

56: 5943g

§6: 5943g



TABLE 2 (Continued)

Compound

Reference

2.3. 2,4-Alkyl- or Aryl-Disubstituted 2H-1,2,3-Triazoles (Continued)

-2-butanoic acid, 4-phenyl-
-4-butanoic acid, 2-phenyl-
-4-butanoic acid, 2-phenyl-, methyl ester
4-(1-butyl-4.4-dimethyl-2-imidazolidinyl)-2-phenyl-
4-(1-butyl-4,4-dimethyl-2-imidazolin-2-yl)-2-phenyl-
2-{4-(carboxymethyl)phenyl]-4-phenyl-
2-(4-carboxyphenyl)-4-(4-formylphenyl)-
2-(4-carboxyphenyl)-4-methyl-
2-(4-carboxyphenyl)-4-methyl-, N-oxide
2-(3-carboxyphenyl)-4-phenyl-
2-(4-chloro-2-hydroxy-5-phenoxyphenyl)-4-phenyl-
2-(5-chloro-2-hydroxyphenyl)-4-phenyl-
2-(5-chloro-2-methoxyphenyl)-4-phenyl-, 1-oxide
2-[4-(chloromethyl)phenyl]-4-phenyl-
2-(chloro-4-nitrophenyl)-4-methyl-(?)
4-(4-chlorophenyl)-2-(3-cyano-4-methylphenyl)-,
N-oxide
5-(4-chlorophenyl)-2-ethyl-4-(triphenylphosphonio)-,
iodide
4-[N-(4-chiorophenyl)formimidoyl]-2-phenyl-
2-(4-chlorophenyl)-4-(4-formylphenyl)-
2-{[[4-(2-chlorophenyl)iminolmethylenejphenyl]-
4-phenyl-
4-[[[4-(2-chlorophenyl)imino]methylene Jphenyl]-
2-phenyl-
2-(2-chlorophenyl)-4-methyl-
2-(4-chlorophenyl)-4-phenyl-
4-(4-chlorotetrahydro-3-furanol-2-yl)-2-phenyl-,
[S-(2a, 38, 4a)}-
4-[2-(4~cinnolinylethenyl]-2-phenyl-
2-[4-(dichloromethyl)phenyl]-4-phenyl-
2-(2,4-dichlorophenyl}-4-(2-hydroxyphenyl)-
S-(diethoxyphosphinyl)-2-(2-methoxy-5-methyl-
phenyl}-4-methyl-
4-[(diethoxyphosphinyl)methyl]-2-phenyl-
4-{1-(1,2-dihydroxyethyl)-2-(2,2-dimethyl-1,3-
dioxolan-4-yl)]-2-phenyl-
4-[1-(1,2-dihydroxyethyl)-2-(2,2-dimethyl-1,3-
dioxolan-4-yl)]-2-phenyl-, diacetate ester
4-[1-(1,2-dihydroxyethyl)-2-(2-phenyl-1,3-
dioxolan-4-yl)]-2-phenyl-, stereoisomer
4-[1-(1,2-dihydroxyethyl)-2-(2-phenyl-1,3-
dioxolan-4-y1)]-2-phenyl-, stereoisomer
4-[1-(1,2-dihydroxyethyl)-2-(2-phenyl-1,3-
dioxolan-4-yl)]-2-phenyl-, diacetate ester,
stereoisomer
4-[1-(1,2-dihydroxyethyl)-2-(2-phenyl-1,3-
dioxolan-4-yl}]-2-phenyl-, diacetate ester,
stereoisomer
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85: P123926u
56: 5943¢g
56: 5943¢g
43: 2619c
43: 2619¢
72: P100716¢
84: P181616h
83: P61732a
83: P61732a
72: P100716¢t, 74: P65594u
82: P4995u
71: P124445)
81: P79389n
74: P65594u
59: 13483f
83: P81213k

T9: 66254y
85: 5562z
84: P181616h
84: P181618k
84: P181618k
84: 135554p
69: 76826u
80: 133719q
49: 5488g
74: P65594u
71: 22079a
77: P7313¢

79: P106145x
71: 81672m

71: 81672m
71: 81672m
71: 81672m

71: 81672m

71: 81672m



TABLE 2 (Continued)

Compound

Reference

2.3. 2,4-Alkyl- or Aryl-Disubstituted 2H-1,2,3-Triazoles (Continued)

4-[4-(1,2-dihydroxyethyl)-2-(2-phenyl-1,3-dioxolan-
5-yl1)]-2-phenyl-
4-[1-(1,2-dihydroxyethyl)-2-(2-phenyl-1,3-dioxolan-
5-yI)}-2-phenyl-, [2S-[2a, 4a(S*), 58]}
4-[4-(1,2-dihydroxyethyl)-2-(2-phenyl-1,3-dioxolan-
5-y1)]-2-phenyl-, diacetate ester
4-[1-(1,2-dihydroxy-3,4-dimethoxybutyl)}-2-phenyl-
4-[1-(1,2-dihydroxy-3,4-dimethoxybutyl)}-2-phenyl-,
diacetate ester
4-[{4-(1,2-dihydroxy-3,4-dimethoxybutyl}]-2-phenyl-
4-[4-(1,2-dihydroxy-3,4-dimethoxybutyl)]-2-phenyl-,
diacetate ester
4-[1-(1,2-dihydroxy-3.4-epoxybutyl)}-2-phenyl-
4-[1-(1,3-dihydroxy-2-methoxybutyl)}-2-phenyl-,
diacetate ester, [1S-(1R*, 2R*, 3R®)]-
4-[[2-(2,3-dihydroxy)propyl]-D-apiofuranosidyl]-
4-[5-(1,2-dimethoxyethyl)-2-phenyl-1,3-dioxolan-4-yl}-
2-phenyl-, stereoisomer
4-[5-(1,2-dimethoxyethyl)-2-phenyl- 1,3-dioxolan-
4-yl]-2-phenyl-, stereoisomer
2,4-dimethyl-
4-{1-[3-(dimethylamino)propyllpiperazinyl]-2-phenyl-,
1:2 compound with maleic acid
4-[2-(2,2-dimethyl- 1,3-dioxolan-4-yi)- 1,2-dimethoxy-
ethyl]-2-phenyl-
4-[5-(2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-dimethyl-
1,3-dioxolan-4-yl]-2-phenyl-
4-[4,4-dimethyl-1-(4-methylphenyl)-2-imidazolidinyl]-
2-phenyl-
4-(4,4-dimethyl-1-phenyl-2-imidazolidinyl)-2-phenyl-
4-[2-[6-(2,4-dinitrophenyl)-3-oxa-6-azabicyclo[3.1.0]
hexyl]]-2-phenyl-, [1S-(1a, 28, 5a)]-
2-(2,4-dinitrophenyl)- 5-phenyl-4-(triphenylphos-
phonio)-, bromide
4-(3,6-dioxabicyclo[3.1.0Thex-2-y})-2-phenyl-,
[1R-(1e, 28, 5a)}
4-(3,6-dioxabicyclof3.1,0]hex-2-yl)-2-phenyl-,
[1S-(1a, 2a, S5a))-
2-(1,3-dioxo-2-ethyl-1 H-benz[ de Jisoquinolin-2H-
6-yl)-4-ethyl-
2,4-diphenyl-

2-[4-(1,3-diphenyl-2-imidazolidinyl)-3-hydroxy-
phenyl}-4-phenyl-

4-(4-C-L-4-(4-C-L-erythrosyl)-2-phenyl-

4-(4-C-L-erythrosyl)-2-phenyl-. phenylhydrazone

4-(1-L-erythro-1,2,3-trihydroxypropyl)-2-phenyl-

2-[2-(1-ethyl-2-0x0-1H-benz[cd Jindol-6-yl) 2H-benzo-
triazol-5-yl]-4-phenyl-
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71: 81762m, 77: 114720¢
77: 114720¢
71: 81672m

71: 81672m
71: 81672m

71: 81672m
71: 831672m

69: 27660b
79: 66704v

73: 31627w
71: 81672m

71: 81672m

85: 77337¢
68: P59611g

71: 81672m
71: 81672m
43: 2619¢

43: 2619c
77: 165027s

79: 66254y
77: 165027s, 80: 133719q
T7: 165027s, 80: 133719q
82: P59922y
36: 2862°, 69: 76826u

76: 153646j, 83: 96642y
84: 164334x
69: 27660b
69: 27660b

68: 69231x, 69: 36377s
82: P87680m



TABLE 2 (Continued)

Compound

Reference

2.3. 2,4-Alkyl- or Aryl-Disubstituted 2H-1,2,3-Triazoles (Continued)

4-formazyl-2-phenyl-
4-(3,4-furandiol-2-yt)-2-phenyl-, bis(4-toluenesul-
fonate) ester, [2S-(2a, 38, 48))-
4-(3,4-furandiol-2-y1)-2-phenyl-, dimethanesul-
fonate ester, [25-Q2a, 38, 4B8)]-
2-(2-fluorophenyl)-4-{1-(1,2,3,4-tetrahydroxy-
butyt)]-. [IR-(IR¥, 2§8%, 3R*)]-
2-(4-Auorophenyl)-4-[1-(1,2,3-trihydroxypropyh]-,
triacetate ester, [R-(R¥*, $%)]-
4-(4-fluorotetrahydro-3-furanol-2-yi)-2-phenyl-,
[2S-(2a, 38, 4a)]-
4-(4-fluorotetrahydro-3-furanol-2-yl)-2-phenyl-,
acetate ester, [258-(2a, 38, 4a)]-
4-(4-formylphenyl)-2-(2-methoxyphenyl)-
4-(4-formylphenyl)-2-(4-methoxyphenyl)-
4-(4-formylphenyl)-2-[4-(methylsulfonyl)phenyl]-
2-(4-formylphenyl)-4-phenyl-
4-(1-D-glycero-1,2-dihydroxyethyl)-2-phenyl-
4-(1-C-D-glycero-L-glucohexitolyl)-2-phenyl-
4-(1-C-D-glycero-L-glucohexitolyl)-2-phenyl-,
1.2.3,4.5.6-hexaacetate ester
4-(1-C-D-glycero-L-glucohexitolyl)-2-phenyl-,
1.2,3,4.5,6-hexabenzoate ester
4-(4-C-L-glycero-tetrosulosyl)-2-phenyl-,
bis(phenylhydrazone)
4-(4-C-L-glycero-tetrosulosyl)-2-phenyl-,
3.4-diacetate ester, bis(phenylthydrazone)
4-(2-D-glycero-1,2,3-trihydroxypropyl)-2-phenyl-
4-[1-(hydroxymethyl)-2,3-(dihydroxypropyl)-a-D-
glucopyranosidyl]-2-phenyl-
2-[4-(hydroxymethyl)phenyl]-4-phenyl-
2-(2-hydroxyphenyl)-4-methyl-
2-(2-hydroxyphenyl)-4-phenyl-
2-(3-hydroxyphenyl)-4-phenyl-
4-(2-hydroxyphenyl)-2-phenyl-
4-(iodomethyl)-2-phenyl-
2-(4-iodophenyl)-4-phenyl-
4-(1-isopropyl-4,4-dimethyl-2-imidazolidinyl)-
2-phenyl-

4-[(1-isopropyl-4.4-dimethyl-2-imidazolin-2-yl)methyl]-

2-phenyl-
4-(1-isopropyl-4,4-dimethyl-2-imidazolin-2-y!)-
2-phenyl-

4-(1.2-O-isopropylidene-4-C-a-D-xylo-tetrafuranosyl)-

2-phenyl-
4-(D-lyxo-1,2,3,4-tetrahydroxybutyl)-2-phenyl-
4-(D-1lyxo-1,2,3,4-tetrahydroxybutyl)-2-phenyl-,

tetraacetate ester
4-(1-L-lyxo-1,2,3-trihydroxybutyl)-2-phenyl-
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49: 12451h
77: 165027s, 80: 133719q

77: 1650275, 80: 133719q
80: 48283y
T7: 19906m
80: 133719q
80: 133719q
84: P181616h
84: P181616h
84: P181616h
84: P181616h
69: 36377s
75: 36556y
78: 36556y
75: 36556y
69: 27660b
69: 27660b

73: 25790c
68: 69251d

74: P65594u
71: P124445;
71: P124445j
84: 164334x
71: 22079a
50: 16685b
69: 76826u
43: 2619c

56: 5943¢
43: 2619¢
69: 27660b

61: 14759%
61: 10754g

68: 69231x



TABLE 2 (Continued)

Compound

Reference

2.3. 2,4-AKyl- or Aryl-Disubstituted 2H-1,2,3-Triazoles (Continued)

4-(D-lyxo-1,2,3-trihydroxybutyl)-8 -D-xylopyranosid-
4-yl)-2-phenyl-

4-(D-lyxo-1,2,3-trihydroxybutyl)- 8-D-xylopyranosid-
4-yl)-2-phenyl-, hexaacetate ester

-4-methanol, a-[5-(acetyloxy)-1,3-doxan-4-yl}-
2-phenyl-, acetate ester, [4S-[4a(S*), S5a])-

-4-methanol, a-(aminometyl)-2-phenyl-

-4-methanol, 2-(4-bromo-3-chlorophenyl)-

-4-methanol, 2-(4-bromo-3-methylphenyl)-

-4-methanol, 2-(4-bromophenyl)-

-4-methanol, 2-(3-chlorophenyl)-

-4-methanol, 2-(4-chlorophenyl)-

-4-methanol, a-(ethylaminomethyl)-2-phenyl-

-4-methanol, a-(5-hydroxy-1,3-dioxan-4-yi)-2-phenyl-,
[48-[4a(S*), 5a]l-

-4-methanol, a-(5-hydroxy-2-phenyl-1,3-dioxan-4-yl)-
2-phenyl-

-4-methanol, a-(5-hydroxy-2-phenyl-1,3-dioxan-4-yl)-
2-phenyl-, diacetate ester

-4-methanol, a-(methylaminomethyl)-2-phenyl-

-4-methanol, o-methyl-2-phenyl-

-4-methanol, 2-(3-methylphenyl)-

-4-methanol, 2-(4-methylphenyl)-

-4-methanol, 2-phenyl-

-4-methanol, 2-phenyl-a-(2-phenyl-1,3-dioxolan-4-yl)-
2-[(methoxycarbonyl)phenyl]-4-phenyl-
4-[methoxy(-5-methoxy-1,3-dioxan-4-yhmethyl}-
2-phenyl-, [4S-[4a(S*), Sa])-
4-(2-methoxyphenyl)-2-phenyl-
4-[1-(4-methoxy-1,2,3-trihydroxybutyl)}-2-phenyl-,
triacetate ester, [1R-(1R¥, 2R*, 3R%)]-
4-[4-(4-methoxy-1,2,3-trihydroxybutyl)]-2-phenyl-,
triacetate ester, [2R-(2R*, 3S*, 4R%)}-
4-methyl-2-(4-nitrophenyl)-
4-methyl-2-(4-nitrophenyl)-, N-oxide
2-methyl-4-phenyl-
4-methyl-2-phenyl-

4-methyl-2-phenyl-, N-oxide
4-methyl-2-(4-methylphenyl)-
2-(4-methylphenyl)-4-phenyl-
4-(4-methylphenyl)-2-phenyl-
2-methyl-4-(trichloromethyl)-
4-(2-nitroethenyl)-2-phenyl-
2-(4-nitrophenyl)-4-phenyl-
4-[2-(3-oxa-6-azabicyclo[3.1.0Jhexyl)]-2-phenyl-,
[1S-(1e, 28, Sa)]-
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72: 3666u
72: 3666u
77: 114720e

50: 4923i
63: 1850h
63: 1850h
63: 185Ch
63: 1850h
63: 1850h
50: 4924c
77: 114720e

71: 81672m
71: 81672m

50: 4924h

43: 2619d

63: 1850h

63: 1850h

43: 2619b, 56: 5943d,
63: 1850h

64: 8276b

74: P65594u

77: 114720e

71: 22079
76: 14832d

76: 14832d

46: 6123i, 577 15100
66: 28250t

67: 108605y

46: 6123h, 57: 15100

84: 135554p

66: 28250t

57: 15100e

57: 15100i

76: 153646

74: 76377b

62: 15262a

69: 76826u

80: 133719q



TABLE 2 (Continued)

Compound Reference

2.3. 2,4-Alkyl- or Aryl-Disubstituted 2H-1,2,3-Triazoles (Continued)

4-[1-(phenylazo)-4-C-L-erythrosyl]}-2-phenyl-, 69: 27660b
phenylhydrazone
2-phenyl-4-[2-phenyl-5-(2-phenyl-1,3-dioxolan-4-y1)-
1,3-dioxolan-4-yl1}-
2-phenyl-4-[2-phenyl-5-(2-phenyl-1,3-dioxolan-4-yl)-
1,3-dioxolan-4-yl}-, stereoisomer
2-phenyl-4-[2-phenyl-5-(2-phenyl-1,3-dioxolan-4-y})-
1,3-dioxolan-4-yl}-, stereoisomer
2-phenyi-4-[2-phenyl-5-(2-phenyl-1,3-dioxolan-4-yl)-
1,3-dioxolan-4-yl]-, stereoisomer
2-phenyl-4-(tetrahydro[ 1,3)dioxino[5,4-d]-1,3-dioxin-

71: 81672m, 72: 121865f
T2: 121865f
72: 121865f
72: 121865f

77: 114720e

4-yl)-, [4R-(4a, 4aB. Baa)}-
2-phenyl-4-(1,2,3.4-tetrahydroxybutyl)-.
[1R-(1R*, 28*, 3R*)]

2-phenyl-4-(1,2,3-trimethoxypropyl)-. [R-(R*. R¥)}-

2-phenyl-4-(D-xylo-1,2,3,4-tetrahydroxybutyl)-
2-phenyl-4-{D-xylo-1.2,3,4-tetrahydroxybutyl)-,

tetraacetate cster
-4-propanamide, 2-phenyl-
-2-propanoic acid, 4-(3-acetamidophenyl)-

-2-propanoic acid, 4-[4-(acetylamino)phenyl]-

-2-propanoic acid, 4-(3-aminophenyl)-
-2-propanoic acid, 4-(3-bromophenyl)-
-2-propanoic acid, 4-(4-hromophenyl)-
-4-propanoic acid, 2-(3-bromophenyl)-
-2-propanoic acid, 4-(3-chlorophenyl)-
-4-propanoic acid. 2-(3-chlorophenyl)-
-2-propanoic acid, 4-(3,5-dichloropheny))-
-2-propanoic acid, 4-(3-methylphenyl)-
-2-propanoic acid, 4-(4-methylphenyl)-
-2-propanoic acid, 4-(3-nitrophenyt)-
-2-propanoic acid, 4-phenyl-

-2-propanoic acid. 4-phenyl-, ethyl ester

-4-propanoic acid, 2-phenyl-

-4-propanoic acid, 2-phenyl-, methyl ester

-4-propanol, 2-phenyl-

-4-prop-2-enoic acid, 2-(3-bromophenyl)-

-3-prop-2-enoic acid, 4-(4-chlorophenyl)-,
ethy! ester, (E)-

-3-prop-2-enoic acid, 4-(4-chlorophenylh)-.
ethyl ester, (Z)-

-4-prop-2-enoic acid, 2-(3-chlorophenyl)-

-3-prop-2-enoic acid, 4-phenyl-, ethyl ester, (E)-
-3-prop-2-enoic acid, 4-phenyl-, ethyl ester, (Z)-

-4-prop-2-enoic acid, 2-phenyl-
4-(tetrahydro-3.4-furandiol-2-yl)-2-phenyl-,
[2S-(2a. 3B, 4a))-

84: P180230r

76: 113449r
61: 1475%
61: 10754

§6: 59431
85: P123926u
84: P164786w
84: P164786w
85: P123926u
84: P164786w
84: P164786w
84: P164786w
83: P10089p
84: P164786w
85: P123926u
84: P164786w
84: P164786w
79: 66254y.
80: 108451p
79: 66254y
56: 5943f, 64: 8276b
86: 5943f
§56: 5943f
85: P123926u
T9: 66254y

T9: 66254y

83: P10089p
79: 66254y
79: 66254y
83: P10089p
80: 1337199



TABLE 2. (Continued)

Compound

Reference

2.3. 2,4-Alkyl- or Aryl-Disubstituted 2H-1,2,3-Trazoles (Continued)

4-(tetrahydro-3,4-furandiol-2-yl)-2-phenyl-,
[2S-(2a, 3B, 48))-
4-(tetrahydro-3,4-furandiol-2-yl)-2-phenyl-,
3-(4-toluenesulfonate) ester
4-(1,2,3.4-tetrahydroxybutyl)-2-(4-bromophenyl)-,
tetraacetate ester, [IR-(1R*, 28*, 3R*)]-
4-(1,2,3,4-tetrahydroxybutyl)-2-(4-nitrophenyl)-,
tetraacetate ester, [I1R-(1R*, 2R*, 3R")]-
4-(1,2,3,4-tetrahydroxybutyl)-2-(4-nitrophenyl)-,
tetraacetate ester, [IR-(IR*, 2S*, 3R*)]-
4-(1,2,3,4-tetrahydroxybutyl)-2-(4-nitrophenyl)-,
tetraacetate ester, [1R-(1R*, 2§8*, 3§%)]-
4-(1,2,3,4-tetrahydroxybutyl)-2-phenyl-, tetraacetate
ester, [1R-(1R*, 2R*, 3R*)}-
4-(1,2.3,4-tetrahydroxybutyl)-2-phenyl-, tetraacetate
ester, [1R-(1R*, 28*, 38%)]-
4-(D-threo-1,2,3-trihydroxypropyl)-2-phenyl-
41-(1,2,3-trihydroxybutyl)]-2-(4-nitrophenyl)-,
triacetate ester, [1S-(1R*, 2R*, 3R%)}-
4-[1-(1,2,3-trihydroxybutyl}]-2-phenyl-,
1,2,3-triacetate ester, [1S-(1R¥*, 28*, 3$")]-
4-(1,2,3-trihydroxypropyl)-2-phenyl-, [S-(R*, §*)])-
4-(1,2,3-trihydroxypropyl}-2-phenyl-,
triacetate ester, [R-(R*, R¥)}-
4-(1,2,3-trihydroxypropyl}-2-phenyl-, 1,2,3-
triacetate ester, [S-(R¥, R*)]-
4-[1-[1,2,3-tris(acetyloxy)-4-a-D-galactopyranosidyl-
butyl]]-2-phenyl-, tetraacetate ester
4-[1-[1,2,3-tris(acetyloxy)-4-8-D-glucopyranosidyl-
butyl]]-2-phenyl-, tetraacetate ester
4-(L-xylo-1,2,3,4-tetrahydroxybutyl)-2-phenyl-

2.4. 4,5-Alkyl- or Aryl-Disubstituted v-Triazoles

4-(2-acetamidoethyl)-5-phenyl-

-4-acetonitrile, 5-phenyl-

4-(2-aminoethyl)-5-phenyl-

5-(9-anthracenyl)-4-(2-benzoxazolyl)-

5-(9-anthracenyl)-4-(5,7-dichloro-2-benzoxazolyl)-

5-(9-anthracenyl)-4-(5-phenyl-1,3,4-oxadiazol-2-yl)-

4-(2-benzoxazolyl)-5-(3,4,5-trimethoxyphenyl)-

4-(2-carboxyphenyl)-5-methyl-

4-(chlorodiphenyimethyl)-5-(4-chlorophenyl)-, mono-
hydrochloride

4-(chiorodiphenylmethyl)-5-phenyl-, monohydrochloride

2-(chloromercurio)-5-phenyl-4-(toiphenylphosphonio)-,
chloride

5-(4-chlorophenyl)-4-(5,6-dimethyl-2-benzoxazolyl)-
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T7: 165027s, 80: 133719q
T7: 165027s
T7: 19906m
T7: 19906m
77: 19906m
77: 19906m
77: 19906m
77: 19906m

68: 69231x
T7: 19906m

76: 14832d

76: 113440r
79: 66704y

77: 19906m
76: 14832d
76: 14832d

68: 69231x

45: 9038a
45: 9037g
45: 9037g
80: P72087h
80: 3439n
80: 3439n
80: P72087h
84: 59333y
80: 133389¢g

80: 133389¢
79: 66254y

80: P72087h



TABLE 2 (Continued)

Compound

Reference

2.4. 4,5-Alkyl- or Aryl-Disubstituted v-Triazoles (Continued)

5-(4-chlorophenyl)-4-(diphenylmethylene)-
5-(4-chlorophenyl)-4-(2-ox0-2H-pyran-6-yl)-
4-cycldbutyl-5-propyl-

5-(5.7-dichloro-2-benzoxazolyl}-4-[(4-dimethylamino)-

phenyl]-

4-(5,7-dichloro-2-benzoxazolyl)-5-(4-methoxyphenyl)-
4-(5,7-dichloro-2-benzoxazolyl)-5-(4-nitrophenyl)-

4-(5,7-dichloro-2-benzoxazolyl)-5-(3-pyridyl)-
4,5-diethyl-

4.5-diethyl-, monohydrochloride
4,5-diethyl-2-(tributyistannyl)-
4,5-diethyl-2-(trimethylstannyl)-
4.5-dimethyl-

4-{4-(N.N-dimethylamino)phenyl}-5-(5,6-dimethyl-2-

benzoxazolyl)-

4-[4-(N.N-dimethylamino)phenyl]-5-(5-phenyl-1,3.4-

oxadiazol-2-yl)-
5-(4,6-dimethyl-2-benzoxazolyl)-4-[4-(methoxy-
carbonyl)phenyl}-
5-(5,6-dimethyl-2-benzoxazolyl)-4-[4-(methoxy-
carbonyl)phenyl}-
4-(3,3-dimethyl-2-phenyl-2-oxetanyl)-5-methyl-
4,5-dimethyl-2-[(N,N,N'.N'-tetramethyldiamido)-
phosphino]-
4,5-dimethyl-2-(trimethylsityl)-
4,5-di-9-octadecenyl-, scandium salt
4,5-diphenyl-

4,5-diphenyl-, silver {1+) salt

4-(diphenylmethylene)-5-phenyl-

4-[(e,-diphenyl)piperidinylmethyl]-5-phenyl-

4,5-diphenyl-2-(tributylstannyl)-

4 5S-diphenyl-2-(trimethyistannyl)-

4.5-dipropyl-

S-ethyl-4-methyl-

4-ethyl-5-phenyl-

4-(9-hydroxy-9H-fluoren-9-yl)-5-phenyl-

4-(4-hydroxy-3-methoxyphenyl)-5-(5-nitro-2-
benzoxazolyl)-

4-(4-hydroxyphenyl)-5-(5-nitro-2-benzoxazolyl)-

4-(4-hydroxyphenyl)-5-(6-nitro-2-benzoxazolyl)

4-isopropyl-5-methyl-

-4-methanol, 5-(4-chlorophenyl)-a,a-diphenyl-

~4-methanol, a,a,5-triphenyl-

4-[5-(methoxycarbonyl)benzoxazol-2-yl]-5-
(4-methoxyphenyl)-
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80: 133389g
80: 3439n
71: 112865h
80: 34390

80: 3439n

80: P72087h

80: 3439n

78: 29956n

78: 29956n

78: 29956n

78: 29956n

50: 9393b, 51: 2757b,
§2: 19999c¢, 79: 10471 1e,
68: 13061z

80: P72087h

80: 3439n
80: P72087h
80: P72087h

75: 109587w
79: 104711e

65: 15414d

73: P27318d

56: 1388i, 64: 14184g,
65: 154141, 78: 299560,
82: 156182q

80: 70667y

80: 133389

80: 133389¢

78: 29956n

78: 29956n

71: 112865h

56: 14021g

49: 3910b

80: 133389¢

80: P72087h

806: P72087h
80: P72087h
71: 112865h
80: 133389
80: 133389¢
80: P72087h
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Alkyl- or Aryl-Disubstituted 1,2,3-Triazoles

TABLE 2 (Continued)

Compound Reference
2.4, Alkyl- or Aryl-Disubstituted v-Triazoles (Continued)
4-[4-(methoxycarbonyl)phenyl]-5-(6-methyl-2- 80: P72087h
benzoxazolyl)-
4-(methoxydiphenylmethyl)-5-phenyl- 78: 71045q, 80: 133389¢g
5-(4-methoxyphenyl)-4-(4-methyl-2-oxo-2H-pyran-6-yl)-  80: 3439n
5-(4-methoxyphenyl)-4-(5-nitro-2-benzoxazolyl)- 80: P72087h
5-(4-methoxyphenyl)-4-(6-nitro-2-benzoxazolyl)- 80: P72087h
5-(4-methoxyphenyl)-4-(5-phenyl-1,3,4-oxadiazol-2-yl)- 80: 3439n
4-methyl-5-(3-methyl-5-isoxazolyl)- 80: 108452q
4-methyl-5-(5-methyl-1H-pyrazol-3-yl)- 80: 108452q
4-(4-methyl-2-oxo-2H-pyran-6-yl)-5-phenyl- 80: 3439n
4-(4-methyl-2-oxo-2 H-pyran-6-yl)-5- 80: 3439n
(3,4,5-trimethoxyphenyl)-
5-methyl-4-(10H -phenothiazin-10-yl)- 80: 37051v
4-methyl-5-phenyl- 49: 3910b, 82: 156182q
4-(naphth[2,3-dJoxazol-2-yl)-5-(1-naphthyl)- 80: P72087h
4-(6-nitro-2-benzoxazolyl)-5-(2-thienyl)- 80: P72087h
5-(4-nitrophenyl)-4-(5-phenyl-1,3,4-oxadiazol-2-yl)- 80: 3439n
4-phenyl-5-(3-phenyl-5-isoxazolyl)- 80: 108452q
4-phenyl-5-(5-phenyl-1 H-pyrazol-3-yl)- 80: 108452q

4-phenyl-5-vinyl-
4-propenyl-S-propyl-

35: 24707
71: 112865h

-4-pyruvic acid, S-phenyl-, oxime 45: 9037

-4-a-thiopyruvic acid, S-phenyl- 45: 9037f
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49: 6241-2h-b
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49: 13901e

50: 4129¢
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CHAPTER 3

Alkyl- or Aryl-Trisubstituted
1,2,3-Triazoles

3.1. 1,4,5-ALKYL- OR ARYL-TRISUBSTITUTED
1H-1,2,3-TRIAZOLES

Comparatively few 1,2,3-triazoles bearing three carbon substituents have
been prepared, and the general methods found in Chapters 1 and 2 have
been applied as in the direct addition of azides to acetylenes. Some ques-
tions, such as the effect of an ortho-substituent in an aryl azide, which can
greatly alter the product yield, deserve more attention (Eq. 1)." Compound
3.1-1 also represents a successful approach to controling mono- or diaddi-
tion to alkadiynes.

Many azides have been added to diphenylacetylene, but the report of
95% yield with benzyl azide offers what may well be optimal conditions.?
High yields have also been obtained from 1,4-but-2-ynediol (3.1-2) and the
exciting bisacetal (3.1-3) with a variety of azides (Egs. 2,3).> A recent note
describing the preparation of fluorinated acetylenes included an example of

OH OH
HO OH N Mezé C=CCMe,

l —
Mezé:(,éCCz—CCMe2 + — m \@\ (D
O, NO,

3.11
2-NO,Ph 10% 4-NO,Ph 80%

HOCH, CH,OH

HOCH,C=CCH,OH+PhN, — N*N N (2)
~

3.12 73%  Ph

63
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a highly regiospecific 1,2,3-triazole formation (Eq. 4).* This observation
stands in marked contrast to the poor results found by Banks and his
collaborators in the addition of perfluoroaromatics (Eq. 5).57

(EtO)zmHm(OEt)z
(Et0),CHC=CCH(OEt), + RN, — Ny N (3)
3.1-3 R
3.14
R =Ph PhCH, Me(CH,); Me(CH,),,
% 3.1-4=82 78 90 75
n-F;;Cq Ph
n-CgF,,C=CPh+PhN; Ny 4)
N/N\Ph
3.1-5
76%
N
E 3 F Ph _ PhF .
+ PhC=CPh — Ny N (&)
F F F
F
F F
27%
N3 CF3
F F F F
O 15% Q 4%
F N F N,

The addition of heteroaromatics takes place in somewhat better, although
still only fair, yield (Eq. 6).® A radically different approach to the synthesis
of similar compounds deserves greater elaboration (Eq. 7).° The fact that
yields for only the second step are given make the attractiveness of this
method hard to evaluate.

PhWPh
(Qj\ + PhC=CPh — N;N \@J ©6)
Me 37%
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R R

g g -
R N °C—Cph R

R

R R %316

H H 83 O Ph

H Me 80 R’ N Sl

2-phenylene 85 N§N /N\ )]

3.1-6

The formation of relatively unstable amino-1,2,3-triazolines (3.1-7) from
enamines is another traditional route employed for trisubstituted 1,2,3-
triazole synthesis. Munk and Kim demonstrated the great regiospecificity of
such reactions (Eq. 8).'° Pocar and his collaborators have extended the use
of enamines, including the following examples (Egs. 9,10).'*'2 An especially
interesting example involves an acid-catalyzed rearrangement (Eq. 11).'3

0 )
(i RGN

+ ArN; — N.. N — NN 8-10
R—C=C—R? : /N W (&-10)
Ar
3.17 3.1-8
R R? Ar % 3.1-7 % 3.1-8 Eq."
Me Et Ph 47 92 8t0
Et Me Ph 89 82 g!o
Et
N
C=CH Me 4-NO,Ph ou
~
Me
PhCH,._
_C=CH Ph 4-NO,Ph 80 102
Me
Me CHMe, 4-NO,Ph 92 113

Olsen and Pedersen have investigated extensively the reactions of ketones
and azides in the presence of potassium {-butoxide (Eq. 12).'* The yield of
the intermediate 5-hydroxy-1,2,3-triazolines (3.1-9) were generally good,
but the dehydration process varied from good (R"=PhCH,) to poor (R"=
Ph). Acetone gave a fair yield of the 4-(2-propenyl) product (3.1-10) along
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Ns
S~ Me CHCla
Me,CHCH=C + —
\N

‘\/0 NO,
(\0 Me,CH (\0

Me,CHCH, N

b S

Ny N

CH,CHMe, Me2CHWMe
N, ;1 Ny N

H Qo

with the 1,5-derivative described in Section 2.2 Chapter 2 (Eq. 13)."° A

later report showed significant improvements in the yields of certain cases
(Eq. 14)."8

|

NO, NO,

lHOAc

R OH

k' “oput M€ R’ - F(

K' "OH
AN /N McOH N
N N N
3.19
R =H, Me; R’ =Me, Et, Me,CH, R"= Ph, PhCH,, 4-NO,Ph

i
WL

Me,C=0+PhCH,N, %28 Ny N__ + Ny N (13)

Me
RéHCOR’ +R"N, (12)

R*CH,COR®+RI!N, =, Ny N (14)
R! = Me, Ph, PhCH, \R
R* = Me, Et, Ph 4-Ph-5-Me

R® =Me, Et, 1-Bu, Ph 1-Me 92%, 1-Ph 79%, 1-PhCH, 85%
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The direct N-alkylation of 4,5-diphenyl-1,2,3-triazole produces mixtures,
but it is possible to obtain fair yields of the 1-alkyl isomer using the silver or
thallium salt (Eq. 15)."”'® Alkylation at carbon has been reported and
produces surprisingly good yields (Eq. 16)."°

PhWPh PhWPh P Ph
T + B T /
N NM' t RI N§N/N—R + N\N/N (15)
M=Ag, Tl R=Me,Et,i-Pr IIQ
R? R’ R? R®

(1) n-BuLi

Ny N\P @ Mel Ny N
N NN
h Ph
R* R*=H.Ph 1,5-Ph,-4-Me  99%
1,4-Ph,-5-Me 78%

(16)

The decomposition of a sydnone (3.1-11) in the presence of
diphenylacetylene was shown to involve an intermediate azide and to
produce a 1,2,3-triazole in fair yield (Eq. 17).%°

Sheehan and Robinson, using the method described in Chapters 1 and 2,
prepared 1,5-diphenyl-4-(2-aminoethyl)-1,2,3-triazole in good yield.?!
I’abbé and his collaborators included one trisubstituted example in their
study of a-keto phosphorus ylides (Eq. 18).%

Me. Me
/N3 AC\ H
Ph Me C=CH,
Ph
54%

Smith and his collaborators prepared 5-diazomethyi-1,2,3-triazoles (Eq.
19) and studied their carbene chemistry (Eq. 20).2>** Results with other
monosubstituted benzenes (Y =i-Pro, NO,, NH, and NMe,) did not, for
various reasons, contribute to this study. For example isopropoxybenzene
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Ne N + Ph(OAc, — NN (19)
N ~ph N pn
3.1-12
80%
3.1-12 G, Ny N Y (20)
Ph
3.1-13

Y % 3.1-13 (total) Isomer distribution
Y:3 Y2 Y-l

H 66 - — -

Me 90 50.0 273 227
MeO 94 348 383 264
F 72 500 235 265

gave a 92% yield, but the isomers could not be accurately resolved, and
nitrobenzene reacted poorly (about 10%).>* In other solvents 3.1-12 gave
analogous carbene products in good yields (Eqs. 21,22).** The photochemi-
cal reactions of 3.1-12 at 10° (where the thermal decomposition is insignific-
ant) showed essentially the same results.”> The 1,5-diphenyl isomer of
3.1-13 gave 65% of the aldazine (3.1-14) and 12 to 30% of 3.1-15 in all
solvents (Eq. 23).%

(21)
NN

—5 67% Ph

PP
e Ph
N; \ O (22)

N
N e

about 60%
N,CH, Ph
N sol-!‘
N/N ~pp
Ph CH=NN=CH Ph C=CH
= = PhN==C< (23)
ANNA Naw N Ph

Ph 3.114 Ph 3.1-15
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3.2. 2,4,5-ALKYL- OR ARYL-TRISUBSTITUTED
2H-1,2,3-TRIAZOLES

With only two exceptions the methods developed for the synthesis of
these compounds give disappointing yields. Both of these more promising
approaches involve either the cyclization of nitrogen derivatives of a,B-
dicarbonyl substrates (Egs. 24,25)>¢ or the rearrangement of another
heterocycle (Eq. 26).7

Ph Me
NNHPh
I Y ad

PhCﬁMe N0, N\N /N (24)
NOAc |
Ph
50%
NOH Me /Me
MeCCMe o0 7\
[ N (25)
NlTIPh 1?’
Me Ph
85%
P
" 4N< &\ Ph CH,CAr!
2 ” O AAI'1 heat W 6
Ar*HNN ot Ny (26)
|
Ar?

Ar'=Ar’=Ph50%  Ar*=4-NO,Ph;  Ar'=Ph 100%, 3-NO,Ph 90%

Two other methods involving heterocyclic rearrangement have been de-
scribed: tetrazole (Eq. 27)*® and syndnone (Eq. 28)*°*° photochemical
conversions. The first reaction was not sensitive to changes in solvent or
concentration®' and the latter was verified by another laboratory.
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2-alkyl products.

25.

Alkyl- or Aryi-Trisubstituted 1,2,3-Triazoles
Me Ph Ph
NN~ 7
m N e I K
N= N
Me
3.21
22-25%

Petiiry e

N\N/O —_—
|

R
322
R =Ph 24%, 4-MePh, 4-CIPh, c-C¢H,, 12%

27

(28)

Direct alkylation of 4,5-diphenyl-1,2,3-triazole gives a mixture of 1- and

32,33

George and his collaborators have found poor-to-fair results in the
oxidation of aldehyde and phenone phenylhydrazones (Egs. 29,30)3%3%

Ar\ Ar
ArCH=NNHPh ™% N’\N; (29)
|
Ph
r=Ph 44%; 4-MePh 15%; 4-MeOPh 7%
Ar Ar N=NPh Ar Ar
N ~ .
C=NNHPh o G o, 7/—\N( 0
_C=NNHPh P N\I\IV
Ar Ar N=NPh Ph
Ar=Ph 13%; 4-MeOPh 21%
REFERENCES
25: 1827’ 26. 40: 7191° 27. 74: 141643b 28. 72: 43569w
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TABLE 3. ALKYL- OR ARYL-TRISUBSTITUTED 1,2,3-TRIAZOLES

Compound Reference

3.1. 1,4,5-Alkyl- or Aryl-Trisubstituted 1H-1,2,3-Triazoles

-1-acetamide, 4-(1-hydroxycyclohexyl)-5-(1-hydroxy- 53: 319%h
cyclohexylethynyl)-a,a-dimethyl-

-1-acetamide, 5-(3-hydroxy-3-methyl-1-butynyl)-4- 5§3: 3199¢
(1-hydroxy- 1-methylethyl)-a,a-dimethyl-

-1-acetic acid, 4-(1-hydroxycyclohexyl)-5-(1-hydroxy- 53: 3199g
cyclohexylethynyl)-a,a-dimethyl-, ethyl ester

-4-acetonitrile, 1,5-diphenyl- 45: 9038a

1-(2-aminoethyl)-4,5-bis(methoxymethyl)- 64: Pl1216¢

4-(2-aminoethyl)-1,5-diphenyl- 45: 9038b

1-(1 H-benzimidazol-2-yl)-4,5-bis[(2-hydroxyethoxy) 79: P78815v
methyl]-

1-f4-benzo[f]quinolin- I-ylmethyleneamino)phenyl]- 41: 1682a
4,5-dimethyl-

1-(2-benzothiazolyl)-4,5-bis{(2-hydroxyethoxy)methyi]- 79: P78815v

1-benzyl-4,5-bis(chloromethyl)- 58: 5662d

1-benzyl-4,5-bis(trifluoromethyl)- 24: 3232}, 56: 1388h

1-benzyl-5-tert-butyl-4-methyl- 80: 59897c

1-benzyl-5-tert-butyl-4-methyl-, 1:1 adduct with 80: 59897c

2,4,6-trinitrophenol
1-benzyl-4,5-dimentyl-
1-benzyl-4,5-diphenyl-

i-benzyl-5-ethyl-4-methyl-, picrate
I-benzyl-5-ethyl-4-methyl-, 1:1 adduct with
2,4,6-trinitrophenol
1-benzyl-4-isopropenyl-5-methyl-
1-benzyl-5-isopropyl-4-methyl-
1-benzyl-4-methyl-5-phenyl-
1-benzyl-5-methyl-4-phenyl-
4,5-bis(diethoxymethyl)-1-phenyl-
S-(tert-butoxymethyl)-1,4-diphenyl-
1-butyl-4-ethyl-5-methyl-
5-tert-butyl-1,4-dimethyl-
4-butyl-4-(2-methyl- 1-heptenyl)-1-(4-nitrophenyl)-
S-tert-butyl-4-methyl-1-phenyl-
5-(chloromethyl)-1,4-diphenyl-
5-(2,4,6-cycloheptatrien-1-yl)-1,4-diphenyl-
5-(2,4,6-cycloheptatrien-1-yl)- 1,4-diphenyl-,
1:1 adduct with maleic anhydride
1-cyclohexyl-4,5-diphenyl-
5-(cyclohexylmethyl)- 1,4-diphenyl-
4-(diazomethyl)-1,5-dipheny!-
5-(diazomethyl)-1,4-dipheny!-

5-(diazophenylmethyl)- 1,4-diphenyl-

5-(dibromomethyl)-1,4-diphenyl-

4-(1,2-dichloro-3,3,3-trifluoropropenyl)-1-[4-
{dimethylamino)phenyl}-S-(trifiuoromethyl)-

71

80: 59897c, 84: 30978b

24: 3232', 56: 1388h.
82: 156182q

69: 96589x

80: 59897¢

80: 47912r

84: 30978b

80: 59897c¢, 84: 30978b
80: 59897¢

80: 108454s

68: 78204t
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TABLE 3 (Continued)

Compound

Reference

3.1. 1,4,5-Alkyl- or Aryl-Trisubstituted 1H-1,2,3-Triazoles (Continued)

-4,5-dimethanol, 1-(4-arsonophenyl)-
-4,5-dimethanol, 1-(1 H-benzimidazol-2-yl)-
-4,5-dimethanol, 1-(2-benzothiazolyl)-
-4,5-dimethanol, 1-(2-benzothiazolyl)-a,a'-dimethyl-
-4,5-dimethanol, 1-benzyl-
-4,5-dimethanol, 1-benzyl-a,a,a’,a’-tetramethyl-
-4,5-dimethanol, 1-butyl-a,a,a’,a’-tetramethyl-
-4,5-dimethanol, 1-(2-ethoxyethyl)-
-4,5-dimethanol, 1-[4-(ethylamino)-6-
(isopropylamino)-1,3,5-triazin-2-yl)-
-4,5-dimethanol, 1-(2-hydroxyethyl)-a,a,a’,a'-
tetramethyl-
-4,5-dimethanol, I-phenyl-
-4,5-dimethanol, 1-phenyl-, dibenzoate ester
-4,5-dimethanol, 1-(4-phenylazophenyl)-
-4,5-dimethanol, 1-phenyl-a,a’-bis(phenylethynyl)-
4-[1-(1,2-dimethylhydrazino)ethyl]-1,5-diphenyl-
4-[1-(1,2-dimethylhydrazino)ethyl]-1,5-diphenyl-,
monohydrochloride
4-[(1,2-dimethylhydrazino)methyl]}-1,5-diphenyl-
1,4-dimethyl-5-isopropyl-
4,5-dimethyl- 1-(4-nitrophenyl)-
1,4-dimethyl-S-phenyl-

1,5-dimethyl-4-phenyl-
4,5-dimethy!- 1-phenyl-
4,5-dimethyl-1-phenyl-, 1:1 adduct with
2,4,6-trinitrophenol
4,5-dimethyl-1-(1-phenylethenyl)-
4,5-dimethyl- 1-propyl-
1-(4,6-dimethylpyrimidin-2-yl)-4,5-diphenyl-
4,5-diphenyl-1-(1-ethoxyethyl)-
4,5-diphenyl-1-ethyl-

1,4-diphenyl-5-(3-fluoro-2,4.6-cycloheptatrien-1-yl)-
1,4-diphenyl-5-(4-fluoro-2,4,6-cycloheptatrien- 1-yl)-
4,5-diphenyl-1-[4-(heptafiuoro-2-propyl)-3.5,6-
trifluoropyridin-2-yl}-
4,5-diphenyl- 1-isopropyl-
1,4-diphenyl-5-(2-methoxy-2,4,6-cycloheptatrien-1-yl)-
1,4-diphenyl-5-(3-methoxy-2,4,6-cycloheptatrien-1-yl)-
1,4-diphenyl-5-(4-methoxy-2,4,6-cycloheptatrien-1-yl)-
1,4-diphenyl-5-methyl-

1,5-diphenyl-4-methyl-
4,5-diphenyl-1-methyl-
1,4-diphenyl-5-(2-methyl-2,4,6-cycloheptatrien- 1-yl)-
1,4-diphenyl-5-(3-methyl-2,4,6-cycloheptatrien-1-yl)-
1,4-diphenyl-5-(4-methyl-2,4,6-cycloheptatrien-1-yl)-
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§2: P2086b

79: P78815v

79: P78815v

79: P78815v

§5: 23505h

46: 86511, 50: 4129c¢
60: 15859d

60: 15859d

79: P78815v

60: 15859d

48: 2685b 80: 108454s
49: 3948h

52: P2085i

82: 140029j

76: 113139q

76: 113139q

76: 113139q

84: 30978b

68: 12925x

80: 59897c, 82: 156182q
84: 30978b

80: 59897c, 82: 156182q

80: 59897¢

80: 59897¢

77: 164609w
67: 82170a
71: 81296s
78: 124549«
80: 70667y,
82: 156182q
80: 145179b
80: 145179b
82: 125237g

82: 156182q

80: 145179

80: 1451796

80: 145179

68: 78204¢, 75: 48994c
80: 59897¢

75: 48994c, 80: 59897c

80: 70667y, 82: 156182q

80: 145179b

80: 145179b

80: 145179



TABLE 3 (Continued)

Compound

Reference

3.1. 1,4,5-Alkyl- or Aryl-Trisubstituted 1H-1,2,3-Triazoles (Continued)

1,4-diphenyl-5-[(1-methylethoxy)-2,4,6-cyclo-
heptatrien-1-y1]-
4,5-diphenyl-1-(1-methyl- 1-nitroethyl)-
1,5-diphenyl-4-(6-methyl-2-pyridyl)-
4,5-diphenyl-1-[(methylthio)methyl}-
4,5-diphenyl- 1-(3-nitrophenyl)-
1,4-diphenyl-5-(7-norcaryl)-
4,5-diphenyl-1-(pentafluorophenyl)-
1,5-diphenyl-4-(2-pyridyl)-
4,5-diphenyl-1-(2-pyridyl)-
1,5-diphenyl-4-(2-quinolyl)-
1,4-diphenyl-5-(1,2,2,2-tetrachloroethy!)-
4,5-diphenyl-1-(tetrafiuoropyridin-4-yl)-
1,4-diphenyl-5-(trichloroethenyl)-
1,5-diphenyl-4-(tridecafluorohexyl)-
4-ethyl-5-methyl-1-(4-nitrophenyl)-
5-ethyl-4-methyl-1-(4-nitrophenyl)-
4-ethyl-5-(2-methyl- 1 -pentenyl)- 1-(4-nitrophenyl)-
4-ethyl-5-methyl-1-phenyl-
5-ethyl-4-methyl-1-phenyl-
S-ethyl-4-methyl-1-phenyl-, 1:1 adduct with 2,4,6-
trinitrophenol
5-ethyl-4-methyl-1-propyi-
4-(1-hydrazonoethyl)-1-(4-hydrazino-3-oxo-2-phenyl-
2H-pyridazin-5-yl)-5-methyl-
4-isopropenyl-5-methyl-1-phenyl-
4-isopropyl-5-methyl- 1-(4-nitrophenyl)-
-5-methanamine, a,1,4-triphenyl-
-5-methanimine, «,1,4-triphenyl-
-4-methanol, 1-(4-aminophenyl)-5-(3-hydroxy-3-
methyl- 1-butynyl)-a, a -dimethyl-
-4-methanol, 1-benzyl-a,a-dimethyl-5-piperidinyl-
-5-methanol, 1.4-diphenyl-
-4-methanol, 5-(3-hydroxy-3-methyl-1-butynyl)-a,a-
dimethyl-1-(2-nitrophenyl)-
-4-methanol, 5-(3-hydroxy-3-methyl-1-butynyl)-a,a-
dimethyl-1-(3-nitrophenyl)-
-4-methanol, 5-(3-hydroxy-3-methyl-1-butynyl)-a,a-
dimethyl-1-(4-nitrophenyl)-
-4-methanol, 5-[3(or 5)-(1-hydroxy-1-methylethyl)
pyrazol-4-yl]-a,a -dimethyl-1-(4-nitrophenyl)-
-5-methanol, a,1,4-triphenyl-
5-(2-methyl-1-hexenyl)- 1-(4-nitrophenyl)-4-propyl-
4-(methyl-5-(2-methyl-1-buteny!)-1-(4-nitrophenyl)-
S-methyl-1-(4-nitrophenyl)-4-phenyl-
5-methyl-1-[3-0x0-2-phenyl-4-(2-phenylhydrazino)-
2H-pyradizin-5-ylJ-4-[1-(phenylhydrazono)ethyl]
5-(2-methyl-3-phenylpropenyl)- 1-(4-nitrophenyl)-
4-phenyl-
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80: 1451796

5§2: 7293a

73: 14768a

72: 43576w

75: 62695n

68: 78204t

78: 124171m, 81: 135588r
73: 14768a

71: 81296s

73: 14768a

68: 78204t

78: 58205x

68: 78204t

83: 131249z

68: 12925x, 68: 12927z
56: 14020b

65: 7173f

61: 2926¢

61: 2926¢, 80: 59897c
80: 59897c

67: 82170a
78: 16120k

80: 47912r
63: 11551d
80: 145179b
80: 145179b
§3: 3199

46: 8652b
68: 78204t
5§3: 3199a
53: 3199a
53: 9198i
53: 3199i
80: 145179b
65: 7173f
63: 11552c, 65: 71371
67: 82171b
78: 16120k

64: 9717



TABLE 3 (Continued)

Compound

Reference

3.1. 1,4,5-Alkyl- or Aryl-Trisubstituted 1H-1,2,3-Triazoles (Continued)

4-methyl-5-phenyl-1-propyl-
-1-propanoic acid, 4,5-diphenyl-
-2-propanoic acid, 4,5-diphenyl-
-2-propanoic acid, 4-methyl-5-phenyl-
-4-pyruvic acid, 1,5-diphenyl-, oxime
-4-a-thiopyruvic acid, 1,5-diphenyl-
1,4,5-trimethyl-

1.4,5-triphenyl-

3.2. 2,4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles

-4-acetamide, 2-(4-bromophenyl)-5-methyl-
-4-acetamide, S-methyl-2-phenyl-
2-(4-acetamido- 2-hydroxyphenyl)-4,5-diphenyl-
4-(4-acetamidophenyl}-5-(3,4-dimethylphenyl)-
2-(2-hydroxyphenyl)-
4-(4-acetamidophenyl)-2-(2-hydroxyphenyl)-5S-methyl-
4-(4-acetamidophenyl)-2-(2-hydroxyphenyl)-5-phenyl-
-4-acetic acid, 2-(4-bromophenyl)-5-methyl-
-4-acetic acid, S-methyl-2-phenyl-
-4-acetonitrile, 2-(4-bromophenyl)-S-methyl-
-4-acetonitrile, 5-methyi-2-phenyl-
2-{3-(acrylamidomethyl)-2-hydroxy-5-methylphenyl]-
4,5-diphenyl-
2-(3-allyl-2-hydroxyphenyl)-4,5-diphenyl-
2-{4-(allyloxy)-2-hydroxyphenyl}-4,5-diphenyl-
2-(2-amino-4-arsenosophenyl)-4,5-dimethyl-
2-(5-amino-2-chlorophenyl)-4,5-dimethyl-
2-(4-amino-2-chlorophenyl)-4,5-dimethyl-, N-oxide
2-(4-amino-2-hydroxyphenyl)-4,5-diphenyl-
2-(2-aminophenyl)-4,5-dimethyl-
2-(4-aminophenyl)-4,5-dimethyl-
4-(4-aminophenyl)-2-(2-hydroxyphenyl)-5-phenyl-
2-[5-(aminosulfonyl)-N-butyl-2-hydroxy-N-
(2-hydroxyethyl)phenyl]-4,5-bis(4-chlorophenyl)-
2-(4-benzamido-2-hydroxyppenyl)-4,5-diphenyl-
2-[3-(benzamidomethyl)-2-hydroxy-5-methylphenyl}-
4,5-diphenyl-
4-[4-(benzamido)phenyl]-2-(2-hydroxyphenyl)-S-phenyl-
4-[4-(benzenesulfonamido)phenyl]-2-(2-hydroxyphenyl)-
S-phenyl-
2-[4-(2-benzofuranyl)phenyl]-4-methyl-5-phenyi-
2-[4-(2-benzofuranyl)phenyl}-4-methyl-5-phenyl-,
3-oxide
4-benzoylmethyl-2,5-diphenyl-
4-benzoylmethyl-2,5-diphenyl-, (2,4-dinitrophenyl)
hydrazone
4-benzoylmethyl-2-(4-nitrophenyl)-5-phenyl-
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67: 82171b
85: P123926u
85: P123926u
85: P123926u
45: 9038a
45: 9038a

80: 59897¢, 84: 30978b

46: 8651i

66: 37841p
66: 37841p

71: P124445]
71: P124445j

71: P124445j
71: P124445j
66: 37841p
66: 37841p
66: 37841p
66: 37841p
71: P124445j

71: P124445j
71: P124445j
40: 71918
80: P49275j
80: P49275j
71: P124445j
40: 7191°
40: 7191°
T1: P124445j
71: P124445j

71: P124445j
71: P124445j

71: P124445j
71: P124445j

75: P22479p
78: P22479p

74: 141643b
74: 141643b

74: 141643b



TABLE 3 (Continued)

Compound

Reference

3.2, 2,4,5-Alkyl- or Aryl-Trisubstituted 2 H-1,2,3-Triazoles (Continued)

4-[3-(N-benzylacetamido)phenyl]-2-(2-hydroxyphenyl)-
S-phenyl-
2-(3-benzyl-2-hydroxy-5-methylphenyl)-4,5-diphenyl-
4-benzyl-2-(2-hydroxy-5-methylphenyl)-5-methyl-
2-(5-benzyl-2-hydroxyphenyl)-4,5-diphenyl-
2-(5-benzyl-2-hydroxyphenyl)-4-ethyl-5-phenyl-
4-benzyl-2-(2-hydroxyphenyl)-5-methyl-
2-(5-benzyl-2-hydroxyphenyl)-4-methyl-5-phenyi-
4-benzyl-2-(2-hydroxyphenyl)-5-phenyl-
2-[3-[2-(benzylmethylamino)acetamidomethyi}-2-
hydroxy-5-methylphenyl]-4,5-diphenyl-
2-[5-[(N-benzyl-N-methylamino)carbonyl]-2-hydroxy-
phenyl]-4,5-bis(4-chlorophenyl)-
2-[5-{(N-benzyl-N -methylamino)sulfonyl]-2-hydroxy-
phenyt]-4,5-bis(4-chlorophenyl)-
2-{4-[(benzyloxycarbonyl)amino)-2-hydroxyphenyl}-
4,5-diphenyl-
2-[4-(benzyloxy)-2-hydroxyphenyl]-4,5-diphenyl-
2-{4-(benzylsulfonamido)-2-hydroxyphenyl]}-4,5-
diphenyl-
2-[3-[3-(benzylthio)propanamidomethyl}-2-hydroxy-
5-methylphenyl]-4,5-diphenyl-
4-[1.1'-biphenyl]-4-yl-2-(4-carboxyphenyl)-5-methyl-
4-[1,1’-biphenyl}-4-yl-2-[(4-chlorocarbonyl)phenyl]-
5-methyl-
4-[1,1'-biphenyl]-4-yl-2-(4-formylphenyl)-5-methyl-
4,5-bis[4-(allyloxy)phenyl]-2-(2-hydroxyphenyl)-
4,5-bis[4-(benzyloxy)phenyl]-2-(2-hydroxyphenyl)-
4,5-bis(4-chlorophenyl)-2-[5-[[N-butyl-N-(2-
hydroxyethyl)aminoJcarbonyi}-2-hydroxyphenyl}-
4,5-bis(4-chlorophenyl)-2-(5-tert-butyl-2-
hydroxyphenyl)-
4,5-bis(4-chlorophenyl)-2-(5-chioro-2-hydroxyphenyl)-
4,5-bis(4-chlorophenyl)-2-[5-[(N-cyclohexyl-N-
methylamino)carbonyl]-2-hydroxyphenyl]-
4,5-bis(4-chlorophenyl)-2-[5-[(N-cyclohexyl-N-
methylamino)sulfonyl}-2-hydroxyphenyt]-
4.5-bis(4-chlorophenyl)-2-(3,4-dichioro-2-
hydroxyphenyl)-
4,5-bis(4-chlorophenyl)-2-[5-[(N,N-diethylamino)
carbonyl}-2-hydroxyphenyt}-
4.5-bis(4-chlorophenyl)-2-[5-(N,N-diethylamino)
sulfonyl]-2-hydroxyphenyl]-
4,5-bis(4-chlorophenyl)-2-(4-hydroxy-1,1'-
biphenyl-3-yI)-

4,5-bis(4-chloropheny!)-2-(2-hydroxy-S-methoxyphenyl)-

4,5-bis(4-chloropheny!)-2-[ 2-hydroxy-5-[[3-(methoxy-
propyl)aminolcarbonyljphenyl]-

75

77: P115464m
71: P124445j
71: P124445j
71: P124445j
82: P4995u
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j

71: P124445j
71: P124445j

71: P124445;

83: P61732a
83: P61732a

83: P61732a
71: P124445j
71: P124445j
71: P124445j
71: P124445j

71: P124445j
71: P124445]

71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j

71: P124445)
71: P124445j



TABLE 3 (Continued)

Compound

Reference

3.2, 2,4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles (Continued)

4,5-bis(4-chlorophenyl)-2-(2-hydroxyphenyl)-
4,5-bis(4-chlorophenyl)-2-[S-[[ N-(3-methoxypropyl)
aminoJsulfonyl]-2-hydroxyphenyl]-
4,5-bis(4-chiorophenyl)-2-[5-[(N-octylamino)
carbonyl]-2-hydroxyphenyl]-
4,5-bis(4-chlorophenyl)-2-{5-[(N-octylamino)
sulfonyl]-2-hydroxyphenyl]-
4,5-bis(4-chlorophenyl)-2-phenyl-
4,5-bis(3,5-dibromo-4-methoxyphenyl)-2-
(4-bromophenyl)-
4,5-bis(4-hydroxyphenyl)-2-(2-hydroxyphenyl)-
4,5-bis(4-hydroxyphenyl)-2-(2-hydroxyphenyl)-,
4 5-diacetate diester
4,5-bis(4-hydroxyphenyl)-2-(2-hydroxyphenyl)-,
4,5-dibenzoate diester
4,5-bis(4-hydroxyphenyl)-2-(2-hydroxyphenyl)-,
4,5-didodecanoate diester
4,5-bis(2-methoxyethyl)-2-(2-hydroxyphenyl)-
4,5-bis(4-methoxyphenyl)-2-(4-bromophenyl)-
4,5-bis(4-methoxyphenyl)-2-(5-chloro-2-hydroxyphenyl)-
4.,5-bis(4-methoxyphenyl)-2-(3,5-dichloro-2-
hydroxyphenyl)-
4,5-bis(4-methoxyphenyl)-2-(4,5-dimethyl-2-
hydroxyphenyl)-
4,5-bis(4-methoxyphenyl)-2-(5-dodecyl-2-
hydroxyphenyl)-
4,5-bis(4-methoxyphenyl)-2-(4-hydroxy-1,1'-
biphenyl-3-yi)-
4,5-bis(4-methoxyphenyl)-2-(2-hydroxy-5-
methoxyphenyl)-
4,5-bis(4-methoxyphenyl)-2-(2-hydroxy-5-
methylphenyl)-
4,5-bis(2-methoxyphenyl)-2-(2-hydroxyphenyl)-
4,5-bis(4-methoxyphenyl)-2-(2-hydroxyphenyl)-
4,5-bis(4-methoxyphenyl)-2-(4-iodophenyl)-
4,5-bis(4-methoxyphenyl)-2-(4-methoxy-3-biphenyl)-
4,5-bis(4-methoxyphenyl)-2-(4-methylphenyl)-
4,5-bis(4-methoxyphenyl)-2-phenyl-

4,5-bis[(3,4-methylenedioxy)phenyl}-2-phenyl-
4,5-bis(4-methylphenyl)-2-(5-chloro-2-hydroxyphenyl)-
4,5-bis(4-methylphenyl)-2-(2-hydroxyphenyl)-
4,5-bis(4-methylphenyl)-2-(2-methoxyphenyl)-
4,5-bis(4-methylphenyl)-2-phenyl-
4,5-bis(4-nitrophenyl)-2-phenyl-
4,5-bis[4-(octyloxy)phenyl]-2-(2-hydroxyphenyl)-
4-(bromomethyl)-2-(4-bromophenyl)-5-methyl-
4-[4-(bromomethyl)-3-cyanophenyl]-5-methyl-2-phenyl-
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71: P124445j
71: P124445j

71: P124445j
71: P124445]

73: 1205932
68: 114514

71: P124445j
71: P124445j

71: P124445j
71: P124445j
71: P124445j
68: 114514
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
68: 114514e

71: P124445;
68: 114514¢

67: 43526b, 68: 114514e,
73: 120593z, 83: 96642y

73: 120593z
71: P124445j
71: P124445j
71: P124445j

67: 43526b, 73: 120593z

68: 114514¢
71: P124445j
66: 37841p
79: P147435k



TABLE 3 (Continued)

Compound

Reference

3.2, 2,4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles (Continued)

4-(bromomethyl)-5-methyl-2-phenyl-
4-(bromomethyl)-2-(4-nitrophenyi)-5-methyl-
2-(4-bromophenyl)-4,5-dimethyl-
2-(4-bromophenyl)-4,5-dimethyl-, 1-oxide
2-(4-bromophenyl)-4,5-diphenyl-
2-[3-(butanamidomethyl)-2-hydroxy-5-methylphenyl]-
4,5-diphenyl-
4-(3-butanamidophenyl)-2-(2-hydroxyphenyi)-5-phenyl-
2-[3-[(1-butanesulfonamido)phenyl]-4-hydroxyphenyl]-
4,5-diphenyl-(?)
2-[3-(2-(butoxyacetamido)methyl}-2-hydroxy-5-methyl-
phenyl]-4,5-diphenyl-
2-(5-tert-butyl-2-hydroxyphenyl)-4,5-diphenyl-
4-(3-(butylmethoxyamino)phenyl}-2-(2-hydroxyphenyt)-
5-phenyl-
2-{4-(butylsulfonamido)-2-hydroxyphenyl}-4,5-diphenyl-
2-[3-[[[[2-(carboxyethyl)thiocarbamoyllethyl}
methyl]-2-hydroxy-S-methylphenyi]-4,5-diphenyt-
2-[3-[[[[(carboxymethyl)thiolcarbamoyl]ethyl]
methyl]-2-hydroxy-5-methylphenyt]-4,5-diphenyl-
2-(4-carboxyphenyl)-4,5-dipheny!-
4-(4-carboxyphenyl)-2-(2-hydroxyphenyl)-5-methyl-
2-(4-carboxyphenyl)-4-methyl-5-(2-naphthalenyl)-
2-(4-carboxyphenyl)-4-methyl-5-phenyl-
2-[3-[2-(chloroacetamido)methyl]-2-hydroxy-5-
methylphenyl}-4,5-diphenyl-
2-[5-[[(2-chloroacetamido)phenylJmethyl])-2-
hydroxyphenyi}-4-methyl-5-phenyl-(?)
2-{4-(2-chlorobenzamido)-2-hydroxyphenyl]-
4,5-diphenyl-
2-[3-(2-chlorobenzamido)methyl}-2-hydroxy-
5-methylphenyl]-4,5-diphenyl-
4-[4-(2-chlorobenzamido)phenyl]-2-(2-hydroxy-
phenyl)-5-phenyl-
2-[4-(5-chloro-2-benzofuranyl)phenyl]-4-methyl-
S-phenyl-
2-[(4-chlorocarbonyl)phenyl]-4-methyl-5-
(2-naphthalenyl)-
2-(5-chloro-2-hydroxyphenyl)-4,5-diphenyl-
2-(5-chloro-2-hydroxyphenyl)-4-(2-furanyl)-5-methyl-
2-(5-chloro-2-hydroxyphenyl)-4-methyl-5-phenyl-
2-(5-chloro-2-hydroxyphenyl)-4-methyl-5-(2-pyridyl)-
2-(5-chloro-2-hydroxyphenyl)-4-methyl-5-(2-thienyl)-
2-(5-chloro-2-methoxyphenyl)-5-methyl-4-(2-pyridyl)-
2-(5-chloro-2-methoxyphenyl)-5-methyl-4-
(2-pyridyl)-, oxide
2-(5-chloro-2-methoxyphenyl)-4-methyl-5-
(2-thienyl)-, 3-oxide

77

66: 37841p
66: 37841p
66: 37841p
66: 28250t
68: 114514e
71: P124445j

77: P115464m
T1: 124445j

T1: 124445§

71: P124445j
77: P115464m

71: P124445j
71: P124445j

T1: P124445j
77: P7313¢

71: P124445j
83: P61732a
72: P100716t
71: P124445j
71: P124445j
71: P124445;
71: P124445;
71: P124445;
75: P22479p
83: P61732a
71: P124445j
T1: P124445j
T1: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445;j

71: P124445j



TABLE 3 (Continued)

Compound

Reference

3.2. 2,4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles (Continued)

2-[4-(5-chloro-3-methyl-2-benzofuranyl)phenyl)-
4-methyl-5-phenyl-
2-{4-(5-chloro-3-phenyl-2-benzofuranyl)phenyl)-
4-methyl-5-phenyl-
2-(2-chlorophenyl)-4,5-dimethyl-
2-(4-chlorophenyl)-4,5-dimethyl-
2-(2-chlorophenyl)-4,5-diphenyl-
2-(4-chlorophenyl)-4,5-diphenyl-
2-(4-chlorophenyl)-4-ethyl-5-methyl-
4-(4-chlorophenyl)-2-(2-hydroxyphenyl)-5-
[4-(octyloxy)phenyl]-
2-[4-[(4-chlorophenyl)sulfonamido]-2-hydroxyphenyl]-
4,5-diphenyl-
2-[4-(5-chloro-3,4,6-trimethyl-2-benzofuranyl)
phenyl]-4-methyl-5-phenyl-
4-(3-cyano-4-methylphenyl)-5-methyl-2-phenyl-
2-[4-(2-cyano-2-phenylethenyl]-3-methoxyphenyl]-
4,5-dimethyl-
2-[[3-(cyclohexanecarboxamido)methyl}-2-hydroxy-
5-methylphenyl]-4,5-diphenyl-
4-[[4-(cyclohexanecarboxamido)phenyl]-2-(2-hydroxy-
phenyl)-5-phenyl]-
2-cyclohexyl-4,5-diphenyl-
2-(5-cyclohexyl-2-hydroxyphenyl)-4,5-diphenyl-
2-(5-cyclohexyl-2-hydroxyphenyl)-4-methyl-5-phenyl-
2-{3-[2-(cyciohexylmethylamino)acetamidomethyl]-
2-hydroxy-5-methylphenyl]-4,5-diphenyl-
2-[4-[(cyclohexyloxycarbonyl)amino]-2-hydroxy-
phenyl}-4,5-diphenyl-
2-[4-(cyclohexylsulfonamido)-2-hydroxyphenyl}-
4,5-diphenyl-
2-{3-{3-(cyclohexylthio)propanamidomethyl}-2
hydroxy-5-methylphenyl]-4,5-diphenyl-
4-decyl-2-(2-hydroxyphenyl)-5-phenyl-
4,5-dibenzyl-2-(2-hydroxyphenyl)-
2-[3-[2-(dibutylamino)acetamidomethyl]-2-hydroxy-
S-methylphenyl}-4,5-diphenyl-
2-[S-[(N,N-dibutylamino)carbonyl}-2-hydroxyphenyl]}-
4,5-diphenyl-
4,5-dibutyl-2-(2-hydroxyphenyl)-
2-(3,5-di-tert-butyl-2-hydroxyphenyl)-4,5-diphenyl-
2-[4-(5,7-dichloro-2-benzofuranyl)phenyi]-4-methyl-
S-phenyl-
2-[4-(5,7-dichioro-3-methyl-2-benzofuranyl)phenyl}-
4-methyl-5-phenyl-
4-(3,4-dichlorophenyl)-2-(2-hydroxyphenyl)-5-methyl-
4,5-dicyclohexyl-2-(2-hydroxyphenyl)-
2-[5-[(N,N-diethylamino)sulfonyl]-2-hydroxyphehyl}-
4,5-diphenyl-

78

78: P22479p
75: P22479p
84: 135554p

59: 13483f
84: 135554p

68: 114514e, 75: 63700x

5§9: 13483f
71: P124445j

71: P124445j
78: P22479p

79: P147435k
81: P51153g

71: P124445j
71: P124445j
78: 16099k
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
77: P115464m
71: P124445j
71: P124445j
75: P22479%
75: P22479p
71: P124445j

71: P124445j
77: P115464m



TABLE 3 (Continued)

Compound

Reference

3.2.  2,4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles (Continued)

4-[{3-(N,N-diethylamino)sulfonyllphenyl]-2-(2-hydroxy

phenyl)-S-phenyl-
4,5-di-2-furanyl-2-(2-hydroxyphenyl)-
2-[1,4-dihydroxy-5-(2H-naphtho[ 1,2-d Jtriazol-2-yl)

phenyi]-4,5-dimethyl-
2-(2,4-dihydroxyphenyl)-4,5-diphenyl-
2-(2,4-dihydroxyphenyl)-4,5-diphenyl-,

4-acetate ester
2-(2,4-dihydroxyphenyl)-4,5-diphenyl-,

4-benzoate ester
2-(2,4-dihydroxyphenyl)-4,5-diphenyl-,

4-dodecanoate ester
2-(2,4-dihydroxyphenyl)-4-methyl-5-phenyl-
4-(2,4-dimethoxyphenyl)-2-(2-hydroxyphenyl)-5-phenyl-
4-(4-dimethylaminophenyl)-5-methyl-2-(4-nitrophenyl)-
2-[4-(3,5-dimethyl-2-benzofuranyl)phenyl]-4-methyl-

5-phenyl-
4-(1,3-dimethyl-2-furanyl-1 H-benzimidazol-2-ylium)-

S-methyl-2-phenyl-, methyl sulphate
4,5-dimethyl-2-(2-hydroxyphenyl)-
2-(3,4-dimethyl-2-hydroxyphenyl)-4,5-diphenyl-
2-(3,5-dimethyl-2-hydroxyphenyl)-4,5-diphenyl-
4,5-dimethyl-2-[x[[(methoxycarbonyl)aminomethyl)

phenyl]-2-(2-hydroxyphenyl)]-
4,5-dimethyl-2-(2-methoxyphenyl)-
4,5-dimethyl-2-(4-methylphenyl)-, 1-oxide
4,5-dimethyl-2-(2-nitrophenyl)-
4,5-dimethyl-2-(4-nitrophenyl)-, 1-oxide
2,4-dimethyl-5-phenyl-
4,5-dimethyl-2-phenyl-

4,5-dimethyl-2-phenyl-, 1-oxide
2-[3-(1,1-dimethyl-2-propenyl)-2-hydroxyphenyl]-
4,5-diphenyl-
2-[3-(1,3-dioxo-1H-isoindol-2(2H)-yl)methyl}-
2-hydroxy-5-methylphenyl]-4,5-diphenyl-
2-(1,3-dioxo-2-methyl-1 H-benz[ deJisoginolin-
6(2H)-yl)-4-methyl-5-phenyl-
4,5-diphenethyl-2-(2-hydroxyphenyl)-
4,5-diphenyl-2-(4-dodecanamido-2-hydroxyphenyl)-
4,5-diphenyl-2-[3-(dodecanamidomethyl}-2-hydroxy-
S5-methylphenyl]-
4,5-diphenyl-2-(5-dodecyl-2-hydroxyphenyl)-
4,5-diphenyl-2-[3-{2-(dodecyloxy)acetamidomethyl]-
2-hydroxy-5-methylphenyl}-
4,5-diphenyl-2-[3-[(ethoxycarbonyl)aminomethyl]-
2-hydroxy-5-methyiphenyl)-
4,5-diphenyl-2-{3-[(ethoxycarbonyl)ethylaminomethyl]-
2-hydroxy-5-methylphenyl]}-

79

77: P115464m

77: P115464m
83: P132619g

71: P124445j
71: P124445j

71: P124445j
71: P124445j

71: P124445j
T1: P124445j
25: 933!

