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Preface 

The present voLume finaLizes the coverage of mononucLear organocopper compounds 
with Ligands bonded by one carbon atom. As structuraL eLucidation has not yet received 
much attention in organocopper chemistry and the aggregation of most products is unknown, 
the term" mononucLear" has been used as expLained in .. Organocopper Compounds" 1, 
pp. 3/4. 

Compounds with aLkyL, aLkenyL, and aryL Ligands have aLready been described in VoL­
umes 1 (pubLished in 1985) and 2 (pubLished in 1983). 

The present VoLume 3 contains aLL compounds with aLkynyL, carbonyL, isocyanide, and 
additionaL Ligands bonded by one carbon atom. The Largest part of this voLume deaLs with 
copper acetyLides which are wideLy used as reagents in organic syntheses aLthough many 
of them are onLy poorLy characterized. 

For abbreviations and dimensions used throughout this voLume, see p. X. 

Frankfurt, September 1986 Johannes FüsseL 



Remarks on Abbreviations and Dimensions 

Most compounds and reagents in this volume are presented in tables. Unless otherwise 
stated, they are arranged in the tables according to the numbers of C atoms in the empirical 
formula. For the sake of conciseness, some abbreviations are used and some dimensions 
are omitted in the tables. This necessitates the following clarification. 

Geometrie isomers are designated according to the IUPAC rules. Structural labels are 
missing when authors fail to report structural details. 

Temperatures are given in °C, otherwise K stands for Kelvin. Abbreviations used with 
temperatures are m.p. for melting point, b.p. for boiling point, and dec. for decomposition. 

Nuelear magnetie resonanee is abbreviated by NMR. Chemical shifts are given as Ö 
values in ppm with the positive sign for downfield shifts. Reference substances are Si(CH3)4 
for 1H and 13C NMR, CFCl3 for 19F NMR, and H3P04 for 31p NMR. 

Multiplicities of the signals are abbreviated as s, d, t, q (singlet to quartet), quint, sext, 
sept (quintet to septet), and m (multiplet); terms like dd (double doublet) and 1's (triplets) 
are also used. Assignments referring to labelIed structural formulas are given in the form 
C-4, H-3, 5. Coupling constants nJ in Hz are given as J (A, B) or as J (1,3) referring to labelIed 
structural formulas, n is the number of bonds between the coupled nuclei. 

Optieal speetra are labelIed as IR (infrared), Raman, and UV (electronic spectrum includ­
ing the visible region). IR bands and Raman lines are given in cm-l, the assigned bands 
are usually labelIed with the symbols v for stretching vibration and Ö for deformation vibra­
tion. Intensities are indicated by the common qualitative terms (vs, s, m, w, vw) or as 
numerical relative intensities in parentheses. The UV absorption maxima, Amax ' are given 
in nm followed by the extinction coefficient e(L' cm-1. mol- 1) or log e in parentheses; 
sh means shoulder, br means broad. If reported, solvents or the physical state are given 
in parentheses immediately after the spectral symbol. 

Eleetron spin resonanee is abbreviated as ESR, hyperfine coupling constants are given 
as a(X). 

Further abbreviations: 

dc calculated density 
dm experimental density 
[M] + molecular ion in mass spectroscopy 
aq. aqueous 
conc. concentrated 
emf electromotive force 
soln. solution 
THF tetrahydrofuran 
i-C3H7 isopropyl CH(CH3)2 

s-C4Hg sec-butyl CH(CH3)C2H5 

t-C4Hg tert-butyl C(CH3)3 



XI 

TabLe of Contents 

Page 

1.1.2 AcetylIdes . . . . . . . . . . . . . . . 1 
1.1.2.1 Compounds of the Type RC=CCu . . . . 2 

Preparation, Properties, and Selected Reactions 2 
General Remarks about Reactions of RC=CCu with Proton Donors, Oxidants, Halo-

gens, and CO2 • • • • • • • • • • • • • • • • • • . • • . • • • • • • • 68 
General Remarks about Reactions of RC=CCu with R'X to Form RC=CR' and Its 

Ring Closure Products ........... 71 
Reactions with R'X to Form RC=CR' ....... 75 

Reactions with R'X where X is Bonded to a Sp3 Carbon 75 
Reactions with Acyl Halides . . . . . . . . . . . . 79 
Reactions with Haloalkenes, Haloallenes, and Allenylesters 82 
Reactions with Haloalkynes . . . . . . . . 85 
Reactions with C6Hsi .............. 88 
Reactions with Monosubstituted Halobenzenes . . . 89 
Reactions with Di- and POlysubstituted Halobenzenes 96 
Reactions with Compounds Containing More than One lodobenzene Moiety 100 
Reactions with lodonaphthalenes . . . . . . 102 
Reactions with Other Carbocycles R'X 105 
Reactions with 5-Membered Heterocycles R'X 106 
Reactions with 6-Membered Heterocycles R'X 114 
Reactions with Condensed Heterocycles R'X . 115 
Reactions with R'X, where X is Bonded to S, P, Si, or Sn 116 

Reactions with R'X to Form Ring Closure Products of RC=CR' 117 
Ring Closure Giving Furans . . . . . . . 117 
Ring Closure Giving Pyrroles or Thiophenes 125 
Ring Closure Giving Other Heterocycles . . 128 
Ring Closure Giving Carbocycles . . . . . 131 

Reactions with R'X to Form the Hydrocarbons R'H 135 
Mannich Type Reactions ......... 135 
Reactions with R'Cu ............. 137 
Reactions with Nitrones to Form ß-Lactames 139 
Reactions with Other Transition Metal Compounds 142 

1.1.2.2 "Mixed Acetylides " of the Type R~RL"C=CCu 150 
1.1.2.3 Complexes of RC=CCu with Alkali and Mg Halides 151 
1.1.2.4 Complexes of RC=CCu with Compounds of Further Main Group Elements 156 
1.1.2.5 Complexes of RC=CCu with Cu, Au, Zn, or Hg Compounds 175 
1.1.2.6 Compounds of the Type [RC=CCuHjLi . . . . . . . . . 179 
1.1.2.7 Salts of the Anions [(RC=ChCu'j- and [R1C=CCuIC=CR2j- 181 
1.1.2.8 Salts of the Anions [(RC=ChCu'j2- 184 
1.1.2.9 Salts of the Anion [(C6HsC=ChCuOj3- 187 

1.1.3 Carbonyls . . . . . . . . . . . . . 188 
1.1.3.1 Compounds with One CO Ligand 188 
1.1.3.2 Compounds with More Than One CO Ligand 211 

1.1.4 Isocyanlde Compounds . . . . . . . . . . 214 
1.1.4.1 Compounds Containing One Isocyanide Ligand 216 

Compounds of the Type RNCCuX . . . . . . . . . 216 
Compounds of the Type RNCCu"DmX Including lonic Compounds 220 



XII 

Page 

Compounds of the Type RNCCuR' and RNCCuC"CR'(40) 223 
1.1.4.2 Compounds Containing Two Isocyanide Ligands 224 

Compounds of the Type (RNC)2CUX and [(RNChCunOmlX 224 
Compounds of the Type (RNC)2CU(X-20) or (RNChCuR' . 228 

1.1.4.3 Compounds Containing Three Isocyanide Ligands 231 
1.1.4.4 Compounds Containing Four Isocyanide Ligands 233 

Compounds of the Type [(RNC)4CulX . . . . . . . . . 233 
Compounds of the Type [(RNC)4Cu(H20)21X2 . . . . . . 239 

1.1.5 Compounds with Carbenes and Other Ligands Bonded by One C Atom 240 

Table of Conversion Factors . . . . . . . . . . . . . . . . . . . . . . 248 



1.1.2 Acetylides 

Organocopper Compounds 

Part 3 

For acetyLides of the types (RC=C)R'CuLi and (RC=C)R'CuMgX where R' are aLkyL, aLkenyL, 
and aryL the RC=C group is Less reactive than R'. The transfer of the group R' is an important 
reaction and for practicaL reasons these compounds are described in "Organocopper Com­
pounds" 2,1983, Sections 1.1.1.2.4 and 1.1.1.2.6 (pp. 174ft. and 227ft.). 

General References: 

A. M. SLadkov, I. R. GoL'ding, Reactions of Copper and SiLver OrganoacetyLenides, Usp. Khim. 
48 [1979]1625/83; Russ. Chem. Rev. 48 [1979]868/96. 

A. C. Hopkinson, Acidity, Hydrogen Bonding and CompLex Formation, in: S. Patai, Chemistry 
of the Carbon-Carbon TripLe Bond, VoL. 1, WiLey, Chichester 1978, pp. 75/136, 97/9, 
117/9; C.A. 89 [1978] No. 196383. 

A. E. Jukes, The Organic Chemistry of Copper, Advan. OrganometaL. Chem. 12 [1974] 
215/322. 

W. Ziegenbein, P. Cadiot, W. Chodkiewicz, in: H. G. Vi ehe, Chemistry of AcetyLenes, Dekker, 
New York 1969, pp. 169/263, 237, 597/647. 

T. F. RutLedge, AcetyLenic Compounds, Reinhold, New York 1968, pp. 84/95, 207/10, 240/68. 
A. M. SLadkov, L. Yu. Ukhin, Copper and SiLver AcetyLides in Organic Synthesis, Usp. Khim. 

37 [1968]1750/81; Russ. Chem. Rev. 37 [1968] 748/63. 

Semiconductlon of RC=CCu: 

V. S. MyL'nikov, Photonics of OrganometaLLic Semiconductors in the Form of Copper Organo­
acetylenides, Usp. Khim. 50 [1981]1872/91; Russ. Chem. Rev. 50 [1981] 979/90. 

V. S. MyL'nikov, ELectricaL and PhotoeLectric Properties of Organic PoLymeric Semiconduc­
tors, Usp. Khim. 37 [1968] 78/103; Russ. Chem. Rev. 37 [1968] 25/38, 30. 

CompLex AcetyLides : 

G. W. ParshaLL, Homogeneous CataLysis: The AppLication and Chemistry of CataLysis by SoLu­
bLe Transition MetaL CompLexes, WiLey, New York 1980, pp. 1/240. 

B. L. Shaw, N. I. Tucker, Organotransition MetaL Compounds and ReLated Aspects of Homo­
geneous CataLysis, Pergamon, ELmsford, N.Y., 1975, pp. 1/214. 

R. Nast, KompLexe AcetyLide von ÜbergangsmetaLLen, Angew. Chem. 72 [1960] 26/31. 
G. E. Coates, Cop per and SiLver AcetyLene CompLexes, OrganometaLLic Compounds, 2nd Ed., 

Methuen, London 1960, pp. 352/5. 
R. Nast, CompLex AcetyLides of Transition Metals, Chem. Soc. [London] Spec. PubL. No. 13 

[1959]103/12. 
J. W. Copenhaver, M. H. BigeLow, AcetyLene and Carbon Monoxide Chemistry, Reinhold, 

New York 1949, pp. 1/373. 

Further: 

K. MüLLer, FunctionaL Group Determination of OLefin and AcetyLene Unsaturation [copper 
acetyLides in the anaLysis], Academic, London 1975, pp. 1/283. 

M. Tramontini, Advances in the Chemistry of Mannich Bases [copper acetyLides in Mannich 
reactions], Synthesis 1973 703/75. 
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2 1.1.2-1.1.2.1.1 

M. L. H. Green, OrganometaLLic Compounds 11: The Transition ELements [structuraL probLems 
of copper acetyLidesJ, 3rd Ed., Methuen, London 1968, pp. 271/6. 

G. EgLinton, W. McCrae, The CoupLing of AcetyLenic Compounds [copper acetyLides in Grig­
nard reactions], Advan. Org. Chem. 4 [1963] 225/328. 

1.1.2.1 Compounds 01 the Type RC=CCu 

In the foLLowing sections, copper acetyLides are formuLated as RC=CCu even though 
highLy poLymeric structures must be assumed in most cases. OLigomers have been aLso 
found with certain R groups. The degree of association and its dependence on the soLvent 
and on the preparation method has been determined in some cases (see Nos. 55 and 98 
on pp. 45 and 54). 

History 

Böttger prepared the first copper acetyLide in 1856 by passing iLLuminating gas through 
an ammoniacaL soLution of CuCL [1]. In 1860 BertheLot found that the true structure of the 
vioLet-brown substance obtained is CU2C2 [2,3]. The first substituted ("organic") copper 
acetyLide was CH3C=CCu, prepared by BertheLot in 1866 [4]. NevertheLess, the acetyLides 
RC=CCu obtained their present high importance in organic synthesis onLy in the Last 30 years. 
By now they have come to be regarded as common reagents in organic synthesis, the 
use of which is in many cases more advantageous than that of the usuaL organometaLLic 
compounds. Their appLication in preparative chemistry is often based on empiricaL facts, 
and the reaction mechanism have hitherto been reLativeLy LittLe studied. 

1.1.2.1.1 Preparalion, Properlies, and Selecled Reaclions 

Preparallon 

The compounds Listed in Table 1, pp. 17/41, can be prepared by the foLLowing methods. 
lais the standard procedure. 

Method I: RC=CH is reacted with Cu'. 
a. An aqueous solution of [Cu(NH3)n]+' caLLed "lLosvay's Reagent" [19,20], 

reacts with RC=CH directly or with solutions thereof in solvents Like C2HsOH, 
CH30H, acetone, dimethyLformamide, dioxane, etc. [121]. Two-phase solvent 
systems with ether [217] and toluene [164] have also been used. 

The water-insoLubLe RC=CCu precipitates in most cases immediately. Some­
times it is precipitated by addition of water [350]. After filtration it is usuaLLy 
washed successively by water, C2HsOH, and ether, and then thoroughly dried 
in vacuum at moderate temperatures (but see under explosiveness, pp. 11/2). 

The purity of the acetyLide depends much on the counter ion in "lLosvay's 
Reagent". Often [Cu(NH3)n]+ is produced from Cu ll saLts and [NH30H]CI. 
A sm aLL excess of [NH30H]Cl prevents air oxidation and thus formation of 
oxidative byproducts. A recommended method starts with CuS04 and is said 
to give very pure acetyLides [123]. Starting with CuCl [150] also yieLds pure 
acetyLides, Cul [123, 134] gives less pure products. 

The ammonia has the function of making the Cu' solubLe in aqueous media 
and of neutraLizing the H+ ions produced in the course of the reaction. 
Some RC=CCu compounds show a considerable soLubiLity in aqueous ammo­
nia. In these cases, freshLy prepared CuCl is dissoLved in aqueous NH4CL 
solution, and the mixture is made weakly alkali ne with CH3C02Na [133]. 
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If the substituent R contains hydroLyzabLe groups Like C2H50 2C (No. 30) or 
CH30 2C (No. 93), adjusting the pH to 7.5 to 8 or adding excess (NH4hC03 
is necessary [163]. The preparation of RC"CCu compounds which contain 
the tetrahydropyranyLoxy group (e.g., Nos. 68, 101, 139) shouLd be carried 
out under ice cooLing to prevent hydrolysis. If R contains doubLe and tripLe 
bonds (Nos. 24, 25, 43), ice cooLing is necessary to prevent poLymerization. 
Preparation method la is often used for purification purposes. Nos. 127, 153, 
154, and 167 were reprecipitated from ethereaL soLutions [205, 221]. 

Some RC"CCu are not precipitated by method I a, if an excess of "lLosvay's 
Reagent" is present [4]. 

b. An ammine compLex [Cu(NH3)n]+ is generated in an anhydrous medium. 
The Cu l saLt (Cul, CuCL) is suspended in a soLvent Like C2H50H or dimethyL­
formamide, a soLution of RC"CH is added, and gaseous NH3 is introduced. 

c. The reaction is carried out in Liquid ammonia. Cul is used because of its 
satisfactory soLubiLity in NH3. 

d. The reaction is carried out in the presence of proton acceptors Like 
(C2H5)2NH, pyridine, dimethyLformamide, hexamethyLphosphoric triamide, di­
methyLsuLfoxide, or K2C03. 

A recommendabLe method is the conversion of RC"CH to RC"CCu by the 
so-caLLed "compLex CuCL-C2H5NH2-HCL". This reagent is soLubLe in CH30H 
or in CH30H/C2H5NH2 and the usuaL purification probLems of heterogenic 
preparations do not occur. 

The so-caLLed "acid preparation method" is usefuL for preparing RC"CCu 
compounds wh ich are sensitive to bases (cf. Nos. 35 and 119). It can be 
understood as a speciaL method I d in wh ich H20 acts as a proton acceptor. 
CuCL is suspended in H20 and the acetyLene is added. Quantitative conver­
sion is achieved after proLonged stirring [27]. C2H50H can be used as a 
soLubiLizer [60]. The products are said to be very pure. 

e. The acetyLene RC"CH is reacted with a soLution of CuOC(CH3ls in an organic 
soLvent. 

f. RC"CCu is prepared according to the equation RC"CH + (C2H50lsP . CuCL -+ 

RC"CCu + C2H5CL + HPO(OC2H5)2 with or without a soLvent, with heating. OnLy 
C2H2 reacts at room temperature. In generaL, the RC"CCu compounds formed 
are soLubLe in excess P(OC2H5)3' (C6H5lsP' CuCL is aLso cLaimed to be effec­
tive for the transformation of RC"CH to RC"CCu, but no experimentaL data 
are given [131]. 

g. With copper aLkyLs according to the equation R'Cu + RC"CH -+ RC"CCu + 
R'H, usuaLLy in ether or in dimethyLsuLfoxide. 

Method 11: SaLts Like RC"CLi or RC"CK are reacted with saLts of monovalent copper : 

Gmelin Handbook 
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a. in Liquid ammonia, 

b. in an ether or in ether/aLcohoL mixtures. 

CompLexes M[B(C"CR)4] (M is a metaL ion or NH4) are aLso abLe to react in 
high yieLd to form RC"CCu (see No. 90) [85]. 
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4 1.1.2.1.1 

Method 111: RC=CH is reacted with abivalent copper saLt. The reaction product is a mixture 
of RC=CCu and R(C=C)2R, which are readiLy separated due to their very differ­
ent soLubiLities. RC=CCu is said to be formed from Cul and RC=CH. Cu l is 
the reaction product of Cu" and RC=CH or RC=CCu. RC=CH can aLso be con­
verted with FehLings soLution to a mixture containing RC=CCu. This case was 
hypothesized to invoLve an unstabLe Cu" acetyLide which decomposes to the 
radicaL RC=C. This couLd be the source of the R(C=C)2R aLso formed [106j. 

Method IV: Haloacetylenes and monovalent copper react according to the equation 
RC=CX+3Cu+ --> RC=CCul+[Cu"Xj++Cu++ (X=haLogen). 

Method V: DecarboxyLation reactions of (substituted) Cu l aLk-2-ynoates. 

The reaction RC=CC02Cul --> RC=CCu + CO2 corresponds to the inverse of Re­
action Type 6 (reversibLe binding of CO2, see Section 1.1.2.1.2) and is some­
times a baLanced reaction. Proper conditions for the (not baLanced) reaction 
are, for exampLe, in dimethyLformamide at 35°C. 

A simiLar reaction Leads to the formation of RC=CCu from (RC=CC02hCuu 
This reaction is more compLex and invoLves redox processes. It can be accom­
pLished with steam at 100°C. 

Method VI: Decomposition of compLexes of RC=CCu. Adducts of NH3 , or amines, or PR3 

(see Section 1.1.2.4) can be cLeaved with formation of RC=CCu. The reaction 
can occur simpLy on standing in air or in N2 at room temperature. More stabLe 
adducts must be heated in vacuum (see Section 1.1.2.4, TabLe 23). Adducts 
of heavy metaL saLts Like HgBr 2 (see Section 1.1.2.5) are broken down by addi­
tion of suitabLe reagents, in this case of aqueous KI (see Section 1.1.2.5, Ta­
bLe 24). 

Method VII: From compLexes RC=CHCuCL of the acetyLenes. 

The coLorLess compounds RC=CHCuCL are very sensitive to soLvents and bases. 
Their reaction with H20, C2H50H, or NH3/H20 causes a yeLLow coLoration with 
subsequent formation of RC=CCu. 

Method VIII: Decomposition of cuprates of the [(RC=C)nCujm- type (zerovalent or monova­
Lent copper) and of their compLexes, e.g., with NH3 or ethyLene diamine. 

The principaL reactions are 

[(RC=C)2Cu1j- +Cul --> 2RC=CCu+l-

[(RC=C)3CUIF- + H20 --> RC=CCu +further products 

[(RC=CbCu'F- +2CH3S02N(CH3)2 --> RC=CCu +2 RC=CN(CH3)2 +2 CH3S0"2 

[(RC=C)3CUIF - + 2 (C6H5)2P02N(CH3)2 --> RC=CCu + 2 RC=CN(CH3)2 + 
2 (C6H5)2P0"2 

[(RC=C)2Culb[Cu"Dnj + H20 --> RC=CCu +further products 

[(RC=CbCuOP- +02 --> RC=CCu + [(RC=C)3CUIF- +further products 

Other preparation methods are the hydroLytic decomposition of cuprates of the type 
[RC=CCuIR1j- M + (R1 = aLkyL or aryL, M = Li or MgBr; see" Organocopper Compounds" 2, 
1983, Sections 1.1.1.2.4 and 1.1.1.2.6 on pp. 174ff. and 227ff.), the synthesis of the acetyLides 
of diynes according to the equation RC=CCu+BrC=CH --> R(C=C)2Cu+HBr, and the reaction 

References on pp. 57/67 Gmelin Handbaok 
Cu-Org. Camp. 3 



1.1.2.1.1 5 

of acetyLenes with copper from copper eLectrodes. The production of copper acetyLides 
on the surface of copper metal, wh ich can cause severe expLosions in the manufacturing 
of C2H2, has not yet been reported for RC"CH. 

SupposedLy some RC"CCu is formed according to method I d in the systems CuCLI 
C2H5NH2/HCL/CH30H [115] or (C2H5)2NH/pyridine/CuI/Pd[P(CsH5)3]CL2 [269, 284], which are 
used to perform cataLytic reactions according to Reaction Type 2 (see Section 1.1.2.1.3). 

Gaseous RC"CH are shaken in a seaLed tube [65] or bubbLed into the reaction medium. 
In this way acetyLenes Like but-1-yne can be quantitativeLy washed out from gas mixtures. 
The non-acetyLenic components are not precipitated [28]. SimiLar separations with Liquid 
mixtures containing RC"CH are described for Nos. 46 and 48. 

The production of protons in the reaction of RC"CH and Cu+ has been used to determine 
RC"CH quantitativeLy. The pyridinium ions formed according to the equation RC"CH +CuCL + 
py --> RC"CCu+[pyH]++CL8 (py=pyridine) are titrated by NaOH. The mixture is coLored 
and inhomogenous; thus, the end point determination is done by a gLass eLectrode. This 
procedure can be used for sampLes containing groups Like CHO that interfere with the 
usuaL siLver method [39, 109]. 

ThermochemicaL Data of Formation are avaiLabLe onLy for Nos. 54 (R = n-C4Hg) and 90 
(R = CSH5), see pp. 44 and 48. 

StructuraL Properties 

Most RC"CCu prepared are described as "microcrystaLLine" or "amorphous". X-ray 
examinations prove that "amorphous" CSH5C"CCu powder consists of microcrystaLs [155]. 
Two coarseLy crystaLLine RC"CCu compounds (Nos. 44 and 90) were obtained for X-ray 
anaLyses by crystaLLization from Liquid NH3. Other RC"CCu are known as oiLs (Nos. 55, 
57, 141). 

In generaL, RC"CCu show a certain heterogeneity which is caused by surface oxidation 
and aggregation into smaLL Lumps [63]. The crystaLLine regions are of Limited size [274]. 

Most copper acetyLides are poLymers consisting of a very high number of RC"CCu units. 
They couLd be better written as (RC"CCu)n' Very LittLe is known concerning the vaLue of n. 
At any rate, these poLymers are totaLLy insoLubLe in most soLvents. On the other hand, 
some copper acetyLides are soLubLe in ethers and CCL4 ; even 1 % soLutions (of No. 55, R = 
(CH3bC) in pentane have been obtained [218]. In these rare cases oLigomeric or even mono­
meric structures must be assumed. Cryoscopic, ebuLLioscopic, and osmometric measure­
ments have been done onLy for Nos. 55 and 98 (R =cycLo-CsH11 ), where the degree of associ­
ation obviousLy depends on the preparation method, see pp. 45 and 54. 

The smaLLness of the particLes of most RC"CCu compounds prevented detaiLed X-ray 
diffraction studies. The onLy RC"CCu for which a compLete X-ray structuraL determination 
has been performed is No. 90 (R = CSH5). This compound couLd be crystaLLized as fine needLes 
by extraction with dry diethyLamine in the absence of air. Details regarding the X-ray data 
are given under additionaL information for No. 90 on p. 51. The generaL structure is beLieved 
to be the same for No. 90 and other highLy poLymeric RC"CCu. 

Each ethynyL group Lies roughLy in the pLane of the copper atom chain, and is "side­
on "bonded to one of the copper atoms, with the bond to the phenyL group distorted away 
from this atom. The terminaL carbon atom of the phenyLethynyL group forms a bridge bond 
with two adjacent copper atoms so that each ethynyL group is bonded to three copper 
atoms, see Fig.1, p. 6 [114]. 

Gmelin Handbook 
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Fig. 1. Polymeric structure of C6HsC=CCu. 

The polymeric structure indicated in Fig. 1 may be substituted by different R groups in 
the same polymeric unit. In the literature, "compounds " of th is type are called " mixed 
acetylides " (see Section 1.1.2.2) . 

X-ray data indicate an average transfer of acharge 0.4 e from the copper atoms in 
copper acetylides [227]. 

Thermal Behavlor 

Some thermal analyses have been done with copper acetylides. Nos. 90, 98, 102, 127, 
167, and 181 show one exothermic peak. With Nos. 98 (R =cyclo-CsHll ) and 102 (R = n-CSH'3) 
transformation to a d ifferent solid phase (IR spectrum unchanged) was observed in addition. 
No. 188 (R = (CsH5)2C(CN)CH2) shows some exothermic peaks. Nos. 54 (R = n-C4Hg ) and 90 
(R=CsH5) are reported to decompose with considerable liberation of heat [261] . No. 54 first 
melts, than it sets to asolid, then it melts again [83] . Most RC=CCu compounds melt with 
decomposition. 

Electrical Propertles 

There are general contradictions between the work of Mylnikov et al. [107, 120, 155] 
and that of Okamoto et al. [191 , 220, 221] . For instance the first postulate photocurrents 
on surface cells wh ich are lower in dry air than under vacuum. The lalter reports higher 
values and explains it by electron trapping by oxygen. 

Obviously both intrinsic and extrinsic photoconductivity is involved in the electrical con­
duction behavior of RC=CCu compounds (see also conflicting results after ultraviolet pre­
irradiation and long relaxation times [155]) . A significant contribution by the surface states 
is indicated by the long wave sh ift of the photoconductivity spectrum compared with the 
UV and photo-emf spectra [126, 147]. 

In many cases the band gaps from absorption and photoconductivity spectra agree (intrin­
sic photoconductors) [231, 278]. On the other hand, it has been stated that the sign of the 
photocurrent carriers in all RC=CCu examined is positive. After the primary act (excitation 
of a molecule by absorption of a photon), the exciton migrates until it collides with a structural 
or chemical defect and forms a pair of free photocurrent carriers. In RC=CCu, pair formation 
does not require an activation energy, as shown by the temperature dependence of the 
photoconductivity at very high frequencies [1 19]. 

References on pp. 57/67 Gmelin Handbook 
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The acetylides RC=CCu Nos. 11,20,22,54, 55, 59,60,81,86,89,90,91,94, 116, 117, 
118, 127, 131, 140, 145, 153, 154, 158, 171, 172, 173, 174, 183, 184, and 190 have been 
examined for photosensitivity. ALL except Nos. 22, 55, 140, and 158 showed a significant 
photoconduction effect. SUbstantiaLLy no work has been done to explain these exceptions. 
For Nos. 22 (R = 1,2-C2B10H11)' 55 (R = (CH3hC), and 140 (R =2-CsHs-1,2-C2B10H1O) the absent 
photoeffect could result from the fact that they are not high polymers (deduced only from 
solubility data). But CU2C2 (see Section 2.2.1.1) is a high polymer and also shows no inner 
photoeffect. No. 55 is octameric in benzene solution according to cryoscopical and ebuLLio­
scopical measurements [102, 103]. However, data about the "degree of polymerization" 
of RC=CCu are often inconsistent, and the values depend much on the preparation and 
purification methods. At any rate, the compounds No. 22,55, 140, and 158 (R=CsHsFeCsH4) 

have a bulky substituent R; thus steric hindrance is probably present too. The borane units 
in Nos. 22 and 140 (aLL Table 1, pp. 17/41) are powerful electron acceptors and might therefore 
prevent the formation of the usual polymeric structure of the copper acetylides. 

The shift to lower frequencies in absorption, photoconductivity, and photovoltaic spectral 
maxima foLLows the se ries R (in RC=CCu compounds): CsHs< naphth-1-yl < naphth-2-Yl < 
anthr-9-yl and R1 (in 4-R1CsH4C=CCu): CH3 <H<Cl<I<CH3CO<N02 [256]. 

The slopes in dry air and in vacuum of the plots of photocurrent I vs. light intensity 
L were determined using an equation of the form I=k· LS [220]. For stiLL other values no 
conditions are given [257,278]. In [257], a 1060 mm Nd laser was used. 

No. R in RC=CCu 

20 C2HsS 
90 CsHs 
91 CsHsO 
94 CsHsS 

116 4-CH3C6H4 

117 C6HsCH2 
153 naphth-1-yl 
154 naphth-2-yl 

s in dry air 

1.18 [220],1.0 [221] 

0.9 [220, 221] 

0.97 [220], 1.02 [221] 
1.12 [220] 

s in vacuum 

0.503 [220], ~0.5 [221] 

0.65 [220, 221] 

0.67 [220], 0.66 [221] 
0.64 [220] 

s (no condi­
tions given) 

0.55 [278] 
0.7 [257] 
0.65 [278] 
1.00 [278] 

1.05 [278] 

The visible/UV absorption, photoconduction, photovoltage, and photoluminescence are 
obviously based upon the same band-band junctions in the RC=CCu polymer. This foLLows 
especiaLLy from comparisons of preirradiated and non preirradiated polymeric acetylides. 
The high intensity of the absorption clearly proves that these bands result from characteristic 
eLectronic transitions in the poLymer [125]. They are not caused by opticaLLy active impurities, 
as previousLy had been suggested in [107]. The similarity between the absorption and the 
photoeffect spectra clearLy supports the conclusion that the first phase of photon absorption 
invoLves the formation of excitons, just as in other organic semiconductors. The competition 
between their dissociation and their deexcitation determines the photoeLectric and Lumines­
cent properties. Decay of the excitons Leads to the formation of free carriers, but the eLectrons 
are captured immediateLy by traps, which might for exampLe be associated with structural 
defects in the poLymer. The migration of the charge carriers (holes) is facilitated in the 
poLymeric acetylide because the potentiaL barriers between moLecuLes are lowered as a 
result of 7t-complex bridges between eLectron-acceptor copper atoms and acetyLene bonds. 
The Luminescence of the copper acetylides probabLy results from deexcitation of the excitons. 
Preliminary irradition of RC=CCu by uLtravioLet light in air Leads to a decrease in the inte-
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grated Luminescence yieLd and a simuLtaneous increase in the photoeffect. Luminescence 
peaks decrease rapidLy and photo-emf peaks increase (e.g., in [125]). 

The changes in the Luminescence and photoeffect spectra wh ich occur when the sampLes 
are irradiated by UV Light are cLearLy caused by the disruption of weak coordination bonds 
in the poLymer, as a resuLt of wh ich the ratio of poLymer homologs in the materiaL changes. 
When the bonds are broken, dissociation of the excitons can occur more rapidLy at the 
defects which have thus been formed, and this Leads to an increase in the photoeffect 
and a decrease in the Luminescence yieLd. The Low temperature experiments support this 
model. Water vapor reversibLy suppresses the eLectricaL conductivity and the photoconduc­
tance and increases the photovoLtage [126]. The quotient of Light current to dark current 
("photocurrent response ") is increased in vacuum [221]. The compLex behavior of the con­
ductivity of RC"CCu compounds in the dark and under iLLumination after freezing out water 
vapor, evacuation of air, and admitting of oxygen is treated by [120, 126, 155]. 

Photoconductivity is found at energies 5000 times Lower than the threshoLd vaLue. The 
nonLinearity exponent s=0.8 excLudes manyphoton processes. A relationship between for­
bidden band width and damage threshoLd is given [257]. An eLectron energy LeveL scheme 
has been used to compare quaLitativeLy the different RC"CCu [248, 283]. 

RC"CCu compounds can be made sensitive outside the range of their normaL photore­
sponse by severaL cationic, anionic, and neutraL organic dyes [116, 117, 154]. The sensitized 
photoconductivity and photo-emf spectra are simiLar to the absorption spectrum of the dye 
in soLution (10- 3 M), wh ich suggests that the monomeric form of the dye takes part in 
the sensitizing act. From the view point of appLying the concepts of semiconductor physics 
to bioLogicaL poLymers, some curious resuLts have been obtained regarding the effect of 
nucLeic acids and amino acids on the photosemiconducting properties. For instance DNA 
and RNA increase the photoconductivity of RC"CCu compounds by 2 to 3 orders of magni­
tude. Regarding further purine and pyrimidine bases see [143, 174]. The photo-emf spectra 
of RC"CCu compounds were found to be simiLar to the absorption spectra [125, 174]. A 
surge of the photo-emf is observed in the first moment of illumination [174]. The photo-emf 
is increased severaL-foLd after sensitization of RC"CCu by purine and pyrimidine bases 
or nucLeic acids [143, 174]. RC"CCu compounds have been found usefuL for preparation 
of eLectrophotographic Layers. Nos. 86 (R = 4-ICsH4) and 90 (R = CeHs) gave fiLms which 
charge weLL both positiveLy and negativeLy (see pp. 45/6 and 48/50) [130, 141,324]. 

Magnetic Properties 

There have been no detaiLed investigations of the magnetic properties of RC"CCu com­
pounds. Nos. 98 (R=cycLo-CeH11 ), 102 (R=n-CsHd, and 188 (R=(CsHs)2C(CN)CH2) are re­
ported to be diamagnetic [238, 288]. No. 90 (R = CsHs) shows no ESR signaL [297]. 

CoLor 

Most RC"CCu compounds are yeLLow. Green or greenish shades are often reported 
too. ProbabLy this is the resuLt of some NH3 content (cf. Nos. 2, 3, 5, 10, 64, 102). So me 
become cLear yeLLow after proper purification. In the case of No. 90 (R = CeHs) it was specifi­
caLLy proved that the "greenish yeLLow" coLor is caused "by traces of NH3" [111]. 

Substituents R Like (CH3lsC, (CH3)3Si, C2Hs0 2C, fur-2-yL, and especiaLLy 2- and 3-nitro­
phenyL have a bathochromic effect (orange to deep red acetyLides). Some are reported 
to show varying coLors (cf. No. 98 with R=cyclo-CsH11 ). Others change their coLor on storage. 
(No. 11 "darkening"; No. 5 green to brown; No. 2 khaki to brown; No. 8, "if wet in air", 
yeLLow to brown.) 

References on pp. 57/67 Gmelin Handbook 
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NucLear Magnetic Resonance Spectra 

Because of the insolubility of the RC"CCu compounds, NMR techniques are not usual 
means for characterization . The only RC"CCu measured by NMR are Nos. 55 (R = (CH3)3C) 
and 140 (R=2-CsHs-1 ,2-C2B10H1Q)' 

IR and Raman Spectra 

The electronic effects discussed at p. 7 decrease the order of the C"C bond in RC"CCu 
vs. RC"CH and lead to a decrease in its frequency . This is in most cases between 1920 
and 1960 cm - 1 and thus 270 to 300 cm - 1 lower than in RC"CH. At approximately 450 cm- 1 

a band is found in ring substituted copper phenylacetylides. This frequency is believed 
to arise from the "C-Cu vibration [243]. 

VisiblelUV Spectra 

A great number of visible/UV data is known for RC"CCu compounds. In most cases 
a diffuse reflectance spectrum of the insoluble acetylide is reported . The usual diluent 
is MgO (e.g., 5 x 10-4 M RC"CCu in MgO), but also spectra have been obtained without 
dilution by a nonabsorbing standard . The RC"CCu: MgO ratio is 1 : 100 in Fig. 2a [256] . In 
Fig. 2b the concentration is 5 x 10- 4 M [231] . 

F(R(X) 

0.1 

0.05 

'--.... .. - ..... _=--
400 500 600 

a 
700 ). [nm] 

F (R (X) 
1.5 

1.0 

0.5 

300 400 500 600 X [nm] 
b 

Fig.2. Visible/UV spectra of various RC" CCu (Nos. as in Table 1, pp. 17/41). F(R oo)= 
(1-R oo)2/2 R oo ' where R oo is the reflectance of the layer relative to MgO. 

MoLecuLar Properties 

Most copper acetylides are coordination polymers in which each Cu atom is 1t-bonded 
with at least 2 acetyLenic groups. The eLectrons are drawn from the 1tu- bonding acetylenic 
orbitaLs to the metal and from filled d-orbitals of the metal to the unoccupied 1tg-antibonding 
orbitals of the acetyLene. So the structure of the acetylides involves a transition term between 
(J- and 1t-bonding. The consequences of the decrease in bond order are discussed under 
IR spectra. The breakdown of the polymeric structure by PR3, SbR3, and AsR3 is treated 
in Section 1.1.2.4. Electron energy levels have been calculated for some RC"CCu com­
pounds, see Fig.3, p. 10, in which <p is the photoelectric work function and X the electron 
affinity [248] . 

SoLubiLity 

In general, the RC"CCu compounds are insoluble in H20 and in nonpolar organic solvents 
like hexane. Most acetylides are also insoluble in common organic solvents. 
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Fig. 3. Electron energy level scheme of RC"CCu (Nos. as in Table 1, pp. 17/41). 

Some RC"CCu surprisingly show a considerable solubility in ammoniacal CuCl solution 
(e.g., Nos. 7 (R=CH3), 17 (R=CH3CH(OH)), especially il excess KCl or NH4Cl is present 
(No. 7). No explanation is given. Nos. 35 (R=C2HsCH(OH)) and 44 (R=fur-2-yl) are soluble 
in aqueous NH3. RC"CCu with R = alkyl are more soluble in hexamethylphosphoric triamide 
than the aryl-substituted compounds [204]. Ethers have also been used to dissolve RC"CCu 
compounds. No. 57 (R = (CH3)2C(OCH3)), which contains an ether group, gives in ether a 
0.1 M solution at 0 °C. No. 33 (R = n-C3H7) is "slightly" soluble in ether, No. 55 (R = (CH3)3C) 
can be crystallized from ether. No. 44 (R =fur-2-yl) is reported to be insoluble in ether. 
Tetrahydrofuran dissolves Nos. 33 ("slightly"), 40, 55, 57 ("readily"), and 74. C2HsOH dis­
solves readily so me RC"CCu compounds containing alcoholic groups like Nos. 17 and 35. 
In contrast, No. 44 is insoluble in that solvent. No. 45 (R = thien-2-yl) is dissolved by boiling 
CH3C02H. The P(OR)3 (R = C2Hs or CH3) are reported to be suitable solvents for Nos. 40, 
78, 90, 91, and 120. Pyridine has also been used as a solvent lo'r RC"CCu compounds. 
Nos. 16 (R = HOCH2CH2) and 33 (R = n-C3H7) give a solubility of lO - s M, No.8 (R = HOCH2) 
017.5 x 10- 3 M (25 0G). No. 74 is "soluble" in pyridine. Aliphatic amines were used to extract 
RC"CCu from mixtures and to obtain larger crystals from a microcrystalline powder. The 
extraction 01 Nos. 55 (R = (CH3lJG) and 90 (R = C6Hs) was done with (C2Hs)2NH or (CH3)2CHNH2 
in a Soxhlet extractor [102, 114]. Nos. 11 (R = CH2=CH) and 90 are soluble in tetramethyl­
ethylenediamine [280]. 

References on pp. 57/67 Gmelin Handbook 
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In contrast to the common solubility pattern the carbaborane-containing acetylides 
Nos. 22, 140, and 193 are quite solubLe in organic soLvents like ether, benzene, and CH30H. 
No. 193 (R = 1 ,7 -C28 10H11 ) is even soLuble in CCL4 , whereas the highLy chLorinated acetylide 
No. 9 is totaLLy insoLubLe in this solvent [193,235]. No. 193 can be recrystaLLized from benzene. 
Also a higher soLubility than common RC"CCu compounds is shown by Nos. 55 (R = (CH3lsC) 
and 40 (R = (CH3lsSi) with a "sphericaL" substituent R. No. 55 is even soLubLe in CHCl3 and 
in CH3C"CH [218]. 

ThermaL StablLity, StabiLity in Air, and ExpLosiveness 

The stability of RC"CCu compounds in the absence of oxygen depends much upon the 
group R. No.1 (R = H) decomposes above -50°C to C2H2 and CU2C2 [91], No. 40 (R = (CH3)3Si) 
decomposes at about - 20°C [245], but Nos. 90 (R = C6Hs) and 116 (R = 4-CH3C6H4) are stable 
up to 200°C [286]. SeveraL RC"CCu compounds do not melt when heated but decompose. 

In some cases thermaL decomposition forms fineLy divided metallic copper (Nos. 98, 
R = cycLo-C6H11 ; 102, R = n-C6H13 ; 188, R = (C6Hs)2C(CN)CH2) or a copper mirror, with No. 55 
(R = (CH3)3C) even at 150°C. With certain RC"CCu on heating in air, an increase of weight 
is observed due to CuC03 formation (Nos. 98, 102). There exist acetylides stabLe in air 
at room temperature, but others are very air-sensitive like No. 28 (R = (Z)-CH30CH=CH). 
No. 30 (R = C2Hs0 2C) can be air dried [188], Nos. 98 and 102 are stable in air too. NevertheLess 
RC"CCu compounds should, as a norm, be stored in tightLy stoppered brown bottLes. No. 90 
(R = C6Hs) has proved to be stabLe for years under these conditions [207]. Nos. 16 (R = 
HOCH2CH2), 33 (R=n-C3H7), 54 (R=n-C4Hg), and 102 (R=n-C6H13) were thus stored "for 
a Long time" without remarkabLe change [222]. No. 90 (C6HsC"CCu) was found to be more 
stable than C6HsC"CAg and No. 54 (n-C4HgC"CCu) [261]. If R is basicaLLy a hydrocarbon 
unit, the stability is decreased by substituent OH groups [183]. 

The information given in the literature about expLosiveness seems to be based on experi­
ence with accidentaL expLosions and with safe handling. No systematic work has been done 
in this fieLd. MultipLe bonds in the R group seem to enhance the tendency toward severe 
expLosions. No. 43 (R = CH2=CHC"C) and No. 9 (R = CCL2=CCL) are reported to be "highLy 
explosive". No. 43 shouLd onLy be handled when wet with ether. On the other hand, No. 74 
(R=(C2HsO)2CH) is aLso found to be "highLy expLosive". With respect to Nos. 7,8,74, and 
117 storage under H20 and drying before use is recommended [133]. Mixing in the dry 
state sometimes has been found to be dangerous. Wetting with dry acetone and the use 
of bone spatuLas were suggested [63]. Other RC"CCu compounds show onLy a firework-like 
sparking, microexplosion behavior (e.g., No. 6, R = NH2CO) or an ignition (e.g., No. 8, R = 
HOCH2). No. 2 (R = CF3) decomposes sLowLy on gentLe heating, but gives a vigorous expLosion 
on rapid heating [127]. 

A Lot of copper acetylides are reported to be "nonexpLosive " or the "handling was 
found to be quite safe" [277]. NevertheLess, the reaL danger cannot be estimated reliabLy. 
Curtis et al. report a severe detonation in the course of their work with a dry RC"CCu 
(R was not specified in the paper) [183]. In generaL, copper acetylides containing the carbo­
rane unit (Nos. 22, 140, 193), P or As functions (Nos. 145, 173, 174), and certain ether links 
(Nos. 101, 111, 118) are reported to be nonexplosive. They even show no deflagration on 
heating. Nos. 98 (R=cycLo-C6H11 ), 102 (R=n-C6Hd, and 188 (R=(C6Hs)2C(CN)CH2) are "not 
sensitive against shocks or percussion". 

The situation is somewhat curious. No. 111 (a methyLene ether) is reported to be 
"nonexplosive", No. 116 (R=4-CH3C6H4) to be "very expLosive" [30], and with No. 114 
(R =2-CH3C6H4) a 78 9 synthesis batch was processed [178]. In addition, severaL individuaL 
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RC=CCu compounds seem to be variabLe in their ease of detonation. The preparation method 
is an especiaLLy significant source of such variabiLity. The RC=CCu compounds precipitated 
from an acid soLution (e.g., by Preparation Method I d with H20 as a proton acceptor) and 
from soLutions which do not contain HCHO, NH2NH2, or NH20H are more expLosive than 
those prepared by Method I a, for exampLe. The reasons are not cLear. Hindrance of compLex 
formation on the surface or the change of the crystaL structure have been conjestured. 
RC=CCu compounds which have a metallic Lustre are beLieved to be more expLosive [156). 

ChemicaL Reactions 

The feasibLe reactions are Listed in TabLe 1, pp. 17/41. They are described in Sec­
tions 1.1.2.1.2 to 1.1.2.1.25. For the simpLer Reaction Types 1 to 6 (reactions with proton 
donors, oxidants, haLogens, and CO2 where there is no variation of groups within these 
reactants) the Literature and the yieLd are given in TabLe 1. For some generaL remarks 
see Section 1.1.2.1.2. 

The more compLex reactions of Type 7 to 12 and 18 (variation of groups within the 
reactant) are Listed in TabLe 1 without Literature citations; for data and references see Sec­
tions 1.1.2.1.4 to 1.1.2.1.10. For Reaction Type 13 (cataLysis by RC=CCu) see Nos. 33, 40, 
and 90 on pp. 44 and 53/4. For the Reaction Types 14 to 17 see Sections 1.1.2.3 to 1.1.2.8, 
where the products of these reactions are described. 

ExampLes of reactions which are standard procedures in organic chemistry (e.g., Reaction 
Type 7, see p. 13) are often hidden in the Literature. Therefore, possibLy not aLL reactions 
wh ich have been reported are tabulated here. Except for Reaction Types 2, 5, and 13 thorough 
oxygen excLusion is of high importance. Otherwise RC=CCu is consumed in the course of a 
reaction of Type 2 and the reaction products are contaminated with R(C=C)2R. Some reac­
tions even require the removal of dissoLved air in soLvents Like pyridine. 

To understand the principLe reactions of RC=CCu, a brief anaLysis of the feasibLe reactions 
is given. For reactions of Type 1 to 6 see aLso Section 1.1.2.1.2 and for the other reaction 
types see Section 1.1.2.1.3. 

Reaction Type 1: Reactions with proton donors: 

RC=CCu HX .. RC=CH, see Section 1.1.2.1.2. 
a: with HCL, 
b: with HN03 , 

c: with CN- ions in aqueous soLution, 
d: with further reagents, which are Listed in TabLe 1 in parentheses. 

Reaction Type 2: Oxidation: RC=CCu oxidan! .. R(C=C)2R, see Section 1.1.2.1.2. 
a: with 02 or air, 
b: with Cu" compounds, 
c: with [Fe(CN)6p-, 
d: with further reagents, which are Listed in TabLe 1 in parentheses. 

Reaction Type 3: RC=CCu + X2 ---> RC=CX + CuX, see Section 1.1.2.1.2. 
a: X=I, 
b: X=Br. 

Reaction Type 4: RC=CCu + 2 X2 ---> RCX=CX2 + CuX, see Section 1.1.2.1.2. 
a: X=I, 
b: X=Br. 

Reaction Type 5: "Straus Reaction " : 

RC=CCu anhYdr~~S CHJC02H" RCH=CHC=CR, see Section 1.1.2.1.2. 

References on pp. 57/67 Gmelin Handbook 
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1.1.2.1.1 13 

Reaction Type 6 (reversal of the Preparation Method V): RC=CCu +C02 -+ RC=CC02Cu, 
see Section 1.1.2.1.2. 

Reaction Type 7: RC=CCu + R'X -+ RC=CR' +CuX. 
This is one of the most important reactions in organic chemistry for prepa­
ration of substituted acetylenes; thus, the examples are very numerous 
and must be formally classified into several groups. The hybridization 
type of the C atom bound to the departing X group is the primary factor 
in the classification scheme (in the order Sp3_Sp2_Sp). The heterocycles 
are dealt with after the carbocycles, and finally compounds with the de­
parting group X bound to an atom other than C are described : 

a: reactions with R' X where X is bonded to a Sp3 carbon, see Sec­
tion 1.1.2.1.4.1, 

b: reactions with acyl halides, see Section 1.1.2.1.4.2, 

c: reactions with haloalkenes, haloallenes, and allenyl esters, see Sec-
tion 1.1.2.1.4.3, 

d: reactions with haloalkynes, see Section 1.1.2.1.4.4, 

e: reactions with C6Hsl, see Section 1.1.2.1.4.5, 

f: reactions with 2-substituted halobenzenes, see Section 1.1.2.1.4.6, 

g: reactions with 3-substituted halo benzen es, see Section 1.1.2.1.4.6, 

h: reactions with 4-substituted halobenzenes, see Section 1.1.2.1.4.6, 

i: reactions with di- and polysubstituted halobenzenes, see Section 
1.1.2.1.4.7, 

j: reactions with compounds containing more than one iodobenzene 
mOiety, see Section 1.1.2.1.4.8, 

k: reactions with iodonaphthalenes, see Section 1.1.2.1.4.9, 

l: reactions with other carbocycles R' X, see Section 1.1.2.1.4.10, 

m: reactions with 5-membered heterocycles R' X, see Section 1.1.2.1.4.11, 

n: reactions with 6-membered heterocycles R'X, see Section 1.1.2.1.4.12, 

0: reactions with condensed heterocycles R'X, see Section 1.1.2.1.4.13, 

p: reactions with R'X where X is bonded to S, P, Si or Sn, see Section 
1.1.2.1.4.14. 

Reaction Type 8: RC=CCu +R'X -+ ring closure product of RC=CR' +CuX 

Gmelin Handbook 
Cu-Org. Comp. 3 

The first step corresponds to Reaction Type 7, but R'X contains a structural 
element C(ZH)=CX (Z = NR', ° or Sand X = halogen) in a suitable position, 
wh ich in a second step adds to the triple bond to form a new heterocyclic 
ring. 

a: ring closure giving furans, see Section 1.1.2.1.5.1, 

b: ring closure giving pyrroles or thiophenes, see Section 1.1.2.1.5.2, 

c: ring closure giving other heterocycles, see Section 1.1.2.1.5.3, 

d: ring closure giving carbocycles, see Section 1.1.2.1.5.4. 

References on pp. 57/67 



14 1.1.2.1.1 

Reaction Type 9: R'X RC-CCu .. R'H x = I or Sr 

The haLogen of the substrate is repLaced by H. UsuaLLy there is no informa­
tion about the destiny of the RC=C unit. CsHsC=CCu is abLe to cause a 
repLacement of iodine in fLuoroaromatic compounds [240], of iodine in 
naphthalenes, and of bromine in phenacyL bromides [123] by H, if a proper 
soLvent is used. ProbabLy the H is abstracted from this soLvent, but no 
investigations about its origin have been conducted, see Section 1.1.2.1.6. 

Reaction Type 10: Mannich type reactions: RC=CCu + [CH2=NR~r -- RC=CCH2NR~ + Cu·, 
see Section 1.1.2.1.7. 

Reaction Type 11 : Reaction with copper aLkyLs and copper aryLs, see Section 1.1.2.1.8. 

Reaction Type 12: Reaction with nitrones to form ß-Lactams: 

RC=CCu + R2CH=N,o_ RHO 
\ 1 Rlf-NR1 

R H 

The primary product seems to be the cis-ß-Lactam, which is partiaLLy 
rearranged to the trans-ß-Lactam, see Section 1.1.2.1.9. 

Reaction Type 13: RC=CCu as a cataLyst (see Nos. 33, 40, and 90 on pp. 44 and 53/4). 

Reaction Type 14: Adduct formation with compounds of main group IV and V eLements (see 
Section 1.1.2.4) and with compounds of subgroup eLements (see Sec­
tion 1.1.2.5). 

Reaction Type 15: Heterocuprate formation according to the equation 
RC=CCu+MX -+ [RC=CCuX]M (or RC=CCu' MX; M=aLkaLi metaL or MgX; 
X=F, CL, Br, I; see Section 1.1.2.3). 

Reaction Type 16: Homocuprate formation according to the equation 
RC=CCu + R'M -+ [RC=CCuR']M (M = aLkali metaL or MgX). 

a: R' = organic group other than R1C=C, see "Organocopper Com-
pounds" 2, 1983, pp. 174/87 and 225/37, 

b: R' = R1C=C, see Section 1.1.2.7. 

To prepare [RC=CCuR']M (" GiLman's Reagent ") according to Reaction 
Type 16 a soLubLe acetyLide is advantageous. This can be seLected freeLy, 
for the acetyLene moiety is not of importance in the course of so-caLLed 
"GiLman Reactions". The quite soLubLe but very expensive No. 55 (R = 
(CH3bC) [308] and the soLubLe No. 57 (R = (CH3bC(OCH3)) [271, 310, 314] 
have been suggested. But most reactions are performed with No. 33 
(R=n-C3H7) [301,303 to 307, 309, 311 to 313]. 

Reaction Type 17: Homocuprate formation according to the equation 
RC=CCu+2R'M -+ [RC=CCuR2]M2 (M=Li or K). 

a: R' = organic group other than R1C=C, see "Organocopper Com­
pounds" 2,1983, p. 241, 

b: R' = R1C=C, see Section 1.1.2.8. 

See aLso the remarks under Reaction Type 16. 

Reaction Type 18: Reactions with other transition metaL compounds, see Section 1.1.2.1.10. 

References on pp. 57/67 Gmelin Handbook 
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"In situ" Reactions. There exist some reactions in which RC"CCu seems to be an 
intermediate, e.g., in the so-caLled "Glaser coupling" 

2RC=CH + 02~R(C=Cl2R + H20 

and in the so-caLled "Cadiot-Chodkiewicz coupling" 

The first reaction corresponds to our Reaction Type 2 and the second to our Reaction 
Type 7d. 

Bourgain et al. have shown in a detailed investigation that with solid RC"CCu with either 
catalytic (10 9 CuCl per mole RC"CH) or stoichiometric amounts of Cu' salt the reaction 
RC"CH +CH2=CHCH2Br -+ RC"CCH2CH=CH2 proceeds in the same way. The yields are more 
strongly influenced by the solvent and by basic additives than by the general method [164]. 
On the other hand, the activation of the R1Br bond by Cu+ in the alkynyl Grignard reaction 

RC=CMgBr + R'Br ~RC=CR' + MgBr2 

was also postulated, a simultaneous RC"CCu formation not excluded [64]. 

The reaction 
R' (C=ClmH + Br(C=Clh R2 ~R' (C=Clm+n R2 

shows a maximum yield with ca. 2 mol% CU+. The yields are lower with pure R1(C"C)mCu 
instead of R1(C"C)mH/Cu+ due to the fact that the reaction 

produces large amounts of CU+, wh ich causes side reactions with Br(C"C)nR2. That means, 
though catalytic amounts of Cu+ are preferable, the reaction could nevertheless have RC" 
CCu as an intermediate. 

The "in situ" reactions listed above are dealt with in the foLlowing sections only for 
acetylides already listed in Table 1, and when also the reaction is of special importance. 

Remarks Concerning TabLe 1 on pp. 17/41 

In principle Table 1 contains only characterized RC"CCu compounds, but there are bor­
derline cases. Literature data are often so vague that it is hardly possible to decide whether 
the compound was prepared or not. In many cases the only further characterization is 
by the reaction products of the compounds. It is often very difficult to determine from the 
papers just what was actuaLly done. Further, there are often reaction conditions in which 
it is known that RC"CCu must be precipitated; the article, however, contains no re mark 
about its formation or isolation and the characterization is only in terms of consecutive 
reactions. In aLl these cases the preparation method is listed in Table 1 with an asterisk 
(e.g., 'la). 

The compounds ClC"CCu, C2H50CH2C"CCu, and (CH3)2NCH2C"CCu exist only as "Lil 
or Nal adducts" (see Section 1.1.2.3, Table 21), and C3H7CH(OH)CH2C"CCu exists only as 
C3H7CH(OH)CH2C"CCu . CuCl (see Section 1.1.2.5, Table 24). They are therefore not included 
into Table 1. 

Gmelin Handbook 
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16 1.1.2.1.1 

All hydrates are Listed in this table. 

Acetylenes with a second acid proton are reported to form .. copper acetyLides ", too. 
In most cases there was no decision about where the copper atom is bound. This case 
refers for example to acetyLides with C02H groups (Nos. 5 and 31), but probably not to 
CH20H (e.g., No. 8). A similar problem arises with the C02Na group. Na and Cu here could 
be in interchanged locations (Nos. 4, 23). 

References on pp. 57/67 Gmelin Handbook 
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* Further information: 

HC=CCu (Table 1, No. 1) is postulated as an intermediate in the formation of CU2C2 from 
Cu+ and C2H2 in aqueous media. Various equilibria were assumed, e.g., HC=CH+Cu+;;;:::: 
HC=CCu+H+ [55, 104,260]. HC=CCu in these soLutions is even supposed to be cataLyticaLLy 
active in the dimerization and for simiLar reactions of C2H2 [177). 

Earlier reports on use of Preparation Method la give no definitive proof of the formation 
of HC=CCu [17, 55]. Its aqueous soLutions are cLaimed to be yeLLow or coLorLess [55, 104). 
High diLution conditions with a high C2H2/Cu+ ratio were aLso used [61]. An "HC=CCu" 
is reported to give on reaction with HCL at room temperature C2H2 and under certain condi­
tions under cooLing 2CuCL . C2H2; but there are no detaiLs of its preparation [17). The equiLibri­
um data of [17)lateron were not confirmed [48). Conditions for preparing a "red HC=CCu" 
resembLe those for CU2C2 synthesis; no proof of structure is given [95). In the decomposition 
reaction of H02CC=CCu to yieLd CU2C2, C2H2, and CO2 the compound HC=CCu couLd be 
an intermediate (see aLso No. 5) [36). 

CF3C=CCu (TabLe 1, No. 2). On fusion with metallic sodium the fLuorine is quantitativeLy 
converted to NaF [65). CF3C=CCu is thought to be an intermediate in the reaction of CF3C= 
CZnCL and CuCL2 to form CF3(C=C)2CF3 [127]. 

CH3C=CCu (TabLe 1, No. 7) is aLso formed by hydrolysis of [(CH3C=ClaCu)K2 (see Sec­
tion 1.1.2.8) and from [(CH3C=C)2CU]K (see Section 1.1.2.7) and Cul in liquid ammonia [84). 

Depending on the preparation and purification methods, the compound varies much 
in these ease of detonation. Storage under water is recommended [133]. IR and Raman 
band positions are listed in the tabLe; the spectra are reproduced in Fig. 4. 

CH3C=CCu is not affected by pyridine, bipyridyL, o-phenanthroline, and pure N(C2Hsla [98). 
The formation of a CO adduct from CH3C=CCu and CO in liquid ammonia is conjectured [101). 
CH3C=CCu does not undergo the so-caLLed "Straus Reaction" (Reaction Type 5) to give 
CH3C=CCH=CHCH3. The onLy product was CH3(C=C)2CH3 [51). 

HOCH2C=CCu (TabLe 1, No. 8). When Cu, in the presence of air, is immersed in an aque­
ous soLution of HOCH2C=CH and CH2=CHCH2NH2 (both 0.2 M), a visibLe yeLLow fiLm of 
HOCH2C=CCu is formed within 2 min. After 10 min a thick film is obtained wh ich is smooth 

Roman 

IR 

2200 2000 1800 1600 1400 1200 1000 800 600 400 200 
Wovenumber. cm-1 

Fig. 4. The Raman and infrared absorption spectra of CH3C=CCu [236). 
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1.1.2.1.1 43 

and fairly adherent. When cyclic voltammetry is carried out using an aqueous solution 
of HOCH2C=CH, CH2=CHCH2NH2 and KOH (all 0.1 M), the formation of HOCH2C=CCu at anodic 
potentials is so rapid, that it is deposited as a nonadhering yellow powder [343]. 

The IR spectrum in polyethylene was measured from 100 to 400 cm- 1. The Cu-Cu fre­
quencies are given as 135 and 168 cm- 1 [228]. Electrochemically grown layers of HOCH2C= 
CCu on metallic Cu give the following Raman reflections (Ar or Kr laser): 244, 312 (C=C-C), 
401,443 (Cu-C), 588 (=C-C-O), 931 (=C-C), 1920 (C=C), all in cm- 1 [343]. 

Certain reactions attack the molecule at the oxygen atom. I reacts with HOCH2C=CCu 
to form 21 % 11 with 5% 111 admixed [252,275]. A quantitative analysis of the alkyne content 
in impure HOCH2C=CH is possible by reaction with CuCl/pyridine (Preparation Method Id) 
and subsequent titration of the resulting pyridinium ions; see p. 5. The reproducibility is 
±2% [109]. 

C6HSC02~O OC H2C=CH 

H H 
H H 

o 
C6HsC02y~yH 

H1----{ 'Sr 

C6HSC02 °2CC 6 HS 

C6HSC02 °2CC 6HS 

11 

111 

CCI2=CCIC=CCu (Table 1, No. 9). The reaction of CCl2=CClC=CCu and Br2 in CCl4 at 
-10 oC yields besides CuBr 37% CCl2=CClC=CBr [193,235], 20% CCl2=CClCBr=CBr2, and 
20% (CCl2=CClC=Ch. The analogous reaction with 12 in CCl4/ether gives only 82% CCl2= 
CClC=CI. (CCl2=CClC=C)2 can also be obtained in 40% yield by oxidation with K3[Fe(CN)6]. 
The reaction with 3 N HCl at 50°C yields 26% CCl2=CClC=CH [235]. 

CH2=CHC=CCu (Table 1, No. 11). In preparation by Method Id CH2=CHC=CCu precipitates 
over the range of 0.005 to 0.3 N H2S04 [296]. Photoconductivity spectra were measured be­
tween 410 and 590 nm [202], 400 and 700 nm [203]. The long wave maximum was found 
at 465 nm [203, 231, 283]. These spectra give a forbidden band gap of 2.41 eV [203, 231, 
283], the visiblelUV data one of 2.5 eV [231, 283]; the direct transition energy is 2.53 eV [231]. 

The electronic spectra yield the following values for the CU2P3/2 level and (in parenthe­
ses) the C 1 s level (relative to Fermi levels in Cu or in "free hydrocarbons", respectively): 
Binding energy 934.4 eV (286.7 eV); half-width of the electron lines 2.2 eV (3.1 eV), chemical 
shift 2.2 eV (1.7 eV). The charge distribution is discussed [227]. For "mixed acetylides " 
with C6HsC=CCu see Section 1.1.2.2. 

C2HsSC=CCu (Table 1, No. 20). The photoconductivity spectrum was measured from 390 
to 650 nm. Because of the presence of sulfur in the molecule a supplemental" intermolecular 
p"-d,, interaction " was hypothesized. A photoconductivity spectrum of C2HsSC=CCu in the 

Gmelin Handbook References on pp. 57/67 
Cu-Org. Comp. 3 



44 1.1.2.1.1 

presence of kryptocyanine and the iLLuminance/eLectricaL current characteristics were aLso 
measured [278]. 

n-C3H7C=CCu (TabLe 1, No. 33). The reaction of 2-ICeH4(CH2)nZOH to give IV is strongLy 
cataLyzed by the n-C3H7C=CCu poLymer (Reaction Type 13). Monomeric Cu' or Low moLecuLar 
weight aggregates of n-C3H7C=CCu in soLution are not capabLe of rapid cataLysis. The 
poLymericaLLy bound Cu seems to bridge the overLy Long distances between land OH in 
2-ICeH4(CH2)nZOH to form IV. FormaLLy this reaction can be understood as a hydrolysis 
of n-C3H7C=CCu to n-C3H7C=CH by HI [165]. 

(z= CH 2 ,CO) 

IV 

C2HsCH(OH)C=CCu (TabLe 1, No. 35). Like some other OH-containing copper acetyLides, 
C2HsCH(OH)C=CCu is readiLy soLubLe in aqueous NH3 and cannot be precipitated in the 
mann er usuaL for Preparation Method I a. When C2HsCH(OH)C=CH is added to a suspension 
of CuCL in H20, "pure" acetyLide can be isoLated [27]. 

(CH3hSiC=CCu (TabLe 1, No. 40) is formed from (CH3hSiC=CLi and CuBr or Cul, but 
onLy if the Li: Cu ratio = 1; a Li: Cu ratio = 2 gives a compLex acetyLide ; see Section 1.1.2.7 
[325]. 

The acetyLide does not react with aryL halides (cf. Reaction Types 7 and 8) or with 
2-(prop-1-ynyL)-2-methyLoxirane, even in the presence of Pd[P(CeHsh]4; in some cases 
its instabiLity couLd be the reason [245, 266, 325]. It is thought to be an intermediate in 
the reaction of (CH3hSiC=CLi with Cu' halides to give compLex acetyLides [206]. 

A conjugate addition of Mg or Li homoenoLates to enones is possibLe in the presence 
of (CH3hSiC=CCu in ether. Most Cu compounds examined are not, some (incLuding (CH3hCC= 
CCu) are onLy sLightLy effective. The resuLting 1 ,6-diones or their enoLic ethers are postuLated 
to be formed in a transmetaLLation reaction invoLving the copper acetyLide, but no further 
copper species are mentioned [347]. PossibLy the active species is the compLex (CH3hC= 
CCu' S(CH3)2; see Section 1.1.2.4 [358]. 

n-C4H9C=CCu (TabLe 1, No. 54). For the reaction Cu (cryst) +6C(graphite) +4.5 H2(g) -+ 

n-C4H9C=CCu (cryst) thermodynamic parameters are caLcuLated from caLorimetric mea­
surements (T=298.15 K and p=101.325 kPa): ßHf298 =73.2±3.5 kJ· moL-l, ßGf298 =214.6 
±3.7 kJ· moL-l, and ßSf298 = -474.3±0.7 J. moL-1 . K-1. The specific heat Cp of the crystaL­
Line materiaL in the range from 14 to 330 K was measured with an adiabatic vacuum 
caLorimeter [287]; vaLues (partLy extrapoLated) are: 

temperature Cp temperature Cp 
in K in J. moL-1 . K-1 in K in J. moL-1 . K-1 

5 0.1920 100 72.66 
10 1.554 150 100.0 
15 4.032 200 121.8 
25 10.89 273.15 150.9 
40 24.26 298.15 160.6 
60 42.77 330 175.8 
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From electronic spectra the following values were obtained for the Cu 2 P3/2 level and 
(in parentheses) the C 1 s level (relative to Fermi levels in Cu or in "free hydrocarbons", 
respectively): binding energy 934.3 eV (286.2 eV); half width of the electron lines 2.6 eV 
(3.3 eV); chemical shift 2.1 eV (1.2 eV). The charge distribution is discussed in the 
paper [227). 

The photoconductivity spectrum (400 to 1000 nm) is known [202), Amax =440 [231). The 
band gap is 2.72 eV. The relative positions of the energy levels are given [248,283). Photo­
conductivity spectra are also known with sensitization by cationic dyestuffs like pinacyanol, 
kryptocyanine, or methylene blue or by anionic dyestuffs. Maximum sensitization (conductivi­
ty increased by 65%) has been obtained with erythrosine [283). 

The visiblelUV spectrum (348 to 800 nm, MgO) [231) has a maximum at 420 nm [231,283). 
The band gap is 2.73 eV, the direct transition energy 2.75 eV [231,248], the photoelectric 
work function 5.25 eV [248,257). Relations between decomposition threshold and band gap 
[257) are discussed on pp. 6/8. 

n-C4HgC"CCu is less stable than C6HsC"CCu, but more stable than n-C4HgC"CAg. Ther­
mal decomposition involves a considerable liberation of heat. The products evidently result 
from secondary reactions of the hex-1-ynyl radical. At 200°C the gaseous decomposition 
products contain 6% CH4 , 7% C2H6, 17% C2H4 , traces of propane, 10% propene, 27% 
butane, and 33% butenes [261). The compound can be incinerated without explosion for 
Cu determination [83). 

The thermogram (one endo effect above 140°C, one exo effect above 160°C) indicates 
the one-stage decomposition of the aggregated oligomeric product [261). The reaction with 
2,4,6-(02N)3C6H3 in pyridine at room temperature yields a red solution with a visible spec­
trum very similar to that of the Meisenheimer complex formed from C6HsC"CCu (see p. 54), 
but after treatment with acids no solid products have been isolated [196). 

(CH3hCC"CCu (Table 1, No. 55). The yellow or red (or orange [185, 218]) color variations 
could be a consequence of aggregation-disaggregation processes, which have not been 
studied subsequently and about wh ich contradictory data were published. At 80°C [51) 
or on crystallization from benzene the yellow acetylide converts into a red form. Crystalliza­
tion of this red form from CHCl3 gives the yellow species again. The data about the depend­
ence of color on the degree of association differ: The yellow form is said to have a higher 
molecular weight than the red form (cryoscopically in CHCl3) [34). The color is said to become 
deeper with higher association; the monomer is colorless, the dimer yellow-green, and 
the octamer orange-red. The benzene solution contains [(CH3hCC"CCu)a from cryoscopic 
and ebullioscopic measurements [102, 103). The ether solution shows a reversible color 
change from red to yellow on cooling to -78°C [237). Evaporation of the orange pentane 
solution yields a liquid, wh ich crystallizes from ether at -49°C to give an orange precipitate 
[34,218). On storing solutions, the molecular weights fall gradually until they nearly reach 
the unimolecular value; some decomposition occurs to a gummy solid (finely divided cop­
per?) [34). Preparation according to Method la yields the two forms as a conglomerate, 
m.p. ~ 140°C [135], with nonexplosive decomposition between 80 and 150°C to form a 
copper mirror and a sublimate [34,51). The compound is soluble in ether, pentane [218], 
and tetrahydrofuran [271], less soluble in benzene than in ether (both forms) [34). 1H NMR 
(CCl4): Ö = 1.37 ppm (s) [218). VisiblelUV (heptane): points of inflection at 235 (I: =5350) and 
316 nm (2680) with gradually diminishing absorption out to ca. 600 nm [218). IR (KBr; C2Cl4): 

2000 (C"C) cm- 1 [203,218). "C"C absent" is stated in [102, 103). 

4-IC6H4C"CCu (Table 1, No. 86) is used for electrophotographic layers (sensitivity from 
UV to 600 nm, enhanced after sensitization with dyes) [130). A comparison of photoconduc-
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tivity and photovoltage with those of other RC"CCu has been pubLished, but no quantitative 
values are given [256]. 

4-IC6H4C"CCu reacts with (CN)2C=C(CN)2 in tetrahydrofuran at 55°C to form polymers 
(probably resulting from (CN)2C=CCN radicals) and 4-IC6H4(C"ChC6H41-4 [170]. 

2-02NC6H4C"CCu (Table 1, No. 87). On refluxing with 5-iodouracil or 2-iodo-3-hydroxy­
pyridine in dry pyridine the indogenide V is formed. Both of the added compounds seem 
to be only catalysts. The same reaction with 2-bromopyridine yields the anhydroisatin Q­

anthranilide VI. With 2-IC6H4C02H a mixture of V and VI is produced. Proposals for the 
mechanisms of the formation of V and VI are given. The reaction with 2-IC6H4CONH2 gives 
a mixture of V, VII (yield 6%), and VIII (yield 66%). The intermediate in the formation 
of VII and VIII is obviously the expected 2-02NC6H4C"CC6H4CONH2-2. The hydration of 
its triple bond can result in two different products. If the intermediate species 2-02NC6H4-
CH2COC6H4CONH2-2 is formed, a subsequent condensation yields VIII; if 2-02NC6H4COCH2-
C6H4CONH2-2 is formed, a subsequent condensation gives VII. The reaction of No. 87 with 
2-phenyLisatogen (IXa) in boiLing pyridine yields 55% Xa. The analogous reaction with 
2-(4-nitrophenyl)isatogen (IXb) gives 93% Xb. The cinnoLine structure of Xa and Xb is 
derived from spectroscopic data [162]. 
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C6H5C"CCu (Table 1, No. 90). Preparation. Best method is I a in C2H50H/H20 with 99% 
yield from Cu l prepared by preceding reaction of CuS04 . 5 H20 + [NH30H]Cl [207], quantita­
tive from Cul [123], 85% from CuCl [184]. The analytical use of this reaction is treated 
on p. 5. 
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For .. mixed acetylides .. with CU2C2, CH2=CHC=CCu, or 2-02NCsH4Cu, prepared according 
to Method I a, see Section 1.1.2.2. 

Further feasible preparation methods are I b (in C2HsOH [224) or in a mixture of C2HsOH 
and dimethylformamide, yield 92% [173)) and Id (in hexamethylphosphoric triamide in the 
presence of a little Na2S03 [164)). The H+ ions formed cannot only be bonded by the triamide 
but also by K2C03 and pyridine. This is a very simple preparation method, but the product 
is contaminated by inorganic salts (yield 30%). Nevertheless, this mixture can be advanta­
geously used for certain further reactions [279). The reaction of CsHsC=CH and Cul in 
HN(C2Hs)2 in the presence of Pd[P(CsHsbbCl2 yields a slurry of CsHsC=CCu, wh ich is without 
isolation further reacted [284). In the course of the oxidative coupling reaction of CsHsC=CH 
to CsHS(C=C)2CSHS with 02/i-propanol/tetramethylenediamine/CuCl some CsHsC=CCu is pre­
cipitated [105). Method le [210,234) and Method If [131) afford a 97 or 80 to 90% yield 
of CsHsC=CCu. 

Method 11 has not been used to prepare CsHsC=CCu, but the similar reaction of the 
boron complex NH4 [B(C=CCsHs)4) and ammoniacal Cul solution (H20/C2HsOH) yields within 
a few minutes 98% of the acetylide [85). 

Method IV: CsHsC=CBr in C2HsOH and an ammoniacal solution of Cu l salt react to form 
CsHsC=CCu in good yield [18) . 

Method V using CsHSC=CC02Cul goes weil at 35°C in dimethylformamide [249) and as 
an in situ preparation [229). (CsHSC=CC02)2CU" is converted to CsHsC=CCu by water vapor 
at 100°C [21). 

Method VI : CsHsC=CCu . NH3 decomposes to CsHsC=CCu in a N2 stream at room tempera­
ture [84) . An analogous decomposition occurs when CsHsC=CCu . P(C2Hsb stands for 1 to 
2 d in air [102,103) . 2CsHsC=CCu' HgBr2 and KI react in H20/C2HsOH to form CsHsC=CCu 
[158). (4-CH3CsH4NCbCuC=CCsHs (see Section 1.1.4.3) decomposes to CsHsC=CCu on pro­
longed washing with ether. The same product is obtained by treatment of this complex 
with pyridine/water (evolution of CO) or with di-p-tolylformamidine [68) . 

Method VII: CsHsC=CCu is isolated from the yellow decomposition product of CsHs-
C=CHCuCl [29) . In contrast to other complexes of its type the paramagnetic complex XI 
is not very stable and a transformation occurs to CsHsC=CCu [273). 

XI 

Method VIII: [(CsHsC=CbCuobBa3 reacts with even traces of 02 to form CsHsC=CCu and 
[(CsHsC=CbCul)Ba [108). Also [(CsHsC=ChCu)Na· 2NH3 and Cul in liquid ammonia react 
to form CsHsC=CCu' NH3; and [(CsHSC=C)2CUlhlCU"(NH3)4)' xNH3 in liquid ammonia yields 
on evaporation CsHsC=CCu and CsHS(C=C)2CSHS ' [(CSHSC=C)2CUj[N(P(CsHsb)2) reacts with 
(CSHS)3P . AuCl in CH2Cl2 to form CsHsC=CCu, [(CsHSC=C)2Auj[N(P(CsHsb)2), and CsHsC=CCu . 
P(CsHsb . With [CsHsC=CAuClj[N(P(CsHsb)2) only CsHsC=CCu and [(CSHSC=C)2Au)­
[N(P(CsHsb)2) are formed. The reaction of [(CSHSC=C)2CUj[N(P(CsHsb)2) and CsHsC=CAu 
gives CsHsC=CCu and [(CsHsC=ChAuj[N(P(CsHs)3)2) [336). The compounds [(CsHSC=C)3CU)Li2 
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and (CHa)2NX (X = (CSHS)2PO or CHaSOa) give at - 20 °C CsHsC=CN(CHa)2 and CsHsC=CCu 
[316]. The compLex [(CsHsC=ChCulb[CU"(H2N(CH2)2NH2)2]· 2NH3 yieLds with water CsHsC= 
CCu, on proLonged evacuation in high vacuum a mixture of CsHsC=CCu and CsHS(C=C)2CSHS. 
Water aLso hydroLyzes [(CsHSC=C)2Culb[CU"(H2N(CH2)2NH2)2]· 12NH3 to CsHsC=CCu [84]. 
Further methods: The hydrolysis of n-C4Hg(CsHsC=C)CuLi (see" Organocopper Compounds" 
2, 1983, pp. 178 and 185) with water yieLds (with gas evoLution) up to 90% CsHsC=CCu. 
The corresponding magnesium compounds C2Hs(CsHsC=C)CuMgBr and n-C3H7(CsHsC=C)­
CuMgBr react with water in tetrahydrofuran to form CsHsC=CCu pLus a gaseous and a 
Liquid byproduct, whereas with CHa(CsHsC=C)CuMgCL and with CsHs(CsHsC=C)CuMgBr no 
CsHsC=CCu was isoLated [180]. 

CsHsC=CCu can aLso be produced from copper metaL by eLectrochemicaL corrosion in 
the presence of CsHsC=CH. In dry acetone or acetonitriLe containing ca. 0.05% [N(C2Hs)4]CL04 

and 4% CsHsC=CH using a pLatinum cathode (20 V and up to 20 mA for 1 h) CsHsC=CCu 
can be coLLected as a powdery yeLLow solid and is pure after washing with acetone and 
petroLeum ether. Based on the Loss of Cu from the anode the chemicaL yieLd is quantitative 
and per Faraday 1.06 moL of dissoLved Cu was determined [345]. 

Smooth, weLL-adhering films of CsHsC=CCu can be obtained on Cu surfaces using the 
eLectrochemicaL corrosion method. This is of interest for photocurrent spectroscopic investi­
gations. There are different ways to grow adherent fiLms. The copper potentiaL in a H201 
CH30H (1: 1) soLution of 0.1 M KF, 0.44 M CH2=CHCH2NH2, and 9 x 10-3 M CsHsC=CH can 
be cycLed between -0.9 and +0.1 V (versus saturated caLomeL eLectrode). The thickness 
of the goLden films of CsHsC=CCu can be varied by removing the eLectrode from the growth 
medium after a different number of cycLes in each case. Open circuit corrosion of a Cu 
eLectrode using the same, but air-saturated soLution, aLso gives weLL-adhering fiLms. In 
this case, some controL of the fiLm thickness can be achieved by varying the immersion 
time. With both methods, the film thicknesses were typicaLLy in the range of 0.1 to 1.0 J.Lm 
[343,344]. 

A Linear relationship between the net anodic charge consumed and the yieLd of CsHsC= 
CCu (couLombic yieLd of 50 to 65%) was observed [343]. NHa instead of CH2=CHCH2NH2 
Leads to a rapid corrosion of Cu and to powdery, poorLy adhering CsHsC=CCu [343,344]. 
Addition of KOH to the soLution makes oxide formation predominant [343]. 

Thermochemical Oata 01 Formation. From caLorimetric measurements the functions H~-Hg, 
S~, and G~-Hg were caLcuLated for the range 0 to 330 K. The standard thermodynamic 
parameters of CsHsC=CCu are ~H~29B = 296 ± 2.1 kJ/moL, ~G~298 = 365 ± 2.3 kJ/moL, ~S~29B = 
-231 ±0.7 J. moL-1. K-\ defined for the reaction 

Cu(cryst)+8C(graphite)+2.5H2(gas) --> CsHsC=CCu(cryst) [281]. 

The molar heat capacity at constant pressure Cp of crystaLLine CsHsC=CCu increases 
smoothLy from 11 to 330 K, measured with an adiabatic vacuum caLorimeter. A tabLe of 
the vaLues between 5 K (extrapoLated) and 330 K is given. At 298.15 K and 1 atm C~= 
154.0 J. moL-1. K-1 [281]. 

Photoelectric Properties, Conductivity (see aLso pp. 6/8). The dark resistivity at 25°C is 
reported as 2.3 x 1011 Q. cm (in air?) [220,221] and as 10g to 1010 Q. cm in air with an 
increase up to 1.5-foLd in vacuum [107]. 

Of aLL RC=CCu examined (see pp. 6/8), No. 90 was the acetyLide with the highest photo­
sensitivity [141]. The dependence on donor and acceptor properties of substituents intro­
duced into the phenyL ring is treated by [221, 248]. The photosensitivity of No. 90 is gene rally 
Lower than that of compounds with 2C=CCu groups in the monomeric moLecuLe, e.g., of 
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4-CuC=CCsH4C=CCu [141]. CsHsC=CCu is claimed to be an intrinsic semiconductor with a 
positive dominant photocarrier [107, 155,256]. On the other hand, the photocurrent response 
and the decay in the dark are found to be very slow (photocarriers deeply trapped in 
the polymer) [191]. 

After irradiation in 02 or in air with 500 nm light CsHsC=CCu shows after 2 min a resistivity 
stationary at 107 to 108 Q. cm. In 02 the resistivity is lower and it increases more slowly 
than in vacuum [221]. 

Contradictory results for photoconductivity spectra are obtained when measured in dry 
air or in vacuum [107, 202, 220, 221, 256, 278, 319]. Okamoto et al. [220,221] give quite 
different curves (Amax in dry air 432 and 525 nm, in vacuum 520 nm). Myl'nikov et al. [107] 
have found in air and in vacuum identical values (430 and 500 nm). Experimental conditions 
are not adequately specified for many reported maxima mentioned: 500 nm [231, 246, 283], 
430 and 500 nm [107, 256, 278], and 450, 495, and 510 nm [202]; the presumption is that 
these were determined in air. 

The high frequency photoconductivity was measured at 9.6 GHz (klystron) under visible/ 
UV illumination (W-lamp; modulated at 150 Hz). In contrast to most organic dye stuffs the 
photoconductivity decreases continuously with a deactivation energy of 0.06 eV when the 
temperature rises from -90 to +20°C [119]. 

In vacuum and in air the maxima of the photo-emf excitation are at 385 and 460 nm 
[107], 390 and 455 nm [155]. The photo-emf itself is in vacuum 3 to 5 times higher than 
in air. The explanation of this fact refers to the pumping off of traces of water [107], but 
this is doubtful, for dry 02 also reversibly depresses the photovoltage [155]. Water vapor 
is reported to increase the photo-emf of CsHsC=CCu (oxygen excluded?) [120]. Photovoltaic 
excitation spectra are also given for samples with preirradiation, e.g., constant irradiation 
with 365 nm light. The results are inconsistent [107, 125, 155]. The Dember effect was esti­
mated with light chopped at 300 Hz [174]. 

The photodielectric effect in CsHsC=CCu was studied at 10 GHz using hermetically sealed 
water-free samples. In contrast to most other semiconductors no illumination-induced 
change in the permittivity was found [321]. The photoelectric work function is reported as 
q>=4.9 eV [140,155], 5.24 eV [248,257]. The direct transition energy of CsHsC=CCu is 
2.5±0.03 eV [231]. The forbidden band width was determined from the photoconductivity 
spectra as Eg = 2.38 ± 0.02 [187, 203, 221, 231, 246, 283] and 2.39 [257], and from the absorption 
spectra as Eg = 2.4 ± 0.05 [231, 248] and 2.45 eV [246, 278, 283]. The electronic spectrum 
of CU-2P3/2 in CsHsC=CCu excited by MgKa radiation yields a binding energy Eb=934.2, 
an electronic line half-width of ~E1/2=2.3, and a chemical shift ~Eb =2.0 eV, i.e., the binding 
energy is higher in the molecule than in Cu metal. The chemical shift is defined as the 
difference of the binding energies of the electrons between the molecule and the Fermi 
levels of Cu metal or of C in "hydrocarbons", respectively. The values for C-1 s (no fine 
structure) are Eb=286.1, ~E1/2= 3.0, and ~Eb= 1.1 eV vs. the hydrocarbon. The width of 
the Cu-2 P3/2 lines confirms the existence in the crystal of copper atoms with different effec­
tive charges [227]. 

The inner photoeffect of CsHsC=CCu can be spectrally sensitized up to the near-infrared 
by absorption of cyanines [117, 154, 174, 283] or of dyes of the triphenylmethane [116, 
126, 154, 283] or porphine [116, 117, 155] types. The photoconductivity and the photo-emf 
can be either decreased or increased [116, 117]. The resulting photo-emf often resemble 
the dye spectra [117, 154]. The effects of quinone, chloranile, Hg vapor [155], nitrocellulose 
[221], polyvinylcarbazole [130, 141, 319], RNA, DNA, alanine, adenine, thiamine [143,174], 
and quinine [154] on the photoconductivity (and its relaxation time) and on the photovoltage 
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have also been studied and discussed. No charge-transfer effects between CsHsC=CCu 
and polyvinylcarbazole have been detected [319]. 

Photocurrent spectra of CsHsC=CCu films on Cu in aqueous 0.1 M solutions of either 
Na2B40 7 or LiOH in the absence of 02 were also measured. The monochromatic photocurrent 
conversion efficiency at 460 nm exceeds 10-2. The cathodic photocurrents are increased 
by the presence of 02' Possible mechanisms for energy and charge transfer in the CsHsC= 
CCu films are discussed [344]. 

CsHsC=CCu is useful in preparation of electrophotographic layers which charge weil 
both positively and negatively [130, 141]. The insolubility of CsHsC=CCu permits preparation 
of high quality films with pOlyvinylbutyral and polyvinylcarbazole (sensitivity up to 600 nm) 
[130, 322, 323]. The light sensitivity of 1: 1 mixtures has been measured [323]. Printing carri­
ers have been prepared with 5% CsHsC=CCu in poly-N-vinylcarbazole [322]. Embedding 
of CsHsC=CCu in polyethylene and in methyl methacrylate is treated by [141]. The inherent 
sensitivity of the copper phenylacetylide layers is to be sure only 1/5 of that of the selenium 
layers, but the acetylide layers work at higher temperatures. At the photosensitivity maxima 
the two layers are comparable [130]. 

Oplical and Speclroscopic Propertles. IR bands in KBr of more than 20% absorbance 
are: 266s, 366s (C-H), 515s (C-C=C), 525s, 685s (both C-C), 745vs, 915m, 1026m, 1070m 
(all C-H), 1440s, 1481 s, 1594m (all C-C), 1930 (C=C), all in cm- 1 [216]. A very similar 
spectrum in KBr, reported later, does not show the band at 1440 cm- 1 [236]. In KBr [102, 
103, 203] the C=C vibration was found at 1933 cm- 1, in Nujol at 1930 [171] and 1933 cm- 1 

[221]. Several further authors [158, 221,246,256,278] found also 1933 cm- 1 for C=C, others 
gave 1926 [243] and 1953 cm- 1 [191] (no experimental conditions given). Certain solvents 
cause a breakdown of the polymeric structure of CsHsC=CCu, therefore the wavenumber 
is enhanced: from 1923 in KBr to 2075 in P(OC2Hsls and 2083 cm- 1 in hexamethylphosphoric 
triamide [164]. The C-Cu vibration (in the solid state?) is found to belong to the absorption 
at 450 [243] or 422 cm- 1 [242]. Broad asymmetric bands (140,153, and 187 cm- 1 in polyethyl­
ene) were classified as Cu-Cu vibrations [228]. Spectra measured in C2HsOH contain bands 
which belong to CsHS(C=C)2CSHS [125]. The shift of approximately 180 cm- 1 of the C=C fre­
quency compared with that of CsHsC=CH is related to the polymeric structure [242]. 

The Raman spectrum (He-Ne laser) of solid CsHsC=CCu shows bands at 200m, 308m, 
422vs, 515m (C-C=C), 529vs (C-C), 749m (C-H), 999m (ring breathing), 1172w and 1192m 
(both C-H), 1594m (C-C), 1926s (C=C), 3060vw (C-H), all in cm- 1 [216]. Very similar spectra 
are given in [236,274]. The bands at 308 and at 750 to 780 cm- 1 are believed to result 
from 7t-Cu-C=C vibrations [236]. Electrochemically grown layers of CsHsC=CCu on metallic 
Cu give the following Raman reflections (Ar or Kr laser): 148 (7t-Cu-C=C vibration), 201 
(C=C-Cu), 310 (C=C-C), 423 (Cu-C), 530 (ring-C-C), 747 (C-H), 782 (ring-C-C-C), 1928 
(C=C), all in cm- 1 [343]. 

Visible/UV spectra: The absorption maxima in mineral oil are at 400 and 477 nm [274]. 
Maxima at 395 [231], 455 [125,231], 465 [246, 278, 283], and 500 nm [203] were also found. 
The diffuse reflectance spectrum of pure CsHsC=CCu is reported to have a broad maximum 
between 420 and 470 nm [256]. Spectra in MgO were recorded with acetylide concentrations 
of 5 x 10-4 (maxima at 390 and 455 nm) [125,231] and 1 % (maximum at 465 nm) [256]. 
CsHsC=CCu photoluminesces on UV excitation. The positions of the sharp maxima do not 
depend on the wavelength of the exciting light between 313 and 416 nm. The luminescence 
spectra in air and in vacuum show differences. At 77 K the maxima in air are at 568 and 
630 nm, in vacuum at 610 and 680 nm [231]. At 296 K 516 and 583 nm have been found 
in air [125, 231]. 
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CeHsC=CCu is characterized by X-ray photoeLectron spectroscopy (XPES) and by Auger 
spectroscopy. The core LeveL photoeLectron spectra (CU2P3/2=932.5 eV), the Cu(L3VV) Auger 
Line (a kinetic energy of 915.9 eV corresponds to that Line) and the Auger parameters are 
discussed in terms of both the different coordination and the poLarizabiLity of the Li­
gands [346] . 

CryslaUographic Propertles. With CuKu radiation the reflections of highest intensity are 
at 15.0, 9.8, and 5.1 A. The chain diameter is approximateLy 18 A [274] . An X-ray anaLysis 
was carried out using a coarseLy crystaLLine specimen [101] . Most of the crystaLs exhibit 
twinning on the (100) pLane. The structure is monocLinic, with a=30.89, b=3.89, c=20.36 A, 
ß=109.8°, Z=16, space group C2/C-C~h (No. 15). Reflections with k+L odd are diffuse 
with streaking in the direction of c·. The copper atoms are arranged in infinite zig-zag 
chains paralleL to the b axis, and these are reLated in pairs by the twofoLd axes. Cu''· Cu 
distances aLong the chains are 2.42 and 2.47 A, and between the chains 3.06 and 3.20 A. 
The bonding between the copper atoms and the ethynyL groups is shown in Fig. 5. CeHsC=CCu 
consists of a rectanguLar tube of copper atoms with the CeHsC=C groups on the outside. 
Each CeHsC=C seems to be cr-bonded to one cop per atom, symmetricaLLy 7t-bonded to 
another, and asymmetricaLLy 7t-bonded to a th ird copper atom. Each ethynyL group Lies 
roughLy in the pLane of the copper atom chain, and is .. side-on " bonded to one of the 
copper atoms, with the bond to the phenyL group distorted away from this atom. The terminaL 
carbon atom of the phenyLethynyL group forms a bridge bond with two adjacent copper 
atoms, so that each ethynyL group is bonded to three copper atoms. NegLecting the very 
short Cu-Cu distances, the coordination around each copper atom is roughLy trigonaL 
[114,151]. 

The two different types of C=C bonds were not confirmed by IR and Laser Raman 
data [216] . 

Chemical Behavlor. After carefuL washing and drying, CeHsC=CCu can be stored in tightLy 
stoppered bottLes for a Long time [222] . Stored under N2 at room temperature in a brown 
bottLe it is stabLe for years [207] . CeHsC=CCu is stabLe to air up to 200°C [191, 286] but 
ignites on further heating [6]. The melting point (with decomposition) is 229°C [191,221] . 
CeHsC=CCu is more stabLe than n-C4HgC=CCu [261]. An exothermic peak was found at 
171°C [221] . One endothermic effect at 205°C indicates decomposition in the solid state. 
Above 220°C a considerabLe Liberation of heat has been observed. The decomposition yieLds 
a copper mirror and mainLy CeHs(C=C)2CeHs pLus a poLymer (CSHs)n [261]. UV irradiation 

Fig. 5. Structure of poLymeric CeHsC=CCu (No. 90) with seLected bond Lengths (in A). 
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of C6HSC=CCu powder [155] or solutions in C2HsOH [125] is reported to form C6Hs(C=C)2C6HS' 
but in both cases no specifications about oxygen exclusion are given. 

C6HsC=CCu is insoluble in water and benzene [274]. The sOlubility in pyridine at 25°C 
is 7.5 X 10-3 M [165]. CsHsC=CCu can be extracted by HN(C2Hs)2 [114] or (CH3bCNH2 [102] 
and is also slightly soluble in (CH3)2CHOH [105]. It is soluble in P(OCH3)3 [234]. P(OC2Hs)3 
[131, 144, 164], (CH3hN(CH2)2N(CH3)2 [280]. and in liquid ammonia as C6HsC=CCu' NH3 (see 
Section 1.1.2.4) [101]. It is readily soluble in P(N(CH3)2b [164], a few percent can be dissolved 
in N-vinylcarbazole (for thermal pOlymerization to electrophotographic layers, see 
p. 50) [130]. Known reaction media for C6HsC=CCu also include CH3CN [165]. dimethylform­
amide [165]. and N-methylpyrrolidone [87,137]. CsHsN02 and 1-methylnaphthalene are used 
as diluents [137]. 

The foltowing Reaction Types 1 to 13 are explained on pp. 12/4. 

Reaction Type 1 is carried out with diluted HCl or H2S04 [6] and with gaseous HCl in 
absolute ether [21]. Concentrated HCl or HN03 (no exact concentrations given) cause defla­
gration [6]. The reaction with o-bromothiophenol to give thianthrene and CsHsC=CH can 
also be understood as solvolysis by HBr [123]. CsHsC=CCu and R10H (R1 = aryl) give in 
pyridine a dark violet solution of supposedly R10Cu and C6HsC=CH [337]. 

The reaction CsHsC=CCu + FeH + H+ --+ C6HsC=CH +Cu2+ + Fe2+ is used for quantitative 
determination of C6HsC=CCu. No oxidation according to Reaction Type 2 was observed [39]. 
A quantitative reaction with isopropylbenzene to form CsHsC=CH is described (no further 
information) [89]. 

Reaction Type 2a: According to photo-emf measurements (see p.49). dry C6HsC=CCu 
is not oxidized by 02 at room temperature [120]. Under alt other conditions it reacts readily 
to give C6Hs(C=C)2C6HS' Even prolonged washing in air forms considerable amounts of 
the butadiyne [128]. In some cases it is not clear whether insufficient oxygen exclusion 
or areagent (polyhalogenophenols, iodoketones) causes the formation of C6Hs(C=C)2CSHS 
[123, 165]. Regarding the effects of UV irradiation in air see [155]. The preparation of C6Hs(C= 
C)2C6HS by oxidation with air is accomplished by shaking C6HsC=CCu with aqueous [5,51] 
or ethanolic [6] ammonia at room temperature. Heating in water in the presence of air 
gives a mixture of C6Hs(C=ChC6HS with its CuCl complex [44]. The diphenyl butadiyne is 
preferably prepared from a mixture of C6HsC=CH, CuCl, tetramethylethylenediamine, and 
isopropanol by oxidation at 28°C with air. Some C6HsC=CCu is deposited and dissolves 
in the course of the reaction. The rate of this exothermic and almost quantitative reaction 
has been determined [105]. 

Reaction Type 2b: Aqueous CuCl2 gives C6Hs(C=ChC6HS at room temperature [62] and 
at 100°C (yield 88%) [37]. CuCl2 ' 2H20 in tetrahydrofuran, acetone, or dioxane (yield 45%) 
gives the same product. A mechanism is proposed [194]. Analogous reactions are described 
with cupric acetate in hexamethylphosphoric tri amide [165] or in hot pyridine [99] and with 
Cu(OC4Hg-th at room temperature [210]. The reaction of [Cu(NH3)4][SCNh with C6HsC=CNa 
in liquid ammonia yields C6HsC=CCu and C6Hs(C=C)2CSHS' the latter obviously from Cu2+ 
oxidation of apart of the C6HsC=CCu formed [72]. Analogous reactions with other counter 
ions and intramolecular oxidation reactions of [(C6HsC=C)2CUlh[CU"(NH3)4]' xNH3 and of 
[(CSHSC=C)2CUIh[Cu"(H2N(CH2)2NH2h]' 2NH3 to give CsHsC=CCu and CsHS(C=C)2C6HS have 
also been published [84]. 

Reaction Type 2c: C6Hs(C=C)2C6HS can be obtained in good yields with aqueous 
K3[Fe(CN)6]/KOH at room temperature [10]. This reaction also proceeds without KOH; the 
copper acetylide should be wet with C2HsOH [21]. 
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Reaction Type 2d is performed with SiCl4, (CSH5)2SiCl2' or SnCl4 in tetrahydrofuran (a 
mechanism is proposed) [208] and with SOCl2 [204]. Mixing with TlCl3 ' 4H20 causes ignition. 
On the other hand, with TlCl3 ' 4H20 in C2H50H or tetrahydrofuran up to 75% CSH5(C=C)2CSH5 
is formed via a white, insoluble substance of unknown structure [158]. KMn04 [21] and 
FeH [39] are not suitable. 

For reactions with halogens X2 or interhalogen compounds via CSH5C=CX to form CSH5(C= 
ChCSH5 see Reaction Types 3 and 4. CSH5C=CCu reacts with acetyl bromide or (CH3)2POCl 
in pyridine to give CSH5(C=C)2CSH5' A mechanism is proposed [208]. CSH5C=CCu and p­
(NC)2C=CsH4=C(CNh yield in refluxing CH3CN the radical anion [P-(NC)2C=CsH4=C(CNh]­
and CSH5(C=C)2CSH5' the latter obviously formed from 2CsH5C=C radicals [170]. N-bromosuc­
cinimide [165], BrCN [254], and BrC=CH oxidize it to CSH5(C=C)2CSH5' lodine vapor or a 
solution of iodine in CH2Cl2 or n-hexane converts solid CSH5C=CCu into a mixture of the 
butadiyne and Cul [285]. Earlier an incorrect explanation and product analysis of this reaction 
was given [286]. Quinone and chloranil vapors have so me unexpected effects on the photo­
emf and photoconductivity of dry CSH5C=CCu; the visiblelUV spectra show the formation 
of CSH5(C=C)2CSH5 [120]. The reaction with C2H50H is claimed to yield CSH5(C=C)2CSH5' 
but this result is possibly due to incomplete air exclusion [125]. 

Reaction Type 3: 12 in ether yields CSH5C=CI [110]. Bromination of CSH5C=CCu (25% 
excess) in ether at 2 to 5°C forms CSH5C=CBr, CSH5(C=C)2CSH5' and CuBr [118]. With no 
excess of the copper compound CuBr2 is formed [285]. The butadiyne should resutt from 
the reaction of CSH5C=CBr with excessive CSH5C=CCu. 

No formation of CSH5CX=CX2 (X= Br or I) according to Reaction Type 4 has been observed. 

Reaction Type 5 [21, 51, 123]: The adduct CSH5C=CCu . CH3C02CU (see Section 1.1.2.5) 
is supposed to be an intermediate, for it gives CSH5C=CCH=CHCsH5 under the same condi­
tions [21, 51]. 

Reaction Type 6: The insertion of CO2 at 80 0 C in tetrahydrofuran/pyridine gives lower 
yields than with certain P-complexes of CSH5C=CCu (see Section 1.1.2.4) [234]. An analogous 
reaction of CSH5C=CCu and CS2 to give CSH5C=CCS2Cu is not feasible [320]. 

Reaction Type 7: For heat-resistant polymers from CSH5C=CCu and diiododiphenyldicar­
bonic acid dichlorides [333] see Section 1.1.2.1.4.2. 

Reaction Type 10: The reaction of CSH5C=CCu with 1-amino-benzimidazolium iodide 
is treated in Section 1.1.2.1.7 on p. 136 because of the Mannich cation type structure of 
the reacting heterocyclic satt [354]. 

Reaction Type 13: CSH5C=CCu catalyzes air oxidation of Fe2+, of hydroquinone, and 
of the leuco forms of dyes. The mechanism of the catalytic action of CSH5C=CCu is probably 
associated with its strongly developed surface states (cf. [120]) [124]. CSH5C=CCu catalyzes 
the cyclization of alkynylpyrazol carbonic acids containing the structural unit H02CC=CC=C 
to give pyranopyrazoles. A benzo[c]furan derivative has been obtained from 2-ethynyl ben­
zoic acid [318]. The cyclization of 2-ICsH4(CH2)nOH to give XII (n =2 or 3), formally a hydroly­
sis of the acetylide by HI, is strongly catalyzed only by high molecular weight aggregates 
of CSH5C=CCu. This effect is related to bridging the excessively long distance between 
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land OH in 2- IC6H4(CH2)nOH on the surface of the polymeric structure . Consequently, mono­
meric Cu l or low molecular weight aggregates of C6HsC" CCu in solution are not capable 
of rapid catalysis [165]. 

Equimolar C6HsC"CCu proved to be highly effective in preparation of XIII from XIV and 
n-C4HgLi by suppressing reduction to XV. The suppressing mechanism obviously involves 
the complexation of a Li carbenoid by Cu l to achieve a decrease in the basicity of the 
carbanion [244]. 

XIII 

CsHs 
~ _Br 
l/<Br 

XIV XV 

Other reactions: The reaction of C6HsC" CCu and 2- IC6H4CONH2 in boiling pyridine gives 
74% XVI. Obviously the expected primary product C6HsC"CC6H4CONH2-2 is hydrated to 
C6HsCOCH2C6H4CONH2-2, which undergoes areaction of the Knoevenagel type. The course 
of the reaction with XVII depends on the solvent used. In boiling pyridine the indolone 
XVIII (yield 62%) is formed, whereas in boiling xylene a 34% yield of the quinolone XIX 
has been isolated [162]. The reaction of C6HsC"CCu and 2,4,6-(02N)3C6H3 at room tempera­
ture in pyridine yields first the red complex XX of the Meisenheimer type. After treatment 
with acids 5% 2,4,6-(02N)3C6H2C"CC6Hs and 6% XXI can be isolated . If the red Meisenheimer 
complex is exposed to air and daylight, a red precipitate of unknown structure is observed. 
Treatment with acids y ields the isatogen XXII [196]. The reaction of C6HsC" CCu with C6HsC" 
CAu and [(n - C4Hg)4N]((C6HsC"C)2Au] gives [(n-C4Hg)4N]((C6H5C" C)6Cu2Au3] [349]. 

0 0 0 

©(te,", ©Q-e,", ©()('"' ° o N CHC0 2H ©O('"' 
~ H I o N I CH2CsHs NH2 0 CsHs H 

XVI XVII XVIII XIX 

XXI 

XXII 

XX 

cyclo-C6H"C"CCu (Table 1, No. 98). The degree of association n has been estimated 
osmometrically in CHCl3. It depends on the preparation method . The product obtained by 
Method la could not be measured because of its insolubility; n is believed to be very high. 
Preparation Method 11 produces oligomers (n =4.5 to 8.5) . With Method 11 a n depends on 
the Cu l concentration in the reaction batch (0.02 M Cul gives n = 8.5 and 0.04 M gives n = 5.4). 
In Method 11 b cyclo-C6H"C"CNa is suspended in ether and stirred with a suspension of 
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Cu Cl in ammonia. The separation of the acetyLide is possible after addition of CH30H. 
The high C=C frequency (2176 cm- 1) is said to result from the absence of d,,-p; intermolecu­
lar interaction. Differential thermal analysis shows an endothermic peak below 125°C (trans­
formation to a different solid phase, IR spectrum unchanged). Thermogravimetric analysis 
in air shows CuC03 formation at 200°C. Up to 550°C an appreciable amount of metallic 
copper is formed [288]. 

n-CSH13C=CCu (Table 1, No. 102). Differential thermal analysis shows an endothermic 
peak below 125°C and a transformation to a different solid phase (IR spectrum unchanged). 
At 300°C an appreciable amount of metallic copper is formed. The thermogravimetric analy­
sis in air shows CuC03 formation beginning at 200°C [288]. 

IR (Nujol or KBr): 1922 (C=C) [288]. IR (KBr): 717, 1429, 1460, 1472 (all s), 1930 (m, C= 
C) [236]. Raman (solid): 450 (vs, =C-Cu) [236,242], 945 (vs), 1875 (C=C), 1929 (vs, C=C), 
1955 (C=C), all wave numbers in cm- 1. The relative intensities of the last three bands 
are 0.6:10:1.2 [236]. 

4-CH3CsH4C=CCu (Table 1, No. 116). The resistivity at 25°C is 1.6 X 1011 0. cm [191,220]. 
Dark- and photoconductivities in polyethylene films [221] and in nitrocellulose were also 
measured. The electrical resistivity of mixtures of the acetylide and nitrocellulose has a 
minimum at approximately 20% nitrocellulose [190, 221]. The photocurrent decays very slow­
ly. The effect of oxygen on photoconduction [191, 220] and the dependence of the photocur­
rent on the Light intensity [220,221] were measured in vacuum and in dry air. For the 
formation of a mixed Au-Cu compLex upon reaction with [(CsHsC=ChAu2]- see Section 1.1.2.5 
[348]. In contrast to CsHsC=CCu, No. 116 does not react with [n-C4Hg)4N][(CsHsC=C)2Au] 
[349]. 

CsHsCH(OH)C=CCu (Table 1, No. 119) is soLuble in aqueous NH3 and cannot be precipi­
tated in the usual manner with Ilosvay's reagent by Preparation Method I a. Method I d: 
CsHsCH(OH)C=CH is dissolved in C2HsOH and mixed with a suspension of CuCl in H20. 
The pH value is maintained at 7. After 3 h the conversion is complete [60, 66]. 

n-C4HgC=CCH2C=CCu (Table 1, No. 122). Because of the solubility conditions no quantita­
tive conversion is possible by Method I a. The mixture of acetylide and alkyne obtained by 
stirring n-C4HgC=CCH2C=CH and CuCl in H20/C2HsOH/NH3 is washed successively with H20, 
C2HsOH, and ether and then extracted with ether until no more yellow n-C4HgC=CCH2C=CH 
dissolves [94]. 

CsHs(C=ChCu (Table 1, No. 127). The photoconductivity spectrum [203] has the longwave 
maximum at 500 nm [203, 231, 283]. The band gap is 2.24±0.05 (from absorption spectra) 
[231,283] or 2.22±0.02 eV (from photoconductivity spectra) [203,231,248]. The direct transi­
tion energy is 2.48±0.03 eV and the electron affinity 3.17 or 3.19 eV, respectively [231, 248]. 
The vibrational structure of the photoconductivity spectrum (1"max=450, 480, and 500 nm) 
and of the absorption spectrum (1"max=415 and 455 nm [231] or 465 nm [283]), an electron 
energy scheme, and the photoelectric work function (5.41 eV) have been reported [248]. 
The differential thermal analysis shows one exothermic peak at 240°C [221]. 

(n-C4HghPC=CCu. (Table 1, No. 145). The conductance of photoresistors made from this 
compound was at 50 to 180 V in the range of 10-12 to 10- 13 0- 1 cm-1(?) [166]. The photocon­
ductivity spectrum maxima are at 440 nm [283], 470 nm [166], 390, 440 nm [195]. The photo­
current carriers are positively charged [195]. The gap width from the photoconductivity spec­
trum is 2.78 eV [195, 283]. A kinetic photoconductivity curve is given [166]. 

1-C1QH7C=CCu (Table 1, No. 153). The resistivity at 25°C is 2.1 X 1011 0 . cm. Dark and 
light currents are determined in polyethylene films and in nitrocellulose. The resistivity 
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shows a minimum at ca. 20 wt% nitrocellulose [190,221]. The spectral dependence of the 
photocurrent has been measured in vacuum (Amax =546 nm) and in dry air (Amax =553 nm, 
more intense) [221]. The kinetics of the photoconductivity in air and in vacuum are given 
[220,221]. The photoconductivity spectrum [256] shows a maximum at 507 nm [256,283], 
the band gap is 2.22 eV. From the absorption spectrum a value of 2.30 eV has been obtained 
[248,283). The photovoltaic spectrum has a maximum at 465 nm [256]. 

The photoelectric work function is 5.22, and the electron affinity is 2.92 (absorption) 
or 3.00 eV (photoemission), respectively. An electron energy level scheme is given [248]. 

2-C1OH7C"CCu (Table 1, No. 154). The resistivity at 25°C is 6.0 X 1010 Q. cm [191, 220, 
221]. The photocurrent varies linearly with the light intensity in vacuum or dry air [220]. 
The photoconductivity spectrum [256] shows a maximum at 512 nm [256,283], and the band 
gap is 2.22 eV. The value from the absorption spectrum is 2.30 eV [283]. The photo-emf 
spectrum has a maximum at 470 nm [256]. 

1-C1OH7(C"ChCu (Table 1, No. 167; see XXIII). FoLlowing Preparation Method I a an ethe­
real solution of impure XXIV is shaken with CuCl in aqueous ammonia. This procedure 
is very useful for purification of XXIV. The compound is also prepared from No. 153 and 
BrC"CH at O°C in dimethylformamide [205,221). 