75: P22479p

84: P91661q

71: P124445j
77: P115464m
71: P124445j
77: P115464m

71: P124445j
66: 28250t

21: 2133%, 40: 7191°

66: 28250t
82: 156182q

40: 71914, §8; 18756b

84: 135554p

53: 189472, 66: 28250t

71: P124445;
82: P17959k
77: P90079z
71: P124445j
71: P124445j
71: P124445j

71: P124445j
71: P124445j

71: P124445;j

71: P124445j



TABLE 3 (Continued)

Compound

Reference

3.2. 2,4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles (Continued)

4,5-diphenyl-2-ethyl-
4,5-diphenyl-2-(4-hydroxy-1,1"-biphenyl-3-yl)-
4,5-dipheny}-2-[3-[2-hydroxy-3-[(hydroxyethyl)thio]
propanamidomethyl}-5-methylphenyl)-
4,5-diphenyl-2-(2-hydroxy-3-isobutylphenyl)-
4,5-diphenyl-2-{2-hydroxy-4-(4-methoxybenzamido)
phenyl)-
4,5-diphenyl-2-(2-hydroxy-4-methoxyphenyl)-
4,5-diphenyl-2-(2-hydroxy-5-methoxyphenyl)-
4,5-diphenyl-2-[2-hydroxy-4-[(4-methoxyphenyl)
sulfonamido]phenyl}-
4,5-diphenyl-2-[2-hydroxy-4-(N-methylbenzamido)
phenyl]}-
4,5-diphenyl-2-{2-hydroxy-4-(3-methylbenzamido)
phenyl}-
4,5-diphenyl-2-[2-hydroxy-5-methyl-3-[(4-methylbenz-
amido)methyllphenyl]-
4,5-diphenyl-2-[2-hydroxy-5-methyl-3-(octadecanamido-
methyl)phenyl)-
4,5-diphenyl-2-(2-hydroxy-5-methyl-3-octadecylphenyl)-
4,5-diphenyl-2-(2-hydroxy-5-methyl-3-octanoylphenyl)-
4,5-diphenyl-2-(2-hydroxy-5-methyl-3-octylphenyl)-
4,5-diphenyl-2-[2-hydroxy-5-methyl-3-[2-(octylthio)
acetamidomethyljphenyl}-
4,5-diphenyl-2-{2-hydroxy- 5-methyl-3-{{2-(octylthio)
propanamido]methyljphenyl}-
4,5-diphenyl-2-[2-hydroxy-5-methyl-3-(oxazolidin-
2-oneylmethyl)phenyl}-
4,5-diphenyl-2-[2-hydroxy-5-methyl-3-[(2-0x0-2H-
azepin-1-yl)methyl}}-
4,5-diphenyl-2-(2-hydroxy-5-methylphenyl)-
4,5-diphenyl-2-[2-hydroxy-5-methyl-3-[2-(phenylacet-
amido)methyllphenyl]-
4,5-diphenyl-2-[2-hydroxy-4-[(4-methylphenyl)sulfon-
amido]phenyl]-
4,5-diphenyl-2-[2-hydroxy-5-methyl-3-[2-(phenylthio)
acetamidomethyl]phenyl]-
4,5-diphenyl-2-{2-hydroxy-5-methyi-3-[(2-propenamido)
methyl]phenyl}-
4,5-diphenyl-2-[ 2-hydroxy-3-(2-methyl-2-propenyl)
phenyl]-
4,5-diphenyl-2-[2-hydroxy-5-methyl-3-(1-pyrrolidin-
2-oneylmethyl)phenyl]-
4,5-diphenyl-2-[2-hydroxy-4-(methylsulfonamido)phenyi]-
4,5-diphenyl-2-[2-hydroxy-5-(4-morpholinylcarbonyl)
phenyl]-
4,5-diphenyl-2-(2-hydroxy-4-nitrophenyl)-
4,5-diphenyl-2-[2-hydroxy-4-(octadecanamido)phenyl]-

80

82: 1561829
71: P124445j
71: P124445j

71: P124445j
71: P124445j

71: P124445j
71: P124445j
71: P124445j
77: P115464m
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
77: P115464m
71: P124445;j
71: P124445j

71: P124445j
71: P124445j

71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j

71: P124445j
77: P115464m

71: P124445;
71: P124445j



TABLE 3 (Continued)

Compound

Reference

3.2, 2.4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles (Continued)

4,5-diphenyl-2-(2-hydroxy-5-octadecylphenyl)-
4,5-diphenyl-2-(2-hydroxy-5-octanoylphenyl)-
4,5-diphenyl-2-[2-hydroxy-4-[(octyloxycarbonyl)
aminojphenyl]-
4,5-diphenyl-2-[2-hydroxy-5-(octyloxy)phenyl]-
4,5-diphenyl-2-(2-hydroxy-5-octylphenyl)-
4,5-diphenyl-2-(2-hydroxy-3-tert-pentylphenyl)-
4,5-dipheny!-2-[2-hydroxy-4-[(phenoxycarbonyl)
amino]phenyl]-
4,5-diphenyl-2-(2-hydroxy-5-phenoxyphenyl)-
4,5-diphenyl-2-(2-hydroxyphenyl)-
4,5-diphenyl-2-(2-hydroxyphenyl)-, acetate ester
4,5-diphenyl-2-[2-hydroxy-3-(1-phenyl-2-propenyl)
phenyl]-
4,5-diphenyl-2-[2-hydroxy-3-(1-phenylpropyl)phenyl]-
4,5-diphenyl-2-[2-hydroxy-4-(phenylsulfonamido)-
phenyl]-
4,5-diphenyl-2-[2-hydroxy-5-(1-piperidinylcarbonyl)
phenyl]-
4 5-diphenyl-2-(2-hydroxy-3-propylphenyl)-
4,5-diphenyl-2-(4-hydroxy-3-sulfophenyl)-
4,5-diphenyl-2-(2-hydroxy-5,6,7,8-tetrahydronaphth-
1-yl)-
4,5-diphenyl-2-[2-hydroxy-5-(1,1,3,3-tetramethyl-
butyl)phenyl]}-
2-[4-(1,3-diphenyl-2-imidazolidinyl)-3-hydroxy-
phenyl]-4-ethyl-5-methyl-
2-{4-(1,3-diphenyl-2-imidazolidinyl)-3-hydroxy-
phenyl]-4-methyl-5-phenyl-
4.5-diphenyl-2-(4-iodophenyl)-
4,5-diphenyl-2-isopropyl-
4,5-diphenyl-2-[4-[(methoxycarbonyl)amino}-
2-hydroxyphenyl]-
4,5-diphenyl-2-(2-methoxy-5-methylphenyl)-
4,5-diphenyl-2-(2-methoxyphenyl)-
4,5-diphenyl-2-(2-methoxyphenyl)-, 1-oxide
2,5-diphenyl-4-methyi-, 1-oxide
4,5-diphenyl-2-methyl-
4,5-diphenyl-2-(2-methylphenyl)-
4,5-diphenyl-2-(4-methylphenyl)-

4,5-diphenyl-2-[3-[3-(octylthio)propanamidomethyl]-
2-hydroxy-5-methylphenyl]-

4,5-di-3-pyridyl-2-(2-hydroxyphenyl)-

4-[4-(dodecanamido)phenyl]-2-(2-hydroxyphenyl)-
5-phenyl-

4-[4-(dodecycloxy)phenyl]-2-(2-hydroxyphenyl)-
5-phenyl-

81

71: P124445j
71: P124445j
71: P124445j

71: P124445j
71: P124445j
71: P124445j
71: P124445j

82: P4995u
71: P124445j
71: P124445j
71: P124445j

71: P124445j
71: P124445;

77: P115464m

71: P124445j
71: P124445j
82: P17965j

71: P124445j
84: 164334x
84: 164334x

68: 114514e
82: 156182q
71: P124445j

71: P124445;

71: P124445j

71: P124445j

78: 97571h

72: 43569w, 82: 156182q

68: 114514e

68: 114514e, 75: 63700x
78: 88545p

71: P124445j

77: P115464m
71: P124445j

71: P124445j



TABLE 3 (Continued)

Compound Reference

3.2. 2,4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles (Continued)

4-(4-dodecylphenyl)-2-(2-hydroxyphenyl)-S-phenyl- 71: P124445j

-4-ethanesulfonic acid, 2-(4-cyanophenyl}-5- 84: P181615g
methyl-f-oxo-, sodium salt

-4-ethanesulfonic acid, a,a’-1,2-ethenediylbis- 84: P181615g

[(3-sulfo-4,1-phenylene)-2-hydrazinyl- 1-ylidene]bis] S-
methyl-a-0xo-2-phenyl}-, tetrasodium salt

-4-ethanesulfonic acid, 2-(4-methylphenyl)- 84: P181615g
5-methyl-a-oxo-, sodium salt
-4-ethanesulfonic acid, S-methyl-a-oxo-2-phenyl-, 84: P181615g
sodium salt
-4-cthanol, 2-(2-hydroxypheny!)-S-phenyl- 71: P124445j
4-[4-(ethoxycarbonyl)aminophenyl}-2-(2-hydroxy- 71: P124445j
phenyl)-5-phenyl-
4-[1-(ethoxycarbonyl)methyl]-2-furanyl-1 H-benz- 84: PY1661q
imidazol-2-yl]-5-methyl-2-phenyl-
2-(4-ethoxy-2-hydroxyphenyl)-4-methyl-5-phenyl- 71: P124445S5j
4-ethyl-2-[2-hydroxy-5-(4-morpholinylsulfonyl)- 77: P115464m
phenyl}-5-methyl-
4-ethyl-2-(3-hydroxyphenyl)-5-methyl- 84: 164334x
4-ethyl-5-methyl-2-(4-nitrophenyl)- 59: 13483f
4-ethyl-5-methyl-2-(4-nitrophenyl)-, 1-oxide 66: 28250t
4-ethyl-5-methyl-2-(4-nitrophenyl)-, 3-oxide 66: 282501
4-ethyl-5-methyl-2-phenyl- 59: 13483f
4-ethyl-5-methyl-2-phenyl, 1-oxide 66: 28250t
4-ethyl-5-methyl-2-phenyl-, 3-oxide 66: 28250t
4-(4-ethylphenyl)-2-(2-hydroxyphenyl)-S-phenyl- T1: P124445;
4-(4-ethylphenyl)-2-(2-hydroxyphenyl)-5-phenyl-, 3-oxide P124445j
4-(4-ethylphenyl)-2-(2-methoxyphenyl)-5-phenyl- 71: P124445j
4-(5-formylfuran-2-yl)-5-methyl-2-phenyl- 84: P91661g
2-(4-formyl-2-hydroxyphenyl)-4-methyl-5-phenyl- 82: P172618s
2-(4-formyl-2-methoxyphenyl}-4-methyl-5-phenyl- 82: P172618s
2-(4-formylphenyl)-4-methyl-5-(2-naphthalenyl)- 83: P61732a
4-(2-furanyl-1 H-benzimidazol-2-yl})-5-methyl-2-phenyl- 84: P91661g
4-(2-furanyl)-2-(2-hydroxy-5,6,7,8-tetrahydronaphth- 82: P17965j
1-y1)-5-octyl-
2-(4-hydroxy-1,1'-biphenyl-3-yl)-4-methyl-5-phenyl- 71: P124445;
2-(2-hydroxy-4-methoxyphenyl)-4-methyl-5-phenyl- T1: P124445j
2-(2-hydroxy-5-methoxyphenyl)-4-methyl-S-phenyl- 71: P124445j
4-(2-hydroxy-4-methylphenyl)-2-(2-hydroxyphenyl)- 71: P124445;
5-phenyl-
4-[3-(5-hydroxy-3-methyl- 1-phenylpyrazol-4-yl)-1- 74: P77409a

(3-methy}-5-oxo-1-phenyl-2-pyrazolin-4-y)-2-propenyl

idene]-5-methyl-2-(4-nitrophenyl)-
4-[3-(5-hydroxy-3-methyl-1-phenylpyrazol-4-yl)-3- 72: P80363v
(3-methyl-5-0x0- 1-phenyl-2-pyrazolin-4-yl)-2-propenyl-

idene]-5-methyl-2-(4-nitrophenyl)-
2-(2-hydroxyphenyl)-4-(4-hydroxyphenyl)-5-methyl- 71: P124445j

82



TABLE 3 (Continued)

Compound

Reference

3.2. 2,4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles (Continued)

2-(2-hydroxyphenyl)-4-[4-(methanesulfonamido)
phenyl])-5-phenyl-
2-(2-hydroxyphenyl)-4-{4-(2-methoxybenzamido)phenyl]-
5-phenyl
2-(2-hydroxyphenyl)-4-[4-[ 1-[|methoxycarbonyl)
amino]methyllpropyllphenyt]-5-phenyl-
2-(2-hydroxyphenyl)-4-(4-methoxyphenyl)-5-methyl-
2-(2-hydroxyphenyl)-4-(4-methoxyphenyl)-5-
(4-methylpheny!)-
2-(2-hydroxyphenyl)-4-methyl-5-(4-methylphenyl)-
2-(2-hydroxyphenyl)-4-methyl-5-(3-nitrophenyl)-
2-(2-hydroxyphenyl)-4-methyl-S-pentyl-
2-(2-hydroxyphenyl)-4-methyl-5-phenyl-
2-(2-hydroxypheny!)-4-methyl-5-phenyl, 3-oxide
2-(3-hydroxyphenyl)-4-methyl-5-phenyl-
2-(2-hydroxyphenyl)-4-methyl-5-(3-thienyl)-
2-(2-hydroxyphenyl)-4-[2-(methylthio)ethyl]-5-phenyl-
2-(2-hydroxyphenyl)-5-methyl-4-{4-(4-toluenesulfon-
amido)phenyl]-
2-(2-hydroxyphenyl)-4-(4-nitrophenyl)-5-phenyl-
2-(2-hydroxyphenyl)-4-(4-octylphenyl)-5-phenyl-
2-(2-hydroxyphenyl)-5-phenyl-4-[3-(1-piperidinyl-
sulfonyl)phenyl]-
2-(2-hydroxyphenyl)-4-phenyl-5-propyl-
2-[2-hydroxy-4-(1-piperidinylsulfonyl)phenyl]-
4-phenyl-5-propyl-
2-[2-hydroxy-3-(2-propenyl)phenyl}-4-methyl-5-phenyl-
2-[2-hydroxy-5-(1,1,3.3-tetramethylbutyl)phenyl}-
4-methyl-5-phenyl-
-4-methanol, a-benzyl-5-methyl-2-phenyl-a-
(1-piperidinylmethyl-
-4-methanol, 2-(4-bromophenyl)-5-methyl-a-
[2-(1-piperidinylethyl]}-, monohydrochloride
-4-methanol, 2-(4-bromophenyl)-5-methyl-a-phenyl-
a-[2-(1-piperidinyhethyl]}-, hydrochloride
-4-methanol, 2-(4-chlorophenyl)-a,5-dimethyl-a-
[2-(4-morpholinyl)ethyl]-, hydrochloride
-4-methanol, 2-(3-chloropheny!)-5-methyl-«-
[2-(1-piperidinyl)ethyl}-
-4-methanol, 2-(4-chlorophenyl)-5-methyl-a-
[2-(1-piperidinyl)ethyl}-, monohydrochloride
-4-methanol, a-[2-(dimethylamino)ethyl}-5-methyl-
2-phenyl-
-4-methanol, a-[2-(dimethylamino)ethyl]}-5-methyl-
2-phenyl-, ethanedioate salt
-4-methanol, 2-(4-methoxyphenyl)-5-methyl-a-[2-
(1-piperidinyl)ethyl]-, monohydrochioride

83

T1: P124445j

77: P115464m

71: P124445j
71: P124445j

71: P124445j
71: P124445j
71: P124445j
71: P124445j
71: P124445j
84: 164334x
77: P115464m
71: P124445j
71: P124445i
71: P124445j
71: P124445j
77: P115464m

71: P124445j
77: P115464m

77: P115464m
71: P124445j

79: P18725¢f
75: 62010k

79: P18725(
79: P18725f
79: P126505t
75: 62010k

79: P126505t
79: P126505t

79: P126505t



TABLE 3 (Continued)

Compound

Reference

32. 2.4,5-Alkyl- or Aryl-Trisubstituted 2H-1,2,3-Triazoles (Continued)

-4-methanol, 5-methyl-2-(4-nitrophenyl-a-[2-
(1-piperidinyl)ethyl)-

-4-methanol, 5-methyl-2-(4-nitrophenyl)-a-[2-
(1-piperidinyl)ethyl]-, monohydrochloride

-4-methanol, 5-methyl-2-phenyl-

-4-methanol, 5-methyl-2-phenyl-a-{2-(1-piperidinyl)

ethyl]-, monohydrochloride
-4-methanol, 5-methyl-2-phenyl-a-[(1-piperidinyl)
methyl}-, monohydrochloride
2-[4-(6-methoxy-3-methyl-2-benzofuranyl)phenyl]-
4-methyl-5-phenyl-
2-(6-methoxy-3-methylphenyl)-4-methyl-5-phenyl-
2-[4-(5-methoxy-3-phenyl-2-benzofuranyl)phenyl}-
4-methyl-5-phenyl-
2-(2-methoxyphenyl)-4-methyl-5-(3-nitrophenyl)-
2-(2-methoxyphenyl)-4-methyl-5-phenyl-
2-(2-methoxyphenyl)-4-methyl-5-phenyl-, 3-oxide
4-methyl-2,5-diphenyl-
4-methyl-2-[4-(3-methyl-2-benzofuranyl)phenyl]-
5-phenyl-
4-methyl-5-(1-methyl-2-oxopropyl)-2-phenyl-

4-methyl-5-(1-methyl-2-oxopropyl)-2-phenyl-, oxime

4-methyl-5-(1-methyl-2-oxopropyl)-2-phenyl-,
semicarbazone

4-methyl-5-(2-methylphenyl)-2-phenyl-

4-methyl-5-(2-oxopropyl)-2-phenyl-

5-methyl-2-(4-nitrophenyl)-4-(2-oxopropyl)-

5-methyl-2-(4-nitrophenyl)-4-(2-oxopropyl)-,
phenylhydrazone

4-methyl-5-phenyl-2-[4-(3-phenyl-2-benzofuranyl)
phenyt}-

4-methyl-5-phenyl-2-(3-sulfophenyl)-, sodium salt

-2-propanoic acid, 2-(4-chlorophenyl)-5-methyl-
a-0x0-, ethyl ester

-2-propanoic acid, 4,5-diphenyl-

-2-propanoic acid, 4,5-diphenyl-, methyl ester

-4-propanoic acid, 2-(2-hydroxyphenyl)-5-phenyl-,
ethyl ester

-2-propanoic acid, 5-methyl-a-0xo0-2-phenyl-,
ethyl ester

-2-propanoic acid, 4-methyl-5-phenyl-

2-[3-[(a-toluenesuifonamido)phenyl]-4-hydroxy-
phenyl}-4,5-diphenyl-(7)

79: P126505t
75: 62010k

66: 37841p
79: P126505t

75: 62010k
75: P22479p

71: P124445j
75: P22479p

71: P124445j
71: P124445j
71: P124445j
25: 1827

75: P22479p

42: 2970c
42: 2970¢
42: 2970c

25: 1828!
35: 36382
68: 2862k
68: 2862k

75: P22470p

81: P38957¢
84: P181615g

84: P164786w
84: P164786w
71: P124445;
84: P181615g

84: P164786w
71: P124445j

2,4, 5-triphenyl- 47: 2154a, 49: 5372gh,
§7: 15100h, 73: 1205932,
75: 63700x, 83: 96642y
84: 135554p

66: 28250t

68: 114514e

2.,4,5-triphenyl-, 1-oxide
2.4,5-tris(4-bromophenyl)-

84



21: 2133°

24:

32321

25: 933!

285:
3s:
40:
41:
42:
48:

46
47:

o

48:

49:

49:
50:

.

52:

52:
§3:
53:

s8:
L1H
56:
86:

87
58:
59:
60:

61:
63:

63:

64:
64:
65:
65:
65:
66:

66:

1827-8"
36382
7191+
1682a
2970c
9037-8f—<

8651-2i-b
2154a

2685b
3948h

5372g.h
4129¢

P2085-6i-b
7293a
3198-9f-i
18947a
18756b
23505h
1388a
14020b
15100h
5662d
13483f
15859d

2926b
11551¢

11552a
9717g
P11216c
18484g
20120a
7173f

28250t

37841p
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CHAPTER 4

1,2,3-Triazolecarboxylic Acids and
Their Functional Derivatives

4.1. 1H-1,2,3-TRIAZOLE-1- AND -5-CARBOXYLIC ACIDS AND
THEIR FUNCTIONAL DERIVATIVES

1’abbé and his collaborators have made important contributions to our
understanding of the synthesis of these compounds through their studies of
ethyl azidoformate (4.1-1) with a-keto phosphorus ylides. Their first re-
port,! which claimed good yields of the 1-(ethoxycarbonyl) product (4.1-2),
was soon followed by evidence for the 2-(ethoxycarbonyl) structure (4.1-3)
(Eq. 1).2 It has been shown that 4.1-2 is an intermediate that can be isolated
with low temperature, proper solvent, and short reaction time.*> Huisgen and
Blaschke* have studied the regiospecificity of the addition of 4.1-1 to
phenylacetylene (Eq. 2). Their presumed 1,4-product (4.1-4) is actually the
2,4-isomer.? The synthesis of 1-cyano-1,2,3-triazoles (4.1-5) with cyanogen
azide gives good yields of an equilibrium mixture in which the open-chain
a-diazo-N-cyanoimine is greatly favored (Eq. 3).°

The preparation of 1,2,3-triazolecarboxylic acids without nitrogen sub-
stitutents should produce readily interconvertible tautomers (4.1-6 and

Ph,P*O" R
H R =
Ph,P—CHCOR + EtO,CN;, — | Ny N__ — NN
4.1-1 N “Co,Et N Nco,Et
4.1-2
R
.
— N__N (1)
N
CO,Et

4.1-3

R=Me Ph 4-NO,Ph
%4.1-3= 65 46 88 (with excess azide®)

88
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Ph Ph
PhC=CH+EtO,CN;, — N + N 2
,CN, 8 ,: « . N @)
CO,Et CO,Et
47 pts. 4.1-4 (4.1-3 Ph)
53 pts.
R R
X
RC=CR'+N,CN —» NN = RECN, 3)
R, R'=H, Me, n-Bu NC/ N I‘ll
4.1-5 |
NC

4.1-7) with intramolecular hydrogen bonding favoring 4.1-7 (Eq. 4). Both 4-
and 5-substituted products have been reported for these compounds and are
described in this chapter. The structure suggested by the authors is given.

HO
HO,C \ﬁ
I\ o) ]; \
N& N = v _N 4
\N, \H : / N, ( )
H
4.1-6 4.1-7

A large number of unsaturated substrates have been shown to react with
hydrazoic acid or sodium azide, usually in excellent yield (Egs. 5 to 9)*°. In
the last example Miller and his collaborators reported no yields for 4-
chloro-, 2- and 3-nitrophenyl substituents, but another article shows the

HO,C

HC=CCO,H+HN, — :LN/N\ (5)
H
71%
CO,H
PhC=CCHO+HN, — 3_( S R:g (6)
/ OH \N/ \
H
90%

CO,Me

Ph;P*CH=CHCO,Me + Na*"N; — N (7)

N/
79%
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R
R\ /C02Et - COEt
/c—_—c\ + Na*"N, HO™Me, N N (8)
H NO, N Ny
R =Me, Et, n-Pr, i-Pr, Ph 45-60%
Ar CO,Me
ArC=CCO,Me +N; 22, N N ©)
N\
H
4.1-8
Ar=Ph 4-MeOPh 2-CIPh 4-NO,Ph 4-CIPh"!
% 4.1-8 =91 76 86 69 92

4-chlorophenyl substrate reacting in excellent yield.'' The azide ion adds in
excellent yield to vinyl sulfones bearing an a-electron-withdrawing sub-
stituent (Eq. 10).'? The preparation of 5-cyano-1,2,3-triazoles has been
accomplished in moderate yield (Eqs. 11,12).'*!¢

A Y
SO,Ph r\r_:(
/ + - HCONMe,
ArCH=C + Na*"N, HoWe, NN (10)
\Y N’ \H

Ar = Ph, 4-MeOPh, 4-NO,Ph, 2-furyl, 3-pyridyl, 9-anthryl, etc.
Y =CN, CONH,, CO,Me

H
|

N-
= . /=§<\ E
HC=CCN + AI(N,); &5 N{ N+ NN (11)
N~y N oy

32% 47%
Phwm
PhCH=C(CN),+Na*"N, =2, N N (12)
N \H
40%

The indirect formation of 1,2,3-triazolecarboxylic acid derivatives by tri-
methylsilylazide addition and subsequent hydrolysis (Egs. 13,14) proceeds in
excellent yield.'>'® The methyl ester (4.1-9) was also converted to the
carbonyl azide (80%) and hydrazide (93%).**
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R CO,SiMe,

7

\
RC=CCO,SiMe, + - NN (13)
|
SiMe,
% Me,SiN, H or Me 97%

Me 02C Me

MeC=CO,Me + —_— Ny /N\ (14)

4.1-9
85%

The introduction of a nonenolizable substituent on nitrogen allows the
separation of 5-carboxylic acids and their derivatives. Such compounds have
been prepared in a variety of ways, including the oxidation of alkyl groups
(Eq. 15)'7'® or formyl groups (Eq. 16).!” Sheehan and Robinson carried out
a similar reaction sequence (Eq. 17) using a diethylacetal.”

R CO,H
Ny N K0, , N:— N: (15)
~. / \ -, yd
N \Ph
R=Me, Et, CH2=CH, CH,CH,NMe, (65%)
CHO OHCHPh
PhC=CCHO+ PhN, —— »_g N, N (16)
N° N
Ph
4-1-10 40% (90% total crude)
22%
lAgNO;
Na' "OH
Ph CO,H
N. N
N" Npp
90%

L’abbé and his collaborators have reported the isomer distribution found
when vinyl azides or their iodo precursors are added to methyl propynoic
acid (Eq. 18).'? The ratio of 4.1-11 to 4.1-12 is generally 8:1 except with
R = —CH(Ph)CH,I where 9:1 was found,
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CH(OEt),
HC=CCH(OEt), + PhAN, — N§N,N\ . 1N
Ph
OHC CHO
3} N + N /N:
N Npy, N Ny
52% 23%
lmwo:
Na*~ OH
CO,H
N Sy
90%
MeO,C CO,Me
MeO,CC=CH + RN, — N. N +N. N
2 3 N\ NN
R R
4.1-11 4.1-12

R = PhiC=CHMe, MeC=CHMe, CHZ(‘ZHBu-l, etc.
I

an

(18)

An interesting substitution reaction has been reported by Smith’s laborat-
ory for the synthesis of 5-substituted 1,2,3-triazoles.?>*! The reaction (Egs.

19,20) is apparently very sensitive to small amounts of moisture.

Ph CN
Ny N
NTO\
Phﬁa %‘ 5% Ph
— <3
Ny N, + Na*"CN o CONH,
%o~ N, N
N Npy

(19)

(20)
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4.2 1,2,3-TRIAZOLE-4-CARBOXYLIC ACIDS AND THEIR
FUNCTIONAL DERIVATIVES

The synthesis of 4-carboxyl-1,2,3-triazoles and derivatives has been an
active field of study, and the variety of methods developed is impressive.
One of the earliest reactions is the oxidation, usually with silver oxide, of the
formyl group (Eq. 21).?? Sheehan and Robinson have reported® the first
example of phenyl azide addition in which both isomeric products were
isolated (Eq. 22), and they demonstrated the structures of 4.2-1 and 4.2-2
by oxidation. Similar results were obtained using the diethylacetal of propy-
nal followed by hydrolysis.

OHC HO,C
HC=CCHO+PhN; — Ny /N\ a0, N\\N’N\ 21
N° Spp Ph
75% high
OHCHPh Ph CHO
PhC=CCHO+PhN; — Ny N ¥ Noo M e L
Ph Ph
4.2-1 4.2-2
40% 22%
HO,C th PhHCOZH
Ny N + N N (22)
N” ™\ N \Ph

97% 90%

The analogous chemistry of 2-N-substituted 1,2,3-triazoles has been
reported by Riebsomer and his collaborators**>* starting with 2-phenyl-4-
D-glucosotriazole (4.2-3) and potassium permanganate (Eq. 23). The subse-
quent conversions to acid chloride, esters, and amides were made in good to
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excellent yield. The intermediate aldehyde (4.2-4) was prepared quantita-
tively and transformed to the 4-nitrile (Eq. 24).2°

HO,C

" KMnO, h

N\N’N — various acid (23)
HOCH,(CHOH), 1') . derivatives
7\
N__N <
N
Ph OHC
4.2-3 Na® 104 N;/ ,\N\ HONH,
\ \Ilq H"
Ph
4-2'4
IINIIOH
NC
v 7._ N
H 7\, soc 7\
\]Tj/ CeHs \ITI, (24)
Ph Ph
70%

Klingsberg has cyclized the nitrogen derivatives of a,B3-diketobutane-
anilides (4.2-5) to the 1,2,3-triazolecarboxylic acids (Eq. 25) in good yield
and has converted the products to amides in excellent yields.?®

Pk
NOH Me CO.H Me CN\

MeCCCONHPR 2K 04, M wros N Me

€ ” (2) CO, \N/ (2) PARNHMe \’N/
NNHAr | |

4.2-8 Ar Ar
Ar=Ph 58% 95%
4-MePh 80% 95%

(25)

Recent studies on the reaction of 1,2,3-triazoles with glycosyl halides
have shown promise in the preparation of glycosyltriazoles (Eq. 26).>” The
use of S-diazouracils (e.g., 4.2-6) has been shown to be an important
approach (Eq. 27) with many examples and excellent yields.**? El Khadem's
laboratory® has provided several examples of 2-aryl- derivatives from the
osatriazoles (Eq. 28). The extent of interest in this field is illustrated by the
publication of an undergraduate laboratory experiment based on the conver-
sion of sucrose to 2-phenyl-1,2,3-triazole-4-carboxylic acid.?!
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Et0,C B2OCH Et0,C
NG 20, _a l7—\—— CH,0Bz
+ —_
BzO OBz
BzO OBz
O 55%
N, (26)
o i
N
N 7—,._
OH H Mecn, 2 Ny N JOHHO (27)
O O
4.2-6
D-gluco CO,H
T\ 7\
N Neme N N (28)
o
Ar Ar
4.2-7
At =4.NO,Ph 3-Me-4-NO,Ph 3-CI-4-NO,Ph 4-Cl-3-NO,Ph 4-AcNHPh
% 4.2-7= 76 40 50 30 66

The addition of azides to acetylenic acids or esters has been used with
good results (Egs. 29 to 32).°*3¢ The ease with which these acids
decarboxylate is indicated by the presence of 4.2-8 in Equation 29. This
property has been useful in many structure proof problems (e.g., Reference
2). An interesting variant of this approach involves the lotsich complexes
(e.g., 4.2-9) (Eq. 33).*

H02CHPh Ph
PhC=CCO,H+PhCH,N; — N. /N\ + N§N,N\
N" “cH,ph , CH:Ph

62% (total)

HC=CCO,H +RN, -2, N, N
N" g

57%, 710%
R=Me,
Ph

(29)
HO,C

(30)



96 1,2,3-Triazolecarboxylic Acids and Their Functional Derivatives

NG HO,C
| cxa, I\
RCCHN; + HC=CCO;H == N R R (31)
Nc)2 CHzc(N02)2
R=F, Me 90% (both)
M302C
N, NN,N
HC=CCO,Me + /@I — I@\ (32)
a C=0 O0=C Cl
ph “SPh
82% (crude)
BngHPh HO,C Ph
PhC=CMgBr + PhN, — N N A ﬁ (33)
4.2-9 N™ Npy N" Npn
54.5%

The reaction of azides with active methylene compounds is an especially
attractive route to the acid derivatives. An early report involving aryliodo-
azides (Eq. 34) showed excellent yields.>® The methyltropolonyl azide
(4.2-11) reacts smoothly with several active methylene substrates (Eq. 35),>°
most of which give amino products that are to be discussed in Chapter X.
Sodamide has also shown good results as a catalyst for these reactions (Eq.
36).40

HOZCHMC
ArN; + MeCOCH,CO,Et 'ElNT'u* Ny N (34)
N\
Ar
4.2-10
Ar =3-IPh 4-IPh 3,4-LPh
% 4.210= 88 94 99
O
N, + 2MeCOCH,CO,Et —
MeO
4.2-11 EtO,C Me
Ne=(" 0
N. N 35
N (35)

OMe
90%
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HO,C Ph
PhCOCH,CO,Et+PhCH,N, 2", No N (36)
CH,Ph
61%

Once again L’abbé’s laboratory has made important contributions in the
study of these syntheses (Eq. 37).*' This productive group has also demon-
strated the ratio of isomeric products in acetylene additions (Eq. 38)** and
has prepared a large number of 1-aryl-1,2,3-triazoles in good to excellent
yield. These investigators have defined the regiospecificity of their phos-
phorus ylide method by comparison with triazoles prepared by the Dimroth
method via 4.2-12 (Eq. 39).*> Recently the L’abbé group has carried out an
addition involving azides containing «,B-unsaturated carbonyl! substituents
(4.2-13) and has shed light on subsequent Michael and cyclization chemistry
(Eq. 40).*

/Bu-t
RCOCH,CO,Et + /CH=CH
R =Me, Ph N,
HOzCHR
—_— N. N 37
NN 37
CH=CH
N
Bu-t
60-80%
MeO,C. CO,Me
MeOQ,CC=CH +RN,; — Ny N + Ny N 38
2 3 \N, \ §N/ \ ( )
R R
about 80 pts. about 20 pts.
R = PhC=CHMe, MeC=CHMe, CHz(I'.‘HBu-I, etc.
1
HO,C R R
RCOCH,CO,Et + ArN; —aorts Ny N 4+ Ny N (39)
N” N~ N\
Ar Ar
4.2-12
R = Me Ph  4-NO,Ph 4-NO,Ph Ph  4-NO,Ph 4-NO,Ph
Ar = 4-MeOPh 4-BrPh 4-NO,Ph Ph 4-MeOPh 4-BrPh 4-MeOPh

% 4.2-12 = 62 60 100 76 52 93 62
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PhCO H EtO,C Me
MeCOCH,CO,Et + /c=c\ LN R;;/g\ /Ar
N3 Al‘ /C=—_C\
4.2-13 Phﬁ H
(o]

(40)

Pocar and his collaborators*® have obtained excellent yields by extension
of their enamine method (Eq. 41).

R R’

Y
R Dant
o=+ A, — N N 41)
H R N Mar

R =CO,Et, PRNHCO R'=Me, Me,CHCH, Ar=4-NO,Ph, 2,4-(NO,),Ph
Y = 4-morpholinyl, NMe,

Two reactions of diazo compounds indicate promise for future develop-
ment (Eq. 42)*¢ and (Eq. 43).*” In the latter case product 4.2-14 was also
prepared by azide-acetylene addition, and the 66% total yield was shown to
contain 70% 1,5-diphenyl and 30% 1,4-diphenyl.*’

EtO,C
EtO,CCN, + PhNH, s N A (42)
CHO D o
Ph CO,Me MeO,C Ph
: —
\CHCN2 + KMnO, — Ny (43)
Ph
PhNH 4.2-14
53%

The addition of tosyl azide to an enamine (Eq. 44) represents a potentially
interesting approach.*® Finally, it may be possible to improve the low yields
obtained in the photochemical reaction of arylnitriles with ethyl diazoacetate

(Eq. 45).%°
SO,N; EtO,C Me

Me
/ —(
EtOQ,CCH=C + 0 Ny N
) N pp

(44)
N
NHPh
Me 68%
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26.
30.
34.
38.
42,
46.
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EtO,C
h
ArCN+N,CHCO,Et -z~ N\\N/N\ (45)
Ar
Ar=Ph 18%
2,6-Me,Ph 10%
REFERENCES
37: 1192 23. 45: 9037 24. 43: 2619 25. 46: 6123
78: 16102f 27. 77: 126981d 28. 79: 55265 29. 84: 122189y
§8: 11454f 31. 72: 38736u 32. 46: 8651i 33. 55:17626i
67: 53900h 35. 74: 99215m 36. 84: 74239r 37. 67: 100071a
57: 7255b 39. 69: 19088f 40. 51: 13854i 41. 72: 121447w
72: 132635g 43. 74: 141988t 44. 83: 193178j 45. 58: 12560d
67: 43759 47. 76: 59538d 48. 73: 14769 49. 79: 104890n
1,2,3-TRIAZOLE-4,5-DICARBOXYLIC ACIDS AND THEIR

FUNCTIONAL DERIVATIVES

In the early development of v-triazole chemistry a number of reactions

leading to the 4,5-dicarboxylic acids and their derivatives were discovered
and should be explored further. Fries® oxidized benzotriazoles (Eqgs. 46,47)
and prepared a broad range of acid derivatives. Some especially promising
compounds in this series have been prepared from what was then called a
hydrazoic acid polymer (4.3-1) by reaction with nitrous acid (Eqgs.
48,49).>1° Although the yields were not reported, the chemistry is intriguing.
The oxidation of a 1,2,3-triazole methyl group and conversion to acid

N h
Jou=
H,N N
> + KMnO,
HzN N
oL
N
Ph J

H02CHC02H
J\
— N._ N (46)
N
b
50%
HO,C CO,H
— Ny N @7)
N \Ph
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derivatives has been accomplished in good yield (Eq. 50).>> The 4,5-
diformyl- and diacid compounds are available in high yield from the
tetraethyl bisacetal of 1,4-but-2-ynediol (4.3-2) through hydrolysis and
oxidation (Eq. 51).%*

NCHCN H02CHCOZH
N\\N,N\ Mo, N\\N,N\ (48)
O
uN, N == H H
N
S =
H,NCHCN g,
4.3-1 NC CONH, NC CN
Ny N + Ny N (49)
N \H N \H
HO2CHMC H02C\7_—(C02H
N N K No N (50)
Ph N" “pp
(EtO)zCH>__(CH(OEt)2
(EtO),CHC=CCH(OE), + RN; — Ne N . N
Ph 82%
OHCHCHO HO,C
Ne Lo, M 51
\N,N\ 51
Ph 92% Ph high

Probably no acetylene has been more popular for demonstrating 1,3-
dipolar azide addition than dimethyl acetylenedicarboxylate (4.3-3). In the
1920s both methyl azidoacetate (Eq. 52)°° and 2-azido-1,4-dimethyl-
benzene (Eq. 52)°¢ were shown to add in excellent yield. In both instances
various acid derivatives were also prepared. Later additional aryl azides
were examined with comparable results. Of special interest are the additions
of 2-nitrophenylazide®® and 2-azido-3,4,5,6-tetrachloropyridine,> which in
some instances have been reported to add to acetylenes with difficulty.
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MeOzcwcone
MeO,CC=CCO,Me + RN, —— Ny N (52)
4.3-3 N" N\g
4.3-4
R =CH,CO,Me 2,5-Me,Ph  4-NO,Ph*’ 4-MeOPh®” 2-NO,Ph**
% 4.3-4= 100 82 87 97 good
Cl
Cl 8
= 5%39 67%°
Eq.52 R O 8 )@ /ph
a N Cl ﬁ
O
M CO,Et
ezj
7 /NN 16%51 / \ 959,62
H
N’N\
NP

OF X sae
=N

Certain complex heterocyclic azides show wide differences in their ability to
add to 4.3-3.5%2
A large number of sugars have been converted to azides that add
smoothly to 4.3-3 and may be converted to other derivatives in high yield.*?
Tropylium azide (4.3-5) is especially interesting in that the adducts can
often be hydrolyzed quantitatively to the 1,2,3-triazole without a nitrogen
substituent (Eq. 53).%* The compound 4.3-6 has also been prepared in fair

MeO,C CO,Me

= .
N, +4.3-3 — N§N,N gzo

4.3-5 13%

MeO,C CO,Me

Ny N
NN
4.3-6

(53)
H
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yield by the direct addition of the azide ion (Eq. 54)°* or trimethyl-
silylazide and the hydrolysis of the trimethylsilyl group (Eq. 55).%” Later

studies suggest that 4.3-7 is probably the 2-(trimethylsilyl) isomer.%®

+ Na* N, M2, 43.6 60%
433 4 Meozc\[_(cozrwe
+ Me,SiN, — N, N 20, 4,3-6 100%
N N\
SiMe,
{ 4.3-7
85%

(54)

(55)

The two reports of the addition of organometallic azides to 4.3-3 show

promise for future development (Eqgs. 56,57).6%7°

r,

EtOzCHCOzEt
+ (n-Bu);SnN,; — Ny N
N \Sn(Bu—n)3
80%

4.3-3 J
(Me or Et) M602C COZMC

+ Ph,PbN; — N_ N
PbPh,

\ 8

(56)

(537

An internal salt involving a rather complex relationship of functional
groups (4.3-8) adds well to 4.3-3 (Eq. 58).”* The product (4.3-9) hydrolyzes

to produce good yields of aldehydes and 4.3-6.

o- MeO,C CO,Me
' —
RCHNN; + 4.3-3 — N. N _McOH |
| NN\
SiMe, (r'HR
4.3-8 OSiMe,
R = i{-Pr t(-Bu 4.3-9
% 4.3-9= 81 77
M602C COZMC
N§N/N\ + RCHO +Me,SiOMe

H
4.3-6

(58)
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Finally, the decomposition of certain tricyclic azide adducts (4.3-10)
provides good-to-excellent yields of dimethyl 1-phenyi-1,2,3-dicarboxylate
(4.3-11) (Eq. 59).7*7

CO,Me CC::Me MeOzCHCOzMe
N T
+ PhN; — N — N ,N\ (59)
CO,Me N N “pn
MeO,C py, 4.3-11
X = O NCO,Et 4.3-10

% 4.3-11= 100 64

The parent compound (4.3-6) can be alkylated to produce an approxi-
mately equimolar mixture of 1- and 2-substitution product (Eq. 60).7¢
Tanaka and Miller have studied the effect of base and solvent on this isomer
distribution.”

MeO,C CO,Me MeO,C CO,Me
H CH,CO,Et
4.3-6 4.3-12
MeO,C CO,Me
ad
+ N. N (60)
N
éHzcozEt
4.3-13
Base Solvent % 4312 %4313 % total
Na*~OMe EtOH 53 47
HCONMe, 44 56 56
1,8-bis(Me,N)- {EtOH 62 38
naphthalene HCONMe, 45 55 35
REFERENCES

50. 21: 2690° 51. 22: 423° 52. 31: 7849° 53. 37: 5404°
54. 38: 1743! 55. 24: 3215! 56. 22: 34112 57. 64: 5076e
58. 67: 64311t 59. 83:192957a 60. 84: 742391 61. 83: 97213w
62. 73: 98718v 63. 81: 163240q 64. 62: 13138g 65. 73: 25364s
66. 80: 108452q 67. 60: 5537a 68. 68: 13061z 69. 60: 14532¢
70. 67: 8224%h 71, 83: 10269x 72. 82: 16641p 73. 85: 46469t

74. 80: 108451p



TABLE 4.
RIVATIVES

1,2,3-TRIAZOLECARBOXYLIC ACIDS AND THEIR FUNCTIONAL DE-

Compound

Reference

4.1. 1H-1,2,3-Triazole-1- and -5-Carboxylic Acids and Their Functional Derivatives

-4-acetic acid, 5-carboxy-2-phenyl-

-4-acetic acid, 5-(methoxycarbonyl)-2-phenyl-,
methyl ester

-4-acetic acid, 5-[(1-methylethoxy)carbonyl]-
2-phenyl-, isopropyl ester

-1-acrylic acid, 5-carboxy-, dimethyl ester

-1-carbonitrile

-5-carbonitrile, 4-[4-(acetamido)phenyl]-

-1-carbonitrile, 4-butyl-

-1-carbonitrile, S-butyl-

-1-carbonitrile, 4,5-dimethyl-

-S-carbonitrile, 1,4-diphenyl-

-1-carbonitrile, 4-methyl-

-1-carbonitrile, 5-methyi-

-1-carboxamide, N-butyl-

-5-carboxamide, 1,4-diphenyl-

-5-carboxamide, 1-B-D-galactopyranosyl-

-5-carboxamide, 1-B-D-glucopyranosyi-

-5-carboxamide, 1-8-D-ribofuranosyl-

-~1-carboxanilide

-1-carboximidamide, N’-(4-chlorophenyl)-N,N-dimethyl-

-1-carboximidamide, N’-(3,4-dichlorophenyl)-
N,N-dimethyl-

-1-carboximidamide, N,N-dimethyl-N’-phenyl-

-1-carboxylic acid, ethyl ester

-5-carboxylic acid, 1-(2-acetamido-2-deoxy-
B-D-glucopyranosyl)-, methyl ester,
3'.4',6'-triacetate ester

-5-carboxylic acid, 1-benzyl-(?)

-S-carboxylic acid, 1-benzyl-, 2-nitroethyl ester (?)

-5-carboxylic acid, 1-benzyl-4-[2,3,5-tris-O-benzyl-
D-ribofuranosyl]-, methyl ester

-5-carboxylic acid, 1-(4-bromophenyl)-

-5-carboxylic acid, 1-(4-chlorophenyl)-

-5-carboxylic acid, 4-(4-chlorophenyl)-1-phenyl-,
ethyl ester

-5-carboxylic acid, 4-(4-chlorophenyl)-1-phenyl,
hydrazide

-5-carboxylic acid, 1-(2,4-dichlorophenyl)-

-5-carboxylic acid, 1-(2,5-dichlorophenyl)-

-5-carboxylic acid, 1-(1,3-dioxo-2-phenyl-2-indanyl)-

-S-carboxylic acid, 1-(3,3-dimethyi-1-butenyl)-,
methyl ester, (E)-

-5-carboxylic acid, 1,4-diphenyl-

104

80: 37050u
80: 37050u

80: 37050u

73: 25364s
67: 116854u
78: P72161m
67: P64403z
67: P64403z
67: 116854u
68: 78204t
80: 145179
67: 116854u
67: 116854u
§7: 4649h
80: 145179b
74: 112402s
T4: 112402s
78: 84715h
5§7: 4649i
82: P72999y
82: P72999

82: P72999y
76: 99184s
74: 112402s

§5: 23505a
§5: 23505a
83: 147684y

69: 10402w
53: 16120e, 69: 10402w
81: 3850k

81: 3850k
§3: 16120e
§3: 16120e
69: P96741r
72: 132635¢g

45: 90371, 80: 145179



TABLE 4 (Continued)

Compound

Reference

4.1. 1H-1,2,3-Triazole-1- and -5-Carboxylic Acids and Their Functional

(Continued)

-5-carboxylic acid, 1,4-diphenyl-, ethyl ester

-5S-carboxylic acid, 1-ethenyl-, butyl ester

-5-carboxylic acid, 1-ethenyl-, isobutyl ester

-S-carboxylic acid, 1-ethenyl-, isopenty! ester

-5-carboxylic acid, 1-ethenyl-, isopropyl ester

-S-carboxylic acid, 1-ethenyl-, pentyl ester

-5-carboxylic acid, 1-ethenyl-, propyl ester

-5-carboxylic acid, 1-ethyl-, butyl ester

-5-carboxylic acid, 1-B-D-galactopyranosyl-, methyl
ester, 2',3',4',6'-tetraacetate ester

-S-carboxylic acid, 1-B-D-glucopyranosyl-, methyl
ester, 2',3',4',6'-tetraacetate ester

-S-carboxylic acid, 4-(hydroxymethyl}-1-phenyl-

-S-carboxylic acid, 1-(2-iodo-3,3-dimethylbutyl)-,
methyl ester

-5-carboxylic acid, 1-[a-(iodomethyl)benzyl]-,
methy} ester

-5-carboxylic acid, 1-(4-iodophenyl)-

-1-carboxylic acid, 5-methyl-, ethyl ester

-S-carboxylic acid, 4-(4-methylphenyl)-1-phenyl-,
ethyl ester

-1-carboxylic acid, 5-(4-nitrophenyl)-, ethyl ester

-2-carboxylic acid, 4-(4-nitrophenyl)-, ethyl ester
-5-carboxylic acid, 1-(4-nitrophenyl)-

-5-carboxylic acid, 1-(4-nitrophenyl)-, methyl ester
-1-carboxylic acid, 4-phenyl-, ethyl ester
-1-carboxylic acid, 5-phenyl-, ethyl ester

-2-carboxylic acid, 4-phenyl-, ethyl ester

-5-carboxylic acid, 1-phenyl-

-S-carboxylic acid, 1-phenyl-, methyl ester

-S-carboxylic acid, 1-(1-phenylethenyl)-, methyl
ester, (E)-

-5-carboxylic acid, 1-(1-phenylpropenyl)-, methyl
ester, (E)-

-5-carboxylic acid, 1-(2,3,5-tri-O-benzoyl-
B-D-ribofuranosyl)-, methyl ester

2-[4-(ethoxycarbonyl)phenyl]-4-methyl-5-[(phenylamino)-

carbonyl}-
-4-prop-2-enoic acid, S-cyano-, (Z)-

105

81: 3850k, 83: 147900r
81: 37519z, 83: 147900r
83: 147900r
83: 147900r
83: 147900r
83: 147900r
83: 147900r
81: 375192
74: 112402s

74: 112402s

49: 3948i
72: 132635

72: 132635g

69: 10402w
70: 77878v
81: 3850k

70: 77878v, 74: 76375z,
76: 25192w, 79: 31992k

76: 25192w, 79: 31992k

8§8: 12560h, 67: 10007 1a,
69: 10402w

58: 12561a

61: 5626h, 74: 76375z

T4: 763752, 76: 25192w,
79: 31992k

74: 76375z, 76: 25192w,
79: 31992k

44: 1102c, 48: 26854,
§3: 17108g, 61: 3097a,
67: 100071a, 69: 10402w

49: 3948f, 64: 5076e

72: 132635g

72: 132635¢g
74: 112402s, 78: 84715h
77: P7313c

84: 135548q

Derivatives



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic acids and Their Functional Derivatives

-5-acetic acid, 4-carboxyl-1-phenyl-

-5-acetic acid, 4-carboxy-1-phenyl-, dimethyl ester

-5-acetic acid, 4-(ethoxycarbonyl)-1-imidazo[1,2-b]-
pyridazin-6-yl-, ethyl ester

-S-acetic acid, 4-(ethoxycarbonyl)-1-(4-oxo-4H-pyrido-

[1,2-alpyrimidin-2-y})-, ethyl ester

-5-acetic acid, 4-(ethoxycarbonyl)-1-tetrazolo{1,5-b}-
pyridazin-6-yl-, ethyl ester

-S-acetic acid, 4-(ethoxycarbonyl)-1-(1,2,4-triazolo-
[4,3-blpyridazin-6-yl)-, ethyl ester

4-[1-[4-[3-butylmethylamino)propyl]azacyclohexyl]-
carbonyl}-2-phenyl-, 1:2 adduct with maleic acid

-4-carbonitrile

-4-carbonitrile, 5-(3-aminophenyl)-

-4-carbonitrile, 5-(9-anthracenyl)-

-4-carbonitrile, 1-(2-benzoylpropenyl)-5-phenyl-

-4-carbonitrile, 2-(4-bromophenyl)-5-phenyl-

-4-carbonitrile, 5-(4-chlorophenyl)-

-4-carbonitrile, 2-(4-chlorophenyl)-
5-(4-methoxyphenyl)-

-4-carbonitrile, 1-(5'-deoxy-5'-thymidinyl)-

-4-carbonitrile, 5-(1,2-dihydro-5-acenaphthylenyl)-

-4-carbonitrile, 5-[4-(dimethylamino)phenyl}-,
monohydrochloride

-4-carbonitrile, 2,5-diphenyl-

-4-carbonitrile, 5-(2-furanyl)-

-4-carbonitrile, 5-(3-hydroxyphenyl)-

-4-carbonitrile, 5-(4-hydroxyphenyl)-

-4-carbonitrile, 1-(4-methoxyphenyl)-

-4-carbonitrile, 2-(3-methoxyphenyl)-

-4-carbonitrile, 5-(4-methoxyphenyl)-

-4-carbonitrile, 5-methyl-1-phenyl-

-4-carbonitrile, 5-(1-naphthalenyl)-

-4-carbonitrile, 5-(3-nitrophenyl)-

-4-carbonitrile, 5-(4-nitrophenyl)-

-4-carbonitrile, 1-phenyl-

-4-carbonitrile, 2-phenyl-

-4-carbonitrile, 5-phenyl-

-4-carbonitrile, 5-propyl-

-4-carbonitrile, 5-(2-thienyl)-

-4-carbonitrile, 1-(2,3,5-tri-O-acetyl-8-D-
ribofuranosyl)-

-4-carbonitrile, 2-(2,3,5-tri-O-acetyl-g-D-
ribofuranosyl)-
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53: 17108g, 61: 3096g
61: 3096g
82: 16745a

83: 9958q
82: 16745a
82: 16745a
68: P59441b

69: 77179x, 71: 13067t
78: P72161m

80: 3439n

67: 32420m

63: P11574e

80: 34390

79: P18720a

81: 163240q
80: 3439n
80: 3439n

63: P11574¢

80: 3439n

78: P72161m

80: 3439n

64: 11198g

76: 114090d

80: 3439n

62: 5451

78: P72161m

78: P72161m

80: 3439n

24: 592°

46: 6123d, 76: 114090d

61: 146653, 67: 32420m,
75: 1407674, 77: 126517,
80: 3439n

78: P72161m

80: 3439n

78: 84715h

78: 84715h



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives

(Continued)

-4-carbonitrile, 5-(3,4,5-trimethoxyphenyl)-
-4-carbonyl azide

-4-carbonyl azide, 5-(4-chlorophenyl)-1-phenyl-
-4-carbonyl azide, 1,5-diphenyl-

-4-carbonyl azide, S-methyl-

-4-carbonyl azide, 5-methyl-1-phenyl-

-4-carbonyl azide, S-(4-methylphenyl)-1-phenyl-
-4-carbonyl chloride, 2-{4-(chlorocarbonyl)phenyl}-
-4-carbonyl chloride, 2-[4-[(4,5-dihydro-3-methyl-5-

oxo- 1-phenyl-1H-pyrazol-4-yl)azolphenyl]-5-methyl-

-4-carbonyl chloride, t,5-diphenyl-
-4-carbonyl chloride, 2,5-diphenyl-
-4-carbonyl chloride, 2-[4-[(2-hydroxy-1-
naphthalenyl)azo]phenyl}-5-methyl-
-4-carbonyl chloride, 2-(3-methoxyphenyl)-
-4-carbonyl chloride, 1-methyl-
-4-carbonyl chloride, 5-methyi-2-{4-[[2-oxo-
1-[{phenylamino)carbonyl]jpropylJazoJphenyl]-
-4-carbonyl chloride, 5-methyl-1-phenyl-
-4-carbonyl chioride, 5-methyl-2-phenyl-
-4-carbonyl chloride, 2-phenyl-

-4-carbothioamide, 1-B-D-ribofuranosyl-

-4-carbothioamide, 2-#3-D-ribofuranosyl-

-4-carbothioamide, 1-(2,3,5-tri-O-acetyl-8-
D-ribofuranosyl)-

-4-carbothioamide, 2-(2,3,5-tri-O-acetyl-$-
D-ribofuranosyl)-

-4-carbothioic acid, 1-methyl-

-4-carboxamide

-4-carboxamide, 1-(2-acetamido-2-deoxy-8-D-
glucopyranosyt)-

-4-carboxamide, 2-[4-(aminocarbonyl)phenyl]}-
S-methyl-

-4-carboxamide, 1-(4-aminophenyl)-N,N-diethyl-
S-methyl-

-4-carboxamide, 2-(4-bromophenyl)-

-4-carboxamide, 2-(4-chlorophenyl)-

~-4-carboxamide, 2-(4-chlorophenyl)-5-methyl-

-4-carboxamide, 2-[4-(2-cyano-2-phenylethenyl)-3-
methoxyphenyl]-5-phenyl-

-4-carboxamide, 1-(2-deoxy-B-D-erythro-pento-
furanosyl)-

-4-carboxamide, 1-(5'-deoxy-5'-thymidinyl)-

-4-carboxamide, 1-(5'-deoxy-5'-thymidinyl)-,
3'-acetate ester

-4-carboxamide. 5-(3,4-dichlorophenyl)-
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80: 3439n

51: 14697h, 72: 31710x
81: 3850k

81: 3850k

85: 123875b

80: 47912r

81: 3850k

83: P61732a

80: P122396f

81: 3850k
84: P166274b
80: P122396f

76: 114090d
82: P43446k
80: P122396f

47: 3087c, 52: 17246b

76: 114090d

43: 2619d. 50: 4924a,
76: 114090d

78: 84715h

78: 84715h

78: 84715h

78: 84715h
82: P43446k
51: 14697g, 84: 122189y
74: 112402
79: P18722c¢
55: 2926g
61: 5738¢
61: 5738¢
79: PI8722¢
81: P51152f
84: 122189y

81: 163240q
81: 163240q

78: P111330n



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxamide, N,N-diethyl-5-methy!-1-phenyl-

-4-carboxamide, N,N-diisobutyl-5-methyl-1-phenyl-

-4-carboxamide, N,1-dimethyl-

-4-carboxamide, N,N-{4-[4-(dimethylamino)butyl]aza-
cyclohexyl}-2-phenyl-, monohydrochloride

-4-carboxamide, 5-[4-(dimethylamino)phenyl]-

-4-carboxamide, N,N-{4-[3-(dimethylamino)propyl]aza
cyclohexyl]-2-(2,4-dinitrophenyl)-

-4-carboxamide, N,5-dimethyl-N,2-diphenyl-

-4-carboxamide, N,5-dimethyl-2-(4-methylphenyl)-
N-phenyl-

-4-carboxamide, N,2-diphenyl-5-methyl-

-4-carboxamide, N-ethyl-5-methyl-1-phenyl-

-4-carboxamide, 2-(4-fluorophenyl)-

-4-carboxamide, 5-(2-furanyl)-

-4-carboxamide, 1-B-D-galactopyranosyl-

-4-carboxamide, 1-B-D-glucopyranosyl-

-4-carboxamide, 5-(3-hydroxy-4-methoxyphenyl)-

-4-carboxamide, 5-(4-hydroxy-3-methoxyphenyl)-

-4-carboxamide, 5-(4-hydroxyphenyl)-

-4-carboxamide, 2-(2-hydroxy-5-sulfophenyl)-
5-methyl-, monosodium salt

-4-carboxamide, N-(methoxycarbonyt)-

-4-carboxamide, 2-(4-methoxyphenyl)-5-methyl-

-4-carboxamide. N-(6-methoxy-8-quinolyl)-2-phenyl-

-4-carboxamide, N-methyl-

-4-carboxamide, 1-methyl-

-4-carboxamide, 5-methyl-N,2-diphenyl-, 3-oxide

-4-carboxamide, 5-methyl-2-phenyl-

-4-carboxamide, 2-(4-nitrophenyl)-

-4-carboxamide, 5-(4-nitrophenyl)-

-4-carboxamide. 1-phenyl-

-4-carboxamide. 2-phenyl-

-4-carboxamide, 5-phenyl-

-4-carboxamide, 1-8-D-ribofuranosyl-

-4-carboxamide, 2-g-D-ribofuranosyl-

-4-carboxamide. 5-B-D-ribofuranosyl-

-4-carboxamide. 5-(2,3,5-tri-O-acetyl-g-D-ribo-
furanosyl)-

-4-carboxamide, 5-(3,4,5-tnmethoxyphenyl)-

-4-carboxamide. N,N,5-trimethyl-1-phenyi-

-4-carboxamidine

-4-carboxanilide, 5-benzyl-1-phenyl-

-4-carboxanilide, 1-{(4-chlorophenyl)-5-isobutyl-

-4-carboxanilide, 1-(4-chlorophenyl)-5-methyl-
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36: 8357
36: 8357
84: 122189y
68: P59441b

80: 3439n
68: P59441b

78: 16102f
78: 16102f

78: 16102f
80: 47912r
61: 5738¢
80: 3439n
74: 112402s
74: 112402s
80: 3439n
78: P111330n
80: 3439n
76: P99674b

84: 122189y

79: P18722¢

46: 6123h

84: 122189y

77: 126981d, 84: 122189y

80: 95840n

76: 114090d

61: 5738¢

80: 3439n

63: P7019b

43: 2619d

61: 146652, 77: 126517g,
80: 3439n

74: 112402, 77: 1269814,
78: 84715h, 79: 55265,
84: 12218%y

78: 84715h

84: 44571a

84: 44571a

80: 3439n
36: 8357
63: 9942¢g
33: 4249°
58: 12561a
58: 12560f



TABLE 4 (Continued)

Compound

Reference

4.2. 1.2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxanilide, 4'-[4-[3-(dimethylamino)propyl}-

1-piperazinyl}-2-phenyl-, (1:2) adduct with maleic acid

-4-carboxanilide, 1-(2,4-dinitrophenyl)-5-methyl-

-4-carboxanilide, S-isobutyl-1-(2-nitrophenyl)-

-4-carboxanilide, S-isobutyl-1-(4-nitrophenyl)-

-4-carboxanilide, 5-methyl-

-4-carboxanilide. 5-methyl-1-(2-nitrophenyl)-

-4.carboxanilide, S-methyl-1-(4-nitrophenyl)-

-4-carboxanilide, 5-methyl-1-phenyi-

-4-carboxanilide, 2-phenyl-

-4-carboxanilide, 2',4’,6'-triiodo-1-(4-iodophenyl)-
5-methyl-

-4-carboximidic acid, S-cyano-, isopropyl ester

-4-carboxylic acid

-4-carboxylic acid, buty! ester
-4-carboxylic acid, ethyl ester

-4-carboxylic acid, hexyl ester
-4-carboxylic acid, hydrazide
-4-carboxylic acid, isobuty! ester
-4-carboxylic acid, isopentyl ester
-4-carboxylic acid, isopropyl ester

-4-carboxylic acid, 2-isopropyl hydrazide
-4-carboxylic acid, methy! ester

-4-carboxylic acid, pentyl ester

-4-carboxylic acid, propyl ester

-4-carboxylic acid, propyl ester, sodium salt

-4-carboxylic acid, 1-(2-acetamido-2-deoxy-B-D-gluco-
pyranosyl)-, 3'.4' 6'-triacetate ester

-4-carboxylic acid, 1-(2-acetamido-2-deoxy-B-D-gluco-
pyranosyl)-, methyl ester, 3',4'.6'-
triacetate ester

-4-carboxylic acid, 2-(4-acetamidophenyl)-

-4-carboxylic acid, 1-(3-acetyl-2-ox0-2H-cyclo-
heptalb Jfuran-5-yl)-5-methyl-, ethyl ester

-4-carboxylic acid, 2-(2-amino-4-arsonophenyl)-
S-methyl-

-4-carboxylic acid, 1-(2-amino-6-cycloheptimidazolyl)-
S-methyl-, ethyl ester

-4-carboxylic acid, 1-(2-amino-1,3-dicarboxy-6-
azulenyl)-5-methyl-, triethyl ester
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68: P59616n

61: 5633b
58: 12561a
58: 12560h
61: 5633b
58: 125601
58: 125601
37: 5405°
43: 2619d
§7: 7255¢

85: P63074c

36: 2863°%, 49: 39491,
49: 13227f, 50: 9392f,
85: 176261, 61: 14665b,
T77: 126517g, 84: 122189y

81: 37519z, 82: 140021a,
85: 78055w

79: 92148m, 82: 1400214,
85: 78055w

82: 140021a, 85: 78055w

55: P571c, 72: P67724u

82: 140021a, 85: 78055w

82: 140021a, 85: 78055w

82: 140021a, 83: 971484,
85: 78055w

84: 144561r

64: 5076f, 70: 96727m,
73: 25364s, 82: 140021a,
84: 122189y, 85: 78055w

82: 140021a, 85: 78055w

82: 140021a, 85: 78055w

85: 47115m

74: 112402s

74: 112402s
§8: 11454f
76: 140726k
40: 7191°
76: 140726k

76: 140726k



TABLE 4 (Continued)

Compound Reference

4.2, 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxylic acid, 1-(2-amino-1,3-dicyano-6- 76: 140726k
azulenyl)-5-methyl-, ethyl ester

-4-carboxylic acid, 2-(4-amino-3-methylphenyl)- 58: 11454g

-4-carboxylic acid, 2-(4-aminophenyl)- 57: 7353g, 58: 11454g

-4-carboxylic acid, 2-(4-arsono-2-nitrophenyl)- 40: 71917
5-methyl-

-4-carboxylic acid, 2-(4-arsono-2-nitrophenyl)- 40: 71917
5-methyl-, ethyl ester

-4-carboxylic acid, 2-(4-arsonophenyl)- 40: 7191°

-4-carboxylic acid, 2-(4-arsonophenyl)-5- 24: 13784
(2-carboxyphenyl)-

-4-carboxylic acid, 2-(4-arsonophenyl)-5-methyl- 40: 71917

-4-carboxylic acid, 2-(4-arsonophenyl)-5-methyl-, 40: 71917
ethyl ester

-4(or 5)-carboxylic acid, 1-(2-benzothiazolyl)- 79: P78815v

-4-carboxylic acid, 1-(2-benzothiazolyl)-5-methyl-, 79: P78815v
ethyl ester

-4-carboxylic acid, 1-[1-benzoyl-2-(3-nitrophenyl)- 83: 193178j
4-0x0-4-phenylbutyl]-5-phenyl-, ethyl ester

-4-carboxylic acid, 1-(1-benzoyl-4-ox0-2,4-diphenyl- 83: 193178j
butyl)-5-phenyl-, ethyl ester

-4-carboxylic acid, 1-benzyl- 73: 98912d

-4-carboxylic acid, 1-benzyl-S-methyl- 83: 193178j

-4-carboxylic acid, 1-benzyl-5-phenyl- 46: 8651r, 51: 13854i

-4-carboxylic acid, 5-benzyl-1-phenyl- 33: 42499, 37: 5405*

-4-carboxylic acid, 1-benzyl-5-(2,3,5-tris-O-benzyl- 83: 147684y
D-ribofuranosyl)-, methy! ester

-4-carboxylic acid, 1,5-bis(4-nitrophenyl)- 74: 141988t

-4-carboxylic acid, 2-(4-bromo-3-carboxyphenyl)- §5: 3563d

-4-carboxylic acid, 2-(3-bromo-4-chlorophenyl)- §5: 27071g

-4-carboxylic acid, 2-(4-bromo-2-chlorophenyl)- 63: 1850h

-4-carboxylic acid, 2-(4-bromo-3-chlorophenyl)- 55: 27071g

-4-carboxylic acid, 1-[S5-bromo-1-(2-cyanoethyl)- 76: 153691v
1,6-dihydro-6-oxo-4-pyridazinyl]-5-methyl-, ethyl ester

-4-carboxylic acid, 1-[5-bromo-1,6-dihydro-1- 76: 153691v

(2-bydroxyethyl)-6-0xo-4-pyridazinyl]-5-methyl-,
ethyl ester

-4-carboxylic acid, 1-(5-bromo-1,6-dihydro-1- 76: 153691v
methyl-6-0xo-4-pyridazinyl)-5-methyl-, ethyl ester

-4-carboxylic acid, 1-(5-bromo-1,6-dihydro-6-oxo- 73: 77172x, 76: 153691v
1-phenyl)-4-pyridazinyl)-5-methyl-, ethyl ester

-4-carboxylic acid, 2-(4-bromo-3-fluorophenyl)- 59: 14095f¢

-4-carboxylic acid, 2-(4-bromo-2-methylphenyl)- 54: 1504g

-4-carboxylic acid, 2-(3-bromophenyl)- 54: 1504h

-4-carboxylic acid, 2-(4-bromophenyl)- §3: 344i

-4-carboxylic acid, 2-(4-bromophenyl)-, ethyl ester 61: 5738¢

-4-carboxylic acid, 2-(4-bromophenyl)-, methyl ester 61: 5738c

-4-carboxylic acid, 1-(4-bromophenyl)-5-methyl- 69: 10402w
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TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives

-4-carboxylic acid, 1-(4-bromophenyl)-5-
(4-nitrophenyl)-

-4-carboxylic acid, 1-(4-bromopheny!)-5-phenyl-

-4-carboxylic acid, 2-(4-butylphenyt)-

-4-carboxylic acid, 2-(3-carboxy-4-chlorophenyl)-

-4-carboxylic acid, 2-(5-carboxy-2-hydroxyphenyl)-
5-(2-carboxyphenyl)-, triethyl ester

-4-carboxylic acid, 2-(5-carboxy-2-hydroxyphenyl)-
5-(2-carboxyphenyl)-, trimethyl ester

-4-carboxylic acid, 2-(4-carboxy-3-methylphenyl)-

-4-carboxylic acid, 2-(3-carboxyphenyl)-

-4-carboxylic acid, 2-(4-carboxyphenyl)-

-4-carboxylic acid, 5-(2-carboxyphenyl)-2-(4-chloro-
2-hydroxyphenyl)-, dimethyl ester

-4-carboxylic acid, 5-(2-carboxyphenyl)-2-
(4-hydroxy-3-biphenylyl)-, dimethyl ester

-4-carboxylic acid, 5-(2-carboxyphenyl)-
2-(2-hydroxypheny!)-

-4-carboxylic acid, 5-(2-carboxyphenyl)-2-
(2-hydroxyphenyl)-, bis(2-ethoxyethyl) ester

-4-carboxylic acid, 5-(2-carboxyphenyl)-2-
(2-hydroxyphenyl)-, dimethyl ester

-4-carboxylic acid, 5-(2-carboxyphenyl)-2-
(2-hydroxyphenyl)-, dioctadecyl ester

-4-carboxylic acid, 5-(2-carboxyphenyl)-2-
(2-hydroxyphenyl)-, dioctyl ester

-4-carboxylic acid, 5-(2-carboxyphenyl)-2-
(2-methoxyphenyl)-

-4-carboxylic acid, 1-(4-carboxyphenyl)-5-methyl-

-4-carboxylic acid, 2-(4-carboxyphenyl)-S-methyl-

-4-carboxylic acid, 4-(2-carboxyphenyt)-2-
(2-nitrophenyl)-

-4-carboxylic acid, 4-(2-carboxyphenyl)-2-
(3-nitrophenyl)-

-4-carboxylic acid, 4-(2-carboxyphenyl)-2-
(4-nitrophenyl)-

-4-carboxylic acid, 1-(2-carboxy-a-phenylphenacyl)-,
disodium salt

-4-carboxylic acid, 2-(4-carboxyphenyl)-5-phenyi-

-4-carboxylic acid, 5-(2-carboxyphenyl)-1-phenyl-

-4-carboxylic acid, 5-(2-carboxyphenyl}-2-phenyl-

-4-carboxylic acid, 5-(2-carboxy-3-pyridyl)-2-phenyl-

-4-carboxylic acid, S-chloro-1-(3-chlorophenyl)-,
ethyl ester

-4-carboxylic acid, 5-chloro-1-(4-chlorophenyl)-,
ethyl ester

-4-carboxylic acid, 1-(5-chloro-1,6-dihydro-6-oxo-
1-phenyl-4-pyridazinyl)-5-methyl-, ethyl ester
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74: 141988t

74: 141988t

76: 114090d

5£5: 27071g

71: P124445;

71: P124445j

60: 643h

§4: 1504g, 85: 3563d
§3: 3441, §5: 3563d
T1: P124445j

71: P124445j

71: P124445j

71: P124445j

71: P124445;

T1: P124445j

71: P124445j

71: P124445j

69: 19088f, 79: 5300p
T7: P7313c

23: 4217!

23: 42171

23: 4217°

73: 56037s

77: P7313c

21: 742°

36: 28627

21: 2129°

74: P22847m

74: P22847m

78: 136200h

(Continued)



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxylic acid, 5-chloro-1-(3-fluorophenyl)-,
ethyl ester

-4-carboxylic acid, 5-chloro-1-(4-fluorophenyl)-,
ethyl ester

-4-carboxylic acid, 2-(5-chloro-2-hydroxyphenyl)-5-
[2-(ethoxycarbonyl)phenyl]-, ethyl ester

-4-carboxylic acid, 2-(5-chloro-2-hydroxyphenyl)-
S-methyl-

-4-carboxylic acid, 2-(5-chloro-2-hydroxyphenyl)-
5-methyl-, ethyl ester

-4-carboxylic acid, 2-(3-chloro-4-nitrophenyl)-

-4-carboxylic acid, 2-(4-chloro-3-nitrophenyl)-

-4-carboxylic acid, 1-(2-chloro-4-methylpheny!)-
5-methyl-

-4-carboxylic acid, 2-(3-chlorophenyl)-

-4-carboxylic acid, 2-(3-chlorophenyl)-, ethyl ester

-4-carboxylic acid, 2-(4-chlorophenyl)-

-4-carboxylic acid, 2-(4-chlorophenyl)-, ethyl ester

-4-carboxylic acid, 2-(4-chlorophenyl)-, methyl ester

-4-carboxylic acid, 5-(2-chlorophenyl)-, ethyl ester

-4-carboxylic acid, 5-(4-chlorophenyl)-, ethyl ester

-4-carboxylic acid, 5-(4-chlorophenyl)-, methyl ester

-4-carboxylic acid, 1-[2-(4-chlorophenyl)-1,3-
dioxo-2-indanyl]-

-4-carboxylic acid, 1-(2-chlorophenyl)-S-methyl-

-4-carboxylic acid, 1-(4-chlorophenyl)-5-methyl-

-4-carboxylic acid, 1-(4-chlorophenyl)-5-methyl-,
ethyl ester

-4-carboxylic acid, 2-(2-chlorophenyl)-5-methyl-,
methyl ester

-4-carboxylic acid, 2-(3-chlorophenyl)-5-methyl-

-4-carboxylic acid, 2-(3-chlorophenyl)-5-methyl-,
ethyl ester

-4-carboxylic acid, 2-(3-chlorophenyl)-5-methyl-,
methyl ester

-4-carboxylic acid, 5-(4-chlorophenyl)-1-phenyl-,
ethyl ester

-4.carboxylic acid, 5-(4-chlorophenyl)-1-phenyl-,
hydrazide

-4-carboxylic acid, 5-(2-chlorophenyl)-2-phenyl-

-4-carboxylic acid, 5-(4-chlorophenyl)-2-phenyl-

-4-carboxylic acid, 1-(5H-cyclohepta[b]quinoxalin-
8-yl)-5-methyl-, ethyl ester

-4-carboxylic acid, 1-(5'-deoxy-5"-thymidinyl)-

-4-carboxylic acid, 1-(5'-deoxy-5'-thymidinyl)-,
ethyl ester

-4-carboxylic acid, 2-(2,4-dibromophenyl)-
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74: P22847m
74: P22847m
77: P115464m
76: P99674b
76: P99674b

58: 11454f
58: 11454f
31: 3888!

55: 27071g
61: 5738¢
§5: 2707 1g
61: 5738¢
61: 5738¢
80: 108452q
80: 108452¢q
80: 133389¢
73: 56037s

§3: 16120e
69: 10402w
58: 12560¢
61: 10670h, 63: 4268h

63: 4268h
63: 4268h

63: 4268h
81: 3850k
81: 3850k
83: P206291t
83: P206291t
76: 140726k

81: 163240q
81: 163240q

63: 1850h



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxylic acid, 2-(3,4-dibromophenyl)-
-4-carboxylic acid, 2-(2,5-dichlorophenyl)-
-4-carboxylic acid, 2-(3,4-dichlorophenyl)-
-4-carboxylic acid, 1-(2,4-dichlorophenyl)-5-methyl-
-4-carboxylic acid, 1-(2,4-dichlorophenyl)-5-methyl-,
ethyl ester
-4-carboxylic acid, 1-(2,5-dichlorophenyl)-5-methyl-
-4-carboxylic acid, 1-[4-(diethylamino)-5-oxo0-
1,3,6-cycloheptatrien- 1-yl}-5-methyl-,
ethyl ester, monopicrate
-4-carboxylic acid, 1-(3,4-diiodophenyl)-5-methyl-
-4-carboxylic acid, 5-[4-(dimethylamino)phenyl]-,
methyl ester
-4-carboxylic acid, 1-(3,3-dimethyl-1-butenyl)-,
methyl ester, (E)-
-4~carboxylic acid, 1-(3,3-dimethyl-1-butenyl)-
S-methyl-, (E)-
-4-carboxylic acid, 1-(3,3-dimethyl-1-butenyl)-
5-phenyl-, (E)-
-4-carboxylic acid, 2-(2,5-dimethylphenyl)-
-4-carboxylic acid, 1-(2,6-dimethylphenyl)-,
ethyl ester
-4-carboxylic acid, 1-(4,6-dimethyl-2-pyrimidinyl)-,
methy! ester
-4-carboxylic acid, 2-(2,4-dinitrophenyl)-
-4-carboxylic acid, 1-(2,4-dinitrophenyl)-5-methyl-,
ethyl ester
-4(or 5)-carboxylic acid, 1-(2,2-dinitropropyl)- (?)
-4-carboxylic acid, 1-(1,3-dioxo-2-phenyl-2-indanyl)-
-4-carboxylic acid, 1,5-diphenyl-

-4-carboxylic acid, 1,5-diphenyl-, ethyl ester
-4-carboxylic acid, 1,5-diphenyl-, hydrazide
-4-carboxylic acid, 1,5-diphenyl-, methyl ester

-4-carboxylic acid, 2,5-diphenyl-

-4-carboxylic acid, 2,5-diphenyl-, ethyl ester
-4-carboxylic acid, 1-[5-(ethoxycarbonyl)-2-oxo-
4,6-diphenyl-3-cyclohexen-1-yl}-5-phenyl-,

ethyl ester, (1a, Sa, 68)-

-4-carboxylic acid, 1-[5-(ethoxycarbonyl)-4-oxo-
2,6-diphenyl-2-cyclohexen-1-yl}-5-methyl-,
ethyl ester, (1o, S5a, 68)-

-4-carboxylic acid, 1-[5-(ethoxycarbonyl)-4-oxo-
6-(3-nitrophenyl)-2-phenyl-2-cyclohexen-1-yl}-
5-methyl-, ethyl ester, (1a, Sa, 68)-
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55: 3563¢
76: 114090d
§5: 27071g
$3: 18946h
53: 18946h

53: 18946h
76: 140726k

§7: 7255b, 8§9: 6408d
80: 3439n

72: 132635g
72: 121447w
72: 121447w

60: 643h
79: 104890n

71: 81296s

72: 2972d
61: 5633a

74: 99215m

67: 53900h, 73: 56037s

44: 1102c, 64: 9713h,
67: 100071a, 76: 113139q,
81: 3850k

81: 3850k

81: 3850k

64: 9713h, 67: 100071a,
76: 5938d

25: 18274, 76: 114090d

77: P7313c¢

83: 193178;j

83: 193178j

83: 193178;



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Confinued)

-4-carboxylic acid, 1-[3-(ethoxycarbonyl)-4-
hydroxy-4-methyl-6-oxo-2-phenyicyclohexyl]-5-
methyl-, ethyl ester, (1o, 28, 3a, 4a)-

-4-carboxylic acid, 1-[5-(ethoxycarbonyl)-2-
hydroxy-6-(3-nitrophenyl)-4-0x0-2-phenylcyclo-
hexyl]-5-methyl-, ethyl ester, (la, 2a, 5a, 68)-

-4-carboxylic acid, 1-[3-(ethoxycarbonyl)-4-
hydroxy-6-oxo-2,4-diphenylcyclohexyl]-5-
phenyl-, ethyl ester, (1a, 28, 3a, 4a)-

-4-carboxylic acid, 1-[5-(ethoxycarbonyl)-2-
hydroxy-4-oxo-2,6-diphenylcyclohexyl]-5-methyl-,
ethyl ester, (1a, 2a, 5a, 68)-

-4-carboxylic acid, 1-[5-(ethoxycarbonyl)-4-
methyl-2-0x0-6-phenyl-3-cyclohexen-1-yl]-5-methyl-,
ethyl ester, (la, Sa, 68)-

-4-carboxylic acid, 1-(4-ethoxy-5-oxo-1,3,6-cyclo-
heptatrien-1-y})-5-phenyl-, ethyl ester

-4-carboxylic acid, 2-(3-ethoxy-3-oxo- 1-phenyl-
1-propenyl)-5-phenyl-, ethyl ester

-4-carboxylic acid, 5-ethyl-, ethyl ester

-4-carboxylic acid, 1-[4-(ethylamino)-5-oxo-
1,3,6-cycloheptatrien-1-yl]-5-methyl-, ethyl ester

-4-carboxylic acid, 1-[2-[2-(3-ethyl-4-0x0-2-
thioxo-5-thiazolidinylidene)ethylidene]-3-
ethyl-5-benzothiazolidinyl]-5-methyl-

-4(or 5)-carboxylic acid, 1-(2-fluoro-2,2-
dinitroethyl)- (?)

-4-carboxylic acid, 2-(2-fluorophenyl)-

-4-carboxylic acid, 2-(3-fluorophenyl)-

-4-carboxylic acid, 2-(3-fluorophenyl)-, ethyl ester

-4-carboxylic acid, 2-(4-fluorophenyl)-

-4-carboxylic acid, 2-(4-fluorophenyl)-, ethyl ester

-4-carboxylic acid, 5-(2-fruanyl)-, methy! ester

-4-carboxylic acid, 1-p-D-galactopyranosyl-, methyl
ester, 2',3',4’,6'-tetraacetate ester

-4-carboxylic acid, 1-B8-D-glucopyranosyl-, methyl
ester, 2',3',4’ 6'-tetraacetate ester

-4-carboxylic acid, 1-a-D-glucopyranosyl-, methyl
ester, 3'.4',6'-triacetate ester

-4-carboxylic acid, 5-heptadecyl-2-(2-hydroxyphenyl)-

-4-carboxylic acid, 5-heptadecyl-2-(2-methoxy-
5-methylphenyl)-, ethyl ester

-4-carboxylic acid, 1-(4-hydrazino-5-ox0-1,3,6-cyclo-
heptatrien-1-yl)-5-methyl-, ethy! ester

-4-carboxylic acid, 2-(2-hydroxy-4,5-dimethylphenyl)-
S-methyl-

-4-carboxylic acid, 2-(2-hydroxy-4,5-dimethylphenyl)-
5-methyl-, ethyl ester
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83: 193178;j

83: 193178j

83: 193178j

83: 193178j

83: 193178;

79: 5300p
80: 108451p

80: 146082b
76: 140726k

74: 48048b

74: 99215m

80: 48283y

59: 14095f

61: 5738¢

59: 14095f

61: 5738¢

80: 3439n

74: 112402s

74: 112402, 77: 102129
74: 112402s

76: 114090d
77: P7313c

76: 140726k
76: P99674b

76: P99674b



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxylic acid, 5-(3-hydroxy-4-methoxyphenyl)-,
methyl ester

-4-carboxylic acid, 2-(2-hydroxy-4-methoxyphenyl)-
5-methyl-

-4-carboxylic acid, 2-{2-hydroxy-4-(methylsulfonyl)-
phenyl}-5-methyl-

-4-carboxylic acid, 1-(4-hydroxy-5-oxo-
1,3,6-cycloheptatrien-1-yl)-5-methyl-

-4-carboxylic acid, 1-(4-hydroxy-S-oxo-
1,3,6-cycloheptatrien-1-yl)-5-phenyl-

-4-carboxylic acid, 2-(2-hydroxyphenyl)-

-4-carboxylic acid, 5-(4-hydroxyphenyl)-, methyl ester

-4-carboxylic acid, 2-(2-hydroxyphenyl)-5-methyl-

-4-carboxylic acid, 2-(2-hydroxyphenyl)-5-methyl-,
ethyl ester

-4-carboxylic acid, 2-(2-hydroxyphenyl)-5-phenyl-,
ethyl ester

-4-carboxylic acid, 2-(2-hydroxy-S-sulfophenyl)-5-
methyl-, ethyl ester, monosodium salt

-4-carboxylic acid, 5-hydroxy-1-tetrazolof5,1-a]-
phthalazin-6-yl-, ethyl ester, sodium salt

-4-carboxylic acid, 1-(2-iodo-3,3-dimethylbutyl)-,
methyl ester

-4-carboxylic acid, 1-[a-(iodomethyl)benzyl]-,
methyl ester

-4-carboxylic acid, 2-(3-iodophenyl)-

-4-carboxylic acid, 2-(4-iodophenyl)-

-4-carboxylic acid, 1-(2-iodophenyl)-5-methyl-

-4-carboxylic acid, 1-(3-iodophenyl)-5-methyl-
-4-carboxylic acid, 1-(4-iodophenyi)-S-methyl-

-4-carboxylic acid, 1-imidazo[1,2-b]Jpyridazin-6-yl-
S-methyl-, ethyl ester

-4-carboxylic acid, 1-imidazo[1,2-b]pyridazin-6-yl-
5-phenyl-, ethyl ester

-4-carboxylic acid, S-isobutyl-1-(4-nitrophenyl)-

-4-carboxylic acid, S-isopropyl-, ethyl ester

-4-carboxylic acid, 1-[4-(methoxycarbonyl)phenyl}-
S-methyl-, ethyl ester

-4-carboxylic acid, 2-(5-methoxy-3-methyl-4-
isoazolyl)-5-methyl-, methyl ester

-4-carboxylic acid, 2-(2-methoxy-5-methylphenyl)-
S-phenyl-, ethyl ester

-4-carboxylic acid, I-(4-methoxy-5-oxo-1,3,6-cyclo-
heptatrien-1-yl)-5-methyl-, ethyl ester

-4-carboxylic acid, 1-(4-methoxy-5-ox0-1,3,6-cyclo-
heptatrien- [-yl)-5-methyl-, methyl ester
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80: 3439n
76: P99674b
77: P7313¢
76: 140726k
76: 140726k
76: 114090d
80: 3439n
76: 114090d
71: P124445j
T1: P124445j
76: P99674b
81: 37518y
T72: 132635g
72: 132635¢g

55: 27071g
55: 27071g

57: 7255¢(?), §9: 6408d(?),

69: 10402w
§7: 7255b, 5§9: 6408d
§7: 7255b, 59: 6408d,
69: 10402w
82: 16745a
82: 16745a
5§8: 12560h
80: 146082b
69: 19088f, 79: 5300p
81: 135286r
77: P7313c¢
69: 19088f, 79: 5300p

79: 5300p



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxylic acid, 1-(4-methoxyphenyl)-
-4-carboxylic acid, 2-(2-methoxyphenyl)-
-4-carboxylic acid, 2-(3-methoxyphlenyl)-
-4-carboxylic acid, 2-(4-methoxyphenyl)-

-4-carboxylic acid, 5-(4-methoxyphenyl)-, ethyl ester
-4-carboxylic acid, 1-[2-(4-methoxypheny})-1,3-dioxo-

2-indanyl]-
-4-carboxylic acid, 1-(4-methoxyphenyl)-5-methyl-
-4-carboxylic acid, 2-(2-methoxyphenyl)-5-methyl-

-4-carboxylic acid, 2-(2-methoxyphenyl)-S-methyl-,

ethyl ester

-4-carboxylic acid, 1-(4-methoxyphenyl)-
5-(4-nitrophenyl)-

-4-carboxylic acid, 1-(4-methoxyphenyl)-5-phenyl-

-4-carboxylic acid, 5-(4-methoxyphenyl)-1-pheny!-,

ethyl ester

-4-carboxylic acid, 5-(4-methoxyphenyl)-1-phenyt-,

hydrazide
-4-carboxylic acid, 1-methyl-

-4-carboxylic acid, 1-methyl-, ethyl ester
-4-carboxylic acid, 1-methyl-, methyl ester
-4-carboxylic acid, S-methyl-

-4-carboxylic acid, 5-methyl-, ethyl ester

-4-carboxylic acid, 1-(1-methyl-1H-benzimidazol-
2-y1)-, methyl ester

-4-carboxylic acid, 2-(1-methyl-1H-benzimidazol-
2-y1)-, methyl ester

-4-carboxylic acid, 5-methyl-1-(2-methyl-
6-benzothiazolyl)-

-4-carboxylic acid, 5-methyl-1-(2-methylphenyl)-

-4-carboxylic acid, 5-methyl-2-(2-methylphenyl)-

-4-carboxylic acid, 5-methyl-2-(4-methylphenyl)-

-4-carboxylic acid, 5-methyl-1-(2-nitrophenyl)-

-4-carboxylic acid, 5-methyl-1-(4-nitrophenyl)-

-4-carboxylic acid, 5-methyl-1-(4-nitrophenyl)-,
ethyl ester

-4-carboxylic acid, 5-methyl-1-(4-nitrophenyl)-,
methyl ester

-4-carboxylic acid, 5-methyl-2-(4-nitrophenyl)-

-4-carboxylic acid, S-methyl-2-(4-nitrophenyl)-,
ethyl ester

-4.carboxylic acid, 2-(3-methyl-4-nitrophenyl)-

-4-carboxylic acid, 5-methyl-1-(4-oxo0-4H pyrido-
[1,2-alpyrimidin-2-yl)-, ethyl ester
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64: 11198h

55: 3562i

55: 3562i, 76: 114090d
§8: 3562i

80: 108452q

73: 56037s

74: 141988t
71: P124445j
77: P7313c

74: 141988t

62: 16248g, 74: 141988t
81: 3850k

81: 3850k

42: 2599h, 50: 93921,
55: 176272, 84: 122189y
77: 126981d
84: 122189y
26: 4553, 36: 7721,
50: 9392g, 57: 5911h,
58: 13944a
58: 13944a, 61: 5633b
79: 66246x

79: 66246x
$6: P4291g

§3: 18946h

79: P18720a

78: 16102f

58: 12560f

58: 12560e, 62: 16247h,
67: 82171b, 69: 10402w

58: 12560d, 67: 82171b

67: 82171b, 80: 95655

79: P18720a
79: P18720a

58: 114541
83: 9958q



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxylic acid, 5-methyl-1-phenyl-

-4-carboxylic acid, S-methyl-1-phenyl-,
2-benzylhydrazide

-4-carboxylic acid, 5-methyl-1-phenyl-,
benzylidenehydrazide

-4-carboxylic acid, 5-methyl-1-phenyl-, ethyl ester

-4-carboxylic acid, S-methyl-1-phenyl-, hydrazide

-4-carboxylic acid, 5-methyl-1-phenyl-, O-free radical

-4-carboxylic acid, 5-methyi-2-phenyl-

-4-carboxylic acid, 5-methyl-2-phenyl-, ethyl ester

-4-carboxylic acid, 5-methyl-2-phenyl-, methyl ester

-4-carboxylic acid, 5-methyl-2-phenyl-,
2-phenylhydrazide

-4-carboxylic acid, 2-(4-methylphenyl)-

-4-carboxylic acid, 5-methyl-1-(1-phenylethenyl)-

-4-carboxylic acid, 5-(4-methylphenyl)-1-phenyl-,
ethyl ester

-4-carboxylic acid, 5-(4-methylphenyl)- 1-phenyl-,
hydrazide

-4-carboxylic acid, 5-methyl-1-(4-quinolyl)-,
ethyl ester

-4-carboxylic acid, 5-methyl-1-(4-quinolyl)-, oxide

-4-carboxylic acid, S-methyl-1-styryl-, (E)-

-4-carboxylic acid, 5-methyl-1-tetrazolo[5,1-a]-
phthalazin-6-yl-, ethyl ester

-4-carboxylic acid, 5-methyl-1-tetrazolo[1,5-b}-
pyridazin-6-yl-, ethyl ester

-4-carboxylic acid, 5-methyl-1-(1,2,4-triazolo[4,3-b]-
pyridazin-6-yl)-, ethyl ester

-4-carboxylic acid, 5-methyl-2-(trimethylsilyl)-,
trimethylsilyl ester

-4-carboxylic acid, 1-(4-nitrophenyl)-

-4-carboxylic acid, 1-(4-nitrophenyl)-, methyl ester
-4-carboxylic acid, 2-(4-nitrophenyl)-
-4-carboxylic acid, 2-(4-nitrophenyl)-, ethyl ester
-4-carboxylic acid, 2-(4-nitrophenyl)-, methyl ester
-4-carboxylic acid, 5-(2-nitrophenyl)-, ethyl ester
-4-carboxylic acid, 5-(3-nitrophenyl)-, ethyl ester
-4-carboxylic acid, 5-(4-nitrophenyl)-, ethyl ester
-4-carboxylic acid, 5-(4-nitrophenyl)-, methyl ester
-4-carboxylic acid, 5-(3-nitrophenyl)-2-(3-oxo-
1-phenyl-1-propenyl)-, ethyl ester, (E)-
-4-carboxylic acid, 5-(3-nitrophenyl)-2-(3-oxo-
1-phenyl-1-propenyl)-, ethyl ester, (Z)-
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37: 5404, 44: 1102c,
52: 17246b, 59: 64084,
69: 10402w

60: 9268¢

60: 9268d

37: 5404°, 73: 14769b
60: 9268¢
§2: 17246a
35: 36384, 42: 2970e,
76: 1140904, 78: 16102f
84: P181615g
65: 16960d
78: 161021

54: 1504g
72: 121447w
81: 3850k

81: 3850k
§8: 4545d

5§8: 45454
72: 121447w
82: 16745a

82: 16745a
82: 16745a
68: 13061z

47: 8738c, §8: 12561c,
64: 3523g

58: 12561c

48: 5805c, 58: 11454f

61: 5738¢c

61: 5738¢

77: 164604r, 80: 108452q

77: 164604r, 80: 108452q

77: 164604r, 80: 108452q

80: 3439n

80: 108451p

80: 108451p



TABLE 4 (Continued)

Compound

Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxylic acid, 5-(4-nitrophenyl)-2-(3-oxo-
I-phenyl-1-propenyl)-, ethyl ester, (E)-

-4-carboxylic acid, 5-(4-nitrophenyl)-2-(3-oxo-
1-phenyl-1-propenyl)-, ethyl ester, (Z)-

-4-carboxylic acid, 1-(4-nitrophenyl)-5-phenyl-

-4-carboxylic acid, 5-(4-nitrophenyl)-1-phenyl-

-4-carboxylic acid, 2-(3-oxo-I-phenyl-1-propenyl)-
5-phenyl-, ethyl ester, (E)-

-4-carboxylic acid, 2-(3-0xo-1-phenyl-1-propenyl)-
5-phenyl-, ethyl ester, (Z)-

-4-carboxylic acid, 1-(4-oxo-4H-pyrido(1,2-a]-
pyrimidin-2-yl)-5-phenyl-, ethyl ester

-4-carboxylic acid, 1-phenyl-

-4-carboxylic acid, 1-phenyl-, tert-butyl ester
-4-carboxylic acid, 1-phenyl-, ethyl ester

-4-carboxylic acid, 1-phenyl-, methyl ester

-4-carboxylic acid, 2-phenyl-

-4-carboxylic acid, 2-phenyl-, ethyl ester
-4-carboxylic acid, 2-phenyl-, hydrazide
-4-carboxylic acid, 5-phenyl-

-4-carboxylic acid, 5-phenyl-, ethyl ester

-4-carboxylic acid, 5-phenyl-, methy! ester
-4-carboxylic acid, 1-(1-phenylethenyl)-,
methyl ester
-4-carboxylic acid, 5-phenyl-1-(1-phenylethenyl)-
-4-carboxylic acid, 1-(1-phenylpropenyl)-,
methyl ester, (E)-
-4-carboxylic acid, 5-phenyl-1-tetrazolof$,1-a]-
phthalazin-6-yl-, ethyl ester
-4-carboxylic acid, 5-phenyl-1-tetrazolo[1,5-b]-
pyridazin-6-yl-, ethyl ester
-4-carboxylic acid, 5-phenyl-1-(1,2,4-triazolo-
[4,3-b]pyridazin-6-yl1)-, ethyl ester
-4-carboxylic acid, 5-propyl-, ethyl ester
-4-carboxylic acid, 1-(2-pyridyl)-, methyl ester
-4-carboxylic acid, 1-B-D-ribofuranosyl-, methyl ester
-4-carboxylic acid, 1-B-D-ribofuranosyl-,
methyl ester, 2,35 -tribenzoate ester
-4-carboxylic acid, 5-@-D-ribofuranosyl-,
methyl ester, 2,3',5'-tribenzoate ester
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80: 108451p
80: 108451p

62: 16248a
74: 141988t
80: 108451p

80: 108451p
83: 9958g

24: 592°, 37: 1192,
48: 2685a, 50: 4924f,
64: 3523g, 64: 5076h,
75: 88891y

63: P7019b

64: 11198b, 67: 43759,
79: 104890n

44: 1102d, 64: 5076e,
64: 11198b, 75: 88891y

43: 2619a, 53: 344i,
58: 11454g, 72: 38736u,
76: 114090d

43: 2619a, 61: 5738¢

50: 362h

61: 14665b, 62: 6441b,
77: 126517g

61: 14664h, 77: 126517g,
80: 108452q, 80: 146082b

80: 3439n

T72: 132635

72: 121447w, 82: 156182q
72: 132635

82: 16745a

82: 16745a

82: 16745a

80: 146082b

71: 812965

84: 122189y

74: 112402s, 78: 84715h

T4: 112402s, 78: 84715h



TABLE 4 (Continued)

Compound Reference

4.2. 1,2,3-Triazole-4-Carboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxylic acid, 5-8-D-ribofuranosyl-, methyl ester 84: 44571a

-4-carboxylic acid, 1-styryl-, methyl ester, (E)-

-4-carboxylic acid, 1-(2,3,5-tri-O-benzoyl-8-D-
ribofuranosyl)-, ethyl ester

-4-carboxylic acid, 1-(2,3,5-tri-O-benzoy!-B-D-
ribofuranosyl)-, methyl ester

-4-carboxylic acid, 2-(2,3,5-tri-O-benzoyl-B-D-
ribofuranosyl)-, methyl ester

-4-carboxylic acid, 5-(3,4,5-trimethoxyphenyl)-,
methy! ester

-4-carboxylic acid, 2-(trimethylsilyl)-,
trimethylsilyl ester

4-[1-{4-[3-(dimethylamino)propylJazacyclohexyl]-
carbonyl]-2-phenyl-

4-{1-[4-[3-(dimethylamino)propyl]-1,4-diazacyclo-
hexyl)carbonyl]-2-(2,4-dinitrophenyl)-

72: 132635¢
77: 126981d

84: 122189y
78: 84715h
80: 3439n
68: 130612
68: P59441b

68: P59611g

4.3. 1,2,3-Triazole-4,5-Dicarboxylic Acids and Their Functional Derivatives

- 1-acetamide, 4,5-dicarbamoyl-

-1-acetic acid, 4,5-dicarboxy-

-1-acetic acid, 4,5-dicarboxy-a-methyl-
-4-carboxamide, S-cyano-
-4-carboxamide, 5-cyano-, ethyl ester
-4-carboximidic acid, 5-cyano-, ethyl ester
-4-carboxylic acid, 5-carbamoyl-
-4-carboxylic acid, 5-cyano-, ethyl ester
-4,5-dicarbonitrile

-4,5-dicarbonitrile, adduct with benzenamine (1:1)
-4,5-dicarbonitrile, adduct with morpholine (1:1)
-4,5-dicarbonitrile, adduct with piperidine (1:1)
-4,5-dicarbonitrile, adduct with pyridine (1:1)
-4,5-dicarbonitrile, 1-(aminomethyl)-
-4,5-dicarbonitrile, 1-(hydroxymethyl)-
-4,5-dicarbonitrile, 1-methyl-

-4,5-dicarbonitrile, 2-methyl-

-4,5-dicarbonitrile, 1-(4-morpholinylmethyl)-
-4,5-dicarbonitrile, 1-(1-piperidinylmethyl)-
-4,5-dicarbonitrile, 1-(1-piperazinylmethyl)-
-4,5-dicarbonyl azide, 2-phenyl-

-4,5-dicarbonyl dichloride

-4,5-dicarbonyl dichloride, 2-[4-(chloroformyl)phenyl-

-4,5-dicarbonyl dichloride, 1-methyl-
-4,5-dicarbonyl dichloride, 2-methyl-
-4,5-dicarbonyl dichloride, 1-phenyl-
-4,5-dicarbony! dichloride, 2-phenyl-
-4,5-dicarboxamide (?)
-4,5-dicarboxamide, 1-benzyl-
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24: 3215
24: 3215"
24: 32157
84: P17361a
84: P175141h
51: 4364f

51: 14697h
51: 4364f

22: 44758, 22: 4233,
31: 62374, 31: 7849°

83: P433341
83: P433341
83: P43334t
83: P43334t
83: P43333s
83: P43333s
82: 73727v
82: 73727v
83: P43333s
83: P43333s
83: P43333s
21: 2690*
82: 140021a
21: 2690°
82: 73727v
82: 73727v
37: 5404°
21: 2690*
§2: 16359
24: 3232}



TABLE 4 (Continued)

Compound

Reference

4.3. 1,2,3-Triazole-4,5-Dicarboxylic Acids and Their Functional Derivatives (Continued)

-4,5-dicarboxamide, 2-(4-carbamylphenytl)-
-4,5-dicarboxamide, 1-(5'-deoxy-5'-thymidinyl)-
-4,5-dicarboxamide, 1-(5'-deoxy-5'-thymidinyl)-
N,N’-dibenzoyl
~-4,5-dicarboxamide, 1-(5"-deoxy-5'-thymidinyl)-
N,N’-di-(2-hydroxyethyl)
-4,5-dicarboxamide, 1-(5'-deoxy-5'-thymidinyl)~
N,N’-dipropyl-
-4,5-dicarboxamide, 1-8-D-glucopyranosyl-
-4,5-dicarboxamide, 2-phenyl-(?)
-4,5-dicarboxamide, 1-8-D-ribofuranosyl-
-4,5-dicarboxamide, 1-B-D-xylopyranosyl-
-4,5-dicarboxamide, 2-(4-nitrophenyl)-
-4,5-dicarboxanilide, 1-phenyl-
-4,5-dicarboxanilide, 2-phenyl-
-4,5-dicarboxanilide, 2-(4-phenylcarbamylphenyl)-
-4,5-dicarboxylato-N1-, iron, dicarbonyl(*»>-2,4-
cyclopentadien-1-yl)(dimethyl),
-1,4-dicarboxylic acid, isopropyl ester (?)
-1,5-dicarboxylic acid, isopropyl ester (?)
-4,5-dicarboxylic acid

-4,5-dicarboxylic acid, dibutyl ester
-4,5-dicarboxylic acid, diethyl ester
-4,5-dicarboxylic acid, diisobutyl ester
-4,5-dicarboxylic acid, diisopentyl ester
-4,5-dicarboxylic acid, diisopropyl ester
-4,5-dicarboxylic acid, dimethy! ester

-4,5-dicarboxylic acid, dipentyl ester

-4,5-dicarboxylic acid, dipropy! ester

-4,5-dicarboxylic acid, hydrazide

-4,5-dicarboxylic acid, monoisopropyl ester

-4,5-dicarboxylic acid, monopotassium salt

-4,5-dicarboxylic acid, monosilver(1+) salt

-4,5-dicarboxylic acid, 1-(4-amino-5-bromo-6-phenyl-
2-pyrimidinyl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-(4-amino-5-butyl-6-phenyl-
2-pyrimidinyl)-, dimethy! ester

-4,5-dicarboxylic acid, 1-(5-amino-1,6-dihydro-6-oxo-
1-phenyl-4-pyridazinyl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-[4-amino-5-(2-ethoxyethyl)-
6-phenyl-2-pyrimidinyl]-, dimethyl ester

-4,5-dicarboxylic acid, 1-(4-amino-5-methyl-6-phenyl-
2-pyrimidinyl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-[2-(aminophenylmethyl)-4-
chlorophenyl})-, diethyl ester
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21: 26905
81: 163240q
81: 163240q

81: 163240q
81: 163240q

§2: 16359d

21: 2269, 21: 2690*
§3: 6245¢

§2: 16359d

21: 26904

37: 5404°

21: 2690*

21: 2690°

82: 16926k

61: 5626h, 63: 16337h

63: 16337h,

31: 78493, §0: 15517,
78: 1110255, 82: 140021a,
83: 97148d

82: 140021a

82: 140021a

82: 140021a

82: 140021a

82: 1400212

60: 5537a, 62: 13138h,
73: 25364s, 80: 108452q,
82: 140021a, 83: 10269x

82: 140021a

82: 140021a

§5: P571c

83: 97148d, 85: 78055w

82: 49831d, 82: 49832e

80: 14221m

72: P55493¢

72: P55493e
78: 720362

72: P55493e
72: P55493¢e

82: P4322x



TABLE 4 (Continued)

Compound Reference

4.3. 1,2,3-Triazole-4,5-Dicarboxylic Acids and Their Functional Derivatives (Continued)

-4,5-dicarboxylic acid, 2-(4-arsonophenyl)- 40: 71918

-4,5-dicarboxylic acid, 1-(4-azido-5-bromo-6-phenyl- 72: P55493¢
2-pyrimidinyl]}-, dimethyl ester

-4,5-dicarboxylic acid, 1-{4-azido-5-(2-butynyl)-6- 72: P55493e
phenyl-2-pyrimidinyl}-, dimethyl ester

-4,5-dicarboxylic acid, 1-{4-azido-5-(2-ethoxyethyl)- 72: P55493¢
6-phenyl-2-pyrimidinyl}-, dimethyl ester

-4,5-dicarboxylic acid, 1-(4-azido-5-methyl-6- 72: P55493¢
phenyl-2-pyrimidinyl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-[4-azido-6-phenyl-5- 72: P55493e
(2-propynl)-2-pyrimidinyi]-, dimethyl ester

-4,5-dicarboxylic acid, 1-(2-benzothiazolyl)-, 79: P78815v
dimethyl ester

-4,5-dicarboxylic acid, 1-benzyl- 24: 32321, 50: 15517d

-4,5-dicarboxylic acid, 1-benzyl-, bis-(2-nitroethyl) §8: 23505a
ester

-4,5-dicarboxylic acid, 1-[2,3-bis(methoxycarbonyl)- 79: 921232
1,4-dimethyl-2-cyclobuten-1-yi]-, dimethyl ester

-4,5-dicarboxylic acid, 1-[9,10-bis(methoxycarbonyl)- 82: 170175w

4-iodotricyclo[4.2.2.0>)dec-7-en-3-yl]}-,
dimethyl ester, (la, 2a, 3a, 4a, Sa, 6a, 9R*, 10S*)-

-4,5-dicarboxylic acid, 1-[2,3-bis(methoxycarbonyl)- 79: 921232
1-methyl-1,3-pentadienyl}-, dimethyl ester, (E,E)-

-4,5-dicarboxylic acid, 1-[2,3-bis(methoxycarbonyl)- 79: 92123z
1-methyl-1,3-pentadienyl]-, dimethyl ester, (Z,Z)-

-4,5-dicarboxylic acid, 1-[9,10-bis(methoxycarbonyl)- 84: 4547r
tricyclo{4.2.2.0%%}dec-7-en-3-yl}-, dimethyl ester

-4,5-dicarboxylic acid, 1-[9,10-bis(methoxycarbonyl)- 84: 4328v, 84: 4547r

tricyclo{4.2.2.0%%]dec-7-en-3-yl-, dimethyl
ester (la, 2a, 3¢, 4a, S5a, 6a, 9R*, 10S*)-
-4,5-dicarboxylic acid, 1-[9,10-bis(methoxycarbonyl)- 84: 4547r
tricyclo{4.2.2.02-%]dec-7-en-3-yl}-, dimethyl ester,
(la, 2a, 3a, 4a, S5a, 6a, 95*, 10R*)-
-4,5-dicarboxylic acid, 1-butyl- 50: 4129¢
-4,5-dicarboxylic acid, 1-[5-(butylamino)-1,6- 78: 720362
dihydro-6-0x0-1-phenyl-4-pyridazinyl]-,
dimethyl ester

-1,4(or 1,5)-dicarboxylic acid, S(or 4)-carbamoyl-, 24: 3215°
dimethyl ester

-4,5-dicarboxylic acid, 1-carbamoyl-, dimethyl ester 24: 32153

-4,5-dicarboxylic acid, 1-[a-(carboxyiodomethyl)- 72: 132635¢g
benzyl]-, trimethyl ester, erythro-

-4,5-dicarboxylic acid, 2-(4-carboxyphenyl)- 21: 2690°

-4,5-dicarboxylic acid, 2-(4-carboxyphenyl)-, 21: 2690°
triethyl ester

-4,5-dicarboxylic acid, 1-(5-chloro-1,6-dihydro-1- 78: 72035y
methyl-6-oxo-4-pyridazinyl)-, diethyl ester

-4,5-dicarboxylic acid, 1-(5-chloro-1,6-dihydro-1- 78: 72035y

methyl-6-oxo0-4-pyridazinyl)-, dimethyl ester
121



TABLE 4 (Continued)

Compound Reference

4.3. 1,2,3-Triazole-4,5-Dicarboxylic Acids and Their Functional Derivatives (Continued)

-4,5-dicarboxylic acid, 1-(5-chloro-1,6-dihydro-6- 74: 125600e, 78: 72036z
oxo-1-phenyl-4-pyridazinyl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-(5-chloro-1,6-dihydro-6- 78: 72035y
oxo-4-pyridazinyl)-, diethyl ester

-4,5-dicarboxylic acid, 1-(5-chloro-1,6-dihydro-6- 78: 72035y
ox0-4-pyridazinyl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-[4-chloro-2-[(hydroxyimino)- 84: 74239r
phenylmethyl]phenyl}-, dimethyl ester, (E)-

-4,5-dicarboxylic acid, 1-[4-chloro-2-[(hydroxyimino)- 84: 74239r
phenylmethyl]phenyl}-, dimethyl ester, (Z)-

-4,5-dicarboxylic acid, 1-[5-(a-cyanostyryl)- 53: 13101e
2-methylphenyl}-, dimethyl ester

-4,5-dicarboxylic acid, 1-(2,4,6-cycloheptatrien- 62: 13138g
1-yl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-(1,3-cyclooctadien-2-yl)-, T2: 132635g
dimethy! ester

-4,5-dicarboxylic acid, 1-(1,3,3a,4,4a,5,6,6a,7,7a- 84: 4547r

decahydro-6-iodo-1,3-dioxo-4,7-ethenocyclo-
but[flisobenzofuran-5-yl)-, dimethyl ester,
(3aa, 4B, 4aa, 5a, 6a, 6aa, 78, 7aa)-

-4,5-dicarboxylic acid, 1-(1,3,3a,4,4a,5,6,6a,7,7a- 81: 1051362
decahydro-6-iodo-1,3-dioxo-4,7-ethenocyclobut-
[fJisobenzofuran-5-yl)-, dimethyl ester,

(3aa, 48, 4aa, 58, 6a, 6aa, 78, 7aa)-

-4,5-dicarboxylic acid, 1-(5'-deoxy-5'-thymidinyl)-, 81: 163240q
dimethyl ester

-4,5-dicarboxylic acid, 1-(5'-deoxy-5'-thymidinyl)-, 81: 163240q
dihydrazide

-4,5-dicarboxylic acid, 1<5H-dibenzo{a,d)cyclo- 74: P53342x
hepten-5-yl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-(7,8-dibromo-2-iodo- 78: 83889%
bicyclof4.2.0]Joct-4-en-3-yl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-[2-[(1,2-dicarboxy- 67: 9073%h
ethenyl)amino]phenyl]-, tetramethyl ester

-4,5-dicarboxylic acid, 1-[(3,5-dicarboxy-4-methyl- 73: 98718v
pyrrol-2-yl)methyl]-, diisopropyl ester

-4,5-dicarboxylic acid, 1-{4-[2-[(dichloroacetyl)- 84: 4609n

amino}-1,3-dihydroxypropyljphenyl]-, dimethy!
ester, R-(R* R*)-

-4,5-dicarboxylic acid, 1-(1,6-dihydro-S-hydroxy- 78: 720362
6-oxo-1-phenyl-4-pyridazinyl)-, dimethyl ester
-4,5-dicarboxylic acid, 1-[1,6-dihydro-5-(4-morphol- 78: 72036z

inyl)-6-0xo0-1-phenyl-4-pyridazinyl]}-,
dimethyl ester

-4,5-dicarboxylic acid, 1-(2,5-dimethylphenyl)- 22: 34112

-4,5-dicarboxylic acid, 1-(4,6-dimethyl-2-pyrimi- 71: 81296s
dinyl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-[2,2-dimethyl-1-[(tri- 83: 10269x

methylsilyl)oxylpropyll-, dimethy! ester
122



References 123

TABLE 4 (Continued)

Compound Reference

4.3. 1,2,3-Triazole-4,5-Dicarboxylic Acids and Their Functional Derivatives (Continued)

-4,5-dicarboxylic acid, 1-{(diphenyiphosphiny!)- 74: 112127
methyl]-, dimethyl ester

-4,5-dicarboxylic acid, 1-(5,6-diphenylpyrazinyl)-, 74: 75924r
dimethyl ester

-4,5-dicarboxylic acid, 1-(2-ethoxy-2-oxoethyl)-, 80: 108451p
dimethyl ester

-4,5-dicarboxylic acid, 2-(2-ethoxy-2-oxoethyl)-, 80: 108451p
dimethyl ester

-4,5-dicarboxylic acid, 2-(3-ethoxy-3-oxo-1-pro- 80: 108451p
penyl)-, dimethyl ester, (E)-

-4,5-dicarboxylic acid, 2-(3-ethoxy-3-oxo-1-pro- 80: 108451p
penyl)-, dimethyl ester, (Z)

-4,5-dicarboxylic acid, 1-ethyl- 53: 17902b

-4,5-dicarboxylic acid, 1-(ferrocenylmethyl)-, 73: 25632c
dimethyl ester

-4,5-dicarboxylic acid, 1-B-D-glucopyranosyl-, §2: 16359d
dimethyl ester, tetraacetate ester

-4,5-dicarboxylic acid, 1-(5-hydrazino-1,6-dihydro- 78: 720362
6-oxo-1-phenyl-4-pyridazinyl)-, dimethyl ester

-4,5-dicarboxylic acid, 2-(2-hydroxyphenyl)-, 77: P115464m
diethyl ester

-4,5-dicarboxylic acid, 2-(2-hydroxyphenyl)-, 71: P124445j
dimethyl ester

-4,5-dicarboxylic acid, 1-(2-hydroxy-2-phenylethyl)-, 83: 10269x
dimethyl ester

-4,5-dicarboxylic acid, 1-[4-iodo-9,10-bis(methoxy 84: 4328v, 84: 4547r

carbonyl)tricyclof4.2.2.0%-3Jdec-7-en-3-yl]-, dimethyl ester,
(la, 2a, 3a, 4a, Sa, 6a, IR*, 105%)-

-4,5-dicarboxylic acid, 1-(8-iodo-4-cycloocten- 76: 126021v
1-yD)-, (le, 4Z, 88)-

-4,5-dicarboxylic acid, 1-(2-iodocyclooctyl)-, 84: 73724h
dimethyl ester

-4,5-dicarboxylic acid, 1-(4-iodocyclooctyl)-, 84: 73724h
dimethy! ester

-4,5-dicarboxylic acid, 1-(2-iodo-3,3-dimethyl- 72: 132635g
butyl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-[a-(1-iodethyl)benzyl]-, 72: 132635g
dimethyl ester, erythro-

-4,5-dicarboxylic acid, 1-{a-(a-iodophenacyl)- 72: 132635¢g
benzyl]-, dimethyl ester, erythro-

-4,5-dicarboxylic acid, 1-isobutyl- 5§3: 17901e

-4,5-dicarboxylic acid, 2-{3-methoxy-1-(methoxy- 80: 108451p
carbonyl)-3-0xo-1-propenyl}-, dimethyl ester

-4,5-dicarboxylic acid, 1-(4-methoxyphenyl)-, 64: 5076h
dimethyl ester

-4,5-dicarboxylic acid, 2-(2-methoxyphenyl)- 71: P124445j

-4,5-dicarboxylic acid, 1-methyl- 49: 5454b, 50: 4129,

82: 73727v
-4,5-dicarboxylic acid, 1-methyl-, dimethyl ester S$1: 14697f
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TABLE 4 (Continued)

Compound

Reference

4.3. 1,2,3-Triazole-4,5-Dicarboxylic Acids and Their Functional Derivatives (Continued)

-4 5-dicarboxylic acid, 1-methyl-, monopotassium sait

-4,5-dicarboxylic acid, 2-methyl-, monopotassium salt

-4,5-dicarboxylic acid, 1-(1-methyi-1H-benzimidazol-
2-yl)-, dimethyl ester

-4,5-dicarboxylic acid, 2-(1-methyl-1H-benzimidazol-
2-yl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-(1-methylpropenyl)-,
dimethyl ester, (E)-

-4,5-dicarboxylic acid, 1-(1-methylpropenyl)-,
dimethyl ester, (Z)-

-4,5-dicarboxylic acid, 1-[2-methyl-1-[(trimethyl-
silyl)oxo]Jpropyl}-, dimethyl ester

-4,5-dicarboxylic acid, 1-(2-nitrophenyl)-,
dimethyl ester

-4,5-dicarboxylic acid, 2-(4-nitrophenyl)-

-4,5-dicarboxylic acid, 1-(4-nitrophenyl)-,
dimethyl ester

-4,5-dicarboxylic acid, 2-(3-0xo-1-phenyl-1-pro-
penyl)-, dimethyl ester, (E)-

-4,5-dicarboxylic acid, 2-(3-oxo-1-phenyl-1-pro-
penyl)-, dimethyl ester, (Z)-

-4,5-dicarboxylic acid, 1-phenyl-

-4,5-dicarboxylic acid, 1-phenyl-, dihydrazide
-4,5-dicarboxylic acid, 1-phenyl-, dimethy! ester

-4,5-dicarboxylic acid, 2-phenyl-

-4,5-dicarboxylic acid, 1-(1-phenylpropenyl)-,
dimethyl ester, (E)-

-4,5-dicarboxylic acid, 1-(1-phenylpropenyl)-,
dimethyl ester, (Z)-

-4,5-dicarboxylic acid, 1-{2-phenyl-2-[(trimethyl-
silylJoxylethyl}-, dimethyl ester

-4,5-dicarboxylic acid, 1-pyridof2,3-dJtetrazolo-
[1,5-blpyridazin-6-yl-, dimethy] ester

-4,5-dicarboxylic acid, 1-(2-pyridyl)-,
dimethy! ester

-4,5-dicarboxylic acid, 1-B-D-ribofuranosyl-,
dimethyl ester, tribenzoate ester

-4,5-dicarboxylic acid, 1-(3,4,5,6-tetrachloro-
2-pyridinyl)-, dimethyl} ester

-4,5-dicarboxylic acid, 1-tetrazolo[1,5-b]pyridazin-
6-yl-, dimethyl ester

-4,5-dicarboxylic acid, 1-(2,3,4-tri-O-acetyl-a-D-
lyxopyranosyl)-, diethyl ester

-4,5-dicarboxylic acid, 1-(2,3,4-tri-O-acetyl-8-D-
ribopyranosyl)-, diethyl ester
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82: 73727v
82: 73727
79: 66246x
79: 66246x
T2: 132635g, 79: 92123z
72: 1326358, 79: 92123z
83: 10269x
67: 64311t

21: 26904
21: 2690%, 64: 5076h

80: 108451p

80: 108451p

38: 1743}, 48: 26850,
56: 999Ch

21: 2690°, 65: 15378f

44: 4430g, 49: 3948h,
82: 16641p, 83: 114301,
85: 46469t

42: 2970f, §8: 13413h

72: 132635g

72: 132635

83: 10269x

83: 97213w

T1: 81296s

53: 6245¢

83: 192957a

T74: 75924r, 83: 97213w

81: 49979n

81: 49979n
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TABLE 4 (Continued)
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Compound

Reference

4.3. 1,2,3-Triazole-4,5-Dicarboxylic Acids and Their Functional Derivatives (Continued)

-4,5-dicarboxylic acid, 1-(tributylstannyl)-,
diethyl ester

-4,5-dicarboxylic acid, 1-(trimethylsilyl),
dimethyl ester

-4,5-dicarboxylic acid, 1-(triphenylplumbyl)-,
dimethyl ester

-4,5-dicarboxylic acid, 1-8-D-xylopyranosyl-,
dimethyl ester

-1-malonic acid, 4,5-dicarboxy-a-phenyl-, diethyl
dimethyl ester

-1-propanoic acid, 4,5-dicarbamoyl-, methyl ester

-1-propanoic acid, 4,5-dicarboxy-

-1,4,5-tricarboxamide

-1,4,5-tricarboxylic acid, 1-ethyl-4,5-dimethy! ester

60: 14532¢
60: 5537a
67: 8224%h
§2: 16359d
§3: 11390b
24: 32152
24: 32152

24: 3215°
61: 5626h, 63: 16337h
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CHAPTER 5

Formyl- and Acyl-1,2,3-Triazoles

The preparation of N-acyl-1,2,3-triazoles by reaction of N-trimethylsilyl
derivatives with acetyl chloride has been reported by Birkofer and Wegner
(Eq. 1)." In a later paper’ they showed that the 1-N-product (5.1-1) is
obtained at low temperature (15°), and the 2-N-product (5.1-2) at high
temperature (120°). The yields are generally high (ca. 90%), and the isomer
ratio for an unsymmetrical case was determined (Eq. 2). Zbiral and his
collaborators have added acetyl azide to a-keto phosphorus ylides and have
obtained generally good yields of N-acetyl-1,2,3-triazoles (Eq. 3).> The
isomer ratio for unsymmetrical products (5.1-3) was not determined.

The analogous direct reaction with benzoyl chloride has been reported to
fail,* but there are several practical alternative routes. L’abbé and his

N N
{ —
+ AcCl — N 1
SiMe,
§5.1-1
R=H, Me, n-Pr, n-Bu, HC=C(CH,),, Ph R'=Me, Ph

Me Me Me

—

7\
N + AcCl 2 + N

SiMe, 75% 25%
(2
Me
1200 N'/ \N(
\T/
Ac
5.1-2
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R? R!
/OCR‘
Ph,P=C + MeCON, <29, N(IN (3)
N N
R Ac
5.1-3
R! =n-Pr i-Pr n-Pr n-Pr c-CH,
R? =n-Pr Me MeCH=CH Me(CH=CH), n-Pr
% $.1-3=72 81 40 27 73

collaborators have studied a large array of aroyl azides and triphenylphos-
phonium enolates (5.1-4) (Eq. 4).” For the most part, yields are 50% or
better, and reaction times are reasonable. The 1-N-products (5.1-5) are
obtained in excellent yield with short reaction time. Harvey has described a
similar very high yield reaction.® In one case Tanaka and Miller’ found high
substitution yield using the internal salt 5.1-6 (Eq. 5). The subsequent basic
hydrolysis of the triphenylphosphorus group was not carried out, but it
should proceed smoothly on the basis of several similar examples.

R H R A
AN / =
c—C + AICON, Sie, \ n O —
/ \ or C¢He §N \(”:A \N/
o P*Ph, r I

C=0
5.1-4 5.1-5
Ar 7

R =Me, Ph, 4-NO,Ph Ph; 3,4-CL,Ph 97%5
Ar=Ph, 3- or 4-NO,Ph, 4-CIPh, 4-MeOPh

@

Ph P*Ph, Ph P*Ph,Cl™

N%,N + PhCOCl— NN (5)

hS w/
501'6 C

N\
Ph/ \O

The addition of azides to acetylene mono-aldehydes has been used often
and with good results (e.g., Eqs. 6 to 8).®'' The preparation of 4,5-
bisaldehydes is best accomplished through the tetraethyl bisacetal (5.1-7)

OHC

HC=CCHO + RN; — (6)

R=H Me Ph tropyl’
%=78 67 175 67
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OHC Ph
u 7
s NP ~g (7)
PhC=CCHO 90%
s, OHC h Ph CHO
N + B 8
N ~pn NN pn ®)
53% 22% (90% total crude)

and subsequent hydrolysis (Eq. 9)'?. The oxidation of racemic myo-inosose-
2 osatriazole (5.1-8) produces the 2-phenyl bisaldehyde (5.1-9), but the
yield of the cyclization step could not be improved (Eq. 10).'* The analog-
ous oxidations of osatriazoles has proven to be an excellent synthesis of
monaldehydes (Eq. 11)."*'¢ In El Khadem’s laboratory yields of 80 to 95%
are generally obtained using periodic acid.'® A method involving substitu-
tion and reduction has been developed by Smith and his collaborators (Eq.
12)."” A novel method giving a very high yield based on diazomalonal-
dehyde (5.1-10) has been published (Eq. 13).'® Although its authors call
the preparation of 5.1-10 simple, it appears to be a compound that is
difficult to handle.

(Et0),CH CH(OEY),

(Et0),CHC=CCH(OEt), + RN; —— NlN’N\R
R %
Ph 9s.
PhCH, 90
n-CeH,, 90
n-Cy Hys 75
OHC CHO

= NN 9)
%

92
90
90

98
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H
oH Q@ OH g P
N
HO =N 2" 10,
g @ g + PhNHNH, —C“:?~, HO \ }\I—Ph Na_ 10,
(excess)
HO § OH H g
R,S 5.1-8
12%
OHC CHO
7/ \(
N 10
\IT,N (10)
Ph
501'9
75%
Sugar
residue CHO
7\ . {
N Na lOA| d 11
\Wﬂ Hoer. \Nl»N ( )
Ar Ar

Ar = Ph, RPh, XPh, NO,Ph, MeOPh, AcNHP, etc.

Ph Cl Ph CN Ph CHO
; " : Na*“CN H Raney Ni ; - : 12
NkNN\Ph dry Me;SO NN/N\Ph Na*“OH/HCOH N§N/N\Ph (12)
75% 56%
OHC
N,C(CHO), + PhNH; Cl — N N\Ph (13)
501’10 95. 5%

Many examples of 4- or S5-acetyl-1,2,3-triazoles have been prepared and a
number of methods developed. For example, the addition of phenyl azide to
acetylphenylacetylene (Eq. 14) gives an excellent yield, and both isomeric
products are obtained.'®?° The reaction of sodium azide with B-
acetylstyrylsulfones proceeds in good yield (Eq. 15).*' The diacetyl
phenylhydrazone 5.1-12 is smoothly converted to a 1,2,3-triazole under
novel conditions that deserve further exploration (Eq. 16).?* The heterocyc-
lic azide 5.1-13 reacts with 2,4-pentanedione under basic conditions (Eq.
17).2% The treatment of the amides 5.1-14 with a Grignard reagent produces
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RCO, Ph Ph COR

PhC=CCOR + PhN; — Nw}l\Ph + N\\N’N\Ph (14)

R=Me 67% 23%
Ph 86%2°

A Ac
SO,Ph N

ArCH=C + Na'"N, H%e, N N (15)
e Ph

Ar =Ph 4-MeOPh 3-HO-4-MeOPh

% 5.1-11=64 70 50
Ac,C=NNHPh 0%, 1 B

EtOH ‘scaled tube N\N,N (16)

5.1-12 |
Ph

84%
Ac Me

A NN H
N ) FACHA: S5 NON N (D
L
N
o \En/o ~
o)

5.1-13

51-11

85%

excellent yields of the corresponding 1,2,3-triazole (Eq. 18).>* The 5-(2-
propenyl)-1,2,3-triazole, formed from an lotsich complex (5.1-15), can be
oxidized in fair yield to the acetyl-1,2,3-triazole (Eq. 19).° Olsen has
carried out a related sequence with substantially higher yields (Eq. 20).%¢
Other 4-acyl-1,2,3-triazoles have been prepared in fair yield by the reaction
of phenylazide with a-ketovinyl chlorides (Eq. 21).*’

O Ph
4
Me CN\ Me Ac
r{: N: " MeMeC N:/ }v: (18)
(v —_—
IN/ g \,N/
Ar Ar
5.1'14
Ar=Ph 90%

4-MePh 95%
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CH,
(l% Ac
Me —( Me =
CH,~C + PhN; — N_ N 0, N J“\P
\ \N/ \Ph N h
C=CMgBr
5.1-15 67% 0%
(19)
i
C e
AN
. Me =
Me,C—CHCOMe + PhN, K02 NN gy, 7 mox
91%
Ac Me

N§N’N\Ph (20)

58%
O
(II:
/
R \>—=\
RCOCH~=CHCl + PhN; —— N§N’N\Ph (21)
S.1-16

R =Me n-Pr i-Bu CICH,
% 5.1-16=38 29 21 61

A similar situation obtains with the benzoyl- and aroyl-substituted 1,2,3-
triazoles. Pocar and his collaborators have used their enamine method in
both acetyl and benzoyl cases with good results (Eq. 22).>**° An interesting
sidelight of this study was the smooth cleavage of a 1-(2,4-dinitrophenyl)
group with hydrazine (Eq. 23).*° Looker has shown a similar acid cleavage
with a 1-cycloheptatrienyl group (Eq. 24).'° Under these conditions the 4-
formyl-1,2,3-triazole analog cited earlier in this chapter did not cleave.'’

R R’
R R’ \} (
N / =
C=C + AN; — N N__ (22)
H/ \Y N° SAr

Ar=4-CiPh, 2,4-(NO,),Ph Y =NMe,, NMePh, 4-morpholinyi
R =Ac, PACO  R'=H, Me, Ph, Me,CHCH,
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C Me Me
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PN Ph \—(
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N. N

N=0
N=0

58%
O O
Lol
Ph”” N—( Ph
-Ha, N N (24)
[2H) NF
H
100%

Another example of this potentially important method of cleavage under
mild conditions has been reported (Eq. 25).>° Two early reactions that may
deserve further study involve the tricarbonyl derivative §.1-17 cyclization
and the heterocyclic (5.1-18) rearrangement, both shown to proceed in good
yield (Egs. 26, 27).*!

The addition of azide ions to sulfonic acid salts produces good yields of 4-
aroyl-1,2,3-triazoles (5.1-19) (Egs. 28, 29).>>*? Zbiral and his collaborators

0 0
OAc a &
Me N, Ph” N—( “Ph
PhCOC=CCOPh + . NN base |
Me Me Ar
OAc 86%
(Al’Ng) O O
il Ji
C C
ph” N\ Ph
N§N/N\ (25)
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WOH
PhCOC._ /Me
Me \Ph Ac0 80%
5.1-17 ﬁ
A m
PR
PhN=N Me Cu or sand
Ph
/ \ 70%
Ph ON
5-1'18
ArCOCH=CHSO;*'M + Na*~N, @0, ) o
(2) HCl “
Ar =Ph 4-MeOPh 4-CIPh 4-BrPh /C
M* =K K NMe, NMe, Ar N
% 5.1-19 =71 96 78 66 > N
HCONMe: QN/ ™~
ArCOCH(SO3"Na); + Na""N; ——= 5.1-19
Ar =Ph 4-MeOPh 4-CIPh 4-BrPh
% §.1-19=70 71 53 65 J

(26)

(27)

(28)

(29

have studied a large number of reactions involving the addition of azide ions
to a-keto triphenylphosphonium compounds (Egs. 30, 31).>*** Although
the yields vary from poor to excellent, these methods are of genuine

importance in the synthesis of a broad range of acyl-1,2,3-triazoles.

The heterocyclic azide mentioned earlier (5.1-13) also reacts with diben-
zoylmethane, and the isomeric products have been separated (Eq. 32).%

i
Ph,P* c\
Ph,P*CH=CHCOR +Na*~N; —— N:\ Q/N: —
7
R =Me Et n-Pr i-Pr Ph C

% 5.1-20=81 70 74 95 30 R/

Ny N

5.1'20

H (30)
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i
C R?
Ph3p+\ Rl/ —
. z + -
o C=CHR® + Na*"N; —— k\N’N\H (31)
5.1-21
R =i-Pr t-Bu c¢-CgH,, c¢-C;Hy i-Pr c-C¢H,,
R? =Et Et Et Et H H
% 5.1-21 = 30 41 15 50 25 28
O/\UJ/ + PhCOCH,COPh £
(ArNg)
51-13 0O o
| Il
Me Cl‘ C Me
~ /N (32)
N” Sar
2 pts. 1pt

(56% total)

Essentially quantitative yields of 4-benzoyl-1,2,3-triazoles have been ob-
tained from two reactions that certainly deserve further study (Egs.
33,34).%37 Several examples illustrating high yields of 4-acyl- and 4-aroyl-
1,2,3-triazoles are based on the triazolecarboxylic acid derivatives (e.g., Eqgs.
36 to 37).**

0
I
e
P =
1>hco$r~x2 + PhNH, oA, Ny )ﬂ\Ph (33)
CHO 97%
i i
C Me C Me
P N—( P N—(
N, N + EtBr 220, N ] (34)
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0o
g
~
Ph _
Ny N (35)
AN ~
CeHs/AICly N Ph
Y=Q
T 9 9
C & C
~ ~ - Ac
Y = Y EtO,CCH, )= N,
N, N EOAdNs, N_ N HO0, N N_ (36)
B Y = OEt o
N Npy, N “pp SN Spp
PhCOMe/Na
YM (“)
o
1P
W pp 7
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TABLE 5. ACYL-1,2,3-TRIAZOLES

Compound

Reference

-4-acetaldehyde, 2-(4-bromophenyl)-5-formyl-

1-(4-acetamido-2,3-dihydro-3-oxo-2-phenyl-4-pyrida-
zinyl)-4-acetyl-5-methyl-

1-acetyl-

2-acetyl-

4-acetyl-

4-acetyl-1-(4-amino-3-oxo-2-phenyl-2 H-pyridazin-
5-yl)-5-methyl-

4-acetyl-1-(4-azido-3-oxo-2-phenyl-2 H-pyridazin-
5-yl)-5-methyl-

4-acetyl-1-[4-(benzylamino)-3-oxo0-2-phenyl-2H-
pyridazin-5-ylJ-5-methyl-

4-acetyl-1-[4-bromo-2-(2-cyanoethyl)-3-0x0-3H-
pyridazin-5-yl]-5-methyl-

4-acetyl-1-[4-bromo-2-(2-hydroxyethyl)-3-oxo-2H-
pyridazin-5-yl}-5-methyl-

4-acetyl-1-(4-bromo- 1-methyl-3-oxo-2 H-pyridazin-
5-y1)-5-methyl-

4-acetyl-1-(4-bromo-3-oxo-2-phenyl-2 H-pyridazin-
5-yl}-5-methyl-

4-acetyl-1-(4-bromophenyl)-5-methyl-

4-acetyl-2-(4-bromophenyl)- 5-methyl-

1-acetyl-4-butyl-

1-acetyl-5-butyl-

2-acetyl-4-butyl-

4-acetyl-1-[4-(butylamino) -3-0x0-2-phenyl-2H-
pyridazin-5-y1}-5-methyl-

4-acetyl-1-(4-chloro-3-oxo-2-phenyl-2H-pyridazin-
5-yl)-S-methyl-

4-acetyl-2-(2-chlorophenyl)-5-methyl-, oxime

4-acetyl-1-(4-chlorophenyl)-5-methyl-

4-acetyl-2-(4-chlorophenyl)-5-methyl-

4-acetyl-2-(4-cyanophenyl)-5-methyl-

1-acetyl-5-cyclobutyl-4-propyl-

4-acetyl-1-[4-(cyclohexylamino)-3-oxo-2-phenyl-2H-
pyridazin-5-yl}-5-methyl-

4-acetyl-1-(3,7-dibromo-2-hydroxy- 1-0x0-2,4,6-
cycloheptatrien-5-yl)-5-methyl-

4-acetyl-1-[4-(diethylamino)-3-oxo-2-phenyl-2H-
pyridazin-5-yl}-5-methyl-

I-acetyl-4,5-dimethyl-

2-acetyl-4,5-dimethyl-

4-acetyl-1-(3,5-dimethyl-4-isoxazolyl)-5-methyl-

4-acetyl-1-(3,5-dimethyl-4-isoxazolyl)-5-methyl-,
(2,4-dinitrophenyl) hydrazone

4-acetyl-1,5-diphenyl-

5-acetyl-1,4-diphenyl-

1-acetyl-4,5-dipropyl-
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76: 4098¢
78: 16120k

54: 4547d, 68: 13061z
65: 15414g, 68: 13061z
65: 5454h, 70: 96727m
78: 16120k

78: 16120k

78: 16120k

76: 153691v

76: 153691v

76: 153691v

73: 77172x, 76: 153691v

75: 109587w
63: P11574f
68: 13061z
68: 13061z
68: 130612z
78: 16120k

78: 136200h

82: P126614q
75: 109587w
79: P18724e
84: P181615g
71: 112865h
78: 16120k

76: 140726k
78: 16120k

54: 45476, 65: 15414g
68: 130612

65: 15414, 68: 13061z

§7: 5911g

57: 5911g

76: 59538d
76: 59538d
71: 112865h



TABLE 5 (Continued)

Compound

Reference

4-acetyl-1-(3-ethyl-2-methyl-2-phenylbenzimidazolio-
5-yl)-4-methyl-, iodide
4-acetyl-1-{4-[(2-hydroxyethyl)amino}-3-oxo-2-phenyl-
2H-pyridazin-5-yl]-5-methyl-
4-acetyl-5-(3-hydroxy-4-methoxyphenyl)-
4-acetyl-1-(4-hydroxy-3-oxo-2-phenyl-2 H-pyridazin-5-
yb)-5-methyl-
4-acetyl-1-[4-[(3-hydroxyphenyl)amino}-3-oxo-2-phenyl-
2H-pyridazin-5-yl}-5-methyl-
4-acetyl-2-(4-methoxyphenyl)-5-methyl-
1-acetyl-4-methyl-
1-acetyl-5-methyl-
2-acetyl-4-methyl-
4-acetyl-1-imidazof 1,2-b]pyridazin-6-yl-5-methyl-
4-acetyl-1-imidazo[1,2-b]pyridazin-6-yl-5-methyl-,
hydrazone
4-acetyl-1-imidazo[1,2-blJpyridazin-6-yl-5-methyl-,
phenylhydrazone
1-acetyl-5-isopropyl-4-methyl-
4-acetyl-1-(2-methoxy-1-oxo-2,4,6-cycloheptatrien-
5-y})-5-methyl-
4-acetyl-5-(4-methoxyphenyl)-
4-acetyl-1-[4-[(4-methoxyphenyl)amino]-3-oxo0-2-
phenyl-2H-pyridazin-5-yl}-5-methyl-
4-acetyl-2-(2-methoxyphenyl)-5-methyl-
4-acetyl-5-methyl-
4-acetyl-5-methyl- 1-[4-[(1-methylethyl)amino}-3-oxo-
2-phenyl-2H-pyridazin-5-yl]-
4-acetyl-5-methyl-2-(4-methylphenyl)-
4-acetyl-5-methyl-2-(4-methylphenyl)-, phenylhydrazone
4-acetyl-5-methyl-1-(2-methyl-1-phenyl-5-benz-
imidazolyl)-
4-acetyl-5-methyl- 1-[4-(4-morpholinyl}-3-oxo0-2-
phenyl-2H-pyridazin-5-yl}-
4-acetyl-5-methyl-1-[3-0x0-2-phenyli-4-(1-piperi-
dinyl)-2H-pyridazin-5-yl}-
4-acetyl-5-methyl-1-(4-oxo-4 H-pyrido[ 1,2-a }pyrimi-
din-2-yl)-
4-acetyl-5-methyl- 1-phenyl-
4-acetyl-5-methyl-2-phenyl-
4-acetyl-5-methyl-2-phenyl-, (2,4-dinitrophenyl)
hydrazone
4-acetyl-5-methyl-2-phenyl-, (4-nitrophenyl}hydrazone
4-acetyl-5-methyl-2-phenyi-, oxime
4-acetyl-5-methyl-1-{4-(phenylamino)-3-oxo-2-
phenyl-2H-pyridazin-5-yl]-
4-acetyl-5-methyl-1-tetrazolo{ 5,1-aJphthalazin-6-yl-
4-acetyl-5-methyl-1-tetrazolo[1,5-b]pyridazin-6-yl-
4-acetyl-5-methyl-1-(1,2,4-triazolo[ 1,5- b]pyridazin-
6-yl)-
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74: 48048b
78: 16120k

80: 3439n
78: 16120k

78: 16120k

84: P181615g

84: 45471, 68: 13061z
68: 13061z, 74: 763752
68: 13061z, 74: 76375z
82: 16745a

82: 16745a

82: 16745a

71: 112865h
69: P67394z

80: 3439n
78: 16120k

77: P7313¢c, 79: P18724e
36: 771°, 75: 489912
78: 16120k

78: 16102f
78: 16102f
74: 48048b

78: 16120k

78: 16120k

83: 9958¢q

37: 5405°, 80: 47912r
68: 2862k

37: 5405%, 65: 5454h
78: 16102f

68: 2862k

78: 16120k

80: 82860u

82: 16745a
82: 31304z



TABLE 5 (Continued)

Compound

Reference

4-acetyl-5-methyl-1-(1,2,4-triazolo[4,3- b ]pyridazin-
6-yh)-

4-acetyl-5-methyl-1-(1,2,4-triazolo[4,3-b]pyridazin-
6-yl)-, hydrazone

N-acetyl-4 (or 5)-{2-(5-nitro-2-furanyl)ethenyl]-

4-acetyl-1-(2-nitrophenyl)-5-phenyl-

4-acetyl-1-(4-nitrophenyl)-5-phenyl-

4-[4-(acetyloxy)-2-hydroxybenzoy!]-5-methyl-2-phenyl-

1-acetyl-4-(1,3-pentadienyl)-5-propyl-

1-acetyl-4-phenyl-

2-acetyl-4-phenyl-

4-acetyl-1-phenyl-

4-acetyl-1-phenyl-, (2,4-dinitrophenyl)hydrazone

4-acetyl-5-phenyl-

S-acetyl-1-phenyl-

4(or 5)-acetyl-1-phenyl-5(or 4)-(trimethylsilyl)-

1-acetyl-4-propenyl-5-propyl-

1-acetyl-4-propyl-

1-acetyl-5-propyl-

2-acetyl-4-propyl-

4-acetyl-1-(4-ox0-4 H-pyrido[1,2-a Jpyrimidin-2-yl)-
S-phenyl-

4-[N-(4-aminophenyl)formimidoyl}-2-phenyl-

1-benzoyl-

4-benzoyl-

4-benzoylacetyl-1-phenyl-

4-benzoyl-1-(4-bromophenyl)-5-methyl-

4-benzoyl-1-(4-bromo-3-oxo-2-phenyl-2 H-pyridazin-
S-yl)-5-phenyl-

4-benzoyl-1-(4-chlorophenyl})-5-methyl-

4-benzoyl-1-(4-chloro-3-oxo-2-phenyl-2 H-pyridazin-
S-yl-methyl-

4-benzoyl-1-(4-chloro-3-oxo-2-phenyl-2 H-pyridazin-
5-yl)-5-phenyl-

4-benzoyl-2-(4-chlorophenyl)-5-methyl-

4-benzoyl-1-(2,6-dimethylphenyl)-

1-benzoyl-4,5-diphenyl-

4-benzoyl-1,5-diphenyl-

5-benzoyl-1,4-diphenyl-

5-benzoyl-1,4-diphenyl-, hydrazone

4-benzoyl-1,5-diphenyl-

1-benzoyl-4,5-diphenyl-

4-benzoyl-1-(2-ethoxy-1-ox0-2,4,6-cycloheptatrien-
5-yb)-5-phenyl-

4-benzoyl-1-ethyl-5-methyl-

4-benzoyl-1-(7-hydroxy- 1-ox0-2,4,6-cycloheptatrien-
4-yh)-5-phenyl-

4-benzoyl-1-imidazof 1,2-b]pyridazin-6-yl-5-methyl-

1-benzoyl-5-methyl-
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82: 16745a
82: 16745a

77: 101470y
58: 12560d
88: 12560d
76: 114090d
71: 112865h

63: 16338e, 68: 13061z
58: 8394b, 68: 13061z

37: 5405
37: 5405'
80: 3439n
67: 100071a
60: 5538a
71: 112865h
68: 31061z
68: 13061z
68: 130612
83: 9958q

64: 8276b
51: 14698b

61: 14664h, 67: 32420m

77: 126519j
37: 54052
75: 109587w
76: 153691y

78: 109587w
78: 136200h

78: 136200h

63: P11574f
79: 104890n
8§6: 1388h
64: 5077a
80: 145179b
80: 145179
81: 3850k
75: 62695n
79: 5300p

82: 171481e
76: 140726k

82: 16745a
76: 25192w



TABLE 5 (Continued)

Compound

Reference

2-benzoyl-4-methyl-
4-benzoyl-5-methyl-

4-benzoyl-5-methyl- 1-(2-nitrophenyl)-

4-benzoyl-5-methyl- 1-(4-nitrophenyl)-

4-benzoyl-S-methyl-1-(4-oxo-4 H-pyrido[ 1,2-a]pyr-
imidin-2-yl)-

4-benzoyl-5-methyl-1-phenyl-

4-benzoyl-5-methyl-1-phenyl-, (2,4-dinitrophenyl)
hydrazone

4-benzoyl-5-methyl-2-phenyl-

4-benzoyl-5-methyl-2-phenyl-, (4-nitrophenyl)
hydrazone

4-benzoyl-5-methyl- 1-tetrazolo[5,1-a Jphthalazin-6-yl-

4-benzoyl-5-methyl-1-tetrazolo[ 1,5-b]pyridazin-6-yl-

4-benzoyl-5-methyl-1-(1,2,4-triazolo[4,3-b Jpyri-
dazin-6-yl)-

4-benzoyl-1-phenyl-

4-benzoyl-1-phenyl-, (2,4-dinitrophenyhhydrazone
1-benzoyl-5-phenyl-
2-benzoyl-4-phenyl-
4-benzoyl-5-phenyl-1-tetrazolof5, 1-a Jphthalazin-6-yl-
2-benzoyl-2-phenyl-4-(triphenylphosphonio)-, chloride
4,5-bis(1-ox0-3-phenyl-2-propynyl)-1-phenyl-
4-(bromoacety!)-2-(4-cyanophenyl)-5-methyl-
4-(bromoacetyl)-2-(4-methoxyphenyl}-5-methyl-
4-(bromoacetyl)-5-methyl-2-phenyl-
4-(4-bromobenzoyl)-
4-[N-(3-bromo-4-chlorophenyl)formimidoyi]-2-phenyl-
4-[ N-(4-bromophenyl)formimidoyl]-2-phenyl-
2-(4-bromophenyl)-5-methyl-4-{3-(1-piperidinyl)- 1-
oxopropyl}-
-1-butanoic acid, a(or B)-dodecenyl-a-oxo-
-1-butanoic acid, a(or B)-isooctadecyl-a-oxo-
2-(4-butyiphenyl)-4-(2,4-dihydroxybenzoyl)-
2-(4-butylphenyl)-4-[4-(hexyloxy)-2-hydroxybenzoyl}-
2-(4-butylphenyl)-4-(2-hydroxy-4-methoxybenzoyl)-
2-(4-butylphenyl)-4-{2-hydroxy-4-(3-methylbutoxy)
benzoyl]-
2-(4-butylpheny!)-4-{2-hydroxy-4-[(2-methyi-2-
propenyl)oxyJbenzoyl}-
2-(4-butylphenyl)-4-[2-hydroxy-4-(octadecyloxy)
benzoyl]-
2-(4-butylphenyl)-4-[2-hydroxy-4-(octyloxy)benzoyl)-
2-(4-butylphenyl)-4-[2-hydroxy-4-(1-oxopropoxy)
benzoyl}-
4-[4-[4-(tert-butylphenyl)methoxy]benzoyl]-2-phenyl-
4-[4-[4-(tert-butylphenyl)methoxy]-2-hydroxybenzoyl]
-2-phenyl-
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76: 25192w, 79: 31992k

61: 5633b, 75: 48991z
82: 171481e

§8: 12560¢

58: 12560c

83: 9958q

37: 5405°
37: 5405°

22: 2945%, 22: 29462
22: 29467

80: 82860u
82: 16745a
82: 16745a

37: 5404°, 67: 43759,
79: 104890n

37: 5404°

76: 25192w

76: 25192w, 79: 31992k

80: 82860u

79: 66254y

82: 140029;, 83: 192890y

84: P181615g

84: P181615g

84: P181615g

77: 126519j

64: 8276b

64: 8276b

79: P18725¢

78: P113645t
78: P113645t
76: 114090d
76: 114090d
76: 114090d
76: 1140904

76: 114090d
78: P137370a

76: 114090d
76: 114090d

78: P137370a
76: 114090d



TABLE 5 (Continued)

Compound Reference
-4-carboxaldehyde, 37: 1192, 43: 6620f,
80: 108452q
-4-carboxaldehyde, thiosemicarbazone 65: 7121e, 81: 33139¢
-4-carboxaldehyde, 2-[4-(2-benzoxazolyl)phenyl]- 82: P17894k
S-methyl-
-4-carboxaldehyde, 1-benzyl- 50: 4129¢
-4-carboxaldehyde, 1-benzyl-, (2.4-dinitrophenyl) 50: 4129c¢
hydrazone
-4-carboxaldehyde, 2-(4-bromo-3-chlorophenyl)- 60: 643h
-4-carboxaldehyde, 2-methylphenyl- 59: 14095¢
-4-carboxaldehyde, 2-(4-bromo-3-methylphenyl)- 59: 14095e
-4-carboxaldehyde, 2-(3-bromophenyl)- 59: 14095¢
-4-carboxaldehyde, 2-(4-bromophenyl)- 59: 14095e, 66: 37841p
-4-carboxaldehyde, 2-(4-bromophenyl)-, phenylhydrazone 66: 37841p
-4-carboxaldehyde, 2-(4-bromophenyl)-5-methyl- 66: 37841p
-4-carboxaldehyde, 2-(4-bromophenyl)-S-methyl-, 66: 37841p
phenylhydrazone
-4-carboxaldehyde, 2-(4-carboxyphenyl)- 79: P66367n
-4-carboxaldehyde, 2-(4-chloro-3-methylphenyl)- 59: 14095e
-4-carboxaldehyde, 2-(4-chlorophenyl)-5-methyl- 84: P166274b
-4-carboxaldehyde, 2-(4-chloro-3-nitrophenyl)- 59: 14095¢
-4-carboxaldehyde, 2-(3-chlorophenyl)- 59: 10495d
-4-carboxaldehyde, 2-(4-chlorophenyl)- 59: 14095e
-4-carboxaldehyde, 2-(4-chlorophenyl)-, 84: P166274b
2-(chlorophenyl) anil
-4-carboxaldehyde, 2-(4-chlorophenyl)-5-methyl-, 84: P166274b
4-(chlorophenyl) anil
-4-carboxaldehyde, 2-(4-chlorophenyl)-5-phenyi- 84: P166274b
-4-carboxaldehyde, 2-(4-chlorophenyl)-5-phenyl-, 84: P166274b
4-(chlorophenyl) anil
-4-carboxaldehyde, 2-(3-cyano-4-methylphenyl)- 84: P166272z
-4-carboxaldehyde, 2-(4-cyanophenyl)- 84: P1662722
-4-carboxaldehyde, 1-(2,4,6-cycloheptatrien-1-yl)- 62: 13138g
-4-carboxaldehyde, 2-(3,4-dibromophenyl)- 59: 14095e
-4-carboxaldehyde, 2-(3,4-dichlorophenyl)- 63: 1850n
-4-carboxaldehyde, 2-(2,5-dimethylphenyl)- 63: 1850h
-4-carboxaldehyde, 2-(3,4-dimethylphenyl)- 60: 643h
-4-carboxaldehyde, 1,5-diphenyl- 45: 9037h
-4-carboxaldehyde, 1,5-diphenyl-, hydrazone 68: 78204t
-4-carboxaldehyde, 1,5-diphenyl-, (4-methylphenyl- 68: 78204t
sulfo)hydrazone
-4-carboxaldehyde, 1,5-diphenyl-, oxime 45: 9037h
-4-carboxaldehyde, 1,5-diphenyl-, thiosemicarbazone 47: 7471
-4-carboxaldehyde, 2,5-diphenyl- 84: P166274b
-4-carboxaldehyde, 2,5-diphenyl-, 4-(chlorophenyl) anil 84: P166274b
-5-carboxaldehyde, 1,4-diphenyl- 45: 9037h
-5-carboxaldehyde, 1,4-diphenyl-, hydrazone 68: 782041, 80: 145179b
-5-carboxaldehyde, 1.4-diphenyl-, (4-methylphenyl- 68: 78204t
sulfo)hydrazone
-5-carboxaldehyde, 1,4-diphenyl-, oxime 45: 9037h
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TABLE 5 (Continued)

Compound

Reference

-5-carboxaldehyde, 1,4-diphenyl-, thiosemicarbazone

-4-carboxaldehyde, 2-(4-ethylphenyl)-

-4-carboxaldehyde, 2-(2-fluorophenyl)-

-4-carboxaldehyde, 2-(3-fluorophenyl)-

-4-carboxaldehyde, 2-(4-fluorophenyl)-

-4-carboxaldehyde, 2-(4-formylphenyl}-

-4-carboxaldehyde, 2-(3-methoxyphenyl)-

-4-carboxaldehyde, 2-(4-methoxyphenyl)-

-4-carboxaldehyde, 2-(4-methoxyphenyl)-, 2-(chloro-
phenyl) anil

-4-carboxaldehyde, 2-(4-methoxyphenyl)-, oxime

-4-carboxaldehyde, 1-methyl-

-4-carboxaldehyde, 2-[3,4-(methylenedioxy)phenyl]-

-4-carboxaldehyde, 2-(4-methyl-3-nitrophenyl)-

-4-carboxaldehyde, 5-methyl-2-(4-nitrophenyl)-,
phenylhydrazone

-4-carboxaldehyde, 2-(3-methylphenyl)-

-4-carboxaldehyde, 2-(4-methylphenyl)-

-4-carboxaldehyde, 5-methyl-2-phenyl-

-4-carboxaldehyde, 5-methyl-2-phenyl-,
4-(chlorophenyl) anil

-4-carboxaldehyde, 5-methyl-2-phenyl-, phenyl-
hydrazone

-4-carboxaldehyde, 5-methyl-2-(4-sulfophenyl)-,
sodium salt

-4-carboxaldehyde, 2-(4-nitrophenyl)-

-4-carboxaldehyde, 2-(4-nitrophenyl)-, (2,4-dinitro-
phenyl)hydrazone

-4-carboxaldehyde, 2-(4-nitrophenyl)-, phenyl-
hydrazone

-4-carboxaldehyde, 2-(3-oxo-1-phenyl-1-propenyt)-
S-phenyl-, (E)-

-4-carboxaldehyde, 2-(3-oxo-1-phenyl-1-propenyl)-
5-phenyl, (Z)-

-4-carboxaldehyde, 1-phenyl-

-4-carboxaldehyde, 1-phenyl-, (2,4-dinitropheny!)
hydrazone
-4-carboxaldehyde, 2-phenyl-

-4-carboxaldehyde, 2-phenyl-, 2-azine with 2,4-
dioxo-5-thiazolidineactic acid

-4-carboxaldehyde, 2-phenyl-, hydrazone

-4-carboxaldehyde, 2-phenyl-, (methylphenyl)hydrazone

-4-carboxaldehyde, 2-phenyl-, (4-nitrophenyl}hydrazone

-4-carboxaldehyde, 2-phenyl-, oxime

-4-carboxaldehyde, 2-phenyl-, phenyl anil
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47: 7477i

60: 643h

80: 48283y
59: 14095d
§9: 14095d
83: P61732a
60: 643h

84: P166274b
84: P166274b

84: P166274b

42: 2599g, 67: 16500g
63: 1850h

60: 643h

66: 37841p

60: 643h

60: 643h, 63: 11540f
66: 37841p

84: P166274b

66: 37841p
81: P51142c

48: 5805c¢
64: 8276b

64: 8276b
80: 108451p
80: 108451p

37: 1192, 48: 9038b,
49: 6241h, 79: 136425¢
84: 180505i

75: 88891y

38: 3622%, 41: 3766a,
41: 4459f, 41: 5860c,
48: 2608a, 48: 5805b,
64: 8276b, 67: 32382a

T70: 76696x, T70: 96686x

64: 8276b

57: 3546f, 64: 8276b
49: 13901d, 64: 8276b
64: 8276b

78: P85943t



TABLE § (Continued)

Compound

Reference

-4-carboxaldehyde, 2-phenyl-, phenylhydrazone

-4-carboxaldehyde, 2-phenyl-, thiosemicarbazone

-4-carboxaldehyde, 2-phenyl-, (4,5,6,7-tetrahydro-
2-benzothiazolyl) hydrazone

-4-carboxaldehyde, 2-phenyl-, thiosemicarbazone

-4-carboxaldehyde, 5-phenyl-

-4-carboxaldehyde, 5-phenyl-, thiosemicarbazone
-5-carboxaldehyde, 1-phenyl-

-4-carboxaldehyde, 2-(4-sulfamoylphenyl)-
-4-carboxaldehyde, 2-(3-sulfophenyl)-
-4-carboxaldehyde, 2-(4-sulfophenyl)-, sodium salt
4-(4-chlorobenzoyl)-

4-(4-chlorobenzoyl)- 1,5-diphenyl-
5-(4-chlorobenzoyl)-1,4-diphenyl-
1-(4-chlorobenzoyl)-5-methyl-
2-(4-chlorobenzoyl)-4-methyl-
1-(4-chlorobenzoyl)-5-(4-nitrophenyl)-
2-(4-chlorobenzoyl)-4-(4-nitrophenyl)-
1-(4-chiorobenzoyl)-5-phenyl-
2-(4-chlorobenzoyl)-4-phenyl-
4-(2-chloro- N-fluoroacetimidoyl)-
4-[N-(2-chlorophenyl)formimidoyl]-2-phenyl-
4-[N-(3-chlorophenylhformimidoyl}-2-phenyl-
2-(4-chlorophenyl)-5-methyl-4-[3-(4-morpholinyl)-
1-oxopropyl]-
2-(4-chlorophenyl)-5-methyl-4-[3-(4-morpholinyl)-
1-oxopropyl]-, hydrochloride
2-(3-chlorophenyl)-5-methyl-4-[ 1-oxo0-3-(1-piperi-
dinyl)propyl]-

2-(x-chloro-y-sulfophenyl)-4-formyl-, sodium salt (?)