XXIII XXIV 

(C6HShAsC"CCu (Table 1, No. 173). VisiblelUV absorption maxima have been found at 
570 nm in MgO [283], and at 490 nm in MgO/BaS04 (concentrations between 0.1 and 10%) 
[195]; the band gap is 1.88 eV [195, 283]. Broad overlapping maxima of the photoconductivity 
spectrum are reported at 440, 500, and 620 nm. The low photosensitivity tail extends to 
1.2 ~m, which may explain the presence of a quasicontinuous distribution of vacancies 
in the forbidden band. (C6Hs)2AsC"CCu has an appreciably greater growth and decay time 
for photoconductivity than other copper acetylides [195]. The gap width from photoconductiv­
ity measurements is 1.75 eV [195,283]. Photoresistors with a conductivity of 10- 12 to 
10- 13 Q-1 cm-1(?) at 50 to 180 V were made from the acetylide [166]. 

(C6Hs)2PC"CCU (Table 1, No. 174). Two photoconductivity maxima at 375 and 430 nm [195] 
. as weLl as one maximum at 450 nm [283] are reported; the band gap is 2.78±0.02 eV [195), 
but cf. [283]. The visiblelUV maximum has been found at 370 nm [283]; the gap width (from 
UV) is 2.74 eV [195,283]. For these measurements an optimum concentration in MgO and 
BaS04 of 1: 100 was determined [195]. 

4-C6HsC"CC6H4C"CCu (Table 1, No. 183). The joint analysis of the photoconductivity and 
the stretching frequencies of the ethynyl groups has shown that coordination bonds are 
created by the ethynyl group nearest to the copper atom [202]. 

The photoconductivity spectrum [202, 203] shows maxima at 440, 490, and 510 nm [231]; 
the band gap from photoconductivity is 2.26 eV [231, 248, 283]. The photoelectric work func­
tion is 5.24, and the electron affinity is 2.94 eV (from UV absorption) or 2.98 eV (from 
photoconductivity). An electron energy level scheme is given [248]. 
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UV spectrum in MgO: A.max =465 nm [231] or 475 nm, the band gap (from UV) is 
2.3 eV [283]. 

C14HgC=CCu (Table 1, No. 184). The resistivity at 25°C is 5.0 X 10g Q. cm [191, 220, 221]. 
The photoconductivity spectrum [256] shows a maximum at 550 nm [283]; the band gap 
is 2.14 eV [248, 257, 283]. The photo-emf spectrum has a broad plateau between 400 and 
520 nm and the maximum value is at ~510 nm [256]. The photoelectric work function is 
5.03 eV; an eLectron energy LeveL scheme is given [248]. 

(CeHs)2C(CN)CH2C=CCu (Table 1, No. 188) is stabLe in air and insoLubLe in H20 and in 
organic solvents. It is not sensitive to acids and decomposes to a dark matter at 215 to 
230°C without meLting. At 500°C in vacuum eLementaL copper is formed. The differentiaL 
thermaL anaLysis shows exothermic peaks at 200°C (Cu-C cLeavage) and at 240 and 260°C 
(both C-C cLeavage) [238]. 

H(C=C)2CU (TabLe 1, No. 200). H(C=C)2H is bubbled into a soLution of CuCL in 
CH3CON(CH3)2. The eLectricaL conductivity is in the range of insulators but upon doping 
with 12 it is increased by 10 orders of magnitude to a metallic conductor Level. The tempera­
ture dependence of the conductivity is discussed in detail. After doping, the 12 is removed 
under reduced pressure resuLting in a conductivity decrease by 1 to 2 orders of magnitude 
[342]. The doping can aLso be accompLished with different eLectron acceptors and/or donors 
[356, 357]. The actuaL semiconductor can be prepared by seaLing the poLymer in an ampuLe 
and then heating [357]. 

Fourier transform IR spectroscopy gives very weak, diffuse peaks between 1900 and 
2200 cm- 1. 

According to X-ray powder diffraction measurements the bLack acetyLide is nearLy amor­
phous [342]. It is insoLubLe in organic sOlvents, even in strong acids and bases and not 
fusibLe. The acetyLide decomposes expLosiveLy by heat or mechanicaL shock, therefore eLe­
mentaL anaLyses are not possibLe. It is graduaUy degraded in air at room temperature. 
According to IR spectroscopy compounds containing aromatic rings and quinone carbonyL 
are formed [342]. 

t-C4Hg0 2CC=CCu (TabLe 1, No. 208) is prepared, according to Method la, in C2HsOH/H20 
(1 :3) and precipitated with H20. The reaction with XXV in hexamethyLphosphoric triamide, 
dimethyLformamide, or CH3CN at room temperature gives 10% XXVI, but no trace of the 
expected product from the iodine substitution. At O°C with 02 bubbLing, the yield is enhanced 
to 40%; under N2 no acetyLide is consumed. The reaction does not invoLve radicaLs, but 
no meachanism is known. It can also be performed with in situ produced acetyLide. 4-Ace­
toxy-, 4-phenylsulfonyl-, or 4-aLlylazetidin-2-ones do not react with t-C4Hg0 2CC=CCu [350]. 

The IR spectrum in NujoL shows maxima at 1674 (C=O) and 1925 (C=C) cm- 1 [350]. 
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1.1.2.1.2 General Remarks about Reactions 01 RC=CCu with Proton Donors, Oxidants, 
Halogens, and CO2 

In each of these reactions the products vary onLy according to R in RC=CCu. Therefore, 
they are incLuded in detaiL in TabLe 1 (see pp. 17/41) with yieLds and references as Reaction 
Types 1 to 6. On the foLLowing pages, onLy some generaL remarks about these reactions 
are given. However, reactions differing from this simpLe pattern (containing a variety of 
further groups Like R1, R2 etc.) need more information than can be incLuded in TabLe 1 
and they are therefore discussed in Sections 1.1.2.1.3 to 1.1.2.1.10. 

Reactions with Proton Donors 

Reaction Type 1 in TabLe 1 is the formation of RC=CH from RC=CCu. The most common 
reagents are HCL (Type 1 a), HN03 (Type 1 b), and CN- IH20 with formation of [Cu(CNbj2-
(Type 1 cl. Further reagents Like NH3 , Fe3+/H20, H2S04 , C2H2, K3 [Fe(CN)6]/H20, and 
2-BrC6H4SH are summarized under Reaction Type 1 d. 

The sequence RC=CH -> RC=CCu -> RC=CH has especiaLLy been used for purification 
purposes [5, 50]. Sensitive RC=CH are often treated in aqueous two-phase systems 
(ether [42], benzene [26, 39], CCL4 [44]) to avoid side reaction by rapid extraction of RC=CH 
into the organic phase. The contact of the RC=CH product with the aggressive aqueous 
soLution can aLso be shortened by continuousLy distiLLing the RC=CH with water vapor [15]. 
RC=CCu can aLso be converted to RC=CH with HCL in absoLute ether [5]. A very mild method 
is stirring RC=CCu with saturated, sLightLy acidified aqueous NH4CL and ether [26]. C4H30C= 
CCu (C4H30 =fur-2-yL) couLd onLy be transformed to C4H30C=CH by aqueous NaCN; the 
ring may be opened upon addition of aqueous HCL [13]. 

Based upon the dark vioLet coLor generated during the reaction and the reactivity of 
the soLutions of C6HsC=CCu and some phenoLs in pyridine, a partiaL hydrolysis C6HsC=CCu + 
ArOH -> ArOCu+C6HsC=CH has been postuLated [51]. 

Oxidation 

The reaction of RC=CCu with oxygen (Reaction Type 2a in TabLe 1), with Cu" compounds 
(Type 2b), K3 [Fe(CN)6] (Type 2c), or other oxidants (Type 2d) is a usefuL method to prepare 
diynes R (C=C)2R. For the preparation of R1(C=CbR2 see under" Mixed AcetyLides ", Sec­
tion 1.1.2.2. 

Oxidation by air or oxygen (Reaction Type 2a) is frequentLy an undesired acetyLide­
consuming side reaction. To avoid it, a thorough 02 excLusion is necessary. Air dissoLved 
in soLvents Like pyridine must be removed. NevertheLess, almost aLL reaction products of 
RC=CCu seem to be accompanied by at Least traces of R(C=C)2R and with Long-time reactions 
in boiLing soLvents the amounts are said to be high. Sometimes it is doubtfuL whether the 
formation of R(C=C)2R resuLts from inadequate handling of the reaction mixture or whether 
a speciaL reaction type Leads onLy to the diyne [52]. In some cases there has been no 
concLusion as to wh ether R(C=C)2R is formed from 02 or from other oxidants [25, 34, 35, 
40, 46]. Air oxidation aLso causes contamination of RC=CCu by R(C=C)2R etc. on storage 
and drying, but air-stabLe RC=CCu seem to exist too [33, 41]. The air oxidation is enhanced 
by UV irradiation [36]. Reaction Type 2a as a preparative method for R(C=C)2R is usuaLLy 
carried out in aLcohoLic aqueous soLutions or suspensions of RC=CCu and NH3 with aera­
tion [2, 16 to 18, 28]. The oxygen demand is much higher than caLcuLated. ObviousLy NH3 

is oxidized too [18]. 
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The so-called .. Glaser Coupling" is the corresponding in situ reaction. Oxidation of 
RC=CH in the presence of Cul compounds, normally in weakly acidic or neutral solutions, 
gives R(C=CbR. Discovered in 1869 by Glaser, it is a simple and safe method to prepare 
R(C=C)2R. There exist contradictory opinions as to whether the catalytic cycle begins with 
the RC=CCu formation or not. Probably the answer to this question depends on the nature 
of Rand of the reaction conditions. In some cases a certain amount of RC=CCu is precipitated 
and can be fiLtered off [20, 30]. In other cases, RC=CCu could not be detected in the reaction 
batch by polarography [37]. From the reaction rate law, it follows that RC=CCu cannot be 
the only intermediate [32]. Terminal acetylenes like 1-ethynylcyclohexanol are oxidized with 
up to 93% yields by bubbling 02 through an acetone solution in the presence of a Cu l 

complex [49]. 

Oxidation by Cu" compounds (Reaction Type 2b). Not only salts like Cu [02CCHab can 
be used, but also Cu" complexes [19], and organic Cu" compounds like Cu[OC(CHalab [43]. 
In most cases the RC=CCu is formed in situ during the oxidation reaction from RC=CH 
with Cu". This reaction is called .. Eglinton Coupling". In co nt rast to the "Glaser Coupling", 
RC=CCu as an intermediate seems to be doubtless. As found in [28], with R=CR~OH, the 
Cul formed during the reaction is not sufficient for RC=CCu formation, and additional copper 
salt must be fed to the reaction mixture. The reaction velocity depends on the rate of 
the RC=CCu formation and on the basicity of the solution (amines, mostly pyridine). The 
oxidation involves one-electron transfer [31]. An unstable dimeric Cu" acetylide is obviously 
formed from RC=CCu, which decomposes to give R(C=C)2R and completes the catalytic 
cycle by regeneration of Cu +. This is oxidized to Cu" again. The reaction of CuCl with 
02 in pyridine has been shown to form CuCl2(pyridineb and a sol!Jble Cu" compound. For 
the mechanism of the "Eglinton Coupling" see [28, 32]. The precipitation of RC=CCu during 
the reactions has been observed [22], but is not desirable, for it seems to reduce the reaction 
rate [23]. 

The oxidative preparation of R(C=C)2R from RC=CCu with KaFe(CN)s (Reaction Type 2c) 
has been widely used. In part, this reaction is performed in strongly alkali ne (KOH) aqueous 
solution [10,11,21]. 

A great number of further oxidation reactions giving R(C=C)2R is summarized under 
Reaction Type 2d in Table 1. Oxidizing agents like concentrated HNOa are too aggressive 
to give R(C=CbR and cause further oxidation or even explosions [3, 13 to 15]. 

Halogenation 

The halogenation with retention of the C=C bond (Reaction Type 3) can be achieved 
with X2 (X = Br or I) in organic solvents like CH2Cl2 or n-hexane; RC=CX is the product. 
Cl2 is not suitable; it leads to decomposition of the initial alkyne. In the reaction of RC=CCu 
with Br2 the copper can be oxidized to Cu" and CuBr2 is isolated [48]. Detonations and 
inflammations have been observed not only with Cl2, but sometimes also at contacting 
of RC=CCu with Br2 vapors diluted by air admixture and on mixing with elementall2 
[1]. Kla is effective in the preparation of IC=CR in aqueous solutions. It is added until a 
consistent brown color of the solution is maintained with stirring [4, 6]. Interhalogens can 
also be reacted [12, 47]. 4-02NCsH4C=CCu and 12 do not give 4-02NCsH4C=CI, but only 
4-02NCsH4(C=C)2CsH4N02-4 [17]. Halogenation of Reaction Type 3 generally occurs along 
with oxidation and halogen addition (Reaction Types 2d and 4). 

Halogenation followed by halogen addition (Reaction Type 4) gives RCX=CX2. There ex­
ists no detailed investigation about the scope and the limitation of Type 3 and 4 reactions. 
Kla is a useful reagent too [6 to 8]; 12 can be used in warm water [9]. 
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"Straus Reaction" 

RC"CCu gives RCH=CHC"CR in anhydrous boiling CH3C02H with admission of air; after­
wards one moLecuLe CH3C02H may add to the C"C bond (Reaction Type 5). For exampLe, 
CH30 2CC"CCu does not give the expected CHP2CCH=CHC"CC02CH3' but the acetoxy mu­
conate CH302CCH=CHC(02CCH3)=CHC02CH3 [24]. A compLex C6HsC"CCu' CH3C02CU (see 
Section 1.1.2.5) has been isoLated and is supposed to be an intermediate of the "Straus 
Reaction" [17]. This reaction can aLso be carried out with RC"CCu formed in situ from 
RC"CH and CuCL [29]. 

The geometry of the product RCH=CHC"CR has not been studied in detail. There have 
been reported isoLated (E)-compounds [24, 29]; an (E)/(Z)-mixture is presumed [27]. From 
acetylides CuC"CZC"CCu the resuLting cycLic enynes do not permit an (E)-structure. There­
fore onLy (Z)-" Straus products" are observed. If substitution reactions with RC"CCu are 
carried out in CH3C02H as a soLvent, oxygen must be excLuded. Otherwise, the "Straus 
Reaction" product can be formed, cf. the reaction of C6HsC"CCu and 4,6-diiodoresor­
cinoL [34]. 

Insertion of CO2 

RC"CCu and CO2 give RC"CC02Cu (Reaction Type 6). This is the reverse of the Prepara­
tion Method V (see p. 4) [45]. 
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1.1.2.1.3 General Remarks about Reactions 01 RC=CCu with R'X to Form RC=CR' 
and Its Ring Closure Products 

Within the Least twenty years, the reaction RC=CCu +XR' --> RC=CR' +CuX (X= I, Br etc.) 
has become the most important means in organic chemistry to introduce aLkynyL groups 
into various moLecuLes. The number of known exampLes is very Large, and the group R' 
shows a wide variation. Different reaction paths incLuding subsequent reactions of RC=CR' 
were observed. The reaction is therefore described under different" Reaction Types" (7 a 
to 7p with formation of RC=CR' and 8a to 8d with formation of ring cLosure products of 
RC=CR'): 
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Reaction Type 7: RC"CCu + R' X -> RC"CR' + CuX 

a: reactions with R' X where X is bonded 10 an Sp3 carbon, see Sec­
ti on 1.1.2.1.4.1, 

b: reactions with acyl halides, see Section 1.1.2.1.4.2, 

c: reactions with haloalkenes, haloallenes, and allenyl esters, see Section 
1.1.2.1.4.3, 

d: reactions with haloalkynes, see Section 1.1.2.1.4.4, 

e: reactions with C6Hsl, see Section 1.1.2.1.4.5, 

f: reactions with 2-substituted halobenzenes, see Section 1.1.2.1.4.6, 

g: reactions with 3-substituted halobenzenes, see Section 1.1.2.1.4.6, 

h: reactions with 4-substituted halobenzenes, see Section 1.1.2.1.4.6, 

i: reactions with di- and polysubstituted halobenzenes, see Section 
1.1.2.1.4.7, 

j: reactions with compounds containing more than one iodobenzene 
moiety, see Section 1.1.2.1.4.8, 

k: reactions with iodonaphthalenes, see Section 1.1.2.1.4.9, 

l: reactions with other carbocycles R' X, see Section 1.1.2.1.4.10, 

m: reactions with 5-membered heterocycles R' X, see Section 1.1.2.1.4.11, 

n: reactions with 6-membered heterocycles R'X, see Section 1.1.2.1.4.12, 

0: reactions with condensed heterocycles R' X, see Section 1.1.2.1.4.13, 

p: reactions with R'X where X is bonded to S, P, Si, or Sn, see Section 
1.1.2.1.4.14. 

Reaction Type 8: RC"CCu + R' X -> ring closure product of RC"CR' + CuX 

a: ring closure giving furans, see Section 1.1.2.1.5.1, 

b: ring closure giving pyrroles or thiophenes, see Section 1.1.2.1.5.2, 

c: ring closure giving other heterocycles, see Section 1.1.2.1.5.3, 

d: ring closure giving carbocycles, see Section 1.1.2.1.5.4. 

The molecules R'X, into wh ich the alkynyl group is introduced, must have a suitable 
leaving group X. In most cases X is iodine. Bromine is less reactive or unreactive [8]; 
only bromoalkynes (R'X is R'C"CBr) are used on a broader scale. Chlorine is not a useful 
leaving group in this reaction, except at highly activated sites like in 2,4,6-(02N)3C3H2Cl 
and in R'COCI. Further leaving groups are benzothiazol-2-yloxy and CN. For polyhalo com­
pounds, one or more halogen atoms can be substituted by RC"C and often side reactions 
are observed. 

The leaving group X can be bonded to an Sp3_, Sp2_, or sp-hybridized carbon or to 
another atom like Si, P, S, Sn, Pt, Hg, Ru, Rh, Re, or Ir. With sp3-hybridized carbon the 
reaction is restricted 10 certain structures like the allyl-, benzyl-, or phenacyl-type. CH31, 
for instance, can only be reacted with RC"CCu in the presence of a special catalytic system. 

References on p. 75 Gmelin Handbook 
Cu-Org. Comp. 3 



1.1.2.1.3 73 

Bromo-ribofuranosides are understood as heterocycles (Reaction Type 7m), not as alkyl 
bromides. 

The most common R'X within these Reaction Types 7 and 8 are halobenzenes and 2-io­
dothiophenes. But the range is very wide and even haloporphines were reacted. 

In most cases the reaction is accomplished by refluxing the mixture of the reactants 
for 5 to 120 h in solvents Iike pyridine or dimethylformamide. Far milder conditions than 
usual are sufficient if the reaction is catalyzed by Pd compounds. This reaction has been 
studied in detail with CsHsC=CCu and CsHsl and is therefore described more in detail in 
Section 1.1.2.1.4.5. It should be noted that there are also a few substrates that permit reaction 
times in the range of minutes without catalysis . Besides pyridine and dimethylformamide, 
many other solvents were used, including even aqueous systems [9] . Auxiliary bases are 
normally not necessary except for Reaction Type 7b and sometimes 7a. If highly insoluble 
products are formed, the RC=CCu is better added in more than one portion to the reaction 
mixture [7] . RC=CCu is not introduced into the reaction as a pure substance in all cases. 
To avoid oxidative side reactions it is often better to use less than the equimolar amount 
of Cul. Often a few mol % of a Cul salt is sufficient for the reaction of RC=CH with R'X. 
The reason for this is that Cu +, set free during the substitution reaction , can react to form 
additional RC=CCu . Finally, RC=CH is totally converted to the acetylide. In other cases 
there is no exact proof for the formation of RC=CCu as an intermediate but it is presumed. 
For instance, RC=CH, activated copper powder, K2C03 , and R' X (X = I or Br) in pyridine 
or dimethylformamide give in a 70 to 80% yield the same RC=CR' as is formed from RC=CCu 
and R'X [4 to 6] . 

Cul-catalyzed Grignard reactions of the type RC=CMgBr+XR' -+ RC=CR' +MgBrX (X= 
halogen) have only been entered into the tables exceptionally, though they were believed 
to be lormally reactions 01 Type 7. It is an open question whether the reaction 01 RC=CMgBr 
and R'X in the presence 01 copper salts involves RC=CCu as an intermediate [1 to 3] . 
In some cases at the end of the coupling processes yellow precipitates 01 RC=CCu have 
been observed [2] . But the Cul-catalyzed Grignard reactions seem to be more complex. 
The anions of the added Cul salts also playa role [2], and the activation 01 the C-halogen 
bond in XR', without RC=CCu formation, has been formulated [1] . 

In many cases, reactions 01 RC=CCu and R'X do not yield RC=CR', but a different product 
is isolated. This can be the consequence of the work-up conditions (e. g., the saponification 
of the tetrahydropyran-2-ylmethyl group to HOCH2). 1,8-(RC=C)2C,oHs (from 1,8-diiodonaph­
thalene and 2 RC=CCu) rearranges to benzo[k]f1uoranthenes, and the relative yield 01 the 
two products is a lunction of the heating time (see Section 1.1.2.1.4.9) . In some cases there 
is definite proof that RC=CR' is formed during the reaction as areal species. 

If R' X contains a suitable structural unit, in most cases -CX=C(ZH)- (Z = NH, NR" , 
0 , S, CO2), ring closure reactions are observed (Reaction Types Ba to Bc) ; see Scheme I. 
Usually A means an anellated ring system and the product is a bi- or polycyclic compound. 

CuC=CR -

For instance, the reaction 01 RC=CCu and 2-iodophenol (X=I , Z=O and A=CH=CH­
CH=CH) gives a 2-substituted benzo[b]furan; see Scheme 11 , p. 74. The probable intermedi­
ate 2-hydroxytolane has never been isolated ; see Section 1.1.2.1.5.1. 
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With Z = NH or NR" , in heterogeneous reaction systems the reaction runs analogously. 
From RC=CCu and 2- iodoanilines indoles are formed . In contrast, with Z = NH or NR" in 
homogeneous reaction systems, a mixture of RC=CR' and the cyclization product (e. g., 
the indole) is formed; see Scheme 111 and Section 1.1 .2.1 .5.2. 

©X
I ©XC= CR o + CuC = CR - 0 and/or 
NHR2 NHR2 

III 

In Section 1.1.2.1.5.3 the formation of add itional heterocyclic ring systems from RC=CCu 
and R' Xis listed as Reaction Type 8c. In almost alL exampLes, A means an aneLLated benzene 
ring. The reaction is more important for Z = CO2 ; phthalides and/or isocoumarines are thus 
produced; see Schemes IV to VI. 

/~x i~CHR "DR 'A + CuC=CR - ! AI + \ AI 
... C02H 

.. ......0 _ '. /0 , C C 
11 11 
0 0 

IV 

CHR 

©XX + CuC=CR ©O + ©()R 
CH20H 

V 

©( t" 
° 

VI 

The synthesis of carbocyclic ring systems from RC=CCu is listed under Reaction Type 
8d in Section 1.1.2.1.5.4. Such rings can be formed intramoLecuLarly, if R contains a Leaving 
group like iodine. An intermoLecuLar head-to- tail-substitution (2 to 4, or 6 moLecuLes RC=CCu 
per formed ring system) gives carbocycLes. The tarry substances, that are normally the 
main products, should resuLt from repeated intermolecular combination. 
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A further source of carbocycLes from RC=CCu are rearrangement reactions. ELectrocycLic 
reactions starting from aromatic systems which are substituted by 2 C=C groups are an 
important exampLe. Reactions via arynes and dimerizations or trimerizations of unstabLe 
carbenes were aLso formuLated (see Section 1.1.2.1.5.4). 
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1.1.2.1.4 Reactions with R'X to Form RC=CR' 

1.1.2.1.4.1 Reactions with R'X where X is Bonded to a Sp3 Carbon 

This reaction is referred to as "Reaction Type 7a" in TabLe 1 on pp. 17/41; X is usuaLLy 
haLogen, sometimes benzothiazoL-2-yLoxy, CH3C02 , or CH3S (0) 0. 

SimpLe primary, secondary, and tertiary aLkyL halides do not react with RC=CCu, but 
there exists one exampLe of a cataLyzed conversion. The reaction of CsHsC=CCu and CH31 
in tetrahydrofuran in the presence of PdCL2 and [N(C4H9)4]1 yieLds 46% CsHsC=CCH3 [18]. 
The same product has been obtained, when the compLex "CsHsC=CCu·3P(C4H9-nh" (see 
Section 1.1.2.4) and CH31 were reacted [14]. 

In contrast to the simpLe aLkyL compounds, halides of the aLLyL, benzyL, and phenacyL 
type react with RC=CCu foLLowing the equation RC=CCu +XR' -+ RC=CR' +CuX; see TabLe 2, 
pp. 76/8. A cataLyst is not necessary. 

In many cases RC=CCu is not added to the reaction mixture as a substance, but is 
formed in the batch from RC=CH and Cul compounds. The precipitation of RC=CCu occurs 
immediateLy. It is Later consumed during the much sLower substitution reaction. As discussed 
in Section 1.1.2.1.3, some moL% Cul , instead of the preformed RC=CCu, is often sufficient 
to perform substitution reactions and sometimes even probLems with side reactions can 
be canceLLed. NevertheLess there are cases, where moLar amounts of Cul are necessary [1]. 
Some reactions using in situ (visibLy) formed RC=CCu and even some "cataLytic" reactions 
(with very Low copper rates) are Listed in TabLe 2. This has been exceptionaLLy done, for 
they have in the case of Reaction Type 7a a high preparative vaLue. 

A detaiLed study and comparison using dry solid RC=CCu, or stoichiometric amounts 
of Cu l, RC=CH, and R'X, or cataLytic amounts of Cu l, 1 moL RC=CH, and 1 moL R'X is given 
in [11] for the compounds No. 8,18,69, and 90 (as in TabLe 1). Sometimes the yieLds depend 
more upon the nature of the auxiLiary base than upon the method used. The foLLow­
ing yieLds are reported, as shown for the reaction of CsHsC=CH (0.1 moL)/CuBr (1 g) with 
CH2=CHCH2Br: tertiary amines 0%, n-C4H9NH2 32%, K2C03 68%. CuCL instead of CuBr is 
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not recommended. HaLogen exchange Leads to the Less reactive aLLyL chLoride. Cupric acetate 
oxidizes CeHsC=CH to CeHs(C=C)2CeHs [11). 

The usuaL soLvents are dimethyLformamide, hexamethyLphosphoric triamide, and tetra­
hydrofuran. N-methyLpyrroLid-2-one, nitrobenzene, and mixtures of C2HsOH and H20 were 
aLso used. Some reactions have been carried out by mixing the components without soLvent. 

The yieLds depend on the method of preparation of RC=CCu. For instance, if CeHsC=CCu 
is prepared in hexamethyLphosphoric triamide, the yieLd of the reaction with aLLyL bromide 
is 16%. When prepared in toLuene, CeHsC=CCu does not react [11). 

If the Leaving group X is benzothiazoL-2-yLoxy, the enhanced reactivity of CeHsC=CCu 
and the high stereospecifity can be ascribed to the coordination of the organometaLLic species 
to the nitrogen atom in the heterocycLe. A suitabLe soLvent is tetrahydrofuran [16). 

The reaction of HOCH2C=CCu or 4-ICeH4C=CCu and CH212 produces poLymeric products, 
whose structures have not been reported [7). 

TabLe 2 
Reaction Type 7 a (expLanation see pp. 12/4): 
RC=CCu +R'X -+ RC=CR' +CuX where X is Bonded to a Sp3 Carbon. 

R in RC=CCu R'X 

HOCH2 CH2=CHCH2Br 

CH2=CHCH2CL 

(E)-CH3CH=CHCH2CL 

CH2=C(CH3)CH2CL 

(E)-CeHsCH=CHCH2Br 

CH3CH(OH) CH2=CHCH2CL 

CH2=C(CH3)CH2CL 

C2HsO CH2=CHCH2Br 

(Z)-CH30CH=CH 
CH2=CHCH2Br 

CeHsCH2Br 

(CH3)2C(OH) CH=CCH2CL 

CH2=CBrCH2Br 

CLCH2CH=CHCH2CL 

CH2=CHCH2Br 

CH2=CHCH2CL 

CH2=C(CH3)CH2CL 

(E)-CeHsCH=CHCH2Br 

remarks (yieLd of RC=CR' in %) 
a) and b): expLanation see p. 78 

(13)a), (42)b) 

(12), (65)b) 

(65)b) and rearrangement product 

(13), (13)a), (65)b) 

(8)a) 

(85)b) 

(67)b) 

no yieLd given 

no yieLd given 

Ref. 

[5,7,11) 

[4,6) 

[6) 

[4,5,6) 

[5) 

[6) 

[6) 

[15) 

[15) 

(32)a) [4,5) 

onLy (CH3)2C(OH)C=CCH2CBr=CH2 (50)a) [5) 

(28)a) monosubstituted and a few di- [5) 
substituted product 

(53)a) 

(53)a), (59)b) 

(50)a), (50)b) 

(38), (45)a) 

[5) 

[4,6) 

[4,5,6) 

[4,5) 

References on p. 78 Gmelin Handbaak 
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Table 2 [continued) 

R in RC=CCu R'X remarks (yield of RC=CR' in %) Ref. 
a) and b): explanation see p. 78 

(CH3laSi (CH3)2C=C=CHBr (33) with 4 moL % [Pd(P(CsHsla)4) at 450 (19) 

(CH3)2C=C=CHC02CH3 (4) with 4 moL % [Pd(P(CsHs)3)4) at 450 (19) 

n-C4Hg n-C4HgC=CCH2Br part of the n-C4HgC=C moiety is intro- (2) 
duced as n-C4HgC=CMgBr 

n-CsH" CH=CCH2Br (88) and n-CsH"C=CCH=C=CH2 (12) (13) 

CH2=CHCH2Br (13 to 96, strongly dependent on the [11,13) 
auxiLiary base and the solvent), (44a), 
(70)b) 

CH2=CHCH2CL (60) (13) 

CH2=CHCH21 (74) (13) 

CH2=CHCH(CH3)OC7H4NS rearrangement to (16) 

(E)-n-CsH"C=CCH2CH=CHCH3 (40) 

CH3CH=CHCH2Br n-CsH"C=CCH2CH=CHCH3 and (13) 

n-CsH"C=CCH(CH3)CH=CH2, 
totaL yieLd 76% 

CH2=C(CH3)CH2Br (80) (13) 

CH2=C(CH3)CH2Cl (63) (13) 

(CH3)2C=CHCH2Br (50) (13) 

(CH3)2C=CHCH2CL (60) (13) 

(C2Hs)2C(OH) CH2=CHCH2CL (30)a) (5) 

CsHs CH2=CHCH2Br (16) in hexamethyLphosphoric triamide, [7,9,10, 
(94) in the same soLvent + 1 moL 17, 18) 
[N(C4Hg)4)1 +0.01 moL 
CsHsPdl[P(CsHs)3h, 
(83) in nitrobenzene at 2400 

CH2=CHCH2CL (12, excess CsHsC=CCu necessary), [3, 6) 
(30)a) 

CH2=CHCH(CH3)OC7H4NS rearrangement to (16) 
(E)-CsHsC=CCH2CH=CHCH3 (70) 

CH2=CHCH(C2Hs)OC7H4NS rearrangement to (16) 
(E) -CsHsC=CCH2CH =CHC2Hs (68) 

CH3CH=CHCH2CL, (E)-CsHsC=CCH2CH=CHCH3 (73) and (12) 
(E)/(Z)-mixture CsHsC=C(CH2)2CH=CH2 (27), no 

(Z)-compound 

CH2=C(CH3)CH2CL (20)b) (6) 

(CH3)2C=CHCH2Br «5) (11) 

Gmelin Handbook References on p. 78 
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Table 2 [continued] 

R in RC"CCu 

C6Hs 
[continued] 

R'X 

C6HsCH2Br 

C6HsCOCH2Br 

Explanations for Table 2: 

1.1.2.1.4.1 

remarks (yield of RC"CR' in %) 
a) and b): explanation see below 

(90) at 2450 in N-methylpyrrolidine 

at 2400 in nitrobenzene only 2,5-di­
phenylfuran (54), at 1400 in glycol 
only C6HsCOCH3 and tars 

Ref. 

[9] 

[8,9] 

[16] 

a) RC"CCu is formed in the reaction mixture without isolation from equimolar amounts RC" 
CH and Cu l . 

b) RC"CCu is formed in the reaction mixture without isolation from RC"CH and less than 
equimolar amounts of Cu l. 

Yields not marked by a) or b) are obtained with pure RC"CCu. 
C7H4NS = benzothiazol-2-yl. 

References: 

[1] P. Kurtz, Bayer A.-G. (Ger. 1007767 [1954/57]; C.A. 1959 14936). 
[2] W. J. Gensler, A. P. Mahadevan (J. Am. Chem. Soc. 77 [1955] 3076/9). 
[3] P. Kurtz, Bayer A.-G. (Brit. 775723 [1955/57]; C.A. 1957 16511). 
[4] J. Colonge, R. Falcotet (Compt. Rend. 242 [1956] 1484/6). 
[5] J. Colonge, R. Falcotet (Bull. Soc. Chim. France 1957 1166/9). 
[6] P. Kurtz (Liebigs Ann. Chem. 658 [1962] 6/20). 
[7] A. M. Sladkov, L. Y. Ukhin, V. V. Korshak (Izv. Akad. Nauk SSSR Sero Khim. 19632213/5; 

Bull. Acad. Sci. USSR Div. Chem. Sci. 1963 2043/5). 
[8] C. E. Castro, E. J. Gaughan, D. C. Owsley (J. Org. Chem. 31 [1966] 4071/8). 
[9] K. Gump, S. W. Moje, C. E. Castro (J. Am. Chem. Soc. 89 [1967] 6770/1). 

[10] J. Ipaktschi, H. A. Staab (Tetrahedron Letters 1967 4403/8). 

[11] M. Bourgain, J. F. Normant (Bull. Soc. Chim. France 1969 2477/81). 
[12] C. E. Castro, R. Havlin, U. K. Honvad, A. Malte, S. Moje (J. Am. Chem. Soc. 91 [1969] 

6464/70). 
[13] J. F. Normant, M. Bourgain, A.-M. Rone (Compt. Rend. C 270 [1970] 354/7). 
[14] T. Tsuda, Y. Chujo, T. Saegusa (J. Chem. Soc. Chem. Commun. 1975963/4). 
[15] G. A. Kraus, K. Frazier (Tetrahedron Letters 1978 3195/8). 
[16] V. Cala, L. Lopez, G. Marchese, G. Pesce (Tetrahedron Letters 1979 3873/4). 
[17] N. A. Bumagin, I. O. Kalinovskii, I. P. Beletskaya (Izv. Akad. Nauk SSSR Sero Khim. 1981 

2836; Bull. Acad. Sci. USSR Div. Chem. Sci. 30 [1981] 2366). 
[18] N. A. Bumagin, I. O. Kalinovskii, A. B. Ponomarev, I. P. Beletskaya (Dokl. Akad. Nauk 

SSSR 265 [1982]1138/43; Dokl. Chem. Proc. Acad. Sci. USSR 262/267 [1982]262/6). 
[19] K. Ruitenberg, H. Kleijn, H. Westmijze, J. Meijer, P. Vermeer (Rec. Trav. Chim. 101 

[1982] 405/9). 
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1.1.2.1.4.2 Reactions with Acyl Halides 

This reaction, a vaLuabLe source in the preparation of ynones, is referred to as "Reaction 
Type 7b" in TabLe 1 on pp. 17/41: 

RC"CCu +XCOR1 -+ RC"CCOR1 +CuX 

X is in most cases CL, sometimes Sr. AryLoxymethyL substituted Cu acetyLides tend to undergo 
rearrangement and substitution at oxygen. From ArOCH2C"CCu and R1COX the foUowing 
products can be expected: ArOCH=C=CHCOR1, Ar02CR1, and (ArOCH2C"C)2 [15, 16]. 
CSH50C"CCu and CsH5COCL give onLy CSH5C02CsH5 [15]. 

The reaction is usuaLLy carried out in soLvent mixtures containing pyridine, dioxane, 
or CL(CH2)2CL and is cataLyzed by tertiary amines Like N(C2H5h. It is often sufficient to run 
the reaction at room temperature. DimethyLformamide is not a suitabLe soLvent except in 
mixtures. In pure pyridine (no addition of a further amine) the reaction of CSH5C"CCu and 
acid chLorides gives onLy a compLex from which the initiaL products can be recovered. 
No reaction takes pLace in anisoLe [2]. 

The yieLds depend on the order of the charging of the reactants too. The addition of 
first 2 moL triethylamine and then of 2 moL pyridine to a suspension or soLution of CSH5C"CCu 
and R1COCL (R1 =aryL) in benzene, dioxane, or CL(CH2)2CL gives better yieLds (up to 55%) 
than a simuLtaneous addition of both amines. Using onLy one amine, CSH5C"CCu does not 
react at a moLar ratio of acid chLoride to amine of 1: 2 or 1: 4 [2). AdvantageousLy, the 
reaction is carried out with more than equimoLar amounts RC"CCu. In this way the R1COX 
is quantitativeLy converted and the excess of insoLubLe RC"CCu can be easiLy fiLtered. Often 
the same reaction is carried out with and without addition of Li, Mg, or simiLar saLts. The 
presence of LiX, MgX2, etc., impLies the formation of heterocuprates (see Section 1.1.2.3) 
and is normaUy laster than the reaction with pure RC"CCu [10]. AcetyL chLoride and CSH5C" 
CCu do not react to lorm methyL phenyLethynyLketone [2, 3). This compound is onLy produced 
after addition of Lil [5]. 

To avoid the "troubLesome preparation" of RC"CCu, a method has been proposed react­
ing RC"CH, R1COCL, Cul, (C2H5)2NH, and [P(CsH5)3hPdCL2. RC"CCu is supposed to be the 
intermediate, but a cataLytic reaction has not been excLuded. Therefore, the exampLes are 
not entered into TabLe 3 [11]. This reaction has aLso been used to prepare macrocycLic 
ketones [13]. 

Whereas the reaction to ynones has a wide scope, an anaLogous reaction with suLfonyL 
halides to give RC"CS02R1 is not feasibLe [2, 3]. 

TabLe 3 
Reaction Type 7b (expLanation see pp. 12/4): 
RC"CCu+R'X -+ RC"CR'+CuX (R'X=acyL halide). 

R in RC"CCu 

(Z)-CH3OCH=CH 

n-C3H7 

Gmelin Handbook 
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R'X remarks (yieLd in %; refers to 
RC"CR', if not otherwise stated) 

CsH5COCL no yieLd given 

CH3COCL (75), protect from Light 

CsH5(CH2)2COCL (81) 

References on pp. 81/2 

Ref. 

[12] 

[4,7] 

[4] 
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Table 3 [continued] 

R in RC",CCu R'X 

CH3COCl 

(CH3)2CHCOCI 

n-C5H"COCL 

4-CLCsH4COCL 

C6H5COCL 

4-CH3CsH4COCL 

CH3COCL 

CH30 2C(CH2bCOCL 

CH30 2CCH(CH3)CH2COCL 

remarks (yield in %; refers to 
RC",CR', if not otherwise stated) 

(30) 

(48) 

(62) 

(61) 

(66) 

(48) 

(10) 

(56) 

(55) 

CH302CCH(CsH5)CHZCOCL (44) 

CH3COBr (40) 

CSH5COCL (58) 

CH30 ZC(CHz)zCOCI (52) 

CHpzC(CHz)3COCL (56) 

CHP2CCH(CH3)CH2COCI (53) 

4-BrC6H4COCL 

3-0zNC6H4COCL 

4-02NCsH4COCL 

CSH5COCL 

CHpzC(CH2)4COCL 

CsH4(COCL)z-1,3 

CICO~COCI 
[ [ 

(58) 

(53) 

(52) 

(42) 

(61) 

yields at a 2: 1 ratio only 1,3-bis­
(phenyLethynyl)benzene (42) 

yields at a 2: 1 ratio only 1,4-
bis(phenyLethynyl)benzene (45) 

(40) 

yieLds in toluene/pyridine only 
CSH5C",CCOCL 

a poLymer containing free CSH5C" 
CCu is reacted, no information 
about the incorporation of the sup­
posedly formed ynone into the 
polymer is given; this reaction is 
claimed to be important to make 
polymers heat resistent 

Ref. 

[9] 

[9] 

[9] 

[9] 

[9] 

[9] 

[5] 

[10] 

[10] 

[10] 

[6] 

[6] 

[10] 

[10] 

[10] 

[2] 

[2] 

[2) 

[1, 2] 

[10] 

[2) 

[2] 

[2] 

[10) 

[2] 

[14) 
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TabLe 3 [continued] 

R in RC"CCu R'X 

2,4,6-Br 3C6H20CH2 
C6HsCOCL 

2,4,6-CL3C6H20CH2 
C6HsCOCL 

2-BrC6H40CH2 C6HsCOCL 

4-BrC6H40CH2 C6HsCOCL 

2,4,6-(CH3)3C6H2 C6HsCOCL 

2,5-(CH3)2C6H30CH2 
C6HsCOCL 

References: 

1.1.2.1.4.2 

remarks (yieLd in %; reters to 
RC"CR', it not otherwise stated) 

yieLds onLy C6HsC02C6Hs 

yieLds onLy 2,4,6-Br 3C6H202CC6Hs 
(88) 

yieLds onLy 2,4,6-CL3C6H202CC6Hs (68) 

yieLds onLy (2-BrC6H40CH2C"C)2 (40) 

yieLds onLy 4-BrC6H4OCH=C=CHCO-
C6Hs (39) 

gives in benzene/N(C2Hsh/pyridine at 
6004-02NC6H40CH=C=CHCOC6Hs 
(52), 4-02NC6H402CC6Hs (20), and 
(4-02NC6H40CH2C"C)2 (28) 

yieLds onLy C6HsOCH=C=CHCOC6Hs 
(30 [15]. 81 [8]) 

yieLds onLy 4-CH3C6H4OCH=C= 
CHCOC6Hs (37) 

reported to give 4-CH3OC6H4OCH=C= 
CHCOC6Hs (30) [8] or (4-CH3O-
C6H40CH2C"C)2 (72) [15] under 
simiLar conditions 

(41) 

yieLds onLy 2,5-(CH3)2C6H30CH=C= 
CHCOC6Hs (89) 

81 

Ret. 

[15] 

[15] 

[15] 

[15] 

[15] 

[16] 

[8, 15] 

[15] 

[8, 15] 

[2J 

[15] 

[1] A. M. SLadkov, I. R. GoL'ding (Zh. Org. Khim. 3 [1967] 1338; J. Org. Chem. [USSR] 3 
[1967]1298). 

[2] A. M. SLadkov, I. R. GoL'ding (Khim. AtsetiLena Tr. 3rd Vses. Kont., Dushanbe 1968 [1972]. 
pp. 45/7; C.A. 79 [1973] No. 5431). 

[3] M. Bourgain, J. F. Normant (BuLt. Soc. Chim. France 1969 2477/81). 
[4] C. E. Castro, R. HavLin, U. K. Honvad, A. MaLte, S. Moje (J. Am. Chem. Soc. 91 [1969] 

6464/70). 
[5] J. F. Normant, M. Bourgain (Tetrahedron Letters 1970 2659/62). 
[6] J. F. Normant, M. Bourgain, A.-M. Rone (Compt. Rend. C 270 [1970] 354/7). 
[7] H. 0. House, L. E. Huber, M. J. Umen (J. Am. Chem. Soc. 94 [1972] 8471/5). 
[8] A. Kh. FiLippova, G. S. Lyashenko, N. S. Vyazankin (Khim. AtsetiLena Tr. 5th Vses. Kont., 

TbiLisi 1975, p. 104; C.A. 88 [1978] No. 190287). 
[9] M. W. Logue, G. L. Moore (J. Org. Chem. 40 [1975]131/2). 

[10] R. Robin (Compt. Rend. C 282 [1976] 281/2). 
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[11] Y. Tohda, K. Sonogashira, N. Hagihara (Synthesis 1977 777/8). 
[12] G. A. Kraus, K. Frazier (Tetrahedron Letters 1978 3195/8). 
[13] Y. Onishi, M. Iyoda, M. Nakagawa (Tetrahedron Letters 22 [1981] 3641/4). 
[14] S. Venkateso, U.S. Dept. of the Air Force (U.S. Appl. 219396 [1981]; C.A. 96 [1982] 

No. 7629). 
[15] A. Kh. Filippova, G. S. Lyashenko, I. D. Kalikhman, V. Yu. Vitkovskii, G. G. Naumova, 

N. S. Vyazankin (Izv. Akad. Nauk SSSR Sero Khim. 1983950/3; BuLl. Acad. Sci. USSR 
Div. Chem. Sci. 1983861/3). 

[16] L. V. Tumasheva, A. Kh. Filippova, G. S. Lyashenko, N. S. Vyazankin (Izv. Akad. Nauk 
SSSR Sero Khim. 19842797/8; BuLL. Acad. Sci. USSR Div. Chem. Sci. 19842563/4). 

1.1.2.1.4.3 Reactions with Haloalkenes, Haloallenes, and Allenylesters 

This reaction is referred to as Reaction Type 7c in TabLe 1 on pp. 17/41. 

In contrast to haLogen at sp3-hybridized carbon, haLogen in haloalkenes is readiLy substi­
tuted by an aLkynyL group from RC"CCu forming the corresponding enynes and a cuprous 
halide. Depending on the reaction conditions, mono- and disubstitution is possibLe with 
1 ,2-diiodoaLkenes. Tetraiodoethene gives a tetrasubstituted product. 

The reactions are normaLLy carried out in pyridine (sometimes in dimethyLformamide) 
at 40 to 130°C, the reaction times are between a few minutes and 24 hours. They can 
be strongLy cataLyzed by C6HsPdl[P(C6Hs)3h (see Section 1.1.2.1.4.5) [12]. AnaLogous reac­
tions using RC"CH, R'X, and cataLytic amounts of both the Pd cataLyst and Cul are aLso 
known [16]. The ease of repLacement of the haLogen foLLows the order I>Br>Cl. FLuorides 
do not react [1]. In the presence of Pd[P(C6Hs)3]4 and n-C4HgNH2, RC"CCu formed in situ 
from RC"CH and 5% Cul reacts with both (E)- and (Z)-CLCH=CHCL at room temperature 
to give RC"CCH=CHCL in more than 99% isomeric purity. The yieLds are almost quantitative 
(R=CH3SCH2, n-CSH11 , pyran-2-yLoxymethyL) except for R=CH3C02CH2 ((E)-form 65% and 
(Z)-form 72%) [14]. 

An anaLogous reaction is possibLe with the pseudo-haLogen CN. The reaction of C6HsC" 
CCu and tetracyanoethyLene gives after 1 h in tetrahydrofuran (NC)2C=C(CN)C"CC6Hs and 
resinous products [3]. 

The first reports about the straight forward reaction of RC"CCu and (E)-R' C(I) = CHS02R" 
give no data about a possibLe change of the configuration at the doubLe bond [4] or cLaim 
the retention of the (E)-structure without giving the moLar ratio of the reactants [7]. Later 
the stereochemistry of the substitution reaction was studied in detail. The (E)-2-iodo-1-
suLfonyLaLkenes on coupling with cuprous phenylacetylide gave the (E)-1-suLfonyLbut-1-en-
3-ynes in good yieLds, when a 1: 1 ratio of reactants was used. However, when an excess 
of cuprous phenylacetylide was used, the reaction time doubLed or quadrupLed, and mixtures 
of the two 1-suLfonyLbut-1-en-3-yne isomers were isoLated with the thermodynamicaLLy 
more stabLe product, the (Z)-isomer, predominating. The (Z)-2-iodo-1-suLfonyLaLkenes were 
aLso coupLed with cuprous phenylacetylide to give the (Z)-1-suLfonyLbut-1-en-3-ynes in 
fair yieLds. The assignment of configuration to the 1-suLfonyLbut-1-en-3-ynes was based 
upon NMR coupling constants and chemicaL shift data. In this work, however, no substituents 
are given [8]. The products from [4] shouLd have the (E)-configuration for the moLar ratio 
(as far as mentioned) is 1: 1. 

References on p. 85 Gmelin Handbook 
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TabLe 4 
Reaction Type 7 c (expLanation see pp. 12/4): 
Reactions of RC=CCu with Haloalkenes, HaloaLLenes, and ALLenyLesters. 
If not otherwise stated, haLogen has been substituted by RC=C, and the reaction products 
are formed with a retention of configuration. 

R in RC=CCu haloalkene, haloaLLene, remarks (yieLd in %) Ref. 
or aLLenyLester 

CH3 (Z)-ICH=CHC02CH3 isoLated after hydrolysis to the carbonic [13] 
acid (16) 

C2H5 (E)-ICH=CHI onLy (E)-C2H5C=CCH=CHC=CC2H5 (71) [11] 

CH3CH(OH) (Z)-ICH=CHC02CH3 (57) [13] 

CH2=C(CH3) (Z)-ICH=CHC02CH3 (34) [13] 

(Z)-CHPCH=CH (E)-ICH=CHC4Hg-n (1 Z, 5E)-CH3OCH=CHC=CCH=CH- [9] 
C4Hg-n 

n-C3H7 (E)-ICH=CHI onLy (E)-n-C3H7C=CCH=CHC=CC3Hr n [11] 
(75) 

(CH3b Si (CH3)2C=C=CHBr (CH3)2C=C=CHC=CSi(CH3)3 (33) [15] 
in presence of [Pd(P(CsH5b)4] 

(CH3)2C=C=CH02CCH3 (CH3)2C=C=CHC=CSi(CH3)3 (4) [15] 
in presence of [Pd(P(CsH5b)4] 

n-C4Hg (Z)-C2H5C(CH3)=CHI (70) [6] 

(E)-n-C4HgC(C2H5)=CHI (85) [6] 

(E)-ICH=CHI in boiLing pyridine after 10 min 40% [2] 
(E)-n-C4HgC=CCH=CHI; after 2 h 60% 
(E)-n-C4HgC=CCH=CHC=CC4Hg-n, no 
monosubstituted product 

4-CLCsH4 (E)-ICH=CHI mixture of the mono- and disubstituted [2] 
products, no determination of the con-
figuration 

4-ICsH4 (E)-ICH=CHI mixture of the mono- and disubstituted [2] 
products, no determination of the con-
figuration 

C6H5 (E)-CHß02CH=C(I)CH3 (53) [7] 

(E)-CH3S02CH=C(I)C6H5 (68) [7] 

(E)-C2H5S02CH=C(I)CH3 (50) [7] 

(E)-C2H5S02CH=C(I)C6H5 (76) [4, 7] 

(E)-C6H5CH=CHBr (94) at 20% .4 h in hexamethyLphosphoric [12] 
triamide, cataLyzed by 
C6H5Pdl[P(CsH5)3b and [N(C4Hg)4]1 

CSH5CH=CHBr (75) [1] 

Gmelin Handbook References on p. 85 
Cu-Org. Comp. 3 



84 1.1.2.1.4.3 

TabLe 4 [continued] 

R in RC=CCu 

CsHs 
[continued] 

haloalkene, haloaLLene, remarks (yieLd in %) 
or aLLenyLester 

(E)-CsHsS02CH=CHI (63) 

(E)-CsHsS02CH=C(I)CH3 (62) 

(E)-CsHsS02CH=C(I)CsH5 (68) 

(E)-4-CH3CsH4S02CH=CHI 
(76) 

(E)-4-CH3CsH4S02CH=C(I)CH3 
(76) 

(E)-4-CH3CsH4S02CH=C(I)C4Hg-n 
(72) 

(E)-4-CH3CsH4S02CH=C(I)CsH5 
(58) 

(E)-4-CH3CsH4S02CH=C(I)CsH11-cycLo 
(80), geometry not given 

(E)-4-CH3CsH4S02CH=C(I)CsH13-n 
(60) 

Ref. 

[7] 

[7] 

[7] 

[7] 

[7] 

[7] 

[4,7] 

[4] 

[7] 

(E)-CLCH=CHI 

(E)-ICH=CHI 

60 to 90% (E)-CsH5C=CCH=CHCL [1, 5] 

ICH=CHI 

(E)-CLCH=CHI 

CLCH=CHI 

ICH=CHI 

in boiLing pyridine after 10 min 30% [2, 5] 
(E)-CsH5C=CCH=CHI; after 2 h in boiL-
ing pyridine or dimethyLformamide 55 
or 65% (E)-CsH5C=CCH=CHC=CCsH5 , 

no monosubstituted product 

40 to 90% (CSH5C=C)2C=C(C=CCsH5h, 
best yieLds after 2 hat 800 in pyridine 

o 

isoLated as ~CH3 
\.JLC:::CCH20H 

after treatment with toLuenesuLfonic 
acid (72) 

(E)-CsH50CH2C=CCH=CHCL (60 to 90) 

[1, 5] 

[10] 

[5] 

[1] 

onLy C6H50CH2C=CCH=CHC=CCH20CsH5 [1] 
(40) 
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Referenees: 

[1] J. Burdon, P. L. Coe, C. R. Marsh, J. C. Tatlow (J. Chem. Soe. Chem. Commun. 1967 
1259/60). 

[2] L. Yu. Ukhin, A. M. Sladkov, V. I. Gorshkov (Zh. Org. Khim. 4 [1968] 25/7; J. Org. Chem. 
[USSR] 4 [1968] 21/3). 

[3] L. Yu. Ukhin, A. M. SLadkov, Zh. I. OrLova (Izv. Akad. Nauk SSSR Sero Khim. 1969705/6; 
BuLt. Aead. Sei. USSR Div. Chem. Sei. 1969637/8). 

[4] W. E. Truee, G. C. WoLf (J. Org. Chem. 36 [1971)1727/32). 
[5) J. Burdon,P. L. Coe, C. R. Marsh, J. C. Tatlow (J. Chem. Soe. Perkin Trans. I 1972 

639/41). 
(6) A. Commereon, J. F. Normant, J. ViLLieras (J. Organometat. Chem. 93 (1975)415/21). 
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[10) R. H. Bradbury, T. L. GiLehrist, C. W. Rees (J. Chem. Soe. Perkin Trans I 1981 3234/8). 
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SSSR 265 [1982]1138/43). 
[13] G. Struve, S. Seltzer (J. Org. Chem. 47 [1982] 2109/13). 
[14] V. RatoveLomanana, G. Linstrumelle (Tetrahedron Letters 22 [1981] 315/8). 
[15] K. Ruitenberg, H. KLeijn, H. Westmijze, J. Meijer, P. Vermeer (Ree. Trav. Chim. 101 

[1982] 405/9). 
[16) N. A. Bumagin, A. B. Ponomarev, I. P. BeLetskaya (Izv. Akad. Nauk SSSR Sero Khim. 

19841561/6; BuLt. Aead. Sei. USSR Div. Chem. Sei. 1984 1433/8). 

1.1.2.1.4.4 Reaetions with HaLoaLkynes 

This reaetion is referred to as Reaetion Type 7d in Table 1 on pp. 17/41. The reaetion 
RC=CCu +XC=CR1 -+ R(C=C)2R1 (X = Br, I) is very usefuL to prepare asymmetrie diynes. Sym­
metrie diynes R(C=ChR ean be prepared more easiLy by oxidation of RC=CCu (see Reaetion 
Type 2, Seetion 1.1.2.1.2). 

ChLoroaLkynes do not reaet; in most eases, bromoaLkynes are used. lodoalkynes give 
prineipally the same resuLts. The reaetion eonditions are very different. DimethyLformamide 
at 0 °C, H20/C2H50H, and pyridine at room temperature as weil as n-hexane, CH2CL2, and 
boiling dimethyLformamide are possibLe. The reaetion has aLso been eondueted without 
any soLvent. 

Formation of R(C=C)2R as a side reaetion is often observed. The aLso possibLe produet 
R1(C=ChR1 has rareLy been reported. As outlined under" Preparation Method IV" in See­
tion 1.1.2.1.2 (see p. 4), the Cu+ liberated in the course of the reaetion forms with R1C=CBr 
the eorresponding R1C=CCU and Cu2+. This for its part eauses a side reaetion to give 
R(C=C)2R (see Reaetion Type 2 b, Seetion 1.1.2.1.2). To suppress this reaetion, the amount 
of Cu+ present must be redueed. This eorresponds to the so-ealled "Chodkiewiez-Cadiot 
Coupling ", whieh uses instead of RC=CCu a mixture of RC=CH and approximateLy 
2 moL % Cu +. With this method, the addition of a base to neutralize the protons formed 
during the reaetion is neeessary and the formation of Cu+ from Cu2+ by reduetion with 
[NH30H]CL to limit side reaetions is preferabLe. The amine eoneentration shouLd not be 
too high, for too mueh amine favors the formation of R(C=C)2R. During the Chodkiewiez­
Cadiot eoupling, RC=CCu is formed in a fast reaetion between RC=CH and Cu+/amine, 
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whereas the substitution reaction with R1C"CSr to give R(C"C)2R1 proceeds more slowly 
[7, 13]. However, a clear proof of the reaction path has not yet been furnished. For this 
reason examples of this intensively studied catalytic reaction have not been entered in 
Table 5 [2, 3]. 

Table 5 
Reaction Type 7 d (explanation see pp. 12/4): 
RC"CCu +XC"CR1 -> R(C"C)2R1 +CuX. 
a) The acetylide is generated as a slurry in the reaction mixture and not isolated. 
CSH90 2 = tetrahYdropyran-2-yloxy. 

R in RC"CCu XC"CR1 remarks 
R1 X (yield of R(C"C)2R1 in %) 

CH3 HOCH2 Sr (60) 

CH3CH(OH) HOCH2 Sr no yield given 

CH3C"C HOCH2 Sr (66) 

n-C3H7 (CH3b Si Sr in pyridine at 250 (96) and 
(CH3)3Si(C"C)2Si(CH3b (1), 
no reaction in THF/hexane 

(CH3)2C(OH) HOCH2 Sr (56)a) 

CsHs Sr (73)a) 

(CH3)2C(OH)(C"C)n Sr n = 0 (95)a), n = 1 (66)a) 

©r:::©BC (58)a) 

HO 

(CH3)3Si n-C3H7 Sr low yield, mixture with (CH3)3Si(C"C)2-
Si(CH3)3 and n-C3H7(C"C)2C3Hrn 

(CH3)3C (CH3b Si Sr (93)a) 

(C2HsO)2CH HOCH2 Sr no yield given 

4-SrCsH4 CsHs Sr excess acetylide, no yield given 

4-ClCsH4 CsHs R(C"C)2R1 : R1(C"C)2R1: R(C"C)2R = 
4:1:2 

4-02NCsH4 CsHs Sr excess acetylide, no yield given 

CsHs HOCH2 Sr (65) 

(CH3)2C(OH) Sr (87)a) 

CsHs (96), CsHsC"CI can be formed in situ 
from CsHsC"CCu and 12 

4-CH"CCsH4 Sr large excess of acetylide, no yield 
given 

H Sr isolated as the copper salt 

Ref. 

[5,7] 

[7] 

[5,7] 

[12] 

[1] 

[1, 3] 

[1] 

[1] 

[12] 

[12] 

[7] 

[4] 

[9] 

[4] 

[5,7] 

[3] 

[5, 11] 

[4] 

[8, 10] 
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TabLe 5 [continued] 

R in RC=CCu XC=CR1 remarks Ref. 
R1 X (yieLd of R(C=C)2R1 in %) 

cycLohex -1-enyL (CH3lsSi Sr (85) a) [12] 

cycLo-C6H11 (CH3)3Si Sr (81)8) [12] 

(Z)-n-C4HgOCH=CH C6H5 Sr a), no yieLd given [6] 

C5Hg0 2CH2 HOCH2 Sr no yieLd given [7] 

n-C6H13 (CH3)3Si Sr (83)a) [12] 

Cl---CJ-
HOCH2 Sr (71) [5,7] 

5 5 

naphth-1-yL 4-CH=CC6H4 Sr Large excess of acetyLide, no yieLd [8, 10] 
given 

naphth-2-yL 4-CH=CC6H4 Sr Large excess of acetyLide, no yieLd [8, 10] 
given 

1-ClOH7C=C 4-CH=CC6H4 Sr Large excess of acetyLide, no yieLd [8, 10] 

©J:::© ©J:::©"' 
given 

(74)a) [1] 

HO HO 
(C6H5bC(OH) HOCH2 Sr (50) a) [1] 

C6H5 Sr (60)a) [1] 

(C6H5)2C(OH)(C=C)n 
Sr n=0(65)a), n=1 (51)a) [1] 

C5Hg0 2(CH2)g (CH3lsSi Sr (70)a) [12] 

References: 

[1] W. Chodkiewicz, P. Cadiot (Compt. Rend. 241 [1955]1055/7). 
[2] W. Chodkiewicz, J. S. ALhuwaLia, P. Cadiot, A. WiLLemart (Compt. Rend. 245 [1957]322/4). 
[3] W. Chodkiewicz (Ann. Chim. [Paris] [13] 2 [1957] 819/69). 
[4] G. N. Gorshkova, M. A. Chubarova, A. M. SLadkov, L. Yu. Ukhin, V. I. Kasatochkin (Zh. 

Fiz. Khim. 38 [1964]2516/20; Russ. J. Phys. Chem. 38 [1964]1367/9). 
[5] R. F. Curtis, J. A. TayLor (Tetrahedron Letters 1968 2919/20). 
[6] A. N. VoLkov, Yu. M. Skvortsov, I. I. Danda, M. F. Shostakovskii (Zh. Org. Khim. 6 [1970] 

897/902; J. Org. Chem. [USSR]6 [1970]903/7). 
[7] R. F. Curtis, J. A. TayLor (J. Chem. Soc. C 1971 186/8). 
[8] Y. Okamoto, K. L. CheLLappa, S. K. Kundu (J. Org. Chem. 37 [1972] 3185/7). 
[9] A. M. SLadkov, I. R. GoL'ding (DokL. 4th Vses. Konf. Khim. AtsetiLena, ALma-Ata 1972, 

VoL. 1, pp. 59/64; C.A. 79 [1973] No. 78253). 
[10] Y. Okamoto (AD-760772) [1973]1/84; C.A. 80 [1974] No. 37537). 
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[11] J. S. MilLer, S. T. Matsuo (J. PoLym. Sci. PoLym. Letters Ed. 18 [1980]809/10). 
[12] J. A. MiLLer, G. ZweifeL (Synthesis 1983 128/30). 
[13] G. EgLinton, W. McCrae (Advan. Organic Chem. 4 [1963] 225/328). 

1.1.2.1.4.5 Reactions with CsHsl 

This reaction (caLLed Reaction Type 7e in TabLe 1, pp. 17/41) is a very usefuL method 
to prepare RC=CCsHs. Sensitive toLanes can best be prepared by this miLd conversion: 

RC=CCu + ICsHs -+ RC=CCsHs +Cul 

The reaction is in most cases accompLished by refLuxing the components for 5 to 48 h 
in pyridine. These Long reaction times demand a particuLarLy careful exclusion of air to 
avoid the formation of R(C=C)2R (see Section 1.1.2.1.2). 

Recently a cataLysis by 1 moL [N(C4H9-n)4]1 and 0.01 moL CsHsPdl[P(CsHsbb has been 
suggested. Under these conditions yieLds up to 95% at room temperature are reported 
[15,16]. This reaction is aLso possibLe with RC=CH, R'X, 1 mol% CsHsPdl[P(CsHs)3b, 1 moL% 
Cul, and 2 equivalents N(C2Hsb [17]. 

The foLLowing RC=CCu were reacted with CsHsl to give RC=CCsHs (yields in parentheses): 

R = (Z)-C2HsOCH=CH (15 to 20% (Z)-product) [6]; (CH3bC (84%) [12]; (E)-CH3CH=CH­
C=C yieLds a (Z)/(E)-mixture at a 7:3 ratio [4]; tetrahydropyran-2-yloxy [7]; n-CSH11 (36%) 
in hexamethyLphosphoric tri amide at 100°C [11]; (C2HsO)2CH (71 %) [7, 11]; CsFs (74%) 
[9]; CsHs (85 to 90%) in pyridine [1, 2], (65%) in hexamethyLphosphoric triamide at 100°C 
[11], (90%) for the cataLyzed reaction (see above) in pyridine [16]; (Z)-n-C4H90CH=CH (15 
to 20% (Z)-product) [6]; tetrahydropyran-2-yLoxymethyL [3]; CsHsCO (90%) in dimethyLform­
amide at 160°C [5]; 2,5-d2-CsHsFeCsH2D2 (77%) [10]; CsHsFeCsH4 (84%) [14]. 

For R=CsHs, the rate constant k2=8 x lO- s M-1. S-1 in pyridine at 100 °C, ~Gt98= 
26 kcaL· moL-l, ~Ht98=7.2 kcaL· moL-l, ~S=I= = -63 caL· mol- 1 . K-l, has been determined 
[8]. 

References: 

[1] C. E. Castro, R. D. Stevens (J. Org. Chem. 28 [1963] 2163). 
[2] R. D. Stevens, C. E. Castro (J. Org. Chem. 28 [1963] 3313/5). 
[3] R. E. Atkinson, R. F. Curtis, D. M. Jones, J. A. TayLor (J. Chem. Soc. Chem. Commun. 

1967718/9). 
[4] E. R. H. Jones, S. Safe, V. ThaLLer (J. Chem. Soc. C 1967 1038/44). 
[5] M. S. Shvartsberg, A. N. Kozhevnikova, I. L. Kotlyarevskii (Izv. Akad. Nauk SSSR Sero 

Khim. 1967466/7; BuLL. Acad. Sci. USSR Div. Chem. Sci. 1967460/1). 
[6] M. F. Shostakovskii, A. N. VoLkov, A. N. Khudyakova, Yu. M. Skvortsov, I. I. Danda 

(Khim. AtsetiLena Tr. 3rd Vses. Konf., Dushanbe 1968 [1972], pp. 94/7; C.A. 79 [1973] 
No. 18257). 

[7] R. E. Atkinson, R. F. Curtis, D. M. Jones, J. A. TayLor (J. Chem. Soc. C 1969 2173/6). 
[8] C. E. Castro, R. HavLin, U. K. Honvad, A. MaLte, S. Moje (J. Am. Chem. Soc. 91 [1969] 

6464/70). 
[9] M. D. Rausch, A. SiegeL, L. P. KLemann (J. Org. Chem. 34 [1969] 468/70). 

[10] M. D. Rausch, A. Siegel (J. Organometal. Chem. 17 [1969]117/25). 

[11] J. F. Normant, M. Bourgain, A.-M. Rone (Compt. Rend. C 270 [1970]354/7). 
[12] J. J. Eisch, M. W. Foxton (J. Org. Chem. 36 [1971] 3520/6). 
[13] J. S. KieLy, P. Boudjouk, L. L. NeLson (J. Org. Chem. 42 [1977] 2626/9). 
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[14] D. W. SLoeum, M. D. Rausch, A. SiegeL (Organometal. PoLym. Symp. 1977/78 39/51, 49). 
[15] N. A. Bumagin, I. 0. KaLinovskii, I. P. BeLetskaya (Izv. Akad. Nauk SSSR Ser. Khim. 1981 

2836; BuLL. Aead. Sei. USSR Div. Chem. Sei. 30 [1981] 2366). 
[16] N. A. Bumagin, I. 0. KaLinovskii, A. B. Ponomarev, I. P. BeLetskaya (Dokl. Akad. Nauk 

SSSR 265 [1982]1138/43; Dokl. Chem. Proe. Aead. Sei. USSR 262/267 [1982]262/6). 
[17] N. A. Bumagin, A. B. Ponomarev, I. P. BeLetskaya (Izv. Akad. Nauk SSSR Ser. Khim. 

19841561/6; BuLL. Aead. Sei. USSR Div. Chem. Sei. 1984 1433/8). 

1.1.2.1.4.6 Reactions with Monosubstituted Halobenzenes 

This reaetion is the most important method to synthesize eompounds 01 the type RC" 
CCSH4R1, espeeiaLLy substituted toLanes. The reaetion is in most eases aeeompLished by 
refLuxing the reaetants lor 5 to 48 h in soLvents Like pyridine or dimethyLformamide. Far 
miLder eonditions are suffieient, il the reaetion is eataLyzed by Pd eompounds (see Seetion 
1.1.2.1.4.5) [37]. For the anaLogous reaetion using RC"CH and eataLytie amounts 01 Cul, 
see [38]. 

Bromobenzene was not reaeted with RC"CCu; a lew R1CsH4Br gave the eorresponding 
toLanes. 1I the ortho-position in R1CsH41 bears a group eontaining aetive hydrogen (e. g., 
R1 = OH, NH2, NHR2, C02H, ete.), a eyeLization 01 the initiaLLy lormed RC"CCsH4R1_2 is possi­
bLe.The course 01 this reaetion (Iormation 01 the aLkyne or 01 the eyeLization produet, respe­
eitveLy, e. g., 01 a pyrroL) ean depend on the soLvent. Olten mixtures 01 RC"CCsH4R1_2 and 
01 a eyeLie produet are obtained. For these eyeLization reaetions, see Seetions 1.1.2.1.3 (gen­
eraL remarks) and 1.1.2.1.5.1 to 1.1.2.1.5.4 (singLe reaetions). For the reaetion 01 RC"CCu 
with 2-substituted haLobenzenes (" Reaetion Type 71 ") see TabLe 6, with 3-substituted haLo­
benzenes (" Reaetion Type 7 9 ") see TabLe 7, and with 4-substituted haLobenzenes (" Reae­
ti on Type 7 h ") see TabLe 8. 

TabLe 6 
Reaetion Type 71 (expLanation see pp. 12/4): 
RC"CCu +2-XCsH4R1 --+ 2-RC"CCsH4R1 +CuX (X= 1 or Br). 
The yieLd 01 the eyeLization produet is onLy given il a mixture with RC"CCsH4R1 is obtained 
or il the reaetion is kinetieaLLy eharaeterized. For aLL other eyeLizations, see See­
tions 1.1.2.1.5.1 to 1.1.2.1.5.4. 
Rate eonstant k2 in pyridine at 100°C in M-1 . S-1. CSHg0 2=tetrahYdropyran-2-yLoxy. 

R in RC"CCu 2-R1CsH4X remarks Rel. 
R1 X (yieLd 012-RC"CCsH4R1 in %) 

C2HS NH2 in pyridine (28 + 12 eyeLization produet) [5] 

(Z)-CH30CH=CH N02 Br (87) [32] 

NH2 Br tarry produets onLy [32] 

n-C3H7 NH2CO (50) [5] 

C2HsNH in pyridine (5+50 eyeLization produet) [5] 

NH2 in pyridine (17 + 70 eyeLization produet) [5] 

(CH3)2C(OH) CH30 (50), acetyLide prepared in situ [34] 

CH30 2C (90), acetyLide prepared in situ [34] 
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Table 6 [continued] 

R in RC"CCu 2-R1CeH4X remarks Ref. 
R1 X (yield of 2-RC"CCeH4R1 in %) 

n-C4Hg NH2 in pyridine (20 +35 cyclization product) [5] 

pyrid-2-yl NH2 in refluxing pyridine (50), at 1250 in dimeth- [5] 
ylformamide no reaction 

2-02NCeH4 NH2CO yields a mixture of [10] 

66% and 

6% and 

~CH~CO-@ 
H 

CH3 (67) [10] 

CH30 (83) [10] 

CH30 2C (93) [10] 

C2H50 2C (92) [10] 

N02 (93) [10] 

CeH5 Br (70to 80) [14] 

H02C only cyclization, see Table 17, Section [5, 11] 
1.1.2.1.5.3; k2 =7 x 10-2 

NH2CO (47) [5] 

CH30 (91), k2 = 1.7 x 10-5 [3, 11] 

HOCH2 (50) [5] 

CH30 2C (80), with isolation as 2-carboxytolane (95) [4, 19, 
reaction also possible with acetylide pre- 21,34] 

pared in situ 

CH3CONH no yield given [26] 

C2H5 (70 to 80) [14] 

(CH3)2CH (70 to 80) [14] 
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TabLe 6 [continued] 

R in RC=CCu 2-R1C6H4X remarks Ref. 
R1 X (yieLd of 2-RC=CC6H4R1 in %) 

(CH3bC (70to 80) [14] 

2-02NC6H4 2-nitro-2' -(phenyLethynyL)biphenyL and [18] 

C6 HS 
I 
C 

0- N"'" ....... C=O 

©-@ 
C6Hs (56) [6] 

2-C6HsC=CC6H4 2,2' -bis(phenyLethynyL)biphenyL (65) and [6] 

HSCS CsHs 

CL in CH3C02H (52) [6] 

F (70 to 80) [14] 

1 ,2-bis(phenyLethynyL)benzene (61) [5] 

NH2 (59) in pyridine (homogeneous soLution) [5, 11] 
with k2 =3.4 x lO- s 

in dimethyLformamide (heterogeneous 
mixture) onLy cycLization 

N02 (84), k2 =2.0 x 10-3 ; AGt9S=26 kcaL· moL-1, [1,3, 
AH* =16 kcaL· moL-l, ASt9S= -29 11, 12] 
caL· moL-1. K-1 in pyridine 

HO onLy cycLization, see TabLe 14, [11] 
Section 1.1.2.1.5.1; k2 =8.6 x 10-3 

CSH90 2CH2 CF3 no yieLd given [29] 

CH30 no yieLd given [29] 

C6HsCO CH3 (82) [8] 

2-CH3C6H4 CH3 (90) [7,15] 

4-CH3OC6H4 NH2CO no yieLd given [10] 

naphth-1-yL NH2CO no yieLd given [10] 
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TabLe 7 
Reaction Type 7 9 (expLanation see pp. 12/4): 
RC=CCu +3-XC6H4R1 --+ 3-RC=CC6H4R1 +CuX (X = I or Sr). 
Rate constant k2 in pyridine at 100°C in M-1. S-1. C5Hs0 2=tetrahydropyran-2-yLoxy. 

R in 3-R1C6H4X 
RC=CCu R1 X 

CH3 C6H5CO 

C6H5CO Sr 

pyrid-3-yL OCHNHC(CH3)2 

(C2H50)2CH CH3 

C6H5 Sr 

H02C 

CH3 

CH30 

C2H5 

(CH3)2CH 

OCHNHC(CH3)2 

(CH3)3C 

CL 

F 

NH2 

N02 

HO 

C5Hs0 2CH2 CF3 

CH30 

C6H5CO CH3 

remarks Ref. 
(yieLd of 3-RC=CC6H4R1 in %) 

(84) [31] 

at 240° (80) 

no yieLd given [25] 

(50) [30] 

(70 to 80) [14] 

k2=2.9 x 10-5 [11] 

(37) [27] 

(80),k2=1.4x10- 5 [1, 11] 

(70 to 80) [14] 

(70 to 80) [14] 

no yieLd given [25] 

(70 to 80) [14] 

(53) [27] 

(70 to 80) [14] 

1 ,3-bis(phenyLethynyL)benzene (42) [5] 

(70), k2=1.0 x 10-5 [11,24] 

k2=9.1 x 10-5; dGtss=27 kcaL· moL-1, dHtss= [11, 13] 
15 kcaL· moL-1, dStss= -36 caL· moL-1. K-1 
in pyridine 

k2= 1.3 X 10-5 

(75 to 80) 

no yieLd given 

(81) 

References on pp. 95/6 

[11] 

[33] 

[29] 

[8] 
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Table 8 
Reaction Type 7h (explanation see pp. 12/4): 
RC=CCu +4-XCeH4R1 -> 4-RC=CCeH4R1 +CuX (X = I or Br). 
a) The reaction is carried out in hexamethylphosphoric tri amide at room temperature in 

the presence of 1 mol [N(C4Hg-n)4]1 and 0.01 mol CeHsPdl[P(CeHs)3h. 

Rate constant k2 in pyridine at 100 °C in M-1 . S-1. CSH90 2=tetrahydropyran-2-yloxy. 

R in RC=CCu 4-R1CeH4X remarks Ref. 
R1 X (yield of 4-RC=CCeH4R1 in %) 

CH3 N02 « 1) [20] 

cyclo-C3Hs N02 (33) [20] 

(Z)-CH30CH=CH CH3 (65) [32] 

Cl (79) [32] 

N02 (87) [32] 

(CH3hCH N02 (1,4) [20] 

n-C4Hg OCHNHC(CH3)2 no yield given [25] 

pyrid-3-Yl OCHNHC(CH3h (86) [25] 

(C2HsO)2CH CH3 «57) [30] 

CH30 «55) [30] 

N02 no reaction after 48 h reflux in pyri- [30] 
dine 

4-BrCeH4 HO no yield given [9] 

4-ClC4H4 HO no yield given [9] 

4-FCeH4 OCHNHC(CH3h no yield given [25] 

4-02NCeH4 H02CCH2 (38) [16] 

CeHs Br (70to 80) [14] 

NC- (96) [36,37] 

H02C (85), k2=4.6 x 10-s [3,11,14] 

H02C Br no reaction [11] 

CH30 (94)a), 6h (83) or 10h (99) in reflux- [1,3,11,36] 
ing pyridine, k2=8.5 x 10-e 

CH3S (62) [17] 

CH3S(02) (56) [17] 

CH3CO (20 to 70), (94)a) [2,36,37] 

CH3CO Br (89)a) [36,37] 

CH30 2C (94)a) [36,37] 

Gmelin Handbook References on pp. 95/6 
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TabLe 8 [continued] 

R in RC=CCu 4-R1C6H4X remarks Ref. 
R1 X (yieLd of4-RC=CC6H4R1 in %) 

C6Hs H02CCH2 in dimethylformamide (67) or pyri- [16] 
[continued] dine (60) 

CH3CONH no yieLd given [26] 

C2Hs (70 to 80) [14] 

(CH3hN (90) [17] 

(CH3hCH (70 to 80) [14] 

OCHNHC(CH3h (86) [25] 

(CH3lsC no yieLd given [14] 

F (70to 80) [14] 

16 h at 1200 in pyridine (45) or at [2,5,22] 
1250 in hexamethyLphosphoric 
triamide (73), onLy 
1,4-(C6HsC=C)2C6H4 is formed 

at 8 to 16 h refLuxing in dimethyL-
formamide aLso forms 
4-C6HsC=CC6H41 

NH2 (76), k2=1.4 x lO- s [2,3,11,24] 

N02 6 h in boiLing pyridine (74) or 20 to [1 to 3,11, 
60 min at 200 in presence of Nal 36,37] 
and Pd compounds Like 
C6HsPdi [P(C6Hslsb, 
[(C6HslsAsbPdCL2 ' 
[(C6HslsSb bPdCL2' Li PdCL3, 
(CH3CN)2PdCL2 ' 
Fe(CsH4P(C6Hs)2)2PdCL2' PdCL2 
(98), or Less effective 
[(C6HslsPbNiCL2 

k2= 1.4 X 104;L\GtS8 =26 kcaL·moL-1, 
L\HtS8=13 kcaL· moL-1, L\StS8= 
-41 caL· moL-1 . K-1 in pyridine 

OH (82), k2=2.0 x 10-s [2,3,9,11] 

CSHS0 2CH2 CH30 2C no yieLd given [28] 

(CH3)2NS(02) no yieLd given [29] 

4-CH30C6H4CH202C I (74) [29] 

N02 I no yieLd given [28] 

C6HsCO CH3 (77) [8] 

4-CH3C6H4 OCHNHC(CH3)2 no yieLd given [25] 
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TabLe 8 [eontinued] 

R in RC=CCu 4-R'CsH4X rernarks Ref. 
R' X (yieLd of 4-RC=CCsH4R' in %) 

4-CH3CsH4 1 ,4-bis(4-toLyLethynyL)benzene (35) [23] 
[eontinued] 

HO no yieLd given [9] 

4-CH3OCsH4 OCHNHC(CH3h no yieLd given [25] 

HO no yieLd given [9] 

CsHsFeCsH4 CH30 (62) [35] 

References: 
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BuH. Aead. Sei. USSR Div. Chern. Sei. 19632043/5). 
[3] R. D. Stevens, C. E. Castro (J. Org. Chern. 28 [1963] 3313/5). 
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1.1.2.1.4.7 Reactions with Di- and Polysubstituted Halobenzenes 

This reaetion is referred to as "Reaction Type 7i" in TabLe 1 on pp. 17/41 and reveaLs 
no generaL differenee frorn the reaetions of RC=CCu and rnonosubstituted halobenzenes. 
If the di- or poLysubstituted haLobenzene eontains aeeeptor groups, the reaetion proeeeds 
more easiLy; in eontrast to rnonosubstituted benzenes, Br and CL are aLso typieaL Leaving 
groups. With 2,4,6-(02NlsC6H3 even H ean be substituted by RC=C; see Seetion 1.1.2.1.1, 
under No. 90. However, whereas C6HsC=CCu reaets with C6CLsl, C6Fsl, or C6FsBr to give 
C6HsC=CC6XS (X=CL or F), it does not reaet with C6CL6 [5]. 
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1.1.2.1.4.8 Reactions with Compounds Containing More than One lodobenzene Moiety 

This reaction is referred to as "Reaction Type 7j" in TabLe 1 on pp. 17/41. The group 
RC=C can be easiLy introduced not onLy into rnore sirnpLe benzene derivatives, but aLso 
into cornpLex carbocycLic systerns. The products are vaLuabLe interrnediates in organic 
chemistry. This method has been appLied especiaLLy to 2,2'- and 4,4' -diiodo biphenyLs, 
diphenyLmethanes, and stilbenes. In most cases aLL iodine atoms are substituted by RC=C. 
OnLy the reaction of CsHsC=CCu and 2,2' -diiodobiphenyL in boiLing pyridine yieLds 2-phenyL-
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ethynyL-2' -iodobiphenyl [1]. The onLy 3,3' -substituted compound reacted is 3,3' -diiodoben­
zophenone, wh ich gives 86% 3,3' -bis(phenyLethynyL)benzophenone with excess CsHsC=CCu 
[8]. The compounds land 111 (n not given) and CsHsC=CCu react in boiLing pyridine (reaction 
time up to 72 h) to form the corresponding CsHsC=C substituted products 11 or IV, respectiveLy, 
in yieLds between 95 and 100% [10]. 

I: X = I 
11 : X =C=CCsHs 

tC---«5>---fO'r-C-@-O-@-C-@-O~ 11 \/ 11 11 ° XX 0 0 n 

111: X = I 
IV: X=C=CCsHs 

Reactions of the Type 

RC=CCu + 

(beLongs to Reaction Type 7j, see expLanation on pp. 12/4; CSH90 2=tetrahydropyran-2-
yLoxy) : 

R Z R1 R2 R3 remarks (yieLd in %) 

C2Hs0 2C H H CH30 2C (5) and 16% V 

CsHs CH30 2C H H (58) 
NH2 N02 H (57) 
COCL H H see Section 1.1.2.1.5 

C=C H H H (61) 

CSH90 2CH2 C(CH3)=C H H H isoLated as VI (57) 
(E)-compound 

2-CH3CsH4 CH=CH H H H no yieLd given 
(E)-compound 

C~3 @ 
,./H 

HOCH2C=C 
,./ C=C@C=CCH'OH 

H3C 

HsC2 02CC =C 

V VI 

Gmelin Handbaak 
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Reaetions of the type 2C6H5C"CCu + 4-IC6H4ZC6H41-4' ---> 4-C6H5C"CC6H4ZC6H4C"CC6H5-4' 
(belongs to Reaetion Type 7 j, see explanation on pp. 12/4): 

Z 

CO 
CH2 

C(CF3)2 
1,4-C6H4 

CH(C6H41-4) 

References: 

remarks (yield in %) 

(96) 
(81 ) 
(71) 
(54) 
(72) 
mixture of 4-C6H5C"CC6H4CH(C6H41-4'b 
(4-C6H5C"CC6H4hCHC6H41-4', and (4-C6H5C"CC6H4bCH (41) 

[1] S. A. Kandil, R. E. Dessy (J. Am. Chem. Soe. 88 [1966]3027/34). 
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1.1.2.1.4.9 Reactions with lodonaphthalenes 

This reaetion is referred to as "Reaction Type 7k" in Table 1 on pp. 17/41. 

MonoiodonaphthaLenes. RC"CCu and 1-iodonaphthalene in refluxing pyridine give 1-RC" 
CC10H7 in good yields (yields in parentheses): R = tetrahydropyran-2-yloxy [6], (C2H50)2CH 
[6], 2-02NC6H4 (88%) [7], C6H5 (65 to 75%) [1, 12], tetrahydropyran-2-yloxymethyl [3], 
C5H5FeC5H4 (83%) [9, 14]. 

Bromine in this position seems to be unreaetive. (C2H50)2CHC"CCu and 1-bromonaphtha­
lene give after 12 h in refluxing tetrahydrofuran no substitution produet, with 1-iodo-8-
bromonaphthalene 98% 1-(3,3-diethoxyprop-1-ynyl)-8-bromonaphthalene are formed [13]. 
The reaetion of C6H5C"CCu and 1-iodo-8-bromonaphthalene in boiling pyridine gives only 
1-phenylethynyl-8-bromonaphthalene in a 75% yield [1]. 

The reaetion of C6H5C"CCu and 1-iodo-8-nitronaphthalene affords a 17% yield of 1-
phenylethynyl-8-nitronaphthalene [8, 11], whereas 1-iodonaphth-2-ole in dimethylform­
amide at 1520 Cis dehalogenated to naphth-2-ole [2]. 

Referenees on pp. 104/5 Gmelin Handbook 
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DliodonaphthaLenes. RC=CCu and 1,5-diiodonaphthalenes react in boiling pyridine to form 
1,5-(RC=C)2C,oH6, where R=CH3 (yieLd 36%) [8] or R=C6Hs (yieLd 10%) [4, 8]. 

In contrast to this simpLe course, the reaction of RC=CCu and 1,8-diiodonaphthalenes 
usuaLLy gives mixtures of mono- and disubstitution products land 11. If R = aryL, 7 -arylben­
zo[k]fLuoranthenes 111 can aLso be formed, probably by thermaL rearrangement of the disubsti­
tution product IV. This reaction can be understood as an intramolecular [2+2+2]-cycLoaddi­
tion. The yield of 111 increases with increasing reaction time and is sensitive to eLectronic 
and steric effects. With R2=CH30 as a donor the yieLd is considerabLy enhanced. It is 
reduced, however, if Rl, R2, and/or R3 indicate CH3 instead of H. SurprisingLy, 111 also forms 
from 2,4,6-(CH3hC6H2C=CCU. No information is given about the fate of the Lost CH3 group 
[5, 12]. 

RC=C I RC=C C=CR 

00 00 
11 

111 IV 

TabLe 10 
Reactions of RC=CCu and 1,8-DiiodonaphthaLene (beLongs to Reaction Type 7k, see expLana­
tion on pp. 12/4). 
For abbreviations and dimensions, see p. X. 

R products (see above, moLar ratio acetylide : 
yieLds in %) C1QH612, conditions, remarks 
I 11 111 

62 

24 13 2: 1, pyridine, 80°/12 h 
12 63 6: 1, pyridine, 70 to 80°/72 h 

formed 2:1, pyridine, 25° 
formed 39 5:2, pyridine, 80°/24 h 

91 
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TabLe 10 [continued] 

R 

2-CH3C6H4 

4-CH 3C6H4 

4-CH30C6H4 

2,4-(CH3)2C6H3 

2,4,6-(CH3bC6H2 

naphth-1-yL 

products (see p. 103, 
yieLd in %) 
1 11 111 

formed 
72 
57 18 
40 35 
16 59 
48 23 

41 17 

65 

51 21 

80 5 

formed 

14 

iC~CS"CH'" 26 

References: 

moLar ratio acetyLide : 
ClOH612 , cond itions, remarks 

pyridine, 20°/72 h 
pyridine, refLux/5 h 
pyridine, refLux/10 h 
pyridine, refLux/25 h 
pyridine, refLux/10 h 

pyridine, refLux/10 h 

pyridine, refLux/10 h 

pyridine, refLux/10 h 

Loses one CH3 group upon 
rearrangement 

the product is 

pyridine, 90°/2 h 

pyridine, 90°/2 h 
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1.1.2.1.4.10 Reactions with Other Carbocycles R'X 

This reaction is referred to as "Reaction Type 7L" in TabLe 1 on pp. 17/41. 

Azulenes. The reaction of 1,3-diiodoazuLene (I a) with a tenfoLd excess of C6HsC=CCu 
in boiLing dirnethylforrnarnide produces 15% 1 band 81 % 1 c [7]. The reaction of the dirhodano­
azuLene 1 d and C6HsC=CCu affords upon cLeavage of the S-C bond 2.5% 1 e (3 rnin in boiLing 
dirnethylacetamide). Under the same conditions the rnonorhodanoazuLene 1 f with C6HsC=CCu 
gives 1 9 [8]. 

R' R3 « >-R' 
R2 R3 

R1 R2 R3 

la H 
Ib C6HsC=C H 
Ic C6HsC=C C6HsC=C H 
Id NCS- NCS- CH3 
le C6HsC=CS C6HsC=CS CH3 
1 f NCS- H CH3 
Ig C6HsC=CS H CH3 

Phenanthrenes. The reaction of C6HsC=CCu and 11 (R = I) (30 h in boiLing pyridine or 14 h 
in boiLing dirnethylforrnarnide) gives 65% [5] 11 (R = C6HsC=C) [5, 6]. 

R~ 
o O· 

11 

RJQcrQlR c 
11 
X 

111 

FLuorenes. The reactions of C6HsC=CCu with 111 (X=H2 or 0, R=I) give 39% 111 (X=H2, 
R = C6HsC=C) [5] or 93% 111 (X = 0, R = C6HsC=C) [5, 6]. 
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Ferrocenes and Ruthenocenes. C6H5C"CCu and bromoferrocene react in dimethylform­
amide to form C5H5FeC5H4C"CC6H5 in a 48% yieLd [1]. The anaLogous reaction with iodoferro­
cene in pyridine yieLds 84% of the same product [2,3]. C5H5FeC5H4C"CCu and iodoferrocene 
react to form C5H5FeC5H4C"CC5H4FeC5H5 (yieLd 84%) [2, 10]. The reaction of C5H5RuC5H4C" 
CCu and iodoferrocene gives 60% C5H5RuC5H4C"CC5H4FeC5H5 [4]. 

C6H5C"CCu and Fe(C5H41)2 react in boiLing pyridine to form Fe(C5H4C"CC6H5)2; the yieLd 
is 40% after 30 min [3] and 57% after 8 h [2]. The formation of 46% Fe(C5H4C"CC6H5)2 
from Fe(C5H41)2' C6H5C"CH, Cul, and Pd(P(C6H5h)2CL2 in HN(C2Hs)2 at 800 C/6 h can be ex­
pLained as areaction of C6H5C"CCu formed in situ [9]. C5H5FeCsH4C"CCu and Fe(CsH41)2 
react to form 55% Fe(CsH4C"CCsH4FeC5H5)2 [3J. 
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1.1.2.1.4.11 Reactions with 5-Membered Heterocycles R'X 

This reaction is referred to as "Reaction Type 7m" in TabLe 1 on pp. 17/41. 

Ribofuranosldes. The reaction of C6HsC"CCu and I (5d in benzene at room temperature) 
gives 8% of the ribofuranoside 11 and 32% of the ribofuranose 111 [26, 29, 32]. UnexpectedLy, 
I attacks HOCH2C"CCu (or CuOCH2C"CH, bonding uncLear) at the oxygen. After 2d in ben­
zene at room temperature 21 % of the ribofuranoside IV and 5% of the ribose V are formed 
[29,32]. 

Furans and Thiophenes. The introduction of the group RC"C into a thiophene ring has 
been wideLy used because of the importance of aLkynyLthiophenes as naturaL products and 
as precursors in synthesis. Certain (poLyaLkynyL)thiophenes are also used to prepare bi­
or poLy thiophenes, which are pLant metabolites, too. The synthesis using RC"CCu is generaL­
Ly appLicabLe to 2-iodofurans and 2-iodothiophenes (TabLes 11 and 12). 

This reaction is sometimes cataLyzed by Cu powder (mechanism unknown). In many 
cases the iodine in 2-position is partLy substituted by Hand a mixture of RC"CR' and 
R'H is formed. The product pattern of the reaction of RC"CCu with diiodothiophenes depends 
on the moLar ratio of the reactants [3, 9,10,13,16,20,21,27]. In the synthesis of monosubsti­
tuted species sometimes an excess of the diiodothiophene is used [3, 9]. In the presence 
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+ 11 

111 

C6H5C02~O OCH2C=CH 

H H 
H H 

C6HSC02 °2CCSHS 

+ IV 

V 

of Pd compounds in dimethylformamide the reaction seems to proceed alm ost quantitativeLy 
even under very miLd conditions, but untiL now onLy one exampLe of this reaction has been 
pubLished [35]. UsuaLLy the reaction is run in boiLing pyridine (4 to 8 h); sLowLy heating 
to the reflux temperature enhances the yieLd [13, 16]. This reaction can be strongly cataLyzed 
by Pd compounds [35] and an anaLogous reaction using RC"CH, R'X, and cataLytic amounts 
of both the Pd cataLyst and Cul is also known [36]. 

3-lodothiophene and C6HsC"CCu react to form the expected 3-phenyLethynyLthiophene 
[22]. The reaction of RC"CCu and 3-iodo-4-carboxythiophenes yieLds only thieno [3,4-c]­
pyran-4-ones after ring cLosure; see Section 1.1.2.1.5.3 [19]. The attempts to react RC"CCu 
and 2-bromothiophenes were not successfuL (e. g., CH3C"CCu with 5-bromothiophene-2-
carboxaLdehyde) or gave Low yieLds (e.g., HOCH2C"CCu with 2-bromothiophene, 14% yieLd 
in boiLing pyridine) [9]. 
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TabLe 11 
Reactions 01 RC"CCu with 2-lodolurans according to 

(beLongs to Reaction Type 7 m, expLanation see pp. 12/4). 
C4H30 = lur-2-yl. 

R R1 remarks, products, yieLds 

CH3 C2Hs0 2C 60% RC"CC4H20R1 +R1C4H3O 

HOCH2 H 67% RC"CC4H20R1 +R1C4H3O 

CH3 65% RC"CC4H20R1 +R1C4H3O 

Rel. 

[1, 9] 

[1, 9] 

[1,9] 

(E)-CHP2CCH =CH 60% RC"CC4H20R1 in presence 01 [Cu(NH3)4]CL [17] 

n-C4Hg CHO 

C6Hs H 

CHO 

CH3CO 

CH30 2CCH=CH 

N02 

MCHO 

eH3 N CH CO 
3 

C6HsCH2 H 

C6HsC"C CHO 

CH3CO 

74% RC"CC4H20R1, cataLyzed by Cu powder 

82% RC"CC4H2OR1 

65% RC"CC4H20Rl, cataLyzed by Cu powder 

72% RC"CC4H20Rl, cataLyzed by Cu powder 

after saponilication 64% 

CsHsC= CVCH = CHC02H 

48% RC"CC4H20R1, cataLyzed by Cu powder 

70% RC"CC4H20Rl, cataLyzed by Cu powder 

70% RC"CC4H20Rl, cataLyzed by Cu powder 

58% RC"CC4H20R1 +R1C4HP 

69% RC"CC4H20Rl, cataLyzed by Cu powder 

71 % RC"CC4H20Rl, cataLyzed by Cu powder 

Relerences on pp. 113/4 

[14] 

[23] 

[7, 14, 18] 

[7, 14, 18] 

[14] 

[14] 

[18] 

[18] 

[1, 9] 

[14] 

[14] 
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TabLe 12 
Reactions of RC=CCu with 2-lodothiophenes according to 

(beLongs to Reaction Type 7m, expLanation see pp. 12/4). 
C4H3S =thien-2-yL, C5Hg0 2 =tetrahydrodropyran-2-yLoxy. 

R 

CHO 

(E)-CH3CH=CH 

C2H5CO 

remarks, products, yieLds 

61 % RC=CC4H2SR1 + R1C4H3S 

RC=CC4H2SR1 

RC=CC4H2SR1 

C4H3S RC=CC4H2SR1 + R1C4H3S 

(C2H50hCH RC=CC4H2SR1 

(E)-CH2=CHCH=CHC=C 
RC=CC4H2SR1 

5-(CH30)2CHC=CC4H2S 
R1C4H3S the onLy product 

Ref. 

[1,9] 

[21] 

[21] 

[11] 

[21] 

[3] 

[1] 

[28] 

109 

18% RC=CC4H2SR1 after 6 h in 
pyridine at 1200 [13] 

[13,16,21] 
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H 

H 

20 to 60% RC=CC4H2SR1 after 4 h 
reflux in pyridine [16] 

.. heated" in pyridine for 7.5 h 
gives 13% R1C4H3S, 
5,5' -diiodo-2,2' -bithienyL and 
RC=CC4H2SR1 [21] 

(in aLL cases with a moLar ratio 
RC=CCu: thiophene = 1 : 1) 

67 to 79% RC=CC4H2SR1 + [1, 9] 
R1C4H3S 

RC=CC4H2SR1 +R1C4H3S [11] 

48% RC=CC4H2SR1 + R1C4H3S [1, 6] 
32% RC=CC4H2SR1 with acetyLide 

prepared in situ from CH2=CHC= 
CMgBr and CuCL 

53% RC=CC4H2SR1 +R1C4H3S [1] 

43% RC=CC4H2SR1 +R1C4H3S [1] 

32% RC=CC4H2SR1 with acetyLide [2, 6, 11] 
prepared in situ from CH2=CHC= 
CMgBr and Cu CL 

References on pp. 113/4 
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Table 12 [continued] 

R 

CH2=CH 
[continued] 

CH3CO 

CH30 2C 

ClCH2CH(OH) 

HO(CH2)2 

CH3C"C 

1.1.2.1.4.11 

R1 remarks, products, yields Ref. 

CH3(C"C)2 <24% RC"CC4H2SR1, excess [16] 
CH2=CHC"CCu necessary 

(E)-CH3CH=CHC"C RC"CC4H2SR1 [3] 

5-CH3C4H2S RC"CC4H2SR1 +R1C4H3S [11] 

(CH3O)2CHC"C 

CH2=CHC= cVc= CCHO 

[16] 

after saponification, excess 
CH2=CHC"CCu necessary 

5-CH30 2CC4H2S RC"CC4H2SR1 +R1C4H3S [11] 

I 29% RC"CC4H2SR1 +R1C4H3S, [13] 
120°/4 h in pyridine, molar ratio 
1 : 1, the acetylide is not totally 
converted 

C4H3S RC"CC4H2SR1 +R1C4H3S [11] 

CH3C"C 35% RC"CC4H2SR1 [13] 

C4H3S the active Cl causes side reac- [4] 
tions, no product identified 

H 51 % RC"CC4H2SR1 + R1C4H3S [1] 

< 15% RC"CC4H2SR1, 4 h reflux in [16] 
pyridine, molar ratio = 1: 1 

5-HO(CH2)2C"CC4H2S < 15% RC"CC4H2SR1 [16] 

CSH902CH(CH202CCH3)C"C 
<33% RC"CC4H2SR1 [16] 

<24% RC"CC4H2SR1, 4 h reflux in [16] 
pyridine, molar ratio = 1: 1 

(E)/(Z)-mixture of [16] 

CH3CH= CHC=CVC=CCH20H 

after saponification 

RC"CC4H2SR1 

68% RC"CC4H2SR1 

72% RC"CC4H2SR1, 7 h reflux in 
pyridine, molar ratio 
RC"CCu: thiophene = 2: 1 

References on pp. 113/4 

[20] 

[25] 

[27] 
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Table 12 [continued] 

R R1 remarks, products, yieLds Ref. 

(CH3O)2CH 5-IC4H2S yieLds [28] 
[continued] 

I --o-Q-C = CCH (OCH3)2 

at a moLar ratio RC"CCu: thio-
phene= 1: 1, 

(CH30)2CHC= c--o-Q-c= CCH (OCH3)2 

at a moLar ratio of 2: 1 (no yieLds 
given) 

CH2=CHC"C CH3C"C gives RC"CC4H2SR1 with excess [16] 
CH2=CHC"CCu 

C5Hg0 2CH2C"C < 11 % RC"CC4H2SR1, if sLowLy [16] 
reacted under ice-cooLing, ex-
cess CH2=CHC"CCu necessary 

C5Hg0 2 RC"CC4H2SR1 at a 1 : 1 moLar ratio, [20] 
5 h reflux in pyridine 

(C2H5O)2CH H RC"CC4H2SR1 [9] 

CH3 85% RC"CC4H2SR1 + R1C4H3S [1,9] 

C4Hß ~C=CCHO 
[11] 

after saponification, R1C4H3S is 
aLso formed 

RC"CC4H2SR1 with a moLar ratio [3,9] 
RC"CCu: thiophene = 8: 13,8 h 
reflux in pyridine 

C6H5 H RC"CC4H2SR1; 75% in boiLing [6,8,35] 
pyridine after 10 h, 44% with 
C6H5C"CCu prepared in situ 
from C6H5C"CMgBr and CuCL, 
94% after 1 hat 20° in dimethyl-
formamide in presence of 
C6H5Pdl[P(C6H5b]2/[N(C4Hg-n)4]1 

C4H3S 51 % RC"CC4H2SR1 with C6H5C" [6] 
CCu prepared in situ from 
C6H5C"CMgBr and CuCL 

VCH=CH-

H 60% RC"CC4H2SR1 + R1C4H3S [1] 

C2H50 2C 55% RC"CC4H2SR1 +R1C4H3S [1] 
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TabLe 12 [continued] 

R 

4-CH30 2CC4H2S 

CSH90 2CH2 

(E)-CSHg0 2CH2CH=CH 
H 

CH3C02CH2 

CH2=CHC"C 

CSH902CH(CH202CCH3) 
C4H3S 

1.1.2.1.4.11 

remarks, products, yieLds Ref. 

46% RC"CC4H2SR1 [25] 

RC"CC4H2SR1 [9, 10] 

RC"CC4H2SR1 [10] 

60% RC"CC4H2SR1 [15] 

20 to 60% RC"CC4H2SR1, 4 h re- [10, 16] 
fLux in pyridine, moLar ratio = 

1 : 1 

17% 

~C=' CCH = CHCH20H [5,30] 

after saponification; 58% of the 
corresponding aLdehyde after 
saponification and Mn02 oxida-
tion 

54% RC"CC4H2SR1 [24] 

57% RC"CC4H2SR1 [13] 

54% RC"CC4H2SR1 [12] 

<33% RC"CC4H2SRl, 4 h reflux in [16] 
pyridine 

80% RC"CC4H2SR1 [8, 31] 

PyrazoLes. The haLogen of 4-iodopyrazoLes R'I can be substituted by RC"C, using RC"CCu 
as areagent; see TabLe 13. For reactions invoLving a ring cLosure, see Reaction Type 8, 
Section 1.1.2.1.5.3. 

Reactions of the Type RC='CCu + 

TabLe 13 I R' 

RX1 N 
I 
CH3 

(beLongs to Reaction Type 7 m, expLanation see pp. 12/4). 

R R1 R2 yieLd 

CH3OCH2 CH3 H02C 59% 

H02C H 60% 

n-C3HJ CH3 H02C 53% 

H02C H 62% 

Ref. 

[33] 

[33] 

[33] 

[33] 
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Table 13 [continued] 

R R1 R2 yield Ref. 

C6Hs CH3 H02C 62% [33] 

H02C H 58% [33] 

H CH3 80% [34] 
84% with C6HsC"CCu in situ prepared frorn 
C6HsC"CH, Cul, (C2Hs)2NH and catalyzed by 
Pd(P(C6Hsb)2Cl2 

ThiazoLes. The reaction of 2-iodothiazole and C6Hs"CCu affords a 58% yield of 2-phenyl­
ethynylthiazole [23]. 

References: 

[1] R. Atkinson, R. F. Curtis, G. T. Phillips (Chern. Ind. [London] 1964 2101/2). 
[2] R. E. Atkinson, R. F. Curtis, G. T. Phillips (Tetrahedron Letters 1964 3159/62). 
[3] R. E. Atkinson, R. F. Curtis (Tetrahedron Letters 1965 297/300). 
[4] R. E. Atkinson, R. F. Curtis, G. T. Phillips (J. Chern. Soc. C 1966 1101/3). 
[5] F. Bohlrnann, K.-M. Kleine, C. Arndt (Chern. Ber. 99 [1966]1642/7). 
[6] D. Brown, J. Cyrnerrnan-Craig, N. H. Dyson, J. W. Westley (J. Chern. Soc. C 1966 89/91). 
[7] R. I. Katkevich, S. P. Korshunov, L. I. Vereshchagin (Zh. Vses. Khirn. Obshchestva 11 

[1966] 705/6; C.A. 66 [1967] No. 55300). 
[8] M. D. Rausch, A. Siegel, L. P. Klernann (J. Org. Chern. 31 [1966] 2703/4). 
[9] R. E. Atkinson, R. F. Curtis, J. A. Taylor (J. Chern. Soc. C 1967 578/82). 

[10] R. E. Atkinson, R. F. Curtis, D. M. Jones, J. A. Taylor (J. Chern. Soc. Chern. Cornrnun. 
1967718/9). 

[11] R. E. Atkinson, R. F. Curtis, G. T. Phillips (J. Chern. Soc. C 1967 2011/5). 
[12] F. Bohlrnann, C. Zdero, W. Gordon (Chern. Ber. 100 [1967]1193/9). 
[13] F. Bohlrnann, P.-H. Bonnet, H. Hofmeister (Chern. Ber. 100 [1967]1200/5). 
[14] S. P. Korshunov, R. I. Katkevich, L. I. Vereshchagin (Zh. Org. Khirn. 3 [1967] 1327/31; 

J. Org. Chern. [USSR]3 [1967]1288/91). 
[15] F. Bohlrnann, C. Zdero (Chern. Ber. 101 [1968] 3243/54). 
[16] F. Bohlrnann, P. Blaszkiewicz, E. Bresinsky (Chern. Ber. 101 [1968] 4163/9). 
[17] C. H. Fawcett, D. M. Spencer, R. L. Wain, A. G. Fallis, E. R. H. Jones, M. Le Quan, 

C. B. Page, V. Thaller, D. C. Shubrook, P. M. Whitharn (J. Chern. Soc. C 1968 2455/62). 
[18] S. P. Korshunov, R. I. Katkevich, O. T. Shashlova, L. I. Vereshchagin (Zh. Org. Khirn. 4 

[1968]676/80; J. Org. Chern. [USSR]4 [1968]659/62). 
[19] S. A. Mladenovic, C. E. Castro (J. Heterocycl. Chern. 5 [1968] 227/30). 
[20] R. E. Atkinson, R. F. Curtis, D. M. Jones, J. A. Taylor (J. Chern. Soc. C 1969 2173/6). 

[21] R. F. Curtis, J. A. Taylor (J. Chern. Soc. C 1969 1813/8). 
[22] G. Martelli, P. Spagnole, M. Tiecco (J. Chern. Soc. B 1970 1413/8). 
[23] T. Teitei, P. J. Collin, W. H. F. Sasse (Australian J. Chern. 25 [1972]171/82). 
[24] F. Bohlrnann, P.-D. Hopf (Chern. Ber. 106 [1973] 3621/5). 
[25] F. Bohlrnann, W. Skuballa (Chern. Ber. 106 [1973] 497/504). 
[26] K. Arakawa, T. Miyasaka, N. Hamamichi (Chern. Letters 1974 1305/8; C.A. 82 [1975] 

No. 73382). 
[27] F. Bohlrnann, J. Kocur (Chern. Ber. 107 [1974]2115/9). 
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[28] F. Bohlmann, J. Kocur (Chem. Ber. 108 [1975] 2149/52). 
[29] K. Arakawa, T. Miyasaka, N. Hamamichi (Nucl. Acids Spec. Publ. No. 2 [1976] 1/4; C.A. 

86 [1977] No. 140379). 
[30] F. Bohlmann, C. Hühn (Chem. Ber. 110 [1977]1183/5). 

[31] D. W. Slocum, M. D. Rausch, A. Siegel (Organometal. Polym. Symp., New Orleans 1977 
[1978], pp. 39/51, 49). 

[32] N. Hamamichi, T. Miyasaka, K. Arakawa (Chem. Pharm. Bull. [Tokyo] 26 [1978]898/907). 
[33] S. F. Vasilevskii, E. M. Rubinshtein, M. S. Shvartsberg (Izv. Akad. Nauk SSSR Sero Khim. 

1978 1175/7; Bull. Acad. Sci. USSR Div. Chem. Sci. 1978 1021/3). 
[34] A. N. Sinyakov, M. S. Shvartsberg (Izv. Akad. Nauk SSSR Sero Khim. 1979 1126/8; Bull. 

Acad. Sci. USSR Div. Chem. Sci. 1979 1053/4). 
[35] N. A. Bumagin, I. 0. Kalinovskii, A. B. Ponomarov, I. P. Beletskaya (Dokl. Akad. Nauk 

SSSR 265 [1982]1138/43; Dokl. Chem. Proc. Acad. Sci. USSR 262/267 [1982]262/6). 
[36] N. A. Bumagin, A. B. Ponomarev, I. B. Beletskaya (Izv. Akad. Nauk SSSR Ser. Khim. 

19841561/6; Bull. Acad. Sci. USSR Div. Chem. Sci. 1984 1433/8). 

1.1.2.1.4.12 Reactions with 6-Membered Heterocycles R'X 

This reaction is relerred to as "Reaction Type 7n" in Table 1 on pp. 17/41. 

Pyridines.The reaction 01 RC"CCu and 2-iodopyridine in boiling pyridine gives 2-alkinyl­
pyridines. This reaction is much laster than the reaction 01 RC"CCu with iodobenzenes. 
For instance, C6H5C"CCu and 2-iodopyridine give 86% substitution product after 1 h [3], 
whereas under the same conditions with 2-iodobenzene a yield 01 87% is obtained only 
after 10 h [1]. The reaction 01 C6H5C"CCu and 2-iodopyridine can be catalyzed by 
Fe(C5H4P(C6H5)2)2' PdCl2 and [N(C4Hg-n)4]1 in hexamethylphosphoric triamide. After 2 h at 
20° C, 67% C5H4NC"CC6H5 (C5H4N = pyrid-2-yl) is obtained. The catalysis by 
C6H5Pdl[P(C6H5hh needs 5 h at 50° C to give a yield 0181 % [8]. 