2-(3-cyano-4-methylphenyl)-4-formyl-
2-(4-cyanophenyl)-4-formyl-
4-cyclohexyloxomethyl-
4-cyclohexyloxomethyl-5-ethyl-
4-cyclopropyloxomethyl-4-ethyl-
4-[4-(decyloxy)-2-hydroxybenzoyl}-2-phenyl-

4-[1-[2-(1,2-dicarbadodecaboran(12)-1-yl)Jethanoyi]-

1-phenyl-
4,5-dibenzoyl-

4,5-dibenzoyl-1-(2,4,6-cycloheptatrien-1-yl)-
4,5-dibenzoyl-1-(5H-dibenzo[a,d Jcyclohepten-5-yl)-

4,5-dibenzoyl-1-(10,11-dihydro-5 H-dibenzo[ a,d Jcyclo-

hepten-5-yl)-
-4,5-dicarboxaldehyde, 1-benzyl-
-4,5-dicarboxaldehyde, 1-benzyl-, bis(diethyl acetal)
-4,5-dicarboxaldehyde, 2-(4-bromophenyl)-
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49: 12451g, 57: 3546g
64: 8276b

50: 362f

70: 76696x, 70: 96685x

70: 76696x

45: 90371, 80: 108451p,
80: 108452q

47: 7477:

45: 9038b, 84: 180505j

79: P66367n

80: P16460n

79: P106146y

64: 17579a, 64: 17581f,
77: 126519j

81: 3850k

81: 3850k

76: 25192w, 79: 31992k

76: 25192w, 79: 31992k

76: 25192w

76: 25192w, 79: 31992k

76: 25192w

76: 25192w, 79: 31992k

74: 111499

64;: 8276h

64: 8276h

79: P18724e, 79: P18725f

79: P18724¢
79: P126505t

79: P106146y
79: 78518a
79: P66367n
71: 91581v
71: 91581v
71: 91581v
76: 114090d
71: 39048n

62: 13138h, 64: 14184h,
80: 82858z

62: 13138h

74: P53342x

77: P95371y

38: 1743}
38: 1743!
76: 4098¢



TABLE 5 (Continued)

Compound

Reference

-4,5-dicarboxaldehyde, 2-(4-bromophenyl)-,
bis(phenylhydrazone)

-4,5-dicarboxaldehyde, 1-dodecyl-

-4,5-dicarboxaldehyde, 1-dodecyl-, bis(diethyl acetal)

-4,5-dicarboxaldehyde, 1-hexyl-

-4,5-dicarboxaldehyde, 1-hexyl-, bis(diethyl acetal)

-4,5-dicarboxaldehyde, 1-phenyl-

-4,5-dicarboxaldehyde, 1-phenyl- bis(diethyl acetal)
-4,5-dicarboxaldehyde, 2-phenyl-
-4,5-dicarboxaldehyde, 2-phenyl-, bis(2,4-dinitro-
phenyl)hydrazone
1-(3,4-dichlorobenzoyl)-5-methyl-
1-(3,4-dichlorobenzoyl)-5-phenyl-

2-(3,4-dichlorobenzoyl)-4-methyl-
2-(3,4-dichlorobenzoyl)-4-phenyl-
2-(2,4-dichlorophenyl)-4-(2,4-dihydroxybenzoyt)-
2-(2,5-dichlorophenyl}-4-(2-hydroxy-4-methoxy-
benzoyl)-
2-(2,5-dichlorophenyl)-4-[2-hydroxy-4-(octadecyloxy)
benzoyl]-
4-[3-(diethylamino)- 1-0x0-3-phenyl-2-propenyl]-
S-phenyl-
4-(2,4-dihydroxybenzoyl)-2,5-diphenyl-
4-(2,4-dihydroxybenzoyl)-2-(2-hydroxyphenyl)-
4-(2,4-dihydroxybenzoyl)-2-(2-hydroxyphenyl)-5-methyl-
4-(2,4-dihydroxybenzoyl)-5-methyl-2-phenyl-
4-[3-(dimethylamino)- 1-oxopropyl]-5-methyl-2-
(4-methylphenyl)-, hydrochloride
4-[3-(dimethylamino)- 1-oxopropyl}-5-methyl-2-phenyl-
4-[3-(dimethylamino)- 1-oxopropyi}-5-methyl-2-
phenyl-, monohydrochloride
4,5-dimethyl-1-(3-nitrobenzoyl)-

4,5-dimethyl-2-(3-nitrobenzoyl)-

4-(2,2-dimethyl-1-oxopropyl})-5-ethyl-
4-(2,2-dimethyl-1-oxopropyl)- 1-phenyl-
1,4-diphenyl-5-(4-methoxybenzoyl)-
1,5-diphenyl-4-(4-methoxybenzoyl)-
2,5-dipheny}-4-(4-ethoxy-2-hydroxybenzoyl)-
2,5-diphenyl-4-(2-hydroxy-4-methoxybenzoyl)-
2,5-diphenyl-4-[2-hydroxy-4-(octadecyloxy)benzoyl]-
4-{4-(dodecyloxy)-2-hydroxybenzoyl]-2-(3-methoxy-
phenyl)-
4-[4-(dodecyloxy)-2-hydroxybenzoyl]}-5-methyl-2-phenyl-
S-ethyl-4-(2-methyl-1-oxopropyl)-
4-[N-(3-fluorophenyl)formimodoyl]-2-phenyl-
4-formyl-5-methyl-2-(sulfophenyl)-, sodium salt (?)
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76: 4098e

38: 17432
38: 17432
38: 17432
38: 17432
38: 1742°, 80: 108454s,
82: 140029j
38: 1742°
55: 13413f
§5: 13413f

76: 25192w

64: 19597a, 76: 25192w,
79: 31992k

76: 25192w, 79: 31992k

76: 25192w, 79: 31992k

76: 114090d

76: 114090d

76: 114090d
80: 108452q

76: 114090d
76: 114090d
76: 114090d
76: 114090d
79: P18724¢

79: P126505t
75: 62010k

74: 76375z, 76: 25192w,
79: 31992k

74: 76375z, 76: 25192w,
79: 31992k

71: 91581v

80: 47912r

81: 3850k

81: 3850k

76: 114090d

76: 114090d

76: 114090d

76: 114090d

76: 114090d
71: 91581v
64: 8276b
81: P65249¢



TABLE 5 (Continued)

Compound Reference

4-formyl-2-(sulfophenyl)-(?) 81: P65249e

-4-glycolaldehyde, 2-phenyl-, (4-nitrophenyl) 49: 13901d
hydrazone

-4-glyoxylanilide, 1-phenyl-, oxime 24: 592°

5-heptadecyl-2-(2-hydroxyphenyl)-5-(2-hydroxy- 76: 114090d
4-methoxybenzoyl)-

4-[4-(hexadecyloxy)-2-hydroxybenzoyl]-2-(2-hydroxy- 76: 114090d
phenyl)-5-methyl-

4-(2-hydroxy-4-methoxybenzoyl)-2-(2-hydroxyphenyl)- 76: 114090d

4-(2-hydroxy-4-methoxybenzoyl)-2-(2-hydroxyphenyl)- 76: 114090d
5-methyl-
4-(2-hydroxy-4-methoxybenzoyl)-2-(3-methoxyphenyl)- 76: 114090d

4-(2-hydroxy-4-methoxybenzoyl)-5-methyl-2-phenyl- 76: 114090d
4-(2-hydroxy-4-methoxybenzoyl)-2-phenyl- 76: 114090d
4-[{2-hydroxy-4-(octadecanoyl)oxyJbenzoyl]-2- 76: 114090d
(2-hydroxyphenyl)-
4-[2-hydroxy-4-(octadecyloxy)benzoyl]}-5-methyl- 76: 1140904
2-phenyl-
4-[2-hydroxy-4-(octyloxy)benzoyl]-5-methyl-2-phenyl- 76: 114090d
4-[2-hydroxy-4-(octyloxy)benzoyl]-2-phenyl- 76: 114090d
2-(2-hydroxyphenyl!)-4-[2-hydroxy-4-(tetradecyloxy) 76: 114090d
benzoyi]-
4-(2-hydroxy-4-propoxybenzoyl)-2-phenyl- 76: 114090d
4-[N-(4-iodophenylformimodyl]-2-phenyl- 64: 8276b
4-(4-methoxybenzoyl)- 64: 17579a, 64: 17581f,
77: 126519
1-(4-methoxybenzoyl)-5-methyl- 74: 76375z, 76: 25192w,
79: 31992k
2-(4-methoxybenzoyl)-4-methyl- 74: 76375z, 76: 25192w,
79: 31992k
2-(4-methoxybenzoyl)-4-(4-nitrophenyl)- 74: 76375z
1-(4-methoxybenzoyl)-5-phenyl- 74: 76375z, 76: 25192w,
79: 31992k
2-(4-methoxybenzoyl)-4-phenyl- 74: 76375z, 76: 25192w,
79: 31992k
4-[N-(2-methoxyphenyl)formimidoyl}-2-phenyl- 64: 8276b
4-{N-(4-methoxyphenyl)formimidoyl}-2-phenyl- 64: 8276b

4-[3-[[2-(4-methoxyphenyl)- 1-methylethyljmethylamino}-  75: 62010k
1-oxopropyl]-5-methyl-2-phenyl-, monohydrochloride

2-(2-methoxyphenyl)-5-methyl-4-[ 1-0x0-3-(1-piperi- 79: P18724e
dinyl)propyl]-, hydrochloride

2-(4-methoxyphenyl)-5-methyl-4-[ 1-oxo-3-(1-piperi- 79: P126505t
dinyl)propyl}-, monohydrochloride

4-[1-[2-(2-methyl-1,2-dicarbadodecaboran(12)-1-yh)] 71: 39048n
ethanoyl}-1-phenyl-

5-methyl-4-[3-(4-morpholinyl)-1-oxopropyl]-2-phenyl-, 75: 62010k
monohydrochloride

4-methyl-2-(3-nitrobenzoyl)- 76: 25192w, 79: 31992k

4-methyl-2-(4-nitrobenzoyl)- 74: 76375z, 76: 25192w,

79: 31992k
151
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TABLE 5 (Continued)

Compound

Reference

5-methyl-1-(3-nitrobenzoyl)-
S-methyl-1-(4-nitrobenzoyl)-

5-methyl-2-(4-nitrophenyl)-4-[ 1-oxo-3-(1-piperidinyl)
propyl}-
5-methyl-2-(4-nitrophenyl)-4-[1-0x0-3-(1-piperidinyl)
propyl])-, monohydrochloride
5-methyl-4-(1-ox0-2-butynyl)-
5-methyl-4-[ 1-0x0-2-(1-piperidinyl)ethyl]-2-phenyl-
5-methyl-4-{1-ox0-3-(1-piperidinyl)propyl]-2-phenyl-
1-(2-methyl-1-oxo0-2-propenyl)-
4-[ N-(2-methylphenyl)formimidoyi]}-2-phenyl-
4-[N-(3-methylphenyl)formimidoyl]-2-phenyl-
4-[N-(4-methylphenyl)formimidoyl]-2-phenyi-
4-(N-naphthylformimidoyl)-2-phenyl-
1-(3-nitrobenzoyl)-5-(4-nitrophenyl)-
2-(3-nitrobenzoyl)-4-(4-nitrophenyl)-
1-(3-nitrobenzoyl)-5-phenyl-
1-(4-nitrobenzoyl)-5-phenyl-
2-(3-nitrobenzoyl)-4-phenyl-
2-(4-nitrobenzoyl)-4-phenyl-
4-[(5-nitro-2-furyl)oxomethyl]-1-phenyl-
4-[ N-(3-nitrophenyl)formimidoyl}-2-phenyl-
4-[N-(4-nitrophenyl)formimidoyl]-2-phenyl-
4-(1-oxobutyl)-
1-(1-ox0-2-propenyl)-
4-(1-oxopropyl)-

4-(1-oxo0-3-phenyl-3-phenylamino-2-propenyl)-5-phenyl-

4-(1-oxo-3-phenyl-2-propenyl)-5-phenyl-
4-(1-oxo-3-phenyl-2-propynyl)-5-phenyl-
2-phenyl-4-(N-phenylformimidoyt)-
-2-propanoic acid, 4-acetyl-5-phenyl-

-4-propanoic acid, 5-methyl-B-oxo-1-phenyl, ethyl ester

76: 25192w

74: 763752, 76: 25192w,
79: 31992k

79: P126505t

75: 62010k

80: 108452q

79: P18725¢f

79: P18724e, 79: P126505t
85: 47115m

64: 8276b

64: 8276b

64: 8276b

64: 8276b

76: 25192w

76: 25192w, 79: 31992k
76: 25192w

76: 25192w

76: 25192w, 79: 31992k
76: 25192w, 79: 31992k
78: 20354y

64: 8276b

64: 8276b

77: 126517g

85: 47115m

70: 96727m

80: 108452q

80: 108452q

80: 108452q

64: 8276b

85: P123926u

80: 47912«
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CHAPTER 6

Amino- and Amido-1,2,3-Triazoles

v-Triazoles containing amino-, amido-, or sulfonamido-substituents have
been studied extensively and a broad range of preparations attempted. Most
of these approaches have dealt with isolated examples; a few of the more
promising are illustrated here with the general thought that further study is
appropriate (Egs. 1 to 4).""° An unsymmetrical substrate has been shown to
provide some regiospecificity (Eq. 5).>” Products like 6.1-1 are hydrolyzed
under mild conditions to the amine.

The widely used addition of azides to acetylenes produces only fair yields
of amino-1,2,3-triazoles in the limited number of examples reported (Egs.

O,N Ph

NO, —
/ H HaNNH,H,0

PhCH=C\ + PhN; — Ny N

/ PO,
Br N Npy
H,N Ph
Ny, 1
NN W
93%
Ph N
‘el e
Noo N o PRNHN=NCH_  — Ny N )]
Ph oy CN N" “ph

/" W Tt

O,NCH=C + AIN; —s Ny N. N (3)
R N \Ar N \Ar
R=H, Ar=Ph good
61%
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R R R

N
C=NNHTs o, H @
C=NNHTs “#™ )
e s N" NNHTs
6.1-1

R =H Me Et n-Pr Ph
% 6.1-1=76 79 87 84 81

Ph Ph Me Me Ph
NC—NNHTs o Nut Nt
SonnTs Poemor NN NN )
/ NHTs NHTs
Me 3pts. 1 pt (72% total)
6.1-1

6,7).*° Product 6.1-2 can be hydrolyzed quantitatively to the 1H-1,2,3-
triazole. Replacing the amino group with an ethoxy group produced unsta-
ble products in both cases. A recent study of additions to organometallic
compounds shows promise in all but a few instances (Eq. 8).'°

Ph NMe,
PhC=CNMe, +PhN; — N, N (6)
N\
Ph
59%
Me NEt,
Et,NC=CMe +R,P(O)N; — N\\N,N\R )
PR,
R="Ph 49%
6.1-2
R! R!
N -NO;PAN,
NC=C *Li+R]MX —  NC=CMR} 2,
R? RZ/
R!=Me, Et, i-Pr, Ph R?=Ph R?=Me, Et, Ph
M =Si, Ge, Sn R!
s e
RM NQ
R? 8

« N
NN @Noz

50-75%



Amino- and Amido-1,2,3-Triazoles 159

A great deal of effort has been expended by Hauptmann’s laboratory in
the study of the oxidation of a,B-bishydrazones (6.1-3) with metal oxides,
but the yields are only fair (Eq. 9).!'"'* Comparable results have been
obtained by El Khadem and his collaborators in the similar oxidation of
osazone arylhydrazones.'* Recently, Alexandrou has reported the important
observation that bissemicarbazones react well with lead tetraacetate to
produce ureido-1,2,3-triazoles (6.1-4), which can be hydrolyzed to the
corresponding amines (Eq. 10).'> Although the yields are still not very high,
the method should receive further attention.

Ar\ Ar
C==NNH, HgO
‘ E N ©
C-—‘-—""NNHZ ? \
H/ 25-60% 2
601'3
r=Ph, 4-XPh, 4-RPh, 4-MeOPh, B-CoH,
R! R! R? R! R?
N
C=NNHCONH2 PH{OAC), ﬁ O HC ﬁ
—NNHCONH, WONL heat NN\
NHCNH NH
R 6.1-4 2 615
about 40% about 60%
R' = Me, Ph, 4-MePh, 4-BrPh
R?=H, Me, Ph (10

The reaction of carbodiimides with diazo compounds has not provided
exceptionally high yields of 1,2,3-triazoles, but the method may be im-
proved as some experiments suggest (Eq. 11).'® The S-amino isomer (Eq.
12)'7 and 1,2,3-triazoles without a nitrogen substituent (Eq. 13)'* have also
been reported.

_@>- _@Me + (Me3Sn)2CN2
Me,Sn

l
Me;Sn N—@- @
ng e, ﬁ W

96% 80%
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N=C=N

+ N,CH(CH,),CO,Me —

@ MH(CHZ)HCOZMC

Ny (12)
NO
n=1 2 3 4
% =40 43 27 45
Ar! NHAr?
Ar'N=C=NAr*+CH,N, =%, M (13)
N7\
H
6.1-6
Ar'! = Ar?=Ph 4-Me,NPh 4-MeOPh 4-MePh 4-CiPh 4-BrPh 4-AcPh
% 6.16=41 34 36 53 17 39 16

Ar'=4-MePh Ar’=Ph 17%

Perhaps the most intensively studied synthesis of amino-1,2,3-triazoles is
the base-catalyzed condensation of nitriles with azides and the following
rearrangement discovered by Dimroth (Eq. 14).'° Lieber and Rao have
made detailed studies of the relationship of cyclization to rearrangement and
have shown the optimum conditions for the isolation of 6.1-7 and 6.1-8.2%%!

N, Ph NH,
PhCH,CN + NeTToRe, M Deat,
O
NO,
6.1-7

Ph NH—@—NOz
>=§ 14
N (14)

H
6.1-8
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N-Substituent = Ph  2-MePh  3- or 4-MePh 2-, 3% or 4-CIPh  3-NO,Ph
% 6.1-7 = 99 59 91 95 51
% 6.1-8= 92 98 90 80-96 100
N-Substituent=  4-NO,Ph 4-MeOPh  4-BrPh  8-C,,H, PhCH, n-C(H,,
% 6.1-7 = 82 82 71 89 78° 98
% 6.1-8= 83 100 90 89 poor -
* K*~OBu-(/THF.

Several potentially important variants of this method have also been re-
ported; for example, L’abbé and his collaborators have prepared 1-vinyl-
1,2,3-triazoles without rearrangement (Eq. 15),% and Heep has investigated
the use of phosphonates with some success (Eq. 16).2

Ph NH,
PhCH,CN+N;CH,CHBu-t X295 N I K* OB
T Mg
1 CHz Bu-t
82.5%
Ph NH,

3\\—){ (15)

Bu-t
91%
Il
(EtO),PCH,CN+AIN; —
q
(EtO)z \f_g xl(oa)z (EIOL,P. _NHAr
Ne W—X « N (16)
N" “Ar \H

Ar= % %
Ph 76 —
4-CIPh 70 64
4.FPh 54 94
4-NOPPh 81 52

A single example of the application of perfluoro compounds suggests the
desirability of further study (Eq. 17).2*

The synthesis of 4,5-diamino-1,2,3-triazoles has been accomplished in
several steps of modest yield (Eq. 18).>°
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E F
/F
F.0=C(_ + PHCHN, — FN N \CFs O,
CF, CH,Ph
Me,N CF, E \[_(CE
Ny N + N¢ N (17)
N Ncmpn N Oomgen
53% 43%
i
EtO,C NH, H,NHNC NH,
‘e - T se
Y HiO NN
CH,Ph CH,Ph
i i
C NH, EtOCHN NH,
NI .
3 2
\\N /N\ -Eh% N\\N /N\ . E'OC:IE‘
CH,Ph CH,Ph
74% 52%
H,N NH,
N, N (18)
N Ncn,ph
5%

Many amino-1,2,3-triazoles have been converted in good yield to amido-
or sulfonamido- derivatives using standard (Schotten-Bauman) procedures,
but a few direct and potentially useful methods have also been reported. For
example, the oxidation of «,B-bisaroylhydrazones can produce either
amido- or imido- products (Egs. 19,20).2¢ Although the yield of 6.1-9 is
only fair and attempted extensions to other aroyl groups gave variable
yields,?” it was found that lead tetraacetate not only greatly improved the
yield but gave regiospecificity in the cases examined.?® The structure of
these products and ways of improving the yields are under study by
Alexandrou and his collaborators.
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Me\
=NNHCOPh
Me/
Me Me
U 0 (19)
Me Me N i
S=( 27 N Ny
Ny /N\ /02CPh 60%
N=C
Ph Me Me
6-1'9 bel[ —
40% I N N o (20)
N “N(Cph),

The photochemical cyclization of the dianion of «a,B-bistosylhydrazones
can produce an excellent yield of the corresponding sulfonamido-1,2,3-
triazole (Eq. 21), but the two examples reported show the great amount of
further investigation required to make the approach generally useful.*®

R R R
N -
C=NNTs

[ = NN (21)
_G=NNTs “N \NHTs

R R=Me 81%(Corex)
Ph  25%

0

A recent report of the addition of hydrazoic acid to azosulfonimines
shows great promise (Eq. 22).>° The same group has also conducted a
detailed study of the methylation of such sulfonamido compounds with
diazomethane (Eq. 23).*' The consistency of the data is remarkable. These
compounds were also acetylated in high yield.

Finally, an interesting rearrangement of an oxadiazole has been reported,
and the range of applicability of the reaction should be investigated (Eq.

24).32
/OR, F(NHSOZR
RSO,N=C + HN; — N N (22)
\CHNz N \H
80-90%

R =Me, Ph, 4-MePh, 4-BrPh, 4-NO,Ph
R’ = Me, Et
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N} N + Cl"lzNz —

N~ N\
H
v v v
ArSO,N ArSO,N ArSO,N
T\ 2R\ \f:}’
/N\N7N + N\N/N + N\\ A (23)
Me | M
Me
Ar % % %
Ph 15 54 30
4-MePh 16 60 22
4-BrPh J4 57, 29
4-NO,Ph 7 29
C N
/ N Phw HC
Ph 7 MeyOmO 7
N_ i N\N/N NO, (24)
hest
NO,
NO,
90%
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TABLE 6. AMINO- AND AMIDO-1,2,3-TRIAZOLES

Compound

Reference

4-acetamido-5-{(acetylamino)methyl}-1-methyl-

4-acetamido-5-{(acetylamino)methyl]-2-methyl-

1-acetamido-4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-,
tetraacetate ester

4-acetamido-1-benzyl-

5-acetamido-1-benzyl-

4-acetamido-2,5-diphenyl-

5-acetamido-1,4-diphenyl-

4-acetamido-2-(2-hydroxyphenyl)-

4-acetamidomethyl-1-benzyl-4-(a-ethoxyethylidene-
amino)-

4-acetamidomethyl- 1-benzyl-4-ethoxymethyleneamino-

4-acetamido-5-methyl-2-phenyl-

1-acetamido-4-phenyl-

4-acetamido-1-phenyl-

4-acetamido-5-phenyl-

4-[4-(acetamidophenyl)sulfonamido]-2-phenyl-

-4-acetic acid, 1-(1-naphthyl)-5-(1-naphthylamino)-,
methyl ester

5-[(4-acetylphenyl)amino]-1-(4-acetylphenyl)-

-1-amine

-3-amine

-4-amine

-4-amine, hydrochloride

-5-amine, 4-(acetamidomethyl)-1-benzyl-

-4-amine, 5-(acetamidomethyl)-1-methyl-

-5-amine, 4-(acetamidomethyl)-2-methyl-

-4-amine, 5-(aminomethyl)-2-methyl-

-5-amine, 4-(aminomethyl)-1-methyl-

-4-amine, 2-(4-aminophenyl)-5-methyl-

-5-amine, 1-(4-aminophenyl)-4-phenyl-

-4-amine, N-(4-aminophenyl)-S-phenyl-

-5-amine, 4-(7-amino-3-phenyl-3H-v-triazolo(4,5-d}
pyrimidin-5-yl)-N-phenyl-

-5-amine, 4-(7-amino-3-phenyl-3H-v-triazolo[4,5-d]
pyrimidin-5-yl)-1-phenyl-

-4-amine, 1-benzenesulfonamido-

-4-amine, 1-(1H-benzimidazol-2-yl)-N,N-diethyl-
S-methyl-

-5-amine, 1-(1H-benzimidazol-2-yl)-N,N-diethyl-
4-methyl-

-4-amine, 1-(2-benzothiazolyl)-N,N-diethyl-5-methyl-

-5-amine, 1-(2-benzothiazolyl)-N,N-diethyl-4-methyl-

-5-amine, 1-benzyl-
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TABLE 6 (Continued)

Compound

Reference

-5-amine, 1-benzyl-4-(7-amino-3-benzyl-3H-v-triazolo
[4,5-d]pyrimidin-5-yl)-

-5-amine, 1-benzyl-4-[[(ethoxycarbonyl)amino]methyl]-

-5-amine, 1-benzyl-4-[[(ethoxycarbonyl)methan-
amido}methyl)-

-5-amine, 1-benzyl-4-[[(ethyimercaptocarbonyl)
amino)methyl}-

-5-amine, 1-benzyl-4-formamidomethyl-

-5-amine, 1-benzyl-4-phenyl-

-1-amine, 4-(1,1-biphenyl-4-yl)-

-5-amine, N,1-bis(4-bromophenyl)-

-5-amine, N,1-bis(4-chlorophenyl)-

-5-amine, N,1-bis[4-(dimethylamino)phenyl]-

-5-amine, N,1-bis(4-methoxyphenyl)-

-5-amine, N,1-bis(4-methylphenyl)-

-S-amine, N,1-bis(4-methyphenyl)-4-(trimethylsilyl)-

-S-amine, N,1-bis(4-methylphenyl)-N,4-bis
(trimethylstannyl)-

-1-amine, 4-(3-bromophenyl)-

-1-amine, 4-(4-bromophenyl)-

-4-amine, 2-(4-bromophenyl)-

-1-amine, 4-(4-bromophenyl)-5-methyl-

-4-amine, N-(4-bromophenyl)-S-phenyl-

-5-amine, 1-(4-bromophenyl)-4-phenyl-

-5-amine, 1-(1-butenyl)-4-phenyl-, (E)-

-5-amine, 1-(1-butenyl)-4-phenyl-, (Z)-

-1-amine, 4-[4-(tert-butyl)phenyl]-

-1-amine, 4-(3-chlorophenyl)-

-1-amine, 4-(4-chlorophenyl)-

-4-amine, 2-(2-chlorophenyl)-

-4-amine, 2-(4-chlorophenyl)-

-4-amine, 2-{4-chlorophenyl)-5-methyl-

-1-amine, N-(chlorophenylmethylene)-4,5-dimethyl-,
monohydrochloride

-4-amine, N-(2-chlorophenyl)-5-phenyl-

-4-amine, N-(3-chlorophenyl)-5-phenyl-

-4-amine, N-(4-chlorophenyl)-5-phenyl-

-4-amine, 5-(4-chlorophenyl)-1-phenyl-

-5-amine, 1-(2-chlorophenyl)-4-phenyl-

-5-amine, 1-(3-chlorophenyl)-4-phenyl-

-5-amine, 1-(4-chlorophenyl)-4-phenyl-

-1-amine, 4-(4-cyanophenyl)-

-1-amine, 4-(4-cyclohexylphenyl)-

-S-amine, 1-cyclohexyl-, monohydrochloride

-S-amine, 1,4-dibenzyl-

-1-amine, 4-(3,4-dichlorophenyl)-

-5-amine, 4-(diethoxyphosphinyl)-1-(4-chlorophenyl)-

-5-amine, 4-(diethoxyphosphinyl)-1-(4-fluorophenyl)-

-5-amine, 4-(diethoxyphosphinyl)- 1-(4-nitrophenyl)-
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TABLE 6 (Continued)

Compound

Reference

-5-amine, 4-(diethoxyphosphinyl)-1-phenyl-

-5-amine, N,N-diethyl-1-(1-methyl-1H-benzimidazol-

2-yl)-4-phenyl-

-4-amine, N,N-diethyl-5-methyl-1-(4-methyl-
6-isopropyl-2-pyrimidinyl)-

-5-amine, N,N-diethyl-4-methyl-1-(4-methyl-
6-isopropyl-2-pyrimidinyl)-

-5-amine, N,N-diethyl-1-(4-nitrophenyl)-
4-(triethylgermyl)-

-5-amine, N,N-diethyl-1-(4-nitrophenyl)-
4-(trimethylsityl)-

-5-amine, N,N-diethyl-1-(4-nitrophenyl)-
4-(trimethylstannyl)-

-5-amine, N,N-diethyl-1-(4-nitrophenyl)-
4-(triphenylgermyl)-

-S5-amine, N,N-diethyl-1-(4-nitrophenyl)-
4-(triphenylsilyl)-

-5-amine, N,N-diethyl-1-(4-nitrophenyl)-
4-(triphenylstannyl)-

-5-amine, 4-(3,4-dihydro-6,7-dimethoxy-
I-isoquinolinyl)- 1-(phenylsulfonyl)-

-1-amine, 4,5-dimethyl-

-5-amine, N,l-dimethyl, 3-oxide

-5-amine, 1-(3,3-dimethyl-1-butenyl)-4-phenyl-, (E)-

-5-amine, N,1-diphenyl-
-1-amine, 4,5-diphenyl-

-4-amine, 1,5-diphenyl-
-4-amine, 2,5-diphenyl-
-4-amine, 5,5-diphenyi-(?)
-$-amine, 1,4-diphenyl-

-5-amine, N,N-diphenyl-1-(4-nitrophenyl)-
4-(triethylgermyl)-

-5-amine, N,N-diphenyl-1-(4-nitrophenyl)-
4-(trimethylsilyl)-

-5-amine, N,N-diphenyi-1-(4-nitrophenyl)-
4-(triphenylgermyl)-

-5-amine, N,N-diphenyl-1-(4-nitrophenyl)-
4-(triphenylsilyl)-

-5-amine, N,N-diphenyl-1-(4-nitrophenyl}-
4-(triphenylstannyl)-

-4-amine, 5-{[(ethoxycarbonyl)amino]methyl]-1-methyl-
-5-amine, 4-[[(ethoxycarbonyl)amino]methyl]-2-methyl-
-5-amine, 4-[2-(ethoxycarbonyloxy)ethyl]-1-phenyl-
-5-amine, 4-[2-(ethoxycarbonyloxy)-1-methylethyl]-

1-phenyl-
-5-amine, 1-(2-ethyl-1-butenyl)-4-phenyl-
-1-amine, 4-(4-ethylphenyl)-
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79: 78884s
79: 66246x

79: P78815v

79: P78815v

84: 105706x

84: 105706x

84: 105706x

84: 105706x

84: 105706x

84: 105706x

80: 47806j

78: 111219h, 85: 177331q

81: 77865t

72: 121447w

83: 114297w

78: 111219h, 82: 156182q,
85: 177331q

66: 10887k, 81: 3850k

29: 4739°, §5: 4488f

53: 21902b

44: 1102d, 52: 365c,
52: 1045d, 61: 654,
73: 44674j, 74: 1255812

84: 105706x

84: 105706x

84: 105706x

84: 105706x

84: 105706x

79: 146462¢

79: 146462¢

76: 34177x

76: 34177x

73: 1204464
76: 85756t



TABLE 6 (Continued)

Compound Reference
-5-amine, 1-ethyl-4-phenyl- 52: 365h

-S-amine, 1-(B-ethylstyryl)-4-phenyl-, (E)- 73: 120446d
-1-amine, 4-(4-fluorophenyl)- 76: 85756t

-5-amine, 1-hexyl-4-phenyl- 54: 6752h

-4-amine, 2-(2-hydroxyphenyl)-

-5-amine, N-isopropyl-1-(4-nitrophenyl)-N-phenyl-
4-(trimethylsilyl)-

-1-amine, 4-(4-methoxyphenyl)-

-4-amine, 2-(4-methoxyphenyl)-

-4-amine, 2-(4-methoxyphenyl)-5-methyl-

-4-amine, N-(4-methoxyphenyl)-5-phenyl-

-5-amine, 1-(4-methoxyphenyl)-N-phenyl-

-5-amine, 1-(4-methoxyphenyl)-4-phenyl-

-1-amine, 4-methyi-

-1-amine, 5-methyl-

-4-amine, 1-methyl-

-4-amine, 5-methyl-

-4-amine, S-methyl-, monohydrochloride

-5-amine, 1-methyl-

-1-amine, S-methyl-4-(4-methylphenyl)-

-5-amine, N-methyl-1-(4-nitrophenyl)-N-phenyl-
4-(triethylgermyl)-

-5-amine, N-methyl-1-(4-nitrophenyl)- N-phenyl-
4-(triphenylgermyl)-

-5-amine, N-methyi-1-(4-nitrophenyf)- N-phenyl-
4-(triphenylsilyl)-

-5-amine, N-methyl-1-(4-nitrophenyl)-N-phenyl-
4-(triphenyistannyl)-

-1-amine, 4-(4-methylphenyl)-

-1-amine, 4-methyl-5-phenyl-
-1-amine, S-methyl-4-phenyl-

-4-amine, 5-methyl-1-pheny!l-

-4-amine, 5-methyl-2-phenyl-

-5-amine, 2-methyl-4-[(N-phenylhydrazinecarbox-
amido)methylene]-

-5-amine, N-(2-methylphenyl)-4-phenyi-

-5-amine, N-(3-methylphenyl)-4-phenyl-

-5-amine, N-(4-methylphenyl)-4-phenyl-

-5-amine, 1-(2-methylphenyl)-4-phenyl-

-5-amine, 1-(3-methylphenyl)-4-phenyl-

-S-amine, 1-(4-methylphenyl)-4-phenyl-

-5-amine, 1-{(methlthio)methyl}-4-phenyl-

-1-amine, 4-(2-naphthyl)-

-5-amine, 1-(2-naphthyl)-4-phenyl-

-1-amine, 4-(3-nitrophenyl)-

-4-amine, N-(3-nitrophenyl)-5-phenyl-

-5-amine, N-(4-nitrophenyl)-4-phenyl-
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71: P124445j
84: 105706x

68: 59506b, 76: 857561
79: P147417¢

79: P18722¢

52: 366b

83: 114297w

52: 365d

21: 927

78: P49790g

55: 17626h

85: 123875b

85: 123875b

55: 17626i, 72: 21645
85: 177331

84: 105706x

84: 105706x
84: 105706x
84: 105706x

76: 857561, 83: 959181,
85: 177331q

78: 111219h, 82: 156182q
78: 111219h, 82: 156182q,

85: 177331q

38: 45982, 70: 37725m
80: 47912r

58: 11495¢

79: 137053v

5§2: 366b

5§2: 366b

82: 366b

§2: 365a

52: 365a

£2: 365a

72: 43576w

68: 59506b, 76: 85756t
§2: 365d

83: 959181

52: 366b

22: 4237, 52: 366b



TABLE 6 (Continued)

Compound

Reference

-5-amine, 1-(3-nitrophenyl)-4-phenyl-
-5-amine, 1-(4-nitrophenyl)-4-phenyl-
-5-amine, 1-(1-pentenyl)-4-phenyl, (E)-
-5-amine, 1-(1-pentenyl)-4-phenyl-, (Z)-
-1-amine, 4-phenyl-

-4-amine, 1-phenyl-

-4-amine, 2-phenyl-

-4-amine, S-phenyl-

-S-amine, 1-phenyl-
-5-amine, 4-phenyl-1-(4-phenyl-1-butenyl)-, (E)-
-5-amine, 4-phenyl-1-(4-phenyl-1-butenyl)-, (Z)-
-S-amine, 4-phenyl-1-(3-phenylpropenyl)-, (E)-
-5-amine, 4-phenyl-1-(3-phenylpropenyl)-, (Z)-
-5-amine, 4-phenyl-1-styryl-, (E)-
-5-amine, 4-phenyi-1-styryl-, (Z)-
-5-amine, 4-phenyi-1-[2-(1H-1,2,4-triazol-3-yl)phenyl]}-
-4-amine, 1-B-D-ribofuranosyl-
-4-amine, 2-B-D-ribofuranosyl-
4-[(4-aminophenyl)sulfonamido}-2-phenyl-
4-anilino-
S-anilino-4-[7-(diacetylamino-3-pheny!-3H-
triazolo[4,5-d }-pyrimidin-S-yl]-
1-anilino-4-methyl-
5-anilino-1-methyl-
4-anilino-5-phenyl-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)- 1-benzamido-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-
1-(4-iodobenzamido)-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-
1-(3-methylbenzamido)-
4-(D-arabino-1,2,3,4-tetrahydroxybutyl)-
1-(4-methylbenzamido)-
4-benzamido-2-(4-bromophenyl)-5-phenyl-
5-benzamido- 1,4-dibenzyl-
1-benzamido-4,5-dimethyl-
4-benzamido-2,5-diphenyl-

1-benzamido-4,5-diphenyl-2-methyl-
4-benzamido-2-(2-hydroxyphenyl)-
1-benzamido-4-(4-methoxyphenyl)-
I-benzamido-4-methyl-
1-benzamido-5-methyl-
4-benzamido-5-methyl-

4-benzamido- 5-(4-methylphenyl)-2-phenyl-
1-benzamido-4-phenyl-
4-benzamido-5-phenyl-
1-(N-benzoylbenzamido)-4-(4-methoxyphenyl)-
1-(N-benzoylbenzamido)-4-phenyl-
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52: 365d

22: 4237, 82: 365d

73: 1204464

73: 120446d

68: 59506b, 76: 85756t
26: 1287°

54: 6704c

§5: 4488h, 55: 19910h,

73: 130944d, 75: 20332m,

79: 5299v, 84: 16553¢
§2: 366a
73: 1204464
73: 120446d
73: 120446d
73: 120446d
73: 120446d
73: 120446d
77: 88421m
78: 84715h
78: 84715h
78: P4256w
5§2: 366d
74: 125581z

67: 32614c
§5: 17626
52: 366b, 52: 1045d
70: 58163s
69: 36375q

69: 36375q
69: 36375q

29: 47395

59: 11494f

60: 1735g

29: 47393, §5: 4488e,
§5: 17626g

77: 75174h

71: P124445;

79: 126403h

21: 927, 84: 135555q

21: 927

88: 13944a

29: 47397

73: 130944d

55: 4488¢g, 55: 19911e

79: 126403h

79: 126403h



TABLE 6 (Continued)

Compound Reference
4-(benzylamino)- 72: 78952t
4-(benzylamino)-5-pheny!- §2: 366b
1-benzyl-4,5-bis(acetamido)- 78: 29681u
1-benzyl-4-(dimethylamino)-5-(trifluoromethyl)- 64: 12662f

1-benzyl-5-[(ethoxycarbonyl)amino}-4-
[{(ethoxycarbonyl)amino]methyl}-
1-benzyl-4-[[2-(ethoxycarbonyl)-1-
methylethenyl]amino}-
1-benzyl-5-formamido-4-[(formylamino)methyl]-
1-[(benzylidene)amino]-4-(4-bromophenyl)-
4-[(benzylidene)amino)-2,5-diphenyl-
4-[(benzylidene)amino]-4-methyl-
4-[(benzylidene)amino)-5-methyl-2-phenyl-
1-bis(benzoylamino)-4-methyl-
1-[bis(4-chlorobenzoyl)amino}-4,5-diphenyl-
4-[2,2-bis(ethoxycarbonyl)ethenylamino]-5-phenyi-
1,4-bis(2,4,6-trinitroanilino)-
4-{4-bromo-N-methyl(phenylsulfonamido)}-1-methyl-
4-{4-bromo-N-methyl(phenylsulfonamido)]-2-methyl-
5-[4-bromo-N-methyl(phenylsulfonamido)]- 1-methyl-
4-(4-bromophenyl)-1-(diacetylamino)-
4-(4-bromophenyl)-5-methyl-1-ureido-
4-(4-bromophenyl)- 1-(phenylureylene)-
4-[(4-bromophenyl)sulfonamido]-
4-[(4-bromophenyl)sulfonamido}-, monoammonium salt
5-[(4-bromophenyl)sulfonamidol-1-methyl-
5-{(4-bromophenyl)sulfonamido}-1-methyl-, 1:1
adduct with methanamine
-4-butanoic acid, 1-(1-naphthyl)-5-(1-naphthylamino)-,
methyl ester
1-butyl-5-[(4-bromophenyl)sulfonamido]-, 1:1
adduct with butanamine
1-butyl-5-[(4-methylphenyl)sulfonamido]-
-4-carbamic acid, benzyl ester
-4-carbamic acid, ethyl ester
-4-carbamic acid, 2-(2-hydroxyphenyl)-, methyl ester
-4-carbamic acid, 2-(2-hydroxyphenyl)-, octyl ester
-4-carbamic acid, 1-methyl-, ethyl ester
4-(carbamimidoylamino)-5-(2,2-dicyanoethenyl)-
1-(3-chlorobenzamido)-4-(D-arabino-1,2,3,4-
tetrahydroxybutyl)-
1-(4-chlorobenzamido)-4-(D-arabino-1,2,3,4-
tetrahydroxybutyl)-
1-(2-chlorobenzamido)-4,5-diphenyl-
1-(3-chlorobenzamido)-4-methyl-
1-(4-chlorobenzamido)-4-methyl-
4-[2-cyano-2-(ethoxycarbonyl)ethenyl]-S-ureido-
§-(diacetylamino)-1,4-diphenyl-
-4,5-diamine, 1-benzyl-
-4,5-diamine, 1-benzyl-, 1:1 adduct with
2,4,6-trinitrophenol
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79: 146462
78: 29681u

79: 146462¢
68: 59506b
29: 4739
21: 927

38: 45983
84: 135555q
84: 52562p
75: 20332m
T74: 22769n
83: 1922662
83: 192266z
83: 1922662
68: 59506b
85: 177331q
68: 59506b

83: 1922662, 85: 143067t

85: 143067t
83: 192266z
85: 143067t

67: 100060w
85: 143067t

85: 143067t
§1: 14697i
5§1: 14697;
71: P124445j
71: P124445;
§5: 17627a
79: 146470f
69: 36375q

69: 36375q

77: 75174h, 85: 191649

84: 135555q
84: 135555q
79: 146470f
74: 125581z
78: 29681u
78: 29681u



TABLE 6 (Continued)

Compound

Reference

-4,5-diamine, 1-benzyl-N?*-benzylidene-
-4,5-diamine, N*,N*"-1,2-cthanediylidenebis(1-benzyl)-
-4,5-diamine, 2-phenyl-
1-(dibenzoylamino}-4,5-dimethyl-
1-(dibenzoylamino)-4,5-diphenyi-
1-(dibenzoylamino)-4-methyl-
1-(dibenzoylamino)-5-methyl-
4-(dibenzoylamino)-5-methyl-2-phenyl-
1-[(3,4-dibromo-3 H-furan-5-yl-2-0xo)amino]-
1-(3.5-di-tert-butyl-4-hydroxybenzamido)-
-4,5-dicarbamic acid, 1-phenyl-, diethyl ester
1-(2,2-dichloroacetamido)-4,5-diphenyl-
1-(2,4-dichlorobenzamido)-4,5-diphenyl-
1-{(3,4-dichloro-3H-furan-5-yl-2-oxo)amino}-
5-(2,2-dicyanoethenyl)-4-(methanimidoylamino)-
5-(2,2-dicyanoethenyl)-4-thioureiod-,
monopotassium salt
5-(2,2-dicyanoethenyl)-4-ureido-
4-(diethoxyphosphinyl)-5-[(4-chlorophenyl)amino]-
4-(diethoxyphosphinyl)-5-(diethylamino)-
4-(diethoxyphosphinyl)-5-[(4-fluorophenyl)amino]-
4-(diethoxyphosphinyl)-5-[(4-nitrophenyl)amino]-
5-(diethylamino)-1-(diphenylphosphiny!}-4-methyl-
4-(diethylamino)-5-methyl-
4,5-diethyl-1-{(4-methylphenyl)sulfonamido]-
5-(dimethylamino)-1,4-diphenyi-
N,2-dimethyl-4-[(4-methylphenyl)sulfonamido]-
4,5-dimethyl-1-[(4-methylphenyl)sulfonamido}-
4,5-dimethyl-1-[(4-methylphenyl)sulfonamido]-,
ion (17)
4,5-dimethyl-1-(phenylsulfonamido)-
4-[N,4-dimethyl(phenylsulfonamido)]-1-methyl-
4-[N,4-dimethyl(phenylsulfonamido)}-2-methyl-
5-[N,4-dimethyl(phenyisulfonamido)]- 1-methyl-
4,5-dimethyl-1-ureido-

78: 29681u
78: 2968 1u
81: 105404k
69: 36042d
68: P91872d
21: 9274

21: 9278

38: 4598°
72: P121548e
84: P45268u
21: 2690*
69: 96327k
65: 8814e
72: P121548¢
79: 146470f
79: 1464701

79: 1464701
79: 78884s
73: 25592q
79: 78884s
79: 78884s
73: 25592¢q
73: 25592q
73: 3612u
65: 10524d
84: 135549y
47: 10474h
71: 38087n

76: 140659«
83: 1922662
83: 1922662
83: 1922662
85: 177331q

1-(1,3-dioxo-1H-isoindol-2(2H)-y})-4,5-dimethyl- 76: 72461t, 78; 111219h
1-(1,3-dioxo-1 H-isoindol-2(2H)-yl)-4,5-diphenyl- 76: 72461t, 78: 11121%h
1-(1,3-dioxo-1H-isoindol-2H-2-yl)-4-methyl-5-phenyl- 76: 72458x, 78: 11121%h
1-(1,3-dioxo-1H-isoindol-2H-2-yl)-5-methyl-4-phenyl- 76: 72458x, 78: 11121%h
4,5-diphenyl-2-[2-hydroxy-5-methyl-3- 82: P17959%
(phenylureylene)methyl}-
4,5-diphenyl- 1-{(4-methylphenyl)sulfonamido}- 78: 111219h
4,5-diphenyl- 1-[{(4-methylphenyl)sulfonamido)-, 71: 38087n
ion (17)

4,5-diphenyl-1-(2-nitrobenzamido)- 77: 75174h, 85: 191649f

4,5-diphenyl-1-(2,4,6-trimethylbenzamido)- 65: 8814d
4,5-diphenyl-1-(tritylamino)- §8: 4449a
4,5-diphenyl-1-ureido- 85: 177331q
4,5-dipropyl- 1-[(4-methylphenyl)sulfonamido]- 47: 10474i
4-dodecanamido-2-(2-hydroxyphenyl)- 71: P124445j

-4-ethanol, 5-amino-a-methyl-1-phenyl- 76: 34177x
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TABLE 6 (Continued)

Compound Reference
-4-ethanol, 5-amino-1-phenyl- 76: 34177x
4-[(ethoxycarbonyl)amino}-5-[[(ethoxycarbonyl) 79: 146462
amino)methyl}-1-methyl-, ethyl ester
4-[(ethoxycarbonyl)amino]-5-methyl- 85: 123875b
4-[[2-(ethoxycarbonyl)- 1-methylethenyl]Jamino)- 79: 5299v
5-phenyl-
1-ethyl-5-[(4-bromophenyl)sulfonamido]- 85: 143067t
1-ethyl-5-[(4-methylphenyl)sulfonamido]- 85: 143067t
1-ethyl-5-(methylsulfonamido)- 85: 143067t
1-ethyl-5-[(4-nitrophenyl)sulfonamido}- 85: 143067t
1-ethyl-5-[(4-nitrophenyl)sulfonamido]-, 1:1 adduct 88: 143067t
with ethanamine
1-ethyl-5-(phenylsulfonamido)- 85: 143067t
4-formamido- 69: 77238r
2-(2-hydroxyphenyl)-4-[(4-methylphenyl)sulfonamido]- 71: P124445j
2-(2-hydroxyphenyl)-4-(methylsulfonamido)- 71: P124445j
5-(iminophenylmethyl}-4-[(4-methylphenyl)sulfonamido}-  84: 135549r
-4-methanamine, 5-amino-1-benzyl- T73: 771541, 79: 146462¢,
84: 121778¢
-4-methanamine, 5-amino-1-benzyl-, 2-hydroxy-1,2,3- 79: 146462¢
propanetricarboxylate (1:1)
-4-methanamine, 5-amino-1-benzyl-, monoacetate 79: 146462¢, 84: 121778¢c
-4-methanamine, 5-amino-1-benzyl-, monohydrochloride  79: 146462¢, 84: 121778¢
-4-methanamine, 5-amino-1-benzyl-, phosphate (1:1) 79: 146462¢
-4-methanamine, 5-amino-1-benzyl-, phosphate (2:1) 79: 146462¢
-4-methanamine, 5-amino-2-methyl- 84: 121778¢
-4-methanamine, 5-amino-2-methyl-, phosphate (1:1) 79: 146462¢
-5-methanamine, 4-amino-1-methyl- 73: 77154¢, 79: 146462¢,

84: 121778¢
-5-methanamine, 4-amino-1-methyl-, phosphate (1:1) 79: 146462¢

-4-methanamine, 5-(dimethylamino)-N,N,a-trimethyl- 76: 126879f
1-(4-nitrophenyl)-, [4a(S*), 58] (£)-
-4-methanol, S-amino-1-benzyl- 79: 137053y
-4-methanol, 5-amino-1-benzyl-, conjugate monoacid 79: 137053v
-4-methanol, 5-amino-2-methyl- 79: 137053v
-4-methanol, S-amino-2-methyl-, conjugate monoacid 79: 137053v
1-(4-methoxybenzamido)-4-methyl- 84: 135555q
4.[(methylamino)methyl]-1-[4-(methylamino)-3-o0xo- 72: 55344g
2-phenyl-2H-pyridazin-5-yl]-

5-(methylamino)-1-phenyl- 51: 10201c
1-methyl-5-[{(4-bromophenyl)sulfonamido]- 85: 143067t
4-methyl-1-(3-methylbenzamido)- 84: 135555q
4-methyl-1-(4-methylbenzamido)- 84: 135555q
1-methyl-4-[ N-methyl-(4-nitrophenyl)sulfonamido]- 83: 192266z
i-methyl-5-{ N-methyl-(4-nitrophenyl)sulfonamido]- 83: 1922662
2-methyl-4-[ N-methyl-(4-nitrophenyl)sulfonamido}- 83: 1922662
1-methyl-4-{ N-methyl(phenylsulfonamido)}- 83: 1922662
1-methyl-5-[ N-methyl(phenylsulfonamido)}- 83: 1922662
1-methyi-5-((4-methylphenyl)sulfonamido}- 83: 192266z, 88: 143067t
1-methyl-5-[(4-methylphenyl)sulfonamido]-, 85: 143067t

1:1 adduct with methanamine
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TABLE 6 (Continued)

Compound Reference
2-methyl-4-[ N-methyl(phenylsulfonamido)]- 83: 1922662
4-methyl-1-[(4-methylphenyl)sulfonamido}-5-phenyl- 47: 10474i, 78: 11121%h
5-methyl- 1-[(4-methylphenyl)sulfonamido)-4-phenyl- 78: 11121%h
5-methyl-4-(4-methylphenyl)-1-ureido- 85: 177331q
1-methyl-5-(methylsulfonamido)- 85: 143067t
1-methyl-5-(methyisulfonamido)-, 1:1 adduct 85: 143067t

with methanamine
1-methyl-5-[(4-nitrophenyl)sulfonamido]- 83: 192266z, 85: 143067t
1-methyl-5-[(4-nitrophenyl)sulfonamido]-, 85: 143067t

1:1 adduct with methanamine
1-methyl-5-(phenylsulfonamido)- 83: 192266z, 85: 143067
1-[(4-methylphenyl)sulfonamido]- 73: 3612u
4-{(4-methylphenylsulfonamido]- 83: 192266z, 85: 135549r
4-[(4-methylphenyl)sulfonamido]-, monoammonium salt 85: 143067t
5-methyl-4-phenyl-1-ureido- 85: 177331q
4-(4-methylphenyl)- I -ureido- 88: 177331q
4-(2-naphthylamino)-5-phenyl- 52: 366b
1-(1-naphthyl)-5-(1-naphthylamino)- 26: 455°
1-(2-naphthyl)-5-(2-naphthylamino)- 26: 455°
4-(3-nitrobenzamido)-2-(4-nitrophenyl)-5-phenyl- 74: 141643b
1-[(5-nitrofurfurylidene)amino}- 58: 9071g
4-[(4-nitrophenyl)sulfonamido]- 83: 192266z, 85: 143067t
4-[(4-nitrophenyl)sulfonamido)-, monammonium salt 85: 143067t
4-{(3-oxobutanoyl)amino]-5-phenyl- 79: 5299v
-4-pentanoic acid, 1-(1-naphthyl)- 67: 100060w

5-(1-naphthylamino)-, methyl ester
4-(phenylsulfonamido)- 83: 192266z, 85: 143067t
4-(phenylsulfonamido)-, monoammonium salt 85: 143067t
-4-propanoic acid, 1-(1-naphthyl)- 67: 100060w

5-(1-naphthylamino}-, methyl ester
-4-propenoic acid, 5-[(aminocarbonyl)amino}- 79: 146470f

-2'-cyano-, ethyl ester, monopotassium salt
-4-propenoic acid, S-[(aminoiminomethyl)amino]- 79: 146470f

2'-cyano-, ethyl ester
-4-propenoic acid, 5-[(aminothiooxomethyl)amino]- 79: 146470F

2'-cyano-, ethyl ester, monopotassium salt
-4-propenoic acid, 2’-cyano-5-[(iminomethyl)amino]-, 79: 146470f

ethyl ester
4-(2,4,6-trinitroanilino)- /74: 22769n
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CHAPTER 7

Azido-, Azo-, Diazo-, Triazeno-
and Nitro-1,2,3-Triazoles

Starting with an amino-1,2,3-triazole, Smith and his collaborators have

shown that the corresponding diazo- (7.1-1) and azido-1,2,3-triazole (7.1-2)
can be prepared in excellent yield (Eq. 1).!

Ar' NH, Ar N;CI™ Ar N,
—N Na' "NO; ;‘"( Na* "Ny ——N Q)
W NAr HO N§N’N\ Ar W AT
701'1 701'2

Ar, Ar' = Ph,; Ph, 4-MePh (90% overall)

A variety of methods has been employed to prepare azo-derivatives of the
1,2,3-triazoles, but in general the yields have not been exceptional (Egs. 2
to 5).°°

O,N Me

Me N=NAr
I;\N( + AINICIm — s @)
Me \IT,/ \‘O
Ar=Ph, 4-MePh Ph
PhN=N PhN=N D-glucose residue
- Nt
(I: NNHPh .. N/ N 3)
'—=NNHPh \ITI/
D-glucose Ph
residue 54%
AcCHz\
N= Me
Me,C=0 + PhN, X2 | N “4)
\N/ Ph

74%
177
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HSO; NWN\H N M OH, ! PN, S

(5)

The synthesis of triazeno-1,2,3-triazoles has been accomplished using the
Iotsich complexes and related organometallic materials (Eqgs. 6 to 8).°® The

coupling

N, Br@N:NHN
BrMgC=CMgBr +2 @ o ]\i\N N @
Br
Br

©®

PhN=NHN.
N (M

30%

ArN=NHN R
S—=" @

HC==CMgBr + 2PhN, ——

RC=C" +Li+2ArN3 — N\ N\

N SAr

7.1-3
R = Ph Ph Ph n-Pr n-Pr n-Pr
Ar = Ph  4-NO,Ph 4-BrPh Ph 4-NO,Ph  4-BrPh
% 7.1-3 = 75 98 23 91 95 59

of the phenyldiazonium ion with an amino-1,2,3-triazole produces the 1-
triazeno derivative (Eq. 9).°

e N=NNHPh

M NH, M
e}___/}( + PhN; — /2::}\]( C)

Ph” V¥ Ph
70%
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The yields of nitro-1,2,3-triazoles are not usually high, but such products
are useful intermediates in the preparation of many of the compounds
previously discussed. For example, B-nitrostyrenes or enamines provide
routes to the 4-amino compounds that are difficult to obtain by other
methods (Egs. 10 to 12).">!> When R =H, the yields are vastly superior. A
still more promising route involves B-bromo-g-nitrostyrenes (Eq. 13)."

CH=CHNO, O,N th Ph
NTSph N Npp

H O,N
AN _~R 2
C=C + EtOH —
OZN/ \N AI'N:, reflux N N ( 1 1)
5 W \Ar

R=H,Me,Ph  Ar=Ph, 3- or 4-NO,Ph, 3,5-(NO,),Ph

O,N.

I\ (12)

OzNCH=CH—N O + TSN3 _— N\ N

AN

60%
- HCONMec;, Me2SO —
ArCH=C\ + Na* "N, —— = N, N (13)
- N H
7.1-4
At =Ph 4-MeOPh 4-BrPh 4.NO,Ph 3-CIPh 3-NOPh a-C,H,
%7.3-4=47 56 40 67 33 29 52

Both nucleophilic substitution (Eq. 14)'*'* and direct nitration (Eq. 15)"?
have been employed with varying degrees of success. When 2,4-dinitro-
fluorobenzene is used in the substitution (Eq. 14), an equal amount of the
N-2 isomer of 7.1-5 is obtained. The nitration yields (Eq. 15) are variable—
for example, 83% with 2-(2,4,6-trinitrophenyl) and no reaction for 1-(2,4,6-
trinitrophenyl)!
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1~1;/r~:\-l +

ﬂ

61: 6541
83: 9910t
68: 2857n
84: 59325x

,_
wWon-

6.
10.
14.

Y

O,N
NO, »,_=\ o,
—
e
NO,
=H 2% Y
NO, 46%
+
No2
\
/
HNO:IH;SOA
85'
REFERENCES
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N (14)

NO,

NO,

7.1-5
27%

Na’ "NO,

>

H:80,'50, N N (15)
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68: 105100q
74: 99950x



TABLE 7. AZIDO-, AZO-, DIAZANEDIYL-, TRIAZENO-, AND NITRO-1,2,3

TRIAZOLES

Compound

Reference

4-{1-(aminocarbonyl)- l-cyanomethylene]diazanediyl-
S-phenyl-
2-(4-aminophenyl)-4-nitro-
2-{4-(aminosulfonyl)phenyl]-4-[[4-(dimethylamino)-
2-methoxyphenyljazol-
5-azido-1,4-diphenyl-
5-azido-1-(4-methylphenyl)-4-phenyl-
4-[(1-benzyl-1-cyanomethylene)diazanediyl}-5-phenyl-
4[[1-benzyl-1-(ethoxycarbonyl)methyleneldiazanediyl}-
5-phenyl-
4,4’-bis[(2-amino-8-hydroxy-6-sulfo-1-naphthalenyl)-
azo}-5-methyl-2-phenyl-
4,4'-bis[(3-carboxy-4-hydroxyphenyl)azo}-5-methyl-
2-phenyl-
4-[1-bis(ethoxycarbonyl)methylene]diazanediyl-S-phenyl-
4-{[bis(2-hydroxyethyl)aminophenylJazo]-5-methyl-
2-phenyl-
4,4’-bis[(2-hydroxy- 1-naphthalenyl)azo]-5-methyl-
2-phenyl-
1-(4-bromophenyl)-4-[(4-bromophenyljtriazeno]-
1-(4-bromophenyl)-4-[3-(4-bromophenyl)-2-triazeno}-
5-phenyl-
1-(4-bromophenyl)-4-[3-(4-bromophenyl)-2-triazeno}-
S-propyl-
2-(4-bromophenyl)-4-[[4-(dimethylamino)-3-methoxy-
phenyljazo]-
4-(4-bromophenyl)-5-nitro-
5-tert-butyl-4-{(3,3-dimethyi-2-oxobutyl)azo]-1-phenyl-
2-(5-chloro-2-methoxyphenyl)-4-nitro-
2-(3-chloro-2-methylphenyl)-4-nitro-
2-(4-chloro-2-methylphenyl)-4-nitro-
2-(5-chloro-2-methylphenyl)-4-nitro-
2-(2-chlorophenyl)-4-nitro-
2-(3-chlorophenyl)-4-nitro-
2-(4-chlorophenyl}-4-nitre-
4-(3-chlorophenyl)-5-nitro-
-4-diazonium (?)
-4-diazonium, 5-phenyl-, chloride
4-[(1,1-dibenzoylmethylene)diazanediyl}-5-phenyl-
2-(2,5-dichlorophenyl)-4-nitro-
2-(4-chlorophenyl)-4-[[4-(dimethylamino)-2-methoxy-
phenyl]azo]-
2-(2-chlorophenyl)-4-[[4-(diethylamino)phenyl]azo}-
4-[4-[[(2-cyanoethyl)ethylamino]phenyl]azo]-
2-(4-methoxyphenyi)-
4-[[4-(dimethylamino)-2-methoxyphenyllazo)-
2-(4-methoxyphenyl)-
4-[[4-(dimethylamino)-2-methoxyphenyl]azo]-2-phenyl-
2-(2.4-dinitrophenyl)-4-methyl-5-nitro-
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78: 72073j

61: P1873h
79: P147417f

61: 6541, 74: 111399j
61: 645f

78: 72073

78: 72073

80: P16441g
80: P16441g

78: 72073;
80: P16441g

80: P16441g

26: 1287°
68: 105100q

68: 105100q
79: P147417¢

84: 59325x
80: 47912r
61: P1873g
61: P1873h
61: P1873h
61: P1873g
61: P1873h
61: P1873h
61: P1873h
84: 59325x
83: 9910t
78: 72073j
78: 72073j
58: 6819f
79: P1474171

79: P1474171
79: P147417f

79: P147417f

79: P147417f
73: 109746f



TABLE 7 (Continued)

Compound

Reference

1-(2,4-dinitrophenyl)-4-nitro-
1-(3,4-dinitrophenyl)-4-nitro-
1-(3,5-dinitrophenyl)-4-nitro-
2-(2,4-dinitrophenyl)-4-nitro-
1,5-diphenyl-4-nitro-
1,5-diphenyl-4-{(2-0x0-2-phenylethyl)azo]-
2,4-diphenyl-5-(phenylazo)-
1,5-diphenyl-4-(3-phenyl-2-triazeno)-
4-[[1-(ethoxycarbonyl)-1-cyanomethylene]diazanediyl}-
S-phenyl-
2-[(2-hydroxy-4-methoxyphenyl)azo]-
4-{(2-hydroxy-1-naphthalenyl)azo]-
5-[(2-hydroxy-1-naphthalenyl)azo}-
2-(2-hydroxyphenyl)-4-nitro-
4-{(2-hydroxypropyl)azo]-5-methyl- 1-phenyl-, acetate
ester
2-{(4-methoxy-2-phenolato)azo]-, cuprate(1-)
2-(4-methoxyphenyl)-4-{(4-methoxyphenyl)azo]-5-methyl-
2-(2-methoxyphenyl)-4-nitro-
2-(4-methoxyphenyl)-4-nitro-
4-(4-methoxyphenyl)-5-nitro-
2-(2-methoxy-5-sulfophenyl)-4-[(2-methoxy-
5-sulfophenyl)azo]-5-methyl-
S-methyl-2-(4-methylphenyl)-4-{(4-methylphenyl)azo]-,
1-oxide
4-methyl-5-nitro-
5-methyl-4-nitro-1-(4-nitrophenyl)-
5-methyl-4-nitro-1-phenyl-
5-methyl-4-[(2-oxopropyl)azo}-1-phenyl-
2-(2-methylphenyl}-4-nitro-
2-(3-methylphenyl)-4-nitro-
2-(4-methylphenyl)-4-nitro-
4-methyl-2-phenyl-5-(phenylazo)-
5-methyl-2-phenyl-4-(phenylazo)-, 1-oxide
5-methyl-1-phenyl-4-(3-phenyl- 1-triazenyl)-
2-(1-naphthyl)-4-nitro-
2-(2-naphthyl)-4-nitro-
4-(1-naphthyl)-5-nitro-
4-nitro-

4-pitro-, 1:1 adduct with morpholine
4-nitro- 1-(3-nitrophenyl)-
4-nitro-1-(4-nitrophenyl)-

4-nitro-2-(3-nitrophenyl)-
4-nitro-2-(4-nitrophenyl)-
4-nitro-5-(3-nitrophenyt)-
4-nitro-5-(4-nitrophenyl)-
4-nitro-1-phenyl-
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74: 53664d

74: 99950x

74: 99950x

58: 6819f, 74: 53664d
68: 2857n

80: 47912r

77: P103295u

68: 105100q

78: 72073j

78: 70942f
83: 9910t
84: 309692
71: P124445j
80: 47912r

78: 70942f
77: P103295u
61: P1873h
61: P1873h
84: 59325x
77: P103295u

38: 45983

73: 109746f

70: 37725m

70: 37725m

80: 47912r

61: P1873h

61: P1873h

61: P1873h, 72: P100716t

§8: 3562a

38: 45982

80: 47912r

61: P1873h

61: P1873g

84: 59325x

66: 55466z, 73: 1097461,
74: 99950x

70: 37725m

T4: 99950x

66: 554662, 70: 37725m,
T4: 99950x

61: P1873h

58: 6819f

84: 59325x

84: 59325x

66: 55466z, 70: 37725m
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Compound

Reference

4-nitro-2-phenyl-

4-nitro-5-phenyl-
1-(4-nitrophenyl)-4-[3-(4-nitrophenyl)-2-triazeno]-
5-phenyl-
1-(4-nitropheny!)-4-[3-(4-nitrophenyl)-2-triazeno}-
5-propyl-
4-nitro-2-[ 5(or-3)-phenylpyrazol-3(or 5)-yl}-
4-nitro-1-B8-D-ribofuranosyl-
4-nitro-2-g-D-ribofuranosyl-
4-nitro-1-(2,3,5-tri- O-acetyl-8 -D-ribofuranosyl)-
4-nitro-2-(2.3.5-tri-O-acetyl- 8 -D-ribofuranosyl)-
4-nitro-2-(1,2,4-triazol-3-yl)-
4-nitro-1-(2,4,6-trinitrophenyl)-
4-nitro-2-(2,4,6-trinitrophenyl)-
1-phenyl-4-(phenyltriazeno)-(?)
1-phenyl-4-(3-phenyl-2-triazeno)-
1-phenyl-4-(3-phenyl-2-triazeno)-5-propyl-

61: P1873h, 72: P100716t,
79: P137160c

70: 37725m, 84: 59325x

68: 105100q

68: 105100q

61: P1873h
78: 84715h
78: 84715h
78: 84715h
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71: 112866]
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68: 87243g
68: 105100q
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CHAPTER 8

O-Substituted Oxy- and S-Substituted
Thio- or Sulfonyl-1,2,3-Triazoles

The synthesis of alkoxy-1,2,3-triazoles by azide addition to acetylenes
appears to be highly regiospecific, but the yields vary widely with the nature
of the azide (Eq. 1)." There are also some serious conflicting reports to be
found. For examples, Huisgen and his collaborators have reported the
addition of 4-nitrophenylazide (Eq. 1) to give an 83% yield.? Furthermore,
Daeniker and Druey have found 4-ethoxy-1-phenyl-1,2,3-triazole (the
isomer of 8.1-1) from this same reaction (Eq. 2).> Clearly, these discrepan-
cies must be cleared up before the full utility of the method can be properly
assessed.

OEt
HC=COEt+ ArN, — I\LN/N\ 1
Ar
801’1
Ar =Ph 4-MePh 4-CIPh 4-BrPh 2-NO,Ph 4-NO,Ph 4-MeOPh
% 8.1-1=87 51 49 59 6 12(83)? 35
HO EtO
h{\ Ny\p; (Et0),S0, — I\l\Ny\Ph«——- HC=COEt+PhN; (2)

An alternative approach is the addition to bisenolethers (Eq. 3), but again
the yields vary considerably.*

OEt
(Et0),C=CHR+PhN; — N N 3)
Ph
R=H 78%
Me 63%
Ph 16%
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An interesting cyclization has been reported by Zbiral and Stroh (Eq. 4).°
L’abbé and his collaborators have used a similar approach, but they have
found that in most cases the product is an open-chain triazene. Only one
combination (R=Me; Ar=4-NO,Ph) produced a good yield (80%) of
v-triazole (8.1-2)(Eq. 5).5

-Pr OFt -Pr E
_COLE: " N N _(0 '
Ph,P=C + MeCON, — N o, NN )
3 \ 3 \N \\N \
Pr-n Ac H
90% 60%
CO,Et R OFEt
Ph,P=C + AIN; — N N (5
TN ? W\
R Ar
R=Me, Ph 8.1-2

Scarpati and Graziano and their collaborators have shown that either
base’ or heat® can cause the rather exotic diazoacetal 8.1-3 to cyclize in
excellent yield (Eq. 6). In spite of the starting material, the approach should
be explored further.

.- Ph OMe
NHCO; Et —wor " et
N,CC(OMe), RN ©6)
ll’h 120° H
8.1.3 HOONMez or 70-97%

A large number of studies from the laboratories of Begtrup and Pedersen®
show that the intricate chemistry of hydroxy-1,2,3-triazoles with
diazomethane can, in certain instances, lead to good yields of O-methylation
(e.g., Egs. 7,8). These same scientists have shown that nucleophilic substitu-
tion will produce fair-to-good yields of methoxy-1,2,3-triazoles (Eq. 9).'°

Ph OH Ph OMe
N\”NN\ + CH,N, — N\N’N\ )]
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R OH R, OMe
H 3
NN}‘] + CH;N, — T‘{Nl“ (8)
I |
Me Me
R=H 72%
Ph 64%
Ci OMe
N\\' ;}q‘ N Na” TOMe | r\{‘ —;Lq\ 9)
R R
R=Ph 40%
PhCH, 62%

The peracid oxidation of a methylene group attached to the 1-nitrogen of
a v-triazole leads to the interesting 1-alkoxy ethers (8.1-4) probably formed
by a Meisenheimer rearrangement of the N-oxide (Eq. 10).'' Once again
the yields are highly variable.

T [\
}iN}I\ + MeCO,H — N N (10)
CH,R 8.1.4 OCH:R
0 0
R =Ph 2,5-Me,Ph 4-CIPh Cl;Ph N N N‘}q
% 8.1-4=45 30 25 15 |/ N
1
O O
4-Ph; 1-PhCH, 25% 80 80 20

A promising preparation of 4-aryloxy-1,2,3-triazoles (8.1-6) involves aryl
cyano ethers and diazomethane (Eq. 11).'?

ArO ArO

N . NN NH M, NN
ArOCN CHZNZ NN \” SN\ (11)
COAr H
8.1-5 8.1-6
At =Ph 4-MePh  4-MeOPh  4-CIPh
% 8.1-5 = 83 79 81 67

% 8.1-6 =87 65 91 43
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The same careful studies that led Begtrup and Pedersen to an understand-
ing of alkylation in hydroxy-1,2,3-triazoles have produced important es-
terification methods.® An especially interesting early examples involves the
preparation of the internal salt 8.1-7 and its reaction with benzoyl chloride
(Eq. 12)."® The direct reaction with benzoyl chloride often leads to both N-
and O-benzoylation (Eq. 13), but the ester can be obtained in excellent
yield by selective hydrolysis.” A new method developed in this work starts
from the malonic ester anion (Eq. 14); although the yields are not great, the
method is potentially important.'*

OH o 0O,CPh
o — T PRCOQ T
N\\N}\J + Mel /N\\N}I\ /N\N’/N (12)
CH,Ph Me CH,Ph Me
8.1-7
100% 70%
HO R PhCOZM
= PhCOC 7N MeyomO
N\\N}q\ CiH;N N\Nl\l H:0
H I
CcC=0
Ph
R=H 80%
Ph 92%
PhCO, R PhCO, R
1 cHaNa ﬁ (13)
AN %
H |
Me
89% 42%
89% 711%
R OH
CO,Et H
a2 "OEt (1) Mel
RC- + PhCH,N, =25 N NN @ Peoa
CO,Et CH,Ph @
R=H, Me, Br, Ph fair
R 0,CPh
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One of the most significant methods for the preparation of sulfides in the
v-triazoles involves the rearrangement of 5-amino-1,2,3-thiadiazoles (8.1-8)
under basic conditions (Eq. 15).'® It was later suggested that the 8.1-8
structure is an intermediate in the reactions of isothiocyanates (8.1-9) with
diazomethane (Eq. 16).'® This reaction, with various 8.1-8 compounds, has
been extended with promising results,'” but the problem of product struc-
ture (compare 8.1-11 and 8.1-12 with 8.1-10 and Equation 15) remains to
be examined (Eqgs. 17, 18).

NHPh S™Na* SMe
T Na*“OH o Mel T
R N N
8.1-8 Ph Ph
about 80% 61%
NHR SMe
RN=C=S+CH,N, — N\_ — NN (16)
8.1-9 W NTNL
8.1-10
R =MeC=CHCHMe,(Z) CH=CHEt(Z) Me Ph
% 8.1-10 = 90 87 40 71
HS
N\N ;\1\ Qan
NHR §$"Na* "2 R
S Na 8.1-11
~ Na' “OH T
R Mel —
N N (18)
SN N\
N g
8.1-12
R = 4-MePh 4-EtOPh 4-AcPh 4-BrPh
% 8.1-11= 85 86 55 75
% 8.1-12= 61 69 65 77

Begtrup has also made important contributions to the synthesis of sulfides.
For example, in a reaction reminiscent of the ether studies exemplified in
Equation 12, a rather regiospecific rearrangement has been observed (Eq.
19).'® In a later and more detailed study'® he has investigated the range and
limitations of applicability of internal salts such as 8.1-13 (Egs. 20,21). In
this same study it was observed that the isomer of 8.1-13 gives a mixture of
products but also some limited synthetic utility (Eq. 22)."°
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S SCH,Ph SMe
PO G S
PhCH, Me Me Me
8.1-13 82% 13%
SMe
N\wy AN (20)
S— He heat Ph
100%
NON
NN \P \ SMe SMe
Me h  Mel /
N N N 21)
NN\ /N
Me Me
62% 38%
“S PhCH,S MeS
N M, N N+ N
NN SN\ NN
PhCHz/ N M Me e
43% 20%
PhCH, MeS»_
+ N N + N N (22)
AN AN
\CHzPh N \CHzPh
18% 10%

The direct methylation of 5-mercapto-1,2,3-triazole has been reported in
excellent yield,?® but subsequent N-methylation with diazomethane is some-
what less specific (Eq. 23).

SH SMe

/ : Mel CH;N2

N\ N K* OH N\~NN\

H H
86% about 50%
SMe SMe MeS
i \( /_'( ;_\
A VA
l\ld e Me
e

about 50%
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In the v-triazoles, as in most areas of contemporary organic chemistry, the
tosyl derivatives have received a good deal of attention, and several excel-
lent synthetic methods are available. An example is the cyclization of «,8-
bistosylhydrazones (Eq. 24).*' It is noteworthy that with R=R’=Ph,
diphenylacetylene is the only product isolated.