In boiling pyridine the lollowing RC"CCu were reacted with 2-iodopyridine to give 2-RC" 
CC5H4N (yields in parentheses): R = n-C4Hg (95%) [3]; 4-02NC6H4 (52%) [3]; C6H5 (25 to 
86%) [2, 3], with C6H5C"CCu lormed in situ yields up to 92% are obtained [5]; tetrahydro­
pyran-2-yloxymethyl [6]; 4-CH30C6H4 (68%) [3]; 4-C6H5C6H4 (54%) [3]; 4-C6H5C6H4C"C 
(7%) at 120° C, unstable product [3]. 

The reaction 01 2-iodo-3-hydroxypyridines and RC"CCu, in most cases, gives under 
ring closure luro [3,2-b]pyridines and is described in Section 1.1.2.1.5.1. Only 2-02NC6H4C" 
CCu and 2-iodo-3-hydroxypyridine are said to give 6.5% 2-(2-nitrophenylethynyl)-3-hy­
droxypyridine [4]. This reaction product shows no C"C band in the IR spectrum and the 
correct structure is possibly I. 

eH) D 
~COCCH'-O 0 

N 

11 111 

3-lodopyridine and C6H5C"CCu react in boiling pyridine to give 47% 3-phenylethynylpyri­
dine [2]. The reaction 01 3-iodo-4-methylpyridine and II gives 111 [6]. 

4-lodopyridine is reacted with in situ lormed HOCH2C"CCu using a mixture 01 equimolar 
amounts 01 HOCH2C"CH and 4-iodopyridine, 1 mol % C6H5Pdl[P(C6H5)3b 1 mol % Cul, and 
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2 equivalents N(C2Hsb in pyridine. The yield of 4-(3-hydroxyprop-1-ynyl)pyridine is 83% 
[9]. 

Pyrimidines. The reaetion of 11 and IVa yields Va. An atternpted analogous reaetion of 
11 and IVb failed, supposedly beeause of the sterie hindranee by the (CH3bSi group [7]. 

IV 

References: 

11 

0: R' = CH3 

b:R'= (CH3hsi 

[1] R. D. Stevens, C. E. Castro (J. Org. Chern. 28 [1963] 3313/5). 

V 

[2] C. E. Castro, E. J. Gaughan, D. C. OwsLey (J. Org. Chern. 31 [1966] 4071/8). 
[3] I. L. KotLyarevskii, V. N. Andrievskii, M. S. Shvartsberg (Khirn. GeterotsikL. Soedin. 1967 

308/9; Chern. HeteroeyeL. Cornpounds [USSR] 1967 236/7). 
[4] C. Bond, M. Hooper (J. Chern. Soe. C 1969 2453/60). 
[5] M. S. Shvartsberg (Izv. Akad. Nauk SSSR Sero Khirn. 1970 1144/9; BuH. Aead. Sei. USSR 

Div. Chern. Sei. 1970 1079/82). 
[6] E. G. Brain, A. J. EgLington, B. G. Jarnes, J. H. C. NayLer, N. F. Osborne, M. J. Pearson, 

T. C. SrnaLe, R. Southgate, P. ToHiday, M. J. Basker, L. W. Mizen, R. Sutherland (J. Med. 
Chern. 20 [1977]1086/90). 

[7] R. S. Bhatt, N. G. Kundu, T. L. Chwang, C. Heidelberger (J. HeteroeyeL. Chern. 18 [1981] 
771/4). 

[8] N. A. Burnagin, I. o. KaLinovskii, A. B. Ponornarev, I. P. BeLetskaya (DokL. Akad. Nauk 
SSSR 265 [1982]1138/43; DokL. Chern. Proe. Aead. Sei. USSR 262/267 [1982]262/6). 

[9] N. A. Burnagin, A. B. Ponornarev, I. P. Beletskaya (lzv. Akad. Nauk SSSR Sero Khirn. 1984 
1561/6; BuH. Aead. Sei. USSR Div. Chern. Sei. 1984 1433/8). 

1.1.2.1.4.13 Reactions with Condensed Heterocycles R'X 

This reaetion is referred to as "Reaction Type 70" in TabLe 1 on pp. 17/41. 

Benzimidazollum Salts. These eornpounds represent a Mannich eation type strueture and 
their reaetions with CeHsC=CCu are therefore treated in Seetion 1.1.2.1.7. 

Phthalldes. The reaetion of CeHsC=CCu and 6-iodophthaLide (I a) gives 1 b in a 61 % yield 
[1, 2]. 
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b : R' = CsHsC:::C 

11 

References on p. 116 
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Coumarines 11 react with RC=CCu to give 111 (figures see p. 115): R = 1-methYI-1-(tetrahy­
dropyran-2-yloxy)ethyl, R1 = CH3 [7]; R = CH2=C(CH3), R1 = CH30CH2, yield 65% [3]. 

The reaction of 7 -hydroxY-8-iodocoumarines and RC=CCu yields 2H-furo[2,3-h]-1-ben­
zopyran-2-ones under cyclization and is described in Section 1.1.2.1.5.1. 

Dibenzofuranes and -phenazines. The reaction of 3,6-diiododibenzofuran (IVa) and C6HsC= 
CCu gives IVb in a 94% yield [5, 6]. The reaction of C6HsC=CCu and Va produces 91 % Vb 
[5]. 

IV 

a' R' = I 

VI 

V 

Porphines. 8-Bromo-5, 10, 15,20-tetraphenylporphine nickel (VI a) and n-C4HgC=CCu in 
refluxing pyridine yield Vlb [4]. 

References: 

[1] O. Va. Neiland, M. P. Briede (Khim. Atsetilena Tr. 3rd Vses. Konf., Dushanbe 1968 [1972], 
pp. 160/3; C.A. 79 [1973] No. 18464). 

[2] M. P. Briede, Va. O. Neiland (Zh. Org. Khim. 6 [1970] 1701/6; J. Org. Chem. [USSR] 6 
[1970]1706/10). 

[3] H. Franke (Diss. T.U. Berlin 1971). 
[4] H. J. Callot (Tetrahedron Letters 1973 4987/90). 
[5] A. M. Berlin, N. M. Kofman, E. S. Krongauz, A. N. Novikov, I. R. Gol'ding (lzv. Akad. Nauk 

SSSR Ser. Khim. 1975441/2; Bull. Acad. Sci. USSR Div. Chem. Sci. 1975369/70). 
[6] V. V. Korshak, E. S. Krongauz, A. M. Berlin, N. M. Kofman, A. P. Travnikova (Khim. Dikar­

bonil'nykh Soedin. Tezisy Dokl. 4th Vses. Konf., Riga 1975 [1976], pp. 76/7; C.A. 87 [1977] 
No. 39874). 

[7] R. D. H. Murray, I. T. Forbes (Tetrahedron Letters 1977 3077/8). 

1.1.2.1.4.14 Reaclions with R'X, where X is Bonded 10 S, P, Si, or Sn 

This reaction is referred to as "Reaction Type 7p" in Table 1 on pp. 17/41. 

The reactions of RC=CCu with compounds containing groups like SCl or PCl follow the 
simple scheme known from the previous sections and yield structures like RC=CS or RC=CP, 
which are difficult to synthesize by other methods. From polyhalogenated compounds, one 
halogen, as with (CH3)2SnBr2' or all halogens, as with PCI3, can be substituted in this 
way. 
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If X is bonded to transition metals, the simpLe substitution of X by RC"C has onLy been 
oeeasionaLLy observed. However, in most eases the reaetion is mueh more eompLieated. 
UsuaLLy mixtures eontaining one or more transition metaL eompLexes are formed. The reae­
tion produet pattern depends on the reaetion eonditions and on the ratio of the reaetants, 
and redox reaetions oeeur. In most eases there is no information about the reaetion path. 
Therefore, aLL reaetions of eompounds eontaining groups M-X (M =transition metal) are 
treated separateLy in Seetion 1.1.2.1.10. 

Sulfur Compounds. RC"CCu and 2,4-(02N)2CsHsSCL reaet in CH3CN to form 2,4-
(02N)2CsH3SC"CR. The yieLds are 70% with R=n-C3H7 and 80% with R=CsHs [2]. 

Phosphorus Compounds. The reaetion of CsHsC"CCu and an exeess of PCL3 yieLds the 
white P(C"CCsHsh [1]. The reaetion of RC"CCu and eompound I in tetrahydrofuran/ether/di­
methylsuLfide gives 60% 11, isoLated as a Cul eompLex. With R = CH30CH2 the asymmetrie 
induetion is 31 %, with R = CsHs 30% [5]. 

~ I: R'= Cl 

1I: R' = RC=C 

N 

Silicon Compounds. The reaetions of RC"CCu (R = n-C4Hg or CsHs) with ehLorosiLanes 
(CH3)nSiCL4_n (n = 1, 2, or 3) afford a 60 to 80% yieLd of RC"CSi(CH3)nCL3_n' The aeetyLides 
RC"CCu are best prepared in situ. The eomponents are heated 120 h at 1500 C [3]. 

Tin Compounds. 4-CH3CsH4C"CCu and (CH3)2SnBr2 give after 17d in ether 4-CH3CsH4C" 
CSn(CH3hBr in a 22% yieLd [4]. 

References: 

[1] A. M. SLadkov, L. Y. Ukhin, V. V. Korshak (Izv. Akad. Nauk SSSR Sero Khim. 19632213/5; 
BuLL. Aead.Sei. USSR Div. Chem. Sei. 19632043/5). 

[2] C. E. Castro, R. HavLin, U. K. Honvad, A. Malte, S. Moje (J. Am. Chem. Soe. 91 [1969] 
6464/70). 

[3] G. Derleis, J. Dunogues, R. CaLas, P. Lapouyade (J. Organometal. Chem. 80 [1974] C45/ 
C46). 

[4] G. Van Koten, C. A. Sehaap, J. G. NoLtes (J. Organometal. Chem. 99 [1975]157/70). 
[5] W. Chodkiewiez (J. Organometal. Chem. 194 [1980] C25/C28). 

1.1.2.1.5 Reaclions wilh R'X 10 Form Ring Closure Producis of RC"CR' 

1.1.2.1.5.1 Ring Closure Giving Furans 

This reaetion of RC"CCu with R'X is referred to as "Reaction Type 8a" in TabLe 1 
on pp. 17/41. The formation of phthaLides, which have a benzo[e]furan skeLeton, is treated 
in Seetion 1.1.2.1.5.3 (Reaetion Type 8c). 

If R'X eontains a structuraL eLement -CX=C(OH)- with X = I or Br, its reaction with RC"CCu 
gives a furan instead of an enynoL, whieh might be expeeted according to the reaction 
path outLined in Section 1.1.2.1.4.3. However, the addition of the OH group of the strueturaL 
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eLement -(RC"C)C=C(OH)- to the C"C bond to yieLd a furan ring is favored. The onLy excep­
tion is said to be the formation of 2-(2-nitrophenyLethynyL)-3-hydroxypyridine [6]. This cLaim 
is doubtfuL. The compound shows no C"C band in the IR spectrum, thus the furan structure 
is more probabLe here too. 

SimpLe furans are formed from phenacyLbromides and RC"CCu according to Scheme I: 

H" / Sr 
C 
11 
C 

C6H5/ 'OH 
+ 

Cu-C 
111 
C-R 

The reaction conditions are important. By heating the components 5 min at 140°C with 
R = n-C3H7 the yieLd is 29%; with R = C6H5 54% yieLd of the furan is obtained after 5 min 
in C6H5N02 at 240°C [4]. Upon heating C6H5C"CCu and C6H5COCH2Br 16 h in gLycoL at 
140°C onLy C6H5COCH 3 (47%) and tars were obtained [3]. 

More important is the synthesis of benzo[b]furans (in many cases pLant products), see 
TabLe 14. The nature of the soLvent is not of great importance. The OH group is sometimes 
formed in the reaction mixture, e. g., by deacetyLation from CH3C02 . 
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For the synthesis of furo[3,2-b]pyridines from 2-iodo-3-hydroxypyridines, see TabLe 15. 
A typicaL run is carried out by heating the components 9 to 14 h in pyridine or dimethyLforma­
mide at 120°C. 

TabLe 15 
Formation of Furo[3,2-b]pyridines from 2-lodo-3-hydroxypyridines ac­
cording to 

R2 

&OH 
Rl~Y~I + RC == CCu 

J6crR
2 

0 R 

101 
R N 

(beLongs to Reaction Type 8a, explanation see pp. 12/4). 

R R1 

HO(CH2)2 H 

n-C3H7 H 
H 
CH3 

n-C4Hg H 
H 
CH3 

C6H5 H 

n-C6H13 H 

R2 

H 

H 
CH3 
H 

H 
CH3 
H 

H 

H 

yieLd in % 

61 

82 

88 

84 

92 

Ref. 

[5] 

[5] 
[10] 
[10] 

[5] 
[10] 
[10] 

[5, 12] 

[5] 

AnaLogousLy the reaction of 3,5-diiodo-4-hydroxypyridines 11 and RC"CCu yieLds 7 -iodo­
furo[3,2-c]pyridines 111. The reaction was carried out with the foLLowing R (yieLds in parenthe­
ses): R = HO(CH2)2 (49%), n-C3H7 (24%), pyrid-2-yL (37%) [5], C6H5 (86%) [3, 5], n-C6H13 
(37%) [5]. 

+ RC==CCu 

111 

The reactions of RC"CCu and haLogenated hydroxycoumarines have aLso been used 
to synthesize naturaL products. From 7 -hydroxy-8-iodocoumarine and RC"CCu the 2 H­
furo[2,3-h]-1-benzopyran-2-one IV is produced, R = CH2=C(CH3) (" oroselone") [20, 25] or 
1-methyL-1-(tetrahydropyran-2-yLoxy)ethyl, isolated after hydrolysis with R = HOC(CH3)2 
(" oroselol") [21]. 

RC==CCu + 1 ~~ HoM R 

References on p. 125 

o 

IV 
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1.1.2.1.5.1 123 

The reaction of 6-bromo-7-hydroxycoumarine and RC=CCu in hot pyridine gives psora­
lenes V, wh ich also are natural products. The yield is 65% with R =CH2=C(CH3) [25] and 
not given with R = (CH2=CHCH2bNC(CH3)2 [30]. 

+ Br:©C\~ _ 
RC=Cu 

HO 0 0 
R~ 
000 

v 

The reaction of 2-iodoestrone VI and RC=CCu did not yield the expected ethynylestrones 
VII, but after cyclization 5' -substituted 17 -keto-estra-1 (10),4-dieno[3,2-b]furanes VIII were 
obtained [8, 13]. The following VIII were prepared (yields in parentheses): R = HO(CH2b 
(60%), n-C3H7 (69%), n-C4Hg (66%), CsHs (71 %), n-CSH'3 (63%) [13]. The O-acylated 2-io­
doestrone X reacts with RC=CCu more slowly to form the same heterocycle, whereas the 
O-methylated estrone IX is inert towards RC=CCu [13]. 

I 0 ~ [Re;oe 0 ~1-HO~ HO~ R 

o 

"/ VIII 

/SIOW 0 

eH,eo:~ 

VI VII 

IX X 

The estradiole XI or the monoacetylated estradiole XII and n-C3H7C=CCu react to form 
the estra-1 (10),4-dieno[3,2-b]furan XIII in a 61 % yield [8, 13]. 

Gmelin Handbook 
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XI: R' = H 

XII: R' = CH3CO 

XIII 
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124 1.1.2.1.5.1 

The aeetoxyiodoazuLene XIV and C6HsC=CCu give XV in a 69% yieLd [28]. 

XIV XV 

Benzo[e]furans are byproduets of the synthesis of eoumarines and simiLar heteroeyeLes 
from RC=CCu and aromatie 2-haLobenzoie acids or 2-haLobenzyL aLeohoLs. These reaetions 
are deseribed in Seetion 1.1.2.1.5.3 (Reaction Type 8e), see pp. 128/9. 

The reaetion of 3-haLo-4-hydroxyquinoLin-2-ones XVI (R2 = H) and RC=CCu in boiLing 
pyridine gives 2-substituted 4-oxofuro[3,2-e]quinoLines XVII. SurprisingLy, the methoxy eom­
pound XVI (R' = R2= CH3) aLso undergoes ring eLosure. ObviousLy, the demethyLation by 
the pyridine soLvent is fast enough [32]: 

° 
RC=CCu + R11~ ©J'o/'R 

XVI XVII 

R R' R2 X yieLd in % 

CH2=C(CH3) H H 17 to 25 
CH3 H Br 17 to 25 
CH3 H I 17 to 25 
CH3 CH3 Br 35 

1-methyL-1-(tetrahydropyran- H H 26 (after hydrolysis to 
2-yLoxy)ethyL R = HOC(CH3)2) 

From 3-haLo-4-methoxyquinoLin-2-ones XVI (R' = H, R2 = CH3 , X = Br or I) and CH2= 
C(CH3)C=CCu the furo[2,3-b]quinoLine XIX eouLd be synthesized. This reaetion has been 
expLained by the formation of XVIII whieh is tautomerie to XVI. The ring eLosure reaetion 
invoLving the 2-hydroxy group is obviousLy mueh faster than the demethyLation reaetion 
of the ether group as shown above [32]. 

XVIII XIX 

Gmelin Handbook 
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[29) G. E. Schneiders, R. Stevenson (Syn. Cornrnun. 10 [1980) 699/705). 
[30) G. E. Schneiders, R. Stevenson (J. Chern. Res. S 1982 182). 
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6464/70). 

1.1.2.1.5.2 Ring elosure Giving Pyrroles or Thiophenes 

This reaction of RC=CCu with R'X is referred to as "Reaction Type 8b" in Table 1 
on pp. 17/41. 

If R'X contains a structural element -C(I)=C(NHR1)- or -CBr=C(SH)-, respectively, the 
expected RC=CR' with the structural elements -(RC=C)C=C(NHR1)- or -(RC=C)C=C(SH)­
are not gene raLLy obtained. The proton at N or S can add to the C=C bond and a pyrrol 
or a thiophene ring is forrned. R'X is in most cases a 2-iodoaniLine or 2-brornothiophenol 
and the forrned heterocycle is then an indole or a benzo[b)thiophene, respectively. 
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Formation 01 IndoLes. In homogeneous reaction systems, usuaLLy with pyridine as a sol­
vent, the reaction of RC"CCu with halo-aminophenols R'X (X = halogen) yields RC"CR' or 
a mixture of RC"CR' and the cyclization product [3], see Sections 1.1.2.1.3 and 1.1.2.1.4.6. 
In heterogeneous reaction systems, however, only indoles can be isolated, see Table 16. 
Best yields are obtained by aLLowing RC"CCu and R'X to stand in a suitable solvent such 
as dimethylformamide, especiaLLy in the presence of certain copper salts. Obviously, a 
Cu l polymer is essential for catalysis. Monomeric or low molecular weight aggregates of 
Cu l compounds, which are obtained in warm pyridine or upon prolonged warming in dimeth­
ylformamide, are not capable of rapid catalysis. For further explanation of this fact and 
for a suggested mechanism, see [1, 5]. 

Table 16 
Formation of Indoles from lodoanilines according to 

R~I 
R~NHRi 

H 

+ RC==CCu + 
R~=CR 
RfNHRl 

H 

(Reaction Type 8b, explanation see pp. 12/4). For abbreviations and dimensions see p. X. 

R R1 R2 R3 yield yield remarks Ref. 
of I of 11 
in % in % 

C2Hs H H H 12 28 pyridine, 120°/8 h [3] 

n-C3H7 H H H 89 pyridine, 120°/8 h [3] 
H H H 70 17 pyridine, 120°/8 h [3] 
C2Hs H H 50 5 pyridine [3] 

n-C4H9 H H H 35 20 pyridine, 120°/8 h [3] 

CH2=CHC(CH3)2 H H H 36 dimethylformamide, [6] 
140°/12 h 

H Br H 100 d i methylformam ide, [7] 
130°/10 h, Br 
partially exchanged 
against I (Br:l= 
5:4) 

H (CH3)2C=CHCH2 H 94 dimethylformamide, [7] 
125°/5 h 

H H 42 dimethylformamide, [7] 
125°/9 h, gives a 
mixture of land 
37% 

CH2= CHC(CH312C == CWC(CH3)2CH= CH2 
H 

References on p. 128 Gmelin Handbook 
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TabLe 16 [continued] 

R R1 R2 R3 yieLd yieLd remarks Ref. 
of I of 11 
in % in % 

C6Hs H H H >80 d i methyLformam ide/ [1 to 3] 
175°, pyridine/ 
6 h reflux, 
dimethyLsuLfoxide 
or CH3C02H 

C2Hs H H 50 dimethyLformamide, [3] 
120°/22 h 

H H CH3 90 dimethyLformamide, [3] 
120°/22 h 

H H OH 57 dimethyLformamide, [3] 
120°/28 h 

The acetyLamino-iodo-azuLene 111 and C6HsC"CCu give the condensed pyrroLe IV in a 
54% yieLd in boiLing pyridine (wh ich probabLy first causes the deacetyLation) [8]. 

111 IV 

Formation of Benzo[b]thiophenes. CycLization V is carried out by adding a very diLute 
pyridine soLution of the thiophenoL into a suspension or soLution of the acetyLide in pyridine. 
With concentrated soLutions, however, CycLization VI takes pLace. The foLLowing benzo[b]thio­
phenes were prepared in this way (yieLds in parentheses): R=n-C3H7 (80%), n-C4Hg (80%), 
and C6Hs (90%). Some acetyLides are Less stabLe under the reaction conditions and therefore 
are generated in situ from RC"CH, Cul, and N-ethyLpiperidine. The foLLowing benzo[b]thio­
phenes were prepared in this way: R=HOCH2 (10%) and C2Hs0 2C (35%) [4]. 

@: sr 
+ CuC=CR 

SH 

@: sr o + RC=CCu 
SH 
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1.1.2.1.5.3 Ring Closure Giving Other Heterocycles 

This reaction is referred to as "Reaction Type 8c" in Table 1 on pp. 17/41. 

Phthalides and Isocoumarines. The reaction of RC"CCu and 2-XC6H4C02H (X = Cl, 
Sr, or I) gives phthalides 1 or isocoumarines 11, or mixtures thereof; in no case was 
2-RC"CC6H4C02H observed. For examples, see Table 17. The components are heated in 
a suitable solvent, such as pyridine or dimethylformamide. No work was done about the 
dependence of the I: 11 ratio on the substitution type and the reaction conditions. 

Table 17 
Formation of Phthalides and Isocoumarines according to 

(belongs to "Reaction Type 8c", explanation see p. 12/4). 

R R1 X yield of 1 yield of 11 remarks Ref. 
in % in % 

HOCH2 H 6 acetylide prepared in situ in [3] 
d i methylformam ide 

C2Hs0 2C H Sr 15 acetylide prepared in situ in [3] 
dimethylformamide 

H 39 acetylide prepared in situ in [3] 
d i methylformam ide 

n-C3H7 H 22 40 inseparable mixture in pyridine [3,8] 

H formed dimethylformamide/4d reflux [8] 

n-C4Hg H formed dimethylformamide/4d reflux [8] 

References on pp. 130/1 Gmelin Handbook 
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Table 17 [continued] 

R 

H 

H 

H 

H 

H 

Cl 

x 

Br 

Cl 

Cl 

Cl 

1.1.2.1.5.3 

yield of I yield of 11 remarks 
in % in % 

53 

65 

39 

14 

90 

69 

acetylide prepared in situ in 
dimethylformamide 

pyridine 

dimethylformamide 

pyridine 
in previous papers [1, 2] 

wrong structure and different 
yield (94%) given 

acetylide prepared in situ in 
d i methylformamide 

pyridine 

129 

Ref. 

[3] 

[3] 

[3] 

[3] 

[3] 

[3] 

1 H-2-Benzopyrans and 1 H,3H-Benzo[c]furans. The type of the reaction product from 
RC=CCu and 2-ICeH4CH20H depends on the group R. 

In boiling pyridine with R=n-C3H7 50% IV is formed, whereas with R=CeHs 80% V 
can be isolated. Possibly 2-RC=CCeH4CH20H (111) is the intermediate [5]. 

111 

V: R=CsHs 

Benzoxepines. The reaction of n-C3H7C=CCu and 2-ICeH4CH2C02H affords a 60% yield 
ofVI [5]. 

VI 

Thieno[3,4-c]pyrans. The reaction of RC=CCu and VII in dimethylformamide at 125°C 
yields 4H-thieno[3,4-c]pyran-4-ones VIII, R=n-C3H7 (85%), n-C4Hg (78%), CeHs (57%), 
n-CSH'3 (30%) [4]. 
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R~S 
O~ 

o 

VII VIII 

Pyrano[4,3-c]pyrazoles. The reaction of RC=CCu and 5-iodo-1,3-dirnethyLpyrazoLe-4-
carboxyLic acid IX in boiLing pyridine yieLds X. The yieLds are 66% with R=n-CaH7 and 
79% with R=CsHs [9). 

CH3 CH3 
I I 

'f{ Rq{ RC=CCu + I 'N o I ,l 
HC02 # 

CH3 o CH3 

IX X 

The reaction of RC=CCu and 3-iodo-1,5-dirnethyLpyrazole-4-carboxyLic acid XI gives 
XII, R=n-CsH11 (67%) and CsHs (67%) [9). 

R~N v ~ \ 
N-CH3 

o ""'-
o CH3 

XI XII 

Pyrano[3,4-c]pyrazoles. The pyrazoLe XIII and CsHsC=CCu give XIV in a 75% yieLd [10). 

XIII XIV 

Additional ring systems are byproducts of substitution reactions and are described in 
Section 1.1.2.1.4.6 (Table 6, reaction of CsHsC=CCu and 2-(2-02NCsH4)CsH4C=CCsHs [6)) 
and Section 1.1.2.1.4.7 (reaction of CsHsC=CCu and 2,4,6-(02NlaCsHa, see also Section 
1.1.2.1.1, TabLe 1, No. 90) [7). 
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[6] C. C. Leznoff, R. J. Hayward (Can. J. Chem. 49 [1971] 3596/601). 
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1.1.2.1.5.4 Ring Closure Giving Carbocycles 

This reaetion is referred to as "Reaction Type 8d" in TabLe 1 on pp. 17/41. 

Inter- and Intramolecular Cyclization 01 lodine-containing RC=CCu. In most eases 2 
to 6 moLecuLes of RC=CCu form the carbocycle in a "head-to-taiL" -type intermoLecuLar 
substitution reaction. IntramoLecuLar substitutions are aLso known. The foLLowing exampLes 
are arranged by the number of the starting compound RC=CCu as in Section 1.1.2.1.1, 
TabLe 1. 

If 2-IC6H4C=CCu is heated in pyridine (no temperature given) a 26% yieLd of land 
a littLe 11 was isoLated [1]. On the other hand, onLy some "erystaLLizabLe cyclic trimer" 
(presumabLy I) was obtained by heating 2-IC6H4C=CCu 6 h at 110 °C in dimethyLformamide 
or in pyridine. The main product is a linear poLymer of the structure 111 containing some 
iodine. The yieLd of this compound was 90% in dimethyLformamide and 83% in pyridine 
[8]. 

3-IC6H4C=CCu gives a 4.6% yieLd of IV after boiling 24 h in pyridine [13]. 
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WeLL-dried (E)-2-ICsH4CH=CHC=CCu in boiLing pyridine yieLds a mixture of V (14% yieLd) 
and VI (2.4% yieLd), which can be separated chromatographicaLLy on aLumina (6). 

v VI 

The Cu saLt of 1-ethynyL-8-iodonaphthaLene VII in boiLing pyridine is reported to yieLd 
50% zethrene (VIII) [4, 7] or a mixture of VIII (52% yieLd) and IX (5% yieLd) [10]. The 
origin of the H atoms marked in formuLa VIII has not been studied. The way of the formation 
of compound IX is not cLear. A DieLs-ALder type reaction of X is improbabLe. An attempted 
trapping of X by boiLing VII in the presence of 1,3-diphenyLbenzo[c)furane in dimethyLform­
amide gave no DieLs-ALder adduct (10). 

~ CCu 

/ X 
111 
C I 

00 
VII ~ 

+ 

VIII IX 

The weLL-dried Cu saLt of 1-ethynyL-7-iodonaphthaLene (XI) in boiLing pyridine gives 
a compLex mixture, from wh ich as the onLy product 8% yieLd of XII couLd be isoLated chroma­
tographicaLLy on aLumina (6). 

References on pp. 134/5 Gmelin Handbook 
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XI XII 

The previously described .. head-to-tail reaction" of three or more moleeules of a com­
pound containing both the groups RC=C and I is not the only possibility for producing 
carbocyclic ring systems from these bifunctional starting materials. 2-(2-ICsH4)CsH4C=CCu 
(XIII) undergoes an intramolecular reaction in boiling pyridine. The first product is possibly 
the unstable carbene XIV, which dimerizes to the cumulene XV [5, 11]. 

C:::CCu 
I ----I.~ C=C: 

XIII XIV XV 

If the distance between I and Cu is wide enough, two moleeules can undergo the above 
mentioned .. head-to-tail reaction". The Cu salts of the dienynes XVI in boiling pyridine 
with Rl = CH3 (XVI a) yield after 48 h 8.4% XVII a, with Rl = CH30CH2 (XVI b) after 14 h 14.6% 
XVllb [12]. 

nOR' "" "'c 
III 
C 

I Cu 

XVI 
a 

b 

.. 

XVII 
R' = CH3 

R1 =CH30CH2 

The reaction products of XVIII in pyridine depend on the reaction conditions. After 90 min 
boiling a 22% yield of zethrene VIII (see p. 132) is formed. After 30 min at 80 0 C a mixture 
of VIII (10% yield) and 7 -iodozethrene XIX (11 % yield) is formed. At 35°C no VIII was 
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obtained, but 6% XIX could be isolated. In aLL cases VIII and XIX were accompanied by 
unidentified byproducts. In dimethylformamide and in hexamethylphosphoric tri amide simi­
lar results have been observed. The diradical XXI is supposed to be formed by an electro­
cyclic reaction from the expected, but not proved, XX. Again there is no evidence of the 
origin of additional H atoms in VIII and XIX. XIX could result from XXI by addition of Cul 
and subsequent hydrolysis [7]. 

~ 
~=~ 

111 111 

00 o ~ 10 
'Cu 

XVIII XIX XX XXI 

Cycloadditions after Substitution. The formation of a 4-membered ring from two C=C 
units has been observed at the reaction of 2-iodo-2' -phenylethynylbiphenyl (XXII) and 
CSH5C=CCu (see also Section 1.1.2.1.4.6, Table 6). A mixture of XXIII (65% yield) and XIV 
(10% yield) is obtained after 10 h reflux in pyridine. The structure of XXIII resembles that 
of XX and should cause the formation of XXIV by a [2 + 2]-cycloadd ition [2]. 

XXII ,R' = I XXIV 
XXIII ,R' = C=CC6HS 

A [2+2+2]-cycloaddition with intramolecular hydrogen displacement is involved in the 
formation of 7 -arylbenzo[k]fluoranthenes from 1,8-diiodonaphthalene and RC=CCu [3, 9]. 
This reaction is dealt with in Section 1.1.2.1.4.9 (see Table 10), for the typical reaction path 
is the formation of the regular mono- and/or disubstitution products. 
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[4] H. A. Staab, A. Nissen, J. I paktsch i (Angew. Chem. 80 [1968] 241; Angew. Chem. Intern. 

Ed. Eng!. 7 [1968] 226). 
[5] H. A. Staab, H. Mack, E. Wehinger (Tetrahedron Letters 1968 1465/9). 
[6] K. Endo, Y. Sakata, S. Misumi (Tetrahedron LeUers 1970 2557/60). 
[7] R. H. MitcheLL, F. Sondheimer (Tetrahedron 26 [1970] 2141/50). 

Gmelin Handbaak 
Cu-Org. Camp. 3 



1.1.2.1.5.4 - 1.1.2.1.7 135 

[8] R. D. Stephens, W. C. Kray, SheLL OiL Co. (U.S.3749700 [1970/73]; C.A. 79 [1973] 
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1.1.2.1.6 Reactions with R'X to Form the Hydrocarbons R'H 

This reaction is referred to as "Reaction Type 9" in TabLe 1 on pp. 17/41. 

In certain cases the reaction of RC=CCu and R'I or R'Sr yieLds R'H, either as the soLe 
product or in addition to the substitution product RC=CR' (Reaction Type 7). The origin 
of the hydrogen in the course of this "reductive elimination of haLogen" was not investigated. 
The yieLds of R'H come up to over 50%. The H therefore couLd not originate from traces 
of water or from impurities, but couLd come from the soLvents pyridine [1, 3 to 5], dimethyLfor­
mamide, or gLycoL [2]. 

The conversion of R'X (X = I or Sr) to R'H is especiaLLy favored in the bithienyL series. 
The reaction of CH3C=CCu and la in pyridine at 105 °C gives Ib as the onLy product in 
a 52% yieLd. The expected product Ic is not formed [4]. 

(CH30l2CHC=COOR' 

10: R'= I 

Ib: R'=H 

le: R' =CH3C=C 

In many cases a mixture of the "normaL" substitution product RC=CR' (Reaction Type 
7) and of the "reduction product" R'H (Reaction Type 9) is obtained. Most exampLes beLong 
to the reactions of RC=CCu with 2-iodothiophenes and with 2-iodofurans [1, 3]. They are 
Listed in Section 1.1.2.1.4.11, TabLes 11 and 12. 

In the course of the reaction of CeH5C=CCu and diiodinated aromatic compounds one 
iodine can be seLectiveLy substituted by hydrogen and the second one by CeH5C=C. For 
the reaction of 1,2-12CeF4 and CeH5C=CCu see Section 1.1.2.1.4.7 [5]. 

Proceeding from CeH5C=CCu and CeH5COCH2Sr in gLycoL at 140°C, the onLy product 
besides tars is CeH5COCH3 (47%). CeH5C=CCu and 1-iodonaphth-2-oL react in dimethyLform­
amide at 152 °C to form naphth-2-oL, but onLy in a yieLd of 2% [2]. 

References: 
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1.1.2.1.7 Mannich Type Reactions 

This reaction is referred to as "Reaction Type 10" in TabLe 1 on pp. 17/41. 

The Mannich reaction of aLkynes in the presence of copper ions can be understood as 
a substitution of Cu in RC=CCu by the Mannich cation I to form the aLk-2-ynyLamine 11. 
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HCHO + HNR1 + H+ 

11 

To run Mannich reactions RC"CCu is not brought into the reaction batch as a pure substance, 
but formed there from alkynes and copper salts. Its presence is said to be observed in 
the reactions of HOCH2C"CCu with HN(C2Hs)2 [7] and of HOCR2R3C"CCU or R40CR2R3C"CCU 
compounds with HN(CH2CH2Cl)2 [6, 13]. It is first precipitated because of its insolubility 
and then consumed in the course of the reaction. 

The intermediate formation of RC"CCu is also supported by the influence of the Cu 
on the reaction path of compounds, which contain not only the acetylenic H, but also a 
second active hydrogen able to undergo Mannich reactions. Compounds of the type 
C6HsCO(CH2)nC"CH react in the course of the Mannich reaction in the presence of Cu l 

at the alkynyl carbon, but in the absence of copper at the COCH2 position [10]. At any 
rate Cu l salts increase the nucleophility of the acetylenic substrate towards the Mannich 
reagents [14]. The addition of 1 % CuCl can enhance the reaction rate up to 30-fold and 
the yield is much higher [5]. Alkynes with donors in the 3-position undergo the Mannich 
reaction only in the presence of Cu l [12]. 

A high number of publications deal with Cu-catalyzed Mannich reactions. In many cases 
the intermediate formation of RC"CCu and its reaction with the Mannich cation I to form 
the amine 11 can be strongly supposed [1 to 5, 8 to 12, 15]. If the Mannich reaction is 
catalyzed by CU", the reduction of Cu" to Cul by CH20 must be assumed [6, 13]. 

The reaction of 1-aminobenzimidazolium salts with preformed C6HsC"CCu can be under­
stood as a Mannich reaction, if the satt is written as a cyclic Mannich cation 111: R1 = CH3, 
C4 Hg0 2CCH2, (CH3)2N(CH2)2' The expected 2-alkynylbenzimidazoline IV corresponds to 11 
at simple acyclic systems. It rearranges to form the pyrazole V, which crystallizes from 
the reaction batch. The corresponding chloride (111, Cl as the anion) does not react with 
C6HsC"CCu or with C6HsC"CH [16]. 

+ 

• 

111 IV V 
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[4] J.-A. Gautier, M. Miocque, N. M. Hung (Bull. Soc. Chim. France 1961 2098/109). 
[5] L. B. Fisher, I. L. Kotlyarevskii, E. K. Andrievskaya (Izv. Akad. Nauk SSSR Ser. Khim. 

19641543/5; Bull. Acad. Sci. USSR Div. Chem. Sci. 1964 1455/7). 
[6] R. I. Krugilikova, V. E. Pikalov (Izv. Vysshikh Uchebn. Zavedenii Khim. Khim. Tekhnol. 

8 [1965]349/51; C.A. 63 [1965]11333). 
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[8] M. I. Bardamova, R. N. Myasnikova, I. L. KotLyarevskii (Izv. Akad. Nauk SSSR Sero Khim. 

Nauk 1967 443/5; BulL. Acad. Sci. USSR Div. Chem. Sci. 1967 429/31). 
[9] J.-A. Gautier, M. Miocque, L. Mascrier-Demagny (Compt. Rend. C 264 [1967]778/81). 

[10] J.-A. Gautier, M. Miocque, L. Mascrier-Demagny (BulL. Soc. Chim. France 1967 1560/8). 

[11] I. L. KotLyarevskii, E. K. Andrievskaya, L. B. Fisher (Izv. Akad. Nauk SSSR Sero Khim. 
Nauk 1967 397/404; Bull. Acad. Sci. USSR Div. Chem. Sci. 1967373/7). 

[12] G. R. Pettit, B. J. Danley (Can. J. Chem. 46 [1968] 792/5). 
[13] I. N. Azerbaev, I. A. Poblavskaya, G. N. Kondaurov (Dokl. 4th Konf. Khim. Atsetilena, 

Alma-Ata 1972, Vol. 1, pp. 353/8; C.A. 79 [1973] No. 77998). 
[14] M. Tramontini (Synthesis 1973 703/75). 
[15] M. M. Kwatra, D. Z. Simon, R. L. Salvador, P. D. Cooper (J. Med. Chem. 21 [1978]253/7). 
[16] L. YU. Ukhin, V. N. Komissarov, Zh. I. Orlova, N. A. Dolgopolova (Zh. Obshch. Khim. 54 

[1984]1676/8); J. Gen. Chern. [USSR] 54 [1984]1493/4). 

1.1.2.1.8 Reaclions wilh R'Cu 

This reaction is referred to as "Reaction Type 11" in Table 1 on pp. 17/41. 

The main product formed from RC=CCu and R'Cu generally is RC=CR'. If Rand R' 
are aryl groups, heating is necessary and the reaction proceeds in several discrete steps 
involving the formation of CU6 and CU4 clusters. 

Reaclions 01 RC=CCu wilh CH3Cu give RC=CCH3 and metallic Cu, if it is run at room 
temperature in ether. The RC=CCu compounds are prepared in situ from RC=CC02Cu (see 
Section 1.1.2.1.1, Preparation Method Va, p. 4). An addition of CH3Cu to the C=C bond of 
RC=CCu, as it is known from RC=CCH3, was not observed. The following RC=CCH3 have 
been prepared (yields in parentheses): R=3-ClC6H4 (50%), 4-ClC6H4 (55%), 3-FC6H4 (45%), 
3-CH3C6H4 (55%). With R=C6H5 (75%) and with R=C12H25 it is not clear whether RC=CCu 
or its Lil aduct (see Section 1.1.2.3) is reacted [1]. 

Reaclions 01 RC=CCu with 2-(CH3hNC6H4CU in dimethylformamide at 65°C give the 
yellow clusters (RC=C)2CU6(C6H4N(CH3)2-2)4 (decomposition temperatures in parentheses): 
R=C6H5 (128°C), 4-CH3C6H4 (138°C), 4-CH30C6H4 (165°C), 2,4,6-(CH3lsC6H2 (189°C). If 
the reaction is carried out in dimethylformamide at 125°C (heating for 2.5 hand 
workup with aqueous NH3 is typical for these reactions), a mixture of RC=CC6H4N(CH3)2-2, 
2-(CH3)2NC6H4C6H4N(CH3)2-2, C6H5N(CH3b and metallic Cu is obtained; see Table 18. The 
decomposition products of (4-CH3C6H4C=ChCU6(C6H4N(CH3)2-2)4 in benzene at 80°C corre­
spond to this pattern; only the symmetric coupling product 2-(CH3)2NC6H4C6H4N(CH3h-2 
could not be detected [2]. So the reactions at both temperatures are treated with the 
implicit understanding that in benzene and in dimethylformamide the same reactions 
occur and that the compounds listed in Table 18 are decomposition products of 
(RC=C)2Cu6(C6H4N(CH3)r2)4 [2, 3]. 
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TabLe 18 
Reaction of RC=CCu and 2-(CH3)2NC6H4CU according to 

R' 

R~C"C-9' Q9 
R3 N(CH3)2 (CH3)2N N(CH 3)2 

11 

III 

(beLongs to Reaction Type 11, expLanation see pp. 12/4) in (CH3)2NCHO at 125 °C/2.5 h (Last 
reaction 125 °C/4 h, then 150 °C/1 h). 

R1 R2 R3 yieLd of I yieLd of 11 yieLd of 111 
in % in % in % 

H CL H 92 5 
H N02 H 76 10 12 
H H H 90 0.5 6 
H CH3 H 90 0.5 7 
H CH30 H 89 0.5 4 
CH3 CH3 H 79 17 
CH3 CH3 CH3 29 1.2 65 
CH3 CH3 CH3 84 16 

If the RC=CCu reacted with 2-(CH3)2NC6H4CU at 125°C is prepared in situ from RC=CH 
and CUI, the yieLds drop considerabLy. Without soLvent the yieLds are almost the same. 
The formation of the Cu can be weLL understood from the opposite poLarization of the Cu-C 
bonds in the starting materiaLs [2]. 

In order to understand the high temperature reaction of RC=CCu and 2-(CH3)2NC6H4CU, 
the decomposition of (4-CH3C6H4C=C)2CU6(C6H4N(CH3)2-2)4 in benzene at 80°C has been 
studied in detail. First a dark red substance, which is soLubLe in benzene, insoLubLe in 
pentane, and highLy oxygen-sensitive, is lormed [2]. From NMR data and from the reaction 
products the structure 4-CH3C6H4C=CCU~CugC6H4N(CH3)2-2 was cLaimed. 4-CH3C6H4C" 
cCu~Cug(C6H4N(CH3)2-2)3 is supposed to be its precursor [2, 3]. ProLonged heating 01 the 
Cu6-compound at 80°C causes a sLow decomposition to give 4-CH3C6H4C"CC6H4N(CH3)2-2, 
2-(CH3)2NC6H4CU, and dimethyLaniLine. As mentioned before, there is no distinct prool that 
with 4-CH3C6H4C"CCu and 2-(CH3)2NC6H4CU instead of (4-CH3C6H4C"C)2CU6(C6H4N(CH3)r2)4 
the reaction path is the same [2]. 

The yieLd pattern of the decomposition reaction can be partLy expLained by comparison 
of the reaction temperature 01 the mixture (125°C) and the decomposition temperature 
01 the cLuster. If the Latter is reLativeLy high (e.g., 189°C at R=2,4,6-(CH3)3C6H2)' the side 
reaction product dimethyLaniLine is favored against the aLkyne (65%); with R = C6H5 (decom­
position temperature = 128°C) onLy 6% dimethyLaniLine are lormed [2]. 
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An intra-aggregate vaLence disproportionation of (RC=ChCus(CsH4N(CHsh-2)4 with the 
formation of asymmetric R'(RC=C)Culi centers to give RC=CCuiCug(CsH4N(CHs)2-2>S and one 
moLe of RC=CCsH4N(CHs)2-2 was cLaimed in a Later pubLication. CLuster reorganization and 
a reductive coupLing step Lead to metaLlic Cu and to a second moLe of RC=CCsH4N(CHs)2-2 
[3]. 

Reactions 01 RC=CCu with 4-(CHs)2NCsH4CU at 120 0 C in dimethyLformamide foLLow a 
pattern simiLar to that of the 2-substituted compounds, but are onLy described with the 
aryL copper prepared in situ. With R = 4-CLCsH4 the yieLd of 4-CLCsH4C=CCsH4N(CHs)2-4 
is 81%, and 12% dimethylaniLine are admixed. With R=4-02NCsH4 a mixture of 17% 4-
02NCsH4C=CCsH4N(CHsh-4, 42% 4-(CHs)2NCsH4CsH4N(CHs)2-4, 20% dimethylaniline, and 
7% 4-02NCsH4C=CH is obtained. The high amount of the biphenyL is probabLy due to a 
oxidative coupLing process by the presence of nitrosubstituted compounds. With R =4-
CHsCsH4, 48% 4-CHsCsH4C=CCsH4N(CHs)2-4, 26% 4-(CHs)2NCsH4CsH4N(CHs)2-4, and 11 % 
dimethylaniLine are isoLated. With R =4-CHsOCsH4 a mixture of 83% 4-CHsOCsH4C= 
CCSH4N(CHsh-4 and 12% dimethylaniLine is formed [2]. 

Relerences: 

[1] R. Levene, J. Y. Becker, J. KLein (J. OrganometaL. Chem. 67 [1974]467171). 
[2] G. Van Koten, R. M. W. Ten Hoedt, J. G. NoLtes (J. Org. Chem. 42 [1977]2705/11). 
[3] J. G. NoLtes (PhiL. Trans. Roy. Soc. [London] A 308 [1982] 35/45). 

1.1.2.1.9 Reactions with Nitrones to Form li-Lactames 

This reaction is referred to as "Reaction Type 12" in TabLe 1 on pp. 17/41. 

The reaction of RC=CCu with nitrones R2CH=NR10 to yieLd ß-Lactames is a usefuL method 
to prepare these heterocycLes; see TabLe 19. There is a discrepancy in the Literature concern­
ing the geometry of the ß-Lactames formed. At room temperature in pyridine (0.5 to 4 h) 
cis-ß-Lactames [1] or a mixture of cis- and trans-ß-Lactames [2] have been found. At any 
rate, the primary product seems to be the cis compound. The rate of the rearrangement 
reaction obviousLy depends much on the substitution type. GeneraLLy the yieLds do not 
differ considerabLy whether pure RC=CCu is reacted or whether it is formed in situ from 
RC=CH/CuCL/NHs/H20/pyridine in the reaction batch [2]. 
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TabLe 19 
Reaction of RC"CCu with Nitrones according to 

RC :::CCu 

+ 

after 
hydrolysis 

+ 

(Reaction Type 12, expLanation see pp. 12/4). 

R R1 R2 yieLd yieLd onLy 
of 11 of 111 yieLd of 
in % in % 11+111 

given 
in % 

C6Hs 4-CLC6H4 50 

C6Hs 4-CH3C6H4 39 13 

42 

C(CH3)2CH(CH3)CH2 40 

C6Hs C6Hs 61 5 

C6Hs 4-CHpC6H4 55 

4-CH3C6H4 4-CLC6H4 9 

C(CH3)2CH(CH3)CH2 40 

44 

References on p. 142 

tll 

remarks, product 

acetyLide prepared in 
situ (pyridine/H2O, 
1 h) 

acetyLide prepared in 
situ (CH30H/H20, 4 h) 

H 

H 

H 

acetyLide prepared in 
situ (CH30H/H20, 
4 h) 

Ref. 

[2] 

[2] 

[2] 

[2] 

[2] 

[2] 

[2] 

[2] 

[2] 
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R 

C6H5 
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R1 R2 yieLd yieLd 
of 11 of 111 
in % in % 

4-CLC6H4 C6H5 60 

C6H5 2-CLC6H4 51 

C6H5 C6H5 55 

20 12 

C6H5 2-CH3C6H4 51 

23 2 

C6H5 3-CH3C6H4 14 11 

C6H5 4-CH3C6H4 32 8 

C6H5 4-CH3OC6H4 

4-CH3C6H4 4-CLC6H4 8 7 

4-CH3C6H4 C6H5 11 14 

C6H5C6H4 4-CLC6H4 

(CH2)20CH2 54 

(CH2)4 40 

C(CH3)2CH(CH3)CH2 40 

References on p. 142 

141 

onLy remarks, product Ref. 
yieLd of 
11 +111 
given 
in % 

[1] 

[1] 

[1] 

[2] 

[1] 

[2] 

[2] 

[2] 

28 [2] 

[2] 

[2] 

45 the position of C6H5 in [2] 
R1 is not given 

Ö 
[2] 

0 

~ 
[2] 

[2] 

H 
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TabLe 19 [continued] 

R yieLd yieLd onLy remarks, product 
of 11 of 111 yieLd of 
in % in % 11+111 

given 
in % 

Ref. 

4-CH3C6H4 C6H5 C6H5 35 15 [2] 

"0"2- C6H5 4-CLC6H4 25 25 acetyLide prepared in [2] 
situ (CH30H/H20, 4 h) 

N 
I 
CH3 

C6H5N(CH3)CH2 C6H5 4-CLC6H4 26 26 [2] 

©rco
" o YCH 2- C6H5 4-CLC6H4 12 [2] 

CO C6H5 4-CH3C6H4 27 4 [2] 

C6H5N(C2H5)CH2 C6H5 4-CLC6H4 7 45 acetyLide prepared in [2] 
situ (CH30H/H20, 4 h) 

C6H5 4-CH3OC6H4 39 [2] 

4-(C2H502C)C6H4NHCH2 4-CLC6H4 75 [2] 
C6H5 

4-(CH3)2NC6H4COCH2N(C2H5)CH2 67 acetyLide prepared in [2] 
C6H5 4-CLC6H4 situ (CH3OH/H2O, 

4 h) 

References: 

[1] M. Kinugasa, S. Hashimoto (J. Chem. Soc. Chem. Commun. 1972466/7). 
[2] L. K. Ding, W. J. Irwin (J. Chem. Soc. Perkin Trans. I 19762382/6). 

1.1.2.1.10 Reactions with Other Transition Metal Compounds 

This reaction is referred to as "Reaction Type 18" in TabLe 1 on pp. 17/41. 

Reactions of RC"CCu with compounds containing groups ... M-X (M =transition metal) 
generally give transition metaL compLexes, and the reaction path usuaLLy seems to be very 
compLicated. The simpLe reaction pattern RC"CCu + ... M-X ---> RC"CM··· + CuX is more 
or Less restricted to M = Hg and Pt; in one case it aLso refers to a Ru compound. With 
other transition metaL compounds the formation of RC"CM··· as a first step is supposed, 
but there exists no definite proof. ExampLes are Listed in TabLe 20. 

In contrast, compounds containing SX, PX, SiX, or SnX groups generaLLy give RC"CS, 
RC"CP etc. structu res and are therefore treated in Section 1.1.2.1.4.14. 

With mercury compounds the products depend strongLy on the reaction conditions and 
different paths for the reactions have been suggested. Depending on the reaction time 
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RC=CCu and HgCl2 give (RC=CbHg or RC=CHgCl (see Table 20). It is not clear whether 
the C6HsC=CHgCl formed on long refluxing of C6HsC=CCu and HgCl2 in dioxane is produced 
by a direct substitution or from (C6HsC=C)2Hg and HgCl2. The compounds (RC=C)2Hg are 
possibly produced via 2RC=CCu· HgCl2, which is known to be formed from the components 
in tetrahydrofuran (see Section 1.1.2.5). Reactions starting with RC=CCu are the most impor­
tant way to synthesize RC=CHg structures [1]. 

With M = Re, Fe, Ru, and Rh, mixtures are generally produced and both the solvent 
and the molar ratio of the reactants are of importance. The reaction times are up to 65 h 
in refluxing toluene. In most cases the mixtures require separation by chromatographic 
methods. If RC=CCu is reacted with phosphine complexes, the oxidation of apart of the 
phosphine unit to give OPR; is typical and a copper mirror at the vessel wall is then observed. 
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1.1.2.2 "Mixed Acetylides" of the Type R'nR1_nC=CCu 

The simultaneous reaction of two different alkynes (usually 1: 1) with Cu l compounds 
in aqueous-ammoniacal solutions (Preparation Method I a in Section 1.1.2.1.1, see pp. 2/3) 
yields substances which are called "mixed copper acetylides ". Usually the alkyne mixture 
is stirred into the copper solution. Though it is ostensibly an R'C=CCu/R2C=CCU mixture, 
their UV maxima may differ considerably from those of the individual acetylides. This is 
the reason why they are usually treated like compounds. They are useful because of their 
photoelectric properties. From joint analysis of the photoconductivity spectra and of the 
C=C stretching frequencies a "block copolymer structure" can be attributed to these" mixed 
acetylides ". This structure involves intermolecular coordinations of Cu to C=C, not a poly­
merization of C=C groups [3]. 

Consequently the oxidation of a "mixed acetylide " R'C=CCu/R2C=CCU with K3 [Fe(CN)s] 
(cf. Reaction Type 2c in Section 1.1.2.1.1, p. 12) yields predominantly asymmetrically substi­
tuted diynes R'(C=C)2R2 and very little R'(C=C)2R' and R2(C=C)2R2 [1]. Apparently the R'C=C 
and R2C=C units are in an advantageous position in this "block copolymer" in respect 
to the oxidation process. In contrast, even a very thorough mechanical mixture of two acety­
lides does not predominantly yield R'(C=C)2R2. 

A "block copolymer" (see above) resembling the "mixed acetylides" is also obtained 
by simultaneous precipitation of CsHsC=CCu and CsHsSCu in aqueous solution from CsHsC= 
CH, CsHsSH, and [Cu(NH3)n] +. It has a photoconductivity like the "mixed acetylides ". The 
photoconductivity maximum was found at 465 nm; the forbidden band width is 2.42 eV [6]. 

NCC=CCu/HOCH2CH=CHC=CCu is oxidized by K3[Fe(CN)s] to give HOCH2CH=CH(C= 
chCN [2]. 

CsHsC=CCu/2-02NCsH4C=CCU, oxidation in dilute aqueous KOH/K3 [Fe(CN)s] to give 
2-02NCsH4(C=ChCsHs [1]. 

CH2=CHC=CCu/CsHsC=CCu [3]. The C=C band of this "mixed acetylide " was found at 
1935 cm-' (KBr) [4], and the photoconductivity maximum at ~520 nm [4,6]. A discrepancy 
between the forbidden band widths from the photoconductivity data (1.92 ± 0.04 eV [4] vs. 
2.24 eV [6]) may possibly be attributed to a confusion of the data of the "mixed acetylides " 
CH2=CHC=CCu/CsHsC=CCu and CU2C2/CsHsC=CCu in [4]. 

CU2CiCsHsC=CCu [3]. The (molar?) ratio of CU2C2 and CsHsC=CCu was given as 1: 2.16. 
In KBr, C=C bands at 1938 cm-l, 1966 cm-l, and 2037 cm-' were measured [4]. The photo­
conductivity maximum was found at ~620 nm [4,6]. and a UV maximum at 540 nm [6]. 
From the UV data a forbidden band width of 1.88 eV results. Again, the values from photocon­
ductivity data differ (see above): 1.9 [5]. 1.92 [6]. 2.24 ± 0.04 eV [4]. The laser-induced photo­
decomposition threshold is three orders of magnitude higher than the photoconductivity 
threshold; it is 16 kW . cm- 2 under free-oscillation conditions and 0.5 MW' cm- 2 under Q­

switching conditions [5]. 
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1.1.2.3 Complexes of RC=CCu with Alkali and Mg Halides 

A 1: 1 complex of CH30C(CH3)2C=CCU and LiSn(CH3la is described in Section 1.1.2.4. 
"Mixed homocuprates " of the type [RC=CCuR']M (M = Li, MgCl, MgBr) have been described 
in "Organocopper Compounds" 2, 1983, pp. 174/211 (M = Li) and 227/35 (M = MgCl or MgBr), 
as R' groups such as alkyl, alkenyl, or aryl generally are more reactive than the alkynyl 
groups RC=C. 

The generally highly insoluble, mostly deep red or brown RC=CCu compounds can be 
dissolved in solvents such as ether, CH3CN, tetrahydrofuran, or hexamethylphosphoric tri­
amide in the presence of Li, Na, or Mg halides, and this even at temperatures of -40 oC. 
The resulting yellow or colorless solutions obviously contain complexes of RC=CCu with 
the halides and are much more reactive than solutions of RC=CCu, which can be obtained 
only for certain Rand certain solvents; see Section 1.1.2.1.1. It is not clear whether all 
RC=CCu compounds form reagents of this type with Lil. (CH3laCC=CCu could be an exception, 
see No. 12 in Table 21 [8]. In the case of NaCl, Nal, and LiF the complex reagent formation 
is very doubtful. 

Obviously the type of the solvents is of high importance for the formation of the reagents. 
As their structure and, in some cases, even their stoichiometry are not known, they are 
formulated in this section as RC=CCu,MX (cf. the remarks in .. Organocopper Compounds" 
1, pp. 4 and 6/7). 

The reagents given in Table 21 are prepared by the following methods: 

Method I: RC=CCu + MX --> RC=CCu,MX. 
The reaction is carried out at -40 oC to +20 oC. The end point of the addition 
can easily be observed, for the insoluble red acetylide is then consumed. 

Method 11: RC=CM +CuX --> RC=CCu,MX. 
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TabLe 21 
CompLexes RC"CCu,MX (M = Li, Na, MgX; X= haLogen). 
For abbreviations and dimensions see p. X. 

No. reagent 

lithium reagents 

CLC"CCu,LiI 

method of preparation (soLvent) 
properties, reactions, and further remarks 

11 (CH3CN/ether, OP(N(CH3)2)3) 
no information about a possibLe haLogen inter­

change given 
yieLds 84% CLC"CCH2CH=CH2 with CH2=CHCH2Br 
for reactions with R1COCL see TabLe 22, p. 155 

I (CH3CN) 
gives 7 -(prop-1-inyL)cycLohepta-1,3,5-triene with 

tropyLium saLts in CH3CN at 25°, isoLated after 
precipitation of Cu+ by Na2S 

11 (CH3CN/ether, ether) 
gives 55% C2H50C"CCH2CH=CH2 with 

CH2=CHCH2Br 
for reaction with n-C4HgCOCL see TabLe 22, p. 155 

4 CH2=C(CH3)C"CCu,LiBr 11 (C6H14/(CH3)2S010P(N(CH3)2b) 
gives CH2=C(CH3)C"CCH2C"COCH3 with 

CH2=C=C(I)OCH3 

5 cycLo-C3H5C"CCu,LiBr I (CH3CN) 
reacts anaLogousLy to No. 2 (55% yieLd) 

Ref. 

[5,6] 

[3] 

[5,6] 

[19] 

[3] 

6 n-C3HyC"CCu,LiI 11 (ether) [17] 
gives about 65% [n-C3HyC"CCuCR1=CH2]Li with 

CH2=CR1Li in ether at 15 to 20°; R1 =CH3, 
CH(OC2H5)2' Si(CH3)3 

7 (CH3)2NCH2C"CCu,LiI 11 (ether) [18] 
gives [(CH3)2NCH2C"CCuR1]Li with R1Li in ether at 

0°; R1 =CH3, CH2=CH 

11 (C6H14/THF/OP(N(CH3)2b) 
gives (CH3)3SiC"CCH2C"COCH3 with 

CH2=C=C(I)OCH3 

11 (THF) 
orange-red 
gives [(CH3)3SiC"CCuR1]MgCL with R1MgCL 

in ether or ether/THF 

11 (C6H14/(CH3)2S010P(N(CH3)2b) 
gives n-C4HgC"CCH2C"COCH3 with 

CH2=C=C(I)OCH3 

References on p. 156 
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[14,20] 

[19] 
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Table 21 [continued] 

No. reagent 

13 CsHsNC=CCu,Li) 
(CsHsN = pyrid-2-yl) 

14 n-CSH11C=CCu,LiBr 

15 n-CSH11 C=CCu,LiCl 

16 n-CSH11C=CCu,LiF 

17 n-CSH11C=CCu,Li) 

1.1.2.3 

method of preparation (solvent) 
properties, reagents, and further remarks 

) (ether, OP(N(CH3)2ls), 11 (ether) 
also from [n-C4HgC=CCuR1]Li . Li) and 

CH2=CHCH2Br; R1 =CH3, n-C4Hg , n-C7H1S 
canary yellow solution in ether 
in part unclear whether No. 11 or n-C4HgC=CCu is 

reacted 
in ether atOOequilibrium No. 11 +R1Li ~ 

[n-C4HgC=CCuR1]Li (see" Organocopper 
Compounds" 2, Section 1.1.1.2.4) ; R1 = CH3, 
n-C4Hg , n-C7H1S 

for reactions with R1COCl see Table 22, p. 155 
gives 70% n-C4HgC=CCOCeHs with CeHsCOCN in 

ether 

11 (THF, ether) 
orange solution in ether, at -49° crystallizes 

(CH3lsCC=CCu 
gives 65% (CH3lsC(C=C)2C(CH3ls with BrCN 
the reaction with R1Li in ether or THF gives 

[(CH3lsCC=CCuR1]Li; R1 = CH3, CH2=CH, 
CH2=C(CH3), (CH3lsSiC(=CH2), 
(C2HsO)2CHC( =CH2) 

11 (CH3CN/ether) 
gives an unidentifiable product with BrCN 

) (OP(N(CH3)2ls) 
gives 83% n-CSH11C=CCH2CH=CH2 with 

CH2=CHCH2Br 

) (dimethylformamide, ether, OP(N(CH3)2ls) 
gives 89% n-CSH11C=CCH2CH=CH2 with 

CH2=CHCH2Br 
tor reaction with CH3COCl see Table 22, p. 155 

) (OP(N(CH3)2ls) 
gives 45% n-CSH11C=CCH2CH=CH2 with 
CH2=CHCH2Br 

) (ether, OP(N(CH3)2ls) 
gives 83% n-CSH11C=CCH2CH=CH2 with 

CH2=CHCH2Br 
for reaction with CH3COCl see Table 22, p. 155 

153 

Ref. 

[1,6,7, 
11, 16] 

[8,12, 
13,15, 
17] 

[15] 

[2] 

[1,2] 

[2] 

[1,2] 

18 4-02NCeH4C=CCu,LiCl ) (THF) [9] 
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4-XCeH4P(C=CCeH4N02-4)2 with 4-XCeH4PCl2; 
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Table 21 [continued] 

No. reagent method of preparation (solvent) Ref. 
properties, reagents, and further remarks 

19 4-02NCsH4C:CCu,LiBr I (THF) [9] 
reacts with 4-XCsH4PCl2 as No. 18; the 15% yield 

sodlum reagents 

24 C2HsOCH2C:CCu,Nal 

magnesium reagents 

with X = H is enhanced to 35%, if one more mole 
LiBr is added 

I (THF) 
gives 64% CsHsP(C:CCsHs)2 with CsHsPCl2 in THF 

I (ether, ether/OP(N(CH3)2!s)' 11 (ether) 
in part unclear whether No. 21 or CsHsC:CCu is 

reacted 
gives 60% CsHsC:CCN and 26% CsHS(C:C)2CSHS 

with BrCN, and CsHsC:CCH3 with CuCH3 at 00 in 
ether 

gives 50% CsHsC:CC(CsHs)=NCsHs with 
CsHsC(Cl)=NCsHs in ether at 250 

reactions with R1COCl see Table 22, p. 155 

11 (CH3CN, ether) 
gives 20% (CsHshNC:CCH2CH=CH2 with 

CH2=CHCH2Br 

11 (ether) 
gives n-C12H2SC:CCH3 with CuCH3 in ether at 00 

11 (THF, OP(N(CH3)2!s) 
gives 25% C2HsOCH2C:CCH2CH=CH2 with 

CH2=CHCH2Br 

11 (THF, OP(N(CH3)2!s) 
different halogen anions from added salts present, 

therefore mixtures possible 
gives 54% n-C4HgC:CCH2CH=CH2 with 

CH2=CHCH2Br 

11 (THF) 
different halogen anions from added salts present, 

therefore mixtures possible 
gives 75% n-C4HgC:CCH2CH=CH2 with 

CH2=CHCH2Br 

[9] 

[1,4,6, 
10,15, 
16] 

[5] 

[10] 

[5] 

[5] 

[5] 

27 n-C4HgC:CCu,MgBr2 11 (ether, CH3CN/ether) [6] 
for reaction with n-C4HgCOCl see Table 22, p. 155 

28 n-CSH11C:CCu,MgCl2 I (OP(N(CH3)2!s) [2] 
gives 41 % n-CSH11C:CCH2CH=CH2 with 

CH2=CHCH2Br 

29 n-CSH11C:CCu,MgBr2 I (OP(N(CH3)2!s) [2] 
gives 73% n-CSH11C:CCH2CH=CH2 with 

CH2=CHCH2Br 

References on p. 156 Gmel in Handbook 
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The reaction RC=CCu,MX+R1COCl --+ RC=CCOR1 +CuCl+MX is a very useful method to 
prepare ynones; see Table 22. With RC=CCu,LiI in ether the yield depends on the order 
of the addition of reactant and solvent. Adding an acid halide first and hexamethylphosphoric 
triamide (tetramethylethylenediamine or triethylamine) afterwards gives higher yields than 
the reverse order [1]. 

Table 22 
Preparation of Ynones according to RC=CCu,MX+R1COCl --+ RC=CCOR1 +MX+CuCl (M =Li 
or MgX; X=halogen). 
Typically the reaction is carried out in ether or ether/hexamethylphosphoric triamide at 
20 °Cfor 1 to 15h. 

RC=CCu,MX R1 remarks (yield of RC=CCOR1 in %) Ref. 

ClC=CCu,LiI CH3 «5) [6] 

n-C4Hg high yield, the product polymerizes easily [6] 

C2HsOC=CCu, Li I n-C4Hg (50) [6] 

n-C4HgC=CCu,LiI CCl3 (36) [6] 

ClCH2 (9) [6] 

CH3 in ether (25to 53), diglyme (10), hexamethyl- [1,6] 
phosphoric triamide (2), or in ether followed 
by hexamethylphosphoric triamide (73) 

no reaction in N(C2Hsb 
CH2=CH (80) [6] 

ClCO(CH2)2 gives n-C4HgC=CCO(CH2)2COC=CC4Hg-n (10) [6] 

CH3CH=CH (80) [6] 

C2HsOCH2 (73) [6] 

n-C4Hg (53 to 96) [1,6] 

ClCO(CH2)4 gives n-C4HgC=CCO(CH2)4COC=CC4Hg-n (26) [6] 

C6Hs (86) [6] 

C6HsC=C (40) [6] 

n-C4HgC=CCu,MgBr2 n-C4Hg (36) [6] 

n-CSH11C=CCu,LiCl CH3 (65) [1] 

n-CSH11C=CCu,LiI CH3 (82) [1] 

C6HsC=CCu,LiI CH3 (82) [1,6] 

C6Hs (90) [1,6] 

C6HsC=C (50) [6] 
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1.1.2.4 Complexes 01 RC=CCu with Compounds of Further Main Group Elements 

The polymerie strueture of RC=CCu is broken down in suitable solvents by S, N, P, 
As, and Sb donor eompounds by eomplex formation. Most of the eomplexes have been 
isolated as erystalline solids, others are not as well eharaeterized or even exist only in 
solution. With stibines, no eomplex has been isolated. In most eases only the stoiehiometry 
of the eomplexes is known, but not their aggregation. Only in the eases of C6H5C=CCu' 
P(CH3b and C6H5C=CCu· P(C6H5b (Nos. 23 and 32) have tetramerie struetures been proved 
by X-ray analysis. For No. 32, however, insoluble, probably polymerie isomers exist too 
(struetures unknown). For other 1: 1 eomplexes, tetramerie solid state struetures have also 
been assumed. Moleeular weight determinations generally show lower aggregation in solu­
tion dependent on the type of aeetylide, ligand, solvent, and sometimes the eoneentration. 
For eomplexes with a ligand: Cu ratio > 1, generally lower aggregation is assumed than 
for 1 : 1 eomplexes. 

All eases where eomplexes are proved or ean be expeeted are listed in Table 23. Isolated 
eompounds with known stoiehiometry are formulated with a point (like C6H5C=CCu . NH3); 
a probable eomplex formation with unknown stoiehiometry is symbolized by a eomma (like 
n-C4HgC=CCu,PCl3) as explained in "Organoeopper Compounds" 1, 1985, p. 6. Supposed 
eomplex formation with S-, N-, and P-donor eompounds is diseussed in the following. 

Sulfur Complexes. The reaetion of (CH3bSiC=CLi with CuBr' S(CH3h in ether at -20 °C 
has been said to give (CH3bSiC=CCu (see Seetion 1.1.2.1.1) [51]. The same authors formulate 
the strueture (CH3bSiC=CCuS(CH3)2 in a further publieation without any explanation [50]. 

Amine Complexes. The eompounds C6H5C=CCu, 4-CH3C6H4C=CCu, and 4-ClC6H4C=CCu 
are soluble in eyelie amines like pyrrolidine, piperidine, azepane, and morpholine. The 
IR frequeney of the C=C bond is found in the region of 2030 em-l, whieh led these authors 
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to claim the formation of dissolved amine complexes of RC=CCu although an isolation was 
not possible [21]. On the other hand, no complex has been obtained from CsHsC=CCu and 
4,4' -bipyridine in toluene or ether [13]. CsHsC=CCu, electrochemically formed in CH3CN 
or CH3COCH3 containing [N(C2Hs)4]Cl04, gives a dark red solution with 2,2' -bipyridine [49], 
whereas 2,2' -bipyridine and CsHsC=CCu prepared as usual give no product in toluene or 
ether [13]. Solutions of RC=CCu in pyridine are supposed to contain at least traces of a 
RC=CCu-pyridine complex [19]. From solubility phenomena the formation of similar com­
plexes with dimethylformamide and hexamethylphosphoric triamide has been supposed, 
but no reliable work is done about this question. The in situ preparation of RC=CCu from 
RC=CH, activated Cu, and K2C03 in pyridine is believed to be favored by a pyridine complex 
formation [15]. CsHsC=CCu can be extracted by HN(C2Hs)2' to give a coarse crystalline prod­
uct, no complex formation with the amine occurs [8]. For better characterized complexes 
see Table 23. 

Phosphorus Complexes are in general well characterized and crystallized compounds. 
Often the ratio RC=CCu to PRa varies and sometimes it depends on the P: Cu ratio in the 
reaction batch. 

Complexes with P: Cu ratios of 4: 1 seem to exist too, although no solid compounds 
have been isolated from the corresponding solutions. The IR spectra of solutions of CsHsC= 
CCu or CH2=C(CH3)C=CCu and P(CH3)3 in benzene at P to Cu ratios of 1, 2, 3 or 4 show 
similar bands. The complexes CsHsC=CCu· n P(CH3)3 (n = 1 to 3) are known as pure sub­
stances; see Table 23 [5]. From CsHsC=CCu and CuCl· P(OC2Hs)3 no products could be ob­
tained in organic sOlvents, even after heating [10]. For better characterized complexes see 
Table 23. 

[CH30C(CH3hC=CCuSn(CH3h1Li. This 1: 1 complex of CH30C(CH3)2C=CCU and LiSn(CH3la 
is formulated in its ionic form, but no structural proof is given. It is prepared by addition 
of solid CH30C(CH3)2C=CCU to a solution of LiSn(CH3)3 in tetrahydrofuran at -48°C [35]. 
The reaction of this solution (4 h at -48°C) with R1C=CC02C2Hs yields (E)- and (Z)­
(CH3laSnCR1=CHC02C2Hs. With R1 =CH3 (yield 82%), only the (E)-compound is formed 
[35,38], with R1=(CH3)3C, the (E):(Z) ratio is 8:62 (yield 76%), and with R1=(CH3laC­
Si(CH3)20CH2 this ratio is about 96:4 (total yield 82%) [35]. The reaction with R1C=CC02R2 
in tetrahydrofuran (30 min at -48°C and 3 h at O°C) yields (E)-(CH3laSnCR1=C(C02R2)­
Sn(CH3)3. The following compounds were reacted (Rl, R2, yield): CH3, C2Hs, 74%; C2Hs, 
C2Hs, 76%; (CH3bCH, CH3, 74%; n-CSH13 , CH3, 86%; cyclo-C3Hs, CH3, 73%; 2-(cyclopent-
1-enyl)ethyl, CH3, 71 %; cyclohex-2-enylmethyl, CH3, 82%; (CH3)3CSi(CH3bOCH2' C2Hs, 
70%; (CH3laCSi(CH3)20(CH2h, CH3, 69% [38]. 

The reaction of [CH30C(CH3hC=CCuSn(CH3la]Li and R10CH2CH=CHCH2Br at -30°C in 
tetrahydrofuran gives mixtures of R10CH2CH(CH=CH2)Sn(CH3la and R10CH2CH= 
CHCH2Sn(CH3)3. The configuration at the double bond is not changed during reaction 
(isomeric purity >99%). The following R10CH2CH=CHCH2Br were reacted (Rl, E or Z, yield 
of R10CH2CH(CH=CH2)Sn(CH3)3/yield of R10CH2CH=CHCH2Sn(CH3la): C2Hs, Z, 8%/39%; 
C2Hs, E, 47%/25%; i-C3H7 , Z, 31 %/39%; CsHsCH2, Z, 4%/38%; CsHsCH2, E, 16%/8%; and 
CsHsCH(CH3), Z, 8%/68% [42]. 

Explanation for Table 23. The compounds are in most cases prepared by the following 
methods: 

Method I: Formation of the complexes m RC=CCu . nD from RC=CCu and the ligand D. The 
type of the solvent or the absence of any solvent is indicated in parentheses 
because it is very important in this formation reaction. 
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Method 11: Formation of the complexes by ligand exchange, for instance 

RC=CCu·O' 
0 2 

RC=CCu . 0 2 or 

RC=CCu . 0' . 0 2 RC=CCu . 0' . 0 3 

or by addition of a second ligand, for instance 

0 2 
RC=CCu . 0' _ RC=CCu· 0' . 0 2 

Method 111: Formation of the complexes m RC=CCu . nO from RC=CM and mixtures or com­
plexes of CuX and 0, where M=H, Li, K and X=Cl, I, N3 , CS(CH3)s. If azide 
complexes like P(CsHsh· C'2HaN2 . CuN3 are reacted with very acid acetylenes, 
N2 is liberated. 

References on pp. 174/5 Gmelin Handbook 
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170 1.1.2.4 

• Further information: 

2CsH5C"CCu . C'2HaN2 (Table 23, No. 7; C'2HaN2 = 1, 10-phenanthroLine). It can also be 
prepared by electrochemical oxidation of a copper foil in dry CH3CN or CH3COCH3 containing 
4% CSH5C"CH, 0.05% [N(C2H5)4]Cl04, and 1, 10-phenanthroLine [49]. 

Crystallizes from pyridine/ether and is stable in air at room temperature. It is fairly 
stable to heat and hydrolysis, readily soluble in organic solvents [13]. 

On standing for weeks, or at reflux for a longer period in Cl(CH2bCl, areaction was 
observed to give CH2=CHCl, CSH5C"CH, and a complex of CuCl, C'2HaN, and Cl(CH2)2CI. 
Neither structuraL nor stoichiometric data for the compLex are given [13]. 

n-C3H7C"CCu, D (D = P(C4Hg-nh, P(N(CH3bh, OP(N(CH3)2h; TabLe 23, Nos. 11, 12, 13) 
react with R'Li compounds to give reagents of the type [n-C3H7C"CCuR']Li; see Section 
1.1.1.2.4 in "Organocopper Compounds" 2, 1983, pp. 174/211. 

No. soLvent 

11 OP(N(CH3)2h 

12 ether or 
ether/CsH14 

R1 (yieLds of subsequent products of 
[n-C3H7C"CCuR']Li in %) 

Ref. 

(E)- or (Z)-CH=CHCR2R30Si(CH3h, R2=aLkenyL and R3 = alkyL [27,32] 

CH3(37), C2H5, (E)-CH=CHOC2H5, n-C4Hg(52), t-C4Hg(70), [40] 
CSH5 (44), (E)-CH=CHCH(C5H,,-n)OSi(CH3)2C(CH3h (28) 

12 ether CH=CHCH2CH(C4Hg-n)OSi(CH3)2C(CH3h, [26,29, 
(E)-CH=CHCH(C5H,,-n)OSi(CH3bC(CH3h (>86), 31] 
(E)-CH=C(CsH5)CH(C5H,,-n)OC5HgO; 
C5HgO = tetrahydropyran-2-yl 

12 THF CH=CH2, n-C4Hg, t-C4Hg, (Z)-CH=CHCH2CH(CH3)OC5HgO [17,25] 

13 ether C2H5 [36] 

13 OP(N(CH3)2h (E)- or (Z)-CH=CHCR2R30Si(CH3h, R2=aLkenyL and R3 = aLkyL [27,32] 

AnaLogously [n-C3H7C"CCuR']Li can be prepared and reacted in OP(N(CH3)2h in situ using 
n-C3H7C"CH, Li, Cul, and R'Br instead of n-C3H7C"CCu under uLtrasonic treatment [37]. 
No. 13 gives with C2H5MgBr in ether [n-C3H7C"CCuC2H5]MgBr [36]. 

CSH5C"CCu . P(CSH5h (Table 23, No. 32). Different products are cLaimed to have this for­
muLa. The best characterized is [CsH5C"CCuP(CsH5h]4' in the following caLled Form A. The 
lack of data and the contradictory resuLts do not permit a reLiable estimation of further 
products. TentativeLy, a classification into the "Forms" B to E is undertaken; two more 
products are too poorLy characterized to be evaluated. The basic data used for this cLassifica­
tion are compared in the foLLowing tabLes. 

forms 

A 

B 

C 

D 

E 

1895 

1890 

IR (cm- 1; Nujol, KBr, or spread on NaCL disk) 

1917 

1935 

1960 

1960 

2020 

2043 

References on pp. 174/5 

2052 

2052 

2060 

Ref. 

[52] 

[5,6,43] 

[33] 

[33] 

[52] 
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forms 

C 1583 

D 538 1190 

1.1.2.4 

Raman (cm- 1) 

1594 
(vs) 

1914 

2018 
(vs) 

171 

Ref. 

[33] 

2053 [33] 

The Forms C and D also show identical or almost identical strong Raman bands at 252/3, 
525,780/2, 998(vs), 1027, 1097/8, 1175/6, 1198/201, and 3056 cm- 1 [33]. 

forms interplanar spacing d (Ä; CuKa ) 

C 

D 

4.48, 4.82, 11.6, 11.8 

4.32,4.62, 10.4, 11.5, 12.4 

UV (nm; mineral oil suspension) Ref. 

380 

380, 435 

[33] 

[33] 

Form A, [CsHsC=CCuP(CsHsb]4' is obtained by treatment of CU[P(CsHsbbBH4 with CsHsC= 
CH and KOH in the molar ratio 1: 1: 1 in a benzenelbenzyl alcohol (1: 1) solution. Yellow 
crystals suitable for X-ray analysis were obtained by slow diffusion of hexane into the 
solution. It is the first known metal complex containing 1-l3-TJ1 bridging alkynyls and can 
also be obtained by refluxing Form E in CH3CN. Form A and Form E have the same melting 
point (value not given) [52]. 

The compound is monoclinic with the space group C2/c-C~h (No. 13), Z =4, a = 14.866(4), 
b=24.552(4), c =23.345(9) Ä, ß=95.89(2)0, dm = 1.338 g/cm3. The final anisotropic refinement 
led to the conventional R value of 0.054. The structure (see Fig.5, p. 172) consists of a 
tetrahedral skeleton of metal atoms bonded to four terminal phosphine molecules and to 
four 1-l3-bridging phenylacetylide ligands (which behave essentially as 2e donors). Average 
distances (in A) and bond angles are: 

Cu-Cu 2.603 Cu-P 2.228 Cu-C 2.185 C=C 1.174 
P-Cu-C 113.7° C-Cu-C 104.6° 

The copper-alkynyl triple bridges are markedly asymmetric, with Cu-C contacts in the range 
2.072(4) to 2.380(4) A. The observed very short C=C distances are indicative of a triple 
bond (cf. 1.20 A in C2H2) and for the absence of 1t-back-donation from the metal to the 
ligand 1t* orbitals. The C(1)-C(2)-C(3) and C(9)-C(10)-C(11) fragments are strictly linear 
(average angle 178°), and the interactions of atoms C(2) and C(10) with metal triangles 
Cu(1)-Cu(1')-Cu(2') and Cu(1)-Cu(2)-Cu(2'), respectively, are negligible (average C· .. Cu 
distance 3.104 A): both these features are inconsistent with a substantial ligand-to-metal 
1t-donation [52]. 

Form Bis prepared by the following methods: 
a) By shaking the components (molar ratio 1: 1) in benzene until all RC=CCu is dissolved 

[5,6, 12,41]. 
b) From [(CsHsbPbCuSCsHs and CsHsC=CH, no conditions given [12]. 
c) From [(CsHsC=CbCuj[N(P(CsHsb)2] and CsHsC=CAu· P(CsHsb at room temperature in 

CH2Cl2 (yield 95%), besides [(CsHsC=C)2Au]- [41]. 
d) From [(CsHsC=CbCu]- and AuCl· P(CsHsh in CH2Cl2, besides CsHsC=CCu [41]. 
e) From CsHsC=CH and [CuCl· P(CsHsh]4 (molar ratio=7:29) in CH30H with catalysis by 

a little CH30Na, yield 90% [43]. 
f) From CsHsC=CCu and P(CsHsh in C2HsOH, yield 80% (no further data are given) [43]. 
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Fig. 5. Structure of ( C6HsC=CCuP(C6HslaI4-(No. 32, Form A) . 

Form B is yelLow-green after recrystalLization from toluene [5, 6] and pale yelLow after 
recrystalLization from benzene [43]. Its melting point is at 212 to 214°C (dec.) . It is too 
sparingly soluble in benzene or nitrobenzene to estimate the degree of association by 
osmometric methods [5, 6] . It shows an IR band at 2043 cm - 1 in Nujol [43] and in KBr 
[5, 61· 

Form C. The yelLow form has been prepared by boiling Form D in benzene or from 
concentrated solutions of the 2 : 3 complex No. 33 in benzene simply upon standing or by 
shaking the components in benzene [33] . However, this last method is similar to that used 
in [5] to prepare Form B. From the only IR band given in [5] no conclusion about the 
identity of the product is possible . The products from the preparation methods used in 
[33] may not be identical, and it is not mentioned, from which product the IR data are 
recorded. This fact must be also taken into account in the further data given. 

Form C is slightly soluble in benzene and decomposes upon standing in air with appear­
ance of a new Raman band at 1926 cm- 1 [33] . 

Form D. The yelLowish green form [33] is prepared by the folLowing methods: 
a) By boiling C6HsC=CCu and P(C6Hs)3 (molar ratio=10:23) in benzene :H20=19 : 1 for 1 h . 

A residue is filtered off ; at 15°C, Form D crystallizes (44%) . The mother liquor gives 
59% of No. 33 after half of the solvent is evaporated [33]. 

b) On long standing of concentrated solutions of Form C or of the 2 :3 complex No. 33 in 
CH2Cl2 or CHCl3 [33]. 
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Form D is very slightly soLubLe in benzene. It decomposes on standing in air with appear­
ance of a new Raman band at 1926 cm- 1 [33]. 

A substance, which is simiLarLy prepared as under a), by addition of P(CSH5)3 to a suspen­
sion of CSH5C=CCu in benzene (moLar ratio not given) at 50"C and then boiLing for 1 min 
[48,55], may be identicaL with Form D. It reacts with H20S3(CO)10 in toLuene in 19 h at room 
temperature to give after chromatography on KieseLgeL GF254 (deveLopment with ether/cycLo­
hexane = 1 :4) a mixture of 41 % yeLLow I, 3% orange-red 11, 3% yeLLow 111, 8% HOs3Cu(CH= 
CCsHs)(CO)a, and four other unidentified products. The reaction gives after 3.5 h at -30°C 
69% land 13% 111 [48]. 

11 

111 

Form E is prepared when a .. soLution of Form A is stirred for severaL days". An .. insoLubLe 
fLuorescent yeLLow-green compound ... separates (meLting point and anaLysis unchanged)". 
It is not cLear whether it is a soLution in benzene: benzyL aLcohoL = 1 : 1 or a benzeneIbenzyl 
aLcohoL/hexane soLution. The meLting point is not given for Form E or for Form A [52]. 

No structuraL data are said to be avaiLabLe, but it is believed to be poLymeric. It is 
supposed that the compound may contain differently bonded phenylacetylide ligands (Le., 
1t- and cr-bonded) with substantiaL ligand-to-metaL 1t-donation (wh ich has been excLuded 
for Form A), possibLy simiLar to the situation found in [53] for [(CH3C=C)2BeN(CH3hh [47, 52]. 

Form E was characterized by X-ray photoeLectron spectroscopy (XPES) and by Auger 
spectroscopy. The co re LeveL photoeLectron spectra (Cu 2 P3/2 =933.0 eV; P2p=131.5 eV), the 
Cu(L3VV) Auger line (a kinetic energy of 915.7 eV corresponds to that line), and the Auger 
parameters are discussed in terms of both the different coordination environments and 
of the poLarizabiLity of the ligands [47]. 

On refLuxing in CH3CN it gives Form A [52]. 

Two further products cannot be assigned to any of the forms mentioned before. From 
CsHsC=CCu and Pt(P(CsHsh)4 a compound .. CsHsC=CCu . P(CsHsh" and further tertiary 
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phosphine-copper cornpLexes are forrned (no conditions given) [23]. "C6HsC=CCu . P(C6Hs)3" 
can aLso be forrned by decarboxyLation of C6HsC=CC02Cu . P(C6Hs)3' but onLy in equiLibriurn. 
At ordinary pressure and 35°C in dirnethyLforrnarnide under CO2 at Least 17% can be recar­
boxyLated [22]. 

C49H44CUP3 (TabLe 23, No. 40). The reaction with R1H in tetrahydrofuran gives 
R1CU{(C6Hs)2PCH2hCCH3' where R1H is 4-CH3C6H40H (40% at roorn ternperature), 
4-CH3C02C6H4CN (46% at 0 °C), and 4-CH3C02C6H4N02 (33% at 0 0c) [34]. 

The reaction with CH2(CN)2 yieLds a yeLLow powder (structure not reveaLed). No reaction 
occurs with CH3CN, CH2(C02C2Hs)2' or CH3N02 in boiLing tetrahydrofuran [34]. 
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1.1.2.5 Complexes 01 RC"CCu with Cu, Au, Zn, or Hg Compounds 

The complexes are given in Table 24. Some of the products are very poorly characterized. 
Compounds with known stoichiometry are formulated with a point (like C6HsC"CCu· 
CH3C02CU); a probable complex formation with unknown stoichiometry is indicated by a 
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comma (Like n-C5H11C=CCu,ZnCL2) as expLained in "Organocopper Compounds" 1, 1985, 
p.6. 

C2B1OH11C=CCU (C2B10H11 = 1,2-dicarba-cLoso-dodecaboran(12)-1-yL) and HgX2 (X = ha­
Logen) do not form compLexes. This is possibLy a question of a poLarization of the C=C 
bond different from that of the typicaL RC=CCu for eLectronic and steric reasons [8]. 

TabLe 24 
CompLexes of RC=CCu with Cu, Au, Zn, or Hg Compounds. 
For abbreviations and dimensions see p. X. 

No. compound preparation, properties, and remarks Ref. 

complexes wlth Cu or Au compounds 

CH=CCu' CuCL 

.2 CH=CCu' CuOH 

3 C4H3SC=CCu· CH3C02CU 
(C4H3S = thien-2-yL) 

at certain acidities intermediate formation [11 to 13] 
assumed from C2H2 in CuClIHCL/NH4CL/H20 
from emf measurements [12]; aLso without 
NH4CL [11], and simiLarLy in Cu l/Cu ll/CL2 
(green soLution) [13] 

dissociates in weakLy acidic soLutions to give 
" [CLCu2C=C] - .. 

gives CU2C2 in neutraL or aLkali ne soLutions 

from diLute aqueous soLutions of C2H2 and Cul [2] 
saLt, neutraLized by NH3 or NaOH; precipi-
tates from more conc. soLutions or after dry-
ing in air contain more C than corresponds 
to the formuLa 

white or red-brownish, expLosive after drying 
over P205 in vacuum 

soLubLe in coLd diLute HCL or HN03 and in 
warm conc. H2S04 

gives C2H2 with NH3, CH3C02H, or H2S 

structure derived onLy from anaLogy 
from soLutions of C4H3SC=CCu in boiLing 

CH3C02H, precipitation with ice-water 
"amorphous", oxidation gives 

C4H3S(C=CbC4H3S 

[4] 

4 n-C3H7CH(OH)CH2C=CCu' CuCL [5] 
from n-C3H7CH(OH)CH2C=CH and a 

CuCL-[C2H5NH3]CL compLex in CH30HI 
C2H5NH2 

can be converted to n-C3H7CH(OH)CH2C=CH 
in a 97% yieLd (no detaiLs) 

from CSH5C=CCu and CH3C02H; crystaLLizes [1, 3] 
from concentrated soLutions after boiLing 
under CO2, precipitation with ice-water 
aLso possibLe 
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Table 24 [continued] 

No. compound 

CSH5C=CCu . CH3C02CU 
[continued] 

1.1.2.5 

preparation, properties, and remarks 

orange-yellow, soluble in organic solvents 
except petroleum ether 

gives on boiling in CH3C02H in presence of 
air CSH5C=CCH=CHCsH5 (cf. the so-called 
"Straus reaction ", Section 1.1.2.1.2; the 
title compound is possibly an intermediate 
of this reaction) 

Ref. 

from (i-C3H7)2NCH2C=CCsH5 and 2 mol CuBr [10] 
in CH3CN at 25°, then 65°/30 min, 
[CH2=N(C3Hr i)2]Br also obtained 

yellow after washing with dilute HCl and then 
H20 

m.p. 270° (dec.) 
IR (KBr): 1930 (C=C) 
gives 25% (CSH5C=C)2 with excess 30% H20 2 

after 20 h stirring at room temperature 

[ 
C=CCsHs J-

[N (P(CsHshl2f 4-CH3CsH,C=CCu - + -AuC=CCsHs 

C=CCsHs 

7 [14] 
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in moderate yields 
stable yellow solid 
IR: 2070+2110 (C=C) 

or 

from the molecular weight of 854 (theor. 1413) 
the 1 : 1 electrolytic character is supported 
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Table 24 [continued] 

No. compound preparation, properties, and remarks Ref. 

compLexes with Zn or Hg compounds 

the formation of a complex from n-CSH11 - [7] 
C=CCu and ZnCl2 in hexamethylphosphoric 
triamide is supposed from the enhanced 
reactivity towards CH2=CHCH2Br, 
compared with n-CSH11 C=CCu; n-CSH11 -

C=CCH2CH=CH2 is formed in a 32% yield 

from C6HsC=CCu and HgBr2 in THF, dioxane, [6] 
or C2HsOH at 25°; lower yields in water 

yellow, insoluble in organic solvents and in 
H20, dissolves in pyridine with decomposi-
tion 

gives C6HsC=CCu with KI in C2HsOH/H20 and 
(C6HsC=C)2Hg with aqueous NH3 

preparation like No. 9 from HgCl2 [6] 
colorless 
IR: 2000, 2040 
gives (C6HsC=C)2Hg with aqueous NH3 
in boiling dioxane slowly forms (C6HsC=C)2Hg 

11 2C6HsC=CCu . [CH3C02bHg preparation like No. 9 from [CH3C02bHg, low [6] 
yield 

12 2CsHsFeCsH4C=CCu' HgCl2 preparation not given [9] 
decomposes in H2SOi30% H20 2 
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205/13; Kinet. Catal. [USSR]2 1961]190/8). 

[12] 0. A. Chaltykyan (Zh. Obshch. Khim. 18 [1948] 1626/38). 
[13] R. Ohlson (Acta Chem. Scand. 20 [1966] 585/6). 
[14] 0. M. Abu-Salah (J. Organometal. Chem. 270 [1984] C26/C28). 
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1.1.2.6 Compounds 01 the Type [RC=CCuH]Li 

The structure of these reagents has not yet been determined exactly. In this sec­
ti on the formuLation [RC=CCuH]Li is preferred, but in the Literature "RC=CLi· CuH" and 
"HLiCuC=CR" are aLso common. A simiLar product with a Cu: Li ratio of about 3 exists 
too [2, 3]. 

[RC=CCuH]Li has onLy been prepared in soLution from RC=CLi and (CuH)n in ether or 
tetrahydrofuran at -40 to -78°C. This red or brown soLution is a usefuL means for reducing 
the structuraL unit C=CC=O to give CHCHC=O with high regiospecifity and high functionaL 
seLectivity (comparabLe to that of the hydrogenation). The reaction is usuaLLy appLied to 
cycLic enones. In cases where the ß-carbon is highLy substituted, added hexamethyLphos­
phoric triamide appears to faciLitate somewhat the reduction of the doubLe bond. Other 
normaLLy reducibLe functionaLities are unaffected. UsuaLLy the moLar ratio of substrate to 
compLex is 1:6 [1 to 3]. 

[n-C3H7C=CCuH]Li is formed from n-C3H7C=CLi and (CuH)n at -40°C in ether or in 
tetrahydrofuran [1, 2]. The ethereaL soLution and 2-bromononane react to form 40% (at 
25°C) or 5% (at O°C) n-nonane and 4% nonene with second-order kinetics. This reaction 
does not occur in tetrahydrofuran [2]. 

The foLLowing enones were seLectiveLy hydrogenated at the C=C doubLe bond; gene rally 
an anti paralleL entry of the hydride is observed. 

enone 

reactions in THF 

CH2=C(CH3)COC2Hs 

CH2=CH(CH2bC02CH3 

o 

(reH3 

o Rl=H 

Q R'~2-CH, 
R' Rl=6-CH3 

Rl =6-CH(CH3)2 
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yieLd, temperature (in °C) 

85% at -20° 

42% at -120° 

70% at -20° 

86% at -78° 

90% at -20° (cis:trans=9:1) 

in ether 30% at -40°,90% at 0°; THF 
retards this reaction and causes side-reactions 

64% at -20° 

50% at -20° 

95% at -20° 

References on p. 181 

Ref. 

[1] 

[1] 

[1] 

[1] 

[1] 

[2] 

[1] 

[1] 

[1] 

[1] 
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enone yield, temperature (in 0c) Ref. 

47% at -20° [1] 

reactlons in THF in the presence of 10% OP{N{CH3hh 
74% at -20°, no hydrogenation of the side chain [1] 

85% at -20° [1] 

22% at -20° [1] 

67% at -20° (cis:trans=7:3) [1] 

[n-C4HgC"CCuH]Li is formed from n-C4HgC"CLi and (CuH)n in tetrahydrofuran at O°C; 
no further conditions or subsequent reactions are reported [3]. 

[(CH3hCC"CCuH]Li. The literature data are contradictory. There has been reported, 
(CuH)n "does not dissolve, when treated in ether with (CH3)3CC"CLi" [3]; otherwise was 
stated, "diethylether is definitely superior to tetrahydrofuran " [2]. When (CuH)n is treated 
in tetrahydrofuran with (CH3bCC"CLi, it dissolves at a Cu: Li ratio of 3: 1. The analysis 
of the brown soLution gives 2.6: 1, wh ich is probably due to the pyridine content of the 
(CuH)n prepared according to [4]. With an excess of this soLution (corresponding to (CH3)3CC" 
CLi . 3CuH) 3,5,5-trimethylcyclohex-2-enone is reduced at -27°C in a 48% yield to give 
3,5,5-trimethylcyclohexanone. Under the same conditions 1 (R1 = H or CH3) gives a mixture 
of 11 and 111, where the cis isomer is predominant (77: 23 with R1 = H) [3]. 

With a Cu: Li ratio of 1: 1 (corresponding to [(CH3bCC"CCuH]Li) in tetrahydrofuran the 
yield is lowered and higher boiling byproducts are formed [3]. From [(CH3)3CC"CCuH]Li 
or "LiCuHC"CC(CH3b" and cyclohex-2-enone after 1 h in ether (reagent : substrate ratio = 
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6: 1) at -40°C 50% and at O°C 90% cycLohexanone is formed. At a reagent:substrate 
ratio of 4: 1 the yieLds are somewhat Lower. Using tetrahydrofuran instead of ether retards 
the reaction and causes more byproducts. HexamethyLphosphoric triamide does not infLu­
ence the reaction. The reactivity of [(CH3lsCC=CCuH]Li is higher than that of [n-C3H7C= 
CCuH]Li [2]. 

References: 

[1] R. K. Boeckman Jr., R. MichaLak (J. Am. Chem. Soc. 96 [1974] 1623/5). 
[2] S. Masamune, G. S. Bates, P. E. Georghiou (J. Am. Chem. Soc. 96 [1974] 3686/8). 
[3] H. 0. House, J. C. DuBose (J. Org. Chem. 40 [1975] 788/90). 
[4] G. M. Whitesides, J. S. FiLippo Jr., E. R. Stredronsky, C. P. Casey (J. Am. Chem. Soc. 91 

[1969] 6542/4). 

1.1.2.7 SaUs of the Anions [(RC=ChCu']- and [R1C=CCuIC=CR2]-

The bonding schema resembLes that of the compLex anion [(RC=ClsCu]2-; see Section 
1.1.2.8. The cations in these saLts are often compLexes, e.g., [Ni(NH3)6]2+. Depending on 
the preparation method, these compounds sometimes contain stoichiometric amounts of 
NH3. For exampLes see TabLe 25. 

The asymmetric compLexes [(RC=C)R'Cu]M (R' = aLkyL, aLkenyL, aryL) transfer the group 
R' more easiLy, whereas RC=C is strongLy bonded. They are deaLt with therefore in "Organo­
copper Compounds" 2, 1983, in Sections 1.1.1.2.4 (M = Li) and 1.1.1.2.6 (M = MgX') with exam­
pLes in TabLes 12 on p. 175ff. and 17 on p. 228ff. 

The symmetric compLexes in TabLe 25 are prepared by the foLLowing methods. If not 
stated otherwise, they have not been isoLated from the preparation mixture. 

Method I: RC=CCu+RC=CM --> [(RC=C)2CU]M, M=Li or K, in Liquid NH3 or in an ether. 

Method 11: 2RC=CM+Cul --> [(RC=ChCu]M+MI, M=Li or Na, in liquid NH3 or in an ether. 
In Liquid NH3 compLexes of NH3 can be formed. 

Method 111: [(RC=C)3Cu]K2+Cul --> [(RC=C)2Cu]K+RC=CCu+KI in liquid NH3. 

Method IV: 4RC=CM+2Cu2+ --> [(RC=C)2CU]- +R(C=C)2R+Cu+ +4M+, M=aLkali metal, in 
Liquid NH3. Cu2+ is probabLy first reduced by RC=CM. 

[(RC=C)2CU]Li and bicycLic enones yieLd bicycLic or tricyclic products, respectiveLy, depen­
dent on the substitution type of the enone. [(n-C3H7C=C)2Cu]Li (No. 3 in TabLe 25) reacts 
with I (R1 = CHsS03 or 4-CH3C6H4S03) at - 78°C in ether/CH2CL2 to give 83% 11 
(1 RS,5RS,6RS compound). Under the same conditions [{(CH3lsCC=ChCu]Li (No. 6 in Ta­
bLe25) gives with I (R1=4-CH3C6H4S03) no 11, but 50% 111 (R=(CH3lsC and R1=4-
CH3C6H4S03). This structure is onLy "tentativeLy assigned" to the reaction product. In ether 
at - 78 °C [(n-C3H7C=C)2Cu]Li and IV give 38% 111 (R = n-C3H7 and R1 = H). In both cases 
the stereochemistry of 111 is uncLear. ALL reactions are compLete after 1 h [9]. 
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Table 25 
Salts of the Anions [(RC"C)2CU] 
For abbreviations and dimensions see p. X. 

No. salt method of preparation (solvent, yield) 
properties, remarks, reactions 

Ref. 

111 (liquid NH3) [2,3] 
yields metallic Cu with K, see also" Kupfer" 

83, 1965, p. 1044 

1,111 (100%) [2,3] 
yellow solid, very slightly soluble in liquid NH3 
reacts with K like No. 1, yields with Cul 

CH3C"CCu 

11 (ether) [9] 
gives n-C3H7(C"C)2C3Hrn with 

(E)-CsHsCH=CHCOCsHs 
for the reaction with bicyclic enones see p. 181 

11 (THF/CsHw with Cu8r instead of Cu I) [11] 
gives 70% (CH3bSiC"CC(CH3)=C=C(CH3)-

CH20H with 2-(prop-1-ynyl)-2-methyl­
oxirane at 25° in THF, but only in presence 
of Pd[P(CsHs)3]4 

11 (ether/THF) [8] 
reacts with (E)-C2HsCH=C(CH3)CHO to give 

(E)-C2HsCH=C(CH3)CH(OH)C"CC4Hg-n 

11 (ether) 
for the reaction with bicyclic enones see p. 181 

1 (ether) 
reacts with CH3COCl to give 33% 

n-CSH11 C"CCOCH3 

[9] 

[5] 

11 (ether or THF with [ICuP(C4Hg-n)3]4 instead [4,7, 
ofCul) 10] 

yields CsHS(C"C)2CSHS with 02 at - 78° and 
CH2=C(C"CCsHs)CH2S02CsH4CH3-4 with 
CH2=C=CHS02CsH4CH3-4 

yields CsHsCH2CN, obviously via CsHsC"CNH2, 
with (CSHS)2P(0)ONH2 at -20° in THF 

11(25%) [1,2] 
colorless crystals, stable under NH3 atmos-

phere 
reacts with Cul in liquid NH3 to give 80% 

CsHsC"CCu . NH3 (see Section 1.1.2.4) and 
with [Ni(NH3)s](SCN)2 in liquid NH3 to give 
No. 11 

111 (liquid NH3) 
yields metallic Cu with K 

[2,3] 

References on p. 184 Gmelin Handboak 
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Table 25 [continued] 

No. salt method of preparation (solvent, yield) 
properties, remarks, reactions 

Ref. 

11 [(C6HsC=C)2CUb[Ni(NH3)6]· 2NH3 [2] 
for preparation see under No. 9 
brownish violet solid, yields after 3 h at room 

temperature in high vacuum 60% of No. 12 

for preparation see under No. 11 
formulated as "NiCu2(C=CC6Hs)4 . 4 NH3" 
black solid, soluble in benzene 

[2] 

13 [(C6HsC=C)2Culb[CUIl(NH3)4]· xNH3 [2] 
IV (liquid NH3) 
x not estimated, upon evaporation of all NH3 

C6HsC=CCu and C6Hs(C=C)2C6HS are formed 

14 [(C6HsC=C)2CUIb[CUIl(H2N(CH2hNH2h]· 2NH3 [2] 
for preparation see under No. 15 
green-yellow solid 
yields C6HsC=CCu and C6Hs(C=C)2C6HS on ex­

posure to high vacuum 

15 [(C6HsC=C)2CUIb[CUIl(H2N(CH2hNH2)2]· 12NH3 [2] 
IV (in presence of H2N(CH2)2NH2) 
violet crystals after drying in high vacuum at 

-780 

yields No. 14 at -300 in high vacuum 

16 [(C6HsC=ChCUIj[N(P(C6Hsb)2] prepared from Nos. 9 or 10 (?) [12] 
more stable than Nos. 9 and 10 
gives [(C6HsC=C)2Au]- and C6HsC=CCu 

. P(C6Hsb with C6HsC=CAu . P(C6Hsb 
in CH2Cl2 at room temperature (see 
Section 1.1.2.4) 

gives besides C6HsC=CCu and C6HsC=CCu 
. P(C6Hsb (see Section 1.1.2.4) also [(C6Hs-
C=C)2Au]- with AuCl· P(C6Hsb in CH2Cl2 

gives [(C6HsC=ChAu]- and C6HsC=CCu with 
C6HsC=CAu or [C6HsC=CAuCl]- in CH2Cl2 

[4-C6HsC6H4NHCOCH2C=CCUC=CCH=CHC2H20CsHll]Li (see IV) 

The asymmetric complex acetylide is obtained from 4-C6HsC6H4NHCOCH2C=CCU and 
V in tetrahydrofuran/hexamethylphosphoric triamide. Oxidation with iodine in the same sol­
vent mixture gives VI in a 44% yield [6]. 
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LiC=C ~ 

~C5H11-n 
o 

v 

References: 

1.1.2.7 - 1.1.2.8 

[1] R. Nast (Z. Naturforsch. 8b [1953]381/3). 
[2] R. Nast, W. Pfab (Chem. Ber. 89 [1956]415/21). 

VI 

[3] R. Nast, P.-G. Kirst, G. Beck, J. Gremm (Chem. Ber. 96 [1963] 3302/5). 
[4] M. L. H. Green (OrganometalLic Compounds 11: The Transition Elements, 3rd Ed., 

Methuen, London 1968, pp. 271/6). 
[5] M. Bourgain, J. F. Normant (Bull. Soc. Chim. France 1973 2137/42). 
[6] E. J. Corey, G. W. J. Fleet, M. Karo (Tetrahedron Letters 1973 3963/6). 
[7] K. Koosha, J. Berlan, M.-L. Capmau (Compt. Rend. C 276 [1973] 1633/6). 
[8] C. Chuit, J. P. Foulon, J. F. Normant (Tetrahedron 37 [1980]1385/9). 
[9] D. J. Hannah, R. A. J. Smith, I. Teoh, R. T. Weavers (AustraLian J. Chem. 34 [1981]181/8). 

[10] G. Boche, M. Bernheim, W. Schrott (Tetrahedron Letters 19825399/402). 

[11] H. Kleijn, J. Meijer, G. C. Overbeek, P. Vermeer (Recueil J. Roy. Neth. Chem. Soc. 101 
[1982] 97/101). 

[12] 0. M. Abu-Salah, A. R. Al-Ohaly (J. Organometal. Chem. 255 [1983] C39/C40). 

1.1.2.8 Salts of the Anions [(RC"ChCu'F-

The small volume taken up by the acetyLide group in the region of the valence orbitals 
of copper makes anions [(RC"C)nCul](n-1)- possible. Probably a considerable back-donation 
occurs from the filled d-orbitals on the metal into antibonding TC* -orbitals of the acetyLide. 
The bonding scheme is Like that for N2 complexes, but the anionic acetyLide Ligands seem 
to be better cr-donors than N2. In this respect acetyLides resemble cyanide ion. 

Salts of the anions [(RC"C)3CuF- can be prepared from copper acetyLides and alkali 
metal acetyLides, or from alkali metal acetyLides and copper halides or complexes thereof. 
Ethers and Liquid NH3 are suitable solvents. With the latter, NH3 complexes can be formed. 
In Table 26 the preparation procedure is indicated by the following methods: 

Method I: RC"CCu+2RC"CM ~ [(RC"C)3CU]M2, M=Li or K (cf. Method I in Section 
1.1.2.7). 

Method 11: 3RC"CM +CuX ~ [(RC"CbCu]M2+MX, M = Li or K; X= Br, I, or CN (cf. Method 11 
in Section 1.1.2.7). 

Method 111: 3 RC"CLi +CuBr' S(CH3)2 --> [(RC"C)3CU]Li2 +LiBr+S(CH3)2' 

[(RC"C)3CU]Li2 have become interesting for the preparation of alkynylamines according 
to the equation [(RC"C)3CU]Li2+2(CH3)2NX ~ 2RC"CN(CH3)2+RC"CCu+2LiX, where X= 
P02(C6H5)2 or S02CH3 [9]. 

[(n-C3H7C"C)3Cu]Li2 reacts with I a, I b, or I c in ether in the presence of hexamethylphos­
phoric triamide to give II a, 11 b, or 11 c (R = n-C3H7), respectively. Analogously, [(n-C4Hg-

C"C)3Cu]Li2 and la or I c give 11 a or 11 c under the same conditions. In all cases, the regio­
specificity is high and the yields are between 85 and 95% [7]. 

References on p. 187 Gmelin Handbook 
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a: R'=R 2 =R 3=H 

b R' = R3 = H ; R2 = CH3 

c: R'= R3=CH3; R2 = H 

185 

[(n-C3H7C"C)3CU]Li2 and 111 give under the conditions outLined before IV (yields 85% 
at R1 =H, 95% at R1 =CH2=CHCH2) [7]. 

[(n-C4HgC"C)3Cu]Li2 and V in dioxane (only partLy dissolved) at 30°C give 62% VI. 
[(C6H5C"C)3CU]Li2 and V in ethereal solution at 30 °C also yield VI (no yield given), C6H5C"CH, 
and two higher molecular products of unknown structure [5]. 

~C~~3 CH3 

CH3 

o 
111 IV o 

V VI 

lable 26 
Salts of the Anions [(RC"CbCuj2-. 
For abbreviations and dimensions see p. X. 

No. compound 
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method of preparation (solvent) 
properties, reactions 

Ref. 