R\ R R’
C=NNHTs .. ==
[ K _OoH N (24)
C=NNHTs HOGHOH N7\ -
S
RI
R=R'=Me 79%
n-Pr 84%
R=Me; R'=n-Pr 72%

Pocar and his collaborators have applied variations of their enamine
synthesis with moderate success (Egs. 25,26).2%%*

Ts Me
H Me /
=" +Am N N 25)
— 'y —_—
/ N\ 3 AN ZAN
Ts N’w Ar
d
Ar = 4-CIPh 42%
4-NO,Ph 75%
H\ /H ArSQ, _
S EtOH
/C-—C + TSN:, ~retux \Ny\ (26)
ArSO, Q H
Ar=Ph 50%
4-NO,Ph 80%

Meek and Fowler have added azide ion to 1,2-ditosylethylene (8.1-14),
which involves the intermediacy of 8.1-16 and they have found fair yields of
the triazole under a variety of conditions (Egs. 27 to 29).24?% A comparable
yield of 8.1-15 was obtained by adding trimethylsilylazide to tosyl-
acetylene.?®

Harvey has shown that the addition of tosylazide to a-keptophosphorus
ylides (8.1-17) can produce excellent yields of N-tosyl-5-substituted-1,2,3-
triazoles (8.1-18) (Eq. 30).® The application of this method should be
pursued vigorously.
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Ts
TsCH=CHTs+Na’ "N; 2%, NN
8.1-14 g
8.1-15
45%

TsCH=CHN, +Na* "N;+TsO™ *Na 22, g 1.1§

8.1-16 57%
TsCH=CHN, + TsO~ *Na X359, g8.1.15
62%
R
Ph;P=CHCOR+TsN; — N, N\
8.1-17 NN
8.1-18
R =Me Ph 4-NO,Ph 4-BrPh
% 8.1-18 = 98 98 87 80
REFERENCES
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TABLE 8. O-SUBSTITUTED OXY- AND S-SUBSTITUTED THIO- OR SULFONYL-

1,2,3-TRIAZOLES

Compound

Reference

- 1-acetic acid, S5-ethoxy-

-1-acetic acid, S-ethoxy-, ethyl ester

-1-acetic acid, 5-ethoxy-, methyl ester

4-acetoxy- 1-phenyl-

5-acetoxy-1-phenyl-

1-(4-acetylphenyl)-5-(methylthio)-

1-(3-aminophenyl}-5-(ethylsulfonyl)-

1[(1H benzotriazol- 1-yl)methoxy]-

5-(benzoyloxy)-1-benzyl-

4-(benzoyloxy)-1-methyl-

5-[(benzoyloxy)methyl]-1-(1,3-dihydroxy-2-propyl)-
4-(ethylsulfonyl)-, dibenzoate ester

5-(benzoyloxy)-1-phenyl-

4-(benzoylthio)- 1-benzyl-

4~(benzoylthio)-1-methyl-

5-(benzoylthio)- 1-methyl-

1-benzyl-4-(benzylthio)-

1-benzyl-5-(benzylthio)-

1-benzyl-4-methoxy-

1-benzyl-5-methoxy-

1-benzyl-5-methoxy-4-methyl-

1-benzyl-5-methoxy-4-phenyl-

1-benzyl-4-(methylthio)-

1-benzyl-5-(methylthio)-

1-(benzyloxy)-

1-(benzyloxy)-4-phenyl-

4-(benzylthio)-1-methyl-

5-(benzylthio)- 1-methyl-

5-(benzylthio)- 1-phenyl-

-4,5-bis(oxyacetic acid), 1-(10,11-dihydro-5 H-dibenzo-
[a.d]cyclohepten-5-y1)-

-4,5-bis(oxyacetic acid), 1-(SH-dibenzo[a.d]cyclo-
hepten-5-yl)-

2-(4-bromophenyl)-4-[(diethoxyphosphinethioylidyne)-
oxy}-, N-oxide

1-(4-bromophenyl)-5-ethoxy-

1-(4-bromophenyl)-5-ethoxy-4-methyl-

1-(4-bromophenyl)-5-ethoxy-4-phenyl-

5-(4-bromophenyl)- 1-[(4-methylphenyl)sulfonyl]-

1-(4-bromophenyl)-5-(methylthio)-

1-[(4-bromophenyl)sulfonyl)-5-phenyl-

1-(1-butenyl)-5-(methylthio)-, (Z)-

1-{(4-chlorobenzyl)oxo)-

t-(2-chioroethyl)-5-ethoxy-

1-(4-chloro-3-nitrophenyl)-5-ethoxy-

2-(2-chlorophenyl)-4-[(diethoxyphosphinothioylidyne)-
oxyl}-, N-oxide

2-(3-chlorophenyl)-4-[(diethoxyphosphinothioylidyne)-
oxyl}-. N-oxide
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67: 54080c
67: 54080c
67: 54080c
58: 79271
55: 25923b
85: 94288¢
82: 58044b
73: 3865d
67: 100074d
67: 100074d
82: 58044b

58: 11397d

75: 63704b, 77: 114317d
77: 114317d

75: 63704b, 77: 114317d
75: 63704b, 77: 114317d
77: 114317d

71: 61296p

67: 64305u

71: 61296p

71: 61296p

77: 114317d

77: 114317d

73: 3865d

73: 3865d

77: 1143174

77: 1143174

77: 114317d

77: P95371y

77: P95371y
82: P156328s

55: 11397d

78: 111442a

78: 111442a

64: 19597a, 79: 31992k
85: 94288e

64: 11201e

83: 9919¢

73: 3865d
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TABLE 8 (Continued)

Compound

Reference

2-(4-chlorophenyl)-4-[(diethoxyphosphinothioylidyne)-
oxy]-, N-oxide
1-(4-chlorophenyl)-5-ethoxy-
2-(3-chlorophenyl)-4-[(ethoxyethylphosphinothio-
ylidyne)oxy]-, N-oxide
2-(3-chlorophenyl)-4-[(ethoxypropylthiophosphin-
ylidyne)oxy}-, N-oxide
2-(4-chlorophenyl)-4-[(ethoxypropylthiophosphin-
ylidyne)oxy}-, N-oxide
1-(4-chlorophenyl)-5-methyl-4-[(2-methylphenyl)-
sulfonyl]-
2-(3,4-dichlorophenyl)-4-[(diethoxyphosphinothio-
ylidyne)oxy]-, N-oxide
4-[(diethoxyphosphinothioylidyne)oxy]-2-(4-fluoro-
phenyl)-, N-oxide
4-[(diethoxyphosphinothioylidyne)oxy]-2-(2-methoxy-
phenyl)-, N-oxide
4-[(diethoxyphosphinothioylidyne)oxy]-2-(4-methoxy-
phenyl)-, N-oxide
4-{(diethoxyphosphinothioylidyne)oxy]-2-(2-methyl-
phenyl)-, N-oxide
4-[(diethoxyphosphinothioylidyne)oxy}-2-(4-methyl-
phenyl})-, N-oxide
4-[(diethoxyphosphinothioylidyne)oxy]-2-phenyl-
4-[(diethoxyphosphinothioylidyne)oxy]-2-phenyl-,
N-oxide
4-[(diethoxyphosphinothioylidyne)oxy]-2-{3-(trifluoro-
methyl)phenyl}-, N-oxide
5-[(N,N-diethylcarbamoyl)oxy]-4-methyl-1-phenyl-
5-[(N.N-diethylcarbamoyl)oxy)- 1 -phenyl-
1-(1,3-dihydroxy-2-propyl)-4-(ethylsulfonyl)-
5-(hydroxymethyl)-
4-{(dimethoxyphosphinothioylidyne)oxy]-2-phenyl-,
N-oxide
1-(1,3-dimethyl- 1-butenyl)-5-(methylthio)-, (Z)-
1-(2.4-dinitrophenyl)-4-ethyl-5-methoxy-
-1-ethanol, 5-ethoxy-
-1-ethanol, 5-ethoxy-, acetate ester
4-ethoxy-
S-ethoxy-1-(4-methyl-3-nitrophenyl)-
5-ethoxy-1-(4-methylphenyl)-
5-ethoxy-4-methyl- 1-(4-nitrophenyl)-
S-ethoxy-4-methyi-1-phenyl-
5-ethoxy-1-(2-nitrophenyl)-
S-ethoxy-1-(4-nitrophenyl)-
S-ethoxy-1-(4-nitrophenyl)-4-phenyl-
4-ethoxy-1-phenyl-
S-ethoxy-1-phenyl-
S-ethoxy-1-(3-phenyl-2-isoxazolin-5-yl)-
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82: P156328s

82: P156328s

§8: 12561b

82: P156328s

82: P156328s

82: P156328s

82: P156328s

82: P156328s

82: P156328s

82: P156328s
82: P156328s

82: P156328s

48: P187h
48: P188a
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82: P156328s

83: 9919¢
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§8: 11397d
78: 111442a
§9: 3913c
55: 11397¢
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78: 111442a
58: 7927g

§5: 11397b, §9: 3913¢
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64: 5077a

64: 8171f
64: 11200c¢.d
64: 11201d,e
64: 19597a
66: 554662
67: 43749
67: 54080c

67: 64305u
67: 100074d

68: 77478y
71: 61296p
71: 112865h
71: 124340w
71: P124445j
73: 3865d
78: 63704b
75: 88297e
76: 72454t
77: P7313c
77: 19583d
77: P95371y

77: 114317d
77: 151634a
78: 29677x
78: 111442a
79: 31992k
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82: 58044b
82: P156321j

83: 9919¢
84: 4862q
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85: 94288e
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CHAPTER 9

Halo-1,2,3-Triazoles

Only a single example of a fluoro-1,2,3-triazole has been reported in the
literature (Eq. 1),' and certainly additional study of these compounds and
the defluoronating reagent 9.1-1 is warranted.

F F
F CF,
CF;CF=CF, + PhCH,N; — N (Mez2N);C==C(NMe;)
NN CH,Ph 9.1-1
85%
F CF, Me,N CF,

N N + Ny
NN, ph N/N\mzph
43% 53%

1

Both direct and indirect syntheses of chloro-1,2,3-triazoles have been
carried out. In the former approach, the reagent employed exerts an
important influence on the product yield (Egs. 2,3).> A large number of
additional combinations were tried but without synthetically useful resuits. It
has also been shown that cyanogen chloride reacts with trimethylsilyl-
diazomethane to give chloro-1,2,3-triazoles (Eq. 4)° in fair yield.

92%
o
[\ -
Ny N Ny (2)
N \Me . N/N\Me
e 65%

A somewhat broader range of reactions has been explored for the
synthesis of bromo-1,2,3-triazoles. Two reports of the direct bromination
show the efficiency of such reactions (Eq. 5).%* The reaction of 9.1-2 (Y = H)
with two equivalents of sodium hypobromite also gives a very high yield of

198
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60%

Cl;
Me tha, Me Cl
N§N,N ~ \Od\ QW inCI“ 3)

H Na
45%

C
i

CICN + Me,SiCHN, ——— + another 1:1 adduct

¥/
SiMe,
45% (@)
Cl
E;?(l; N§N/N\H
84%

4,5-dibromo-1,2,3-triazole, and the bromination of alkyl-1,2,3-triazoles
produces fair product yields (Eq. 6,7).> It should be noted that 1-benzyl-
1,2,3-triazole gives only a 33% yield of the 4-bromo product.’

Y. BrHBr
g AN + Br, 7/ NN Q)]
Ny ~H 2 N ~H
9.1-2
Y =H, CHO, CO,H about 100%
Br
‘= Nan
Ny N + Br, — Ny N 6)
N \Me 2 N ~Me
68%
Me Me Me Me

N,N\H + Na*"OBr — N§N,N\ N

Br
60%
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The addition of azides to unsaturated bromo compounds has not pro-
duced exceptional yields (e.g., Eqgs. 8,9).%7 In view of the general success of
such methods these examples should be studied further.

(I)H
Br CMe,
o -
BrC=CCMe, + PhCH,N; — N (8)
N"SCH,ph
fair (trace of the isomer)
Br
A =
YV \
—c\soza Ph

Diazotization of amino-1,2,3-triazoles could be an important route, but it
has been reported in only one case that gave a moderate yield (Eq. 10).8
The obvious alternative for this type of product i.e., methylation of bromo-
1,2,3-triazoles has received only limited exploration with modest success (Eq.
11).° The use of dimethyl sulfate in this reaction gave 29% of each isomer."

H,N Br

llN,N + HBr M Mo (10)

~ Cu-bronze NQN/N\

Me Me
41%
Br Br Br Br Br. Br
N_,N + CH,N N—N + \I?——\gl 11)
N \H 21Nz SN~ \Me \17]/
Me
35% 46%

The use of cyanogen bromide in Equation 4 gave somewhat better
results—that is, 85% of the initial adduct and 61% overall.

The 1,2,3-triazoles can be iodinated directly and in quite good yield using
several different reagents (Egs. 12 to 14).*!!

Me Me

l N_  + 2Na* 0l — Ny N (12)
NT Ny NN

66%
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Me Me Me e
NN+ L (orNa'"O) — NN (13)
H
65% (50%)
Ne—n I |
[\ [\ Me \N)—Me ;—<
EtOH
N*N/N\ + Na ICI — N, ,N\ —_— N§N,N\ (14)
H I H
60-80% 75%
REFERENCES
1. 64: 12662g 2. 50: 9392h 3. 78: 111412r 4. 42: 2600b
S. 74: 141647f 6. 46: 8651g 7. 80: 3414r 8. 58: 17626h
9. 72: 43570q 10. 73: 87865q 11. 73: 66513h
TABLE 9. HALO-1,2,3-TRIAZOLES
Compound Reference
I-benzyl-4-bromo- 74: 141647
I-benzyl-5-chloro- 67: 64305u
1-benzyl-4-fluoro-5-(trifiuoromethyl)- 64: 12662g
4-bromo- 78: 111412r
5-bromo-4-[(diethoxythiophosphinylidyne)oxy]- 82: P156328s
2-phenyl-

1(or 2)-bromo-4,5-dimethyl-

1{or 2)-bromo-4-methyl-

4-bromo-1-methyl-

4-bromo-2-methyl-

4-bromo-5-methyl-

S-bromo-1-methyl-

2-{4-(bromomethy})-3-cyanophenyl]-4-chloro-5-
(4-chlorophenyl)-

4-bromo-1-phenyl-

4-bromo-5-phenyl-

4-chloro-

4-chloro-2-(5-chloro-2-methoxyphenyl)-5-phenyl-

4-chloro-2-(5-chloro-2-methoxyphenyl)-5-phenyl-, 3-oxide

-4-chloro-5-{4-chlorophenyl)-2-[3-cyano-4-
[(diethoxyphosphinyl)methyl]phenyl]-

4-chloro-5-(4-chlorophenyl)-2-(3-cyano-4-
methylphenyt)-

5-chloro-4[(diethoxythiophosphinylidyne)oxy]-
2-phenyl-

50: 9393c

50: 9393f

5§0: 9392i, 5§5: 17626h
67: 16500g

50: 9393b

§5: 17626h

83: P81213k

50: 3414

70: 69275u
78: 111412r
74: P100618d
74: P100618d
83: P81213k

83: P81213k

82: P156328s
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TABLE 9 (Continued)

Compound Reference
Hor 2)-chloro-4,5-dimethyl- 50: 9392i
4-chloro-1-methyl- §0: 9392i
4-chloro-5-methyl- 50: 9393a
4-chloro-1-phenyl- §2: 366a
5-chloro-1-phenyl- §2: 5866b

4,5-dibromo- 42: 2600b, 50: 9393d,
67: 64365p

4,5-dibromo-, 1:1 adduct with dimethylamine 73: 87865q

4,5-dibromo-, 1;1 adduct with triethylamine 73: 87865q

4,5-dibromo-2-(1,1-dimethyl-3-oxobutyl)- 73: 87865q

4,5-dibromo-2-(1,1-dimethyl-3-oxobutyl)-, semicarbazone 73: 87865q

I{or 2),5-dibromo-4-methyl- 50: 9393f

4,5-dibromo- 1-methyl- 72: 43570q, 73: 87865q

4,5-dibromo-2-methyl- §50: 9393¢, 73: 878635q

I{or 2),5-dichloro-4-methyl- 50: 9393e

4.5-diiodo- 73: 66513h

I(or 2),5-diiodo-4-methyl- 50: 9393b

4.5-dilodo-2-methyl- 50: 9393a

1{or 2)-iodo- 50: 9393h

4-iodo- 50: 9392h

I(or 2)-iodo-4,5-dimethyl- 50: 9393d

4-iodo-1-methy!- 50: 9392i

4-iodo-5-methyl- 50: 9393b

-4-methanol, I-benzyl-5-bromo-a,a-dimethyl- 46: 8651g

-S-methanol, 1-benzyl-4-bromo-a,a-dimethyl- 46: 8651h

-4-methanol, 5-bromo-a,a-dimethyl-1-phenyl- 46: 8651h

1{or 2}.4,5-tribromo- 50: 9393¢

42: 2600b
46: 8651g,h
50: 3414i

50: 9392-3h-i
52: 366a
53: 5866b

55: 17626h
64: 12662g

67: 16500g
67: 64305u
67: 64365p
70: 68275u
72: 43570q
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CHAPTER 10

1,2,3-Triazoles Containing More
Than One Representative Function

10.1. AMINO-1,2,3-TRIAZOLECARBOXYLIC ACIDS AND
THEIR FUNCTIONAL DERIVATIVES

The reaction of azides with active methylene compounds under basic
conditions is the most widely used approach to the v-triazole amino acids
(Eqgs. 1,2)." This reaction, discovered by Dimroth,* is highly regiospecific
and produces good to excellent yields for a variety of substituents (Eq. 3).*

EtO,C NH,
NCCH,CO,Et+ ArN, %%, Nog )
Ar
10.1-1
Ar =Ph®* 4-MePh 4-BrPh 4-MeOPh 4-NO,Ph
% 10.1-1= 69 52 81 72 57
i
NH,
b HoN =
NCCH,CONH, + PhCH,N, =, NGB )
CH,Ph
80%
R NH,
NCCH,R+R'N, 52 NP (3)
RI

10.1-2
R = CO,NH,, CN, CO,Et
R’ =Me, Et, H,NCOCH,, Ph, 4-YPh (Y = Me, Cl, COH, NO,), 3-NO,Ph

204
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In this particular study a few cases of very low yield were found—for
examples, R = CONH,, R’ = Me, Et or 2-MePh (7 to 13%).

Dimroth also reported a reversible rearrangement of the initially formed
1,2,3-triazole (10.1-1 to 10.1-2).® This process, which can significantly
expand the utility of the addition, has been studied and applied by a number
of groups (Eq. 4).'***° The addition of 4-nitrophenylazide in Equation 1
produces only the rearranged product (63% 10.1-1). It was later shown that
under the reaction conditions of Equation 3 most of the N-phenyl adduct
rearranges.”>® Sutherland and Tennant also studied the factors that favor
acetylation or rearrangement (Egs. 5,6).5

R NHR'
1011 =
or — NN (4)
10.12 NN
i
AcNHCWNHAc
O AcQL, HY, N—N (5)
[l Vs SN\ o
é NH, ph, 68%

H2N/ H Iprolonged heating

70% 6)

L’abbé and his collaborators have added azides to both active methylene
compounds (Eq. 7)” and acetylenes (Eq. 8)® for the preparation of unusual
examples of 1,2,3-triazoles. With ethyl azidoformate (10.1-3) the initially
formed 1-ester (10.1-4) rearranges on workup to the 2-substituted product

T
C H
H_Bu un” )= 2
H,NCOCH,CN + C=C Neome, T2 NN H
VAN MeoH WO\ S
N3 H C==C
/ AN
H Bu-t

62% (72% from iodide)
@)
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(10.1-5) and small amounts of the third N-isomer (10.1-6) are also obtained
(Eq. 9). This group has also prepared N-vinyl-1,2,3-triazoles by basic
elimination of the corresponding alkyl iodide.’

MeHMtz
MeC=CNEt, + 2EtO,CN, ey N N ®
10.1-3 NN
- CO,Et
10.1-4
79% (nmr)
MeHNEtz Et;N e
q —
N\NPI + g N\ 9
(I: OE CO,ET
2Bt 10.1-6
1“.1‘5

A rather interesting and exotic example of active methylene-azide addi-
tion is found in the case of 5-azidotropolone (10.1-7) where the product
varies with the ratio of the starting materials (Eqs. 10,11).>°

HO. HO
DNH3 3NCCHZCN, ﬁ (10)
NS
o~ (o)
10.1-7 50-90%
m
CN H,N CN

H,N CO E\j 11

Albert has shown that, under appropriate conditions, a near quantitative
yield of a 1,2,3-triazole anhydro dimer (10.1-8) may be obtained and then
converted to the important derivative 10.1-9 (Eq. 12).!' This compound
(10.1-9) has played a role in the synthesis of various azapurines (e.g.,
10.1-10), which in turn are promising intermediates in v-triazole synthesis
(Egs. 13,14).'>'¢ Albert has also made important contributions to our
understanding of the optimal methods for preparing and isolating various
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i
HCNH o)

= Il
HzN - y——CH‘———N C
PhCH,N, + NCCH,CONH, 221, N« N = \NH2
N\ N
AN
o H
10.1-8
i i
/C NHCH
(Mc0),50; H,N : \Nl
N (12)
Me
10.1-9
75%
T T
SMe
/C NH, /C\——(Nﬂz
N/ N\\ MHC MCS —— NH HzN N
R EE e R N
N | R R
R
10-1‘10
R=H 100% 100%
Me 90%
PhCH, 85%
T
/C NH,
10.1-10 (R=Me) — | MeS - —_—
NN
Me
Il\[IH’;Cl‘
C NH2 NC 2
MeS/ H heat B=(
&Nl)\ pH7 ‘N/N\ (14)
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methylated amino acid derivatives (Egs. 15,16).'* The mixture 10.1-11
proved difficult to separate and was first converted to the corresponding
acids or esters.'® A related synthetic method has been reported by Lovelette
and Long, who claim improved procedures'® but with the exception of the
conversion of a hydrazide to an azide (Eq. 17) fail to provide yield data.
Two reactions of sulfonyl azides show promise in the preparation of
v-triazole amino carboxamides (Eq. 18)'7 and nitriles (Eq. 19).'®

PhCH,N, + NCCH,CONH,

o N ;
g TsOMe /N\N

NH 10 CH Ph
H N/ \:( 2 70%
RN
0]
CHPh o I
80% H,N C\
—‘—N NH2
NN\
i
H,N C\
Ha H NH,
PAIC N\NP‘\M (15)
e
77 %
] !
NH,
/ v
wwonson, FoN W LN 6
\N/ \ \IT/
Me
1pt. Me
1pt.
10.1-11
60%
O O
! L m
2
HzNNH W HNO: N3/ K:g : (17)
\N/ AN \W N
CH,Ph CH,Ph
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O
g NH
HN_ 2
S .- H,N -
_CCH,CONH,-HCI+ RSO, N, -2t : GO 8
H;N 70-90% H
R =Me, Ph, 4-MePh, 8-C,,H,
NCWNHSOZR
(NC),CH™ + RSO,N;, N\\N}Q\ (19)
H
10.1-12
R =Me Ph 4-MePh 4-MeOPh 4-NO,Ph
%10.1-12=92 80 96 74 71
REFERENCES
1. 49: 1710g 2. §2: 366a 3. 68: 68958 4. 22: 423
5. 585:2661d 6. 74: 125581z 7. 72: 121447w 8. 78: 43374c
9. 69: 19088f 10. 79: 5300p 11. 69: 77238r 12. 72: 21645r
13. 70: 87690s 14. 71: 130665 15. 69: 77238r 16. 178: 29681u
17. 72: 55346j 18. 80: 95838t

10.2 MISCELLANEOUS 1,2,3-TRIAZOLES CONTAINING MORE
THAN ONE REPRESENTATIVE FUNCTION

Of the various polyfunctional v-triazoles reported, an overwhelming
number contain the sulfonamido group. One reason for this interest lies in

the phenomenon of ring-open chain tautomerism (Eq. 20).

19—

2! The position

of the triazole-diazoamidine equilibrium (10.2-1 and 10.2-2) is heavily

dependent on structure:

R! NEt,

R ! ECNEtZ + R2 SOzN 3 — N N

Me
Me
Me
Me
Me
Me
Ph

NEt,

NN\
SO,R? R!
10.2-1
Bj % 10.2-1

Me 62
Ph 67
4-MePh 80
4-MeOPh 92
4-AcNHPh 78
2,4,6-Me,Ph 96
various Ar 0

10.2-2
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Himbert and Regitz have shown that diphenylaminoacetylene is exceptional
among B-H-ynamines in giving a good yield of 1,2,3-triazole (Eq. 21).%?
This group has also studied the reaction of alkoxyacetylenes with sul-
fonazides (Eq. 22).?> With the exception of those listed, most combinations
give only «-diazocarboximidates (10.2-4). The incorporation of a phos-
phorus group also failed, in general, to provide the expected 1,2,3-triazole
(Eq. 23).%* It was also shown that excellent yields of mono-addition can be
obtained from certain diynamines, even with nitrophenylsulfonazides (Eq.
24).*° A recent study by Himbert, Frank, and Regitz involved a triphenyl-
metal substituent and produced a fair yield of 1,2,3-triazoles in two excep-
tional instances (Eq. 25).%¢

SO,N, NPh,
Ph,NC=CH + — QN}Q\ (21)
SOZ NM62
NMe,
74%
2 1
R OR I\IISOZR
R!OC=CR?*+RSO,N;, — N N = N,CCOR'’ 22
2IN3 NN 2I (22)
SO,R R2
10.2-3 10.2-4
R = 4-Me,NPh 2,4,6-Me,Ph  4-Me,NPh 4-Me,NPh 4-Me,NPh
R! = Et Et Me Me Et
R? = Me Me Et Me Et
% 10.2-3= 75 42 60 66 69
I oz
R! )“( Ph,P NR'R
\ T
NC=CPPh, + R*SO,N; — N —
SN\ )

R? SO,R

open-chain isomer (23
R} R*=Me,Ph X =S pe 23)

R®=4-MeOPh 60%
2,4,6-Me;Ph  55%
X =NSO,PhNMe,-4

R®=PhCH, 85%
Me, NC=C HNMCZ
Me,NC=CC=CNMe, + RSO,N; — I\kN}\I\ (24)
SO;R

75-100%
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Ph,M NR!'R?
R 1
\ —
/N(E—CMPh3+R802N3 — N (25)
R? SO,R
R,R?2= M= R=
Ph, Si 4-MeOPh 66%

Ph,Me Ge  4-Me,NPh  61%

The sulfonamido group is found together with a number of other func-
tional groups in isolated reports. For example, fair yields of 1,2,3-triazoles
involving a carboxylic acid ester (Eq. 26),%” good to excellent yields with a
cyano group (Eq. 27),*® and an old but unexplored reaction leading to an
ether substituent (Eq. 28)*° have been reported.

R'OZC\[__(R
RC=CCO,R’+TsN, —» N (26)
Ts
10.2-5
R’ = Me or Et
R =H Ph COMe
% 10.2-5= 37 49 63
NC »_:(NﬂsogR
NC),CH™ +RSO,N, — N 27
( )2 2493 &N/ \ ( )
H
10.2-6
R =Me Ph 4-MecPh 4-MeOPh 4-NO,Ph
% 10.2-6=92 80 96 74 71
(MeSO,),
excess CH;N;
(MCSOZ)2C=NOMC + CH2N2 — N\\N/N\ O(CH;CHz)20
OMe
87%
M6802
N 2
NG @
OMe
53%

The reaction between tosylazide and the anion of malononitrile has been
studied more fully, and the methylation of the product has been explored
(Eq. 29).>° The product (10.2-7) represents the major component of a
mixture of dimethyl derivatives obtained in 85% vyield.
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N NH~ NC NHTs
e N
=N

(NC),CH™ +TsN, gi *:" N, N’N\H %}%
ere Me I\llle
TSNWW H CO,Et TstcozH
NN = N 0. NN 29)
b‘Ae l\‘de Is"ie
10.2-7 8% 74%

Finally, the combination of acetamido and sulfonamido groups has been
studied in some detail (Eq. 30).%'

l‘i\c
ArSO,NH NSO,Ar
N_N AcO N_N:
\\N 74 \ CsHsN \\N/ \
H Ac
Ar= Ph 15%
4-MePh 28% Il\C ‘?c
4-BrPh 10% NSO,Ar ArSO,N
7\
+ +
Ac
Ac
60% 26% (30)
50% 22%
62% 29%

The presence of an acyl group characterizes the second most common
disubstituted 1,2,3-triazole and in general may be obtained in excellent yield
from, for example, aroyl azides and phosphorus ylides (Eq. 31).>* A similar
reaction has been used to prepare an acetyl-1,2 3-triazolecarboxylic acid

Me Me\——(OEt
Ph,P=C + ArCON, — IiN/\ _Ar (31)
CO,Et ”
O
10.2-8
Ar = Ph 3-NO,Ph 4-NO,Ph 4-MeOPh

% 10.2-8=63 73 77 70
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ester (Eq. 32).> Although the structure of compound 10.2-9 was not
determined, it is likely to be 2-acetyl in view of such evidence as the direct
preparation of similar compounds (Eq. 33)** and the work of L'abbé (Eq.
34).%

Pr-n EtOZC Pl‘-n
/ N
Ph,P=C + MeCON, — I\I\%Iel (32)
CO,Et Ac
10.2-9
90%
HOHR phcoz\r—(R
T CsHsN \
H |
=0
Ph
R=H 80%
Ph 92%
Ph NMe,
/R
PhC=CNMe, + PhCON, —> N N (34)
|
C
AN
Ph/ O

The rearrangement of 1,2,3-thiadiazoles under basic conditions is a
most attractive route to acyl- or carboxyl-1,2,3-triazole thiols (Eq. 35).>*%7

0O
I H
RC NHAr RC SH

5 o 35)

Ny X
N \Ar

10.2-10
R' Ph  Ph  MeOEt OEt OEt
Ar Ph 4-NO,Ph Ph Ph 4-NO,Ph 4-MeOPh
%10.2-10= 98 96 92 93 97 96

o

The reduction of 4-cyano-5-amino-1,2,3-triazoles, under carefully con-
troled conditions, provides formyl derivatives which can be converted to
potentially useful imines (Eq. 36).>**? Both processes take place in excellent
yield.
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7 0
NCMHz / C N=CHOEt
N—N HarPd | H HC(OEt), 2—-:!{ (36)
NN\ ThRa \N/ \ m NN \R
R
R = Me, PhCH,

A combination of ether and ester (Eq. 37)** or iminoacid ester 1,2,3-
triazoles (Eq. 38)*° has been reported. In the first instance, L’abbé and his
collaborators found that 10.2-11 and 10.2-12 are formed first, but can be
converted to 10.2-13 during workup.

OEt OEt
HC=COEt+EtO,CN, — N N NN
N7 N N
COzEt EtO,C
10.2-11 10.2-12
55% 42%
OEt
" (
+N N (37)
|
CO,Et
10.2-13
4%
ArQ
_ I N NH
2ArOCN+CH,N, N (38)
COAr
10.2-14
Ar =Ph 4-MePh 4-MeOPh 4-CIPh
% 10.2-14=83 79 81 67

The diazotization of amino-1,2,3-triazoles and their subsequent conver-
sion to azo- and triazino-substituents has produced potentially interesting
compounds (Egs. 39 to 41).412

Several methods have been developed for the introduction of halogen in
the presence of other functional groups (Eqs. 42,43).434
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T
C N=NAr
7
mn” =
O O NN N
I ] A N Sy
/C NH, /C N; Ar=4-Me,NPh 84%
H,N \R—_:Ig i-CsHjono. HoN R—_Q—g B-CiH,  57%
SN\ HOAe NS (o) (39)
H 65% RN~ Il
/C N=NNR,
NN\
H
10.2-15 (40)
X, =Me, (r-Bu), C,HgN H, n-Bu Me, n-Bu Me, i-Pr  Me, PhCH,
% 10.2-15= 94 86 92 87 80 69 53
HzN\>__(NH2 H,N N=NPh
7\ CeHe >/ { (1) HNO,
IQ\N/N + PhNO m I\J\Ny (2) Na""N,
| I
Ph Ph
72%
N, N=NPh
/R
N N )
|
Ph
76%
MeO,C OH
N N PCls L =
\\N/ \ anhydrous 37% R=Me
Ph RO,C q
EtO,C NH N, (42)
2 — 2 i-CsH(;ONO \Ny\Ph
N 47% R=Et

Ph



216 1,2,3-Triazoles Containing More Than One Representative Function

Only two examples of 1,2,3-trizaoles bearing three different functional
groups have been reported (Eq. 44).*°

0N Br. O
+ ‘_: CH(Cl, -
N L, + PhCOCH
A AN PANAN
Me CH,Ph Me CH,Ph
90%
Br 0O,CPh
N 43)
SN
Me
54%
T
C. NMe
R/ \z( i
CO,Et
R=Me 82%
OMe 70%
REFERENCES
19, 73: 77146s 20, 73: 114792x 21, 73: 119863f 22. 77: 139556u
23. 77: 151634a 24, 81: 136244n 25. 80: 37051v 26. 84: 105706x
27. 64: 5076f 28. 80: 95838t 29. 45: 6999g 30. 84: 135549r
31. 83: }922661 32. 72: 21176p 33. 71: 112865h 34, 71: 124340w
35. 78: 43374c 36. 68: 68936u 37. 70: 77874r 38. 79: 137053v
39, 80: 37075f 40. 64: 8171d 41. 65: 12196h 42. 74: 53665¢

43. §3: 18013d 44. 71: 61296p 45. 72: 31185e



TABLE 10. POLYFUNCTIONAL 1,2,3-TRIAZOLES

Compound

Reference

10.1. Amino-1,2,3-Triazolecarboxylic Acids and Their Functional Derivatives

5-acetamido-1-benzyl-4-cyano-

4-acetamido-5-cyano-1-methyl-

-S-amine, l-acetyl-4-(aminocarbonyl)-N-[[(2-
ethoxycarbonyl)- 1-methyllethenyl]-

-5-amine, 1-[2-amino-1,3-bis(ethoxycarbonyl)azulen-
6-yl]-4-(ethoxycarbonyl)-

-4-amine, 5-(aminocarbonyl)- N-[[(2-¢thoxycarbonyl)-
1-methyllethenyl]-

-5-amine, 4-(aminocarbonyl)- 1-[[(2-ethoxycarbonyl)-
I-methyljethenyt]-

-5-amine, 1-(2-amino-1,3-dicyanoazulen-5-yl)-4-cyano-

-5-amine, 1-(2-amino-1,3-dicyanoazulen-6-yl)-4-cyano-

1-benzyl-4-cyano-5-[(dimethylamino)methylidene-
amino]-

I-benzyl-4-cyano-5-formamido-

-4-carbonitrile, 5-amino-

-4-carbonitrile, S-amino-, ion{1-)
-4-carbonitrile, 5-amino-1-a-arabinofuranosyl-
-4-carbonitrile, 5-amino-1-benzyl-

-4-carbonitrile, S-amino-1-(4-chlorophenyl)-

-4-carbonitrile, 5-amino-1-(4-hydroxy-5-oxo-
1,3,6-cycloheptatrien-1-yl}-

-4-carbonitrile, S-amino-1-(4-methoxy-5-oxo-
1,3,6-cycloheptatrien-1-yl)-

-5-carbonitrile, 4-amino-1-methyl-

-5-carbonitrile, 4-amino-1-methyl-, conjugate monacid
-4-carbonitrile, 5-amino-1-methyl-

-4-carbonitrile, 5-amino-1-methyl-, phosphate (1:1)
-4-carbonitrile, 5-amino-2-methyl-

-4-carbonitrile, 5-amino-1-(4-nitrophenyl)-
-4-carbonitrile, S-amino-1-phenyl-

-4-carbonitrile, 5-amino-2-(4-pyridinyl)-
-4-carbonitrile, 5-amino-2-(4-pyridinyl)-,
conjugate monoacid
-4-carbonitrile, 5-amino-1-(2,3,5-tris-O-acetyl-a-D-
arabinofuranosyl)-
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82: 170802y
80: 82890d
79: 5299v

69: 19088f, 79: 5300p

75: S2999v
79: 5299v

69: 19088f, 79: 5300p
69: 19088f, 79: 5300p
72: 78952t, 73: 77154t

80: 95838t, 82: 170802y,

51: 2756b, 84: 30969z,
84: 135549r

79: 137053v

77: 147448a

51: 2756a, §5: 2662¢,
72: 78952t, 73: 77154t
84: 135549r

§§: 2662b

69: 19088f, 79: 5300p

79: 5300p

73: 77154t, 79: 146462¢,
80: 82890d, 82: 170802y,
84: 30969z

79: 137053v

71: 13066s, 72: 216457,
73: 771541, 79: 146462¢,
80: 82890d, 82: 170802y,
84: 30969z

79: 146462¢

73: 77154t, 79: 137053v,
79: 146462¢, 80: 37075f
80: 82890d, 82: 170802y

§8: 2662b

55: 2662b, 68: 103631q,
74: 125581z

79: 137053v

79: 137053v

77: 147448a



TABLE 10 (Continued)

Compound

Reference

10.1. Amino-1,2,3-Triazolecarboxylic Acids and Their Functional Derivatives (Continued)

-4-carbonitrile, 5-amino-1-(2,3,5-tris- O-benzyl-a-D-
arabinofuranosyl)-

-4-carbonitrile, 4-amino-1-(2,3,5-tris- O-benzyl-8-D-
arabinofuranosyl)-

-4-carbonitrile, 1-benzyl-5-[(ethoxymethylene)amino]-

-4-carbonitrile, 1-benzyl-5-[(4-methylpheny!)-
sulfonamido]-

-5-carbonitrile, 4-[bis[(4-methylphenyl)-
sulfonyllamino]-

-5-carbonitrile, 4-[bis{(4-methylphenyl)sulfonyl}-
amino}-1-methyl-

-4-carbonitrile, 1-methyl-5-[ N-methyl-
(4-methylphenyl)suifonamido)-

-5-carbonitrile, 1-methyl-4-[ N-methyl-
(4-methylphenyl)sulfonamido]-,

-5-carbonitrile, 2-methyl-4-{ N-methyl-
(4-methylphenyl)sulfonamido]-

-4-carbonitrile, 1-methyl-5-[(4-methylphenyl)-
sulfonamido]-

-5-carbonitrile, 1-methy!-4-[(4-methylphenyl)-
sulfonamido]-

-5-carbonitrile, 2-methyl-4-[(4-methylphenyl)-
sulfonamido]-

-S-carbonitrile, 4-[(4-methylphenyl)sulfonamido]-

-5-carbonitrile, 4-(methylsulfonamido)-, monohydrate

-4-carbonitrile, 5-(4-nitroanilino)-

-4-carbonyl azide, 5-amino-1-benzyl-

-4-carbothioic acid, 5-amino-, S-methy!l ester

-4-carbothioic acid, 5-amino-1-benzyl-,
S-methyl ester

-4-carbothioic acid, 5-amino-1-methyl-,
S-methyl ester

-4-carbothioic acid, 5-amino-2-methyl-,
S-methyl ester

-5-carbothioic acid, 4-amino-1-methyl-,
S-methyl ester

-5-carbothioic acid, 4-{{(dimethylamino)methylene}-
amino]- I-methyl-, S-methyl ester

-4-carboxamide, 5-acetamido-

-4-carboxamide, 5-acetamido-N-acetyl-
-4-carboxamide, S-acetamido-1-acetyl-
-4-carboxamide, 5-acetamido-N-acetyl-1-phenyl-
-4-carboxamide, 1-acetamido-5-amino-
-4-carboxamide, 5-acetamido-2-(5-chloro-
2-hydroxyphenyl)-
-4-carboxamide, S-acetamido-N,N-dimethyl-1-phenyl-
-4-carboxamide, 5-acetamido-1-phenyl-
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77: 147448a
77: 147448a

80: 82890d, 82: 433502
84: 135549r

84: 309692
84: 30969z
84: 135549r
84: 135549r
84: 135549r
84: 30969z, 84: 135549r
84: 30969z, 84: 135549r
84: 30969z, 84: 135549r

84: 30969z

85: 102705f

55: 2662¢

78: 29681u

70: 87690s, 723 216457
72: 21645r

70: 87690s, 72: 21645r,
79: 146462¢
70: 87690s, 72: 21645r

70: 87690s, 72: 216451,
76: 126929x
76: 126929x

§2: 1997d, 68: 103631q,
78: 20332m

52: 1997¢

75: 20332m

74: 125581z

§8: 2662a

74: P125704s

74: 125581z
55: 2661e



TABLE 10 (Continued)

Compound Reference

10.1. Amino-1,2,3-Triazolecarboxylic Acids and Their Functional Derivatives (Continued)

-5-carboxamide, 4-(acetylamino)-1-(2,3,5-tri- 77: 126981d
O-benzoyl-B-D-ribofuranosyl)-

-4-carboxamide, N-acetyl-5-anilino- 74: 125581z

-4-carboxamide, 1-acetyl-S-anilino- 74: 125581z

-4-carboxamide, 1-acetyl-S-anilino- N,N-dimethyl- 74: 125581z

-4-carboxamide, N-acetyl-5-(diacetylamino)-1-phenyl- 74: 125581z

-4-carboxamide, 5-amino- 51: 2755g, 51: 3688g,

51: 12075a, 52: 1977c,
55: 11422a, 65: 12196h,
71: 11523q. 72t 55346j,
79: 5299v, 79: 137053v,
82: 118340g

-4-carboxamide, 5-amino-, hydrochioride 77: 84962r
-4-carboxamide, 5-amino-1-a-D-arabinofuranosyl- T7: 147448a
-4-carboxamide, 5-amino-1-B-D-arabinofuranosyl- 84: P136010v
-4-carboxamide, 5-amino-1-benzyl- 51: 27551, 51: 14698d
68: 103631q, 72: 78952,
80: 82890d
-4-carboxamide, 5-amino-1-benzyl-N-methyl- 72: 21645r
-4-carboxamide, 5-amino-1-(benzylthio)- 68: 103631q
-4-carboxamide, 5-amino-N-[bis(methylamino)- 76: 126928w
methylene]-2-methyl-
-4-carboxamide, 5-amino-1-(2-chlorophenyl)- 58: 2661h
-4-carboxamide, S-amino-1-(3-chlorophenyl)- 58: 2661h
-4-carboxamide, 5-amino- 1-(4-chlorophenyl)- 55: 2661h
-4-carboxamide, 5-amino-N, |-dimethyl- 70: 87690s
-4-carboxamide, 5-amino-N,2-dimethyl- 72: 21645r
-4-carboxamide, 5-amino-1-(3,3-dimethyi-1-butenyl)-, (E)- 72: 121447w
-4-carboxamide, 5-amino-N,N-dimethyl-1-phenyl- 74: 125581z
-4-carboxamide, S-amino-!-ethyi- §8: 2662a
-4-carboxamide, 5-amino-N-methyl- 70: 87690s, 72: 21645r
-4-carboxamide, 5-amino-1-methyl- §2: 163591, 5§5: 26611,

69: 77238r, 79: 146462¢,
84: 30969z

-4-carboxamide, 5-amino-2-methyl- 67: 90731z, 69: 77238r,
72: 21645r, 84: 30969z
-5-carboxamide, 4-amino-1-methyl- 65: 713g, 68: 68958,
84: 30969z
-4-carboxamide, S-amino-1-(2-methylphenyl)- §8: 2661f
-4-carboxamide, 5-amino-1-(3-methyiphenyl)- 58: 2661f
-4-carboxamide, 5-amino-1-(4-methylphenyl)- 58: 2661f
-4-carboxamide, 5-amino-1-(3-nitrophenyl)- 85: 2661h
-4-carboxamide, 5-amino-1-(4-nitrophenyl)- §5: 2661h
-4-carboxamide, 5-amino-1-phenyl- 81: 14698c, 52: 1997¢,

§5: 2661d, 68: 103631q,
74: 125581z
-4-carboxamide, 5-amino-2-phenyl- 51: 2811d
-4-carboxamide, S-amino- 1-B-D-ribofuranosyl- 77: 160107h
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TABLE 10 (Continued)

Compound Reference

10.1. Amino-1,2,3-Triazolecarboxylic Acids and Their Functional Derivatives (Continued)

-5-carboxamide, 4-amino-1-8-D-ribofuranosyl- 77: 126981d
-4-carboxamide, S5-amino-1-(phenylethenyl)- 72: 121447w
-4-carboxamide, 5-amino-1-(2,3,5-tris- O-acetyl-a-D- 77: 147448a
arabinofuranosyl)-
-4-carboxamide, 5-amino-1-(1,2,3-tris-O-benzyl-a-D- 76: 141226§, 77: 147448a
arabinofuranosyl)-
-4-carboxamide, S-amino-1-(2,3,5-tris- O-benzyl-8-D- 76: 141226§, 77: 147448a
arabinofuranosyl)-
-4-carboxamide, S-anilino- 52: 19971, 85: 2661d
-4-carboxamide, S-anilino-N, 1-diacetyl- 74: 125581z
-4-carboxamide, 5-anilino-N,N-dimethyl- 74: 125581z
-4-carboxamide, 5-(benzylamino)- 72: 78952t
-4-carboxamide, 1-benzyl-5-(diformylamino)- 70: 47403u
-4-carboxamide, 2-benzyl-5-(formylamino)- 76: 126925t
-4-carboxamide, 1-benzyl-5-formamido- 70: 47403u
-4-carboxamide, 1-benzyl-5-(methylamino)- 70: 47403u
-4-carboxamide, 2-[ N-(5-carbamoyl-1,2,3-triazol- 69: 77238¢
4-yl)formimidoyl}-5-formamido-
-2-carboxamide, 4-([2-[[1-(dimethylamino)- 77: 113628u
carbonyl]1H- 1,2 4-triazol-3-ylJamino]-2,4,6-
cycloheptatrien- 1-ylideneJamino)- N,N-dimethyl-
-4-carboxamide, 5-[[(dimethylamino)methylene]- 76: 126929x
amino]-N-formyl-2-methyl-
-5-carboxamide, 4-[[(dimethylamino)methylene]- 76: 126929x
amino]-N-formyl-1-methyl-
-4-carboxamide, 5-{[(dimethylamino)methylene]- 76: 126929x
aminol-2-methyl-
-5-carboxamide, 4-[[(dimethylamino)methylene]- 76: 126929x
amino]-1-methyl-
-5-carboxamide, 4-[[(dimethylamino)methylene]- 76: 126929x
amino]-N,N, 1-trimethyl-
-4-carboxamide, N,1-dimethyl-5-(2-fluoroanilino)- 69: 96637m
-5S-carboxamide, N,1-dimethyl-4-(2-fluoroanilino)- 69: 96637m
-4-carboxamide, N,1-dimethyl-5-(4-fluoroanilino)- 69: 96637m
-5-carboxamide, N,1-dimethyl-4-(4-fluoroanilino}- 69: 96637m
-4-carboxamide, 5-(4-fluoroanilino)- N-methyl- 69: 96637m
-4-carboxamide, 5-formamido- 67: 90731z, 68: 103631q
-4-carboxamide, 5-formamido-1-methyl- 69: 77238r
-4-carboxamide, S-formamido-2-methyl- 67: 90731z, 69: 77238r
-4-carboxamide, 1-methyl-5-(methylamino)- 69: 77238r
-4-carboxamide, 2-methyl-5-(methylamino)- 69: 77238r
-4-carboxamide, 1-methyl-5-(N-methylformamido)- 69: 77238r
-4-carboxamide, 2-methyl-5-(N-methylformamido)- 69: 77238r
-4-carboxamide, 5-{(3-methylphenyl)amino]- §8: 2661f
-4-carboxamide, 5-[(4-methylphenyl)amino]- §5: 2661
-4-carboxamide, 5-{[(4-methylphenyl)sulfonyl]amino]- 84: 135549r
-4-carboxamide, 1-phenyl-5-(2-phenylacetamido)- 74: 125581z
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TABLE 10 (Continued)

Compound

Reference

10.1. Amino-1.2,3-Triazolecarboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxamide, 1-phenyl-5-(2-phenylacetamido)-
N-(phenylacetyl)-

-4-carboxamide, 1-phenyl-5-propanamido-N-propanoyl-

-4-carboxamidine, 5-amino-

-4-carboxamidine, 5-amino-1-benzyl-

-4-carboxamidine, 5-amino-2-phenyl-

-4-carboxamidoxime, 5-amino-

-4-carboximidamide, 5-amino-, monohydrochloride

-4-carboximidamide, 5-amino-N-(aminoiminoethyl)-
1-benzyl-

-4-carboximidamide, S-amino-N-(aminoiminoethyl)-
2-methyl-

-4-carboximidamide, S-amino-1-benzyl-,
monohydrochloride

-4-carboximidamide, 5-amino- 1-benzyl-N-butyl-

-4-carboximidamide, 5-amino-1-benzyl-N-methy!-

-4-carboximidamide, 5-amino-1-benzyl-N-methyl-,
monohydrochloride

-4-carboximidamide, S-amino-N-butyl-, 1:1 adduct
with formic acid

-4-carboximidamide, S-amino-N-butyl-2-methyl-

-4-carboximidamide, 5-amino-N-butyl-2-methyl-,
monochydrochloride

-5-carboximidamide, 4-amino-N-butyl-1-methyl-

-5-carboximidamide, 4-amino-N-butyl-1-methyl-,
monohydrochloride

-4-carboximidamide, 5-amino-N,2-dimethyl-

-4-carboximidamide, 5-amino-N,2-dimethyl-,
monohydrochloride

-5-carboximidamide, 4-amino-N, 1-dimethyl-

-4-carboximidamide, S-amino-N-methyl-

-4-carboximidamide, 5-amino-1-methyl-,
monohydrochloride

-4-carboximidamide, 5-amino-N-(phenylmethoxy)-
I-B-D-ribofuranosyl-

-4-carboximidamide, 5-amino-1-B-D-ribofuranosyl-

-5-carboximidamide, 4-amino-N,N, 1-trimethyl-

-4-carboximidic acid, 5-amino-1-benzyl-, ethyl ester

-4-carboximidic acid, 5-amino-1-benzyil-,
ethyl ester, monohydrochloride

-4-carboximidic acid, 5-amino-|-(methylthio)-,
methyl ester

-4-carboximidic acid, S-amino-1-(methyithio)-,
methyl ester, monohydrochloride

-4-carboximidic acid, 5-amino-1-phenyl-, ethyl ester

-4-carboximidic acid, 5-amino-1-phenyl-, methyl ester
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74: 125581z

74: 125581z
5§5: 11422a, 63: 9943c,

68: 103631q, 82: 43350z
68: 103631q, 82: 43350z
51: 2812¢
58: 11421
82: 433502
82: 170802y

82: 170802y

82: 43350z, 82: 170802y
82: 43350z

82: 43350z

82: 433502

82: 433502

82: 43350z
82: 43350z

82: 43350z
82: 43350z

82: 43350z
82: 43350z

82: 43350z

82: 43350z

82: 43350z

76: 135794b

76: 135794b

82: 43350z

§1: 2756a, 68: 103631q
82: 43350z

71: 13066s

71: 13066s, 72: 21645r

68: 1036319
74: 125581z



TABLE 10 (Continued)

Compound

Reference

10.1.  Amino-1,2,3-Triazolecarboxylic Acids and Their Functional Derivatives (Continued)

-4-carboxylic acid, 5-acetamido- 1-phenyl-,
methyl ester
-4-carboxylic acid, 1-acetyl-5-anilino-, methyl ester
-1-carboxylic acid, 4-acetyl-5-(dimethylamino)-,
ethyl ester
-4-carboxylic acid, S-amino-
-4-carboxylic acid, S-amino-, hydrazide
-4-carboxylic acid, 4-amino-, methyl ester
-4-carboxylic acid, 5-amino-1-benzyl-
-4-carboxylic acid, 5-amino-1-benzyl-, ethyl ester

-4-carboxylic acid, 5-amino-1-benzyl-, hydrazide

-4-carboxylic acid, S-amino-1-(5-bromo-1,6-dihydro-
6-oxo-1-phenyl-4-pyridazinyl)-, ethyl ester

-4-carboxylic acid, 5-amino-1-(4-bromophenyl)-,
ethy} ester

-5-carboxylic acid, 4-[(aminocarbonyl)amino]-1-methyl-

-4-carboxylic acid, 5-amino-1-(4-carboxylphenyl)-,
diethyl ester

-4-carboxylic acid, 5-amino-1-(3-chlorophenyl)-,
ethyl ester

-4-carboxylic acid, S-amino- 1-(4-chlorophenyl),
ethyl ester

-4-carboxylic acid, 5-amino- I-cyclohexyl-

-4-carboxylic acid, S-amino-1-(3,3-dimethyl-
1-butenyl)-, methyl ester, (E)-

-4-carboxylic acid, 5-amino-1-(3-luorophenyl)-,
ethyl ester

-4-carboxylic acid, 5-amino-1-(4-fluorophenyh)-,
ethyl ester

-4-carboxylic acid, 5-amino-1-(4-methoxyphenyl)-,
cthyl ester

-4-carboxylic acid, 5-amino-1-methyl-

-4-carboxylic acid, 5-amino-2-methyl-

-4-carboxylic acid, 5-amino-2-methyl-, methy! ester

-5-carboxylic acid, 4-amino-1-methyl-

-4-carboxylic acid, 5-amino-1-(4-methylphenyl)-,
ethyl ester

-4-carboxylic acid, 5-amino-1-phenyl-

-4-carboxylic acid, 5-amino-1-phenyl-, ethyl ester

-4-carboxylic acid, S-amino-1-phenyl-, hydrazide
-4-carboxylic acid, 5-amino-1-phenyl-, methyl ester
-4-carboxylic acid, S-amino-1-phenyl,

(2-nitroethyl) ester
-4-carboxylic acid, 5-anilino-, ethyl ester
-4-carboxylic acid, 5-(benzylamino)-
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74: 125581z

74: 125581z
72: 31185¢

69: 77238r, 72: 21645r

51: 2755g, 68: 103631q

69: 77238r

51: 2755e, 72: 78952t

§5: 2662b, 68: 103631q,
78: 29681u, 79: 137053v

68: 103631q, 78: 29681u

76: 153691v

49: 1710h

76: 126928w
49: 1710h

73: P98955v
73: P989YSSv

78: 5801y
72: 121447w

73: P98955v
73: P98955v
49: 1710h

72: 21645r

69: 77238r

79: 137053v

76: 126928w, 79: 137053v
49: 1710g

36: 8357, 56: 12870a
44: 1102d, 52: 365i,
58: 2662a, 68: 103631q
68: 103631q
74: 125581z
§8: 23505a

58: 2662b
72; 78952t



TABLE 10 (Continued)

Compound

Reference

10.1. Amino-1,2,3-Triazolecarboxylic Acids and Their Functional Derivatives

(Continued)

-4-carboxylic acid, 5-(3-chloroanilino),
ethyl ester

-4-carboxylic acid, 5-(4-chloroanilino)-,
ethyl ester

-4-carboxylic acid, 1-(3-chlorophenyl)-5-
[(2-hydroxyethyl)amino-, ethyl ester

-4-carboxylic acid, |-(4-chlorophenyl)-5-
[(2-hydroxyethyl)amino]-, ethyl ester

-4-carboxylic acid, 1-(3-chlorophenyl)-5-morpholino-,

ethyl ester

-4-carboxylic acid, 1-(4-chlorophenyl)-5-morpholino-,

ethyl ester

-4-carboxylic acid, S-(diacetylamino)-1-phenyl-,
methyl ester

-1-carboxylic acid, 4-(diethylamino)-5-methyi-,
ethyl ester

-1-carboxylic acid, 5-(diethylamino)-4-methy!-,
ethyl ester

-2-carboxylic acid, 4-(diethylamino)-5-methyl-,
cthyl ester

-4-carboxylic acid, 5-(3-fluoroanilino)-, ethyl ester

-4-carboxylic acid, 5-(4-fluoroanilino)-, ethyl ester

-4-carboxylic acid, 1-(3-fluorophenyl)-5-
[(2-hydroxyethyl)amino}-, ethyl ester

-4-carboxylic acid, 1-(4-fluorophenyl)-5-
[(2-hydroxyethyl)amino)-, ethyl ester

-4-carboxylic acid, 1-(3-fluorophenyl)-5-morpholino-,

cthyl ester

-4-carboxylic acid, 1-(4-fluorophenyl)-S-morpholino-,

ethyl ester
-4-carboxylic acid, 5-formamido-, methyl ester
-47carh0xylic acid, 5-(5-isoxazolylamino)-
-4-carboxylic acid, 5-(5-isoxazolylamino)-,

methyl ester
-4-carboxylic acid, 5-(5-isoxazolylamino)-1-methyl-

-4-carboxylic acid, 5-(5-isoxazolylamino)-1-methyl-,

methyl ester

-4-carboxylic acid, 2-methyl-5-[methyl[(4-methyl-
phenyljsulfonyl]amino}-

-4-carboxylic acid, 2-methyl-5-[methyl[(4-methyl-
phenyl)sulfonyl]amino]-, ethyl ester

-4-carboxylic acid, 1-methyl-5-(phenylamino)-,
ethyl ester

-4-carboxylic acid, 5-[[(4-methylphenyl)sulfonyl]-
amino}-, ethyl ester

-4-carboxylic acid, 5-(4-nitroanilino)-, ethyl ester

S-cyano-4-[(phenylsulfonyl)amino}-

223

73: P98955v
73: P98955v
74: P22847m
74: P22847m
74: P22847m
74: P22847m
74: 125581z
78: 43374c
78: 43374c¢
78: 43374c¢
73: P98955v
73: P98955v
74: P22847m
74: P22847m
74: P22847m
74: P22847m
69: 77238r
26: 1606°

26: 1606°

26: 1606%*
26: 1606%°

84: 135549r
84: 135549¢
76: 140731h
84: 135549r

49: 1710h
80: 95838t



TABLE 10 (Continued)
Compound Reference
10.1. Amino-1,2,3-Triazolecarboxylic Acids and Their Functional Derivatives (Continued)

5-cyano-4-(N,N-diethylureylenyl)-
4-cyano-5-[(dimethylamino)methylideneamino]- 1-methyi-
5-cyano-4-[(dimethylamino)methylideneamino}- 1-methyl-

5-cyano-4-[(dimethylamino)methylideneamino}-2-methyl-

4-cyano-5-{(ethoxymethylidene)amino)- 1-methyl-,
ethyl ester

5-cyano-4-[(cthoxymethylidenc)amino]- L-methyl-,
ethyl ester

5-cyano-4-[(ethoxymethylidene)amino]-2-methyl-,
ethyl ester

5-cyano-4-formamido- 1-methyl-

S-cyano-4-formamido-2-methyl-

5-cyano-4-(methylsulfonamido)-

5-cyano-4-{[(4-methoxyphenylsulfonylJamino]-

5-cyano-4-[[(4-methyiphenyhsulfonylJamino}-

- I.4-dicarboxylic acid, S-(dimethylamino)-,
l-ethyl methyl diester

-4-thiocarboxamide, 5-amino-

-4-thiocarboxamide, 5-amino-1-benzyl-

-4-thiocarboxamide, S-amino-2-phenyl-

80: 95838t

73: 77154t, 76: 126929x

73: 771544, 76: 126929x,
79: 146462¢, 82: 432502

73: 77154t, 76: 126929x,
79: 146462¢, 82: 433502

80: 82890d

80: 82890d
80: 82890d

80: 82890d
80: 82890d
80: 95838t
80: 95838t
80: 95838t
72: 31185e

§1: 2756¢
§1: 27560
§1: 2811h

10.2. Miscellaneous 1,2,3-Triazoles Containing More Than One Representative Function

4-acetamido-5-amino- 1-benzyl-
4-acetamido-2-benzoyl-
4-acetamido- 1-[(4-bromophenyl)sulfonyl}-
4-acetamido-2-mercapto-
1-{(4-acetamidophenyl)sulfonyl]-5-(diethylamino)-

4-methyl-
I-acetyl-5-anilino-4-phenyl-
1-acetyl-5-([2,2-bis(ethoxycarbonyl)ethylidene]-

amino)-4-phenyl, diethyl ester
1-acetyl-5-(diacetylamino)-4-phenyl-
1-acetyl-4,5-dibromo-
1-acetyl-5-ethoxy-4-propyl-
4-acetyl-5-hydroxy-1-phenyl-
4-acetyl-5-hydroxy-1-(tetrazolo[5,1-aJphthalazin-

6-yl)-, sodium salt
4-acetyl-S-mercapto- 1-phenyl-
4-acetyl-5-mercapto-1-phenyl, 1:1 adduct

with piperidine
N-acetyl- | -methyl-5-[[(4-methylphenyl)sulfonyl]Jamino]-
1-acetyl-5-~(3-oxobutanamido)-4-phenyl-
-5-amine, 1-acetyl-N-[[(2-ethoxycarbonyl)-

1-methylJethenyl}-4-phenyl-

-4-amine, 5-azido-2-phenyl-

224

78: 29681u
75: 20332m
83: 1922662
72: P67723t
73: 114792x, 73: 119863¢

74: 125581z
75: 20332m

75: 20332m
84: 4547f
71: 112865h
77: 87530j
81: 37518y

70: 77874r
70: 77874r

83: 1922662
79: 5299v
79: 5299v

63: P11749f



TABLE 10 (Continued)

Compound

Reference

10.2. Miscellaneous 1,2,3-Triazoles (Continued)

-5-amine, 4-benzoyl-

-5-amine, l-benzyl-4-[(cthoxycarbonyl)amino]-,
ethyl ester

-5-amine, 1-benzyl-4-(dimethoxymethyl)-

-5-amine, 1-{(4-bromophenyl)sulfonyl]-
N,4-diphenyl-N-methyl-

-5-amine, 1-[(4-bromophenyl)sulfonyl]-
N-methyl-N-phenyl-4-(2-propenyl)-

-5-amine. 4-butyl-N,N-diethyl- 1-[[4-(dimethylamino)-
phenyljsulfonyl]-

-5-amine, 4-butyl-N,N-diethyl-1-[(2,4,6-trimethyl-
phenylsulfonyl]-

-5-amine, 4-butyl-N-methyl-1-[(4-methylphenyl)-
sulfonyl]-N-phenyl-

-5-amine, 4-butyl-N-methyl-1-[(2-nitrophenyl)-
sulfonyl])-N-phenyl-

-5-amine, 4-butyl-N-methyl-1-[(3-nitrophenyl)-
sulfonyl]}-N-phenyl-

-5-amine, 4-butyl-N-methyl-1-[(4-nitrophenyl)-
sulfonyl]-N-phenyl-

-4-amine, 2-(4-carboxyphenyl)-5-[(4-carboxy-
phenyhazo]-

-4-amine, 5-[(4-chlorophenyl)azo)-2-phenyl-

-4-amine, 2-(3-chlorophenyl)-5-[(3-chlorophenyl)azo]-

-5-amine, 1-[(4-chlorophenyl)sulfonyl}-
N,N-diethyl-4-methyl-

-1-amine, 4,5-dibenzoyl-

-2-amine, 4,5-dibenzoyl-

-5-amine. N,N-diethyl-1-{[4-(dimethylamino)phenyl]-
sulfonyl]-4-methyl-

-5-amine, N,N-diethyl- 1-[[4-(dimethylamino)phenyl]-
sulfonyt]-4-phenyl-

-5-amine, N,N-diethyl-1-[(4-fluorophenyl)sulfonyl}-
4-methyl-

-5-amine, N,N-diethyl-1-[(4-methoxyphenyl)sulfonyl]}-
4-phenyl-

-5-amine, N, N-diethyl-4-methyl- 1-(methylsulfonyl)-

-5-amine, N, N-diethyl-4-methyl-1-(1-naphthalenyl-
suifonyl)-

-5-amine, N,N-diethyl-4-methyl- 1-(2-naphthalenyl-
sulfonyl)-

-5-amine, N,N-diethyl-4-methyl-1-(phenylsulfonyi)-

-5-amine, N,N-diethyl-4-methyl-1-[(2,4,6-trimethyl-
phenylsulfonyl}-

-5-amine, N,N-diethyl-4-phenyl-1-[(2,4.6-trimethyl-
phenyl)sulfonyt]-
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84: 135549r
78: 29681u

80: 37075
80: 37051v

80: 37051v

80: 37051v

80: 37051v

73: 77146s, 80: 37051v
80: 37051v

80: 37051v

73: 77146s, 80: 37051v
74: P65596w

T4: 53665¢

74: P65596w

73: 77146s, 80: 37051v
84: 31007w

84: 31007w

80: 37051v

80: 37051v

80: 37051v

73: 77146s, 80: 37051v

73: 77146s, 80: 37051v
73: 77146s, 80: 37051v

80: 37051y

73: 77146s, 73: 114792x,
73: 1198631, 74: 408171,
80: 37051y

73: 77146s, 80: 37051v

73: 77146s, 80: 37051v



TABLE 10 (Continued)

Compound

Reference

10.2. Miscellaneous 1,2,3-Triazoles (Continued)

-4-amine, 5-[[4-(dimethylamino)phenyllazo]-2-phenyl-

-5-amine, 1-[[4-(dimethylamino)phenyl]sulfonyl]-
N,N-diphenyl-

-5-amine, 1-[[4-(dimethylamino)phenyl]sulfonyl]-
N,N-diphenyl-4-(triethylgermyl)-

-5-amine, 1-{[4-(dimethylamino)phenyllsulfonyil-
N,N-diphenyl-4-(triphenylgermyl)-

-5-amine, 1-[{4-(dimethylamino)phenyl]sulfonyl]-
N,N-diphenyl-4-(triphenylstannyl)-

-5-amine, 1-[[4-(dimethylamino)phenyl]sulfonyl}-
N-methyl-N-phenyl-4-(triphenylgermyl)-

-5-amine, N,4-dimethyl-1-[(4-methoxyphenyl)-
suifonyl}-N-phenyl-

-5-amine, N,4-dimethyl-1-[(4-methylphenyl)-
sulfonyl}-N-phenyl-

-5-amine, N,4-dimethyl-1-{(3-nitrophenyl)-
sulfonyl]-N-phenyl-

-5-amine, N,4-dimethyl-1-[(4-nitrophenyl)-
sulfonyl}-N-phenyl-

-4-amine, 2-(3,4-dimethylphenyl)-5-
[(3.4-dimethylphenylazo]-

-5-amine. N,4-dimethyl-N-phenyl- I-(phenylsulfonyl)-

-5-amine, N,N-diphenyl-1-{(4-methoxyphenyl)-
sulfonyl}-4-(triethylgermyl)-

-5-amine, N,N-diphenyl-1-[(4-methoxyphenyl)-
sulfonyl]-4-(triphenylgermyl)-

-5-amine, N,N-diphenyl-1-[(4-methoxyphenyi)-
sulfonyl}-4-(triphenylsilyl)-

-S-amine, N,N-diphenyl-4-(diphenylphosphino-
thioyl)- 1-[(4-methylphenyl)sulfonyl]}-

-5-amine, N,4-diphenyl-N-methyl-1-[(4-methyl-
phenylsulfonyl]-

-5-amine, N,4-diphenyl-N-methyl-1-[(3-nitro-
phenyl)sulfonyl]-

-5-amine, N,4-diphenyl-N-methyl- 1-[(4-nitro-
phenyl)sulfonyi]-

-5-amine, 4-(diphenylphosphinyl)-N-methyl-N-
phenyl-1-[(2,4,6-trimethylphenyl)sulfonyl}-

-4-amine, 2-(3-methoxyphenyl)-5[(3-methoxyphenyl)azo]-

-5-amine, N-methyl-1-[(4-methylphenyh)sulionyl]-
N-phenyl-4-(2-propenyl)-

-5-amine, N-methyl- 1-(3-nitrophenyl)sulfonyl]}-
N-phenyl-4-(2-propenyl)-

-5-amine, 5-[(4-methylphenyl)azo}-2-phenyl-

-4-amine, 2-phenyl-5-(phenylazo)-

-4-amine, 2-(phenylsulfonamido)-

-4-amine, 2-(3-pyridyl)-5-(3-pyridylazo)-

-5-amine, N,N,4-triethyl-1-[(2,4,6-trimethyl-
phenybsulfonyl]-
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63: P11749d
T7: 139556u

84: 105706x

84: 105706x

84: 105706x

84: 105706x

80: 37051v

80: 37051v

80: 37051v

80: 37051v

74: P65596w

80: 370S1v
84: 105706x

84: 105706x

84: 105706x

81: 136244n

80: 37051v

80: 37051v

80: 37051v

81: 136244n

74: P65596w
80: 37051v

80: 37051v

74: 53665¢
74: 53665¢
79: P147417f
74: P65596w
80: 37051v



TABLE 10 (Continued)

Compound

Reference

10.2. Miscellaneous 1,2,3-Triazoles (Continued)

4-[(aminomethylidene)amino}-5-[(hydroxyhydra-
zono)methyl]-
4-azido-5-[[4-(dimethylamino)phenyl]azo]-2-phenyl-
4-azido-2-(3,4-dimethylphenyl)-5-[(3,4-dimethyl-
phenyl)azo]-
4-azido-2-(3-pyridyl)-5-(3-pyridylazo)-
4-azido-1-{(4-methylphenyl)sulfonyl]-5-pheny!-
4-azido-2-phenyl-5-(phenylazo)-
5-benzamido-4-benzoyl-
1-benzamido-4-[(benzoythydrazono)methyl]-
1-benzamido-5-[(benzoylhydrazono)methyl]-
1-benzamido-4-formyl-
1-benzoyl-5-(dimethylamino)-4-phenyl-
5-benzoyl-4-[(4,4-dimethyl-2-hydroxy-6-oxo-
1-cyclohexenybazo]-
1-benzoyl-5-ethoxy-4-methyl-
2-benzoyl-4-ethoxy-5-methyl-
5-benzoyl-4-[(2-hydroxy- 1-naphthalenyl)azo]-
4-benzoyl-5-mercapto- 1-(4-methoxyphenyl)-
4-benzoyl-5-mercapto-1-(4-methoxyphenyl)-,

1:1 adduct with piperidine
4-benzoyl-5-mercapto-1-(4-nitrophenyl)-
4-benzoyl-5-mercapto-1-(4-nitrophenyl)-,

1:1 adduct with piperidine
4-benzoyl-5-mercapto- 1-phenyl-
4-benzoyl-5-mercapto-1-phenyl-, 1: 1 adduct

with piperidine
5-benzoyl-4-[(4-methylphenyl)sulfonamido]-
1-benzyl-5-[(diethoxymethylidene)aminol-4-formyl-,

diethyl ester
1-benzyl-5-[[(dimethylamino)methylidene Jamino)-
4-formyl-
1-benzyl-5-[(ethoxycarbonyl)amino]-4-formyi-,
ethyl ester
i-benzyl-5-[(ethoxyethylidene)amino)-4-formyl-,
ethyl ester
1-benzyl-5-[(ethoxymethylidene)amino]-4-formyl-,
ethyl ester
1-[[(4-bromophenyl)sulfonyl]amino}- N, 1-diacetyl-
4-[[(4-bromophenyhsulfonyl]lamino]- N,2-diacetyl-
5-[[(4-bromophenyl)sulfonyt]amino]-N, L -diacety!-
5-bromo-4-methoxy- [ -methyl-
4-butyl- 1-{(4-methoxyphenyl)sulfonyt]-
S-(N-methylanilino)-
-4-carbonitrile, 5-{chloroazo)-
-4-carbonyl azide, 1-(2,5-dimethylphenyl)-

S-isocyanato-

-4-carboxaldehyde, 5-amino-, [(5-amino-1H-
1,2,3-triazol-4-yl)methylene]-, hydrazone
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79: 137047w

63: P11749¢
74: P65596w

74: P65596w
§3: 15065e
74: 53665¢
§7: 5897d
71: 49860k
71: 49860k
71: 49860k
65: 10524d
84: 135549r

72: 21176p
79: 31992k
84: 135549r
70: 77874r
70: 77874r

68: 68936u
68: 68936u

70: 77874r
70: 77874r

84: 135549r
80: 37075

80: 37075f
80: 37075
80: 37075f
80: 370751
83: 192266z
83: 192266z
83: 192266z
71: 61296p
73: 77146s

68: 103631q
22: 3411°

79: 137047w



TABLE 10 (Continued)

Compound Reference
10.2. Miscellaneous 1,2,3-Triazoles (Continued)
-4-carboxaldehyde, 5-amino-, oxime 79: 137047w
-4-carboxaldehyde, 5-amino-1-benzyl- 79: 137053v, 80: 37075f
-4-carboxaldehyde, 5-amino-1-methyl- 79: 137053v
-4-carboxaldehyde, 5-amino-I-methyl-, 79: 137053v

conjugate monoacid
-4-carboxaldehyde, 5-amino-2-methyl- 79: 137053v, 80: 37075¢

-4-carboxaldehyde, 5-amino-2-methyl-,
{(5-amino-2-methyl-2H-1,2 3-triazol-4-yl)-
methylene]hydrazone

-4-carboxaldehyde, S5-amino-2-methyl-,
conjugate monoacid

-4-carboxaldehyde, 5-amino-2-methyl-, phenylhydrazone

-5-carboxaldehyde, 4-amino-1-methyl-

-5-carboxaldehyde, 1-[[a-(benzoyloxy)benzylidene]-
amino)-, benzoylhydrazone

-5-carboxaldehyde, 1-(benzylideneamino)-

-4-carboxaldehyde, 4-guanidino-, oxime

-4-carboxamide, 5-(aminothio)-

-4-carboxamide, 5-azido-

-4-carboxamide, 5-(3-benzyl-3-methyl-1-triazeno)-

-4-carboxamide, 5-[3-(4-bromophenyl)- I-triazeno]-

-4-carboxamide, 5-[3-[(4-butoxyphenyl)iminomethyl}-
3-butyl-1-triazenyl}-

-4-carboxamide, 5-[3-[(4-butoxyphenyl)iminomethyl]-
3-cyclohexyl-1-triazenyl]-

-4-carboxamide, 5-{3-[(4-butoxyphenyhiminomethyl}-
3-phenyl- I -triazenyl]-

-4-carboxamide, 5-[3-butyl-3-{(3-ethyl-4-methoxy-
phenyl)iminomethyl]- 1-triazenyl}-

-4-carboxamide, 5-[3-butyl-3-(1-iminomethyl)-
1-triazenyl]-

-4-carboxamide, 5-(3-butyl-3-methyl-1-triazeno)-

-4-carboxamide, 5-(3-butyl-1-triazeno)-

-4-carboxamide, N,1-diacetyl-5-(N-phenylacetamido)-

-5-carboxamide, ‘4-diazo-

-4-carboxamide, 5-(3,3-dibutyl-1-triazeno)-
-4-carboxamide, 5-{[4-(dimethylamino)phenyljazo}-
-4-carboxamide, 5-(3,3-dimethyl-1-triazeno)-
-4-carboxamide, 5-(3,3-dipropyl-1-triazeno)-
-4-carboxamide, 5-hydroxy-,

-4-carboxamide, 5-hydroxy-, monosodium salt
-4-carboxamide, 5-[(2-hydroxy-1-naphthyl)azo}-
-4-carboxamide, 5-hydroxy-1-B-D-ribofuranosyl-
-4-carboxamide, S-iodo-

-4-carboxamide, 5-(3-isopropyl-3-methyl-1-triazeno)-
-4-carboxamide, 5-(3-methyl-3-phenyl-1-triazeno)-
-4-carboxamide, 5-(1-pyrrolidinylazo)-

228

79:

79:

79:
79:
71:

71:
79:
68:
80:
65:
65:
79:

79:

79:

79

79:

65:
65:
74:
56:

137053v

137053v

137053v
137053v, 80: 370751
49860k

49860k
137047w
103631q
3436
12196h
12196h
P137166j

P137166]
P137166]
P137166j
P137166j
12196h
12196h

125581z
1445a, 65: 12196h,

80: 3436;

63:
65:
65:
63:
85:
85:
65
85:
65:
65:
65:
65:

18856g, 65: 12196h
12196h
12196h
18856h
P6010e
P6010e
12196h
P6010e
12196h
12196h
12196h
12196h



TABLE 10 (Continued)

Compound

Reference

10.2. Miscellaneous 1,2,3-Triazoles (Continued)

-4-carboxamide, 5-[(trimethylsilyhoxy]-

-1-carboximidic acid, 4-(4-chlorophenoxy)-,
4-chlorophenyl ester

- l-carboximidic acid, 4-(4-methoxyphenoxy)-.
4-methoxyphenyl ester

-l-carboximidic acid, 4-(4-methylphenoxy)-,
4-methylphenyl ester

-1-earboximidic acid, 4-phenoxy-, phenyl ester

-4-carboxylic acid, 1-(2-benzoyl-4-chlorophenyi}-,
methyl ester

-4-carboxylic acid, S-benzoyl-2-phenyl-

-4-carboxylic acid, I-benzyl-S-chloro-, ethyl ester

-4-carboxylic acid, 5-(chloroazo)-, hydrazide

-4-carboxylic acid. 5-chloro-1-phenyl-

-4-carboxylic acid, 5-chloro-1-phenyl-, methyl ester

-4-carboxylic acid, 1-(3-chiorophenyl)-5-hydroxy-.
ethyl ester

-4-carboxylic acid, 1-(4-chlorophenyl)-5-hydroxy-,
ethyl ester

-5-carboxylic acid, 4-{[2,6-dimethyl-4-(phenylazo)-
phenyi}-1-{1-[[2,6-dimethyl-4-(phenylazo)phenyl]-
oxyformimidoyl]-, ethyl ester

-1-carboxylic acid, 4-ethoxy, ethyl ester

-2-carboxylic acid, 4-ethoxy, ethyl ester

-1-carboxylic acid, 5-¢thoxy-, ethyl ester

-1-carboxylic acid, 5-cthoxy-4-methyl-, ethyl ester

-2-carboxylic acid, 4-ethoxy-5-methyl-, ethyl ester

-2-carboxylic acid, 4-ethoxy-S-phenyl, ethyl ester

-4-carboxylic acid, 5-(ethylsulfonyl)-

-4-carboxylic acid, 1-(3-fluorophenyl)-5-hydroxy,
ethyl ester

-4-carboxylic acid, 1-(4-fluorophenyl)-5-hydroxy-.
ethyl ester

-4-carboxylic acid, 5-mercapto-1-(2-methoxyphenyl)-.

ethyl ester, 1:1 adduct with piperidine
-4-carboxylic acid, 5-mercapto-1-(2-methylphenyl)-,

ethyl ester, 1:1 adduct with piperidine
-4-carboxylic acid, S-mercapto-1-(4-nitrophenyl)-,

ethyl ester
-4-carboxylic acid, 5-mercapto-1-(4-nitrophenyl)-,

ethyl ester, 1:1 adduct with piperidine
-4-carboxylic acid, 5-mercapto-1-phenyl-, ethyl ester
-4-carboxylic acid, 5-mercapto-1-phenyl-,

ethyl ester, 1:1 adduct with piperidine
-1-carboxylic acid, 5-methoxy-, ethyl ester
-4-carboxylic acid, 5-methoxy-1-(4-methoxy-

S-o0x0-1,3,6-cycloheptatrien-1-yl)-, ethyl ester
-4-carboxylic acid, S-methoxy-1-methyl-, ethyl ester

229

85: P60 10e
64: 817le

64: 8171e
64: 8171e

64: 8171e
84: 74239r

21: 2268°

51: 2756¢, 67: 64305u
68: 103631q

53: 18013d

52: 3662

74: P22847m

74: P22847m
73: 98913¢
78: 43374¢
78: 43374¢
72: 121450s, 78: 43374¢
70: 77878v
79: 31992k
78;: 111442a
82: 58044b
74: P22847m
74: P22847m
70: 77874r
70: 77874r
68: 68936u
68: 68936u

70: 77874«
70: 77874¢

72: 1214505
79: 5300p

64: 11200d



TABLE 10 (Continued)

Compound

Reference

10.2. Miscellaneous 1.2,3-Triazoles (Continued)

-4-carboxylic acid, 5-methoxy-1-methyl-, methyl ester
-4-carboxylic acid, 5-methoxy-2-methyl-, ethyl ester
-5-carboxylic acid, 4-methoxy-1-methyl-, ethy] ester
- I-carboxylic acid, 5-methoxy-4-phenyl, ethyl ester

-S-carboxylic acid, 1-(2-methyl-1-ox0-2-propenyl)-,
propyl ester

-4-carboxylic acid, 1-{(4-methylphenyl)suifonyl]-,
methyl ester

-5-carboxylic acid, 1-{(4-methylphenyl)sulfonyl]-,
methyl ester

-5(or 4)-carboxylic acid, 1-[(4-methylphenyl)-
sulfonyl}-4(or 5)-phenyl-, ethyl ester

-5-carboxylic acid, 1-(1-oxo-2-propenyl)-,
propyl ester

-4-carboxylic acid, 5-phenoxy-, ethyl ester

-5-carboxylic acid, 4-phenoxy-1-(1-phenoxyform-
imidoyl)-, ethyl ester

4-[4-chloro-N-(diphenylphosphoranylidene)(phenyl-
sulfonamido)]- 1-{(4-methoxyphenylsulfonyl]-5-
(methylphenylamino)-

4-[4-chloro-N-(diphenylphosphoranylidene)phenyi-
sulfonamido]-5-(methylphenylamino)- 1-
[(4-methylphenylsulfonyl]-

4-[4-chloro- N-(diphenylphosphoranylidene)phenyl-
sulfonamido])-5-(methylphenylamino)-1-
[(2,4,6-trimethylphenyl)sulfonyl]-

5-cyano-4-[[(4-nitrophenyl)suifonyt]lamino]}-

4-(diacetylamino)-2-(3,4-dimethylphenyl)-
5-[(dimethylphenyl)azo]-

4-(diacetylamino)-2-(3-pyridyl)-5-(3-pyridylazo)-

N, 1-diacetyl-4-{[(4-methylphenyl)sulfonyl]lamino]-

N,1-diacetyl-5-[[(4-methylphenyl)sulfonyl]amino]-

N,2-diacetyl-4-{[(4-methylphenyl)sulfonylJamino}-

N,1-diacetyl-4-(phenylsulfonamido)-

N, 1-diacetyl-5-(phenylsulfonamido)-

N,2-diacetyl-4-(phenylsulfonamido)-

-4-diazonium, 5-(aminocarbonyl)-

-4-diazonium, S-benzoyl-, hydroxide

-4-diazonium, S-cyano-, chloride

-4,5-dicarboxylic acid, 1-(2-benzoyl-4-chloro-
phenyl)-, dimethyl ester

-4,5-dicarboxylic acid, 1-hydroxy-

-4,5-dicarboxylic acid, 1-[(4-methylphenyl)sulfonyl]-,
dimethyl ester

4-[(diethoxymethylidene)amino]-4-formyl-2-methyl-,
diethyl ester
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64: 11200c
64: 11200d
64: 11200d
78: 29677x.
84: 30609g
85: 47115m

64: 50761
64: 5076f
64: 5076g
85: 47115m

64: 8171e
64: 8171d

81: 136244n

81: 136244n

81: 136244n

80: 95838t
74: P65596w

74: P65596w
83: 1922662
83: 1922662
83: 1922662
83: 1922662
83: 1922662
83: 1922662
79: P137166j
84: 135549«
84: 30969z

84: 74239¢

70: 19988v
64: 5076f

80: 37075¢



TABLE 10 (Continued)

Compound

Reference

10.2. Miscellaneous 1,2,3-Triazoles (Continued)

5-(diethylamino)- 1-[(4-methoxyphenyDsulfonyl]-
4-methyl-

5-(diethylaminc)-4-methyl- L[(4-methoxyphenyl)sulfonyl]-

1-[[4-(dimethylamino)phenyl]sulfonyl]-4-[[N-
(diphenylphosphoranylidene)-4-methyiphenyi]-
sulfonyl]-5-(methylphenylamino)-
1-[[4-(dimethylamino)phenyl]sulfonyl}-
S-ethoxy-4-ethyl-
1-[[4-(dimethylamino)phenyl]sulfonyl}-
5-ethoxy-4-methyl-
1-{[4-(dimethylamino)phenyllsulfonyl]-
4-ethyl-5-methoxy-
1-[{4-(dimethylamino)phenyl]sulfonyl]-
S-methoxy-4-methyl-
4-{{(2,2-dimethylhydrazino)methylideneJamino]-
5-{(dimethylhydrazono)methyl]-
5-[(dimethylhydrazono)methyl}-4-thioureido-
5-[(dimethylhydrazono)methyl}-4-ureido-
5-[(dimethylhydrazono)methyl}-4-ureido-,
conjugate monoacid
S-[(dimethylthydrazono)methyl}-4-ureido, ion (1-}
5-(diphenylamino)-4-[ N-(diphenylphosphoranylidene)-
{(4-methylphenyljsulfonylJamino}-1-
[(4-methylphenyl)sulfonyl]-
4-{N-(diphenylphosphoranylidene) (4-methylphenyl)
sulfonylamino]-1-[(4-methoxyphenylsulfonyl]-
5-(methylphenylamino)-
4-[N-(diphenylphosphoranylidene) (4-methylphenyl)-
sulfonylamino}-5-(methylphenylamino)-1-
[(4-methyiphenyl)sulfonyl]-
4-[N-(diphenylphosphoranylidene) (4-methylphenyl)-
sulfonylamino]-5-(methylphenylamino)-1-[(2,4,6-
trimethylphenyl)sulfonyl}-
4-[(ethoxyethylidene)amino)-5-formyl- 1-methyi-,
ethyl ester
4-[(ethoxyethylidene)amino]-5-formyl-2-methyl-,
ethyl ester
5-ethoxy-4-ethyl- 1-{(2,4,6-trimethylphenyl)sulfonyl}-
4-ethoxy-2-(4-methoxybenzoyl)-5-methyl-
5-ethoxy- 1-(4-methoxybenzoyl)-4-methyl-
4-[(ethoxymethylidene)amino]-S-formyl- 1-methyl-,
ethyl ester
4-cthoxy-5-methyl-2-(3-nitrobenzoyl)-
4-ethoxy-5-methyl-2-(4-nitrobenzoyl)-
5-ethoxy-4-methyl-1-(3-nitrobenzoyl)-
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73: 77146s, 74: 408171,
74: 114792x, 74: 119863f,
80: 37051v

73: 77146s, 73: 114792x,
73: 1198631, 80: 37051v

81: 136244n

77: 151634a

77: 151634a

77: 151634a

77: 151634a

79: 137047w

79: 137047w

79: 137047w

79: 137047w

79: 137047w

81: 136244n

81: 136244n

81: 136244n

81: 136244n

80: 37075f
80: 37075f

77: 151634a
79: 31992k
72: 21176p
80: 37075¢f

79: 31992k
79: 31992k
72: 21176p



232 1,2,3-Triazoles Containing More Than One Representative Function

TABLE 10 (Continued)

Compound Reference
10.2. Miscellaneous 1.2,3-Triazoles (Continued)
5-ethoxy-4-methyl- 1-(4-nitrobenzoyl)- 72: 21176p
5-ethoxy-4-methyl-1-[(2,4,6-trimethylphenyl)sulfonyl]- 77: 151634a
4-cthoxy-2-(4-nitrobenzoyl)-5-phenyl- 78: 111442a
5-(hydrazonomethyl)-4-[(hydrazinomethylidene)amino]- 79: 137047w
4-{[(hydroxyamino)methylidene Jamino}- 79: 137047w
5-[(hydroxyimino)methyi]-
5-[(hydroxyimino)methyl]-4-thioureido- 79: 137047w
-4-methanamine, 5-amino-1-benzyl-, 3:1 adduct with 79: 146462¢
carbonic acid
4-[[(methoxyamino)methylidene Jamino]- 79: 137047w
5-[(methoxyimino)methyl]-
1-methoxy-5-(methylsuifonyl)- 45: 6999
4-nitro-5-(2,4,6-trinitroanilino)- 74: 22769n
-4-0l, 2-benzoyl-, benzoate ester 71: 124340w
-4-ol, 2-benzoyl-5-phenyl-, benzoate ester 71: 124340w
-4-0l, 5-bromo-1-methyl-, benzoate ester 71: 61296p
-4-ol, 5-bromo-2-methyl-, benzoate ester 77: 19583d
-5-ol, 4-bromo-1-methyl-, benzoate ester 77: 19583d
-4-propanoic acid, a-diazo-5-hydroxy-1- T1: 12749¢

{4-methoxyphenyl)-8-oxo-, ethyl ester, potassium salt
-4-propanoic acid, a-diazo-S-hydroxy-B-oxo-1-phenyl-, Ti: 12749
ethyl ester, potassium salt

21: 2268°
22: 4237
22: 3411°
26: 1606%°
36: 8357

44: 1102d
45: 6999¢g
49: 1710g,b

81: 2755-6¢e-¢
§1: 2811-2d—<
S1: 3688g

5§1: 12075a

51: 14698¢.d
82: 365-6i—<¢
5§2: 1997d-f
82: 163591
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CHAPTER 11

Alkyl- or Aryl-A’-(or A")-1,2,3-
Triazolines

The most frequently used method for the preparation of the compounds
that are the subject of this chapter is the addition of diazomethane to an
anil. Early reports'? did not show great promise, and even fair yields were
exceptional (Eq. 1). More recently, great improvement has been achieved
with both diaryl and certain alkyl anils (Egs. 2,3).>° A related report
showed that 11.1-1 is produced in excellent yield with various heterocyclic
substituents.® Anils of aryloxyanilines are useful in certain cases (Eq. 4).”