1,11 (X= I, yield 75%; both in NH3) [1 to 3] 
white, diamagnetic, not shock-sensitive, sparingly 

soluble in liquid NH3 
susceptibility Xg = -0.7 x 10-6 cm3 . g-1 (cylinder 

method) 
reacts with H20 to give CU2C2 and C2H2, with K 

in liquid NH3 to give metallic Cu 
see also "Kupfer" 83,1965, p. 1044 

1,11 (X=I; both in NH3) [1 t03] 
white, diamagnetic, not shock-sensitive, sparingly 

soluble in liquid NH3 
reacts with H20 to give CH3C"CCu, with K in liquid 

NH3 to give metallic Cu 
gives [(CH3C"C)2CU]K (see Section 1.1.2.7) with 

Cul in liquid NH3 
only prepared in solution: I, 111 (both in ether), [7,9] 

11 (X = I ; ether: hexamethylphosphoric 
triamide =4: 1) 

for reactions with cyclic enones see above 
reacts with (CH3)2NX (X = P02(C6H5)2 or S02CH3) 

to give 69 to 87% n-C3H7C"CN(CH3)2 

References on p. 187 
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Table 26 [continued] 

No. compound 

4 

5 

6 

7 

8 

1.1.2.8 

method of preparation (solvent) 
properties, reactions 

only prepared in ethereal solution: 11 (X = Br), 111 
gives 67% (CH3lsSiC=CN(CH3)2 with 

(CH3bNP02(CsHs)2 at - 200 

only prepared in solution: I (ether), 11 (X = I; 
dioxane), 11 (X=CN; ether), 111 (ether) 

for reactions with cyclic enones see p. 185 
reacts with (CH3)2NX (X = P02(CsHs)2 or S02CH3) 

to give 78% n-C4HgC=CN(CH3)2 

only prepared in ethereal solution: 11 (X = CN), 111 
reacts with (CH3bNP02(CsHs)2 at - 200 to give 71 % 

(CH3)3CC=CN(CH3b 

only prepared in solution: I (ether), 11 (X = Br; 
ether), 11 (X= I; ether or dioxane), 11 (X = CN; 
ether), 111 (ether) 

reacts with n-CSH11 1 to give < 1 % CsHsC=CCsH1,-n 
gives 79% (E)-CH3CH=CHCH(OSi(CH3ls)C=CCsHs 

with (E)-CH3CH=CHCHO and (CH3lsSiCl 
reacts with (CH3)2NX (X = P02(CsHs)2 or S02CH3) 

to give up to 83% CsHsC=CN(CH3)2 

for preparation see under No. 9 
yellowish powder 
reacts with Ba(SCN)2 in liquid NH3 to give No. 10 
yields with Kor Li in liquid NH3 a red solution 

containing [(CsHsC=ClsCuoP- with precipitation 
of LiNH2; in presence of BaH the [(CsHsC= 
C)3CuohBa3 is precipitated (see Section 1.1.2.9) 

Ref. 

[9] 

[5,7, 
9] 

[9] 

[5,6, 
8,9] 

[2t04] 

9 [(CsHsC=ClsCu]K2 . 2 NH3 11 (X = I; liquid NH3) [2] 
yellowish needles, stable in an NH3 atmosphere 
yields No. 8 after 3 hat room temperature in high 

vacuum 

from [(CsHSC=C)3CuOhBa3 (see Section 1.1.2.9) and [3] °2; see also No. 8 
yellowish crystals 
IR (KBr): 690, 750 (both CH), 900 to 1200 (CH aro­

matic), 1440, 1480, 1575, 1592 (all C-C), 2045 (C= 
C), 3030 (CH aromatic) 

only prepared in ethereal solution: 11 (X = CN), 111 
gives 17 to 45% CsHsSC=CN(CH3)2 with 

(CH3)2NP02(CsHs)2 at -200 

[9] 

Gmelin Handbook 
Cu-Org. Comp. 3 



Table 26 [continued] 

No. compound 

1.1.2.8 - 1.1.2.9 

method of preparation (solvent) 
properties, reactions 

Ref. 

12 [(cyclo-C6H11C"C)3Cu]Li2 only prepared in ethereal solution: 11 (X = CN), 111 [9] 
gives cyclo-C6H11 C"CN(CH3)2 with 

(CH3)2NP02(C6H5)2 at -200 

only prepared in ethereal solution: I, 11 (X = CN) [9] 
gives n-C6H13C"CN(CH3)2 with (CH3)2NP02(C6H5)2 

at -200 

References: 

[1] R. Nast (Z. Naturforsch. 8b [1953] 381/3). 
[2] R. Nast, W. Pfab (Chem. Ber. 89 [1956] 415/21). 
[3] R. Nast, P.-G. Kirst, G. Beck, J. Gremm (Chem. Ber. 96 [1963] 3302/5). 
[4] R. Nast (Angew. Chem. 77 [1965] 352). 
[5] H. O. House, W. F. Fischer Jr. (J. Org. Chem. 34 [1969] 3615/8). 
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[6] G. M. Whitesides, W. F. Fischer Jr., J. S. Filippo Jr., R. W. Brashe, H. O. House (J. Am. 
Chem. Soc. 91 [1969] 4871/82). 

[7] G. Palmisano, R. Pellegata (J. Chem. Soc. Chem. Commun. 1975892/3). 
[8] C. Chuit, J. P. Foulon, J. F. Normant (Tetrahedron 37 [1980]1385/9). 
[9] G. Boche, M. Bernheim, M. Nießner (Angew. Chem. Suppl. 1983 34/8; Angew. Chem. 

95 [1983] 48). 

1.1.2.9 Salts 01 the Anion [(C6H5C"ChCuoP-

Compounds containing the anion [(C6H5C"ChCuoj3- are very strong reductants and ex­
tremely sensitive towards air and humidity. Ignition, fog formation, and carbonization have 
been observed upon sudden contact with air. Ignition occurs also upon contact with NO. 

[(C6H5C"ChCuO]K3 is prepared as a red solution on the treatment of [(C6H5C"ChCUI]K2 
(see Section 1.1.2.8) with metallic K or Li in liquid NH3. Li is preferable because after 
reduction the insoluble LiNH2 can be removed [1]. 

[(C6H5C"ChCuohBa3 is prepared from a solution of [(C6H5C"C)3CUO]K3 (see above) in 
liquid NH3 with BaH [1] or from [(C6H5C"C)3CUI]K2' metallic Li, and Ba2+ in liquid NH3 [2]. 
It is orange-brown and forms chocolate-colored crystals after drying in high vacuum. It 
is sparingly soluble in liquid NH3, but soluble in absolute tetrahydrofuran. It is not explosive 
[1, 2]. 

Possibly the actual structure of this compound is [(C6H5C"ChCu-Cu(C"CC6H5h]Ba3 
because of its diamagnetic character [1, 2]. The IR spectrum in a Nujol mull under nitrogen 
shows the bands 690, 750 (both CH), 900 to 1200 (aromatic CH), 1440, 1480, 1575, 1590 
(all C-C), 2045 (C"C), 3030 (aromatic CH) cm- 1 [1]. "Handling" for more than two or three 
minutes (air contact?) produces decomposition products, wh ich show IR bands at 1390 cm- 1 
and at 3450 cm- 1 (OH). The reaction with traces of oxygen produces C6H5C"CCu and 
[(C6H5C"ChCul]Ba [1, 2]. 

References: 

[1] R. Nast, P.-G. Kirst, G. Beck, J. Gremm (Chem. Ber. 96 [1963] 3302/5). 
[2] R. Nast (Angew. Chem. 77 [1965] 352). 
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1.1.3 CarbonyLs 

1.1.3.1 Compounds with One CO Ligand 

The Literature up to 1949 is described in "Kupfer" 81, 1958, on pp. 240/1, 362, 410, 
and 82, 1961, on p. 678. 

The foLLowing TabLe 27 contains compounds with one CO group. Those with an uncertain 
composition, Like (CO)CuX· yNH3 where X=CL04 , N03", and 103" and y=2.8 to 3.6 [5], 
or postuLated intermediates, Like [(CO)CuOxJ+ (0 can be severaL amines) [22] and 
[(CO)Cu(C5H1oNHh]CL (C5H10NH = piperidine) [11], are not incLuded. Compounds of formuLa 
(CO)CuX (X = HS04 , CL04 , 02CH-, and 02CCH3", TabLe 27, Nos. 10, 13, 15, and 16) are formu­
Lated in [29]. CO stabiLizes Cu l phenoxides by formation of carbonyL compLexes [96]. 

The penta-coordinate compLexes [(CO)Culo]n+ (Nos. 55 to 63) with tetradentate Ligands 
o are accessibLe from the [CuIO]n+ compLexes and CO in (CHa)2NCHO. The equiLibrium 
constants K = [(CO)CuIOn+]/[CuIOn+]· [CO] given in the TabLe 27 can be caLcuLated from the 
infLuence of CO on the redox potentiaL [CuI0]n+/[Cu"0](n+1)+ [57]. 

In CH3CN soLution, Cu l compLexes with tri- and tetradentate Schiff bases 0 = {RN= 
C(CH3)hC5H3N derived from 2,6-diacetyLpyridine and amines RNH2 absorb CO reversibLy 
with a coLor change fram red or brown to yeLLow or yeLLow-brown, R = n-C3H7 , n-C4Hg , 

CH2=CHCH2, CH2=CHCH2CH2, C2H5SCH2CH2. The IR spectra of the soLutions indicate that 
the CO is terminaLLy bonded to the Cu atom. At 0 °C the moLar ratio CO: Cu never exceeded 
0.6:1, being Largest for R=n-C3H7 and smaLLest for R=C2H5SCH2CH2. The variation of the 
stabiLity constants K = [(CO)CuO+]/[CuO+]· [CO] for the different compLexes can be reLated 
to the degree of competition between CO and the side-arm donor groups in R for the 
fourth coordination site on the Cul according to Scheme I. For compLexes with R = aLkyL 
there is, of course, no competition. The difference in K between R = n-C3H7 and n-C4Hg 

probabLy Lies in the greater steric effect of the Longer side chain. The K vaLue with R =CH2= 
CHCH2 indicates onLy a minor degree of competition from the pendant aLkenyL group. With 
R=CH2=CHCH2CH2, the competition is much greater, as aLso concLuded from both 1H NMR 
and UV spectra in soLution and consistent with the solid state structure of dimeric 
[CU20 2][8(CsH5)4h which reveaLs the attachment of one aLkenyL group per Cu l. StabiLity con­
stants K of [(CO)Cu{RN=C(CHa)hC5H3N]+ [90] are as foLLows: 

R Kin M-1 atO°C v (CO) in cm-1 at 20°C 

n-CaH7 32.1 2085 
n-C4Hg 24.1 2085 
CH2=CHCH2 27.4 2085 
CH2 = CHCH2CH2 1.6 2083 
C2H5SCH2CH2 too Low for measurement 2095 

CH3 ...... n ...... CH3 CHh n ...... CH3 .. co> CHh n ...... CH3 
C N C --"- C N C C N C 
11 I 11 ......- 11 I 11 ...-- 11 I 11 -co 
N- Cul-N N- Cul-N N- Cul-N " ,/ , R/ 'R / I ' R R R CO R 

As in the dinucLear compLexes [(CO)CUJZ20]n+ (Nos. 65 to 74) onLy one Cu atom is coor­
dinated by CO; they are aLso treated in this section. The most LikeLy geometries around 
the Cu l atoms are square pyramidaL and tetrahedraL. The equiLibrium constants 
K = [(CO)CU2Z202]1[CU2Z202]· [CO] have been determined spectrophotometricaLLy at 440 nm 
[70,87]. 

For Luminescing tripod Cu carbonyLs (not in TabLe 27), see [95]. 

References on pp. 208/10 Gmelin Handbook 
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202 1.1.3.1 

* Further information: 

(CO)Cu (Table 27, No. 1) is obtained by cocondensation of Cu, CO, and Ar (~1:2: 1000) 
at 10 to 15 K and identified by its IR isotopic spectra. Upon warming to 35 K it produces 
IR absorptions of (CO)2CU and (C0lsCu (see Section 1.1.3.2) [26, 91]. From the v(CO) of 
the 63CU, 65CU, 12C160, 13C160, and 12C180 isotopic species the Cotton-Kraihanzel force con­
stant f(CO) = 16.33 mdyn . A -1 has been derived [26]. 

In contrast, cocondensation of Cu atoms from a Knudsen cell with 1/600 of CO/Ar onto 
a Csl plate cooled to 10 K yields Cu cluster monocarbonyls (CO)Cu n with n = 1 to 4 [31]. 

Earlier results fram cocondensation of Cu atoms from a Knudsen cell with a large excess 
of pure CO onto a Csl plate cooled to 20 Kare given in [20]. But no evidence for the 
composition of the reported "copper carbonyl" is given. The reported IR data are very 
similar to those of (CO)3CU, as given in [26]. 

An analysis of the ESR data for (CO)Cu indicates that the odd electron is alm ost entirely 
localized in a pure 4s orbital [33]. 9 and hfc tensors of (CO)63CU: 9 11 = 1.998(1), A 11 (63CU) = 
4174(2) MHz, g1. = 1.995(1), A1.(63Cu) = 4126 (2) MHz [92], see also [91]. 

From ab initio restricted Hartree-Fock MO calculations of linear (CO)Cu a binding energy 
between Cu and CO of -1.64 eV is derived [50, 76]. 

The interaction of the Cu atom with CO was investigated by MO calculations. Coupling 
occurs mainly through the HOMO 5cr level of CO with the 4 sand 3dz' orbital of the metal 
atom. The HOMO level is lowered in energy due to donor-type interaction with the metal 
[55,73]. 

From detailed SCF-Xa-SW calculations a satisfactory interpretation for the thermallability 
of the complex in terms of predominant cr-bonding Cu-C interaction with so me prc-prc* 
and minimal drc-drc* charge transfer from the metal to the CO ligand is possible [72]. 

The nature of the Cu-CO bonding in (CO)Cu has also been analyzed by the constrained­
space-orbital-variation technique [88, 89, 93]. 

[(CO)Cu]+ (Table 27, No. 2) is formed by absorption of CO in mixtures of Cu20 and 
strong acids like H2S04, BF3 · H20, FS03H, CF3S03H, and HF. [(CO)3CU] + and [(CO)4CU] + 
(see Section 1.1.3.2) exist in equilibrium with [(CO)Cu]+ [29]. In dilute H2S04, the monocar­
bonyl cation is comparatively stable [14, 15]. 

Carbonyl stretching frequencies and 13C NMR chemical shifts in acid solvents [29]: 

solvent IR 13 C NMR 
v(CO) in cm- 1 I) in ppm at 30°C 

H2S04 2140 168.5 
FS03H/H2S04 (1/0.3) 2150 
CF3S03H 2150 168.3 
FS03H 2152 169.2 
HF 2156 
BF3 · H20 2160 169.0 
H2S04/FS03H (1/0.3) 169.0 
HCl/H20 (36%) 170.7 

For the significance of [(CO)Cu]+ as an intermediate in the Cu" catalyzed oxidation 
of CO by 02' see [9, 10, 13, 18]. 
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(CO)CuCl (Table 27, No. 3). IR absorptions at 2112 and 2069 cm- 1 were obtained from 
aqueous or pyridine solutions. But the composition of these compounds is not clear [16]. 
At 25.0°C the equilibrium pressure PE of CO over solid (CO)CuCl/CuCl is 436.6± 1 Torr. 
Thermodynamic data for the reaction CO (g) +CuCl (s)~(CO)CuCl (s) are obtained from the 
temperature dependence ln Po = ln (436.6/760.0) -5481 .2 (1/T -1/298.15) of Po' the standard 
equilibrium pressure of CO in Torr: LlG~8= -1.374±0.006, LlH~98= -45.58±0.11 kJ · mOl-l, 
LlS~98 = -148.3±0.4 J . mol- 1 . K-1 [46] . 

Furthermore, (CO)CuCl is an intermediate in the carbonylation of [Cu(OCH3)Cl] to give 
dimethyl carbonate [25] . For the chemical behavior of (CO)CuCl, see Table 27, Nos. 26, 
27,29,51. With [(CH3)2N=CH2CuCl]Br (see Section 1.1.5) in THF above 15 °C (CO)Cu2(CH2= 
N(CH3)2)Cl2Br is assumed to be formed [19]. With Na phenoxides, labile dinuclear complexes 
are formed [96]. 

(CO)CuCl · 2 H20 (Table 27, No. 4) has been postulated as an intermediate in the carbony­
lation of aryldiazonium compounds to give the corresponding carboxylic acids [7]. 

[(CO)CuCl2]- (Table 27, No. 21). Further investigations have been made by gas solubility 
measurements [3]. The stability constant ß = 2 x 106 M - 2 . atm -1 is estimated from potentio­
metric measurements in aqueous solutions under the assumption that no other carbonyl 
complex is formed [44] . 

[(CO)Cu(NH3h]+ , [(CO)Cu(NH3h]+ (Table 27, Nos. 22, 23) . At a CO pressure of 0.02 to 
0.9 atm below 11 °C, No. 23 is more stable than No. 22. The converse is true above 11 °C. 
For the formation of No. 22 LlH = 8.7 kcal . mol- 1 and LlS = - 16.4 cal . mol- 1 . K -1, for No. 23 
LlH = 15.3 kcal' mol - 1 and LlS= -38.4 cal . mol- 1 . K-1 [34]. 

Nonempirical LCAO-MO-SCF computations were carried out on the ground and co re 
hole states of Nos. 22 and 23. For No. 22, the computations show that a linear Cu-C-O 

Fig.7. Molecular structure of [(CO)CUC~H8N2][B(C6H5)4] (No. 27) with selected bond lengths 
(in A) and angles. 
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arrangement is preferred, the computed coordination energy for CO being -8.1 kcal · mol - 1. 
The bond overlap populations showed that for Nos. 22 and 23 the CO bond length should 
be somewhat shorter than for the free ligand [71). 

[(CO)CuC2HsN21Cl (Table 27, No. 26) . When the methanolic solution is evaporated to dry­
ness at -20°C [C2HsN2CU(CO)2CUC2HsN2]Cl2 is obtained . It has been shown that both com­
plexes exist in CH30H in a temperature dependent equilibrium [17) . 

[(CO)CuC2HsN2][B(C6H5)J (Table 27, No. 27) crystallizes in the monoclinic space group 
P2,1c -C~h (No. 14) with a = 10.301 (1), b = 12.234(1), c = 18.390(2) A, and ß =91 .11 (1)0 ; Z =4, 
dc = 1.350 9 . cm - 3. The structure is shown in Fig. 7, p. 203. A rather distant but significant 
interaction with two carbon atoms of one of the phenyl rings completes the pseudo-trigonal 
pyramidal coordination around the Cu atom. It is displaced by 0.26 A from the plane defined 
by the two N atoms and the C atom of CO toward the coordinated C6H5 [40, 64) . 

The CO can be replaced by P(OC2H5b. With H2NCH2CH2NH2 compound No. 27 yields 
[(CO)2CU2(C2HsN2bHB(C6H5)4b [40). 

[(CO)CuC5HgN3][B(C6H5)J (Table 27, No. 29) . A mixture with [(CO)2CU2(C5HgN3b)­
[B(C6H5)4b is obtained after CO absorption of a methanolic suspension of Cul with histamine 
(molar ratio< 1.0) and NaB(C6H5)4 [45]. The polymeric structure 11 has been proposed. CO 
was displaced by P(OC2H5b [63). 

[(CO)CuC4H13NJlB(C6H5)J (Table 27, No. 30) crystallizes in the monoclinic space group 
P2,1n (P2,1C)-C~h (No. 14) with a=14.832(1), b=18.737(3), c=9.599(1) A, ß=90.07(2)O; Z=4, 
dc = 1 .280 g. cm - 3. 

As Fig.8 shows, Cu is coordinated by the tridentate diethylene triamine and CO. The 
bond from Cu to the central N is significantly longer than those to the terminal nitrogens. 
Two intramolecular N-Cu-N angles are considerably less than the ideal tetrahedral angle. 

Fig. 8. Molecular structure of the cation in [(CO)Cu(C4H13N3))[B(C6H5)4) (No. 30) with se­
lected bond lengths (in A) and angles. 
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This is due to a combination of the constraints within the ligand and the requirements 
for normaL Cu-N bond distances [42]. 

The eLectrochemicaL behavior has been studied in (CH3hSO soLution at Pt eLectrodes 
by voLtammetry and controLLed potentiaL couLometry. The Cul center undergoes one-eLectron 
charge transfers in both anodic and cathodic processes. Anodic oxidation Leads to decarbon­
yLated Cu" species [86]. 

The compound is quite stabLe in air. It is sLightLy soLubLe in THF or acetone without 
decomposition. The solid does not Lose CO in vacuum or by heating to 100°C, but it is 
easiLy hydroLyzed when [B(CsH5)4]- is repLaced by CL - [42] . 

(CO)CuHB(C3H3N~h (TabLe 27, No. 42) crystaLLizes in the space group R3c-C3v (No. 161) 
with a= 13.8616(21) A, a=91.37(W, Z=8, dc =1.520, and dm =1.45(5) g. cm- 3. 

The structure is shown in Fig.9. There are two crystaLLographicaLLy distinct types of 
molecuLe within the unit ceLLo Two moLecuLes of Type 1 (Fig. 5a) have precise C3 symmetry 
with 0, C, Cu, B, and H atoms Lying aLong the [111] directions. Six moLecuLes of Type 2 
(Fig. 5 b) are in a distorted C3v symmetry [27]. 

The air-stabLe compLex is very soLubLe in light petroLeum ether. It reacts with many 
ligands, e. g., P(CSH5)3 ' CH3P(CsH5)2' P(OCH3ls, P(OCSH5b (CSH5)2MCH2CH2M(CsH5)2 (M = P, 
As), As(C6H5ls, Sb(CsH5)3' t-C4HgNC, with evoLution of CO to give the derivatives [20, 21, 
59]. 

The reaction with pure norbornadiene yieLds C7HsCuHB(C3H3N2)3 [61, 62]. It aLso reacts 
with (C5H5)2MoH2 to give the Cu-Mo cLuster (C5H5)2Mo(H2)CuHB(C3H3N2ls [37]. 

As (CO)CuHB(C3H3N2ls is effective in sensitizing the light-induced quadricycLene produc­
tion from diLute norbornadiene soLutions (0.1 M in C2H50H, quantum yieLd - 0.2) a soLar 
energy storage system has been proposed [52, 54, 60] . 

Fig. 9. MoLecuLar structure of (CO)CuHB(C3H3N2)3 (No. 42) with seLected bond Lengths (in 
A) and angLes. 

[(CO)CuCl0HgNslCl04 (TabLe 27, No. 44) crystaLLizes in the triclinic space group P1-CI 
(No. 2) with a=8.922(1), b=10.755(1), c=7.379(1) A, a=91.51(1)0, ß=99.24(W, y=81 .25(1)0, 
Z=2. The moLecuLar structure is shown in Fig. 10, p. 206 [81]. 
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Fig. 10. MoLecuLar structure of [(CO)CuC1QHgN3]CL04 (No. 44) with seLected bond Lengths 
(in A) and angLes. 

(CO)CuB(C3H3N2)4 (TabLe 27, No. 48) . It is not possibLe for aLL pyrazoLyL groups in the 
Ligand to coordinate to one Cu atom. In conjunction with the monomeric osmometric moLecu­
Lar weight and Low temperature NMR studies, the authors suggest that the compLex is fLux­
ionaL in soLution [28]. 

[(CO)CUC16H16N2]1 (TabLe 27, No. 54) crystaLLizes in the monocLinic space group P2/n 
(P21/c)-C~h (No. 14) with a=7.113(2), b= 17.204(4), c= 14.794(4) A, and ß=97.87(3)0; Z=4, 
dc = 1.68 9 . cm- 3 . The structure is given in Fig. 11 [85] . 

C1 C2 

Fig. 11. MoLecuLar structure of [(CO)CuC16H16N2]1 (No. 54) with seLected bond Lengths (in 
A) and angLes. 

(CO)CuC11H18BF2N402 (TabLe 27, No. 60) crystaLLizes in the space group Pbca-D~~ (No. 61) 
with a = 13.926(1), b = 14.209(1), c = 16.297(1) A, Z =8, dc = 1.56, and dm = 1.55(3) 9 . cm - 3 . 

The moLecuLar structure is shown in Fig. 12. The Cu atom is situated in an asymmetricaL 
square pyramid and is dispLaced 0.96 A from the basaL pLane of the four N atoms. Two 
significantLy different sets of Cu-N bond Lengths, 2.1 64 and 2.104 A, characterize the equatori­
aL asymmetry. The carbonyL Ligand coordinates at the apex of the square pyramid with 
a Cu- CO distance of 1.780(3) A and a Cu-C-O angLe of 177.5(3)° [36]. 
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From molecular orbital calculations it is found that upon CO coordination, the x2 _y2 
metal orbital has lower energy than the ligand n* orbitals. CO is attached to the metal 
largely by interactions between ligand (J orbitals and metal 4s and 4p orbitals, augmented 
by stabilization via unoccupied COn* orbitals of two metal d orbitals. The contribution of 
the metal d orbitals to the Cu-CO (J linkage is zero [67] . 

Fig. 12. Molecular structure of (CO)CuC11H1s8F2N402 (No. 60) with selected bond lengths 
(in A) and angles. 

[N(C2Hs)J[(CO)CuCsH1282F4N40J (Table 27, No. 64) crystallizes in the monoclinic space 
group P2,1c-C~h (No. 14) with a=13.681(1), b=25.634(3), c=15.687(2) A, ß=115.35(3)O, Z=8, 
and d = 1.463 9 . cm- 3 . The structure of the anion is shown in Fig. 13 [69]. 

Fig.13. Structure of the [(CO)CuCsH1282F4N404]- anion of No. 64 with selected bond lengths 
(in A) and angles. 

[(CO)CU·CUIlC24H26N402]Cl04 (Table 27, No. 77). The unusual coordination number of 5 
is expected for Cu· . The four line ESR spectrum in CH2Cl2 at 25°C indicates the localization 
of the odd electron on a single Cu, at least on the ESR time scale. The electronic absorption 
spectrum shows a weak band at ~600 mm, which is assigned to a ligand field --> Cu" transi­
tion [51]. 
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CU(I1-CO)(I1-Cl)(I1-(C6HshPCH2P(C6HshhW(COh (Table 27, No. 82) shows an AA'XX' type 
31P {1H} NMR pattern for the P nuclei bonded to W. Eight of the ten lines possible have 
been observed . For the P nuclei bonded to Cu the resonance is broad at 20°C but sharpens 
when the temperature is lowered and is of the AA'XX' type below - 60°C [82] . 

The compound crystallizes in the monoclinic space group P2,1C- Qh (No. 14) with 
a= 10.760(2) , b =25.132(4), c =20.675(3) A and ß = 112.62(1)°, Z =4, dc = 1 .57 9 . cm - 3 [82]. The 
molecular structure is shown in Fig. 14. 

Fig. 14. Molecular structure of CU(Il-CO)(Il-Cl)(Il-(C6Hs)2PCH2P(C6Hs)2) 2W(CO)2 (No. 82) 
with selected bond lengths (in A) and angles. 
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1.1.3.2 Compounds with More Than One CO Ligand 

OnLy a few unstabLe compounds are known for this group. 

(CO)2CU is prepared by cocondensation of Cu, CO, and Ar( ~ 1: 12.5: 1000) at 10 to 15 K. 
The existence of (COhCu in addition to that of (CO)Cu and (C0laCu is shown by IR spectros­
copy together with CO mixed isotope experiments. The v(CO) of (12C160)n(13C160)2_nCu (n = 0 
to 2) are given for two different matrix sites, v(CO) = 1891.5 and 1976.1 cm- 1 for (12C160)2CU. 
The Cotton-KraihanzeL force constants are f(CO)=15.41 and 15.29, f(CO,CO)=0.97 and 
1.08 mdyn/Ä for the two sites [17, 38]. 

MO caLcuLations by the seLf-consistent-fieLd Xa scattered-wave method have been carried 
out for (COhCu. As for (CO)Cu, major bonding interaction arise from CJ donation of charge 
density from the 3CJ orbitaL of the CO Ligands to the metaL [31]. For extended HückeL MO 
caLcuLations see [28]. 

[(CO)2CU(C5H1ONH)2]Cl2 is beLieved to be an intermediate in the carbonyLation of piperi­
dine with CO in the presence of CuCL2· 2H20 [15]. 

[(CO)2CuC10HaN2]Cl04 (C10HaN2=2,2'-bipyridine) is formed from [(Cu(CH3CN)4]CL04 and 
C1oHaN2 in (CD3hCO under CO atmosphere at 25 °C. 1H NMR (acetone-d6, 25 °C): 7.89(H-5), 
8.35(H-4), 8.67(H-3), 9.13(H-6) ppm. 13C NMR (acetone-d6, 31 °C): 123.31 (C-5), 127.89(C-3), 
141.47(C-4), 151.66(C-6), 152.65(C-2) ppm [33]. 

(COhCu is prepared by cocondensation of Cu with CO (1: 1000 to 100000) at 10 to 15 K 
[17]; see aLso [3]. It is aLso formed when Cu atoms and CO are aLLowed to react on adaman­
tane or cycLohexane at 77 K in a rotating cryostat. The compound is remarkabLy stabLe, 
surviving up to 253 K in adamantane [34, 37, 40]. 

The IR spectrum shows two CO stretching modes of approximateLy equaL intensity at 
1976.8 and 1990.0 cm- 1 together with two modes at 323 and 376 cm- 1. From IR frequencies 
of (12C160)n (13C160la_nCu (n = 0 to 3) in Ar matrices the force constants f(CO) = 16.51 and 
16.43, f(CO,CO) =0.59 and 0.66 mdyn/Ä are caLcuLated for two different matrix sites. The 
eLectronic spectrum shows absorptions at 375 and 562 nm assigned to 2A2' -+ 2E" and 2A2' -+ 

2A;, weak shouLders at 344 and 495 nm, as weLL as a weak feature at 262 nm. A qualitative 
moLecuLar orbitaL energy LeveL scheme for (C0laCu has been given for D3h symmetry [17, 
38]. The mean metaL-carbon bond dissociation energy has been estimated from the Cotton­
KraihanzeL force constants to be 36 kcaL· (moL CO)-1 [25]. 

At 4 to 100 K the EPR spectrum of (12COla63CU in cycLo-C6D12 or adamantane consisted 
of four equaLLy spaced (80G) Lines centered at g=2.0010. The hyperfine structure was that 
of 63CU (I =3/2). In addition there was a centraL asymmetric triplet at 9 =2.0028 to 2.0029 
which carried no 63CU hyperfine structure. On warming a 13C containing sampLe to 250 K, 
a dramatic change occurred which reveaLed immediateLy the number of carbon atoms in 
the moLecuLe, the spectrum consisted of four 1 :3:3: 1 quartets. On recooLing to 77 K the 
main features were regenerated, proving that the two spectra are associated with the same 
moLecuLe. EPR parameters [37, 40], see aLso [34]: 

matrix temperature axis 9 a(63Cu) a(13C) 
(K) (MHz) (MHz) 

cycLo-C6D12 100 x, Y 2.0028(2) 0(10) 29(2) 
z (threefoLd) 2.0010(2) 225(5) 8(2) 

adamantane 250 isotropic 2.0014(2) 93.9(5) 22.0(5) 
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The Low isotropic S3CU hyperfine interaction seems to indicate a planar, trigonaL 1t radicaL 
whose ground state is 2A2' in D3h symmetry. The unpaired eLectron occupies an orbitaL 
which is LargeLy Cu 4pz (z=threefoLd axis) and wh ich is bonding in each Cu-C distance 
[19, 34, 37, 40). Other authors [17, 39) regard the unpaired eLectron as residing mostLy 
at the C atoms. 

SCF-Xa-SW caLcuLations indicate that, as for (CO)Cu and (CO)2CU, the major interaction 
arises from the 3 (J orbitaL of the CO Ligand with the metaL [31). For extended HückeL MO 
caLcuLations see [28). 

[(COhCu]+ . For formation see [(CO)Cu) + in Section 1.1.3.2. The equiLibrium between 
[(CO)3CU) + and [(CO)Cu) + depends on the concentration of acid, the temperature, and the 
CO pressure. The [(C0lsCu) + 1[(CO)Cu) + ratio graduaLLy increases with an increase in the 
H2S04 concentration above 80%. [(C0lsCu)+ ist not formed in H2S04 concentrations beLow 
80% [7, 91). At -10°C and a CO pressure of 7 atm the moLe ratio of CO/Cu+ reaches 
3 in 100% H2S04 [1, 7). By addition of a smaLL amount of another soLvent, such as H20, 
CH30H, C2HsOH, acetic anhydride, or ether, the ratio rapidLy becomes 1 [2). 

The carbonyL stretching frequency appears at 2175 cm- 1 in H2S04. A 13C NMR chemicaL 
shift of 169.2 ppm is obtained from H2S0iFS03H (1.0/0.3) soLutions [18). 

(CsHshPCu(COhMo(C3H3N2hGaCH3' [(C3H3N2)3GaCH3)- = tridentate methyLtris(pyrazoL-
1-yL)gaLLate, has been prepared from [CuP(CSHS)3CL)4 and Na + [(C0lsMo(C3H3N2lsGaCH3)­
(1: 4) in THF in form of goLden-yeLLow air-stabLe crystaLs (~60% yieLd). 1H NMR (acetone-ds): 
0,58 (s, CH3), 6.31 (t, H-4 in C3H3N2), 7.55 (m, CsHs)' 7.81 (d, H-5 in C3H3N2), 7.98 (d, H-3 
in C3H3N2) ppm. IR: v(CO) = 1798, 1898 in CH2CL2; 1780, 1805, 1890 in Nujol. The X-ray 
crystaLLographic anaLysis shows semibridging CO groups with mean bond angLes Mo-C-O 
of 170.1(5)°,170.7(1)°, and 172.1(6)°, Cu-C-O of 117.0(1)°,117.5(3)°, and 118.5(W, and mean 
bond Lengths Mo-C of 1.973(7), 1.964(6), and 1.966(6)Ä, Cu-C of 2.247(13), 2.298(23), and 
2.415(5)Ä for two crystaLLographicaLLy independent moLecuLes. The exact nature of the Cu-CO 
interaction is not cLear [36). 

[(CO)4CU]+ has been formed by CO absorption of Cu20 in BF3 · H20 [10, 18], FS03H 
[18], FS03H . SbFs [23), CF3S03H [18], and HF [18) soLutions. 

IR and 13C NMR spectra in strong acids: 

soLvent IR 
v(CO) in cm- 1 

BF3· H20 2186 
2190 

FS03H 2183 

FS03H/SbFs 2183 

CF3S03H 2180 

HF 2184 

13C NMR 
1) in ppm at -30 to -60°C 

169.5 

171.1 

168.4 

Ref. 

[18) 
[10) 

[18) 

[23) 

[18) 

[18) 

[(CO)sCu]2+. The Hartree-Fock-Roothan method in the CNDO/2 approximation has been 
used to carry out caLcuLations for the octahedraL compLexes of the ions Fe2+, C0 2+, Ni2+, 
Cu2+, and Zn2+ with the Ligands F-, H2CO, H20, NH3, CH3CN, and CO [35). 
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Catalytical Use of [(CO)nCu]+ (n =3,4). The [(CO)nCu)+are active intermediates tor car­
boxyLation of aLcohoLs [5, 9, 11, 16, 22, 26, 27], oLetins [4, 6, 7, 11, 13, 14, 22, 24, 26, 29), 
C6 to C'2 dienes and dioLs [21), and saturated hydrocarbons without [23) or with aLcohoLs 
or oLefins [8) as sources of aLkyL cations in strong acids Like H2S04 , BF3/H20, BF3/H3P04 , 

BF3/H2S04 , HF/H20, HF/H20/BF3 , H2S04/HS03F, and HS03F/SbF5 . The rate constant for the 
carbonyLation of CH20 by CO was increased 30 times by [(CO)nCu)+ [32). The reuse of 
the cataLytic soLutions has been tested [20). They are stabiLized by metaLlic Cu [12). 
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1.1.4 Isocyanide Compounds 

GeneraL LIterature : 

E. Singleton, H. E. Oosthuizen, MetaL Isocyanide CompLexes, Advan. OrganometaL. Chem. 
22 [1983] 209/310. 

L. P. Yur'eva, Isocyanide CompLexes of Transition Metals, Metody ELementoorg. Khim. Tipy 
MetaLLoorg. Soedin. Perekhodnykh MetaL. 1 [1975] 162/216; C.A. 84 [1976] 
No. 11597. 

L. MaLatesta, F. Bonati, Isocyanide CompLexes of Metals, London - New York - Sydney 
- Toronto 1969, pp. 37/42, 54. 

L. Malatesta, Isocyanide Complexes of Metals, Progr. Inorg. Chem. 1 [1959] 283/379, 291/7. 

The Literature before 1949 is also reviewed in "Kupfer" B2, 1961, p. 855. 

Most of the cop per isocyanide compounds contain one, two, three, or four isocyanides 
and Ligands Like halogens or pseudohaLogens. Others contain N, P, or As donor Ligands. 
So me have halides, BF4, B(C6H5)4' or PF6 as counterions. The number of the isocyanide 
Ligands depends on the nature of the additionaL Ligands or counterions, X, and for a particuLar 
X two or more compLexes with different numbers of isocyanides can often be synthesized. 
WhiLe compLexes of the [(RNC)4CU]X type are readiLy formed from Cu l halides and excess 
isocyanide, they have not been isoLated for X = CN. And although (t-C4HgNClsCuBr has been 
isoLated, (t-C4HgNClsCuCN has not [2]. 

The compounds RNCCuX most LikeLy are poLymeric; see Chapter 1.1.4.1.1. 

Copper isocyanides (RNC)nCu have not yet been isoLated. However, their existence is 
indicated by IR and ESR data. Metallic copper dissolves in cycLo-C6H11 NC. The solution 
has an IR band at 2180 cm-l, which can be assigned to a coordinated isocyanide, in addition 
to the band at 2140 cm- 1 for the free Ligand [4,5]. Its ESR spectrum exhibits a 9 vaLue 
of 2.0041, which was tentativeLy assigned to a zero vaLent copper isocyanide compLex [6, 
7,9]. A soluble compLex of unknown composition wh ich forms from Cu20 and cycLo-C6H11 NC 
aLso has an IR band at 2181 cm- 1 [5]. 

CompLexes of metallic Cu or Cu20 and t-C4HgNC, not fuLLy characterized, show ~ v (NC) = 
+40 cm- 1 from free t-C4HgNC. They react in C6H6 with 1,3,5-C6H3(N02ls to give unstabLe 
crystaLLine products with the moLar proportions Cu: t-C4HgNC: C6H3(NO)3: C6H6 = 1 : 5: 1 : 0.33 
and Cu20: t-C4HgNC: C6H3(N02)3: C6H6 = 1: 8: 2: 0.66 [15]. SoLutions of 2,3,4,6-tetra-O-acetyL­
ß-D-gLucopyranos-1-yLisocyanide in CH2CL2 or CH3CN show ~ v (NC) = +46 to 47 cm- 1 after 
addition of Cu, CuO, Cu20, or CuCL [19]. 
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Catalytic systems Like RNC/Cu, RNC/Cu20, and RNC/CuCl are frequentLy used very effi­
cientLy for the syntheses of a great variety of organic compounds because the copper 
isocyanide complexes so prepared are soluble in organic solvents. Reactions occur with 
activated C-H bonds or alkyl halides followed by additions to C=C and C=O double bonds 
and concomitant cycLizations as well as insertions of the isocyanide Ligand into the hetero­
atom H-bond of amines, alcohols, thiols, phosphanes, and silanes. In all these reactions 
Cu isocyanide complexes are formed as byproducts [8]. The system cyclo-C6H11 /CU exhibits 
mono-electronic reducing character and catalyzes the dimerization of alkyl halides with 
excellent yields [13], cf. [14]. The formation of radical anions by electron transfer from the 
systems t-C4HgNC/Cu or t-C4HgNC/Cu20 to 1t substrates such as C6H5N02, m- and p­
C6H4(N02h, benzoquinone, fluorenone, and (NC)2C=C(CN)2 is shown by ESR spectros­
copy [18]. 

Nonstoichiometric (t-C4HgNC)nCu2C03 is prepared by hydrolysis of (t-C4HgNC)3CUO­
C02C4Hg-t (see 1.1.4.3) with H20 (mole ratio 2:1) in THF at O°C (94% yield) or from 
(t-C4HgNC)3CUOC02H (see 1.1.4.3) with proton abstractors such as CuOC4Hg-t in THF at 
o °C. It is colorless and extremely sensitive to H20. IR (Nujol): 1511 (CO), 2164+2189 (NC). 
The reaction with C2H51 in (CH3)2NCHO at room temperature yields 57% (C2H50)2CO, 12% 
CO2' and 5% C2H50H. Treatment with t-C4HgNC, CO2' and H20 (mole ratio 1: 3: 1.5: 1.2) 
gives (t-C4HgNC)3CUOC02H [16]. 

The nonstoichiometric product (t-C4HgNC)nCuNCO (n ~ 2.5 by iodometry, 2.7 from NMR), 
possibly a mixture of different isocyanide complexes, is prepared either from t-C4HgNC, 
Cu20, and RNHC02C2H5 in 93% (R = H) and 90% (R = (CH3)3Si) yield [10], or from t-C4HgNC, 
[(CH3)3SihNCu, and CO2 with 91 % yield of the additionally formed [(CH3)3SihO in toluene 
at ooC [11]. The product forms colorless crystals, m.p. 103°C [10]. IR: 610 (ö,yNCO), 1350 
(vsNCO), 2175 (vasNCO), and 2225 (NC) cm-l, suggesting that the NCO group may be coordi­
nated to Cu through N [11], cf. [10]. 1H NMR (CDCl3): 1.20 ppm (CH3) [10]. It is soluble in 
most organic solvents, not very sensitive to air in solid state, but readily oxidized in solu­
tion [10]. In benzene its degree of association of 1.3 was measured by cryoscopy [11]. When 
treated with aqueous H2S04, it evolves CO2 [11]. With C2H50H/HCl it yields NH2C02C2H5 
[10]; with alkyl bromides in the presence of alcohol it produces N-alkylcarbamates [10, 11]. 
However, with n-C4Hgl [11] or with acyl chlorides [10] the corresponding isocyanides are 
formed. Addition of n-C4HgNH2 to the reaction mixture with n-C4Hgl yields (n­
C4HgNH)2CO [11]. 

Nonstoichiometric carbamato complexes (t-C4HgNC)nCu02CNRR' (n = 1.4 for R = R' = 
C2H5; n = 1.6 for R = H, R' = C6H5) were isolated by evaporation of the C6H6 solution of 
CuOC4Hg-t, t-C4HgNC (1 :3), HNRR', and CO2 under reduced pressure and identified by their 
Cu content, CO2 evolution on acidolysis, and IR spectra (not given). Complexes of this 
type are the key intermediates in the copper/isocyanide-promoted formation of urethanes 
from CO2, amines, and alkyl halides [12], cf. [17]. 

A complex of C2H5NC with the copper protein hemocyanin, obtained from the hemolymph 
of the whelk Murex truncuLus, seems to be formed by the reversibLe displacement of 02 
in oxyhemocyanin, as was indicated by UV spectroscopy [3]. 
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mun. 1978815/6). 
[13] A. BaLLatore, M. P. Crozet, J.-M. Surzur (Tetrahedron Letters 1979 3073/6). 
[14] M. P. Crozet, J.-M. Surzur, R. Jauffred, C. GhigLione (Tetrahedron Letters 1979 3077/8). 
[15] A.-T. Hansson, M. NiLsson (Acta Chem. Scand. B 34 [1980]119/23). 
[16] T. Tsuda, Y. Chujo, T. Saegusa (J. Am. Chem. Soc. 102 [1980] 431/3). 
[17] T. Tsuda, K. Watanabe, K. Miyata, H. Yamamoto, T. Saegusa (Inorg. Chem. 20 [1981] 

2728/30). 
[18] Y. Ito, T. Konoike, T. Saegusa (Tetrahedron Letters 1974 1287/90). 
[19] D. Marmet, P. BouLLanger, G. Descotes (Tetrahedron Letters 21 [1980]1459/62). 

1.1.4.1 Compounds Containing One Isocyanide Ligand 

Cu l semiquinoLato compLexes of the type RNCCU02C6H3R' (R =t-C4H9 ; nature and position 
of R' not given) have been found in equiLibrium with (RNC)2CU02C6H3R' and CU02C6H3R' 
on dilution of (RNC)2CU02C6H3R' soLutions. 

Reference: 

G. A. Abakumov, A. V. Lobanov, K. K. Cherkasov (Abstr. 2nd ALL-Union Conf. Organometat. 
Chem., Gorkii 1982, p. 168) from E. A. Kashtanov, V. K. Cherkasov, L. V. Gorbunova, 
G. A. Abakumov (Izv. Akad. Nauk SSSR Sero Khim. 19832121/5; BuLt. Acad. Sei. USSR 
Div. Chem. Sei. 1983 1917/20). 

1.1.4.1.1 Compounds of the Type RNCCuX 

In this ehapter the eompounds RNCCuX are deseribed for R = aLkyL or aryL and X = CL, 
Br, I, CN, aLkoxy, or aeyLoxy. Most of the eompounds in TabLe 28 are prepared from CuX 
and the eorresponding isocyanide. 

Method I: In an exothermie reaetion without soLvent. 

Method 11: In CH3CN (boiLing or at room temperature) or at room temperature in C6H6, 
CHCL3, or aqueous C2HsOH. 

Another method is the aLkyLation of HCN with oLefins Like isobutene in the presenee 
of CuBr. Although t-C4H9NCCuCN was obtained in this manner, no t-C4H9NCCuBr eouLd 
be deteeted in the reaetion produets. Beeause the isocyanide is easiLy Liberated from 
RNCCuX with KCN, this method ean be used for preparing t-aLkyL isocyanides from oLe­
fins [6]. An X-ray erystaLLographie study of CH3NCCul (TabLe 28, No. 2) reveaLed a poLymerie 
strueture, and it is very LikeLy that other eompounds are aLso poLymerie in the solid state. 
However, for eompounds No. 17 and 18 a monomerie strueture in soLution was inferred 
from the osmometrie moLeeuLar mass in dimethyLformamide. Sinee onLy one v(NC) was 
observed in the solid state IR speetra for Nos. 17 to 19, they are assumed to be two-eoordi­
nate [9]. 
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TabLe 28 
Compounds of the Type RNCCuX. 
Further information on compounds preceded by an asterisk is given at the end of the tabLe. 
For abbreviations and dimensions see p. X. 

No. RNCCuX 
R X 

CH3 

2 CH3 

*3 CH3 

4 C2Hs 

5 C2Hs 

6 n-C3H7 

7 n-C3H7 

Gmelin Handbook 
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Br 

CN 

CN 

CN 

CL 

CN 

method of preparation (soLvent, yieLd) 
remarks 

11 (CH3CN) 
coLorLess crystaLs 

according to X-ray studies poLymeric, therefore 
reported in the corresponding chapter 

Light gray solid 

11 (CH3CN) 
coLorLess needLes 

coLorLess prisms from ethanoL 
Loss of isocyanide at room temperature 

11 (CH3CN, Low) 
dirty white needLes 

coLorLess rhombic pLates from ethanoL 
Loss of isocyanide at room temperature 

coLorLess rhombic prisms from ethanoL 
Loss of isocyanide at room temperature 

Ref. 

[4] 

[2,4,5] 

[4] 

[4] 

[1] 

[4] 

[1] 

[1] 

preparation not given [11,13] 
IR: 2189 

coLorLess prisms from CH3CN, m.p. 196 to 198° [6] 
IR (NujoL): 2140 (CN, cyanide), 2182 (NC, isocyan-

ide) 

11 (C6H6) [11,13] 
yeLLow crystaLs, subLimes at 90°/1 Torr 
1H NMR (C60 6): 0.99 (t-C4H9N), 1.90 (t-C4H90) 
IR (NujoL): 945 (t-C4H90), 1195 + 1220 (t-C4H9N), 

2102 (NC) 

coLorLess crystaLs from benzene [10] 
1H NMR (C03CN): 1.49 (02CCH3+t-C4H9) 
IR (KBr): 1210+ 1235 (t-C4H9), 1410+ 1560+ 1585 

(02C)' 2169 (NC) 

preparation simiLar to No. 12 [10] 
1H NMR (C03CN): 1.45 (CH3), 7.4 (C6Hs) 
IR (KBr): 1570+ 1600 (C6Hs +02C)' 2168 (NC), 3060 

(C6Hs) 
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Table 28 [continued] 

No. RNCCuX 
R X 

1.1.4.1.1 

method of preparation (solvent, yield) 
remarks 

Ref. 

OC02C4Hg-t from No. 11 +C02 (C6H6) [13] 

Cl 

16 cyclo-C6H11 Cl 

20 C6HsC02CH2NC 
Cl 

* Further information: 

exists according to IR studies in C6H6 at room tem­
perature in equilibrium with No. 11 and CO2; at­
tempted isolation even at 0° gives only No. 11 

11 (ether, almost quantitative); or from 
(C6HsNC)2CUCl (boiling CH30H, 96%) 

colorless needles, m.p. 184 to 185° 
insoluble in ordinary solvents 

colorless crystals from CHCl3/ether, m.p. 95 to 96° 
IR: 2192 (NC) 

11 (CHCl3 , 85%) 
colorless crystals from CHCl3 , m.p. 188 to 190° 
stable in air, even in solution 
IR (Nujol): 2155 (NC) 

11 (CHCl3) 

colorless crystals from CHCl3 , m.p. 190 to 193° 
stable in air, even in solution 
IR (Nujol): 2173 (NC) 

11 (H20/C2HsOH, 40%) 
colorless crystals from CHCl3 , m.p. 148 to 150° 
stable in air, even in solution 
IR (Nujol): 2158 (NC) 

11 (CH3CN, 25°, 41%) 
m.p. 147 to 148° (dec.) 
1H NMR (acetone-d6): 6.02 (CH2) 

[3] 

[7,8] 

[9] 

[9] 

[9] 

[14] 

CH3NCCuCN (Table 28, No. 3) is probably obtained as a noncrystalline solid if CH31 and 
CuCN in CH3CN are heated at 100°C for less than 12 h. It is insoluble in water and alt 
common solvents. According to the elemental analysis it seemed to be contaminated with 
CuCN. When warmed with aqueous KCN, it releases CH3NC [4]. 

t-C4HgNCCuCN (Table 28, No. 10) is prepared from (t-C4HgNCbCuBr (Table 32, No. 2) 
in boiling water in 84% yield; in benzene the yield is very low. It is also formed by repeated 
recrystallization of (t-C4HgNC)2CUCN (Table 30, No. 2) from CHCl3/ether and by reaction of 
CuX (X = Cl, Br), HCN, and isobutene either without a solvent or in water, tetrahydrofuran, 
and benzene. It is insoluble in hydrocarbons, alcohols, and ether, and only slightly soluble 
in hot acetonitrile. The v(NC) of the isocyanide ligand is 39 cm- 1 higher than that of the 
free ligand; the v (CN) of the cyano group is 32 cm -1 lower than for CuCN. On treatment 
with aqueous KCN the isocyanide is liberated [6]. 

t-C4HgNCCuOC4Hg-t (Table 28, No. 11) is also prepared from t-C4HgNC and Cu(OC4Hg-t)2 
(33%) or (CO)CuOC4Hg-t (Table 27, No. 19) [11]. It is soluble in most organic solvents. In 
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cycLohexane it has a degree of association of about 4 or 5 [13]. That the t-C4HgNC Ligand 
functions as a good 1t acceptor is inferred from the 36 cm- 1 Lowering of v (NC) upon compLex­
ation [11, 13]. 

Reaction with cycLopentadiene gives 1t-C5H5CuCNC4Hg-t in good yieLd. For the reaction 
with fLuorene foLLowed by treatment with CH31 in tetrahydrofuran at 90 0 C the proposed 
mechanism is shown in Scheme I [11]. The compound is further assumed to be an intermedi­
ate in the formation of CSH5C02CH2CsH5 from CSH5CHO in the presence of t-C4HgNC and 
CuOC4Hg-t [12]. 

-~'H9-tl 
t-C4HgNCCu02CCH3 (TabLe 28, No. 12) is obtained by heating Cu20, t-C4HgNC, and 

CH3C02H (1: 2: 2 moLe ratio) in benzene in 53% yieLd. It is air-sensitive, especiaLLy in benzene 
soLution. In the presence of t-C4HgNC it is readiLy soLubLe in benzene even at room tempera­
ture. The compound reacts with aLkyL halides such as (+ )-(R)-CsH5CHBrCH3 , to give the 
corresponding acetates. The reaction proceeds quantitativeLy with 75% inversion of configu­
ration. The isocyanide Ligand greatLy infLuences the stereochemistry because with 
CH3C02CU, subjected to the same conditions, racemization takes pLace [10]. 

References: 

[1] H. GuiLLemard (Ann. Chim. Phys. [8]14 [1908]311/432, 429/30). 
[2] E. G. J. HartLey (J. Chem. Soc. 1928780/1). 
[3] F. KLages, K. Mönkemeyer, R. HeinLe (Chem. Ber. 85 [1952]109/22). 
[4] H. Irving, M. Jonason (J. Chem. Soc. 19602095/7). 
[5] P. J. Fisher, N. E. TayLor, M. M. Harding (J. Chern. Soc. 19602303/9). 
[6] S. Otsuka, K. Mori, K. Yamagami (J. Org. Chem. 31 [1966] 4170/4). 
[7] T. Saegusa, Y. Ito, S. Kobayashi, K. Hirota, H. Yoshioka (BuLL. Chern. Soc. Japan 42 

[1969] 3310/3). 
[8] T. Saegusa, Y. Ito, S. Kobayashi, K. Hirota, N. Takeda (Can. J. Chem. 47 [1969]1217/22). 
[9] J. BaiLey, M. J. Mays (J. Organometal. Chem. 47 [1973] 217/24). 

[10] T. Saegusa, J. Murare, Y. Ito (J. Org. Chem. 38 [1973]1753/5). 

[11] T. Tsuda, H. Habu, S. Horiguchi, T. Saegusa (J. Am. Chern. Soc. 96 [1974]5930/1). 
[12] T. Tsuda, H. Habu, T. Saegusa (J. Chem. Soc. Chem. Commun. 1974620). 
[13] T. Tsuda, S. Sanada, K. Meda, T. Saegusa (Inorg. Chem. 15 [1976] 2329/32). 
[14] W. P. Fehlhammer, K. Bartel, B. Weinberger, U. PLaia (Chem. Ber. 118 [1985] 2220/34). 
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1.1.4.1.2 Compounds 01 the Type RNCCunDmX Including lonic Compounds 

Complexes 01 the Type [RNCCuI8D]n+. Binding constants K = [RNCCuI80n+]/[RNC)' 
[CUI80n+) in (CH3)2NCHO at 22±1 °C are calculated from the influence of RNC on the polaro­
graphic half-wave potentials of the redox couples [Cjl 80)n+ f[CuIl80)(n+1)+ (6): 

RNC 

p-NCCsH4NC 
p-02NCsH4NC 
p-02NCsH4NC 
p-02NCsH4NC 

80 

C11H18BF2N402 
C11H18BF2N402 
C11H19N402 
C14H24N4 

(see I) 
(see I) 
(see 11) 
(see 111) 

11 

n 

o 
o 
o 

1.9(4)x107 

1.7(2)x107 

8.2(8) X 103 
7.6(7) X 104 

111 

Most of the compounds in Table 29 are prepared by the following methods: 

Method I: From (CSHS)3PCuCl and RNC (1: 1 mole ratio) in CHCl3. After precipitation with 
light petroleum, the compound is recrystallized from CHCl3. 