Ph

th=N@—Noz+m2N2 ocHcH0, IJ\_‘g\ H )
\N/ Noz

64% (21 hrs.)

75% (42 hrs.)
Ar’
23 3 H
Ar'CH=NAF"+ CH N, Ez58% N N - ()
Ar?
11.1-1
Ar! =Ph 3-NO,Ph 4-NO,Ph 24-Cl,Ph 2,4-Cl,Ph 2-NO,Ph  2-CIPh
Ar? =Ph Ph Ph Ph 3-CiPh  3,4-Cl,Ph 3,4-C1,Ph
% 11.1-1=75 66 70 64 92 80 98
1
- H\C—C _R CF,
s —
~ ~ ~ CF
/C=N R? + CH,N, — LN *r 3
5 A=
H R?
R! =Me Ph Me i-Pr 11.1-2
R? =Me H H H

% 11.1-2=91 88 30* 42
* cis-frans mixture
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Ar?
1 2 H
Ar'OAPN=CHAr +CH;N; — Ny N @
ArZOAr
11.1-3
Ar! = Ph Ph 4-MePh  2-ClPh  2,4-Cl,Ph
Ar? =Ph  Ph Ph 3-CIPh  3-CiPh
AP =Ph 4-NO,Ph 24-CL,Ph 4-NO,Ph  Ph
% 11.1-3=89 79 88 39 34

A second method leading to alkyl- or aryl-A®-1,2,3-triazolines is the
addition of azides to alkenes (Eq. 5).*° These examples are somewhat
exceptional and a number of other combinations produced much lower
yields.® Scheiner has shown the stereospecificity of this reaction (Egs. 6,7)."°

R
/ </\H
RCH=CH, + AIN, — N§N/N\ 3
Ar
11.1-4
R =n-Bu n-Bu n-Bu n-C¢H,, 2-pyridyl®
Ar =4-BrPh  4-CIPh 4-NO,Ph 4-BrPh 4-BrPh
% 11.1-4=43 89 66 79 88
Ph M Me, ,Ph
e o e
~
Sc=c + PhN, -Ees, HTT {H (6)
e ~ N ~
H H Ph
22%
H Ph
Ph H
~
So=c + PN, Eos, Me < t H %)
H Me M ~ph
24%

An allene has been shown to react with azides (especially those bearing
electron-withdrawing substituents) to produce 1,2,3-triazolines (Eq. 8)."’

MCZCWMC
Me,C=C=CMe, + ArN; — N... N Me (8)
SN
Ar
Ar = 2,4,6-(NO,),Ph 72%

Ph 29%
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The synthesis of monosubstituted A3-1,2,3-triazolines from 1-arylazo-
aziridines (11.1-5) has been reported to give excellent yields (Eq. 9)."* The
starting materials (11.1-5) are often unstable and were isomerized without
purification. A more recent report provides a promising alternative and
extension for the synthesis of these compounds from dimethyloxosulfonium
methylide (11.1-7) (Eq. 10)."*> The use of 4-nitrophenyl- or benzoyl azide
produced only triazenes."?

XPhN_NI\(l M:zC-O N

®
m/
11.1-5 phx
11.1-6
X =4-Br 3-NO, 4-NO, 34-Cl, 4-CI 4-Me 3-CI 3-NO,-4-Me Ph 4-I
% 11.1-6= 84 64 98 83 68 76 60 90 80 85
RN; +2CH;S*OMe, %2 F;\ (10)
11.1-7 \R
11.1-8
R =Et n-C,H,; PhCH, Ph 4-EtOPh 4-BrPh
% 11.1-8 = 64 91 69 80 70 75

Finally, a related A*-triazoline has been obtained in high yield (Eq. 11)."

/ \ — NaBH. ) \
N FSO; +xon® /N\N/N an
Me | Mé |
Ph Ph
92%
REFERENCES
1. 49: 6241f 2. 86: 1445g 3. 65: 18576¢ 4. 67: 43754z
5. 77: 101465a 6. 83:9921x 7. 85: 5558¢ 8. 68: 29653¢
9. 68: 95600n 10. 68: 113790¢ 11. 69: 36040b 12. §7: 4666a
13, 68: 87248n 14, 78: 159527



TABLE 11. ALKYL- OR ARYL-A? (OR A%)-1,2,3-TRIAZOLINES

Compound

Reference

-1-acetic acid, 5,5-bs(triftuoromethyl)-a-isopropyl-

-1-acetic acid, 5,5-bis(trifiuoromethyl)-a-isopropyl-,
methyl ester

1-benzyl-

1,5-bis-(4-chlorophenyl)-

1,5-bis-(3-nitrophenyl)-

1,5-bis-(4-nitrophenyl)-

4.5-bis(trifltuoromethyl)-

5,5-bis(trifluoromethyl)-1-(4,5-dihydro-4-isopropyi-
3H-pyrazol-3-yl)-

5.5-bis(trifluoromethyl)-1-(4,5-dihydro-4-methyl-
3H-pyrazol-3-yl)

5,5-bis(trifluvoromethyl)-1-(4,5-dihydro-4-methyl-
3H-pyrazol-3-yl)-, trans-

5,5-bis(trifluoromethyl)-1-(3-methyl-1-butenyl)-, (E)-

5,5-bis(trifluoromethyl)-1-(2-methyl-1-propenyl)-
5,5-bis(trifluoromethyl)-1-(2-phenylethenyl)-
5,5-bis(trifluoromethyl)-1-(1-propenyl)-
1-(4-bromophenyl)-
1-(4-bromophenyl)-5-butyl-
1-(4-bromophenyl)-5-(2-chlorophenyl)-
1-(4-bromophenyl)-5-(2,4-dichlorophenyl)-
1-(4-bromophenyl)-4,5-diethyl-
I-(4-bromophenyl)-5-hexyl-
1-(4-bromophenyl)-5-isopropenyl-
1-(4-bromophenyl)-5-(3-nitrophenyl)-
1-(4-bromophenyl}-5-(4-nitrophenyl)-
1-(4-bromophenyl)-5-phenyl-
1-(4-bromophenyl)-5-propenyl-, (E)-
1-(4-bromophenyl)-5-(2-pyridyl)-
1-(4-bromophenyl)-4,5,5-trimethyl-
5-butyl-1-(4-chlorophenyl)-
S-butyl-1-(4-nitrophenyl)-
1-[3-chloro-4-(2-chlorophenoxy)phenyl}-5-
(4-nitrophenyl)-

1-[3-chloro-4-(2.4-dichiorophenoxy)phenyl}-5-phenyl-

1-(3-chloro-4-phenoxyphenyl)-5-(3,5-dichloro-
2-methoxyphenyl)-

1-(3-chloro-4-phenoxyphenyl)-5-(4-nitrophenyl)-

1-(3-chlorophenyl)-

1-(4-chlorophenyl)-

1-(3-chlorophenyl)-5-(2,4-dichiorophenyl)-

5-(2-chlorophenyl)-1-(3,4-dichlorophenyl)-

5-(4-chlorophenyl)-1-[4-(N,N-diethylsulfamoyl)-
phenyl]-

5-(2-chlorophenyl)- 1-[4-(N,N-dimethylsulfamoyl)-
phenyl]-

5-(4-chlorophenyl)- 1-[4-(N.N-dimethylsulfamoy})-
phenyl]-
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74: 31701m
74: 31701m

68: 87248n

65: 18576¢

65: 18576¢, 81: 100524q
49: 6241f, 65: 18576c,
81: 100524q

67: 100073c

77: 101465a

76: 152837k, 77: 101465a
78: 768991

77: 101465a

77: 101465a

77: 1014652

77: 101465a

§7: 4666a, 68: 87248n
68: 29653¢

65: 18576¢, 81: 10524q
67: 43754z, 81: 100524q
68: 29653¢

68: 29653¢

68: 29653¢

65: 18576¢, 81: 100524q
65: 18576¢, 81: 100524q
65: 18576c¢

68: 29653¢

68: 95600m

68: 29653¢

68: 29653e

68: 29653

85: P5558¢c

85: P5558¢
85: P5558¢

85: P5558¢

§7: 4666b

§7: 4666b

67: 43754z, 81: 100524q
67: 43754z, 81: 100524q
74: 76377b

74: 76377b

74: 76377b



TABLE 11 (Continued)

Compound

Reference

5-(4-chlorophenyl)- 1-[4-(ethoxycarbonyl)phenyl]-,
ethyl ester

1-(3-chlorophenyl)-5-(3-nitrophenyl)-
1-(3-chlorophenyl)-5-(4-nitrophenyl)-
1-(4-chlorophenyl)-5-(3-nitrophenyl)-
5-(2-chlorophenyl)- 1-(3-nitrophenyl)-
5-(4-chlorophenyl)-1-(3-nitrophenyl)-
1-(3-chlorophenyl)-5-phenyl-
1-(4-chlorophenyl)-5-phenyl-
5-(2-chlorophenyl)-1-phenyl-
5-(4-chlorophenyl)-1-phenyl-

5-(4-chlorophenyl)-1-[4-(1-piperidinylsulfamoyl)-
phenyl}-

1-(4-chlorophenyl)-5-(2-pyridyl)-

1-(4-chlorophenyl)-5-(4-pyridyl)-

1-(4-chlorophenyl)-5-(2-quinolyl)-

1-(4-chlorophenyl)-5-(2-thieneyl)-

5-cyclopropyl-5-methyl-1-(4-nitrophenyl)-

1-{4-(2,4-dichlorophenoxy)phenyl}-5-(2,4-dichloro-
phenyl)-

1-(3,4-dichlorophenyl)-

5-(2.4-dichlorophenyl)-1-(3,4-dichlorophenyl)-
5-(2,4-dichlorophenyl)- 1-[4-(ethoxycarbonyl)phenyl}-
5-(2.4-dichlorophenyl)- 1-[4-(4-methylphenoxy)phenyl)-
5-(3,4-dichlorophenyl)-1-{4-(4-methylphenoxy)phenyl)-
1-(3,4-dichlorophenyl)-5-(2-methylphenyl)-
5-12,4-dichlorophenyl}-1-(4-methylphenyl)-
1-(3,4-dichlorophenyt)-5-(2-nitrophenyl)-
5-12,4-dichlorophenyl)-1-(3-nitrophenyl)-
5-(2,4-dichlorophenyl)-1-phenyl-
$5,5-dicyclopropyl- 1-(4-nitrophenyl)-
4,5-diethyl-1-(4-nitrophenyl)-
5-[4-(dimethylamino)phenyl]-4-nitro-1-phenyl-
5,5-dimethyl-4-isopropylidene- 1-(4-nitrophenyl)-
5,5-dimethyl-4-isopropylidene- 1-phenyl-
5,5-dimethyl-4-isopropylidene- 1-(2,4,6-tri-
nitrophenyl)-
4,5-dimethyl-1-(4-nitrophenyl)-
1,5-diphenyl-

1,5-diphenyl-4-methyl-, cis-

1,5-diphenyl-4-methyl-, trans-

-1-ethanesulfonic acid, 3-(3-acetamido-
4-methoxyphenyl)-

-1-ethanesulfonic acid, 3-(4-acetamido-
3-methoxyphenyl)-

-1-ethanesulfonic acid, 3-(4-acetamidophenyl)-

- I-ethanesulfonic acid, 3-(4-biphenylyl)-
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74: 76377b

65: 18576¢

6S: 18576¢, 81: 100524q
6S: 18576¢, 81: 100524q
6S: 18576¢, 81: 100524q
65: 18576¢, 81: 100524q
65: 18576¢

56: 1445h, 65: 18576¢
65: 18576¢, 81: 100524q
49: 6241h, 56: 1446a,

65: 18576¢, 81: 100524q

74: 76377b

83: 9921x
83: 9921x
83: 9921x
83: 9921x
82: 125325j
85: P5558c¢

87: 4666a 67: 43754a,
73: 97689z

81: 100524q

74: 76377b

85: P5558¢

85: P5558¢

67: 437542

67: 43754z

67: 43754z, 81: 100524q

67: 43754z

67: 43754z

82: 125325j

68: 29653¢

66: 10887k

69: 36040b

69: 36040b

69: 36040b

68: 29653¢

49: 6241g, 56: 1445g,
65: 18576¢, 82: 16738a

68: 113790e

68: 113790e

55: P10473a

55 P10473a

55: P10473a
§5: P10472i



TABLE 11 (Continued)

Compound

Reference

-1-ethanesulfonic acid, 3-(3-bromophenyl)-

-1-ethanesulfonic acid, 3-(5-carbamoyl-
2-methoxyphenyl)-

-1-ethanesulfonic acid, 3-(3-chloro-1H-indazol-6-yl)-

-1-ethanesulfonic acid, 3-(5-chloro-2-methoxyphenyl)-

-1-ethanesulfonic acid, 3-(3-chloro-5-phenoxyphenyl)-

- I-ethanesulfonic acid, 3-(2-chiorophenyl)-

-1-ethanesulfonic acid, 3-(3-chlorophenytl)-

- I-ethanesulfonic acid, 3-(4-chlorophenyl)-

-1-ethanesulfonic acid, 3-(6-chloro-2-methylphenyl)-

-1-ethanesulfonic acid, 3-[6-chloro-3-(trifluoro-
methyl}phenyl]-

-1-ethanesulfonic acid, 3-(2,5-dichlorophenyl)-

-1-ethanesulfonic acid, 3-(2,5-diethoxyphenyl)-

-1-ethanesulfonic acid, 3-[5-(diethylsulfamoyl)-
2-methoxyphenyl]-

-1-ethanesulfonic acid, 3-(2,4-dimethoxyphenyl)-

-1-cthanesulfonic acid, 3-(2,4-dimethylphenyl)-

-1-ethanesulfonic acid, 3-(4-ethylphenyl)-

-1-ethanesulfonic acid, 3-[S-(ethylsulfonyl)-
2-methoxyphenyl}-

-}-ethanesulfonic acid, 3-(2.4,6-trimethylphenyl)-

-1-ethanesulfonic acid, 3-(3-methoxy-2-dibenzo-
furanyl)-

-1-ethanesulfonic acid, 3-(2-methoxyphenyl)-

-1-ethanesulfonic acid, 3-(4-methoxyphenyl)-

-1-ethanesulfonic acid, 3-(5-methoxy-2-methyphenyl)-

-1-ethanesulfonic acid, 3-(1-naphthyl)-

-1-ethanesulfonic acid, 3-(3-nitrophenyl)-

-1-ethanesulfonic acid, 3-(2-methyl-5-nitrophenyl)-

-1-ethanesulfonic acid, 3-(3-sulfophenyl)-

-1-ethanesulfonic acid, 3-(2-methylphenyl)-

-1-ethanesulfonic acid, 3-(3-methylphenyl)-

-1-ethanesulfonic acid, 3-(4-methylphenyl)-

-1-ethanol, 3-(4-chlorophenyl)-

-1-ethanol, 3-(2-chlorophenyl)-a-ethyl-

-1-ethanol, 3-(2-chlorophenyl)-a-methyl-

-1-ethanol, 3-(2,4-dichlorophenyl)-

-1-ethanol, 3-(2,5-dichlorophenyl)-a,B-dimethyl-

-1-ethanol, 3-(2,5-dichlorophenyl)-a,4-dimethyl-

-1-ethanol, 3-(2,5-dichlorophenyl)-a-ethyl-

-1-ethanol, 3-(2,5-dichlorophenyl)-a-methyl-

-1-ethanol, a,4-dimethyl-3-(2,4-dimethylphenyl)-

-1-ethanol, a,B-dimethyl-3-(2-methoxy-
3-dibenzofuranyl)-

-1-ethanol, «,8-dimethyl-3-phenyl-

-1-ethanol, a,4-dimethyl-3-phenyl-

-1-ethanol, a-ethyl-3-(2,4-dimethylphenyl)-

-1-ethanol, a-ethyl-3-phenyl-

-1-ethanol, 3-(2-methoxy-3-dibenzofuranyl)-a-methyl-
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§5: P10472h
§5: P10472i

§5: P10472i
55: P10472i
§8: P10472i
55: P10472h
§5: P10472h
§5: P10472h
55: P10472i
§5: P10472i

§5: P10472i
85: P10472i
55: P10472i

55: P10472i
58: P10472i
55: P10472h
58: P10472i

58: P10472i
§5: P10472i

55: P10472i
§8: P10472i
58: P10472i
58: P10473a
88: P10472h
55: P10472i
§5: P10472h
§5: P10472h
§85: P10472h
§8: P10472h
§5: P10473a
5§6: P3484h
56: P3484h
§5: P10473a
56: P3484h
§6: P3484h
56: P3484¢g
56: P3484h
56: P3484h
56: P3484i

56: P3484g
56: P3484i
56: P3484h
56: P3484h
56: P3484i



TABLE 11 (Continued)

Compound Reference
-1-ethanol, 3-(4-methoxyphenyl)- 55: P10473a
-1-ethanol, 3-(2-methoxyphenyl)-a-methyl- 56: P3484h

-1-ethanol, a-methyl-3-(2,4-dimethylphenyl)-

-1-ethanol, a-methyl-3-pheanyl-

-)-ethanol, 3-(1-naphthyl)-

-1-ethanol, 3-phenyl-

1-[4-(ethoxycarbonyl)phenyl]-5-(2-furyl)-,
ethyl ester

1-[4-(ethoxycarbonyl)phenyl]-5-phenyl-, ethyl ester

1-{4-(ethoxycarbonyl)phenyl]-5-(4-pyridyl)-,
ethyl ester

1-(4-ethoxyphenyl)-

{-ethyl-

2-ethyl-

1-heptyl-

1-(4-iodophenyl)-

5-isopropenyl- 1-(4-nitrophenyl)-

5-isopropenyl-1-phenyl-

1-(4-methoxyphenyl)-5-(2-nitrophenyl)-

1-(4-methoxyphenyl)-5-(3-nitrophenyl)-

5-(4-methoxypheny!)-1-(4-nitrophenyl)-

1-(4-methoxyphenyl)-5-(4-pyridyl)-

4-methyl-1,5-diphenyl-

4-methyl- 1-(4-nitrophenyl)-

1-(4-methyl-3-nitrophenyl)-

1-(2-methyl-4-nitrophenyl)-5-phenyl-

1-methyl-2-phenyl-

1-(4-methylphenyl)-

1-(3-methylphenyl)-5-phenyl-

1-(4-methylphenyl)-5-phenyl-

S-(2-methylphenyl)-1-phenyl-

1-(4-methylphenyl)-5-(4-pyridyl)-

1-(3-nitrophenyl)-

1-(4-nitrophenyl)-

1-(3-nitrophenyl)-5-(2-nitrophenyl)-

1-(3-nitrophenyl)-5-(4-nitrophenyl)-

1-(2-nitrophenyl)-S-phenyl-

1-(3-nitrophenyl)-S-phenyl-

1-(4-nitrophenyl)-5-phenyl-

5-(2-nitrophenyl)- 1-phenyl-
5-(3-nitrophenyl)-1-phenyl-
5-(4-nitrophenyl)-1-phenyl-

1-(4-nitrophenyl)-5-propenyl-, (E)-
1-(3-nitrophenyl)-5-(2-pyridyl)-
1-(3-nitrophenyl)-5-(4-pyridyl)-
1-(3-nitrophenyl)-5-(2-quinolyl)-
1-(4-nitrophenyl)-4,5,5-trimethyl-
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56: P3484h
56: P3484g
55: P10473a
55: P10472h
74: 76377b

74: 76377b
83: 9921x

68: 87248n

68: 87248n

78: 42620t

68: 87248n

§7: 4666bH

68: 29653¢

27: 2140’

56: 1445h

65: 18576¢

$6: 1445h

83: 9921x

66: 15458s

§7: 4666¢

57: 4666b

67: 43754z

78: 159527j

§7: 4666b

65: 18576¢

56: 1446a, 65: 18576¢

65: 18576¢

83: 9921x

57: 46662

§7: 4666a

65: 18576c, 81: 100524q

65: 18576c¢, 81: 100524q

67: 437542

65: 18576c, 81: 100524q

56: 1445h, 65: 18576c,
81: 100524q

56: 1445h

65: 18576¢, 81: 100524q

§6: 1445h, 65: 18576c,
82: 16738a

68: 29653e

83: 9921x

83: 9921x

83: 9921x

68: 29653
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References 243

Compound Reference
1-(4-phenoxyphenyl)-5-phenyl- 85: P5558¢
1-(4-phenoxyphenyl)-5-(trichloromethyi}- 85: P5558c
1-phenyl- 50: 3414f, §7: 4666b,
68: 87248n
1-phenyl-4-phosphoric acid, diethyl ester 85: 177551m
1-phenyl-4-phosphoric acid, dimethyl ester 85: 177551m
1-phenyl-5-(4-pyridyi)- 83: 9921x
1-{4-(1-piperidinylsulfamoyl}phenyl}-5-(2-pyridyl)- 74: 76377b
1-(3-pyridyl)-3-(2-quinolyl)- 83: 9921x

27: 2140}

49; 6241f-h
50: 3414f

55: P10472-3h-a
56: 1445-6g-a
56: P3484g-i

§7: 4666a-¢

65: 18576¢

66: 10887k

66: 15458s
67: 43754z
67: 100073c

68: 29653¢
68: 87248n

68: 95600m
68: 113790e
69: 36040b
73: 976892
74: 31701m
74: 76377b
76: 152837k
77: 101465a

78: 42620t
78: 76899f
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CHAPTER 12

Miscellaneous A’-1,2,3-Triazolines

Most of the 1,2,3-triazolines bearing a functional group are amines
(12.1-1) or ethers (12.1-2). These two types are most often prepared by
azide addition to enamines (Eq. 1) or enol ethers (Eq. 2). Such reactions
have been shown to provide excellent yields under a variety of cir-
cumstances by Huisgen and his collaborators.! They have also demonstrated
the conversion of 12.1-1 and 12.1-2 to the corresponding 1,2,3-triazoles
in high yield.' In a subsequent paper’ this research group reported
on the stereochemistry of the enol ether addition (Eqgs. 3,4).

P Ph N/_\O

N

N
C=CH, + AN, — N_ N 1)
P N Nar
12.1-1
Ar = 4-NO,Ph 4-MeOPh
% 12.1-1= 99 55
N; OR’
R'O
N R
C=CH, + — No N @)
NO,
R = Me Ph H 12-1'2
R’ =Et Me n-Bu

% 12.1-2=99 93 96

Pocar and his extremely productive collaborators have made detailed
studies of the addition of azides to enamines and shown the utility of both
the original method (Egs. 5,6)** and some promising varients (Egs. 7, 8).>*
The generation of the enamine in situ has been expanded to include ketones
(Eq. 9)"* and a,B-unsaturated aldehydes (Eq. 10).° In the latter case, the

245
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H OPr-n
\C= C/
7\

N\
N\

Me \OPr-n J

Me
NHPr-n

RCH2
=NR? +
R = H
R! = j-Pr
R? =n-Pr
% 12.1-:3= 70
R R
N
/C=O +
H R’
R=Me, Et, i-Pr

N
NH +

H‘ OPr-
Meﬂ”’PH

— N\N/
G

96% 97% cis

Me. OPr-n

NO:  Her—{SH
I N\\ /N
Ko
70% 97% cis
N,

CHCI: ::__/éNHPr n
KO

85%

NOz
12.1-3

Me
n-Pr Et
n-Bu  4-(Me;N)Ph

67

R
N, R N -

NO,

R, R'=O[(CH,),LN, Et;, Me-Ph Excellent yields
PhCH,, Ph, n-Pr

Fair to poor yields

(3)

4)

&)

(6)

@)

®)
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two possible stereoisomers are produced in equimolar quantities. Similar
results are obtained using several cyclic, secondary amines. An extensive
study of this addition has been reported and the yields of compounds

analogous to 12.1-4 are generally good (Eq. 11).'¢
%N@‘Ng

Me
—NR,
Ny N
KO
R,=O[(CH,),,N 45% PhCH,N[(CH,),LN 55%
Me
N
N3 MezN/CH NMez
cHa H H
MeCH=CHCHO+Me,NH + . N N, N
o
NO.
2 12.1-4
about 100%
(10)
R‘R’NCHZHNR‘RZ
CH,=CHCHO+R'R*NH+ ArN, — Ny N 1y
N” N\
Ar
12.1-§
T M o ey, | cn, } (o), | MeN(CH,),
Ar = 4NOPh  4-NO,Ph  4-NO,Ph  4-NO,Ph  4-CIPh  4-NO,Ph
%12.1-5= 80 85 70 50 50 90
1 = M M M M
- O[(CHz)z]Z} OCHDL oy, P Ph 2.MoPh
Ar = 4-NO,Ph 4-CIPh  4-NO,Ph 4-NO,Ph  4-ClPh  4-NO,Ph
%121-5= 60 70 85 55 20 65

Some related studies deserve note; for example, when diethylacetals are
employed, the reaction takes place, but the yields decrease markedly (Eq.
12).'"'? Mixtures of isomeric enamines were found to produce very high
yields of the product expected from the more stable starting material (Eq.
13).13
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' / \

C(OEt)z [Nj @ — N N©_ (12)
2

R,R'=Me, Et, n-Pr

N,
MC\C———CHR + CH —C/CHZR +
2 ———
Y b
\/ NO,

Me/ \
\_/

(13)
R=Me 90% Et 98% @ 0

Finally, Pocar and his collaborators have reported a stereochemical study
of the enamine-azide addition with the following conclusions:'*

RCHZ

1. Kinetic control produces trans-triazolines.

2. High temperature or acid produces a cis-trans product mixture.

3. The size of the substituents does not appear to exert a significant effect.

4. It is probable that the triazoline isomerizes because that reaction pro-
duces the same product distribution as the addition reaction.

Texier and Bourgois have also studied the stereochemistry of the
enamine-azide addition (Eq. 14) and have found the reaction to be ther-
mally reversible.'

Me N Rz

Me Ne- 1

R,NCH=C]  +PhN, = N N (14)
\CN N \Ph
12.1-6
R, = (CH,), (CH;)s Of(CH,),),
% 12.1-6 = 30 54 72
cis/ftrans = 78/22 84/16 78/22

Olsen found generally high yields with the addition of an arylazide to
aldehydes or ketones in the presence of ammonia or amines (Eq. 15).'¢ In
this same paper he reported another example of azide-enol ether
addition (Eq. 16).'¢



Miscellaneous A*-1,2,3-Triazolines

N,

Ra %NRR

/%O + ~ .,so @
R’

NO,
R,R'=H, Me, Et, i-Pr  *also MeNH, and Me,NH

N, OEt
EtOCH=CH, + — Ng N
N
NO,
99%

249

(15)

(16)

In collaboration with Pedersen, Olsen has demonstrated that the 5-
hydroxy-4-carboxy-1,2,3-triazoline ester (12.1-7), presumed to be an inter-
mediate of the Dimroth cyclization, is stabie in neutral or basic solution (Eq.
17).”” Building on this knowledge, they have prepared an impressive array
of S-hydroxy-1,2,3-triazolines (Eq. 18) in excellent yield."” A series of
recent publications from this laboratory has added to the synthetic utility

and our understanding of this valuable method.'®**

H OH
RO,C e
Ny N

ROZCCHZCOMC + AI'N3 —

Ar
12.1.7

R0 RL OH

\ Il K* OBu-t RS

/CCR5+R1N3 T N\\ \

R,
12.1-8

R, = Ph Ph PhCH, Ph  PhCH, 4-NO,Ph
R, =Me Me Me Me Me Me
R} = H H H Me Me Me
R, = Me Et Et i-Pr i-Pr i-Pr
% 12.1-8= 72 85 65 71 91 84

17

(18)

_ A variety of isolated reports describe the preparation, often in high yield,
of a number of 1,2,3-triazolines bearing functional groups. The following
samples in Equations 19 to 22 illustrate both the range of functions possible

and the need to explore more fully such syntheses.”*"

** Compared to the

1,2,3-triazoles, we find an abundance of fluoro derivatives (Egs. 23,24).%>2°
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(OZSMe)z

(MeSO;),C=NOMe + CHN; — Ny \

87%

: \ CHz==CHCN
e

CH,=CHCN+ n-BuN, — N\N \

100%
NCCH,CH,

NCT,

Ny
N\

90%

NC

O
II

s

H,N
CH,=CHCONH, +PhN, MocHaome, =
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Two rather exceptional types of compounds closely related to those being

discussed in this section have been reported. The very high yield of a A*-
1,2,3-triazoline surely needs reexamination (Eq. 25).*” The addition of
strongly electron-withdrawing arylazides to an allene produced good yields

of isopropylidene derivatives (12.1-11) (Eq. 26).%®

NC
CH,—CHCN+PhN, —  N_ N (25)
/NN
H i Ph
H
97%
Me,C Me
7 (/\Me
Me,C=C=CMe, + ArN; — N, N (26)
N\
Ar
12.1-11
Ar =Ph 4-NO,Ph 2,4,6-(NO,);Ph
% 12.1-11=29 73 72
REFERENCES
1. 62: 16247-8g-a 2. 62: 16249d 3. 65: 15367a 4. 67: 64365p
5. 67: 82170a 6. 67: 82171b 7. 72: 78995w 8. 77: 75172
9. 76: 126879 10. 76: 126875b 11, 68: 12925x 12. 68: 12926y
13. 68: 129272 14. 76: 139838s 15. 83: 114301t 16. 81: 63009c
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25. 64: 12662g 26. 77: 151367r 27. 49: 1048b 28. 69: 36040b
TABLE 12. MISCELLANEOUS A? (OR A%-1,2,3-TRIAZOLINES
Compound Reference
-1-acetic acid, 4,5-dicarboxy- 24: 3215°
4-acetyl-1-butyl-4-methyl- 75: 98501k
5-acetyl-1-butyl-5-methyl- 78: 98501k
5-acetyl-1,4-diphenyl- 27: 2140!
5-acetyl-4-methyl-1-phenyl- 27: 2139°
5-acetyl-5-methyl-1-phenyl- 75: 98501k
-5-amine, N,N-bis(isopropyl)-5-ethyl-4-methyl-1- 76: 139838s
(4-nitrophenyl)-
-5-amine, 1-(4-bromophenyl)-N,N-diethyl-4-vinyl-, 77: 126516f
trans-
-4-amine, 5-(4-bromophenyl)-1-phenyl- 66: 10887k
-4-amine, 5-(4-chlorophenyl)-1-phenyl- 66: 10887k
-5-amine, N-cyclohexyl-N,4-dimethyl-5-ethyl-1- 76: 139838s

(4-nitrophenyl)-



TABLE 12 (Continued)

Compound

Reference

-5-amine, N,N-diethyl-4-methyl-1-(4-nitrophenyl)-
5-phenyl-

-5-amine, N,N-diethyl-5-methyl-1-(4-nitrophenyl)-
4-phenyl-, trans-

-S-amine, N,N-dimethyl-4-ethyl-1-(4-nitrophenyl)-,
trans-

-5-amine, N,N-dimethyl-5-ethyl-1-(4-nitrophenyl)-

-5-amine, N,4-dimethyl-5-ethyl-1-(4-nitrophenyl)-,
cis-

-5-amine, N,4-dimethyl-5-ethyl-1-(4-nitrophenyl)-,
trans-

-5-amine, N,4-dimethyl-5-ethyl-1-(4-nitrophenyl)-
N-phenyl-

-5-amine, N,N-dimethyl-5-isobutyl-4-isopropyl-1-
(4-nitropheny))-

-5-amine, N,N-dimethyl-5-isopropyl-1-(4-nitrophenyl)-

-5-amine, N,N-dimethyl-1-(4-nitrophenyl)-

-S-amine, N,4-dimethyl-1-(4-nitrophenyl)-, trans-

-5-amine, N,5-dimethyl-1-(4-nitrophenyl)-

-5-amine, 4,5-dimethyl-1-(4-nitrophenyl)-, cis-

-S-amine, 4,5-dimethyl-1-(4-nitrophenyl)-, trans-

-4-amine, 1,5-diphenyl-

-5-amine, 4-ethyl-N-methyl-1-(4-nitrophenyl)-, trans-

-5-amine, 5-ethyl-N-methyl-1-(4-nitrophenyl)-

-5-amine, 5-ethyl-4-methyl-1-(4-nitrophenyl)-, cis-

-5-amine, 5-ethyl-4-methyl-1-(4-nitrophenyl)-, trans-

-5-amine, 4-ethyl-1-(4-nitrophenyl)-, trans-

-5-amine, 5-ethyl-1-(4-nitrophenyl)-

-5-amine, 5-ethyl-1-(4-nitrophenyl)-N,N,4-trimethyl-

-5-amine, 5-ethyl-1-(4-nitrophenyl)-N,N,4-trimethyl-,
cis-

-5-amine, 5-ethyl-1-(4-nitrophenyl)- N,N,4-trimethyl-,
trans-

-5-amine, S-isopropyl-N-methyl-1-(4-nitrophenyl)-

-5-amine, 5-isopropyl-1-(4-nitrophenyl)-

-4-amine, 5-(4-methoxyphenyl)-1-phenyl-

-5-amine, N-methyl-1-(4-nitrophenyl)-

-5-amine, 4-methyl-1-(4-nitrophenyl)-, trans-

-5-amine, 5-methyl-1-(4-nitrophenyl)-

-S-amine, 1-(4-nitrophenyl)-

-5-amine, 1-(4-nitrophenyl)-5-propyl-N,N,4-triethyl-

-5-amine, 1-(4-nitrophenyi)-N,N,4,5-tetramethyl-,
cis-

-5-amine, 1-(4-nitrophenyl)-N,N,4,5-tetramethyl-,
trans-

-5-amine, 1-(4-nitrophenyl)-N,N,5-triethyl-

-S-amine, 1-(4-nitrophenyl)-N,N,4-trimethyl-, cis-

-5-amine, 1-(4-nitrophenyl)-N,N,4-trimethyl-, trans-

-5-amine, 1-(4-nitrophenyl)-N,N,5-trimethyl-

-5-amine, 1-(4-nitrophenyl)-N,N,S-trimethyl-, cis-

-5-amine, 1-(4-nitrophenyl)-N,N,5-trimethyl-, trans-
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76: 139838s

77: 75172f

77: 75172f
81: 63009c

81: 63009¢
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76: 139838s

77 751726
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77: 751724
77: 75172f
81: 63009c
81: 63009c¢



TABLE 12 (Continued)

Compound Reference
-S-anilino-4-ethyl- 1-(4-nitrophenyl)- 72: 78995w
4-benzoyl-5-methyl-5-(4-morpholinyl)- 1- 58: 13943g
[(4-nitrophenyl)sulfonyl}-
1-(benzoyloxy)-5,5-bis(trifluoromethyl)- 83: 28160q
5-(benzylamino)-5-ethyl-4-methyl- 1-(4-nitrophenyl)- 72: 78995w
5-(benzylamino)-4-ethyl- 1-(4-nitrophenyl)- T72: 78995w
5-(benzylamino)-4-methyl-1-(4-nitrophenyl)- 72: 78995w
5-(benzylamino)-5-methyl- 1-(4-nitrophenyl)- 67: 82171b
5-(benzylamino)-1-(4-nitrophenyl)-4-pentyl- 72: 78955w
1-benzyl-4,5-bis(trifluoromethyl)-4,5-difluoro- 64: 12662g
5-(1-benzyl-4-piperazinyl)-5-methyl-1-(4-nitrophenyl)- 74: 31720s
1-benzyl-4,4,5-trifluoro-5-(trifluoromethyl)- 64: 12662
4,4-bis(4,4’-morpholinyl)-3-(4-nitrophenyl)- 77: 75172f
$5,5-bis(triffuoromethyl)-1-[[1-[1,1-dihydro-2,6,7- 81: 49748m

trioxa- 1-phosphabicyclo[2.2.2]octyl]-2,2,2-
trifluoro- 1-(trifluoromethyl)ethyl]imino}-4-ethyl-

5,5-bis(trifluoromethyl)- 1-[(ethoxycarbonyl)oxy]- 77: 1513671, 83: 28160q

5,5-bis(trifluoromethyt)- I -fluoro- 74: 111499s

5,5-bis(trifuoromethyl)- 1-[(methoxycarbonyl)oxy]- 83: 28160q

5,5-bis(trifluoromethyl)-4-methyl- 1- 83: 28160q
{[(4-methylphenyl)sulfonylloxy]-

5,5-bis(triffuoromethyl)- L -[[(4-methylphenyl)- 83: 28160q
sulfonyljoxy}-

5,5-bis(trifluoromethyl)- 1 -[(phenylsulfonyl)oxy]- 83: 28160q

5,5-bis(trifluoromethyl)- 1-[ 1-(triethoxyphosphor- 81: 49748m
imidoyl)-2,2,2-trifluoro- 1-(trifluoromethyl)ethyl]-

5,5-bis(trifluoromethyl)-1-[2,2,2-trifluoro- 83: 28160q
1,1-bis(trifluoromethyli)ethoxy]}-

5-(4-bromophenyl)-4-nitro- 1-phenyl- 66: 10887k

4-[{(4-bromophenyl)sulfonyllimino}-2,3-dimethyl- 83: 1922662

5-butoxy-1-(4-nitrophenyl)- 62: 16248a, 81: 63009¢

5-(butylamino)-4-ethyl-5-methyl-1-(4-nitrophenyl)- 67: 82170a

5-(butylamino)- 1-(4-nitrophenyl)-5-phenyl- 67: 82171b

4-butyl-5-methyl-5-(4-morpholinyl)- 1 -(4-nitrophenyl)- T72: 78955w

S-butyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-4-propyl- 72: 78955w

-4-carbonitrile, 1-butyl- 75: 98501k

-5-carbonitrile, 1-butyl-S-methyl- 78: 98501k

-4-carbonitrile, 4-methyl-5-(4-morpholiny!)- 83: 114301t
1-phenyl-, cis-

-4-carbonitrile, 4-methyl-5-(4-morpholinyl)- 83: 114301t
1-phenyl-, trans-

-5-carbonitrile, 5-methyl-1-phenyl- 75: 98501k

-4-carbonitrile, 4-methyl-1-phenyl-5- 83: 114301t
(1-piperidinyh)-, cis-

-4-carbonitrile, 4-methyl-1-phenyl-5- 83: 114301t
(1-piperidinyl)-, trans-

-4-carbonitrile, 4-methyl-1-phenyl-5- 83: 114301t
(1-pyrrolidinyl)-, cis-

-4-carbonitrile, 4-methyl-1-phenyl-5- 83: 114301t
(1-pyrrolidinyl)-, trans-

-4-carbonitrile, 1-(4-nitrophenyl)- 64: 11198g
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TABLE 12 (Continued)

Compound

Reference

-4-carbonitrile, 1-phenyl-

-4-carboxamide, 1-phenyl-
-4-carboxamide-5-thione
-4-carboxamide-5-thione, 1-benzyl-
-4-carboxylic acid, 4-acetyl-5-(4-chlorophenyl)-
1-(4-methoxyphenyl)-, methyl ester
-4-carboxylic acid, 4-acetyl-5-(4-chloropheny!)-
1-(4-methoxyphenyl)-, methyl ester, stereoisomer
-4-carboxylic acid, 4-acetyl-5-(4-chlorophenyl)-
1-phenyl-, methyl ester, trans-
-4-carboxylic acid, 4-acetyl-5-(4-chlorophenyl)-1-
phenyl-, methyl ester, stereoisomer
-4-carboxylic acid, 4-acetyl-1,5-diphenyl-,
ethyl ester
-4-carboxylic acid, 4-acetyl-1,5-dipheny!-,
ethyl ester, cis-
-4-carboxylic acid, 1-(4-benzoylphenyl)-,
methyl ester
-4-carboxylic acid, 1-benzyl-2-(methylcarbamoyl)-
5-[(methylcarbamoyl)imino]-, ethyl ester
-4-carboxylic acid, 1-(4-chlorophenyl)-, methyl ester
-1-carboxylic acid, 4-(cyanomethyl)-5,5-dimethoxy-,
ethyl ester
-1-carboxylic acid, §,5-dimethoxy-, ethyl ester
-1-carboxylic acid, 5,5-dimethoxy-4-methyl-,
ethyl ester
-1-carboxylic acid, 5,5-dimethoxy-4-phenyl-,
ethyl ester
-4-carboxylic acid, 1,4-dimethyl-, methyl ester
-5-carboxylic acid, 1,5-dimethyl-, methyl ester
-1-carboxylic acid, 5,5-dimethyl-4-isopropylidene-,
ethyl ester
-5-carboxylic acid, 1-[4-(ethoxycarbonyl)phenyl}-,
2-(9H-carbazol-9-yl)ethyl ester
-1-carboxylic acid, 4-hydroxy-5-(2-oxo-2-phenylethyl-
idene)-4-phenyl-, ethyl ester
-1-carboxylic acid, 5-methoxy-, ethyl ester
-4-carboxylic acid, 1-(4-methoxyphenyl)-, methyl ester
-4-carboxylic acid, 1-(4-methylphenyl)-, methyl ester
-5-carboxylic acid, 5-methyl-1-phenyl-, methyl ester
-4-carboxylic acid, 1-(4-nitrobenzyl)-, methyl ester
-4-carboxylic acid, 1-(4-nitrophenyl)-, methyl ester
-4-carboxylic acid, 1-phenyl-, ethyl ester
-4-carboxylic acid, 1-(2,3,4,6-tetra-O-acetyl-8-D-
glucopyranosyl)-, methyl ester
-4-carboxylic acid-5-thione
-4-carboxylic acid-5-thione, 1-benzyl-
-4-carboxylic acid-5-thione, 1-benzyl-, ethyl ester
1-(4-chlorophenyl)-5-ethyl-4-methyl-5-
(4-morpholinyl)-

254

49: 1048b, 64: 11198a,
80: 71188e

68: 95600m, 75: 98501k

51: 27568

S1: 2756¢

76: 113131f

74: 22744a, 76: 113313f
76: 113131f

74: 22744a, 76: 113131f
70: 114918f

74: 22744a, 76: 113131
64: 11199c

72: 21653s

64: 11199¢
85: 62999w

85: 62999w
88: 62999w

76: 59076b, 78: 29677x

78: 98501k
75: 98501k
69: 36040b

84: 18157a
77: 88403g

85: 62999w
64: 11199¢
64: 11198¢c
64: 11198f
64: 11198¢
64: 11198¢
64: 11198b
77: 102129f

65: 2250d
§1: 2756¢
51: 2756¢
76: 139838s



TABLE 12 (Continued)

Compound Reference

1-(4-chlorophenyl)-5-ethyl-4-methyl-5- 77: 75172f
(4-morpholinyl)-, cis-

1-(4-chlorophenyl)-5-ethyl-4-methyl-5- 77: 75172
(4-morpholinyl)-, trans-

1-(4-chlorophenyl)-5-ethyl-4-methyl-5- 76: 139838s
(1-piperidinyl)-

1-(4-chlorophenyl)-4-methyl-5-(4-morpholinyl)-, 77: 75172f
trans-

1-(4-chlorophenyl)-4-methyl-5-(1-pyrrolidinyl)-, T7: 75172f
trans-

1-(4-chlorophenyl)-5-(4-morpholinyl)-4-f1- 76: 126879f
(4-morpholinyl)ethyl]-, (4a(R*), 58]

1-(4-chlorophenyl)-5-(4-morpholinyl)-4-1- 76: 126879f

(4-morpholinylethyl]-, [4a(S¥), 58])-
1-(4-chlorophenyl)-5-(4-morpholinyl)-4-(4-morpholinyl- 76: 126875b
methyl)-

5-(2-chiorophenyl)-4-nitro- 1-phenyl- 66: 10887k

5-(4-chlorophenyl)-4-nitro- 1-phenyl- 66: 10887k

1-(4-chlorophenyl)-5-(1-piperidinyl)-4- 76: 126879f
[1-(1-piperidinyl)ethyl]-, [4a(R*), 58}

1-(4-chiorophenyl)-5-(1-piperidinyl)-4- 76: 126879f
[1-(1-piperidinyl)ethyl]-, [4a(S*), S8]-, (*)-

1-(4-chlorophenyl)-5-(1-piperidinyl)-4- 76: 126875b
(1-piperidinylmethyl)-, trans-

5-(cyclohexylamino)-5-methyl- 1-(4-nitrophenyl)- 67: 82171b

5-cyciopropyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)- 72: 78955w

5-(dibutylamino)-1-(4-nitrophenyl)- 67: 64365p

-4,6-dicarboxamide, 1-(1.4-dipheny!-2-0x0-3- 68: 58967r
azetidinyl)- N-phenyl

-4,5-dicarboximide, 1-benzyl-N-(4-methoxyphenyl)- 69: 67261d, 71: 49688k

-4,5-dicarboximide, 1-(4-methoxyphenyl)-N-methyl- 71: 91429b

-4,5-dicarboxylic acid, 1-benzyl- 24: 3231°

-4,5-dicarboxylic acid, 1-benzyl-, dimethyl ester 64: 11198¢

-4,4-dicarboxylic acid, 5-(4-bromophenyl)- 76: 113131f
I-phenyl-, dimethyl ester

-4,4-dicarboxylic acid, 5-(4-chlorophenyl)- 76: 113131f
1-phenyl-, dimethyl ester

-4,5-dicarboxylic acid, 2-(1,2-dicarboxyethenyl)- 68: 68937v
1,3-diphenyl-, tetramethyl ester, (E)-

-4,4-dicarboxylic acid, 1,5-diphenyl-, diethyl ester 70: 114918f, 76: 113131f,

76: 140389¢
-4,4-dicarboxylic acid, 1,5-diphenyl-, dimethyl ester 70: 114918f, 76: 1131311,
83: 96896

-4,5-dicarboxylic acid, 1-(4-methoxyphenyl)-, 64: 11198d
dimethyl ester

-4,4-dicarboxylic acid, 1-(4-methoxylphenyl)- 76: 113131f
5-methyl-, dimethyl ester

-4,4-dicarboxylic acid, 1-(4-methoxyphenyl)- 76: 113131f
S-phenyl-, diethyl ester

-4,4-dicarboxylic acid, 1-(4-methoxyphenyl)- 76: 113131f

5-phenyl-, dimethyl ester
255



TABLE 12 (Continued)

Compound

Reference

-4,4-dicarboxylic acid, 5-(4-methoxyphenyl)-
1-phenyl-, dimethyl ester

-4,4-dicarboxylic acid, 5-methyl-1-(4-nitrophenyl)-,
dimethyl ester

-4,5-dicarboxylic acid, 2-methyl-1-(4-nitrophenyl)-,
diethyl ester

-4 4-dicarboxylic acid, 5-(4-methylphenyl)-1-phenyl-,
diethyl ester

-4,4-dicarboxylic acid, S-methyl-1-phenyl-,
dimethyl ester

-4,4-dicarboxylic acid, 1-(4-nitrophenyl)-5-phenyl-,
dimethyl ester

-4,4-dicarboxylic acid, 5-(4-nitrophenyl)-1-phenyl-,
dimethy! ester

-4,5-dicarboxylic acid, 1-phenyl-, dihydrazide

5-(diethylamino)-4-ethyl-1-(4-nitropheny))-

5-(diethylamino)- 1-(4-nitrophenyl)-

5-[(difluoroamino)difluoromethyl]- 1-fluoro-
S-(trifluoromethyl)-

4,4-dimethoxy-5,5-dimethyl-1-phenyl-

5-{4-(dimethylamino)anilino]-5-ethyl-4-methyl-
1-(4-nitrophenyl}-

S-(dimethylamino)-4,4-dimethyl- 1-phenyl-

5-(dimethylamino)-4-ethyl-4-methyl-1-phenyl-

5-{4-(dimethylamino)pheny!]-4-nitro- 1-phenyl-

2,3-dimethyl-4-[[(4-methylphenyl)sulfonyl]imino]-

4,5-dimethyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-

4,5-dimethyl-1-(4-nitrophenyl)-5-(propylamino)-

2,3-dimethyl-4-[[(4-nitrophenyl)sulfonyl]imino}-

2,3-dimethyl-4-[(phenylsulfonyl)imino}-

4,5-diphenyl-5-(4-morpholinyl)-1-(4-nitrophenyl)-,
trans-

1,5-diphenyl-4-nitro-

5-ethoxy-5-methyl-1-(4-nitrophenyl)-

5-ethoxy-4-methyl-1-(4-nitrophenyl)-, trans-
S-ethoxy-1-(4-nitrophenyl)-
4-ethyl-5-methoxy- 1-(4-nitrophenyl)-, trans-
4-ethyl-5-(N-methylanilino)- 1-(4-nitrophenyl)-
4-ethyl-5-methyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-
5-ethyl-4-methyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-
§-ethyl-4-methyl-5-(4-morpholinyl)-1-(4-nitrophenyl)-,
cis-
S-ethyl-4-methyl-5-(4-morpholinyl)-1-(4-nitrophenyl)-,
trans-
5-ethyl-4-methyl- 1-(4-nitrophenyl)-5-(1-piperidinyl)-
4-ethyl-5-methyl-1-(4-nitrophenyl)-5-(propylamino)-
5-ethyl-4-methyl-1-(4-nitrophenyl)-5-(propylamino)-
5-ethyl-4-methyl-1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-
S-ethyl-4-methyl- 1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-,
cis-
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76: 113131f

76: 113131f

72

111356b
76: 113131f
76: 113131f
76: 113131f
76: 113131f

62: P3568b
68: 12926y
67: 64365p
74: 1114995

60: 12005¢
67: 82170a

73: 130810g
73: 130810g
66: 10887k
83: 192266z
68: 12925x
65: 15367a
83: 192266z
83: 192266z
76: 139838s

66: 10887k

62: 16247g, 68: 12925x,
81: 63009¢

82: 125325j

81: 63009c

82: 125325j

72: 78955w

68: 12925x, 68: 12927z

76: 139838s

77 15172

77: 75172

76: 1398385
65: 153672
65: 15367a
76: 139838s
77: 75172



TABLE 12 (Continued)

Compound Reference
5-ethyl-4-methyl- 1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-, 77: 751721
trans-
4-ethyl-5-(4-morpholinyl)-1-(4-nitrophenyl)-, trans- 77: 75172f
5-ethyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)- 77: 15172
5-ethyl-5-(4-morpholinyl)-1-(4-nitrophenyl)-4-phenyl- 72: 78955w
4-ethyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-5-propyl- 72: 78955w
4-ethyl-1-(4-nitrophenyl)-5-(1-piperidinyl)- 68: 12927z
4-ethyl- 1-(4-nitrophenyl)-5-(propylamino)- 65: 15367a
5-ethyl-1-(4-nitrophenyl)-5-(1-pyrrolidiny)- 77: 751726
4-ethyl-1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-, trans- 77: 75172
4-hexamido-5-thioxo- 83: P124032v
5-hexyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)- 72: 78955w
5-isopropyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)- T7: 75172
4-isopropy!- 1-(4-nitrophenyl)-5-(propylamino)- 65: 15367a
5-isopropyl-1-(4-nitrophenyl)-5-(propylamino)- 67: 82170a
5-isopropyl- 1-(4-nitrophenyl)-5-(1-pyrrolidinyl)- 77: 715172
-4-methanamine, 1-(4-chlorophenyl)-N-methyl- 76: 126875b
5-(methylphenylamino)-N-phenyl, trans-
-4-methanamine, N-cyclohexyl-5-(cyciohexylmethyl- 76: 126875b
amino)-N-methyl-1-(4-nitrophenyl)-, trans-
-4-methanamine, N,N-diethyl-5-(diethylamino)- 76: 126875b
1-(4-nitrophenyl)-, trans-
-4-methanamine, N,N-dimethyl-5-(dimethylamino)- 76: 126875b
1-(4-nitrophenyl), trans-
-4-methanamine, 5-(dimethylamino)- 1-(4-nitrophenyl)- 76: 126879f
N,N,a-trimethyl-, [4a(R*), 58], ()
-4-methanamine, N-methyl-5-[methyl(2-methylphenyl)- 76: 126875b
amino)-N-(2-methylphenyl)-1-(4-nitrophenyl)- trans-
-4-methanamine, N-methyl-5-(methylphenylamino)- 76: 126875b
1-(4-nitrophenyl)- N-phenyl-, trans-
1-methoxy-5,5-bis(methylsulfonyl)- 45: 6999f
S-methoxy-4-methyl- 1-(4-nitrophenyl)-, trans- 82: 125325j
5-methoxy-1-(4-nitropheny!)-5-phenyl- 62: 16247h
5-(4-methoxyphenyl)-4-nitro-1-phenyl- 66: 10887k
5-methoxy-1-(trichloroacetyl)- 82: 49811x
4-methyl-5-(N-methylanilino)- 1-(4-nitrophenyl)- T72: 78955w
S-methyl- 1-[[(4-methylphenyl)sulfonylJoxy]- 83: 28160q
S-(trifluoromethyl)-
4-methyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)- 72: 78955w
4-methyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-, cis- 77: 75172f
4-methyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-, trans- 77: 75172f
5-methyl-5-(4-morpholinyl)- 1 -(4-nitrophenyl)- 68: 12925x, 77: 75172
5-methyl-5-(4-morpholinyl}-1-(4-nitrophenyl)-4-pentyl- 72: 78955w
4-methyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-5-phenyl- 76: 139838s
5-methyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-4-phenyl- 72: 78955w
5-methyl-5-(4-morpholinyl)- 1-(4-nitrophenyl)-4-propyl- 72: 78955w
4-methyl-1-(4-nitrophenyl)-5-phenyl-5-(propylamino)- 67: 82171b
4-methyl- 1-(4-nitrophenyl)-5-phenyl-5-(1-pyrrolidinyl)- 76: 139838s
S-methyl- 1-(4-nitrophenyl)-4-phenyl- 76: 139838s
5-(1-pyrrolidinyl)-, trans-
4-methyl-1-(4-nitrophenyl)-5-propoxy- 62: 16249d
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TABLE 12 (Continued)

Compound

Reference

4-methyl-1-(4-nitrophenyl)-5-propoxy-, cis-
4-methyl-1-(4-nitrophenyl)-5-propoxy-, trans-
4-methyl- 1-(4-nitrophenyl)-5-(propylamino)-
5-methyl-1-(4-nitrophenyl)-5-(propylamino)-
4-methyl-1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-, cis-
4-methyl-1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-, trans
5-methyl-1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-
5-(4-methyiphenyl)-4-nitro-1-phenyl-
5-methyl-1-[(phenylsulfonyl)oxy]-5-(trifluoromethyl)-
5-(4-methyl- 1-piperazinyl)-4-[1-(4-methyl-
1-piperazinyl)ethyl]-1-(4-nitrophenyl)-
5-(4-methyl-1-piperazinyl)-4-[(4-methyl-
1-piperazinyl)methyl]-1-(4-nitrophenyl)-, trans-
5-(4-morpholiny})-4-[1-(4-morpholinyl)ethyl]}-
1-(4-nitrophenyl)-, [4a(R*), 58]-
5-(4-morpholinyl)-4-[ 1-(4-morpholinyl)ethyl]-
1-(4-nitrophenyl)-, [4a(8*), 581-, (£)-
5-(4-morpholinyl)-4-(4-morpholinylmethyl)-
1-(4-nitrophenyl)-, trans-
5-(4-morpholinyl)-1-(4-nitrophenyl)-
5-(4-morpholinyl)- 1-(4-nitrophenyl)-5-pentyl-
5-(4-morpholinyl)- 1-(4-nitrophenyl)-5-propyl-
1-(4-nitrophenyl)-4-pentyl-5-(propylamino)-
1-(4-nitrophenyl)-5-(1-piperidinyl)-
4-(1-piperidinylmethyl)-, trans-
1-(4-nitrophenyl)-5-(propylamino)-
1-(4-nitrophenyl)-3-(1-pyrrolidinyl)-
1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-4-
[1-(1-pyrrolidinyl)ethyl)-, [4a(R*), 58]-, (%)-
1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-4-[1-
(1-pyrrolidinyl)ethyl)-, [4a(S*), 58], (+)-
1-(4-nitrophenyl)-5-(1-pyrrolidinyl)-4-
(1-pyrrolidinylmethyl)-, trans-
-5-ol, 1-(4-aminophenyl)-5-tert-butyl-4-methyl-, cis-
-5-ol, 1-(4-aminophenyl)-4,5-dimethyl-, cis-
-5-ol, 1-(4-aminophenyl)-4,5-dimethyl-, trans-
-5-ol, 1-(4-aminophenyl)-4,4-dimethyl-5-isopropyl-
-5-ol, 1-(4-aminophenyl)-5-isopropyl-4-methyl-, cis-
-5-0l, 1-benzyl-4-(3-benzyl- 1 -triazenyl)-5-tert-butyl-
-5-ol, 1-benzyl-5-tert-butyl-4-methyl-
-5-o0l, 1-benzyl-4,5-dimethyl-
-5-o0l, 1-benzyl-4,4-dimethyl-5-isopropyl-
-5-ol, 1-benzyl-5-ethyl-4-methyl-

-5-ol, 1-benzyl-5-isopropyl-4-methyl-
-5-0l, 1-benzyl-5-methyl-

-5-0l, 1-benzyl-4-methyl-5-phenyl-

-5-0l, 5-benzyl-4-methyl-1-phenyl-, cis-
-5-ol, 5-benzyl-4-methyl-1-phenyl-, trans-
-5-0l, 1-benzyl-5-phenyl-

258

81: 63009¢

81: 63009¢

63: 11552d, 65: 15367a
72: 78955w

77: 75172

77: 75172f

T77: 75172

66: 10887k

83: 28160q

76: 126879

76: 126875b
76: 126879
76: 126879f
76: 126875b

77: 75172f

68: 12925x, 72: 78955w
68: 129272

72: 78955w

76: 126875b

72: 78955w
77: 75172f
76: 126879f

76: 126879f
76: 126875b

80: 95834p
80: 95834p
80: 95834p
80: 95834p, 81: 63009¢
80: 95834p
80: 47912r
80: 59897c, 84: 30978b
80: 59897c, 84: 30978b
69: 96589x, 84: 30978b
69: 96589x, 80: 59897c,
84: 30978b
84: 30978b
80: 47912r, 84: 30978b
80: 59897¢, 84: 30978b
80: 95834p
80: 95834p
80: 47912r, 84: 30978b



TABLE 12 (Continued)

Compound

Reference

-5-0], 1-[1,2-bis(benzoylethenyl)]-4-[(3-nitro-
phenyl)methylene]-5-phenyl-

-5-0l, 1-[1,2-bis(benzoylethenyl)]-5-phenyl-
4-(phenylmethylene)-

-5-ol, 1-(4-bromophenyl)-4,4-dimethyl-5-isopropyl-

-5-o0l, 5-tert-butyl-1,4-dimethyl-

-5-ol, 5-tert-butyl-1,4-dimethyl-, cis-

-5-0l, 5-tert-butyl-4,4-dimethyl- I -phenyl-

-5-ol, 5-tert-butyl-4-methyl-1-(4-nitrophenyl)-, cis-

-5-ol, 5-tert-butyl-4-methyl-1-phenyl-

-5-ol, 5-tert-butyl-4-methyl-1-pheayl-, cis-

-5-0l, 5-tert-butyl-1,4,4-trimethyl-

-5-ol, 4,4-dimethyl-1,5-diphenyl-

-5-0l, 1,4-dimethyl-5-ethyl-

-5-o0l, 1,4-dimethyl-5-ethyl-, cis-

-5-0l, 1,4-dimethyl-5-ethyl-, cis- (£)-

-5-ol, 1,4-dimethyl-5-isopropyl-

-5-ol, 1,4-dimethyl-5-isopropyl-, cis-

-5-0l, 4,4-dimethyl-5-isopropyl- 1-(4-methoxyphenyl)-

-5-ol, 4,4-dimethyl-5-isopropyl-1-[(4-methylphenyl)-
sulfonyl}-

-5-0l, 4,4-dimethyl-5-isopropyl- 1-(4-nitrophenyl)-

-5-0l, 4,4-dimethyl-5-isopropyl- 1-phenyl-

-5-ol, 4,5-dimethyl- 1-(4-nitrophenyl})-, cis-
-5-0l, 4,5-dimethyl-1-(4-nitrophenyl)-, trans-
-5-0l, 4.4-dimethyl- 1-(4-nitrophenyl)-5-phenyl-
-5-0l, 1,4-dimethyl-5-phenyl-

-5-0l, 4.5-dimethyl- 1-phenyl-

-5-0l, 4,5-dimethyl-1-phenyl-, cis-
-5-ol, 4,5-dimethyl-1-phenyl-, trans-
-5-0}, 1,5-diphenyl-

-5-0l, 1,5-diphenyl-4-ethyl-, cis-
-5-ol, 1,5-diphenyl-4-methyl-

-5-o0l, 1,5-diphenyl-4-methyl-, cis-
-5-ol, 1,5-diphenyl-4-methyl-, trans-
-5-ol, S-ethyl-4-methyl-1-phenyl-

-5-o0l, 5-ethyl-4-methyl-1-phenyl-, cis-

-5-0l, 5-ethyl-4-methyl-1-phenyl. trans-

-5-ol, 5-isopropyl-4-methyl-1-(4-nitrophenyl)- cis-

-5-ol, 5-isopropyl-4-methyl-1-phenyl-

-5-ol, 5-isopropyl-4-methyl- 1-phenyl-, cis-

-5-ol, S-isopropyl-1,4,4-trimethyl-

-5-0l, 1{3-(4-methylphenyl)-3-oxo-1-propenyl}-
4-(2-ox0-2-phenylethylidene)-5-phenyl-

-5-ol, 1-(3-oxo-3-phenyl-1-propenyl}-4-(2-oxo-
2-phenylethylidene)-5-phenyl-
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82: 170806¢
82: 170806¢

80: 95834p
80: 59897c, 84: 30978b
81: 63009c
80: 95834p, 84: 30978b
80: 95834p
80: 59897c, 84: 30978b
80: 95834p
84: 30978b
80: 95834p, 84: 30978b
79: 84372p
81: 63009¢
80: 31343v
84: 30978b
81: 63009¢
80: 95834p
84: 30978b

69: 96589x, 80: 95834p,
84: 30978b

69: 96589x, 80: 95834p,
84: 30978b

80: 95834p

80: 95834p

80: 95834p

80: 59897c, 84: 30978b

69: 96589x, 80: 59896b,
80: 59897c, 84: 30978b

80: 95834p

80: 95834p

80: 47912r

80: 95834p

80: 59897c, 84: 30978b

80: 95834p

80: 95834p

69: 96589x, 80: 59897c,
84: 30978b

80: 95834p

80: 95834p

80: 95834p

84: 30978b

80: 95834p

84: 30978b

82: 170806¢

82: 170806¢



260 Miscellaneous A?-1,2,3-Triazolines

TABLE 12 (Continued)

Compound

Reference

-5-ol, 5-phenyl-1,4,4-trimethyl-
-5-ol, 1,4,5-trimethyl-

-5-ol, 1,4,5-trimethyl-, cis-
-4-propanenitrile, 1-butyl-4-cyano-
-4-sulfonamide, N,N-dicthyl-1-phenyl-
-4-thiol, potassium salt

-4-thiol, 5-methyl-, monosodium salt
-1-thione

-4-thione

-5-thione

-5-thione, 1-(4-acetylphenyl)-
-5-thione, 4-benzoyl-

-4-thione, 1-benzyl-

-5-thione, 1-benzyl-, lithium salt
-S-thione, 1-(4-bromophenyl)-
-5-thione, 1-(4-ethoxyphenyl)-
-4-thione, 1-methyl-

-4-thione, 2-methyl-

-5-thione, 1-methyl-

-4-thione, 3-methyl-2-phenyl-
-5-thione, 1-(4-methylphenyl)-
-5-thione, 1-phenyl-

81: 136113u, 84: 30978b
80: 59897c, 84: 30978b
81: 63009c

758: 98501k

50: 3414¢

84: 4862q, 84: 159507b
80: P83024m

78: 132397¢

65: 2250d

84: 4862q

85: 94288e

65: 2250e

77: 1143174

84: 159507b

85: 94288e

85: 94288e

77: 114317d

84: 4862q

77: 114317d

80: 132667;

85: 94288¢

5§8: 2447a

24: 3215°
24: 32317
27: 2139-40%!

48: 6999
49: 1048b

50: 3414¢

S1: 2756e~g
52: 2447a
58: 13943g

60: 12005¢
62: P3568b
62: 16247-8g-a
62: 16249d
63: 115524

64: 11198-9f—
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A*(or A%)-1,2,3-Triazolin-5 (or 4)-Ones 265

Activated a-dicarbonyl derivatives have been converted to N-oxides of
hydroxy-1,2,3-triazoles and subsequently reduced in good-to-excellent yield
(Eq. 9)."°

O,;N OH OH
N
| =NNHAr ,,, / }q( voaer, [N\ ©)
.0 N Zn N, . N
/C=NOH O/ ‘I}J \ITI’
H Ar Ar
13.1-6 13.1-7
Ar =Ph 2-CIPh 3-CIPh 4-CIPh  4-MeOPh 4-EtO,CPh
% 13.1-6 = 52 50 50 53 58 53
% 13,1.7= 88 80 95 90

Phosphorous derivatives have been shown by Regitz and his collaborators
to be useful in the synthesis of substituted hydroxy-1,2,3-triazoles, which
probably can be hydrolyzed by analogy to many related synthetic routes
(Egs. 10,11).'"12

I
H P(OEt),

I .. =
(EtO),PCH,CONH, + TsN, *—28 Ny N (10)
H
56%
0
Ph,P, OH
H,NOC e
2 >CN2 K® "OEt N§N/N (11)
Ph’ﬁ Sy
O 70%

A study of the equilibria among triazolinone, hydroxytriazole, and open-
chain analogs has been reported by Buu and Edward (Eq. 12)."> When
R=EtOCO, 13.1-8 could be obtained only as the sodium salt, and
R = Ph produced 40% of 13.1-8 as a crystalline compound.

Sulfur analogs of the hydroxy-1,2,3-triazoles (13.1-10) have been ob-
tained from the basic rearrangement of 1,2,3-thiadiazoles (13.1-9) (Eq.
13)™,



266 A’(or AY)-1,2.3-Triazolin-5 (or 4)-Ones

R OEt
Et
/0 o
RCH=C + PhN; — NN -
\O" N7 N
Ph
R O
NN
/ Ph
R OH R Q
—( Sec
o —_ S 12
NN N, “napn 12
Ph
13.1-8
NH, SH
/—Z {1} OH’ _-
N*N/S @mo” Ny /N\ (13)
H
13.1-9
13.1-10
87%
REFERENCES
1. 54: 4547a.b 2. 62: 1645f¢g 3. 71: 124340w 4. 64: 11200c
S. 67: 64305u 6. 76: 25187y 7. 83:97134w 8. 58: 7927f-h
9. 68: 39752a 10, 80: 108449u 11, 70: 19987u 12. 71: 50108¢
13. 78: 71047s 14. 65: 2250d.e
TABLE 13. AXOR A%-1.2,3-TRIAZOLIN-5(OR 4)-ONES
Compound Reference
-4-one 54: 4547a
-4-one, 2-(4-acetylphenyl)-, 1-oxide 80: 108449y
-4-one, l-benzyl- 71: 61296p
-5-one, 1-benzyl- §4: 45470
-S-one, l-benzyl-2.4-dimethyl- 71: 61296p
-5-one, 1-benzyl-2-methyl- 67: 64305u
-5-one, 1-benzyl-4-methyl- 71: 61296p
-5-one, I-benzyl-2-methyl-4-phenyl- 71: 61296p
-5-one, l-benzyl-4-phenyl- 71: 61296p
-4-one, 2-(4-bromophenyl)-, 1-oxide 82: P17096%h
-5-one, 1-(4-bromophenyl}-4-[2-(3-ethyl-2-benzo- 47: P6289a

thiazolinylidene)ethylidene}-



TABLE 13 (Continued)

Compound

Reference

-5-one, 1-(4-bromophenyl)-4-{2-(3-ethyi-2-benzo-
xazolinylidene)ethylidene]-

-5-one, 1-(4-bromophenyl)-4-[2-(1-methyl-2(1 H)-
quinolylidene)ethylidene]-

-5-one, 1-(4-bromophenyl)-4-[2-(1,3,3-trimethyl-
2-indolinylidene)ethylidene)-

-4-one, 2-(3-chloro-4-fluorophenyl)-, 1-oxide

-4-one, 2-(2-chlorophenyl)-, 1-oxide

-4-one, 2-(3-chlorophenyl)-

-4-one, 2-(3-chlorophenyl)-, 1-oxide

-4-one, 2-(4-chlorophenyi)-

-4-one, 2-(4-chlorophenyl)-, 1-oxide

-5-one, 1-(4-chloropheny!}-4-[2-(3-ethyl-2-benzo-
thiazolinylidene)ethylidene]-

-5-one, 1-(4-chlorophenyl)-4-{2-(3-ethyl-2-benzo-
xazolinylidene)ethylidene]-

-5-one, 1-(4-chlorophenyl)-4-[2-(1-ethyl-2(1H)-
quinolylidene)ethylidene -

-4-one, 2-[2-chloro-5-(trifftuoromethyl)phenyl]-,
l-oxide

-5-one, 1-(4-chlorophenyl)-4-{2-(1,3,3-trimethyl-
2-indolinylidene)ethylidene]-

-4-one, 2-(2,5-dichlorophenyl)-, 1-oxide

-4-one, 2-(3.4-dichlorophenyl)-, 1-oxide

-4-one, 2-(3,5-dichlorophenyl)-, 1-oxide

-5-one, 4-[(diethoxycarbonyl)phosphinylidyne]-,
monosilver(1+) salt

-5-one, [.2-dimethyl-

-4-one, 1,5-dimethyl-

-4-one, 2,3-dimethyl-

-5-one, 1,2-dimethyl-4-phenyl-
-5-one, 2,4-dimethyl-1-phenyl-
-4-one, 1,5-diphenyl-
-5-one, 1,4-diphenyl-

-4-one, 5,5-diphenyl-

-5-one, 4,4-diphenyl-

-4-one, 5,5-diphenyl-3-methyl-

-4-one, 5-(diphenylphosphinyl)-

-5-one. 2-[4-(ethoxycarbonyl)phenyl]-

-5-one, 2-{4-(cthoxycarbonyl)phenyl]-, N-oxide

-5-one, 4-[2-(3-ethyl-2-benzothiazolinylidene)-
ethylidene]- I-phenyl-

-5-one, 4-[2-(3-ethyl-2-benzoxazolinylidene)-
ethylidene]- 1-phenyl-

-5-one, 4-[2-(1-ethyl-2(1 H)-guinolylidene)-
ethylidene}- 1-phenyl-

-4-one, 2-(4-fluorophenyl)-, f-oxide

-4-one, 2-(2-methoxyphenyl)-. 1-oxide
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47: P6289d
47: P6289b
47: P6288h

82: P17096%9h
80: 108449y

80: 108449y

80: 108449y

80: 108449y

80: 108449y

47: P6288i

47: P6289c
47: P6289%b
82: P170969
47: P6288g
82: P170969h
82: P170969h
82: P170969h
70: 19987u

64: 11200c
71: 61296p

71: 124340w, 76: 25187y

83: 97134w
67: 64305u
67: 64305u

58: 7927h, 78: 15224k
59: 3913d, 62: 1645g,

78: 71047s
§3: 21902-3g-h
53: 21902g
§3: 21902-3g-h
71: 50108¢
80: 108449u
80: 108449u
47: P6289a

47: P6289c
47: P6289a

82: P17096%h
82: P17096%h
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TABLE 13 (Continued)

Compound

Reference

-4-one, 2-(4-methoxyphenyl)-, 1-oxide

-4-one, 2-methyl-

-5-one, 1-methyl-

-5-one, 1-methyl-4,4-diphenyl-

-5-one, 2-methyl-1,4-diphenyl-

-5-one, 2-methyl-4-phenyl-

-4-one, 1-methyl-5-phenyl-

-4-ong, 2-methyl-5-phenyl-

-4-one, 3-methyl-2-phenyl-

-5-one, 4-methyl-1-phenyl-

-5-one, 4-methyl-2-phenyl-

-4-one, 2-(2-methylphenyl)-, 1-oxide

-4-one, 2-(3-methylphenyl)-, 1-oxide

-4-one, 2-(4-methylphenyl)-, 1-oxide

-5-one, 4-[2-(1-methyl-4(1H)-quinolylidene)-
ethylidene]-1-phenyl-

-4-one, 1-phenyl-

-4-one, 2-phenyl-

-4-one, 2-phenyl-, 1-oxide

-4-one, 5-phenyl-

-5-one, 1-phenyl-

-5-one, 1-phenyl-4-(trimethylstannyl)-

-5-one, 2-phenyl-

-5-one, 1-phenyl-4-[2-(1,3,3-trimethyl-
2-indolinylidene)ethylidene}-

-4-one, 2-[3-(trifluoromethyl)phenyl]-, 1-oxide

82: P170969h
71: 124340w
84: 4547a
§3: 21899a
67: 64305u
62: 1645g
71: 61296p
71: 124340w
76: 25187y
62: 1645¢g
55: 18756b
82: P170969h
82: P170969h
82: P170969h
47: P6289b

26: 1287°, 58: 79271
77: 19583d, 80: 108449y
80: 108449u

53: 21903h, 62: 1645f
55: 25923b, 58: 139442
68: 39752a

67: 116842p

47: P6289a

82: P17096%h

26: 1287°
47: P6288-%h-d

53: 21899a
53: 21902-3g-h
54: 4547a,b
55: 18756b
§5: 25923b
58: 7927f-h
§8: 13944a

59: 3913d
62: 1645i,g
64: 11200c¢
65: 2250d.e
67: 64305u
67: 116842p
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CHAPTER 14

A (or A)-1,2,3-Triazolin-5-Ones
Containing More Than One
Representative Function

The synthesis of polyfunctional 1,2,3-triazolin-5-ones was investigated
somewhat earlier than the alkyl and aryl derivatives discussed in Chapter 13.
For example, Curtius and his students prepared a variety of such compounds
from sulfonylazides and malonic esters but failed to present evidence of the
yields obtained (Eq. 1).

EtO,C OH
Na' "OEt }_—_( NoHo
ArSO,N; + CH,(CO,EY), NWN\ “anhydrous
SO,Ar
0 f
ArSO,NHC OH HzNHNC»_(OH
— - —
2544 1
K\;-g\ 7,0 I\LN/N\ ¢))
Ar=4-CIPh, 2-C, H, NH, NH,

Another early report produced interesting results, but these diazotization
reactions do not appear to be generally applicable (Egs. 2,3).?

HN
CHCNH,-HCl —to  HO,C OH )
EtO,C Na™"NO, H
N. N
EtO,C NH, Wy
HQ 76%
Na’"NO, (3)

'y
Y
OH
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A*(or A%)-1,2,3-Triazolin-5-Ones 271

As mentioned in Chapter 13, Pedersen and Begtrup have contributed
several synthetic routes to the 1,2,3-triazolinones (Eqs. 4-6).>~® It should be

noted that Gompper carried out a reaction similar to that shown by
Equation 5 some years earlier (Eq. 7).°

OH PhN=N OH
—~ —

+ PhN; Cl — N
I{\NN \R 2 I\LN’N\R (4)
14.1-1

R =H Me Ph PhCH,
% 14.1-1=93 59 83 68

i
RHN%__( OH
CH,(CO,NHR), + PhN, Y o, N (5)
3 % \R
R ~H Me 14.1-2

% 14.1-2= 72 67

Br >__‘(0 Br 0O,CPh
§ N_  + PhCOCI S, W

N @
W N
] \Me |
Me Me
48%
BrHOH
7\
NN ©
N
Me
98%
MeO,C O
CH,(CO,Me),+ PhCH,N, —No""OMe NNN‘ ¥
N
CH,Ph



272 A’(or A%)-1,2,3-Triazolin-5-Ones

Most of the methods reported for this class of compounds show few
examples and limited experimental detail. However, they should be investi-
gated again as should the diazocyclizations in Equation 8’ and Equation 9.3
In Equation 9 the product structures were inferred from spectra, and the
yields were said to be good.

Et0,C o}
N,CHCO,Et + PhCONCO — NN O (8
N/ \“

CPh
60%

=0

C
I e T
EtO,CCH,NHCNHN, + ArCOBr <%, Ar” N N
N “CH,CO,Et

Ar = Ph, 3-BrPh 2 2

' OH
~ )]

The synthesis of sulfur analogs has been achieved through basic rear-
rangement of 1,2,3-thiadiazoles (Eq. 10).°

R NH, R SH

\PC,S( YT @(\H (10)

R =CO,H COPh 14.1-3
% 14.1-.3= 100 92

REFERENCES
1. 24: 3230'° 2. 44: 1965h 3. 54: 4546-Ti-b 4. 62: 1645f
5. 77:19583d 6. S1: 13855b 7. 62: 6468a 8. 67: 53855x

9. 65: 2250d,e



TABLE 14. A*(OR 4?)-1,2,3-TRIAZOLIN-5(OR 4)-ONES CONTAINING MORE THAN
ONE REPRESENTATIVE FUNCTION

Compound Reference
4-acetamido-2-phenyl- 67: 116842p
-1-acetic acid, 4-(3-bromobenzoyl)- 67: 53855x
-1-acetic acid, 4-benzoyl- 67: 53855x
4-acetyl-2-(2-hydroxyphenyl)-1-phenyl- 48: 4221i
4-acetyl-2-(4-hydroxyphenyl)-1-phenyl- 48: 4221i
4-acetyl-2-(2-hydroxy-4-sulfo-1-naphthyl)-1-phenyl- 48: 4221h
4-amino- 67: 116842p
4-amino-2-phenyl- 67: 116842p
1-(2-benzothiazolyl)-4-benzoyl- 75: 48991z
1-benzyl-(4-phenylazo)- §4: 4547b
S-bromo-2,3-dimethyl- 76: 25187y
-4-one, 5-bromo-1-methyl- 71: 61296p
-4-one, 5-bromo-2-methyl- 77: 19583d
-4-one, 5-bromo-2-phenyl- 82: P17096%h
-4-carboxamide 51: 2756d, 62: 1645¢
-4-carboxamide, 1-amino-N-(1-naphthylsulfonyl)- 24: 3230"
-4-carboxamide, 1-amino-N-(2-naphthylsulfonyl)- 24: 3230°
-4-carboxamide, 1-benzyl- §1: 2756d
-4-carboxamide, 1-[(benzylidene)amino}-N- 24: 3230!
(1-naphthylsulfonyl)-
-4-carboxamide, 1-[(benzylidene)amino]-N- 24: 3230°
(2-naphthylsulfonyl)-
-4-carboxamide, N, 1-dimethyl- 62: 1645f
-4-carboxamide, 1-(isopropylideneamino)-N- 24: 3230°
(2-naphthylsulfony!)-
-4-carboxamide, 1-(1-naphthylsulfonyl)- 24: 3229°
-4-carboxamide, 1-(2-naphthylsulfonyl)- 24: 3230*
-4-carboxamide, 5-oxo0-2-8-D-ribofuranosyl- 85: P6010e
-4-carboxamide, 1-phenyl-(?) 51: 14698¢
-4-carboxamide, 4-phenyl- §3: 219034
-4-carboxamidoxime §5: 11422c
-4-carboxylic acid, ethy!l ester 44: 1965h
-4-carboxylic acid, 1-(N-acetylsulfanyl)-, 54: 18409a
ethyl ester
-4-carboxylic acid, 1-amino 24: 3230'
-4-carboxylic acid, 1-(2-anthraquinonylsulfonyl)-, 24: 3230°
ethyl ester
-4-carboxylic acid, 1-benzoyl-, ethyl ester 62: 6468a
-4-carboxylic acid. 1-benzyl- §1: 13855b
-4-carboxylic acid, 1-benzyl-, ethyl ester §1: 2756d
-4-carboxylic acid, 1-benzyl-, methyl ester 51: 13855b
-4-carboxylic acid, 1-(benzylideneamino)-, 24: 3230!
benzalthydrazide
-4-carboxylic acid, 1-(4-bromophenyl)-, ethyl ester 50: 9838e
-4-carboxylic acid, 1-(N-carboxysulfanilyl)-, diethyl §4: 18409a, 56: 7931f
ester
-4-carboxylic acid, 1-(4-chlorophenylsulfonyl)-, 24: 3229°
ethyl ester
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TABLE 14 (Continued)

A*(or A%)-1,2,3-Triazolin-5-Ones

Compound

Reference

-4-carboxylic acid, 1,2-dimethyl-, methyl ester
-4-carboxylic acid, 1-(4-methoxyphenyl)-, ethyl ester
-4-carboxylic acid, 1-(4-methylphenyl)-, ethyl ester
-4-carboxylic acid, 1-(1-naphthylsulfonyl)-
-4-carboxylic acid, 1-(2-naphthylsulfonyl)-,
ethyl ester
-4-carboxylic acid, 1-{(2-nitrobenzylidene)amino]-,
_{2-nitrobenzylidene)hydrazide
-4-carboxylic acid, 1-phenyl-, ethyl ester
-4-carboxylic acid, 4-phenyl-, ethyl ester
-4-carboxylic acid, 1-(4-quinolyl)-, oxide
-4-carboxylic acid, 1-{(salicylal)amino]-,
(salicylal)hydrazide
-4-carboxylic acid, 1-sulfanilyl-, ethyl ester

-4-one, 5-chloro-2-phenyl-

-4-one, 2,3-dimethyi-5-methoxy-
-4-one, 5-methoxy-3-methyl-2-phenyl-
1-methyl-4-(phenylazo)-
4-(phenylacetamido)-

4-(phenylazo)-
2-phenyl-4-(phenylacetamido)-
1-phenyl-4-(phenylazo)-

64: 11200c
50: 9838e
50: 9838e
24: 3229%
24: 3230°

24: 3230

50: 9838¢
§3: 21903h
88: 4545d
23: 3230!
23: 3230°
38: 5004°, §4: 18409a,
56: 7931f
82: P17096%h
76: 25187y
76: 25187y
84: 4547b
67: 116842p
54: 45461
67: 116842p
§4: 4547b
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CHAPTER 15

Bi- and Bis[1,2,3-Triazoles and
1,2,3-Triazolines]

The principal synthetic methods described in previous sections have been
modified and employed for the preparation of symmetrical bis[1,2,3-
triazoles]. Very few examples of bis[1,2,3-triazolines] are known, and these
too are prepared using methods closely related to those of the mono-
substituted cases.

Of all methods certainly azide-acetylene addition is the most common; for
example, Sasaki and his collaborators have studied medium ring diazides
and their 1,2,3-triazole products (Egs. 1,2).' In an earlier paper they
described a number of analogous reactions that occur in generally excellent
yield.2

MeO,C HCOZMC
N N N
3 N
+ 2Me0,CC=CCO,Me — 4))
NS
MeO,C CO,Me
15.1-1

A much earlier report involves one of the rare examples of fluorine-
containing systems prepared in good yield (Eq. 3).*

The addition of azide ion, arylazides, and trimethylsilylazide to acetylenes
have all been carried out in good-to-excellent yield (Egs. 4-7).*" The
synthesis of 15.1-2 can be carried out step-wise and the mono-addition
product isolated.* The arylazide case (Eq. 6) was also applied to a symmetri-
cal biphenyl with comparable results.®

The base catalyzed addition of azides to active methylene compounds has
been shown to be applicable to bis-analogs (Eq. 8).°
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Bi- and Bis[1,2,3-Triazoles and 1,2,3-Triazolines]) 277

(>/> —_— @ + 2MeO,CC=CCO,Me
N; N,

CO,Me

MeO.C | "Me0,C CO,Me

/ Deat, 15.1-1 2)

90% ——
MeO,C COMe

N

F;CC=CC=CCF, + 2 —_

NM
2 gC CF,

N

N NN N
MezN—@ \N/ SN~ \@_NMez (3)

()
g R
[ L = [
RC=CCC=CR+Na" "N, — N‘N}\l\ \N’/N 4
HH
R = Me Ph 15.1-2
% 15.1-2= 76 77
PhO,S SO,Ph
Na* "N,
C=CH~©>—CH=C FICONMe,
R R
R R
N C N N
/&N’/ SN\ )
=CN  CO,Me H H

% 15.1-3= 91 89 15.1-3
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MeO,C CO,Me

4

N,

N
@( + 2Me0Q,CC=CCO,Me — (6)

N
N, N N

/Z
A\

Z

i

MeO,C CO,Me
6'5%

/(CH2)2

HC=C(CH,),C=CH + 2Me,SiN; — \Ny
I |
Me,Si SiMe,

77%

___ACH,)2~

N N 7

\N/ \ / \N/ ( )
HH
100%

NCCHZCOZEt+N3‘©— —@— LR

EtO,C COzEt

C C (8)
\N//

30%

Two examples of nucleophilic substitution have been demonstrated in the
synthesis of bis[1,2,3-triazoles] (Eq. 9).°

C Me

Ph .
2 N\\N}q + Br(CH,)s o  Br T«L"‘%

D T
C Me C
ph” 5=N( \r—( N
N\\N/ \ / \ // (
(CH2)S oré

85%
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The extensive work of L’abbé and his collaborators with phosphorous
ylides and related compounds shows great promise in this synthetic applica-
tion (Egs. 10-13),!%'3

Me\
2 C=PPh, + N,CO OCN, —
EtO,C
Me\[—(OEt EtOHMe
N_N NN (10
NN SN~
O
O O
(or 1,3-phenylene) 73%
ﬁ? N, R R
2RCCH==PPh, + —_— N\‘NPI@N‘N’;I (11
N, 15.1-4
R =Me Ph
% 15.1-4= 83 91
Z\ CON,
2  C=CHP'Ph, + N,CO—@ —
-~
© z
Z R
—( NN
N G
O @
1,4-phenylene Z=Me Ph 1,3-phenylene Z=Ph O
% 15.1-5 =60 76 62 15.1-5

Smith and his students have extended their productive studies to include
bis[1,2,3-triazole] examples (Egs. 14,15).'*'* The first reaction appears to
be an exception and related systems provide much lower yields.' The diazo
compound (15.1-6) can be reduced in high yield using hydrazine and
palladium.'® The members of Smith’s group have also made a detailed study
of the thermolysis of diazo-1,2,3-triazoles in various aromatic solvents and
have found useful amounts of bis-products (Eq. 16).'®
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NN Ph

O
Il
+ 20,N CCH=PPh, —
/ _Kc/ : ‘@ ’

O,N
Ph N
/
<
=0 (13
H
No— C/
o \ AN
Ph/ N
70%
N\‘Ny\ + n-BuLi — N N/N\ /NN}J 14
Ph Ph Ph
97%
Pthﬂz Ph N=N\-_(Ph
N—N ditute KMnO, N; _—N( N_N 15)
\N/\ H;O/HOAc \\N/ \ \NY
Ph Ph Ph/ N
15.1-6
30%

Albert and his collaborators, in their studies of 8-azapurines, have ob-
tained several interesting examples with nitrogen derivatives connecting two
1,2,3-triazoles (Eqs. 17,18).'7'® In the absence of ammonia the yield of
15.1-11 rose to 85%! In a later paper Albert reported an intermediate of
this reaction (15.1-12) formed in excellent yield (Eq. 19)."*

The preparation of bis[1,2,3-triazole] disulfides has been accomplished
both by direct oxidation of the thiol (Eq. 20)*° and preliminary rearrange-
ment of 1,2,3-thiadiazoles (Eq. 21).%

An early report of a crossed aldol condensation shows promise (Eq. 22),%*
as does an example of synthesis from a sugar derivative (Eq. 23).2



Bi- and Bis{1.2,3-Triazoles and 1,2,3-Triazolines]
N’N\N/
}’h ( ) H Ph
Ph W CH \__(Ph Ph C—C;_(
N\\ N N
N7\ \/\ *V SN
Ph Ph Ph/ Ph
15.1-7 15.1-8
i
Ph C
S=C “pn
NN
N Ph
1501‘9
Y % 15.1-7 % 15.1-8 % 15.1-9
H 42.0 5.5 6.7
Me 38.0 12.3 12.5
OMe 55.2 5.5 4,7
OPr-i 46.2 3.0 10.9
NO, 393 0 25.6
N N CH=NN=CH
Z \ Y Ny
0 L+ e, — (] T
\N N \N N
R | | R R” |
H H H
15.1-10
R =H OH SH
R’ =NH, NHCONH, NHCSNH,
% 15.1-10= 73 88 72
NC NH, H,NCH, NH,
-N Raney Ni .
NN, T A AN
CH,Ph CH,Ph
66%
H,N CH,NHCH, NH,
+ N N
SN A YAN
PhCH, CH,Ph

15.1-11
15%
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H,NCH, NH,
—~(__CH,Ph
2 N\Npl\ + (EtO);CH —
H
OAc
CH,NH
<
Ny X OAc™ (19)
I N=CHNH2 CHzNHz
PhCH, _
N
phcH;” N
15.1-12
90%
B et N N (20)
SN\ R NN\ W
N Ny H H
75%
o)
g NHR?
R =
N + Me,COCI —2%,
T D
C S—s§ C 21
o — N
R 7 R R
AN 4 \N}I
R? R?
15.1-13
R! =Ph Me OEt OEt Ph EtO EtO Ph
R? =Ph Ph Ph 2-MePh  4-MeOPh  2-MeOPh 4-NO,Ph  4-NO,Ph
% 15.1-13= 86 82 55 63 62 61 74 92
I
CHO CH=CHCCH=CH
7Y X' “oH \ )
NN +MeC=0 N S NN (2
| | |
Ph Ph Ph
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HC=NNHP
C=NNHPh :N?I_Ph
HOCH HO
HCOI? 50, HCOH (23)
et \ =~
EN?"'P" Ph IsiNj
69%

Recently, an important first step toward understanding metal ion-
azapurine interactions was taken with the synthetic and crystallographic
study of a copper(Il) complex of a bis[1,2,3-triazole], one resonance con-
tributor of which (15.1-14) is shown (Eq. 24).**

NH,

| H
C ca a NH,
(N ™ Ha, *“H N/ N\\ \ / N
N + CuCl, ¥ "He | N—Cu—N_| (24)
N l\ll If / \ N .
H,N ca a C=NH
NH, H 2 H [ 2
NH,
15.1-14
REFERENCES
1. 78: 83889f 2. 76: 126021y 3. 65: 18484h 4. 80: 108452q
5. 80: 3439n 6. 67: 90739h 7. 68: 15414f 8. 47: 10525h,i
9. 82: 171481e 10. 72: 21176p 11. 78: 141988t 12. 76: 25192w
13. 77: 164609w 14. 68: 78204t 15. 73: 44674 16. 80: 145179b
17. 79: 137047w 18. 79: 146462¢ 19. 84: 121778¢ 20. 65: 2250e

21. 70: 77874r 22. 46: 6123-4g-a 23. 69: 27660b 24, 83: 21202w



TABLE 15. BI- AND BIS§[1,2,3-TRIAZOLES AND 1,2,3-TRIAZOLINES]

Compound

Reference

15.1. Bi- and Bis[1,2,3-Triazoles)

-1-acetic acid, 4-(1-hydroxy-1-methyiethyl)-,
2-f4-(1-hydroxy-1-methylethyl)-1-H-1,2,3-
triazol-1-yl], ethyl ester

-4-acrolein, 1-phenyl-, azine

-5-amine, N-[[5-amino-1-benzyl-1H-1,2,3-triazol-
4-ylJmethylene}- 1-benzyl-4-(dimethoxymethyl)-

-5-amine, 1,1'-bis(4-bromophenyl)-N,N-diethyl-
4,4',5,5'-tetrahydro-, [4,5'-bi-

5,5'-azobis[1,4-diphenyl-

4,4'-({1,1"-biphenyl]-4,4"-diyldi-3,2-oxiranediyl)-
bis{2-phenyl-

2,2'-(4,4’-biphenylylene)bis[4-nitro-

1,1'-bis[4-(dimethylamino)phenyl]}-5,5'-
bis(trifluoromethyl)-4,4'-bi

bis(4-benzoyl-, ketonato- mercury

5,4-bis(2,2'-benzoxazolyl)- 1,4-phenylene[bi-

1,1’-bis{4,4'-bis[(carboxyamino)phenyl]-,
1-(2-hydroxyethyl)-3-(4-1H-1,2,3-triazol-
1-ylphenyl)urea ester
1,1'-bis[4,4"-bis[(carboxyamino)phenyl]-,
2,2'-(4-phenylenedioxy)diethanol diester
1,1'-bis[4,4'-bis[(carboxyamino)phenyl}-,
tetramethylene diester
2,2'-bis(2-hydroxyphenyl)-5,5'-diphenyl{4,4'bi-
4,4'-[2,2'-bis(2-methoxyphenyl)-5,5'-dimethylbi-
2,2'-{1,2-bis[5-(2-sulfophenyl)Jethenediyl]bis-
2,2'-[1,2-bis[5-(2-sulfophenyl) Jethenediylbis-
[4-methyl-, ion(2-)
2,2'-[1,2-bis(2-sulfophenyl)ethenediyl]-4,4'-
bis[4-(4-sulfophenyl)-, tetrasodium salt
2,2'-{1,2-bis(2-sulfophenyl)ethenediyl}-4,4'-
bis[5-(4-phenyl-, disodium salt
5,4-[N,N"-bis(thioureidoazino)bis(methylidyne-

§,4-[N,N"-bis(ureyleneazino)bis(methylidyne-

-4-carbonitrile, 5,5'-(1,4-phenylene)bis-

-4-carbonyl azide, 5,5'-ureidobis[1-(2,5-
dimethylphenyl)-,

1,1-carbonylbis-

-4-carboxaldehyde, 5-amino-, [(5-amino-1H-1,2,3-
triazol-4-yl)methyleneJhydrazone

-4-carboxaldehyde, 5-amino-2-methyl-, [(5-amino-
2-methyl-2H-1,2,3-triazol-4-yl)methyleneJhydrazone

-4-carboxaldehyde, 1,5-diphenyl-, azine

-5-carboxaldehyde, 1,4-diphenyl-, azine

-4-carboxamide, N,N'-[1,3,4-oxadiazole-2,5-
diylbis(4-amino-3,1-anthraquinonylene)}bis[ 1-phenyl-

-4-carboxamide, N,N’-1,4-phenylenebis{2-
[4-[(4,5-dihydro-3-methyl-5-0xo0- 1-phenyl- 1 H-pyrazol-
4-ylazolphenyl]-S-methyl-
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TABLE 15 (Continued)

Compound

Reference

15.1. Bi- and Bis{1,2,3-Triazoles] (Continued)

-4-carboxamide, N,N’-1,4-phenylenebis[2-

{4-[(2-hydroxy-1-naphthalenyl)azolphenyl}-5-methyl-

-4-carboxamide, N,N’-1,4-phenylenebis[5-methyl-2-
[4-{[2-0x0-1-[(phenylamino)carbonyl]propyl}-
azoJphenyl]}-

-4-carboxanilide, 2-phenyl-4’-(2H-1,2,3-triazol-2-y)-,

-4-carboxanilide, 4'-(4-methyl-2H-1,2,3-
triazol-2-yl)-2-phenyl-,

-4-carboxanilide, 2-(4-carboxyphenyl),

(2-phenyl-2 H-1,2,3-triazol-4-yl)-, methyl ester

-4-carboximidamide, N2, bis[5-amino-, tetrachloro-,
dihydrogen, (OC-6-11)-cuprate(2-),

-4-carboxylic acid, 2,2'-(1,4-biphenylene)bis{5-
(2-carboxyphenyl)-,

-4-carboxylic acid, 2,2'-(3,7-dibenzothiophenediyl)-
bis[5-phenyl-, S,S-dioxide

-4-carboxylic acid, 5,5'-dithiobis{1-
(2-methoxyphenyl)-, diethyl ester

-4-carboxylic acid, 5,5'-dithiobis[1-
(2-methylphenyl)-, diethyl ester

-4-carboxylic acid, §5,5'-dithiobis[1-(4-nitrophenyl)-,
diethyl ester

-4-carboxylic acid, 5,5'-dithiobis{ 1-phenyl-,
diethyl ester

-4-carboxylic acid, 5,5'-(1,4-phenylene)bis-,
dimethyl ester

-4-carboxylic acid, 5,5'-(1,3-phenylene)bis-
[1-benzyl-, diethyl ester

-4-carboxylic acid, 5,5'-(1,4-phenylene)bis[1-
benzyl-, diethyl ester

-4-carboxylic acid, 5,5'-(1,4-phenylene)bis[2-
(2-methoxy-5-methylphenyl)-, dimethyl ester

-4-carboxylic acid, 1-phenyl-, (1-phenyl-1H-1,2,3-
triazol-4-yl)-, methyl ester

-4-carboxylic acid, 2-phenyl-, (2-phenyl-2H-1,2,3-
triazol-4-yl-), methyl ester

-4-carboxylic acid, 1,1’-(sulfonyldi-1,4-phenylene)-
bis[5-amino-,

-4-carboxylic acid, 1,1'-(sulfonyldi-1,4-phenylene)-
bis[S-amino-, diethyl ester

2,2'-[3,7-dibenzothiophenediyl-4,4'-(sulfophenyl)bis-,
5,5-dioxide, disodium salt

4,1'-(1,4-dibenzoy)-1,6-hexandiyl)bis{ 5-methyl-

-4,5-dicarboxylic acid, 1,1’-bicyclo[4.2.0Jocta-
2,4-diene-7,8)-diylbis-, tetramethyl ether

-4,5-dicarboxylic acid, 1,1'-bicyclo{4.2.0Joctane-
7,8-diylbis-, tetramethyl ester

-4,5-dicarboxylic acid, 1,1’-(2,2'-biphenylene)bis-,
tetramethyl ester
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TABLE 15 (Continued)

Compound

Reference

15.1. Bi- and Bis[1,2,3-Triazoles] (Continued)

-5,5'-dicarboxylic acid, 4,4’-[2,2'-bis(2-
hydroxyphenyl)bi-

-5,5'-dicarboxylic acid, 4,4'-[2,2'-bis(2-
hydroxyphenyl)bi-, dimethyl ester

-5,5'-dicarboxylic acid, 4,4'-[2,2"-bis(2-
hydroxyphenyl)bi-, diocty! ester

-5,5'-dicarboxylic acid, 4,4'-{2,2'-bis(2-
methoxyphenyl)bi-

-4,5-dicarboxylic acid, 1,1’-[2,3-bis(methylene)-
1,4-butanediyl]bis-, tetramethyl ester

-4,5-dicarboxylic acid, 1,1’-[5-(2-butynyl)-6-phenyl-
2,4-pyrimidinediylJbis-, tetramethyl ester

-4,5-dicarboxylic acid, 1,1'-(1,2-cyclooctane-
diyl)bis-, tetramethyl ester, cis-

-4,5-dicarboxylic acid, 1,1’-(3-cyclooctene-
1,2-diyl)bis-, tetramethyl ester, (1a, 2a, 3Z)-

-4,5-dicarboxylic acid, 1,1’-(5-cyclooctene-
1,2-diyl)bis-, tetramethyl ester, (la, 2a, 5Z)-

-4,5-dicarboxylic acid, 1,1'-(4-cyclopenten-
1.3-diyl)bis-, tetramethyl ester, cis-

-4,5-dicarboxylic acid, 1,1’-(decahydro-1,3-dioxo-
2-phenyl-4,7-ethano- 1 H-cyclobut[fJisoindole-
5,6-diyl)bis-, tetramethyl ester

-4,5-dicarboxylic acid, 1,1’-(decahydro-1,3-dioxo-
2-phenyl-4,7-etheno- 1 H-cyclobut[fJisoindole-
5,6-diyl)bis-, tetramethyl ester,

(3aa, 4a, 4a8, 58, 68, 6aB, 7TaTaa)-

-4,5-dicarboxylic acid, 1,1'-[3,4-dibromo-5-
(diphenylmethylene)-1,2-cyclohexanediyl]bis-,
tetramethyl ester

-4,5-dicarboxylic acid, 1,1'-(8,9-dihydro-1,4-
dioxaspiro[4.6Jundeca-6,10-diene-8,9-diyl)bis-,
tetramethyl ester, cis-

-4,5-dicarboxylic acid, 1,1'-[(2,5-dihydroxy-1,4-
phenylene)dimethylene]bis-, tetramethyl ester,
diacetate ester

-4,5-dicarboxylic acid, 1,1'-[3-(diphenylmethylene)-
1,2-cyclopentanediyl]bis-, tetramethyl ester

-4,5-dicarboxylic acid, 1,1’-[5-(diphenylmethylene)-
3-cyclopentene-1,2-diylJbis-, tetramethyl
ester, cis-

-4,5-dicarboxylic acid, 1,1'-[5-(diphenylmethylene)-
3-cyclopentene-1,2-diyljbis-, tetramethyl
ester, trans-

-4,5-dicarboxylic acid, 1,1'[1-(ethoxycarbonyl)-2,3-
dihydro-1H-azepine-2,3-diyl]bis-, tetramethyl
ester, cis-
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TABLE 15 (Continued)

Compound

Reference

15.1. Bi- and Bis[1,2,3-Triazoles] (Continued)

-4,5-dicarboxylic acid, 1,1'-[1-(ethoxycarbonyl)-4,5-
dihydro-1H-azepine-4,5-diyl bis-,
tetramethyl ester

-4,5-dicarboxylic acid, 1,1-{5-(2-ethoxyethyl)-
6-phenyi-2,4-pyrimidinediyl]bis-, tetramethyl ester

-4,5-dicarboxylic acid, 1,1'-[2,3,32,4,7,7a-

hexahydro-5,6-bis(methoxycarbonyl)-4,7-ethano-1H-

indene-1,3-diyl]bis-, tetramethyl ester,
(la, 3a, 3aa, 48, 78, Taa)-
-4,5-dicarboxylic acid, 1,1'-(5-methyl-6-phenyl-
2,4-pyrimidineyl)bis-, tetramethyl! ester
-4,5-dicarboxylic acid, 1,1'-(1,2-phenylene)bis-,
tetramethyl ester
-4,5-dicarboxylic acid, 1,1'-[6-phenyl-5-

(2-propynyl)-2,4-pyrimidinediyl]bis-, tetramethy! ester

5,5'-(1,2-dichloroethylene)bis{ 1,4-diphenyl-
4,4'-(1,2-dihydroxy-1,2-diphenylethylene)-
1,2-bis[ 1-ethyl-5-methyl-
4,4'-(1,2-dihydroxy-1,2-diphenylethylene)-
1,2-bis[5-methyl-
4,4’-(1,2-dihydroxyethylene)-1,2-bis[2-phenyl-, threo-
4.4'~(1,2-dihydroxyethylene)-1,2-bis[2-phenyl-,
diacetate ester, fhreo-
2,2'-(2,5-dihydroxy-1,4-phenylene)bis[4,5-diphenyl-
-4,5-dimethanol, 1,1'-(oxydiethylene)bis-,
4,4'-(dioxoethyl)bis[2-phenyl-
5,5'-(1,2-diphenyl-1,2-ethanediyl)bis[ 1,4-diphenyl-
5,5-(1,2-diphenyl-1,2-ethenediyl)bis[ 1 .4-diphenyl-
1,1'-(1,5-diphenyl-3-0x0- 1 ,4-pentadiene-2,4-
diyl)bis[S-phenyl-, (Z,Z)-
4,4'-dithiodi-,
5,5'-dithiobis[4-acetyl- 1-phenyl-
5,5'-dithiobis{4-benzoyl-1-(4-methoxyphenyl)-
5,5'-dithiobis[4-benzoyl-1-(4-nitrophenyl)-
5,5'-dithiobis[4-benzoyl-1-phenyl-
[(1,2-ethandiyl)azo]carbonic acid, bis[1-phenyl-5,4-,
diethyl ester
4,4'-ethylenebis-
5,5 -ethylenebis 1,4-diphenyl-
4.4"-ethylenebis[2-(trimethylsilyl)-
4-[2"-hydroxy-2'-(2-phenyl-2H-1,2,3-triazol-4-yl)-
acetyl]-2-phenyl-
4-[2'-hydroxy-2'-[[2-(4-methylphenyl)-2 H-1,2,3-
triazol-4-ylJacetyl}-2-(4-methylphenyl)-
1.1'~(iminodiethylene)bis-

-4-methanamine, 5-amino-N-[[5-amino-1-benzyl-1H-

1,2,3-triazol-4-yl]Jmethyl]}- I -benzyl-
287
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TABLE 15 (Continued)

Compound

Reference

15.1. Bi- and Bis[1,2,3-Triazoles] (Continued)

-4-methanamine, 5-[[[[4-(aminomethy))-1-benzyl-1H-
1,2,3-triazol-5-ylJamino}methylene]amino]-
1-benzyl-

-4-methanamine, 5-[[[[4-(aminomethyi)-1-benzyl-1H-

1,2,3-triazol-5-ylJamino]methyleneJamino]- 1-benzyl-,

monoacetate ester

-4-methanamine, 5-[[[[4-(aminomethyl)-1-benzyl-1H-

1,2,3-triazol-5-yl]Jamino}methylene Jamino]-
1-benzyl-, mononitrate ester
-4-methanol, 1,1'-(oxydiethylene)bis-
-4-methanol, 1,1'-(oxydiethylene)bis[a,a-dimethyl-
-4-methanol, 1,1'-(oxydiethylene)bis[a-methyl-
-4-methanol, 1,1’-pentamethylenebis|a,a-dimethyl-
-4-methanol, 1,1'-pentamethylenebis{a-methyl-
-4-methanol, 1,1'-(1,4-phenylenedimethylene)-
bis[a,a-dimethyl-
-4-methanol, 1-phenyl-a-[(1-phenyl-1H-1,2,3-
triazol-4-yl)methyleneamino)-
-4-methanol, 1,1’-tetramethylenebis-

-4-methanol, 1,1'-tetramethylenebis{a,a-dimethyl-
[methylenebis[(1,4-phenylene)2-cyano-1-(3-methoxy-
1,4-phenylene)ethyl}-2,2"-bis[4-methyl-5-phenyl-
1,4.5,8-naphthalenetetracarboxylic 1,8:4,5-diimide,

N,N’-bis[(2-ethylamino)-3-propyi}-4,4'-
oxalylbis[2-(4-methylphenyl)-
oxalybis[2-phenyl-
oxalylbis{2-phenyl-], bis(phenylhydrazone)
oxalylbis{2-phenyl-], phenylhydrazone
oxomethyl-4,4"-bis[5-methyl-
oxomethyi-4,4’-bis[5-phenyl-
5,5'-(oxydimethylene)bis[ 1,4-diphenyl-
1,1'-(1,4-phenylene)bis{S-methyl-
1,1'-(1,4-phenylene)bis[5-phenyl-
2,2'-(1,4-phenylene)bis{4-nitro-
1,1'~(1,3-phenylenedicarbonyl)bis[ 5-ethoxy-4-methyl-
1,1'-(1,4-phenylenedicarbonyl)bis[5-ethoxy-4-methyl-
2,2'-{1,4-phenylenedicarbonyl)bis{4-ethoxy-5-methyl-
1,1'-(1,4-phenylenedicarbonyl)bis[ 5-methyl-
2,2'-(1,3-phenylenedicarbonyl)bis[4-ethoxy-5-methyl-
2,2'-(1,4-phenylenedicarbonyl)bis{4-methyl-
1,1-(1,3-phenylenedicarbonyl)bis[ 5- phenyl-
1,1'-(1,4-phenylenedicarbonyl)bis[5-phenyl-
2,2'-(1,3-phenylenedicarbonyl)bis[4-phenyl-
2,2'-(1,4-phenylenedicarbonyl)bis[4-phenyl-
1,1'-(1,4-phenylenedimethylene)bi-
-4-propanoic acid, a,a’-{1,2-ethenediylbis[(3-

sulfo-4,1-phenylene)-2-hydraziny!- 1-ylidene])

bis{5-methyl-B-oxo-, diethyl ester
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TABLE 15 (Continued)

Compound

Reference

15.1. Bi and Bis[1,2,3-Triazoles] (Continued)

-4-propanoic acid, a,a’-[1,2-ethenediylbis[(3-
sulfo-4,1-phenylene)-2-hydrazinyl- 1-ylidene]]
bis[5-methyl-8-oxo0-2-phenyl-, diethy! ester

succinic acid, 2,3-bi-, dimethyl ester

succinic acid, bis[4',4"-(1H-1,2,3-triazol-1-yl)
anilide-

-4-sulfonic acid, 2,2-[1,2-ethenediylbis(3-sulfo-
4,1-phenylene)bis[ 5-[ 5-methyl-2-(sulfophenyl)-
2H-1,2,3-triazol-4-yl}-, hexasodium salt

1,1'-[sulfonyldi-(1,4-phenylene)]bis{S-amino-

terephthalic acid, [bis 4',4"-(1H-1,2,3-triazol-
1-yhanilide-

4,4',5,5'-tetrahydro-5,5,5',5'-tetrakis(trifluoro-
methyl)[1,1'-bi-

5,5'-thiobis{ 1-phenyl-

4,4'-[[3,3'-thiobis(propanamido)]bi-

4,4'[N.N'-(thioureylene)bi-
4,4'-(N,N’-ureylene)bis[5-(4-chlorophenyl)- 1-phenyl-
4,4'-(N,N’-ureylene)bis{ 1,5-diphenyl-
5,5-vinylenebis{ 1,4-diphenyl-

15.2. Bi- and Bis[1,2,3-Triazolines]

-4-carboxamide, N,N-(1,5-naphthylenedisulfonyl)-
bis[5-0x0-

-4-carboxamide, 1,1'-(1,5-naphthylenedisulfonyl)-
bis[5-oxo0-

-4-carboxylic acid, 1,1'-(1,5-naphthylenedisulfonyl)-
bis{5-oxo-

-4,5-dicarboximide, N,N’'-hexamethylenebis[3-butyl-

-4,5-dicarboximide, 3,3'-pentamethylenebis(N-phenyl-

-1-ethanesulfonic acid, 3,3'-(4,4’-biphenylene)bis-

-1-ethanesulfonic acid, 3,3'-(2,2'-dimethoxy-4.4'-
biphenylene)bis

-1-ethanesulfonic acid, 3,3'-[vinylenebis(sulfo-
phenylene)]bis-

-1-ethanol, 3,3'-(4,4"-biphenylene)bis[a,B-dimethyl-

-1-ethanol, 3,3'-(4,4'-biphenylene)bis[a-methyl-

84: P181615g
68: 68937v
72: P100715s
84: P181615g
47: 10525i
72: P100715s
85: 5148u
§8: 2447a
72: P67723t
72: P67723t
81: 3850k

81: 3850k
68: 78204t

24: 3230
24: 3230°
24: 32307
72: 3846¢
72: 3846¢
55: P10472i
§8: P10473a
§5: P10473a

§6: P3484i
§6: P3484h
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68: 68937v
68: 78204t
68: P88191a
69: 27660b
69: 92399n
70: 77874r
71: P92665n
71: P124445j
T1: P126001k
72: 3846¢
72: 21176p
72: P55493e¢
72: P67723t

72: P100715s
72: P100716t
73: 3865d
73: 44674;

74: 141988t
75: 109587w

Bi- and Bis[1,2,3-Triazoles and 1,2,3-Triazolines]
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CHAPTER 16

1,2,3-Triazolium, Triazolinium
and Meso-Ionic Compounds

Early attempts to prepare these interesting and useful salts (16.1-1)
involved both alkylation of the 1,2,3-triazole ring (Eqs. 1-3)'? and cycliza-
tion methods (Egs. 4,5).>* Uniformly high yields have been realized from
these methods as well as the subsequent conversion of 16.1-2 to the alcohol

16.1-3.°

A potentially exciting cycloaddition substrate was first prepared as a most
probable intermediate (Eq. 6)* and later isolated in good yield (Eq. 7).

Ny N (1)
N \CHzPh
Mel
/MQN\ r
— Me” N cH,Ph o
N. N PhCH,] 16.1-1
N \Me / about 80%
U
Ne N+ Mel — NON. T 3)
- ~
N Ph Me/ N Ph
16.1-1
84%
R
4 [®)
CH=C + PhN, — /N\N/N\ /R (4)
SO,CI Ph CH,CH
R = H Me 16.1-1 $O.C1

% 16.1-1=99 98
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R R
CHCHOSO5*Na 5__\
ArN=NN\ N2iCO,, /N.‘gjiN\ll{ lll
CHZ(l:HosorNa Ar CHCHOSO;Na*
Ru 1601"2
Ha, /N;-.*.iN\If 1,* a6
Ar N" “CucHoH
16.1-3
R’ = hydrogen
Ar = 2-MePh 4-CIPh 3-BrPh 3-NO,Ph 4-MeOPh  1,1'(4, 4)CeH,),
% 16.1-2= 65 70 65 40 60 50
Ph N=NPh NPh Ph Ph
~ Ph 7
c N had
” 0 solvent @ N_Ph . N\ /N (6)
AN T N N
PhN==N Ph Ph Ph
85%
]heat
Ph NNHPh Ph N=—NPh NPh
N N Ph N
L ~ort = )39/N——Ph %)
N
Vi 7\
PhHNN/ \ PhN=N Ph Ph T35

In several papers Albert and his collaborators have explored the synthesis
of 16.1-4; an important intermediate in their syntheses of 8-azapurines (Eq.
8).6'7

? 0
C NH. %
N = ose HaN WTso-

Ny N + TsOMe — \ 8)
N" Ncu,ph CH,Ph
16.1-
75%
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By far the most important contributions to our understanding of the
synthesis and utility of these compounds have been made by Pedersen and
Begtrup. They noticed an apparent exception to the general trend of low
yields (Eq. 9)® and developed the method carefully and in detail (Egs. 10 to
12).>!* Building on this, Begtrup has found a number of analogous reactions
that take place in exceptional yield (Eq. 13).'>'® A limited number of
closely related compounds were also prepared by similar means (Egs.
14,15).1*17

OMe O~
N\\N/N; N + Mel 2%, /N\G)/N: . ©)
CH,Ph Me~ N CH,Ph
91%
0
og\ 0,CPh
‘_—: Ph MeCN ®
Ny ,N\ + Mel —MeN, /N\ N I
N cu,pn Me” N “cH,pn
81%
o
Ba(OH), ! @ ‘
"0 /N\N/N\ (10)
Me CH,Ph
94%
RHOH RHO‘
Ny N Mel NON (11)
N\ Na‘"OH SN \
N \cﬂzph Me/ N CH,Ph
16.1-5
R = H Me Ph Br
% 16.1-§=100 77 68 90
Br Br o:
Ny N +Mel —  NON Netoi N; ON
\Me Me/ N \Me Me/ N \Me
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R? R® R* R®
— TsO~
NN F TsOMe — /N\%/ “ (13)
N Rl Me l{1
16.1-6

R! =Me Me Me PhCH, Ph Ph Ph  PhCH, PhCH, Ph PhCH,
R* = H Br Br H H Me H Br Br H H
RS =H H Br H H H Me H Br SMe SMe
% 16.1-6 = 98 91 87 97 100 81 100 86 84 100 99

—_ -
Ny N + PhCH,Br — /1\4\®,N\ T
CH,Ph PhcH;, N CH,Ph

97%
R* RS R* R®
'at YaC s
N. N + MeSO,F — NON (15)
N N°
] f Me
R? R?
16.1-7

R2 =Me Ph Me
RLRS = H H Br
% 16.1-7= 79 99 99

Finally, Begtrup has prepared some interesting sulfur derivatives by two
novel reactions (Eqs. 16,17).'%° Other examples of 16.1-9 were obtained as
mixtures and in lower yield.'®

X S”
N\®,N: Y e /N\GIS,N: - (16)
RI/ N R R’ R
16.1-8
R = Me Me PhCH, Ph
R’ =Me PhCh, Me Me
X = Br Br Br Cl

% 16.1-8 = 55 43 30 93
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R” R’ S
; 3 Na*"H w—é{
NN
o N,N\ reowe NN (17)
R R
16.1-9
R =Me PhCH, Me PhCH, Me
R’ = Me PhCH, Me Me Ph
R” = H H Br Cl Me
% 16.1-9= 100 97 56 71 87
REFERENCES
1. 49: 10274a 2. 50: 3414gh 3. 58: 10191a-g 4. 74: 141656h
5. 77: 75175) 6. 65: 713g 7. 68: 68958¢ 8. 67: 64305u
9. 67: 100074d 10. 71: 61296p 11. 66: 37847v 12. 72: 43570q
13. 74: 141647 14. 75: 87745s 15. 75: 109510r 16. 76: 72454t
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TABLE 16. 1,2,3-TRIAZOLIUM, TRIAZOLINIUM AND MESO-IONIC COMPOUNDS
Compound Reference
16.1. Alky!l- or Aryl-1,2,3-Triazolium Compounds

1-(4-acetamidophenyl}-3-benzyl-, chloride
1-(3-acetamidophenyl)-3-methyl-, methyl sulfate
1-(4-acetamidophenyl)-3-methyl-, methyl sulfate
1-(4-amino-3-chlorophenyl)-3-methyl-, methyl sulfate
1-{3-[(4-amino-8-hydroxy-1-naphthyl)azo]phenyl}-
3-methyl-, methyl sulfate
1-[4-[(4-amino-8-hydroxy-1-naphthyl)azolphenyl}-
3-methyl-, methyl sulfate
1-(4-aminophenyt)-3-benzyl-, chioride
1-(4-aminophenyl)-3-benzyl-, chloride, hydrochloride
1-(4-aminophenyl)-3-methyl-, methyl sulfate
3-benzyl-1-didodecyl-, bromide
1-benzyl-3-ethyl-4-phenyl-, iodide
1-benzyl-3-ethyl-5-phenyl-, iodide
3-benzyl- 1-ethyl-4-phenyl-, iodide
3-benzyl-1-ethyl-5-phenyl-, iodide
1-benzyl-3-methyl-, bromide
1-benzyl-3-methyl-, iodide
1-benzyl-3-methyl-, 4-methylphenyl sulfonate

3-benzyl-1-phenyl-, bromide

3-benzyl-1-phenyl-, 4-methylphenyl sulfonate

1-[4-(carboxyamino)phenyl]-3-methyl-, chloride, 1-
[4-[3-(2-hydroxyethyl)ureidojphenyl}-3-methyl-
1H-1,2,3-triazolium chloride ester

72: P100715s
67: P100995e
67: P100995¢
72: P100715s
67: P100995¢

67: P100995¢

72: P100715s

72: P100715s

72: P100715s

42: 5059¢

$1: 13855a

51: 13855a

§1: 13855a

51: 13855a

74: 141647f

49: 10274a

74: 1416471, 75: 87745s
76: 72454t, 83: 58717u

83: 27081¢

74: 1416471

72: P100715s



TABLE 16 (Continued)

Compound

Reference

16.1.  Alkyl- or Aryl-1,2,3-Triazolium Compounds (Continued)

1-[4-(carboxyamino)phenyl]-3-methyl-, methyl sulfate,-
2,2'-(1,4-phenylenedioxy)diethanol diester

1-[4-(carboxyamino)phenyl]-3-methyl-, methyl sulfate,
oxydiethylene ester

1-{4-(carboxyamino)phenyl]-3-methyl-, methyl sulfate,
tetramethylene ester

1-[3-chioro-4-[[4-[(2-cyanoethyl)ethylamino]-
(2-methylphenyl)Jazo]phenyl]-3-methyl-, chloride

1-[3-chloro-4-[[4-(dimethylamino)-2-(2-methyl-
phenyl})]azojphenyl]-3-methyl-, methyl sulfate

1-[3-chloro-4-[[4-{[4-(N-methylanilino)phenyl]lazo](2-
methylphenyl)Jazo]phenyi]-3-methyl-, methyl sulfate

1-[2-[4-[(2-chloro-4-nitrophenyl)azo]-N-
ethylanilinolethyl]-3-methyl-, chloride

1-[2-{4-[(2-chloro-4-nitrophenyl}azo]-N-
ethylanilinolethyl}-3-methyl-, methyl sulfate

1-{2-[[4-[3-(4-chlorophenyl)-2-pyrazolin-1-
yllphenylksulfonyljethyl]-3-methyl-, methyl sulfate

1-{2-(chlorosulfonyl)ethyl]-3-phenyl-, chloride

1-{3-[[4-[2-cyanoethyl)ethylamino]phenyl]azo]-4-
ethoxyphenyl]-3-ethyl-, 4-methylphenyl sulfonate

1-[4-[[4-[(2-cyanoethyl)ethylamino]phenyl]azo]-
phenyl]-3-methyl-, methyl sulfate

1,3-dibenzyl-, bromide

1,3-dibenzyl-, 4-methylphenyl sulfonate

1-{2-[[4-(diethylamino)pheny!Jazo]phenyl]-3,5-
dimethyl-, trichlorozincate (1-)

1,3-diethyl-4(or 5)-phenyl-, iodide

1,2-dimethyl-, chloride

1,2-dimethyl-, fluorosulfate

1,2-dimethyl-, hydroxide, inner salt

1,3-dimethyl-,; bromide

1,3-dimethyl-, hydroxide, inner salt

1,3-dimethyt-, 4-methylphenyl sulfonate

1,3-dimethyl-4-ethyl-
1,4-dimethyl-3-phenyl-, bromide
3,4-dimethyl-1-phenyl-, bromide
3,4-dimethyl-1-phenyl-, 4-methylpheny! sulfonate
3,5-dimethyl-1-phenyl-, 4-methylphenyl sulfonate
1,3-dimethyl-4-(2-formylethenyl)-, iodide
1-[4-[[4-[ethyl(2-hydroxyethyl)amino}(2-methylphenyl)}-
azo](3-methylphenyl)}-3-methyl-, methyl sulfate
1,1'-[hexamethylenebis(thioureylene-1,4-phenylene Jbis-
[3-methyl-, bis(methylsulfate
1,1’-[hexamethylenebis{ureylene(2-methyl-1,4-
phenylene)]Ibis[3-methyl-, bis(methyl sulfate)
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72: P100715s
72: P100715s
67: P100995e
67: P100995¢
67: P100995e
69: P28576r

69: P28576r

72: P91491m

50: 3414g
67: P100995¢

67: P100995¢

T4: 141647f
74: 141647f, 83: 58717u
68: P22709u

51: 13855b

76: 25187y, 83: 97134w

76: 25187y

83: 97134w

72: 43570q

83: 97134w

72: 43570q, 74: 1416471,
83: 58717y, 83: 97134w

83: 97134w

80: 132667

80: 132667,
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74: 141647

78: 637022

67: P100995¢

72: P100715s
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TABLE 16 (Continued)

Compound

Reference

16.1. Alkyl- or Aryi-1,2,3-Triazolium Compounds (Continued)

1,1'-[hexamethylenebis(ureylene- 1,4-phenylene)]bis-
{3-methyl-, bis(methyl sulfate)

4-(1-hydroxy-1-methylethyl)- 1-methyl-1-phenyl-,
iodide

3-methyl- 1-[4-[[4-[[4-(N-methylanilino)phenyl]-
azo}(2-methyiphenyl)JazoJphenyl}-, methyl sulfate

1-methyl-2-[4-[(3-methyl-5-0x0-2-pyrazolin-4-
yhazoJphenyl]-, chloride

3-methyl-1-(4-nitrophenyl)-, methyl sulfate

1-methyl-2-phenyl-, bromide

1-methyl-2-phenyl-, fluorosulfate

1-methyl-2-phenyl-, tetrafluoroborate (1-)

1-methyl-3-phenyl-, bromide

3-methyl-1-phenyl-, 4-methylpheny! sulfonate

5-methy!-3-phenyl-1-(2-sulfopropyl)-,
hydroxide, inner salt

3-methyl-1-{4-[(1,2,3,4-tetrahydro-2,7-dihydroxy-
benzo[h]quinolin-6-yl)azolphenyl]-, methyl sulfate

1,1’-[1,4-phenylenebis(iminocarbonylimino-4,1-
phenylene)]bis{3-methyl-, bis(methyl sulfate)

1,1'-{1,4-phenylenebis[ureylene-3-methyl-1,4-
phenylene)]lbis[3-methyl-, bis(methyl sulfate)

1,1’-{1,4-phenylenebis(ureylene-1,4-phenylene)]bis]3-
benzyl-, dichloride

3-phenyl-1-(2-sulfoethyl)-, hydroxide, inner salt

1,1’-[succinylbis(imino-1,4-phenylene)lbis[3-ethyl-,
dibromide

1,1’-[terephthaloylbis(imino-1,4-phenylene)]bis[3-
ethyl-, dibromide

1,3,4,5-tetramethyl-, (?)

1,1"-(ureylenedi- 1,4-phenylene)bis[3-benzyl-,
dichloride

1,1'-(ureylenedi- 1,4-phenylene)bis[3-methyl-,
dichloride

16.2. Miscellaneous 1,2,3-Triazolium Compounds

5-acetamido-3-methyl-1-(4-methylphenyl)-,
hydroxide, inner salt

5-acetamido-3-methyl- 1-(4-methylphenyl)-,
hydroxide, inner salt, monopicrate

5-acetamido-3-methyl-1-phenyl-, hydroxide, inner salt

5-acetamido-3-methyl-1-phenyl-, picrate

5-acetyl-1,2-dimethyl-, (?)

4-acetyl-5-[4-(dimethylamino)styryi]-1,2-diphenyl-,
perchlorate

4-acetyl-1,2-diphenyl-5-methyl-, perchlorate

5-amino-4-(aminocarbonyl)- 1-benzyl-3-methyl-, 4-
methylphenyl sulfonate
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72: P100715s

46: 8652a

67: P100995e

63: P3082d

72: P100715s

80: 132667j

76: 25187y, 78: 159527j

83: P19056h

80: 132667)

74: 1416471, 76: 72454t
83: 58717v

50: 3414h

67: P100995e

79: 100462b

72: P100715s

72: P100715s

50: 3414h
72: P100715s

72: P100715s

83: 97134w
72: P100715s

72: P100715s

73: 120571r
73: 120571r

73: 120571r
73: 120571r
83: 97134w
59: 15410f

59: 15410f
68: 68958¢, 80: 82890d



TABLE 16 (Continued)

Compound

Reference

16.2. Miscellaneous 1,2,3-Triazolium Compounds (Continued)

5-amino-1-benzyl-4-carbamoyl-3-methyl-, 4-
methylphenyl sulfonate
5-amino-3-methyl-1-(4-methylphenyl)-, picrate
S-amino-3-methyl-1-phenyl-, chloride
1-benzamido-2-benzoyl-4,5-dimethyl-,
hydroxide, inner salt
4-benzoyl-1,2-diphenyl-5-methyl-, perchlorate
5-benzoyloxy- 1-benzyl-3-methyl-, iodide
1-benzyl-4-[(2-bromocyclohexyl)thio]-3-methyl-,
bromide
1-benzyl-4-bromo-5-hydroxy-3-methyl-,
hydroxide, inner salt

1-benzyl-4-bromo-3-methyl-, 4-methylphenyl sulfonate
1-benzyl-5-bromo-3-methyl-, 4-methylphenyl sulfonate

1-benzyl-4-(bromothio)-3-methyl-, bromide
1-benzyl-4-chloro-5-mercapto-3-methyl-,

hydroxide, inner salt
3-benzyl-4-chloro-5-mercapto- 1-methyi-,

hydroxide, inner salt
1-benzyl-4-chloro-3-methyl-, 4-methylphenyl sulfonate
3-benzyl-4-chloro-1-methyl-, 4-methylphenyl sulfonate
1-benzyl-4,5-dibromo-3-methyl-, 4-

methylphenyl sulfonate
1-benzyl-3,4-dimethyl-5-hydroxy-,

hydroxide, inner salt
1-benzyl-5-hydroxy-3-methyl-, hydroxide, inner salt
3-benzyl-4-hydroxy- 1-methyl-, hydroxide, inner salt
3-benzyl-5-hydroxy-1-methyl-, hydroxide, inner salt
1-benzyl-5-hydroxy-3-methyl-4-phenyl-,

hydroxide, inner salt
3-benzyl-4-mercapto- 1-methyl-, hydroxide, inner salt

3-benzyl-5-mercapto- 1-methyl-. hydroxide, inner salt

1-benzyl-5-methoxy-3-methyl-, iodide
1-benzyl-3-methyl-4-(methylthio)-, 4-
methylphenyl sulfonate
3-benzyl-1-methyl-5-[(2-oxopropyl)thiol-, bromide
4,5-bis(methylthio)-1,3-dimethyl-, (7)
3-(4-bromo-2-chlorophenyl)-1-butyl-4-hydroxy-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-1-sec-butyl-4-hydroxy-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-1-tert-butyl-4-hydroxy-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-1-cyclohexyl-4-hydroxy-,
hydroxide, inner salt
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65: 713g

73: 120571r
73: 120571r
72: 6686%h

59: 15410
67: 1000744
77: 114317d

71: 61296p

T4: 1416471, 78: 877455
T4: 141647f, 75: 87745s
77: 114317d

83: 58717u

83: 58717u

83: 58717u
83: 58717u
74: 1416471, 75: 87745s

71: 61296p

67: 100074d

67: 64305u

71: 61296p, 76: 72454t
71: 61296p

78: 63704b, 77: 1143174,
83: 58717u

75: 63704b, 76: 72454t
77: 1143174,
83: 58717u

67: 64305u

76: 72454t

77: 114317d
83: 97134w
84: P121847z
84: P121847z
84: P121847z

84: P121847:z



TABLE 16 (Continued)

Compound

Reference

16.2. Miscellaneous 1,2,3-Triazolium Compounds (Continued)

3-(4-bromo-2-chlorophenyl)- 1-ethyl-4-hydroxy-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-4-hydroxy- 1-isobutyl-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-4-hydroxy- 1-isopentyl-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-4-hydroxy- 1-isopropyi-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-4-hydroxy-1-pentyl-,
hydroxide, inner salt
 N-bromo-4,5-dimethyl-, bromide
4-bromo-1,2-dimethyl-, fluorosulfate
4-bromo-1,3-dimethyl-, 4-methylphenyl sulfonate

S-bromo-1,2-dimethyl-, (?)

5-bromo-1,2-dimethyl-, fluorosulfate
5-bromo-1,3-dimethyl-, chloride
4-bromo-1,3-dimethyl-5-hydroxy-, hydroxide, inner salt

4-bromo-1,3-dimethyl-5-mercapto-,
hydroxide, inner salt
5-bromo-1,3-dimethyl-4-methoxy-, 4-
methylphenyl sulfonate
4-bromo-5-hydroxy-3-methyl-1-phenyl-,
hydroxide inner salt
5-bromo-4-hydroxy-3-methyl-1-phenyl-,
hydroxide, inner salt
4-bromo-5-hydroxy-3-methyl- 1-(4-methylphenyl)-,
hydroxide, inner salt
3-(4-bromo-2-methylphenyl)-4-hydroxy- 1-isopropyl-,
hydroxide, inner salt
1-tert-butyl-3-(4-chloro-2-nitrophenyl)-4-hydroxy-,
hydroxide, inner salt
1-butyl-3-(2,4-dichlorophenyl)-4-hydroxy-,
hydroxide, inner salt
1-sec-butyl-3-(2,4-dichlorophenyl)-4-hydroxy-,
hydroxide, inner salt
1-tert-butyl-3-(2,4-dichlorophenyl)-4-hydroxy-,
hydroxide, inner salt
1-butyl-4-hydroxy-3-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
1-sec-butyl-4-hydroxy-3-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
1-tert-butyl-4-hydroxy-3-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
1-butyl-4-hydroxy-3-(2,4,6-trichlorophenyl)-,
hydroxide, inner salt
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84: P121847:2

84: P121847:z

84: P121847z

84: P121847z

84: P121847z

50: 9393c¢

76: 25187y

72: 43570q, 74: 1416471,
75: 109510r,
83: 85717

83: 97134w

76: 25187y

66: 37847v

66: 37847v, 72: 43570q,
75: 109510r

83: 58717u

78: 109510r

74: 1416471, 76: 724541

74: 141647(

73: 120571r

84: P121847z

84: P121847z

84: P121847z

84: P121847z

84: P121847z

84: P121847z

84: P121847z

84: P121847z

84: P121847z



TABLE 16 (Continued)

Compound

Reference

16.2. Miscellaneous 1,2,3-Triazolium Compounds (Continued)

4-carboxy-1-[2-[[4-(dimethylamino)phenylJazo]phenyl)-
3,5-dimethyl-, trichlorozincate (1-),
methyl ester
4-carboxy-3-ethyl-1-{2-[3-(3-ethyl-2-benzothiazo-
linylidene)propenyl]- 1-methylbenzimidazolium-6-yl]-
5-methyl-, diiodide
4-carboxy-1-[2-[2-(3-ethyl-4-0x0-2-thioxo-5-
thiazolidene)ethylidene]-3-methyl-5-benzo-
thiazolidinyl]-3,5-dimethyl-, iodide
S-chloro-1,2-dimethyl-, (?)
4-chloro-1-methyl-3-phenyl-, bromide
4-chloro-1-methyl-3-phenyl-, 4-methylphenyl sulfonate
4-chloro-3-methyl-1-phenyl-, bromide
3-(4-chloro-2-methylphenyl)-1-cyclopentyl-4-hydroxy-,
hydroxide, inner salt
3-(4-chloro-2-nitrophenyl)-4-hydroxy-1-isopropyl-,
hydroxide, inner salt
1-[2-{[4-{(2-cyanoethyl)methylamino]phenylJazo]phenyl]-
4-(methoxycarbonyl)-3,5-dimethyl-,
(T-4)-tetrachlorozincate (2-)
4-cyano-1,3-dimethyl-5-{[(4-methylphenyl)-
sulfonyl]amino]-, hydroxide, inner salt
1-cyclohexyl-3-(2,4-dichlorophenyl)-4-hydroxy-,
hydroxide, inner salt
1-cyclopentyl-3-(2,4-dichlorophenyl)-4-hydroxy-,
hydroxide, inner salt
1,3-dibenzyl-5-hydroxy-, hydroxide, inner salt
1,3-dibenzyl-5-mercapto-, hydroxide, inner salt
4,5-dibromo-1,2-dimethyl-, fluorosulfate
4,5-dibromo-1,3-dimethyl-, (?)
4,5-dibromo-1,3-dimethyl-, 4-methylpheny! sulfonate
3-(2,4-dibromophenyl)- 1-ethyl-4-hydroxy-,
hydroxide, inner salt
4,5-dichloro-1,3-dimethyl-, (?)
3-(2,4-dichlorophenyl)-1-ethyl-4-hydroxy-,
hydroxide, inner salt
3-(2,4-dichlorophenyl)-4-hydroxy- 1-isobutyl-,
hydroxide, inner salt
3-(2,4-dichlorophenyl)-4-hydroxy- 1-isopentyl-,
hydroxide, inner salt
3-(2,4-dichlorophenyl)-4-hydroxy-1-isopropyi-,
hydroxide, inner salt
3-(2,4-dichlorophenyl)-4-hydroxy- 1-propyl-,
hydroxide, inner salt
1,3-dimethyl-5-hydroxy-, hydroxide, inner salt

1,3-dimethyl-4-hydroxy-5-methoxy-,
hydroxide, inner salt

301

67: P44797c, 68: P2270%u

74: 48048b

74: 48048b

83: 97134w
80: 132667
77: 114317d
80: 132667j
84: P1218472
84: P121847z

76: P128683m

84: 135549r

84: P1218472

84: P121847z

71: 61296p

83: 58717u

76: 25187y

83: 97134w

72: 43570q, 75: 109510r
84: P1218472

83: 97134w
84: P121847z

84: P1218472
84: P121847:z
84: P121847:z
84: P121847z
66: 37847v, T7: 618941,

83: 97134w
75: 109510r



TABLE 16 (Continued)

Compound

Reference

16.2. Miscellaneous 1,2,3-Triazolium Compounds (Continued)

1,3-dimethyl-5-hydroxy-4-phenyl-,

hydroxide, inner salt
3,4-dimethyl-5-hydroxy- 1-phenyl-,

hydroxide, inner salt
3,5-dimethyl-4-hydroxy- 1-phenyl-,

hydroxide, inner salt
1,3-dimethyl-4-mercapto-, hydroxide, inner salt

1,5-dimethyl-4-mercapto-3-phenyl-,
hydroxide, inner salt
1,3-dimethyl-5-methoxy-, iodide
1,3-dimethyl-4-methoxy-, 4-methylphenyl sulfonate
1,3-dimethyl-5-methoxy-, trichlorozincate
1,3-dimethyl-4-[methyl-[(4-methylphenyl)-
sulfonyljamino}-, iodide
1,4-dimethyl-5-[(2-methyl-4H-pyrazolo[1,5-a]-
benzimidazol-3-yl]azo}-, methyl sulfate
1,2-dimethyl-S-(methylthio)-, (?)
5,5'-[(2.5-dimethyl-1,4-phenylene)bis[methylene-
(ethylimino)-1,4-phenyleneazo]lbis[ 1-benzyl-4-methyl-,
bis(methyl sulfate)
5,5'-[(2,5-dimethyl- 1,4-phenylene)bis[methylene-
(ethylimino)-1,4-phenyleneazo]]bis{ 1,4-diethyl-,
bis(ethyl sulfate)
5,5'-[(2,5-dimethyl- 1,4-phenylene)bis[methylene{(2-
hydroxy-3-methoxypropyl)imino}(2-methyl-1,4-
phenylene)azo]}-bis{ 1,4-dimethyl-
bis(methyl sulfate)
5-[(1,2-dimethyl-1H-pyrazolo{ 1,5-a Jbenzimidazol-
3-yhazo}-1,4-dimethyl-, methyl sulfate
1,4-diphenyl-5-hydroxy-3-methyl-,
hydroxide, inner salt
1,4-diphenyl-5-imino-, hydroxide, inner salt
4,4'-dithiobis[1-benzyl-3-methyl-, dibromide
5-ethoxy-1,3-dimethyl-, chloride
5-ethoxy-3-methyi-1-(4-methylphenyl)-,
tetrafluoroborate (1-)
5-ethoxy-3-methyl-1-(4-methylphenyl)-, picrate
1,1"-ethylenebis[4-acetyl-2-(4-chlorophenyl)-5-
phenyl-, diperchlorate
1,1"-ethylenebis[4-acetyl-2,5-diphenyl, diperchlorate
1,1"-ethylenebis[4-acetyl-2-(4-ethoxyphenyl)-5-
methyl-, diperchlorate
1,1"-ethylenebis[4-acetyl-2-(4-methoxyphenyi)-5-
methyl-, diperchlorate
1,1’-ethylenebis[4-acetyl-2-(4-methylphenyl)-5-
phenyl-, diperchlorate
5,5'-[ethylenebis[oxyethylene(ethylimino)-1,4-
phenyleneazo]Jbis[ 1,4-dimethyl-, bis(methyl! sulfate)
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67: 64305u, 80: 132667)

67: 64305u, 74: 141647f

74: 1416471

78: 63704b, 77: 114317d,
83: 58717u

83: 58717u

64: 11200c

74: 141647f, 75: 109510r

66: P19822d

83: 1922662

66: P105886j

83: 97134w

66: P47321h

66: P47321h

66: P47321h

66: P105886;
67: 64305u
61: 654f

77: 114317d
66: 37847v
73: 120571r

73: 120571r
73: 66510e

73: 66510e
73: 66510¢

73: 66510e
73: 66510¢

66: P47321h



TABLE 16 (Continued)

Compound

Reference

16.2. Miscellaneous 1,2,3-Triazolium Compounds (Continued)

5-[[4-(1-ethythydrazino)phenyl]azo)- 1,4-dimethyl-,
trichlorozincate
3-ethyl-5-hydroxy-1-phenyl-, hydroxide, inner salt
1-ethyl-4-hydroxy-3-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
3-ethyl-5-methoxy- I -phenyl-, iodide
1,1-hexamethylenebis[4-acetyl-2-(4-
chlorophenyl)-5-methyl-, diperchlorate
1,1’-hexamethylenebis[4-acetyl-2,5-
diphenyl-, diperchlorate
1,1’-hexamethylenebis[4-acetyl-2-(4-
methoxyphenyl)-5-methyl-, diperchlorate
1,1"-hexamethylenebis[4-acetyl-5-methyl-2-
(4-methylphenyl)-, diperchlorate
1,1-hexamethylenebis{4-acetyl-5-methyl-2-phenyl-,
diperchlorate
1,1'-hexamethylenebis[4-acetyl;-2-(4-
methylphenyl)-5-phenyl-, diperchlorate
4-hydroxy- 1-isobutyl-3-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
4-hydroxy-1-isopropyl-3-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
4-hydroxy-1-isopropyl-3-(2,4,6-trichlorophenyl)-,
hydroxide, inner salt
5-hydroxy-3-methyl-1-(4-methylphenyl)-, chloride
5-hydroxy-3-methyl-1-(4-methylphenyl)-,
hydroxide, inner salt
5-hydroxy-3-methyl-1-(4-methylphenyl)-4-
(tricyanoethenyl)-, hydroxide, inner salt
4-hydroxy-1-methyl-5-(methylthio)-1-phenyl-,
hydroxide, inner salt
4-hydroxy-3-methyl-5-(methylthio)-1-phenyl-,
hydroxide, inner salt
4-hydroxy-3-methyl-1-phenyl-, hydrozide, inner salt
5-hydroxy-3-methyl-1-phenyl-, hydroxide, inner salt

5-hydroxy-1,3,4-trimethyl-, hydroxide, inner sait
5-imino-1-(4-methylphenyl)-4-phenyl-,

hydroxide, inner salt
4-mercapto-3-methyl-1-phenyl-, hydroxide, inner salt
5-mercapto-3-methyl-1-phenyl-, hydroxide, inner salt

1-methyl-4-(methylthio)-3-phenyl-, 4-
methylphenyl sulfonate
5,5'-[(4-methylphenylimino)bis[ethylene-
(ethylimino)-1,4-phenyleneazo]lbis[ 1,4-diethyl-,
bis(ethyl sulfate)
1,1’-pentamethylenebis[4-acetyl-2-(4-methoxyphenyl)-
S-methyl-, diperchlorate
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66: P19822d

67: 64305u
84: P1218472

67: 64305u
73: 66510

73: 66510e
73: 66510¢
73: 66510¢
73: 66510¢
73: 66510e
84: P1218472
84: P121847z
84: P121847z

73: 120571r
73: 120571r

73: 120571r

76: 72454t

76: 72454t

74: 141647f, 76: 724541

67: 64305u, 73: 120571r,
76: 72454t

71: 61296p

61: 654f

76: 72454t, 83: 58717u

75: 63704b, 77: 1143174,
83: 58717u

76: 72454

66: P47321h

73: 66510e



TABLE 16 (Continued)

Compound

Reference

16.2. Miscellaneous 1,2,3-Triazolium Compounds (Continued)

1,1'-pentamethylenebis[4-acetyl-5-methyl-2-(4-
methylphenyl)-, diperchlorate

1,1'-pentamethylenebis{4-acetyl-5-methyl-2-phenyl-,
diperchlorate

1-(phenylamino)-2,4,5-triphenyl-, hydroxide, inner salt

5,5'-[1,4-phenylenebis[methyiene(ethylimino)-1,4-
phenyleneazol]bis{1,4-dimethyl-, bis(methyl sulfate)
4,4'-sulfinylbis[5-hydroxy-3-methy!-1-(4-
methylphenyl)-, dihydroxide, bis(inner salt)
1,1'-tetramethylenebis[4-acetyl-2-(4-
chlorophenyl)-5-methyl-, diperchlorate
1,1'-tetramethylenebis[4-acetyl-2-(4-
methoxyphenyl)-5-methyl-, diperchlorate
1,1'-tetramethylenebis{4-acetyl-2-(4-
methoxyphenyl)-5-phenyl-, diperchlorate
1,1’-tetramethylenebis{4-acetyl-5-methyl-2-
(4-methylphenyl)-, diperchlorate
1,1'-tetramethylenebis[4-acetyl-S-methyl-2-
phenyl-, diperchlorate
4,4'-thiobis[ 5-hydroxy-3-methyl-1-(4-methylphenyl)-,
dihydroxide, bis(inner salt)
4,4'-thiobis[5-hydroxy-3-methyl-1-phenyl-,
dihydroxide, bis(inner salt)
1,1'-trimethylenebis{4-acetyl-2-(4-
methoxyphenyl)-5-phenyl-, diperchlorate

16.3. A?-1,2,3-Triazolinium Compounds

3-(4-acetamidophenyl)- 1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt
3-[4-(aminocarbonyl)-1H-pyrazol-3-yl}-1-(2-
chloroethyl)-, chloride
3-(4-aminophenyl)-1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt
3,3'-(4,4’-biphenylene)bis{1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt
3,3'-(4,4'-biphenylene)bis[1-(2-hydroxy-1-
methylethyl)-, hydroxide, sulfate, inner salt
3,3'-(4,4"-biphenylene)bis[1-(2-hydroxypropyl)-,
chloride
3,3'-(4,4'-biphenylene)bis[ 1-(2-hydroxypropyl)-,
hydroxide, sulfate, inner salt
3-(4-bromo-2-chlorophenyl)-1-butyl-4-hydroxy-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)- 1-sec-butyl-4-hydroxy-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)- 1-tert-butyl-4-
hydroxy-, hydroxide, inner salt
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73: 66510e
73: 66510¢

74: 141656h, 77: 75175j
66: P47321h

73: 12057 1r
73: 66510¢
73: 66510e
73: 66510e
73¢ 66510e
73: 66510e
73: 12057 1r
73: 120571r

73: 66510e

§8: 10191c
78: 34925¢f
58: 10191d
58: 10191d
58: 10191e
58: 10191¢g
58: 10191d
84: P164788y
84: P164788y

84: P164788y



TABLE 16 (Continued)

Compound

Reference

16.3.  A3*-1.2,3-Triazolium Compounds (Continued)

1-(4-bromo-2-chlorophenyl)- 3-butyl-5-o0xo-,
hydroxide, inner salt
1-(4-bromo-2-chlorophenyl)-3-sec-butyl-5-oxo-,
hydroxide, inner salt
1-(4-bromo-2-chlorophenyl)-3-tert-butyl-5-oxo-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)- 1-cyclohexyl-4-hydroxy-,
hydroxide, inner salt
1-(4-bromo-2-chlorophenyl)-3-cyclohexyl-5-oxo-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)- 1-ethyl-4-hydroxy-,
hydroxide, inner salt
1-(4-bromo-2-chlorephenyl)-3-ethyl-5-oxo-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-4-hydroxy-1-isobutyl-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl}-4-hydroxy- 1-isopentyl-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-4-hydroxy-1-isopropyl-,
hydroxide, inner salt
3-(4-bromo-2-chlorophenyl)-4-hydroxy- 1-pentyl-,
hydroxide, inner salt
1-(4-bromo-2-chiorophenyl)-3-isobutyl-5-oxo-,
hydroxide, inner salt
1-(4-bromo-2-chlorophenyl)- 3-isopentyl-5-oxo-,
hydroxide, inner salt
1-(4-bromo-2-chlorophenyl)-3-isopropyl-5-oxo-,
hydroxide, inner salt
1-(4-bromo-2-chiorophenyl)-5-0x0-3-pentyl-,
hydroxide, inner salt
3-(4-bromo-2-methylphenyl)-4-hydroxy-1-isopropyl-,
hydroxide, inner salt
1-(4-bromo-2-methylphenyl)-3-isopropyl-5-oxo-,
hydroxide, inner salt
3-(3-bromophenyl)- 1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt
1-tert-butyl-3-(4-chloro-2-nitrophenyl)-4-
hydroxy-, hydroxide, inner salt
3-tert-butyl-1-(4-chloro-2-nitrophenyl)-S-
oxo-, hydroxide, inner salt
1-butyl-3-(2,4-dichlorophenyl})-4-hydroxy-,
hydroxide, inner salt
1-sec-butyl-3-(2,4-dichiorophenyl)-4-hydroxy-,
hydroxide, inner salt
1-tert-butyl-3-(2,4-dichlorophenyl)-4-hydroxy-,
hydroxide, inner salt
3-butyl-1-(2,4-dichlorophenyl)-5-oxo-.
hydroxide, inner sait
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78: P136300r
78: P136300r
78: P136300r
84: P164788y
78: P136300r
84: P164788y
78: P136300r
84: P164788y
84: P164788y
84: P164788y
84: P164788y
78: P136300r
78: P136300r
78: P136300r
78: P136300r
84: P164788y
78: P136300r
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84: P164788y
78: P136300r
84: P164788y
84: P164788y
84: P164788y

78: P136300r



TABLE 16 (Continued)

Compound

Reference

16.3. A2%-1,2.3-Triazolium Compounds (Continued)

3-sec-butyl-1-(2,4-dichlorophenyl)-5-oxo-,
hydroxide, inner salt
1-butyl-4-hydroxy-3-(2.4,5-trichlorophenyl)-,
hydroxide, inner salt
1-sec-butyl-4-hydroxy-3-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
1-tert-butyl-4-hydroxy-3-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
1-butyl-4-hydroxy-3-(2,4,6-trichlorophenyl)-,
hydroxide, inner salt
3-butyl-5-ox0-1-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
3-sec-butyl-5-0x0-1-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
3-tert-butyl-5-ox0-1-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
3-butyl-5-ox0-1-(2,4,6-trichlorophenyl)-,
hydroxide, inner salt
1-(5-carbamoylimidazol-4-yl)-3-(2-chloroethyl)-,
chloride

3-(5-carbamoyl-2-methoxyphenyl)-1-(2-hydroxyethyl)-,

hydroxide, sulfate, inner sait
3-(3-carboxyphenyl)-1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt, ethyl ester
1-(2-chloroethyl)-3-(2-chlorophenyl)-, chloride
1-(2-chloroethyl)-3-(4-chlorophenyl)-, chloride
1-(2-chloroethyl)-3-(5-cyano- 1 H-imidazol-4-yl)-,
chloride
1-(2-chloroethyl)-3-(2-methyl-6-nitrophenyl)-,
chloride
1-(2-chloroethyl)-3-(2-nitrophenyl)-, chloride
1-(2-chloroethyl)-3-(2-methylphenyl)-, chloride
1-(2-chloroethyl)-3-(4-methylphenyl)-, chloride
1-(2-chloroethyl)-3-(4-nitrophenyl)-, chloride
1-(2-chloroethyl)-3-phenyl-, chloride
3-(3-chloro- 1H-indazol-6-yl)- 1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt
3-(4-chloro-2-methylphenyl)- 1-cyclopentyl-4-
hydroxy-, hydroxide, inner salt
1-(4-chloro-2-methylphenyl)-3-cyclopentyl-5-oxo-,
hydroxide, inner salt
3-(6-chloro-2-methylphenyl)- 1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt
3-(4-chloro-2-nitrophenyl)-4-hydroxy- 1-isopropyl-,
hydroxide, inner salt
1-(4-chloro-2-nitrophenyl)-3-isopropyl-5-o0xo-,
hydroxide, inner salt
3-(5-chloro-2-phenoxyphenyl)- 1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt
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78: P136300r
84: P164788y
84: P164788y
84: P164788y
84: P164788y
78: P136300r
78: P136300r
78: P136300r

78: P136300r

70: 51776k, 73: 28983d

58: 10191c
58: 10191¢
$4: 9900f
54: 9900f
83: 178922d
65: 13584b
54: 9900f

54: 9900f

54: 9900f

54: 9900f
54: 9900f
58: 10191¢
84: P164788y
78: P136300r
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84: P164788y
78: P136300r

§8: 10191c



TABLE 16 (Continued)

Compound

Reference

16.3. A2-1,2,3-Triazolium Compounds (Continued)

3-(2-chlorophenyl)- 1-(2-hydroxybutyl)-,
hydroxide, sulfate, inner salt
3-(2,5-dichlorophenyl)-1-(2-hydroxyethyl)-, chloride
3-(2,5-dichlorophenyl)-1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt
3-(2,4-dichlorophenyl)-4-hydroxy-1-isobutyl-,
hydroxide, inner salt
3-(2,4-dichlorophenyl)-4-hydroxy- I-isopentyl-,
hydroxide, inner salt
3-(2,4-dichlorophenyl)-4-hydroxy- 1-isopropyl-,
hydroxide, inner salt
3-(2,5-dichlorophenyl)-1-(2-hydroxy-1-
methylpropyl)-, hydroxide, sulfate, inner salt
3-(2,5-dichlorophenyl)-1-(2-hydroxypropyl)-,
hydroxide, sulfate, inner salt
3-(2,4-dichlorophenyl)-4-hydroxy-1-propyl-,
hydroxide, inner salt
3-(2,5-dichlorophenyl)- 1-(2-hydroxypropyl)-4-
methyl-, hydroxide, sulfate, inner salt
1-(2,4-dichlorophenyl)-3-isobutyl-5-oxo-,
hydroxide, inner salt
1-(2,4-dichlorophenyl)-3-isopentyl-5-oxo-,
hydroxide, inner salt
1-(2,4-dichlorophenyl)-3-isopropyl-5-oxo-,
hydroxide, inner salt
1-(2,4-dichlorophenyl)-5-oxo-3-propyl-,
hydroxide, inner salt
3-(2,4-diethoxyphenyl)-1-(2-hydroxyethytl)-,
hydroxide, sulfate, inner salt
3-{S'-(diethylsulfamoyl)-2-methoxyphenyl]-1-
(2-hydroxyethyl)-, hydroxide, sulfate, inner salt
3-(2,4-dimethoxyphenyl)-1-(2-hydroxyethyi)-,
hydroxide, sulfate, inner salt
2,2-dimethyl-1-isopropyl-5-(isopropylimino)-4-oxo-,
hydroxide, inner salt
3-(2,4-dimethylphenyl)-1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner salt
3-(2,5-dimethylphenyl)-1-(2-hydroxybutyl)-,
hydroxide, sulfate, inner salt
3-(2,4-dimethylphenyl)- 1-(2-hydroxypropyl)-,
hydroxide, sulfate, inner salt
1-ethyl-4-hydroxy-3-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
3-ethyl-5-0x0-1-(2,4,5-trichlorophenyl)-,
hydroxide, inner salt
3-(4-ethylphenyl)-1-(2-hydroxyethyl)-,
hydroxide, sulfate, inner sait
3-[S-(ethylsulfonyl)-2-methoxyphenyl}-1-(2-
hydroxyethyl)-, hydroxide, sulfate, inner salt
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58: 10191d

§8: 10191g
58: 10191b

84: P164788y
84: P164788y
84: P164788y
58: 10191d
§8: 10191d
84: P164788y
58: 10191e
78: P136300r
78: P136300r
78: P136300r
78: P136300r
58: 10191c
§8: 10191¢
§8: 10191c
75: 20308h
58: 10191c
58: 10191d
58: 10191e
84: P164788y
78: P136300r
§8: 10191b

58: 10191c



TABLE 16 (Continued)

Compound Reference

16.3. A%-1,2,3-Triazolium Compounds (Continued)

1-(2-hydroxybutyl)-3-phenyl-, 58: 10191d
hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-[5-[(2-hydroxyethyl)sulfonyl])- 64: P6800b
2-methoxyphenyl]-, chloride

1-(2-hydroxyethyl)-3-[5-[(2-hydroxyethyl)sulfonyl]- 64: P6800b

2-methoxyphenyl]-, hydroxide, inner salt, hydrogen
sulfate ester

1-(2-hydroxyethyl)-3-(2-methoxy-3-dibenzofuranyl)-, 58: 10191¢
hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-(2-methoxyphenyl)-, 58: 10191b
hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-(4-methoxyphenyl)-, 58: 10191g
chloride

1-(2-hydroxyethyl)-3-(4-methoxyphenyl)-, 58: 10191c
hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-(5-methoxy-2-methylphenyl)-, 58: 10191c¢
hydroxide, sulfate, inner salt

1-(2-bhydroxyethyl)-3-(2-methyl-5-nitrophenyl)-, 58: 10191c
hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-(2-methylphenyl)-, 58: 10191b
hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-(3-methylphenyl)-, 58: 10191b

hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-(4-methylphenyl)-, 58: 10191b
hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-(1-naphthyl)-, chloride 58: 10191g

1-(2-hydroxyethyl)-3-(1-naphthyl)-, 58: 10191d
hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-(2-nitrophenyl)-, 58: 10191c¢
hydroxide, sulfate, inner salt

1-(2-hydroxyethyl)-3-phenyl-, chloride 58: 10191f

1-(2-hydroxyethyl)-3-phenyl-, hydroxide, 58: 10191a
sulfate, inner salt

1-(2-hydroxyethyl)-3-(3-sulfophenyl)-, hydroxide, 58: 10191c¢
sulfate, inner salt

1-(2-hydroxyethyl)-3-(2,4,6-trimethylphenyl)-, 58: 10191¢
hydroxide, sulfate, inner salt

4-hydroxy-1-isobutyl-3-(2,4,5-trichlorophenyl)-, 84: P164788y
hydroxide, inner salt

4-hydroxy-1-isopropyl-3-(2,4,5-trichlorophenyl)-, 84: P164788y
hydroxide, inner salt

4-hydroxy-1-isopropyl-3-(2,4,6-irichlorophenyl)-,” 84: P164788y
hydroxide, inner salt

1-(2-hydroxy- 1-methylpropyl)-3-(2-methoxy-3- 58: 10191g
dibenzofuranyl)-, chloride

1-(2-hydroxy- 1-methylpropyl)-3-(2-methoxy-3- 58: 10191e

dibenzofuranyl)-, hydroxide, sulfate, inner salt
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TABLE 16 (Continued)

Compound Reference

16.3. A*-1.2.3-Triazolium Compounds (Continued)

1-(2-hydroxy- 1-methylpropyl)-3-phenyl-, 58: 10191e
hydroxide, sulfate, inner salt

1-(2-hydroxypropyl)-3-(2-methoxy-3- 58: 10191g
dibenzofuranyl)-, chloride

1-(2-hydroxypropyl)-3-(2-methoxy-3- 5§8: 10191d
dibenzofuranyl)-, hydroxide, sulfate, inner salt

1-(2-hydroxypropyl)-3-(4-methoxyphenyl)-, 58: 10191d
hydroxide, sulfate, inner salt

1-(2-hydroxypropyl)-4-methyl-3-phenyi-, 58: 10191e
hydroxide, sulfate, inner salt

1-(2-hydroxypropyl)-3-phenyl-, chloride 58: 10191¢

1-(2-hydroxypropyl)-3-phenyl-, 58: 10191d
hydroxide, sulfate, inner salt

3-isobutyl-5-ox0-1-(2,4,5-trichlorophenytl)-, 78: P136300r
hydroxide, inner salt

3-isopropyl-5-0x0-1-(2,4,5-trichlorophenyl)-, 78: P136300r
hydroxide, inner salt

3-isopropyl-5-oxo-1-(2,4,6-trichlorophenyl)-, 78: P136300r

hydroxide, inner salt

42: 5059%¢
46: 8652a
49: 10274a
§0: 3414g,h

50: 9393¢
§1: 13855a,b
54: 9900f

§8: 10191a-g
§9: 15410f
61: 654f

63: P3082d

64: P6800b
64: 11200c
65: 713g
65: 13584b
66: P19822d
66: 37847v
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CHAPTER 17

Complex 1,2,3-Triazoles Related
to Practical Applications

A great many 1,2,3-triazoles have been examined by industrial
laboratories in, for example, textiles and medicine. The synthetic methods
employed have been illustrated at length in the preceding chapters. The
practical problems related to the application of these compounds result in
rather elaborate and often indefinite structure assignment. The organization
of such information for simplicity and for the reliability of searching seems
best approached by using the formula index, which achieves the economy of
space by eliminating a great deal of repetitious nomenclature. The following
systems make up the largest portion of compounds included in the formula
index:

1. Optical brightners (extended conjugated systems).
2. Optical brightners (coumarin ring systems).

3. Penicillin related systems.

4. Polymers and copolymers.

The following general rules are observed in the arrangement of the tables:

1. Polymers are listed by the monomer formula and tollowing the isomeric
small molecules.

Copolymers and adducts are listed under the triazole component.
Isomers are arranged by the registry number used in the Chemical
Abstracts.

w

The literature has been examined through Chemical Abstracts, Vol. 83
(1975).
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TABLE 17.1 MISCELLANEOUS 1,2,3-TRIAZOLES AND RELATED COMPOUNDS

Molecular formula Salt, adduct, or Registry
C H Cl N (o] S copolymer number Reference
4 13 2 3 2 (CeH,4NL), 55184-85-5  83: P11149v
4 1 2 3 2 (C,sH60,), 51982-34-4  81: 26334j
4 1 2 3 2 (C,H,,0,), 52002-64-9  81: 26334;
4 3 3 4 (CeH,eN,), 39050-67-4  78: 98054d
5 3 2 3 2 (CcHgN,), 52319-13-8  82: P31753v,
82: 73727v
S 3 2 3 2 (CeH,4N,), 52319-12-7  82: 73727v
5 3 2 3 2 (CH 4Ny, 52319-23-0  82: P31753v,
82: 73727v
3 2 3 2 (C,CI,N,0,8), 53808-23-4  82: P31753v
5 3 2 3 2 (CeH, ,N,-
CsH;CLN,O,), 52319-24-1 82: 73727v
5 9 3 (CgHy), 28408-75-5  70: P48020d
6 7 3 2 55988-94-8  83: P115706r
7 9 3 2 55988-96-0  83: P115706r
8 5 3 26967-15-7  68: 87784;,
71: 13464v
8 11 3 2 55988-98-2  83: P115706r
8 11 3 2 55989-01-0  83: P115706r
8 13 3 2 55988-99-3  83: P115706r
9 13 3 2 55989-03-2  83: P115706r
10 11 3 (CgHy), 28408-76-6  70: P48020d
10 11 5 3 2 37539-03-0  77: P126654z,
78: P159644v,
81: P136161h
10 13 5 2 55155-31-2  83: P11149v
10 15 3 2 56597-55-8  83: 147900r
10 15 5 2 37383-07-6  78: 98054d
117 2 3 2 (CeH, Ny, 55155-22-1  83: 179654
11 9 5 2 37157-31-6  77: P7315e
11 9 5 2 52303-55-6  82: P31753v,
82: 73727v
11 12 6 4 2 43005-17-0  79: P53343b
11 13 5 3 2 52115-96-5  80: P120970qg
11 13 5 3 2 53374-77-9  81: P49694r
11 15 5 2 52303-54-5  82: 73727
11 15 S 2 52357-59-2  82: 73727
11 15 5 2 53858-40-5  82: P31753v
12 12 4 2 29207-83-8  73: 1309444
12 13 5 4 2 54470-13-2  82: P43446k
12 14 4 2 21217-57-2  71: 2032b
12 15 5 4 1 36042-05-4  76: 1494961
13 10 1 5 2 5036-42-0 71: 2032b
13 11 5 2 5036-41-9 71: 2032b
13 12 3 3 CH,0,S 52688-43-4  81: 19043k
13 12 6 41909-46-0  79: 191541
13 12 6 41909-47-1  79: 19154
13 15 5 5 2 53689-34-2  81: P136161h,

83: P58856p
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TABLE 17.1 (Continued)

Molecular Formula Salt, adduct, or Registry

C H Cl N (0] S copolymer number Reference

13 15 S 6 3 Na 51245-09-1  80: P48019s

14 8 6 2 38957-34-5  77: P164713a,
78: 84321b

14 8 6 2 39736-54-4  78: 84321b

14 8 6 4 26485-36-9  72: P112806k,
83: P116987v

14 10 6 2 26485-37-0  72: P112806k,
83: P116987v

14 11 1 4 2 5036-33-9 71: 2032b

14 11 3 1 41581-20-8  79: 66882b

14 12 4 2 5036-22-6 71: 2032b

14 12 4 2 5036-45-3 71: 2032b

14 13 5 3 6012-30-2 71: 2032b

14 13 5 4 1 24149-51-7  71: 2032b

i4 14 6 25190-20-9  72: 3846¢c

14 14 6 25190-21-0  72: 3846¢

14 15 5 7 1 29126-08-7  73: P120648w

14 16 4 2 24149-36-8  71: 2032b

15 10 1 5 2 37157-40-7  77: P7315¢

15 10 1 5 2 56003-45-3  83: P50607n

15 10 4 2 23454-66-2  71: P22927a

15 1 5 2 34791-90-7  T7: P7315e

15 11 S 3 27802-54-6  74: P14197j

15 14 4 2 5036-28-2 71: 2032b

15 14 4 2 5036-29-3 71: 2032b

15 14 4 2 5036-32-8 71: 2032b

15 14 4 2 24145-37-7  71: 2032b

15 14 4 3 5036-34-0 71: 2032b

15 14 6 6 1 Na 29126-03-2  73: P120648w

15 16 6 25190-18-5  72: 3846¢

15 16 6 25190-19-6  72: 3846¢

15 17 5 1 57021-93-9  83: P207574z

15 17 5 6 p 54470-14-3  82: P43446k

16 10 6 31783-05-8  69: 107160d

16 11 1 4 2 41428-27-7  78: P1379662

16 i1 1 4 2 52048-47-2  81: P122801e

16 12 4 2 23454-68-4  71: P22927a

16 12 4 2 41113-12-6  78: P31421c,
78: P85944u,
78: P99060q
78: P1379662

16 12 4 2 52048-63-2  81: P12280le

16 12 6 3 26485-38-1  72: P112806k,
83: P116987v

16 12 7 2 CH,0,S 29641-54-1  73: P100073b

16 13 1 4 41500-46-3  78: P85944u,
78: P1379662

16 13 1 4 52048-48-3  81: P122801e

16 14 4 41113-10-4  78: P31421c,

314
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N O S copolymer number Reference
16 14 4 52048-64-3  81: P122801e
16 14 6 2 26867-94-7  82: P172621n
16 14 6 2 34791-89-4  77: P7315¢
16 14 6 3 27802-55-7  74: P14197j
16 15 5 HCl1 41344-74-5  78: P99060q
16 15 5 3 21217-46-9  71: 2032b
16 16 6 3 37157-36-1  77: P7315¢
16 16 6 4 3 37539-01-8  77: P126654z
16 16 6 4 3 37539-02-9  77: P126654z
16 18 6 41909-49-3  79: 19154f
16 18 6 41909-50-6  79: 19154f
16 21 5 5 2 56206-40-7  83: P58856p
17 10 4 4 19778-44-0  69: P52937¢,
82: P32468t
17 11 1 3 i 41426-28-2  83: P61732a
17 1t 2 3 1 52455-39-7  83: P61732a
17 11 2 3 1 52455-46-6  83: P61732a
17 11 5 2 23918-37-8  72: P45038w
17 12 1 3 1 41113-15-9  78: P31421c
17 12 1 3 1 52455-41-1  83: P61732a
17 12 1 3 1 52455-43-3  83: P61732a
17 12 1 3 1 52455-47-7  83: P61732a
17 12 1 3 2 41427-82-1  78: P85944u,
83: P61732a
17 12 1 3 2 52455-35-3  83: P61732a
17 12 4 2 19695-29-5  69: P52937e,
82: P32468t
17 12 4 2 37157-32-7  77: P7315e
17 12 4 2 52085-04-8  81: P51143d
17 13 1 4 2 51395-15-4  80: P122419r
17 13 2 5 1 35793-11-4  76: P128833k
17 13 3 1 30818-73-6  74: P65594u
17 13 3 2 30818-75-8  78: P31421c,
78: P85944u,
78: P137966z,
83: P61732a
17 13 3 3 30818-74-7  78: P31421c¢
39385-89-2 83: P61732a
17 13 S 25730-38-5  72: P45038w
17 13 5 42962-69-6  79: P80310v
17 13 5 2 37157-33-8  77: P7315e
17 14 1 5 2 37157-30-5  77: P7314d
17 14 2 6 5 2 K 56187-51-0  83: 43359%¢
17 14 4 1 41113-24-0  78: P31421c
17 14 4 2 23454-55-9  71: P22927a
17 14 4 2 36510-77-7  76: 140659r
17 14 4 2 37739-17-6  77: P90079z
17 14 4 2 52042-54-3  80: 132664f
17 14 4 3 23454-64-0  T1: P22927a
17 14 4 3 51419-18-2  80: P122419r
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TABLE 17.1 (Continued)

Molecular Formula Sait, adduct, or Registry
C H C1 N (0] S copolymer number Reference
17 14 6 41532-49-4  78: P99065v
17 14 6 4 37157-38-3  77: P7315e
17 15 5 1 34570-15-5  76: P128833k
17 15 5 2 29641-52-9  73: P100073b
17 15 S 4 1 35793-13-6  76: P128833k
17 15 5 5 2 K 39049-40-6  77: 147455a
17 15 5 6 2 38889-02-0  77: 147455a
17 17 5 4 5036-39-5 71: 2032b
17 17 5 5 2 38889-03-1  77: 147455a
17 17 6 2 CH,0,S 29641-53-0  73: P100073b
17 17 6 2 CH,0,S 37157-41-8  77: P7315¢
17 17 6 3 CH;0,S8 30194-47-9  74: P14197j
17 19 5 2 55465-57-1  83: 179654
17 19 5 8 2 29125-90-4  73: P120648w
18 11 2 3 2 53185-39-0  82: P17894k
18 11 5 53185-38-9  82: P17894k
18 12 1 3 2 31521-42-3  74: P100617¢,
74: P100618d,
81: P79389n
18 12 1 3 3 52084-93-2  81: P51143d
18 12 4 4 19778-45-1  69: P52937e,
82: P32468t
18 12 6 42962-63-0  79: P80310v
18 13 3 2 1965-74-8 81: 19043k,
83: 105984r
18 13 3 2 25054-84-6  72: P101860x,
73: P121566¢,
77: P7317g
18 13 3 3 26759-72-8  72: P122925n,
77: P7317g,
81: P137597s
18 13 3 3 52084-90-9  81: P51143d
18 13 3 3 52570-45-3  81: P79389n
18 14 1 3 1 52455-38-6  83: P61732a
18 14 1 3 2 41426-29-3  78: P85944u,
78: P1379662
18 14 1 5 1 16761-45-8  68: P106086b
18 14 2 4 2 34502-50-6  77: 75174h
18 14 2 4 2 36280-35-0  76: 140659r
18 14 2 4 2 36357-70-7 762 140659
18 14 4 2 19686-28-3  69: P52937e,
82: P32468t
18 14 4 2 37157-34-9  77: P7315¢
18 14 4 2 52085-06-0  81: P51143d,
81: P171366a
18 14 4 1 18013-54-2  68: P106086b
18 14 6 6 34502-44-8  77: 75174h
18 14 6 6 52042-52-1  80: 132664f
18 14 6 6 52042-53-2  80: 132664f
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TABLE 17.1

(Continued)

Molecular Formula Salt, adduct, or Registry
C H Cl N 0] S copolymer number Reference
18 15 3 1 52455-42-2  83: P61732a
18 15 3 2 52455-34-2  83: P61732a
18 15 5 18028-73-4  68: P106086b
18 15 S 2 37157-35-0  77: P7315e
18 15 5 2 52497-86-6  81: P171366a
18 15 5 8 2 38921-34-5  77: 147455a
18 16 4 2 19226-31-4  69: 36042d,
T74: 141654f
18 16 4 2 20220-70-6  71: P22927a
18 16 4 2 23454-57-1  71: P22927a
18 16 4 2 36289-49-3  76: 140659r
18 16 4 4 1 25730-37-4  72: P45038w
18 16 6 8 2 56834-89-0  83: P179082s
18 17 5 4 1 25730-36-3  72: P45038w
18 17 5 4 1 38921-35-6  77: 147455a
18 17 5 5 2 K 39049-41-7  77: 147455a
18 17 5 6 2 36905-17-6  77: 147455a
18 17 7 6 2 51647-18-8  80: P83012f
18 18 6 2 29641-48-3  73: P100073b
18 18 6 4 1 38921-39-0  77: 147455a
18 18 6 4 2 37539-00-7  77: P126654z
18 18 6 4 2 Na 37539-05-2  77: P126654z
18 18 6 5 2 51627-14-6  80: P83024m,
81: P105538g,
83: P193352m
18 18 6 5 2 Na 53781-48-9  81: P105538g
18 18 6 5 2 xC;Hi O, 57235-40-2  83: P193352m
18 19 5 10 1 Na 29126-02-1  73: P120648w
18 19 7 4 3 51440-49-4  80: 66979j
19 13 5 41532-75-6  78: P9906Sy,
83: P99223y
19 13 5 1 34180-59-1 75: P152985m
19 14 1 3 2 35123-44-5  76: P60964w
19 14 1 3 3 52084-94-3  81: P51143d
19 14 4 2 1 18013-53-1 68: P106086b
19 14 4 3 52085-05-9  81: P51143d
19 15 1 4 1 38880-44-3  77: P141496t
19 15 1 4 2 16761-44-7  68: P106086b
19 15 1 4 3 18028-74-5  68: P106086b
19 15 3 2 18146-59-3  69: P52937e,
73: P121566e,
77: P7317g,
81: PS1153g,
81: P137597s,
82: P32468t
19 15 3 3 26726-37-4  72: P122925n,
77: P7317¢
19 15 3 3 35123-35-4  76: P60964w
19 15 3 3 50995-76-1  80: P49275j
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TABLE 17.1

(Continued)

Molecular Formula Salt, adduct, or Registry
C H Cl N (0] S copolymer number Reference
19 15 3 3 51542-03-1  81: P51143d
19 15 3 3 52084-95-4  81: P51143d
19 15 3 4 52002-49-0  81: 26334
19 16 1 5 1 16761-43-6  68: P106086b
19 16 4 1 18013-51-9  68: P106086b
19 16 4 2 18013-64-4  68: P106086b
19 16 4 2 18028-71-2  68: P106086b
19 16 4 4 23454-65-1  71: P22927a
19 16 6 1 41909-48-2  79: 19154f
19 16 6 4 1 29125-97-1  73: P120648w
19 17 5 1 16761-42-5  68: P106086b
19 18 4 1 41113-23-9  78: P31421c
19 18 4 2 23454-61-7  71: P22927a,
78: P137850¢g
19 18 4 2 23454-77-5  71: P22927a
19 18 4 2 36541-16-9  76: 140659~
19 18 4 2 38880-47-6  77: P141496t
19 18 4 2 52042-55-4  80: 132664f
19 18 4 4 52042-56-5  80: 132664f
19 18 6 5 2 53683-30-0  82: 11679x
19 18 6 6 1 38889-04-2  77: 147455a
19 20 6 4 2 40901-40-4  78: P159644v
19 20 6 4 2 53374-78-0  81: P49694r
19 20 6 4 2 Na 53374-79-1 81: P49694r
19 20 6 4 3 40851-78-3 78: P159644v
19 20 6 5 1 38889-06-4  77: 147455a
19 20 6 5 2 51627-15-7  80: P83024m
19 20 6 5 2 52438-32-1  80: P83013g
19 20 6 5 2 54172-63-3  83: P58856p
19 20 6 5 2 C,HF,0, 52353-32-9  8u: P83013g
19 20 6 5 2 C,HF,0, 52484-88-5  80: P83013g
19 20 6 5 2 HQ 54172-65-5  81: P136161h,
83: P58856p
19 20 6 5 2 Na 54172-64-4  81: P136161h,
83: P58856p
19 20 6 6 2 54172-69-9  81: P136161h,
83: P58856p
19 20 6 6 2 HQ 54172-72-4  81: P136161h,
83: P58856p
19 20 6 6 2 Na 54172-70-2  81: P136161h,
83: P58856p
19 20 8 5 2 54895-44-2  82: P112086g
19 20 8 5 2 54895-45-3  82: P112086g
19 22 6 4 2 56198-92-6  83: P28250u
19 23 5 8 1 Na 29125-85-7  73: P120648w
19 24 6 4 2 56168-18-4  83: P28250u
20 14 6 2 52725-14-1  82: P172621n
20 14 6 5 1 Na 37838-20-3  77: P7315¢
20 15 7 4 1 Na 29126-00-9  73: P120648w
20 16 2 6 6 2 52570-54-4  81: P79389n
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TABLE 17.1 (Continued)

Molecular Formula Salt, adduct, or Registry
C H Ci N (o} S copolymer number Reference
20 16 2 6 6 2 2Na 29633-69-0  74: P100617c
20 16 4 3 18013-50-8  68: P106086b
20 16 4 3 19695-34-2  69: P52937e,
82: P32468t
20 16 4 3 19695-39-7  69: P52937e,
82: P32468t
20 16 4 4 16781-21-8  68: P106086b
20 16 6 1 18028-72-3  68: P106086b
20 17 1 4 3 16761-48-1  68: P106086b
20 17 3 2 19683-12-6  69: P52937e,
81: PS1153g,
82: P32468t
20 17 3 3 26726-38-5  72: P122925n,
77: P7317g,
81: P137597s
20 17 5 2 16761-46-9  68: P106086b
20 17 5 2 52085-22-0  81: P51143d
20 17 S 3 18013-56-4  68: P106086b
20 18 1 S 1 16786-41-7  68: P106086b
20 18 1 5 2 16781-25-2  68: P106086b
20 18 1 5 2 18028-67-6  68: P106086b
20 18 6 41909-45-9  79: 19154f
20 18 6 4 1 29125-82-4  73: P120648w
20 18 6 8 1 38921-38-9  77: 147455a
20 18 6 8 2 52570-53-3  81: P79389n
20 19 1 4 2 51419-15-9  80: P122419r
20 19 5 8 2 38921-33-4  77: 147455a
20 19 5 8 2 Na 29125-84-6  73: P120648w
200 20 4 2 23454-56-0  71: P22927a
20 20 4 2 23454-62-8  71: P22927a
20 20 4 2 23454-69-5  71: P22927a
20 20 4 2 34519-95-4  77: 75174h
20 20 4 2 34599-20-7  77: 75174h
20 20 4 2 52042-51-0  80: 132664f
20 20 4 4 19226-32-5  69: 36042d
20 20 6 5 1 38889-05-3  77: 147455a
20 20 6 5 2 53683-34-4  82: P43446k
20 20 6 6 1 36905-18-7  77: 147455a
20 20 6 6 3 GC,HF,0, 55767-21-0  83: P10111q
20 20 6 7 2 55767-31-2  83: Pi0111q
20 21 5 5 1 38889-29-1  77: 147455a
20 21 7 6 2 C,HF,0, 55767-38-9  83: P101l1q
20 22 6 4 3 40851-75-0  78: P159644v
20 22 6 5 1 38889-07-5  77: 147455a
20 22 6 6 2 54172-75-7  83: P58856p
21 11 1 6 2 37157-28-1  77: P7314d
21 14 1 5 2 34771-66-9  77: P7314d,
81: P25679p,
83: P193339n
21 14 1 S 2 52468-64-1  81: P93326w
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N (0] S copolymer number Reference
21 14 1 5 5 1 Na 37157-29-2  77: P7314d
21 14 4 2 37699-20-0  77: P90079z
21 14 6 2 38583-33-4 77: P128099%w
21 15 2 3 31652-30-9  74: P112048f,
74: P125697s,
74: P125698t,
83: P206290s
21 15 2 3 57381-87-0  83: P206290s
21 15 5 2 26485-34-7  83: P116987v
21 15 5 2 37157-39-4  77: P7315e
21 15 5 3 27802-56-8  74: P14197j
21 16 1 3 57381-80-3  83: P206290s
21 16 1 3 57381-81-4  83: P206290s
21 16 1 3 57381-82-5  83: P206290s
21 16 4 2 57381-85-8  83: P206290s
21 17 3 31216-81-6  74: P112048f,
T74: P125697s,
74: P125698t,
83: P206290s
21 17 3 4 19778-49-5  69: P52937e,
77: P7313c
81: P51152f
82: P32468t
21 17 3 4 35123-33-2 76: P60964w
21 18 1 3 2 19695-52-4  69: P52937e,
81: P51153g
21 18 1 5 2 16781-22-9  68: P106086b
21 18 4 2 1 18013-52-0  68: P106086b
21 18 4 3 19695-35-3 69: P52937e,
82: P32468t
21 18 4 3 34180-58-0  75: P152985m
21 18 4 4 19778-51-9  69: P52937e,
82: P32468t
21 18 4 4 19778-54-2  6€9: P52937e,
82: P324691
21 18 4 4 52085-08-2  81: P51143d
21 19 3 2 19778-56-4  69: P52937e
21 19 3 2 29597-03-3  73: P121566e
21 19 3 3 52084-89-6  81: P51143d
21 19 3 3 52084-91-0  81: P51143d
21 19 3 4 52002-50-3  81: 26334j
21 19 5 2 16761-47-0  68: P106086b
21 19 5 2 52497-90-2  81: P171366a
21 19 5 8 1 37651-14-2  77: P88521u
21 20 1 3 3 35793-07-8  76: P128832j
21 20 4 1 34184-15-1  75: P152985m
21 21 1 4 2 51419-14-8  80: P122419r
21 21 3 3 34549-36-5  76: P128832j,
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N O copolymer number Reference
21 21 5 34180-65-9  75: P152985m
21 21 S 6 Na 29125-98-2  73: P120648w
21 21 S 6 Na 29125-99-3  73: P120648w
21 22 4 2 23454-87-7  71: P22927a
21 22 4 2 23531-65-9  71: P22927a
21 22 6 7 53689-35-3  81: P105538g
21 22 6 7 0.5C,HF,0, 55767-44-7  83: P10111q
21 24 6 10 3Na 54743-39-4  82: P43437h
22 14 1 5 2 38583-31-2  77: P128099w
22 14 2 4 2 29207-79-2  73: 1309444
22 14 2 4 2 34502-42-6  77: 75174h
22 15 3 3 25054-83-5  72: P101860x,
77: P7317g
22 15 3 4 26726-41-0  72: P122925n,
77: P7317g,
81: P137597s
22 15 5 2 36528-32-2  77: P128099w
22 16 4 57381-84-7  83: P206290s
22 16 4 1 18013-59-7  68: P106086b
22 16 4 2 23454-58-2  71: P22927a,
77: P900792
22 16 4 2 29207-75-8  73: 130944d
22 16 4 2 29207-84-9  73: 130944d
22 16 4 5 25730-35-2  72: P45038w
22 16 6 33793-17-8  75: P110997m
22 16 6 33793-18-9  75: P110997m
22 17 6 2 CH,0,S 38583-34-5  77: P12809%w
22 18 4 3 19778-55-3  69: P52937e,
82: P32468t
22 18 6 10 2 2Na 22092-04-2  70: P97963x,
73: P78559r
22 19 3 57381-86-9  83: P206290s
22 19 3 4 19695-33-1  69: P52937¢,
82: P32468t
22 20 4 3 16761-40-3  68: P106086b
22 20 4 3 19778-50-8  69: P52937e,
82: P32468t
22 20 4 4 18013-62-2  68: P106086b
2220 4 4 19695-40-0  69: P52937e,
82: P32468t
22 20 6 9 37060-07-4  77: P126662a
22 2 3 2 19695-49-9  69: P52937¢
22 21 3 2 29597-05-5  73: P121566e
22 2 S 2 18013-60-0  68: P106086b
22 21 S 3 18013-55-3  68: P106086b
22 21 5 8 29125-83-5  73: P120648w
22 21 5 9 29125-89-1  73: P120648w
22 22 4 1 34180-51-3  75: P152985m
22 22 6 1 41909-51-7  79: 19154f
22 22 6 8 39031-39-5  77: 147455a
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TABLE 17.1 (Continued)

Molecular Formula Salt, adduct, or Registry
C H 1 N (o] S copolymer number Reference
22 22 10 8 2 2Na 54673-45-9  82: P126614q
22 23 S 1 16781-24-1  68: P106086b
22 24 4 2 23454-75-3  T1: P22927a
22 24 4 2 23454-80-0  71: P22927a
22 24 6 7 2 54172-77-9  81: P136161h
22 24 6 7 2 56258-67-4  83: P58856p
22 24 6 8 2 54172-80-4  81: P136161h,
83: P58856p
22 25 5 1 41113-25-1  78: P31421c
23 13 2 3 2 31521-41-2  74: P100617c,
74: P100618d,
81: P79389n
23 13 2 3 2 31521-44-5  74: P100617c,
74: P100618d,
81: P79389n
23 13 2 3 2 31616-60-1  74: P100617¢,
74: P100618d,
81: P79389n
23 14 1 3 2 29818-24-4  74: P100617c,
74: P100618d
81: P79389n
23 14 1 3 3 31616-61-2  74: P100618d
23 14 1 3 3 52570-44-2  81: P79389n
23 14 1 3 3 52570-47-5  81: P79389n
23 14 1 3 3 52673-70-8  81: P79389n
23 15 1 6 2 52048-55-2  81: P122801e
23 15 3 4 2 34502-41-5  77: 75174h
23 15 3 4 2 52042-57-6  80: 132664f
23 15 3 2 19683-08-0  69: P52937e,
73: P121566e,
81: P51153g,
82: P32468t
23 15 3 2 1 29818-23-3  74: P100613y
23 15 3 3 29920-34-1  74: P100613y
23 15 3 3 52673-68-4  81: P79389n
23 16 1 3 i 49744-03-8  80: P16460n
23 16 1 5 2 38583-32-3  77: P12809%w
23 16 1 7 4 1 52048-70-1  81: P51154h
23 16 4 1 31573-83-8  74: P88677n
23 16 4 1 34184-18-4  75: P152985m
23 16 4 1 41427-88-7  78: P85944u,
78: P1379662
23 16 4 3 18013-58-6  68: P106086b
23 16 4 4 37699-17-S  77: P90079z
23 16 6 2 52048-51-8  81: P122801e
23 16 6 S 1 Na 52048-69-8  81: P51154h
23 17 3 2 49744-09-4  80: P16460n
23 17 5 37936-24-6  78: P85944u
23 17 5 3 41426-26-0  78: P1379662
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Molecular Formula Salt, adduct, or Registry
C H Cl N [ S copolymer number Reference
23 17 5 3 52371-67-2  81: P93093t
23 17 5 4 26485-35-8  72: P112806k,
83: P116987v
23 18 4 2 23454-59-3  71: P22927a,
77: P90079z
23 18 4 2 23454-60-6  71: P22927a
23 8 4 2 23454-70-8  71: P22927a
23 18 4 2 23454-73-1 71: P22927a
23 18 4 2 49738-41-2  79: 126403h
23 19 5 1 37757-58-7  78: P31421c
23 20 1 5 4 1 57339-36-3  83: P206291t
23 20 1 5 4 1 57339-37-4  83: P206291t
23 21 5 4 1 57339-34-1  83: P206291t
23 21 S 4 1 K 57339-35-2  83: P206291t
23 21 5 10 1 29125-91-5  73: P120648w
23 22 4 3 19778-53-1 69: P52937e,
82: P32468t
23 22 4 3 35126-03-5  76: P60964w
23 23 1 8 41113-13-7  78: P31421c
23 23 3 3 26726-39-6  72: P122925n,
77: P7317g,
81: P137597s
23 23 5 2 18013-65-5  68: P106086b
23 23 5 8 1 29129-64-4  73: P120648w
23 23 S 8 2 Na 29125-86-8  73: P120648w
23 24 6 7 2 54470-15-4  82: P43446k
23 25 5 8 1 29126-04-3  73: P120648w
23 26 4 2 23454-71-9  71: P22927a
23 26 4 2 23454-76-4  71: P22927a
23 26 4 2 23454-78-6  71: P22927a
23 26 4 2 23454-86-6  71: P22927a
23 26 6 7 2 51627-16-8  81: P105538g,
83: P193352m
23 26 6 7 2 Na 53689-33-1 81: P105538g
23 28 6 2 35793-04-5  76: P128832j
23 28 6 5 2 56206-50-9  83: P58856p
24 15 2 3 2 28094-63-5  73: P26625q
24 15 2 3 2 35125-97-4  76: P60954w
24 15 2 3 3 26759-65-9  72: P122925n,
77: P7317g,
81: P137597s
24 15 ) 1 34180-56-8  75: P152985m
24 15 7 2 52048-76-7  81: P51154h
24 16 1 3 1 37936-25-7  78: P85944u,
78: P137966z
24 16 i 3 2 19683-10-4  69: P52937e,
81: P51153g,
82: P32468t
24 16 1 3 2 28094-45-3  73: P26625q
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Molecular Formula Salt, adduct, or Registry
C H a N O S copolymer number Reference
24 16 1 3 2 28094-46-4  73: P26625q
24 16 1 3 2 28094-50-0  73: P26625q
24 16 1 3 2 31521-40-1  74: P100617c,
74: P100618d,
81: P7938%n
24 16 1 3 2 31521-43-4  74: P100617c,
74: P100618d,
81: P79389n
24 16 1 3 2 35123-43-4  76: P60964w
24 16 1 3 3 26726-46-5  72: P122925n,
77: P7317g,
81: P137597s
24 16 1 3 3 31521-45-6  74: P100617c,
74: P100618d,
81: P79389n
24 16 1 3 3 35123-37-6  76: P60964w
24 16 1 5 1 41427-87-6  78: P85944uy,
78: P137966z
24 16 4 3 19695-31-9  69: P52937e,
81: PS1152f,
82: P32468t
24 16 4 5 26726-50-1  72: P122925n,
77: P7317g,
81: P137597s
24 17 1 4 1 29399-92-6  73: P67701e
24 17 1 4 1 34180-50-2  75: P152985m
24 17 1 4 1 41428-19-7  78: P85944u
24 17 1 4 1 29363-25-5  73: P67701e
24 17 3 1 41428-11-9  78: P1379662z
24 17 3 2 19683-09-1  77: P7317g,
82: P32468t,
82: P172621n
24 17 3 2 19683-13-7  69: P52937¢,
81: PS1153g,
82: P32468t
24 17 3 2 19695-45-5  69: P52937e
24 17 3 2 25826-28-2  73: P26625q
77: P153929z
24 17 3 3 19695-47-7  69: P52937¢
24 17 3 3 26726-45-4  72: P122925n,
77: P7317g,
81: P137597s
24 17 3 3 26726-48-7  T2: P122925n,
77: P7317g,
81: P137597s
24 17 3 3 35123-34-3  76: P60964w
24 17 3 3 52084-92-1  81: P51143d
24 17 3 3 52570-46-4  81: P79389n
24 17 3 3 52673-69-5  81: P79389n
24 17 3 4 52570-48-6  81: P79389n
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N O S copolymer number Reference
24 17 3 5 1 26759-73-9 72: P122925n,
77: P7317g,
81: P137597s
24 17 3 5 1 26759-74-0  72: P122925n,
77: P7317g,
81: P137597s
24 17 5 1 41427-86-5 78: P85944u,
78: P1379662
24 17 5 2 34180-57-9 75: P152985m
24 18 1 3 2 1 41427-64-9  78: P85945v
24 18 4 1 34184-17-3  75: P152985m
24 18 4 1 29363-22-2  73: P67701e
24 18 6 2 52048-62-1  81: P122801e
24 18 6 3 1 Na 41532-60-9  78: P99065v
24 19 1 6 1 41428-23-3 78: P85944u,
78: P137966z
24 19 1 6 1 52048-54-1  81: P122801e
24 19 1 6 2 41428-21-1  78: P85944y,
78: P137966z
24 19 3 2 49744-08-3  89¢: P16460n
24 19 3 3 1 Na 41500-44-1 78: P85945v
24 19 5 34180-64-8  75: P152985m
24 19 ) 41426-27-1  78: P85944u,
78: P1379662z
24 19 5 2 41427-85-4  78: P85944u,
78: P1379662
24 19 5 3 1 34180-70-6 75: P152985m
24 19 7 4 1 Na 25730-29-4 72: P45038w
24 20 1 7 3 19695-44-4 69: P52937e
82: P32468t
24 20 4 2 23454-63-9 71: P22927a
24 20 4 2 23454-74-2 71: P22927a
24 20 4 2 29207-76-9 73: 130944d
24 20 4 2 29207-77-0 73: 130944d
24 20 4 2 34502-43-7 77: 75174h
24 20 4 4 29207-78-1 73: 130944d
24 20 6 1 41427-99-0 78: P85944u,
78: P137966z
24 20 6 1 52048-49-4  81: P122801e
24 20 6 2 41427-94-5  78: P85944u,
78: P1379662
24 20 6 2 52048-50-7  81: P122801e
24 20 6 4 1 Na 26593-38-4  72: P45038w
24 20 6 4 1 Na 41532-59-6  78: P99065v
24 21 1 6 2 41428-20-0 78: P85944u,
78: P1379662
24 21 5 HCl 41345-02-2  78: P99059w
24 22 6 2 41427-93-4  78: P85944u,
78: P1379662
24 23 3 57381-91-6  83: P206290s
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N O S copolymer number Reference
24 23 S 10 i 29125-88-0  73: P120648w
24 23 5 10 1 29125-95-9  73: P120648w
24 28 1 5 2 35793-05-6  76: P128832;
24 28 4 2 23454-83-3  71: P22927a
24 28 6 7 2 51627-19-1  80: P83024m
24 28 6 7 2 52353-30-7  80: P83013g
24 28 6 7 2 52438-35-4  80: P83013g
24 28 6 7 2 54172-62-2  81: P136161h,
83: P58856p
24 28 6 8 2 54172-71-3  81: P136161h
24 29 5 2 34549-35-4  76: P128832j
24 32 6 6 2 56168-17-3  83: P28250u
25 16 1 3 2 31773-56-5  74: P113262h,
77: P36415t
25 16 1 3 2 34627-93-S  76: P128835n,
77: P153927x,
79: P67828a,
79: P80350h
25 16 1 5 1 34184-16-2  75: P152985m
25 16 2 4 41427-50-3  78: P85945v
25 16 4 3 32903-63-2  75: P37932¢
25 17 1 4 41425-68-7  78: P85943t
25 17 1 4 41427-28-5  78: P85945v
25 17 1 4 41427-29-6  78: P85945v
25 17 1 4 41427-30-9  78: P85945v
25 17 1 4 41427-46-7  78: P85945v
25 17 1 4 41428-33-5  78: P85945v
25 17 1 4 56617-19-7  83: 105984r
25 17 3 3 31773-55-4  74: P113262h,
77: P36415t
25 17 3 4 32896-21-2  75: P37932¢
25 17 3 5 26759-64-8  72: P122925n,
77: P7317g,
81: P137597s
25 17 5 1 34180-53-5  75: P152985m
25 17 7 2 52048-74-5  81: P51154h
25 18 1 3 2 19778-47-3  69: P52937e,
81: P51153g,
82: P32468t
25 18 1 3 2 19778-48-4  69: P52937e,
81: P51153g,
82: P32468t
25 18 1 3 2 35123-45-6  76: P60964w
25 18 1 3 3 35125-96-3  76: P60964w
25 18 4 37936-26-8  78: P85945v
25 18 4 41425-64-3  78: P85943t
25 18 4 41425-73-4  78: P85943t
25 18 4 41425-77-8  78: P85943t
25 18 4 52455-56-8  83: P61732a
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N (o] S copolymer number Reference
25 18 4 1 41427-45-6  78: P85945v
25 18 4 19695-32-0  69: P52937e,
81: P51152f,
82: P32468t
25 18 4 4 19695-43-3  69: P52937e,
82: P32468t
25 18 4 4 19778-52-0  69: P52937e,
82: P32468t
25 19 1 4 1 34184-14-0  75: P152985m
25 19 1 4 1 41427-53-6  78: P85945v
25 19 3 2 19683-11-5  69: P52937e,
81: P51153g,
82: P32468t
25 19 3 2 19683-14-8  69: P52937e,
81: P51153g,
82: P32468t
25 19 3 2 19695-46-6  69: P52937¢
25 19 3 2 19695-48-8  69: P52937e
25 19 3 2 19695-50-2  69: P52937¢
25 19 3 2 25054-85-7  72: P101860x,
73: P121566e,
77: P7317g
25 19 3 2 28094-47-5  73: P26625q
25 19 3 2 29702-95-2  73: P110809k
25 19 3 2 32061-94-2  73: P26625q
77: P153929z
25 19 3 3 19778-57-5  69: P52937e
25 19 3 3 25781-33-3  73: P26625q
25 19 3 3 26726-42-1  72: P122925n,
77: P7317g
81: P137597s
25 19 3 3 26726-49-8  72: P122925n,
77: P7317g,
81: P137597s
25 19 3 3 26759-69-3  72: P122925n,
77: P7317g,
81: P137597s
25 19 3 3 28094-43-1  73: P26625q
25 19 3 3 35125-98-5  76: P60964w
25 19 3 3 35178-70-2  76: P60964w
25 19 3 4 26759-66-0  72: P122925n,
77: P7317g,
81: P137597s
25 19 3 4 35123-36-5  76: P60964w
25 19 3 4 1 25781-34-4  73: P26625q
25 19 7 1 25751-47-7  72: P45038w
25 20 1 3 2 1 41500-43-0  78: P85945v
25 20 4 i 26513-14-4  73: P67701e,
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N (o] copolymer number Reference
25 20 4 1 37936-45-1  78: P85943t
25 20 4 1 41428-36-8  78: P§5945v
25 20 4 2 29363-27-7  73: P67701e
25 20 4 3 18013-57-5  68: P106086b
25 20 4 3 29363-28-8  73: P67701e
25 21 1 4 2 38880-48-7  77: P141496t
25 21 3 2 41428-38-0  78: P85945v
25 21 5 34180-63-7  78: P152985m
25 21 5 | 34180-67-1  75: P152985m
25 21 7 2 25730-12-5  72: P45038w
25 21 7 4 52048-65-4  81: P51154h
25 22 4 2 37699-19-7  77: P90079z
25 24 5 4 C,H,0, 38583-61-8  77: P90077x
25 25 5 8 Na 29125-87-9  73: P120648w
25 26 4 3 34180-55-7  75: P152985m
25 26 6 2 54969-65-2  82: 171481e
25 26 6 2 (C,oH,50,), 54969-74-3  82: 171481e
25 28 6 2 54983-70-9  82: 171481e
25 30 4 2 23454-67-3  71: P22927a
25 30 4 2 23454-79-7  71: P22927a
26 17 1 6 52048-56-3  81: P122801e
26 17 1 6 52048-58-5  81: P122801e
26 17 1 6 3 Na 25730-28-3  72: P45038w
26 17 5 41425-74-5  78: P859431
26 17 5 41425-78-9  78: P859431
26 18 1 3 4 35123-40-1  76: P60964w
26 18 1 3 4 52028-98-5  81: P51152f
26 18 1 7 2 52123-23-6  81: P122801e
26 18 4 3 32903-26-7  78: P37932¢
26 18 6 31573-82-7  74: P88677n,
81: P122801e
26 18 6 41428-05-1  78: P85944u,
78: P1379662
26 18 6 3 Na 25730-26-1  72: P45038w
26 18 6 3 Na 41428-06-2  78: P85944u,
78: P137966z
26 18 6 3 Na 41428-08-4  78: P85944u,
78: P1379662
26 18 6 3 Na 52048-60-9  81: P122801e
26 18 6 6 2C,H( Ny 31773-52-1  74: P113261g
26 18 6 6 2Na 26798-30-1  72: P45038w
26 19 1 4 41427-49-0  78: P85945v
26 19 1 4 41427-61-6  78: P85945v
26 19 1 4 1 41427-47-8  78: P85945v
26 19 1 4 1 41427-62-7  78: P85945v
26 19 1 6 56634-76-5  83: P133399x
26 19 2 3 1 41428-17-5  78: P85944u,
78: P137966z
26 19 3 3 41428-13-1  78: P85944u,
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TABLE 7.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N O copolymer number Reference
26 19 3 4 19695-53-5  69: P52937e
26 19 3 4 35123-29-6  76: P60Y64w
26 19 3 4 35123-39-8  76: P60964w
26 20 1 3 1 41428-12-0  78: P85944u,
78: P1379662
26 20 4 41425-75-6  78: P85943t
26 20 4 41427-32-1 78: P85945v
26 20 4 41428-32-4  78: P85945v
26 20 4 1 41427-33-2  78: P85945v
26 20 4 1 41427-90-1  78: P85944uy,
78: P1379662
26 20 4 i 41428-30-2  78: P85945v
26 20 4 3 19695-42-2  69: P52937¢,
82: P32468t
26 20 4 4 19695-41-1  69: P52937e,
82: P32468t
26 20 4 4 19695-55-7  69: P52937e,
82: P32468t
26 20 6 31573-80-5  74: P88677n
26 20 6 37717-27-4  78: P99060q
26 20 6 6 2 2Na 52174-71-7  81: P65249¢
26 20 6 9 3 3Na 52174-70-6  81: P65249¢
26 20 8 4 25730-24-9  72: P45038w
26 21 3 2 19683-15-9  69: P52937¢,
81: P51153g,
82: P32468t
26 21 3 2 19695-51-3  69: P52937¢
26 21 3 3 19783-69-8  69: P52937¢
26 21 3 3 35123-38-7  76: P60964w
26 21 7 1 25751-48-8  72: P45038w
26 22 i 3 2 41427-56-9  78: P85945v
26 22 4 1 29363-24-4  73: P67701e
26 22 4 2 35126-02-4  76: P60964w
26 22 4 5 26792-16-5  72: P122925n
26 22 6 1 41344-76-7  78: P99060q
26 23 1 4 2 41427-54-7  78: P85945v
26 23 3 2 41428-39-1  78: P85945v
26 23 3 2 41428-40-4  78: P85945v
26 23 5 34180-61-5  75: P152985m
26 23 5 34180-69-3  75: P152985m
26 24 4 2 41428-37-9  78: P85945v
26 25 1 8 2 19695-63-7  69: P52937e,
82: P32468t
26 26 6 10 (CeH,3NO,
C.H,,NO}, 25853-69-4  72: P68221q
26 28 6 2 54969-66-3  82: 17148le
26 28 6 2 (CoeH,405), 54969-42-5  82: 171481e
26 28 6 2 (CyoH,,0,), 54969-41-4  82: 171481e
26 28 6 2 (C50H2:0,), 54969-75-4  82: 17148le
26 30 6 2 54983-71-0  82: 171481e
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H (] N (0] S copolymer number Reference
26 33 5 2 35793-03-4  76: P128832j
27 16 1 3 2 31521-46-7  74: P100617c,
74: P100618d,
81: P7938%n
27 16 1 7 25730-08-9  72: P45038w
27 16 1 7 25730-09-0  72: P45038w
27 16 6 2 52497-95-7  81: P171366a
27 17 3 3 52673-71-9  81: P79389n
27 17 7 23918-34-5  72: P45038w
27 17 7 42962-70-9  83: P99222x
27 17 7 3 1 Na 25730-25-0  72: P45038w
27 18 1 7 41532-65-4  78: P99065v
27 19 1 6 1 52048-57-4  81: P122801e
27 19 1 6 1 52048-59-6  81: P122801e
27 19 1 8 2 19695-59-1  69: P52937e,
82: P32468t
27 19 7 31573-84-9  74: P88677n
27 19 7 41532-63-2  78: P99065v
27 19 7 1 41532-64-3  83: P195247¢
2720 4 2 52455-31-9  83: P61732a
27 20 4 2 52455-55-7  83: P61732a
27 20 6 1 52048-52-9  81: P122801e
27 20 6 2 56634-75-4  83: P133399x
27 20 6 3 1 Na 25730-27-2 72: P45038w
27 21 1 4 2 41427-48-9  78: P85945v
27 21 3 4 19695-54-6  69: P52937¢
27 21 3 4 35178-71-3 76: P60964w
27 21 7 1 41532-62-1 78: P99065v,
83: P195247¢
27 21 7 1 56634-74-3  83: P133399x
27 21 7 2 1 41428-07-3 78: P85944u,
78: P1379662
27 21 7 3 41532-54-1  78: P99065v
27 22 4 2 41428-31-3  78: P85945v
27 22 4 3 34180-52-4  75: P152985m
27 23 1 6 4 41428-26-6  78: P85944u,
78: P1379662
27 24 1 3 2 1 41427-55-8  78: P85945v
27 24 4 2 35126-05-7  76: P60964w
27 25 1 6 2 41428-24-4  78: P85944u,
78: P1379662
27 25 7 6 1 52048-71-2 81: P51154h
27 26 6 2 41428-00-6 . 78: P85944u,
78: P137966z
27 29 9 2 37757-56-5  178: P31421c¢
27 34 4 2 23454-72-0  71: P22927a
28 16 8 41538-03-8 79: P80310v
28 18 2 4 2 34502-47-1  77: 75174h
28 18 2 4 2 34502-49-3  77: 75174h
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N O S copolymer number Reference
28 18 6 2 52497-94-6  81: P171366a
28 18 6 6 34502-40-4  77: 75174h
28 18 6 6 34502-45-9  77: 75174h
28 18 8 41532-70-1  78: P99065v,
83: P99223y
28 19 2 3 3 1 Na 50745-51-2  79: P127405x
28 19 3 2 25781-35-5  73: P26625q
28 19 3 2 42242-33-1  79: P116278g
28 19 5 2 52497-88-8  81: P171366a
28 19 7 25730-07-8  72: P45038w
28 19 7 42962-67-4  83: P99222x
28 19 7 42962-71-0  79: P80310v
28 19 7 25730-10-3  72: P45038w
28 20 1 3 1 Na 50745-49-8  79: P127405x
28 20 1 7 41532-67-6  83: P195247¢
28 20 2 4 2 41427-57-0  78: P85945v
28 20 2 4 2 41427-58-1  78: P85945v
28 20 2 4 2 41696-69-9  78: P85945v
28 20 4 2 19226-33-6  69: 36042d
28 20 6 52048-53-0  81: P122801e
28 20 6 2 52497-96-8  81: P171366a
28 20 6 3 1 Na 25751-51-3  72: P45038w
28 20 6 11 3 3Na 22092-06-4  70: P97963x
28 20 8 6 2 2Na 54673-47-1  82: P126614q
28 21 1 4 2 41427-23-0  78: P85945v
28 21 1 4 2 41427-24-1  78: P85%45v
28 21 1 4 2 41427-25-2  78: P85945v
28 21 1 4 2 41427-52-5  78: P85945v
28 21 1 8 2 19695-58-0  69: P52937e,
82: P32468t
28 21 1 8 2 19695-60-4  69: P52937¢,
82: P32468t
28 21 2 3 2 42446-57-1  79: P116278¢
28 21 3 30818-76-9  74: P65594u
28 21 3 3 1 Na 27546-11-8  74: P65594u
28 21 3 4 1 Na 50745-59-0  79: P127405x
28 21 7 1 41532-66-5  78: P99065v
28 22 4 2 41428-35-7  78: P85945v
28 202 6 2 1 25730-18-1  72: P45038w
28 22 6 3 52497-87-7 81: P171366a
28 23 3 4 35123-41-2  76: P60964w
28 23 3 4 52455-49-9  83: P61732a
28 23 5 1 34180-54-6  75: P152985m
28 23 7 2 1 25729-98-0  72: P45038w
28 23 7 2 1 25730-15-8  72: P45038w
28 23 7 3 1 25730-17-0  72: P45038w
28 24 4 3 35125-99-6  76: P60964w
28 24 6 56634-78-7  83: P133399x
28 24 6 6 2 2Na 52174-68-2  81: P65249e
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N O S copolymer number Reference
28 25 3 3 19971-35-8  69: P52937e
28 26 2 4 10 20640-45-3  69: 36375q
28 26 2 4 10 23259-11-2  70: 58163s
28 26 4 5 1 37150-82-6  81: P137597s
28 27 9 2 19695-36-4  69: P52937e,
82: P32468t
28 28 4 10 13032-88-7  70: 58163s
28 28 4 10 23259-10-1  70: 58163s
28 28 8 4 1 52048-68-7  81: P51154h
29 17 9 41532-72-3  83: P99223y
29 18 1 3 2 29702-98-5  73: P110809k
29 18 1 3 2 31521-47-8  74: P100617c,
74: P100618d,
81: P7938%n
29 18 2 4 41935-54-0  83: P81213k
29 19 1 4 41935-53-9  83: P81213k
29 19 1 4 1 49743-73-9  80: P16460n
29 19 1 4 1 49743-75-1  80: P16460n
29 19 1 4 1 49743-77-3  80: P16460n
29 19 3 2 25054-82-4  72: P101860x,
72: P122925n,
73: P121566e,
81: P137597s
29 19 3 2 28094-51-1  73: P26625q,
77: P153929z
29 19 3 3 25080-04-0  72: P122925n,
77: P7317g,
81: P137697s
29 19 3 3 52570-49-7  81: P79389n
29 19 3 5 1 26792-17-6  72: P122925n,
77: P71317g,
81: P137597s
29 19 7 25730-11-4  72: P45038w
29 20 1 S 41427-84-3  78: P85944u,
78: P1379662
29 20 4 1 29636-55-3  74: P88677n
29 20 4 1 41934-50-3  79: P127405x
29 20 4 1 49743-72-8  80: P16460n
29 20 4 4 1 Na 49743-81-9  80: P16460n
29 20 6 4 1 52048-66-S  81: P51154h
29 20 6 ) 1 52048-75-6  81: P51154h
29 21 1 6 1 1 41500-47-4  78: P85944u,
4 78: P1379662
29 21 1 6 2 41428-25-5  78: P85944u,
78: P137966z
29 21 3 5 1 xNa 30818-71-4  74: P65594u
29 21 5 34180-68-2  75: P152985m
29 21 5 41427-83-2  78: P85944u,
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TABLE 17.1 (Continued)
Molecular Formula Salt, adduct, or Registry
C H Cl N (o] S copolymer number Reference
29 21 5 49743-82-0  80: P16460n
29 21 5 3 49744-04-9  80: P16460n
29 22 1 3 4 I Na 50745-50-1  79: P127405x
29 22 4 4 1 Na 30818-72-5  74: P65594u
29 22 6 1 1 41428-02-8  78: P85944u,
78: P137966z
29 22 6 2 41428-01-7  78: P85944u,
78: P137966z
29 23 1 4 3 41427-59-2  78: P85945v
29 24 4 2 41428-41-5  78: P85945v
29 24 4 3 41427-26-3  78: P85945v
29 25 1 4 41427-60-5  78: P85945v
29 25 3 4 35123-42-3  76: P60964w
29 26 4 41427-31-0  78: P85945v
29 26 4 2 35126-01-3  76: P60964w
29 26 4 3 35126-04-6  76: P60964w
29 26 4 4 35126-06-8  76: P60964w
29 27 5 8 1 29125-81-3  73: P120648w
29 27 9 7 2 2Na 41113-14-8  78: P31421c
29 28 6 3 25730-13-6  72: P45038w
29 29 1 4 2 23454-84-4  71: P22927a
29 29 3 3 54969-68-S  82: 17148le
29 31 8 4 1 CH,0,S 52048-73-4  81: P51154h
29 33 9 2 19695-56-8  69: P52937¢,
82: P32468t
29 38 4 2 23454-81-1  71: P22927a
30 19 5 2 53199-84-1  82: P17894k
30 20 2 4 50670-47-8  79: P147435k
30 20 2 6 4 2 34564-10-8  76: P128834m
30 20 2 6 6 2 52570-51-1  81: P7938%n
30 20 2 6 6 2 2Na 31521-48-9  74: P100617¢
30 20 6 35102-59-1  76: P73762d
30 20 6 2 32903-27-8  75: P37932e
30 20 6 3 1 Na 35102-60-4  76: P73762d
30 231 1 4 1 50745-48-7  83: P81213k
30 21 3 2 19695-30-8  69: P52937¢,
81: P51153g,
82: P32468t
36 21 3 2 42446-62-8  79: P116278g
30 21 3 3 28094-49-7  73: P26625q
30 21 3 3 42446-59-3 79: P116278g
30 22 1 3 3 1 Na 49795-66-6  79: P106146y
30 22 1 5 34180-62-6  75: P152985m
30 22 1 S 41426-30-6  78: P85944u,
78: P1379662
30 22 4 50670-44-5  79: P147435k
30 22 4 1 29363-23-3  73: P67701e
30 22 4 1 49743-79-5  80: P16460n
30 22 4 3 1 49743-74-0  80: P16460n
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TABLE 17.1 (Continued)

Molecular Formula Salt, adduct, or Registry
C H Cl N (o} S copolymer number Reference
30 22 6 S 1 52048-67-6  81: P51154h
30 22 6 6 2 37069-54-8  79: P137160c
30 22 6 6 2 2CH N, 31773-50-9  74: P113261g
30 22 6 6 2 2C3H;3N; 31773-51-0  74: P113261g
30 22 6 6 2 2CH;N 37432-50-1  77: P7222x
30 22 6 6 2 2C,sHaN, 31773-53-2  74: P113261g
30 22 6 6 2 2K 52237-03-3  81: P9308S5s,
81: P107815u
30 22 6 6 2 2Na 23743-28-4  79: P137160c,
81: P25679p,
81: P38957c¢,
83: P193339n
30 22 6 8 2 52570-50-0  81: P79389n
30 23 3 29081-46-7  74: P65594u
30 23 3 41425-71-2  78: P85943t
30 23 3 3 1 Na 42181-64-6  719: P106146y
30 23 5 34180-66-0  7S5: P152985m
36 24 4 2 23454-82-2 71: P22927a
30 24 4 2 34502-46-0  77: 75174h
30 24 4 2 34502-48-2  77: 75174h
30 24 4 4 19226-34-7  69: 36042d
30 24 8 6 2 2Na 54673-48-2  82: P126614q
30 27 3 2 42407-16-9  79: P116278g
30 28 4 3 35126-00-2  76: P60964w
30 28 8 2 1 25730-23-8  72: P45038w
30 28 8 4 2 25730-19-2  72: P45038w
30 31 9 2 19695-37-5  69: P52937e,
82: P32468t
30 32 4 10 13400-19-6  70: 58163s
30 32 4 10 13400-20-9  70: 58163s
30 32 4 12 20640-44-2  69: 36375q
31 19 3 6 41113-19-3  78: P31421c
31 19 7 34234-31-6  76: P73762d
31 19 7 51202-88-1  81: P38962a
31 20 1 3 4 35123-31-0  76: P60964w
31 20 4 3 32896-22-3  75: P37932e
31 20 4 3 32903-28-9  75: P37932e
31 20 4 3 32903-29-0  75: P37932¢
31 21 1 4 41427-51-4  78: P85945v
31 21 3 4 28094-41-9  73: P26625q
31 21 3 4 33936-22-0  76: P60964w
3T 21 S 2 32896-26-7  75: P37932¢
31 21 5 2 53185-55-0  82: P17894k
31 22 4 41425-66-5  78: P85943t
31 22 4 41428-34-6  78: P85945v
31 22 6 37757-57-6  78: P31421c
31 22 6 3 1 Na 52596-37-9  81: P51142¢
31 22 8 3 41532-56-3  78: P99065v
31 23 3 2 42446-65-1 79: P116278g
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TABLE 17.1 (Continued)

Molecular Formula Salt, adduct, or Registry
C H (6] N 0 S copolymer number Reference
31 23 3 3 42446-60-6  79: P116278g
31 23 3 3 42446-61-7  79: P116278¢
31 23 3 3 42446-63-9  79: P116278g
31 23 7 2 1 51732-33-3  81: PS51142¢
31 25 S 34206-90-1  75: P152985m
31 25 5 1 41500-36-1  78: P85944u,
78: P137966z
31 26 4 2 42446-70-8  79: P116278¢
31 26 5 CH,0,S 49743-83-1  80: P16460n
31 26 8 2 1 25730-20-5  72: P45038w
31 29 3 2 42446-68-4  79: P116278g
31 30 8 3 41532-55-2  78: P99065v
3220 2 6 1 41344-85-8  78: P99060q
32 2 2 6 1 41344-86-9  78: P99060q
3220 2 6 2 1 41345-00-0  78: P99059w
32 21 5 3 32903-25-6  75: P37932e
32 22 2 6 41344-80-3  78: P99060q
32 22 2 6 41344-92-7  78: P99060q
32 22 2 6 6 2Na 49694-01-1  79: P106146y
32 22 4 2 1 33014-37-8  75: P37932¢
32 22 4 3 31676-24-1  75: P37932¢
32 22 6 1 41344-82-5  78: P99060q
32 22 6 2 1 41344-99-4  78: P9905%w
32 22 6 2 1 51131-76-1  80: P84255z
32 22 6 3 1 25730-14-7  72: P45038w
32 22 6 10 2 2Na 21163-10-0  70: P97963x
32 23 3 4 35178-69-9  76: P60964w
32 23 3 5 35123-30-9  76: P60964w
32 23 5 2 53199-83-0  82: P17894k
32 23 5 4 53185-40-3  82: P17894k
32 23 7 2 1 25730-16-9  72: P45038w
32 24 2 6 6 2Na 33753-84-3  75: P99255v
32892-85-6  82: P74470t
32 24 6 37936-44-0  78: P85943t,
80: P16457s,
80: P134946y
32 24 6 41344-79-0  78: P99060q
32 24 6 2 41425-80-3  78: P85943t
32 24 6 2 1 56634-77-6  83: P133399x
32 24 6 6 2 2Na 49795-67-7  79: P106146y
32 25 5 6 1 Na 29125-96-0  73: P120648w
32 26 6 12 4 4Na 33799-88-1  75: P99255v
32 27 S 34180-60-4  75: P152985m
32 29 7 3 1 25751-52-4  72: P45038w
32 30 4 2 41427-27-4  78: P85945v
32 35 9 2 19695-38-6  69: P52937e,
82: P32468t
32 36 4 2 23454-85-5  71: P22927a
33 22 4 1 49743-70-6  80: P16460n
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TABLE 17.1 (Continued)
Salt, adduct, or Registry
C H copolymer number Reference
33 25 3 2 42446-58-2  79: P116278g
33 25 3 4 35123-32-1  76: P60964w
33 25 7 2 1 25751-49-9  72: P45038w
33 27 1 4 1 49743-76-2  80: P16460n
33 27 1 4 1 49743-78-4  80: P16460n
33 27 S 6 1 29129-65-5  73: P120648w
33 28 4 1 49743-71-7  80: P16460n
33 31 3 4 42446-69-5  79: P116278g
33 31 5 8 2 29126-07-6  73: P120648w
33 33 1 8 2 i 52048-61-0  81: P122801e
33 33 3 2 42407-17-0  79: P116278¢
33 33 9 2 19695-61-5  69: P52937e,
82: P32468t
33 34 8 2 1 25751-50-2  72: P45038w
33 35 9 4 2 25730-22-7  72: P45038w
34 15 9 2 53185-58-3  82: P17894k
34 22 6 2 32896-25-6  75: P37932¢
34 22 8 41425-50-7  78: P85943t
34 22 8 41500-35-0  78: P85943t
34 24 8 6 2 2Na 33753-87-6  75: P99255v,
82: P74470t
34 24 8 8 2 2Na 53305-34-3  82: P74470t
34 25 1 6 41345-03-3  78: P99059w
34 25 3 41973-71-1  79: P147435k
34 26 6 42222-28-6  79: P106145x
34 26 6 6 2 2Na 41345-01-1  78: P99059w
34 27 3 5 42446-64-0  79: P116278g
34 28 6 41425-52-9  78: P85943t
34 28 6 6 2 2Na 49795-68-8, 79: P106146y
52174-69-3  81: P65249¢
34 28 8 8 2 2Na 21163-11-1  70: P38909m
34 28 8 8 2 2Na 33753-88-7  75: P99255v
34 30 4 1 49743-80-8  80: P16460n
34 37 8 2 1 CH,0,S 25730-33-0  72: P45038w
35 23 3 2 42446-66-2  79: P116278g
35 24 4 1 49743-68-2  80: P16460n
35 24 4 1 49743-69-3  80: P16460n
35 25 7 37717-28-5  78: P99059w
35 28 4 3 32896-24-5  75: P37932¢
35 29 3 2 42446-67-3  79: P116278g
36 24 6 3 1 35102-58-0  76: P73762d
36 26 2 12 6 2 2Na 54641-95-1  82: P126614q
36 26 2 12 6 2 2Na 54641-96-2  82: P126614q
36 26 4 50670-38-7  79: P147435k
36 26 10 8 2 2Na 54641-97-3  82: P126614q
36 28 12 6 2 2Na 54641-93-9  82: P126614q
36 28 12 12 4 4Na 54673-50-6  82: P126614q
36 30 2 12 8 2 2Na 54673-51-7  82: P126614q
36 32 12 8 2 2Na 54673-49-3  82: P126614q
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TABLE 17.1 (Continued)
Salt, adduct, or Registry

C H Cl N O S copolymer number Reference
36 36 8 6 2 34564-09-5  76: P128834m
36 42 10 4 2 25730-21-6  72: P45038w
36 47 9 2 19695-57-9  69: P52937¢,

82: P32468t

37 26 6 3 32896-23-4  75: P37932e
37 30 2 6 10 1 37132-88-0  77: P126662a
37 30 8 1 41532-53-0  78: P99065v
37 54 4 2 38880-49-8  77: P141496t
38 23 5 2 53185-41-4  82: P17894k
38 26 6 6 2 25730-32-9  72: P45038w
38 28 6 41425-56-3  78: P85943t
38 30 10 8 2 2Na 54673-46-0  82: P126614q
38 30 10 10 2 2Na 54641-90-6  82: P126614q
38 32 12 6 2 2Na 54641-94-0  82: P126614q
39 28 10 1 41532-58-5  78: P99065v
39 36 4 3 32844-73-8  75: P37932¢
40 26 8 41425-59-6  78: P85943t
40 30 6 12 4 2Na 53359-79-8  82: P74470t
40 30 6 12 4 4Na 33753-86-5  75: P99255v
4 42 10 8 2 2Na 54641-89-3  82: P126614q
56 40 6 37421-60-6  77: P63358h

TABLE 17.2. MISCELLANEOUS 1,2,3-TRIAZOLES AND RELATED COMPOUNDS

Molecular formula Registry

C H Br F | N O P S S M number Reference
13 12 3 S 4 3 52115-91-0  80: P120970q
13 19 5 3 1 2 56254-37-6  83: P58856p
14 14 3 5 4 3 Na 52115-92-1  80: P120970q
17 11 1 4 41425-69-8  78: P85943t
17 14 1 5 2 37157-27-0  77: P7314d
17 14 2 6 5 2 K 56187-52-1  83: 4335%
17 14 2 6 5 2 K 56187-52-1  83: 43359¢
17 14 2 6 5 2 K 56187-53-2  83: 43359
18 14 2 4 2 35474-96-1  76: 140659r
18 14 2 4 2 36474-97-2  76: 140659r
18 17 i 6 5 2 51746-35-1  80: P83009k
20 15 6 5 4 1 38921-36-7  77: 147455a
20 15 6 S 4 i 38921-37-8  77: 147455a
20 16 6 6 4 1 38921-40-3  77: 147455a
21 16 1 3 57381-88-1  83: P206290s
21 16 1 3 57381-83-6  83: P206290s
21 16 1 3 57381-90-5  83: P206290s
21 19 3 6 6 2 56206-54-3  83: P58856p
22 16 3 3 57381-79-0  83: P206290s
22 16 3 3 57381-89-2  83: P206290s
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TABLE 17.2 (Continued)

Complex 1,2,3-Triazoles Related to Practical Applications

Molecular formula- Registry

C H Br F I N O P Si M* number Reference

22 20 1 5 8 29125-92-6  73: P120648w

22 20 1 5 8 29125-93-7  73: P120648w

22 20 1 5 8 29125-94-8  73: P120648w

23 14 1 3 2 29633-67-8  74: P100617c,
81: P79389n

23 22 5 3 1 41532-68-7  78: P99065v

25 16 3 3 3 26759-67-1  72: P122925n,
77: P7317g,
81: P137597s

26 27 3 6 9 56206-53-2  83: P58856p

27 32 3 S 1 35126-08-0  76: P60964w

28 18 2 4 2 34519-96-5  77: 75174h

28 18 2 4 2 34519-97-6  77: 75174h

28 18 2 4 2 34566-67-1  77: 75174h

28 18 2 4 2 56428-74-1  83: 106649x

28 26 2 4 10 20640-46-4  69: 36375q

28 26 2 4 10 20640-47-5  69: 36375q

28 26 2 4 10 20640-48-6  69: 36375q

30 15 4 5 2 53185-57-2  82: P17894k

30 20 2 6 6 2Na 35542-80-4  77: P63261w

32 34 3 5 1 35126-07-9  76: P60964w

33 36 3 5 1 35126-09-1  76: P60964w

33 36 3 6 1 35126-10-4  76: P60964w

REFERENCES
68: 8§7784; V. V. Korshak, E. S. Krongauz, A. P. Travnikova, A. V. D’yachenko, A.

68: P106086b
69: 36042d

69: 36375q

69: P52737¢
69: 107160d
70: P38909m
70: P48020d

70: 58163s
70: P97963x

71: 2032b

71: 13464v

A. Askadskii, and V. P. Sidorova, Dokl. Akad. Nauk USSR, 178, 607
(1968).

Hickson and Welch, Netherlands Patent, 6,613,363 (1967).

N. E. Alexandrou and E. M. Micromastoras, Tetrahedron Lett.,, 231
(1968).

H. El Khadem, M. A. M. Nassr, and M. A. E. Shaban, J. Chem. Soc., C,
1465 (1968).

O. Neuner, A. Dorlars, C. W. Schellhammer, and O. Berendes, British
Patent, 1,113,918 (1968).

Y. Gilliams and G. Smets, Makromol. Chem., 117, 1 (1968).
Farbenfabriken Bayer A.-G., French Patent, 1,508,550 (1968).

R. K. Gavurina, P. A. Medvedeva, G. A. Koval’chuk, G. S. Akimova, V.
N. Chistokletov, and A. A. Petrov, Russian Patent, 224,066 (1968).

H. El Khadem and M. A. E. Shaban, J. Chem. Soc., C, 519 (1967).

A. Dorlars, O. Neuner, and R. Puetter, German Patent, 1,287,550
(1969).

S. Petersen, W. Gauss, H. Kiehne, and L. Juehling, Z. Krebsforsch., 72,
162 (1969).

V. V. Rode, E. M. Bondarenko, A. V. D'yachenko, E. S. Krongauz, and
V. V. Korshak, Vysokomol. Soedin., Ser. A, 11, 828 (1969).



71: P22927a

72: 3246¢
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