Method 11: From RNCCuX and 0 (1: 1 mole ratio, 1: 3 for No. 5) in CHCl3 orfand dimethyl­
formamide. 

All compounds except for No. 8 are crystalline materials. The complexes No. 1, 2, and 
9 to 16 are air-stable in the solid state and in solution, soluble to some extent in CHCl3, 
and apparently stable with respect to disproportionation (1). 

The solid state structures for Nos. 9 to 12 are assumed to be dimeric halogen-bridged 
cis structures in accordance with the two v(NC) bands in the IR spectra. For Nos. 2 and 
13 to 16 four-coordinate Cu atoms are presumed. Osmometric molecular weights for Nos. 9, 
11, and 15 in CHCl3 correspond to the monomeric formulations, whereas NO.2 in CHCl3 
and No. 16 in (CH3hCO are ionized. Conductivity data in CH3N02 indicate Nos. 9 and 12 
to be only slightly ionized, Nos. 13 to 15 to be partly ionized, and Nos. 2 and 16 to be 
extensively ionized (1). 

In Table 29 all IR data except those for Nos. 10, 11, and 12 (no details given) are measured 
in Nujol, v (NC) = 2094 to 2184 cm -1. 
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TabLe 29 
Compounds of the Type RNCCunomx IncLuding lonic Compounds. 
Further information on compounds preceded by an asterisk is given at the end of the tabLe. 
For abbreviations and dimensions see p. X. 

No. compound 

*3 t-C4HgNCCu(C3H3N2)2B(C6Hs)2 
(C3H3N2 = 2-TJ-pyrazoL-1-yL) 

*4 t-C4HgNCCu(C3H3N2)3BC3H3N2 
(C3H3N2 = pyrazoL-1-yL-, 
three of them 2-Tj-coordinated to Cu) 

*5 t-C4HgNCCu(C3H3N2)3BH 
(C3H3N2 = 2-TJ-pyrazoL-1-yL) 

method of preparation (yieLd) 
remarks 
IR: v(NC) 

1(90%) 
coLorLess, m.p. 191 to 1950 

IR: 2168, 2184 
reacts with P(C6Hs)3 +AgPF6 to give 

NO.2 

Ref. 

[1] 

see No. 1 (89%) [1] 
m.p. 161 to 1650 

IR:2193 

coLorLess, m.p. >2800 [5] 
IR: 2180 
1H NMR (COCL3): 1.46 (t-C4Hg), 

6.97 + 7.50+ 7.70 (2H each, pyrazoL­
yL), 7.27 (C6Hs) 

coLorLess, m.p. 137 to 1380 [5] 
IR: 2140 
1H NMR (COCL3): 1.57 (t-C4Hg), 

6.34+ 7.34 + 7.80 (4H each, pyrazoLyL) 

coLorLess, m.p. 156 to 1580 [2] 
IR: 2155 (NC), 2480 (BH) 
1H NMR: 1.60 (s, t-C4Hg), 

5.94+ 7.31 + 7.38 (t, d, d, C3H3N2) 

*6 [cycLo-C6H11 NCCu(NH2CH2CH2)2NH] B(C6Hs)4 [3] 

Gmelin Handbook 
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coLorLess, air stabLe 
IR:2150 

yeLLow crystaLs [7] 
IR: 1630 (C=N), 2135 (NC of isocyanide) 

not isoLated [4] 

11 (95%) [1] 
coLorLess, m.p. 131 to 1370 

IR: 2098, 2133 
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Table 29 [continued] 

No. compound 

13 4-CH30C6H4NCCu(N2C12Ha)Cl 
(N2C12Ha = 1, 10-phenanthroLine) 

1.1.4.1.2 

method of preparation (yield) 
remarks 
IR: v(NC) 

1,11(82%) 
colorless, m.p. 192 to 195° 
IR: 2094, 2130 

11 
coLorless, m.p. 201 to 205° 
IR: 2096, 2133 

11 
colorless, m.p. 175 to 177° 
IR: 2099, 2138 

11(90%) 
yellow, m.p. 202 to 205° 
IR: 2127 

Ref. 

[1] 

[1] 

[1] 

[1] 

reacts with P(C6Hsh + AgPF6 to give 
No. 16 

14 4-CH30C6H4NCCu(N2C12Ha)Br 
(N2C12Ha = 1, 10-phenanthroLine) 

11 
yellow, m.p. 206 to 211° 
IR: 2131 

11 
yellow, m.p. 230 to 235° 
IR: 2138 

16 [4-CH30CsH4NCCu(N2C12Ha)p(CsHsh]PF6 see No. 13 (73%) 
(N2C12Ha = 1, 10-phenanthroLine) yellow, m.p. 255 to 260° (dec.) 

IR: 2161 

* Further information: 

[1] 

[1] 

[1] 

t-C4HgNCCu(C3H3N2)2B(CsHsh (Table 29, No. 3) is prepared from t-C4HgNC, Cu Cl, and 
Na[(C3H3N2hB(C6Hsh] (2: 1 : 1 mole ratio) in ether with 36% yield [5]. 

t-C4HgNCCu(C3H3NJ3BC3H3N2 (Table 29, No. 4) is prepared from t-C4HgNC, CuCl, and 
K[B(C3H3N2)4] in an aqueous 2M KI solution with 47% yield [5]. 

t-C4HgNCCu(C3H3NJ3BH (Table 29, No. 5) is prepared by the reaction of t-C4HgNC either 
with OCCu(N2C3H3)BH in benzene in 85% yield or with [CU(N2C3H3hBHb in 66% yield. It 
is recrystallized from petroleum ether [2]. 

[cyclo-C6HllNCCu(NH2CH2CH2)2NH1B(C6HJ4 (Table 29, No. 6) is prepared from [OC­
Cu(NH2CH2CH2)2NH]B(C6Hs)4 and cyclo-CsH11NC in THF [3]. 

4-CH3C6H4NCCu(C6HsCH=NCH2)21 (Table 29, No. 7). A THF solution of CsHsCH=NCH2-
CH2N=CHCsHs was reacted with nearly equimolar amounts of Cul and 4-CH3C6H4NC. After 
10 h, the titte compound precipitated in a 37% yield. Triclinic, space group pi -Cl (No. 2); 
a=10.139(7), b=13.427(9), c=9.830(4) A, 11=91.56(5)°, ß=111.31 (5)°, '"(=108.54(5)°; Z=4, 
dc = 1.55 g. cm- 3. The structure with selected bond lengths and angles is given in Fig.15 [7]. 
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Fig. 15. MoLecuLar structure of 4-CHaCeH4NCCu(CeHsCH=NCH2)21 (No. 9) with seLected bond 
Lengths (in A) and angLes. 

CeHsCH2NCCUIC11H1SN402BF2 (TabLe 29, No. 8) seems to be formed from [CU"C11H1SN402-
BF2]CL04· H20 and an excess of CeHsCH2NC by eLectrochemicaL reduction in CHaO(CH2)20H 
at 25°C. The formation constant K = [RNCCu(D-X)]/[RNC] . [Cu(D-X)] is estimated to be 
3 x 10e M - 1 and to be much greater than the K of the corresponding Cu" species [4]. 

References: 

[1] J. BaiLey, M. J. Mays (J. Organometal. Chem. 47 [1973] 217/24). 
[2] M. I. Bruce, A. P. P. Ostazewski (J . Chem. Soc. DaLton Trans. 1973 2433/6; see aLso J. 

Chem. Soc. Chem. Commun. 1972 1124/5). 
[3] M. Pasquali, F. Marchetti, C. FLoriani (Inorg. Chem. 17 [1978]1684/8). 
[4] A. W. Addison, M. Carpenter, L. K.-M. Lau, M. WichoLas (Inorg. Chem. 17 [1978]1545/52). 
[5] 0. M. Abu SaLah, M. I. Bruce, J. D. WaLsh (AustraLian J. Chem. 32 [1979]1209/18). 
[6] R. R. Gagne, J. L. ALLison, D. M. IngLe (Inorg. Chem. 18 [1979] 2767/74). 
[7] A. Toth, C. FLoriani, M. Pasquali, A. Chiesi-ViLLa, A. Gaetani-Manfredotti, C. Guastini (In­

org. Chem. 24 [1985] 648/53). 

1.1.4.1.3 Compounds of the Types RNCCuR' and RNCCuC=CR'(4D) 

Two compounds have been described: 

cyclo-CeH11NCCuC(=NCeH11-cyclo)CeHa(CHs-5)CH2N(CHsh-2 (see FormuLa I). The red­
brown solid is formed by a 1: 1 reaction of CuC(=NCeH11-cycLo)CeHs(CHa-5)CH2N(CHah-2 
with cycLo-CeH11 NC in CeHe at 60 °C in 75% yieLd. IR (NujoL): 2146 cm - 1 (NC) [1]. 

cyclo-CeH11NCCuC=CC02C2Hs(N2C12H4(CHa)J (N2C12H4(CHa)4 =3,4,7,8-tetramethyL-1, 10-
phenanthroLine) has been prepared from [C2Hs02CC=CCuN2C12H4(CHa)4]4 ' H20 (see Section 
1.1.2.4) and cycLo-CeH11 NC in CeHe as weLL as from [cycLo-CeH11 NCCuC= 
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CC02C2HS(P(CsHS)3)b and N2C12H4(CH3)4 in CsHs. The paLe yeLLow solid meLts at 130 oC. 
IR (NujoL): 1670 (C=O), 2055 (C=C), 2145 (NC of isocyanide) cm- 1 [2]. 

Relerences: 

[1] G. van Koten, J. G. NoLtes (J. Chem. Soc. Chem. Commun. 197259). 
[2] G. La Monica, G. Ardizzoia, S. Cenini, F. Porta (J. OrganometaL. Chem. 273 [1984]263/73). 

1.1.4.2 Compounds Containlng Two Isocyanide Ligands 

1.1.4.2.1 Compounds 01 the Types (RNC)2CUX and [(RNC)2CunOm]X 

In Table 30 the compounds (RNC)2CUX, [(RNC)2CU202]X, and [(RNC)2CU40]X are de­
scribed. Most of them are prepared by the foLLowing methods: 

Method I: From CuX or CuX2 and an excess of RNC (usuaLLy 1: 3 moLe ratio). The soLvents 
are given in parentheses in the tabLe. 

Method 11: A suspension of (RNC)2CUX, such as Nos. 7 or 8, and AgPFs in acetone is treated 
with the equivaLent amount of 0. The compound is isolated by adding ether 
or petroLeum ether [4]. 

Method 111: A suspension of Cul in CH30H/(CH2NR2)2 is reacted first with CO, then with 
RNC and Na[B(CsHs)4]' 

Method IV: From [(RNC)4CU]X and an excess of 40 by refluxing in n-C3H70H or C2HsOH 
for 2 to 5 d. After cooling to O°C, [(RNC)2CU40]X precipitates in good yieLds. 
Even with a Large excess of 40, onLy two isocyanides are repLaced. 

Method V: From [Cu(NCCH3)4]X' 40, and RNC (1: 1 : 2) in C2HsOH. Because good yields have 
been obtained after onLy 30 min at room temperature, this method is superior 
to Method IV. 

The (RNC)2CUX compounds No. 7 and 8 are probabLy dimeric and haLogen-bridged in 
the solid state as there are two v(NC) bands in the IR spectrum. In CHCL3, their osmometric 
moLecuLar masses are very cLose to those required for the monomer. However, in CH3N02 
conductivity measurements show some ionization [4]. 

The [(RNChCunOm]PFs compounds No. 9 to 13 and 17 to 19 are stabLe against air [4,9]. 
Nos. 9 to 13 and 20 are not affected by moisture and Light [9]. Nos. 18 and 19 exist in CHCL3 
as ion pairs, but in acetone they are fuLLy ionized according to osmometric measurements. 
ALso conductivity data on Nos. 17 to 19 in CH3N02 indicate extensive ionization [4]. 
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Table 30 
Compounds of the Types (RNChCuX, [(RNC)2CU2D2]X, or [(RNC)2CU4D]X. 
Further information on compounds preceded by an asterisk is given at the end of the table. 
For abbreviations and dimensions see p. X. 

No. compound 

compounds 01 the type (RNChCuX: 

(C2HsNC)2CUCN 

method of preparation (yield) 
remarks 
IR:v(NC) 

I (ether) 
unstabLe, graduaL Loss of C2HsNC 

m.p. 173 to 1750 

Ref. 

[1] 

[3] 

*3 (t-C4HgNC)2CUOC02C4Hg-t exists only in benzene soLution [5] 

*4 (C6HsNChCuCL I (CHCL3/ether, 92%) [2] 
coLorLess needLes, m.p. 1280 

5 (C6HsNChCuCN addition of ether to (C6HsNClaCuCN in [2] 
CHCL3 (74%) 

coLorLess fLakes from CHCL3/ether, m.p. 
158 to 1620 

*6 (4-CH3C6H4NC)2CUOC6H3(C4Hg-th-2,6 CuCL + RNC +NaX in THF (~40%) [8, 
IR (NujoL): 2145, 2170 10] 

7 (4-CH30C6H4NChCuCL I (ether, 72%) [4] 
coLorLess, m.p. 139 to 1420 

compounds 01 the type [(RNChCuRDm]X: 

9 [(CH3NChCuN2ClOHa]PF6 
(N2ClOHa = 2,2' -bipyridyL) 

IR (NujoL): 2141, 2163 

m.p. 129to 131 0 

IR (NujoL): 2143, 2161 

IV (86%), V (91%) 
pale yeLLow needles 
'H NMR (acetone-d6): 3.40 (s, CH3), 

7.80 (td) +8.21 (td) +8.54(d) 
+ 8.96 (d ; each 2 H of N2C,oHa) 

IR (NujoL): 2164(sh), 2193, 2213 

10 [(t-C4HgNC)2CU(t-C4HgN=CHCH=NC4Hg-t)]PF6 

Gmelin Handbook 
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IV (80%) 
orange-yeLLow 
'H NMR (acetone-d6): 1.42 (s, CH3 of 

RNC), 1.49 (s, CH3 of 4D), 8.30 (" NH ") 
IR (NujoL): 2176, 2197 

(CH2CL2): 2168, 2190 

References on p. 228 

[4] 

[9] 

[9] 
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TabLe 30 [continued) 

No. cornpound 

11 [(t-C4HgNC)2CuN2C1oHa)PF6 
(N2C1oHa = 2,2' -bipyridyL) 

12 [(t-C4HgNC)2CuN2C12Ha)PF6 
(N2C12Ha = 1, 10-phenanthroLine) 

1.1.4.2.1 

rnethod of preparation (yieLd) 
rernarks 
IR:v(NC) 

IV (82%) 
yeLlow 
1H NMR (acetone-d6): 1.40 (s, CH3), 

7.70 (td) +8.15(td) +8.50(d) 
+8.88 (d; each 2 Hof 40) 

IR (NujoL): 2138, 2168, 2188 
UV (CH2CL2): 383(sh) 

IV (85%) 
paLe yeLlow 
1H NMR (acetone-d6): 1.48 (s, CH3), 

8.12(rn) +8.17(s) +8.78(dd) 
+9.32 (dd; each 2 Hof 40) 

IR (NujoL): 2170, 2189 

IV (75% in presence of KF6) 
coLorLess 
IR (NujoL): 2188 

Ret. 

[9) 

[9) 

[9) 

14 [(cycLo-C6H11NC)2Cu(CH2NH2hHB(C6Hs)4) [6) 
111(52%) 
coLorLess solid, sensitive to 02 and H20 
IR (NujoL): 2143, 2177 suggests pseudo-

tetrahedraL coordination around Cu 

*15 [(cycLo-C6H11NC)2Cu(CH2N(CH3h)2HB(C6Hs)4) [6) 

*16 [(cycLo-C6H11NChCuN2C1OHa)CL04 
(N2C1OHa = 2,2'bipyridyL) 

17 [(4-CH30C6H4NChCu(P(C6Hsls)2)PF6 

111(53%) 
IR (NujoL): 2160, 2180 

not isoLated 

11(65%) 
coLorLess, rn.p. 93 to 950 

IR: 2156, 2168 

18 [(4-CH30C6H4NC)2CU(CH2P(C6Hs)2)2)PF6 11 

19 [(4-CH30C6H4NC)2CuN2C10Ha)PF6 
(N2C1OHa = 2,2' -bipyridyL) 

coLorLess, rn.p. 176 to 1790 

IR: 2152, 2162 

11(93%) 
yeLlow, rn.p. 131 to 1380 

IR: 2142, 2166 

20 [(2,6-(CH3)2C6H3NC)2CuN2C12H6(CH3)2)PF6 

[7) 

[4) 

[4) 

[4) 

(N2C12H6(CH3)2 = 2,9-dirnethyL-1, 1 0- IV (78%) [9) 
phenanthroLine) off-white 

1H NMR (acetone-d6): 2.39 (s, CH3 of 
RNC), 3.32 (s, CH3 of 40) 

IR (NujoL): 2135, 2147 (CH2CL2): 2143 

References on p. 228 Gmelln Handbook 
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• Further information: 

(t-C4HgNC)2CUCN (Table 30, No. 2) is also formed in low yield from CuCI, HCN, and 
isobutene (1 :20 :5 mole ratio) at 100 oC, if the ethanol soluble products of the reaction 
are repeatedly recrystallized from CH3CN/ether. Upon treatment with hot CHCl3/ether or 
water, the compound is readily transformed into the more stable complex t-C4HgNCCuCN 
(see 1.1.4.1.1) [3]. 

(t- C4HgNChCUOC02C4Hg-t (Table 30, No. 3) is formed by treating t-C4HgNCCuOC4Hg-t 
(see 1.1.4.1.1) with 1 mol t-C4HgNC and CO2 or by treating CuOC4Hg-t with 2 mol t-C4HgNC 
and CO2 in benzene. The presence of the compound is suggested from IR studies. Although 
No. 3 is stable in benzene at room temperature, removal of the solvent causes partial decar­
boxylation and disproportionation to produce an equimolar mixture of t-C4HgNCCuOC4Hg-t 
(see 1.1.4.1.1) and (t-C4HgNCbCUOC02C4Hg-t (see 1.1.4.3), from which it can be regenerated 
by carboxylation in benzene [5] . 

(C6HsNChCuCI (Table 30, No. 4) is also formed by treating [(C6HsNC)4CU]Cl (see 1.1.4.4.1) 
with boiling water or by the disproportionation of (C6HsNCbCuCI (see 1.1.4.3) in hot water. 
In boiling methanol the compound is transformed to C6HsNCCuCI (see 1.1 .4.1.1) [2] . 

(4-CH3C6H4NChCuOC6H3(C4Hg-th-2,6 (Table 30, No. 6) is monoclinic, space group P2,tn 
(P21/c)-C~h (No. 14); a=23.179(4), b=9.456(1), c=12.509(2) A, ß=94.02(2)O ; Z=4, dc = 
1.22 9 . cm - 3. The structure is shown in Fig.16. The complex is monomeric with Cu' in 
a trigonal planar coordination [8, 10]. 

Fig. 16. Molecular structure of (4- CH3C6H4NC);CUOC6H3(C4Hg-t)2-2,6 (No. 6) with selected 
bond lengths (in A) and angles. 

[(cyclo-C6H11NChCu(CH2N(CH3hhJ[B(C6Hs)J (Table 30, No. 15). Monoclinic, space group 
P21/n(P2,tc) - Qh (No. 14) ; a=15.626(2), b=14.753(3) , c=18.024(4) A, ß=97.47(2)O ; Z=4, 
dc = 1 .157 9 . cm - 3. The crystals show discrete cations and anions ; the structure of the cation 
is shown in Fig.17, p. 228. A pseudotetrahedral Cu coordination is provided by the two 
C-bonded isocyanides and the chelating diamine. The C6H11 ring of one isocyanide shows 

Gmelin Handbook References on p. 228 
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statistical distribution between two conformations. The five-membered CuN2C2 ring with 
the diamine has practically a gauche conformation [6). 

Fig. 17. Cation structure of [(cyclo-CsH"NC)2CU(CH2N(CH3)2)2)[B(CsHs)4) (No. 7) with se­
lected bond length (in A) and angles. 

[(cyclo-CsH"NChCuN2C,oHalCl04 (Table 16, No. 16). Formation in (CD)3CO solution from 
cyclo - CsH"NC, [Cu(CH3CN)4)CI04, and 2,2' - bipyridyl (2 : 1: 1) is indicated by 'H and ' 3C NMR 
of the N2C lOHs group. 'H NMR (acetone- ds): 8 =7.81 (H- 5,5' ), 8.27 (H-4,4'), 8.63 (H- 3,3' ), 
8.98 (H-6,6') ppm. '3C NMR (acetone- ds): 8 = 122.99 (C- 5, 5' ), 127.04 (C-3, 3' ), 139.72 (C-4,4' ), 
150.64 (C-6,6' ) ppm , signals of C-2,2' were hardly detected due to low signal/noise ratio [7). 

References: 

[1) K. A. Hofmann, G. Bugge (Ber. Deut. Chem. Ges. 40 [1907)1772/8 , 1777) . 
[2) F. Klages , K. Mönkemeyer, R. Heinle (Chem. Ber. 85 [1952)109/22) . 
[3) S. Otsuka, K. Mori, K. Yamagami (J . Org . Chem. 31 [1966)4170/4). 
[4) J. Bailey, M. J. Mays (J . Organometal. Chem. 47 [1973) 217/24). 
[5) T. Tsuda, S. Sanada, K. Ueda, T. Saegusa (Inorg. Chem. 15 [1976) 2329/32) . 
[6) M. Pasquali , C. Floriani, A . Gaetan i -Manfredotti , A. Chiesi-Villa (Inorg . Chem. 18 [1979) 

3535/42), cf. M. Pasquali, C. Floriani, A. Gaetani-Manfredotti (9th Intern . Conf. Organo­
metal. Chem. , Dijon 1979, Abstr . D42) . 

[7) S. Kitagawa, M. Munakata, N. Miyaji (Inorg. Chem. 21 [1982) 3842/3) . 
[8) P. Fiaschi, C. Florian i , M . Pasquali , A. Chiesi - Villa, C. Guastini (J . Chem. Soc. Chem. 

Commun. 1984888/90) . 
[9) A. Bell, R. A. Walton , D. E. Edwards, M. A. Poulter (Inorg. Chim . Acta 104 [1985)171/8) . 

[10) P. Fiaschi, C. Floriani, M. Pasquali, A. Chiesi-Villa, C. Guastin i (Inorg. Chem. 25 [1986) 
462/9). 

1.1.4.2.2 Compounds of the Type (RNChCu(X_2D) or (RNChCuR' 

The compounds in Table 31 are mainly prepared by the following methods : 

Method I: By reaction of Cu20 , RNC, and the neutral ligand (1 : 4: 2 mole ratio) in benzene 
at 50 °C and precipitation with ether in almost quantitative yield . Use of metallic 
Cu instead of Cu20 decreases the yield . 

Gmel i n H andbook 
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Method 11 : From CU20 , RNC, and R'CONHX (1 : 8 : 2 mole ratio) in reflux ing C6H6 according 
to reaction Scheme I, 

a : with X = Hand removal 01 H20 by azeotropic distillation, 

b : with X = Si(CH3b, wh ich results in a shorter reaction time than with X = H 
and avoids any hydrolysis. 

CU20 + 3 RNC + R'CONHX ~ 

For o-semiquinolato Cul complexes 01 the type (RNC)2CU02C6H3R' (R = t-C4H9 ; nature 
and position 01 R' not given), the dissociation equilibria (RNC)2CU02C6H3R' ~ 
RNCCU02C6H3R' +RNC ~ CU02C6H3R' +2RNC have been observed on dilution 01 solu­
tions (4). 

For most compounds in Table 31 coordination by a chelating X-2D ligand via ° and 
N atoms is possible as is a d irect metal-C bond by substitution 01 the acidic H. The laUer 
has been demonstrated lor Aul acetylacetonates, see " Organogold Compounds" , 1980, 
Section 1.1 .1.4. On the basis 01 the IR and 'H NMR data lor compounds Nos. 1 and 6 to 
10 chelate structures are assumed [1 to 3) . 

All compounds are sensitive to air, but stable under N2 [1 to 3) . Compounds No. 1 to 5 
are colorless crystalline solids, wh ich decompose at about 150 °C to deposit metallic Cu (2) . 
They are soluble in most organic solvents (2), as is No. 10 (1). Nos. 1 to 4 react with excess 
RNC to give enamines via insertion , (RNC)2CuCHR'R2+nRNC -+ [(RNC)n +,CuC(=NR)-

CHR'R2) ~ RNHCH=CR'R2 (2) . 12 causes oxidative coupling 01 Nos. 1 and 2, 

(RNC)2CuCHR~+12 -+ R~CHCHR~+2(RNC)2Cul (2). Treatment 01 No. 7 with C2HsOH/HCI gives 
CH3CONHCH=NC4H9-t in 43% yield . Compounds No. 6 to 9 react with alkylating agents R'X 
to lurnish RCONR'CH=NC4Hg-t and isomeric N-alkyl products. For the alkylation it is not 
necessary to isolate the complexes. They can be generated in situ (3) . 

Table 31 
Compounds 01 the Type (RNC)2CU(X_2D) or (RNC)2CuR'. 
For abbreviations and dimensions see p. X. 

No. R 

Gmelin Handbook 
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method 01 remarks 
preparation 
(% yield) 

IR (Nujol): 1525, 1610, 2142,2166 
'H NMR (CDCI3) : 1.42 (s, 18H), 1.87 (s, 6H), 

5.18(s, 1H) 

IR (Nujol) : 1580, 1690,2172 
'H NMR (C6D6): 1.25(t, 6H) , 1.47 (s, 18H), 

4.19 (q, 4H) 

Relerences on p. 230 

Rel. 

(2) 

(2) 
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Table 31 [eontinued] 

No. R method of remarks Ref. 
preparation 
(% yield) 

3 t-C4Hg CH3COCHC02C2H5 
I 

4 t-C4Hg NCCHC02C2H5 

5 t-C4Hg C2H5C(C02C2H5)2 
I 

6 t-C4Hg OCHNCHNC4Hg-t 
(see reaetion lIa (70) 
Seheme I) 

7 t-C4Hg CH3CONCHNC4Hg-t 
(see reaetion IIb (90) 
Seheme I) 

8 t-C4Hg CSH5CONCHNC4Hg-t 
(see reaetion lIa (80), 
Seheme I) IIb (83) 

9 t-C4Hg C4H3OCONCHNC4Hg-t 
(see reaetion IIb 
Seheme I, 
C4H3O=fur-2-yl) 

10 CSH5 CH(COCH3h 

References: 

IR (Nujol): 1520, 1580, 1655, 1690,2144,2167 [2] 
1H NMR (COCl3): 1.21 (t, 3H), 1.43 (5, 18H), 

1.87 (5, 3H), 4.06 (q, 2H) 

IR (Nujol): 1620, 1640,2175 [2] 
1H NMR (CsOs): 1.20 (5, 18H), 3.18 (5, 3H) 

IR (Nujol): 1585, 1690,2172 [2] 
1H NMR (CsOs): 0.94 (5, 18H), 1.21 (t,6H), 

1.40 (t, 3 H), 1.60/1.80 (2 H), 4.30 (q, 4 H) 

IR (KBr): 1200, 1270, 1595,2150 [3] 
1H NMR (CsOs): 1.10 (5, 18H), 1.50 (5, 9H), 

8.30 (5, 1 H), 9.30 (5, 1 H, not exehangeable 
in 020) 

IR (KBr): 1295, 1362, 1590, 1630,2150 [3] 
1H NMR (CsOs): 1.45 (5, 9H), 1.78 (5, 18H), 

2.48 (5, 3H), 9.26 (s, 1 H) 

IR (KBr): 1200, 1550, 1590, 1640,2150 [3] 
1H NMR (C03CN): 7.20to 7.57 (m, 3H), 8.05 

to 8.30 (m, 2H), 8.52 (5, 18H), 8.70 (5, 9H), 
8.78 (5,1 H) 

not isolated [3] 

from CuC5H70 2 · 2.5NH3 +CsH5NC [1] 
in THF (40%) 

slightly yellow, sinters at 107°, m.p. 132° 
(dee.) 

IR (Csl): 1535 (CO), 1600 (CG), 2120+2150 
(NC); C2v symmetry proposed 

Xmol= -92.0 X lO-s em3 . mol- 1 

[1] R. Wast, W. H. Lepel (Chem. Ber. 102 [1969] 3224/8). 
[2] Y. Ito, T. Konoike, T. Saegusa (J. Organometal. Chem. 85 [1975] 395/401), see also Y. Ito, 

T. Saegusa (Organotransition Met. Chem. Proe. 1st Japan. Am. Semin., Honolulu 1974 
[1975], pp. 49/55 from C.A. 85 [1976] No. 160272). 

[3] Y. Ito, Y. Inobushi, T. Sugaya, T. Saegusa (J. Organometal. Chem. 137 [1977] 1/9). 
[4] G. A. Abakumov, A. V. Lobanov, V. K. Cherkasov (Abstr. 2nd All-Union Conf. Organome­

tal. Chem., Gorkii 1982, p. 168) from E. A. Kashtanov, V. K. Cherkasov, L. V. Gorbunova, 
G. A. Abakumov (Izv. Akad. Nauk SSSR Ser. Khim. 1983 2121/5; Bull. Aead. Sei. USSR 
Oiv. Chem. Sei. 1983 1917/20). 
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1.1.4.3 Compounds Conlaining Three Isocyanide Ligands 

Most of the compounds in Table 32 are prepared by the following methods: 

Method I: From CuX or CuR' and RNC 

a: without a solvent [1, 2); in [2) cooling is recommended, 

b: in C2HsOH/H20/NH3 [2], 

c: in pyridine/ether at -10 °C [2). 

231 

Method 11: A solution of [(RNC)4CU)X (see 1.1.4.4.1) in CHCl3 is treated with ether to give 
(RNClsCuX in good yield [2). 

(RNC)3CUX is also formed by alkylation of HCN with olefins like CH2=C(CH3)2 in the 
presence of CuX, cf. compound No. 2. This reaction can be used for preparing t-alkyl isocyan­
ides from olefins and HCN because of the easy elimination in aqueous KCN of the isocyanide 
from the complex, which can be regenerated in situ [3). 

Table 32 
Compounds Containing Three Isocyanide Ligands. 
Further information on compounds preceded by an asterisk is given at the end of the table. 
For abbreviations and dimensions see p. X. 

No. compound method of remarks 
preparation IR (Nujol): v (NC) 
(% yield) 

Ref. 

compounds 01 the (RNChCuX type 

la brown crystals; air-sensitive; soluble 
in C2HsOH, low solubility in other 
common solvents 

colorless needles, m.p. 151 to 1530 

IR: 2182 

see No. 4 colorless, soluble in H20 and organic 
solvents 

IR (Nujol): 1618 (CO), 2162 (NC), 2602 
(OH) 

[1) 

[3) 

[8) 

colorless solid [6, 7) 
IR: 2160 
1H NMR (C6D6): 0.95 (s, t-C4HgNC), 1.75 

(C02C4Hg-t) 

5 (n-CSH11 NClsCuCN la properties similar to No. 1 [1) 

6 {(CH3)2CH(CH2)2NChCuCN 

Gmelin Handbook 
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la properties similar to No. 1 [1) 

11 (96) colorless, m.p. 1560 

13C NMR (CHCl3): 125.9+ 129.1 + 129.5 
(C6Hs), 148.0 (NC), J (14N, 13C) = 12.9 

disproportionates in hot H20 into 
(RNC)2CUCl and [(RNC)4CU)Cl 

References on p. 233 

[2,5) 
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TabLe 32 [continued] 

No. compound 

1.1.4.3 

method of remarks 
preparation IR (NujoL): v(NC) 
(% yieLd) 

la (99), 
Ib 

11; 
see aLso 
No. 11 

coLorLess, m.p. 126 to 128°; properties 
simiLar to No. 1 

Loss of 1 isocyanide during attempted 
recrystaLLization 

coLorLess needLes, m.p. 170 to 172° 
forms a 1 : 1 adduct with C2HsOH 

Ref. 

[1,2] 

[2] 

compounds 01 the (RNChCuR' type 

*10 (t-C4H9NC)3CUC9H7 greenish yeLLow solid [4] 
(C9H7 = inden-1-yL) 1 H NMR (C6D6) : A2B2X2 Y pattern for 

C9H7, 0.9 (s, C4H9), 6.50 (d, H-1,3), 
7.0 (q, H-5,6), 7.35 (t, H-2), 7.78 (q, 
H-4,7), J(H-1,3, H-2)=3 

*11 (4-CH3C6H4NChCuC=CC6Hs 
Ic (high) 

coLorLess needLes, dec. 100°; air-sensi- [2] 
tive 

* Further information: 

(t-C4H9NChCuBr (TabLe 32, No. 2) is aLso synthesized from CuBr, HCN, and (CH3)2C=CH2 
in moderate yieLd in C2HsOH, and in Lower yieLds in other solvents or without a solvent. 
It is soluble in most organic soLvents and is monomeric in CH3N02 according to cryoscopic 
measurements. Upon treatment with aqueous KCN the isocyanide Ligand is easily released. 
The reaction with (CH3)2CO and HBr gives t-C4H9NHCOC(CH3)20H [3]. 

The reaction with (t-C4H9NC)4Mo(SC4H9-t)2 or with Mo(SC4H9-t)4 in acetone gives 
(t-C4H9NC)4Mo(/l-SC4H9-t)2CuBr, in which (t-C4H9NC)4Mo(SC4H9-th acts as a bidentate li­
gand through bridging S atoms [9, 10]. It exists in two conformational isomers in the solid 
state [10]. 

(t-C4H9NChCuOC02H (TabLe 32, No. 3) is also formed in the reaction of t-C4H9NC and 
CO2 at room temperature, either with CuOH in (CH3)2NCHO (mole ratio 3: 1: 1) or with 
"(t-C4H9NC)nCu2C03" (see 1.1.4, p. 215) and H20 in THF (mole ratio 3: 1.5: 1 : 1.2). Its thermal 
decarboxylation yields Cu, CO2, and CO. The last is formed by Cu-induced reaction of 
CO2 with t-C4H9NC. At 120°C in mesitylene formation of CO is quantitative. Acidolysis gives 
quantitative amounts of CO2. It reacts with equimolar amounts of C2Hsi in (CH3)2NCHO 
at room temperature to give C2HsOH (57% yield), (C2HsO)2CO (16%), and CO2 (80%). The 
title compound is suitable for carboxylation reactions such as reaction I (82% yieLd at 130°C). 
Proton abstraction by CuOC4H9-t in THF at 0 °C gives the "(t-C4H9NC)nCu2C03" mentioned 
above and t-C4H90H; with LiC4H9-n in THF n-butane is formed [8]. 

(I - C.HgNC !JCUOC02H (No. 3) 

(CH3)2 NC HO 

Gmelin Handbook 
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(I-C4HgNChCUOC02C4Hg-I (TabLe 32, No. 4) is synthesized by treating t-C4HgNCCuOC4Hg-t 
(see 1.1.4.1.1) or CuOC4Hg-t and t-C4HgNC in CsHs with an excess of CO2 at 10°C. The 
compLex is soLubLe in common organic soLvents; in CsHs the cryoscopic degree of association 
is 0.90. It is air-sensitive but stabLe under N2 at 10°C. At 30 °C sLight decarboxyLation occurs. 
AcidoLysis in 18N H2S04 reLeases CO2 compLeteLy. In boiLing CsHs decomposition into t­
C4HgNCCuOC4Hg-t (see 1.1.4.1.1) takes pLace [6]. By heating in mesityLene or tetraline to 
130°C t-C4HgNCO and CO are sLowLy produced, representing a deoxygenation of CO2 by 
t-C4HgNC, whereas at 150°C metallic Cu, CO, and CO2 are formed [7]. Hydrolysis with 
H20 in THF at O°C produces a 94% yieLd of "(t-C4HgNC)nCu2C03" (see 1.1.4, p. 215) and 
t-C4HgOH at moLe ratio 2: 1, but quantitative amounts of (t-C4HgNC)3CUOC02H (TabLe 32, 
No. 3) at moLe ratio 1: 1 [8]. Reaction with CH2=CHCH2Br yieLds CH2=CHCH20C02C4Hg-t [6]. 
The v(NC) indicates that the RNC Ligand acts as a er-donor in the titLe compound, unLike 
in t-C4HgNCCuOC4Hg-t (see 1.1.4.1.1) where its 1t-acceptor character is dominating [6]. 

(I-C4HgNChCUCgH7 (TabLe 32, No. 10) is synthesized in 30% yieLd from Cu20, t-C4HgNC, 
and indene (1: 10: 10 moLe ratio). It is sensitive to air and heat and decomposes in poLar 
soLvents. Compared with 1t-CsHsCuCNC4Hg-t its instabiLity is notabLe. A er-bond structure 
with rapid interconversion between bonding through C-1 and C-3 of indenyL is assumed 
on the basis of the 1H NMR spectrum and a O2° quenching experiment. The compound 
Loses indene upon treatment with diLute acids. It cataLyzes the reaction of indene with acetone 
to give 1-isopropyLidene indene [4]. 

(4-CH3CsH4NChCuC"CCsHs (TabLe 32, No.11) reacts with CHCL3 in ether to give 
(4-CH3CsH4NChCuCL (TabLe 32, No. 9). If washed severaL times with ether, it dissociates 
into the initiaL reactants. If treated with aqueous pyridine, CsHsC"CCu, CO, and 4-CH3CsH4-
N=CHNHCsH4CH3-4' HCL are formed [2]. 

References: 
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1.1.4.4 Compounds Conlaining Four Isocyanide Ligands 

1.1.4.4.1 Compounds of Ihe Type [(RNC)4CU]X 

Most compounds described in this section have been formed onLy for 13C or S3CU NMR 
investigations, but not isoLated. 

The compounds Listed in TabLe 33 are obtained by the foLLowing two methods: 

Method I: An excess [10, 14, 15] or exactLy 4 equivaLents [6] of RNC are added to 
[(CH3CN)4CU]X; without a soLvent yieLds are up to 60%, but in a soLvent (not 
reported) quantitative yieLds are obtained [6]. CH30H and (CH3)2CO are suitabLe 
solvents [15]. 
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Method 11: RNC in C2HsOH is added to an ammoniacal solution of CuCl containing NH4Cl 
to give the compounds in almost quantitative yield [1]. 

The compounds No. 2, 3, 17, and 30 are stable with respect to oxidation and decomposi­
ti on in light and air at room temperature. With an excess of chelating ligands 4D such 
as 2,2' -bipyridyl, t-C4HgN=CHCH=NC4Hg-t, 1, 10-phenanthroline, 2,9-dimethyl-1, 10-phen­
anthroline, and (C6Hs)2PCH2CH2P(C6Hs)2 even in refluxing n-C3H70H only two isocyanides 
are replaced in Nos. 3,17, and 30, giving [(RNChCu4D]pF6 complexes; see 1.1.4.2.1 [15]. 

The aryl isocyanide compounds No. 18, 20, 24, and 28 catalyze the insertion of RNC 
into C2HsOH to give RN=CHOC2Hs. Areaction mechanism was proposed from kinetic data. 
Aliphatic isocyanides do not react [8]. 

13C NMR Spectra. At room temperature the resonance of the NC group is extremely 
weak and broad [7, 10]. For some complexes, however, the 1: 1: 1 triplet from N coupling 
can be obtained either by adding small amounts of [(CH3CN)4Cu]BF4 or by running the 
spectra in (CH3)2S0 (= DMSO in Table 33) at higher temperatures. No fine structure from 
Cu-C coupling could be observed at any temperature [10]. 

The spectra of the alkenyl and aryl isocyanide complexes are measured at lower temper­
atures to avoid decomposition [10]. 

On coordination of the RNC ligands, the NC resonances shifts upfield 15 to 20 ppm 
and J(14N13C) shows an almost threefold increase. The linewidth of the NC resonance is 
found to be mainly due to ligand exchange and possibly in terms of quadrupole N and 
Cu relaxation [10]. In Table 33 counting of the C atoms of R begins at the N-bonded C; 
the isocyanide C is designed by C-O. On coordination C-1 shows a 1 to 3 ppm shift to 
lower fields for saturated isocyanides, but a 0.3 to 3 ppm upfield shift for unsaturated isocyan­
ides, probably due to conjugation effects. The linewidth of C-1 is found to be controlled 
by the N relaxation [10]. 

63CU NMR spectra at 25°C exhibit a single resonance line with shifts of 450 to 550 ppm 
downfield from a 0.05 M CH3CN solution of [Cu(NCCH3)4]Cl04; see Table 33. The linewidth 
Ll V 1/2 ranges fram 230 to 320 Hz for the complexes No. 19, 22, and 26 with aryl isocyanides. 
For [(C4HgNC)4CU]Cl04 (No. 14), however, it amounts to 4000 Hz. Compared with other tetra­
hedral Cu l complexes, the 63CU downfield shift increases in the order of ligands RCN< 
pyridine< CN- :::::: RNC. This order corresponds well with that in n-acceptor capability, which 
is obtained fram IR spectra of mixed-ligand metal complexes [14]. 

Secondary ion mass spectra of [(RNC)4Cu]PF6 (R = CH3, t-C4Hg, cyclo-C6H11 ; Table 33, 
Nos. 3, 17, 23). The absence of [(RNC)4CU]+ and [(RNC)3CU]+ - except for the CH3NC 
complex No. 3 - and the presence of [(RNChCu]+ ions attest to the gas phase stability 
of two-coordinate Cu l . Cluster ion formation as weil as a-cleavage have been observed. 
Ligand exchange occurs when mixtures are examined. Cross labeling and isotopic labeling 
studies have provided insights into the fragmentation mechanisms [16]. 
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TabLe 33 
Compounds of the Type [(RNC)4CU]X. 
Further information on compounds preceded by an asterisk is given at the end of the tabLe. 
For abbreviations and dimensions see p. X. 

No. compound 

Gmelin Handbook 
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method of preparation (yieLd) 
remarks (for NMR see p. 234) 

I 
13C NMR (DMSO, 125°): 28.5 (C-1), 140.7 (NC), 

J (14N, 13C_1) = 7.3, J (14N, 13C-0) = 15.5, 
1J (13C-1, 1H) = 146.8 

1(85%) 
coLorLess needLes 
sLightLy soLubLe in poLar soLvents such as CHCL3, 

CH2CL2, CH3CN, (CH3)2CO, CH30H, C2HsOH 
1H NMR (CDCL3): 3.35(s) 
IR (NujoL): 2181 (sh) + 2212 (NC) 

(CH2CL2): 2210 (NC) 

I (90 to 95%) 
coLorLess crystaLs 
1H NMR (acetone-d6): 3.44 (t), 3J (14NH) =2.4 
IR (NujoL): 2176+2213 (NC) 

(CH2CL2): 2176+2211 (NC) 

Ref. 

[10] 

[15] 

[15] 

I [10] 
13C NMR (CDCL3): 119.0 (C-1), 124.2 (C-2), 145.6 (NC), 

J(14N,13C-1)=12.4, J(14N,13C-0)=16.5 upon 
addition of [(CH3CN)4Cu]BF 4 

I [10] 
13C NMR (DMSO, 125°): 14.2 (C-2), 38.1 (C-1), 

140.4 (NC), J(14N,13C-1)=5.9, J(14N,13C-0)=14.4 

m.p. 58 to 61° (dec.) 
1H NMR (CD3CN): 5.67 (d, CH2), 6.33 (t, CH), 

4J (H, H) =6.5 
IR (NujoL): 1975 (C=C=C), 2170 (NC), 3045 (CH2) 

m.p. 79 to 82° (dec.) 
13C NMR (CCVCD3CN): 86.4 (C-1), 87.3 (C-3), 

210.7 (C-2) 
1H NMR (CD3CN): 5.65 (d, CH2), 6.32 (t, CH), 

4J (H, H) = 6.5 
IR (NujoL): 1975 (C=C=C), 2167.8 (NC), 3040 (CH2) 

m.p. 83 to 86° (dec.) 
1H NMR (CD3CN): 2.88 (t, CH), 4.55 (d, CH2), 

4J (H, H) = 2.5 
IR (NujoL): 2140 (C=C), 2202.3 (NC), 3260 (HC=) 

References on p. 239 
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TabLe 33 [continued] 

No. cornpound 

1.1.4.4.1 

rnethod of preparation (yieLd) 
rernarks (for NMR see p. 234) 

rn.p. 91 to 97° (dec.) 
1H NMR (CD3CN): 2.87 (t, CH), 4.55 (d, CH2), 

4J (H, H) = 2.5 
IR (NujoL): 2140 (C=C), 2199.7 (NC), 3260 (HC=) 

Ref. 

[6] 

10 [(CH2=CHCH2NC)4CU]BF4 I [10] 
13C NMR (DMSO, 125°): 45.0 (C-1), 117.8 (C-3), 

128.7 (C-2), 141.8 (NC), J(14N,13C-1)=6.5, 
J (14N, 13C-0) = 14.4 

11 [{(Z)-CH3CH=CHNC}4CU]BF4 
I [10] 
13C NMR (DMSO, 90°): 12.9 (C-3), 112.9 (C-1), 

135.7 (C-2), 148.3 (NC), J(14N,13C-1) = 11.7, 
J (14N, 13C-0) = 16.5 

I [10] 
13C NMR (DMSO, 125°): 10.2 (C-3), 21.6 (C-2), 44.5 

(C-1), 140.6 (NC), J(14N,13C-1)=5.2, 
J (14N, 13C-0) = 14.3 

I [10] 
13C NMR (DMSO, 125°): 22.8 (C-2), 47.4 (C-1), 

139.5 (NC), J (14N, 13C-0) = 12.5 

I [14] 
63CU NMR (C4HgNC): 451 (AV1/2=4000) 

I [7,9, 
13C NMR (DMSO, 125°): 29.7 (C-2), 57.1 (C-1), 10] 

139.2 (NC) 
IR (CCVCD3CN): 2177.4 

frorn [(t-C4HgNC)4CU(H20bHCL04b in C2H50H at [4] 
45°(79%) 

coLorLess crystaLs, rn.p. 129° (dec.), insoLubLe in 
water 

1H NMR (acetone-d6): 1.54 
IR (NujoL): 2180.6 (NC) 

1(90 to 95%) 
coLorLess crystaLs 
1 H NMR (acetone-d6): 1.51 (s) 
IR (NujoL): 2147(sh)+2182 (NC) 

(CH2CL2): 2144(sh)+2180 (NC) 

[15] 

I [10] 
13C NMR (DMSO) : 123.9 (C-1), 128.9 (C-2,6), 130.1 

(C-3, 5),135.8 (C-4), 147.6 (NC) 
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No. cornpound 

1.1.4.4.1 

rnethod of preparation (yieLd) 
rernarks (for NMR see p. 234) 

63CU NMR (CH2CL2/4CLC6H4NC): 553 (ß V 1/2 = 
230 Hz) 

237 

Ref. 

[14] 

I [8,10] 
13CNMR: 126.7 (C-2,6), 129.8 (C-3,5), 130.8 (C-4), 

146.1 (NC) in DMSO at 105°, sirniLar with 125.4 
(C-1) in CDCL3 

ionization constant Kc =(2.8±0.5) x 10-2 M (con­
ductornetricaLLy) 

11 [1,3] 
needLes, rn.p. 102° 
14N NMR (CHCL3): 198 (aqueous NaN03 as externaL 

standard) 
IR: 2170 
ionized according to conductivity in H20 

63CU NMR (C6HsNC): 549 (ß V 1/2 = 300 Hz) 

63CU NMR (C6H11 NC): 468 (ßv1I2 =880 Hz) 

I 
13C NMR (DMSO) : 21.0 (CH3), 122.5 (C-1), 126.7 

(C-2, 6),130.5 (C-3, 5),141.4 (C-4), 146.5 (NC) 

25 [(4-CH3C6H4NC)4Cu]CL· H20 11 
rn.p.127° 

[14] 

[14] 

[10] 

[1] 

*26 [(4-CH3C6H4NC)4Cu]CL04 1[14]; frorn No. 25+HCL04 in C2HsOH [2] [2,14] 
coLorLess needLes, rn.p. 1750 [2] 
soLubLe in CHCL3 and C6HsN02, insoLubLe in C6H6 

[2] 
63CU NMR (4-CH3C6H4NC): 547 (A v1/2 = 320 Hz) [14] 

27 [(C6HsCH2NC)4Cu]CL frorn CuCL+RNC (1 :7) in pyridine/24 h [13] 
refLuxing in piperidine yieLds C6HsCH2N= 

CHNCsHlO ; tetrahydropterines give no anaLo-
gous reactions 

28 [(4-CH30C6H4NC)4CU]BF4 I [10] 
13C NMR (DMSO) : 55.8 (CH3), 115.2 (C-3,5), 117.5 

(C-1), 128.6 (C-2,6), 145.9 (NC), 160.7 (C-4) 

*29 [(4-CH30C6H4NC)4CU]PF6 rn.p. 183 to 1840 [5] 
IR (NujoL): 2144, 2169 
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Table 33 [continued] 

No. compound 

1.1.4.4.1 

method of preparation (yield) 
remarks (for NMR see p. 234) 

Ref. 

30 [(2,6-(CH3)2C6H3NC)4CulPFs I [15] 

• Further information: 

colorless crystals 
'H NMR (acetone-d6): 2.56 (s, CH3), 7.40 (s, C6H3) 
IR (Nujol): 2157 (NCHCH2Cl2): 2163 (NC) 

[(CH3NC)4CU]BF4 (Table 33, No. 1). Orthorhombic, space group Pna2,-Qv (No. 33); a= 
24.05(1), b=8.401 (5), c=20.72(1) Ä; Z=12, dc =1.497 g' cm- 3. The Cu atom is tetrahedrally 
coordinated by four almost linear CH3NC molecules via C atoms; bond distances Cu ...... C 
are 1.94 to 2.01 Ä. A comparison of the bond distances and angles with corresponding 
values of the acetonitrile complex [(CH3CN)4CU]BF4 did not reveal significant differences 
between the two essentially isomorphous structures [12]. 

[(CH3NC)4CU]Cl04 (Table 33, No. 2). Solid state IR and Raman spectra have been assigned 
by comparison with those of the analogous CH3CN and CD3CN complexes [15]: 

class description IR Raman class description IR Raman 
(cm-') (cm-') (cm-') (cm-') 

Cl04' fundamentals (T d) : (C-N"C)4CU fundamentals (T d): 

A, ClO sym. str. inactive 928(38) A, N"C str. inactive 2205(100) 

E OClO deg. def. inactive 452(7) A, CCu str. inactive 236(2) 

T2 ClO deg. str. 1089vs, br 1091 (3) A, C-N str. inactive 906(5) 

T2 OClO deg. def. 622 vs 619(9) E NCCu def. inactive 377(2) 

CH3 fundamentals (C3 vl: E CCuC def. inactive not 
observed 

A, CH3 sym. str. 2950 s 2948(52) 
T2 N"C str. 2213 vs 2224(6) 

A, CH3 sym. bend 1402 m 1398(19) 2182 sh 

E CH3 asym. str. 3010 s 3014(5) T2 CCu str. 258m 257(12) 

E CH3 asym. bend 1430 m 1431 (3) T2 NCCu def. 367 w not 
1415 m 1408(20) 325w observed 

E CH3 rock hidden by A, ClO str. T2 CCuC def. not observed 

T2 C-N"C def. 200 s not 
observed 

T2 C-N str. 948 sh hidden 
934 m by A, 

ClO str. 

E C-N"C def. inactive not 
observed 
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[(CH2=C=CHNC)4CU]X and [(CH"CCH2NC)4CU]X (X=BF4, Cl04; Table 33, Nos. 6 to 9) are 
odorless, cream white microcrystalline compounds, soluble in CH2Cl2 and CH3CN but insolu­
ble in most other organic solvents. The propargyl compounds NO.8 and 9 are air-stable 
at room temperature, whereas the allenyl compounds No. 6 and 7 decompose slowly at 
room temperature but are stable at -40 °C. The perchlorates No. 7 and 9 detonate violently 
when exposed to a heavy shock. Nos. 8 and 9 are readily isomerized to Nos. 6 and 7 in 
the presence of a base like 1,5-diazabicyclo[4.3.0]non-5-en in CH3CN. If treated with aque­
ous NaCN, Nos. 6 to 9 release the corresponding isocyanides quantitatively [6]. 

[(C6H5NC)4CU]Cl' 6H20 (Table 33, No. 21) is transformed by boiling water into 
(C6H5NC)2CUCI. Treating a chloroform solution of No. 21 with dry ether produces 
(C6H5NClaCuCl [1]. 

[(4-CH3C6H4NC)4CU]Cl04 (Table 33, No. 26) is also prepared trom bis(2-nitropropandio­
lato-O,O')copper by treatment first with 4-CH3C6H4NC in C2H50H, then with LiCl04, and 
recrystallization trom water-tree C2H50H (70% yield). IR (solid): 2168 cm- 1; IR (CH2Cl2): 
2156,2172 cm- 1. 1H NMR (CH2Cl2): 8=2.42 and 2.17 ppm, the latter supposedly due to de­
composition products [11]. 

[(4-CH30C6H4NC)4CU]PF6 (Table 33, No. 29) is prepared by treating a suspension of 
(4-CH30C6H4NC)2CuBr and AgPF6 (1: 1 mole ratio) in acetone with two moles of 4-
CH30C6H4NC. It is air-stable in the solid state and in solution. The IR spectrum reveals 
two bands in the v(N=C) region rather than the one band expected for Td symmetry. There­
fore, the isocyanide ligands are assumed to be bent at the N atom [5]. 
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[4] R. W. Stephany, W. Drenth (Rec. Trav. Chim. 89 [1970] 305/12). 
[5] J. Bailey, M. J. Mays (J. Organometal. Chem. 47 [1973] 217/24). 
[6] J. W. Zwikker, R. W. Stephany (Syn. Commun. 3 [1973]19/23). 
[7] R. W. Stephany, M. J. A. de Bie, W. Drenth (Org. Magn. Resonance 6 [1974] 45/7). 
[8] D. Knol, C. P. A. van Os, W. Drenth (Rec. Trav. Chim. 93 [1974] 314/6). 
[9] D. L. Cronin, J. R. Wilkinson, L. J. Todd (J. Magn. Resonance 17 [1975] 353/61). 

[10] D. Knol, N. J. Koole, M. J. A. de Bie (Org. Magn. Resonance 8 [1976] 213/8). 

[11] G. Albertin, E. Bordignon, A.Orio, G. Pelizzi, P. Tarasconi (Inorg. Chem. 20 [1981] 
2862/8). 

[12] A. L. Spek (Cryst. Struct. Commun. 11 [1982] 413/6). 
[13] S. N. Ganguly, M. Viscontini (Helv. Chim. Acta 67 [1984]166/9). 
[14] S. Kitagawa, M. Munakata (Inorg. Chem. 23 [1984] 4388/90). 
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1.1.4.4.2 Compounds 01 the Type [(RNC)4CU(H20h]X2 

The compounds in Table 34 are prepared from Cu(Cl04)2 . 6 H20 and aqueous Cu(BF 4)2' 
preferably in ethanol/ether at -15 to 0 °C, and must be separated immediately. Compounds 
No. 1 and 2 decompose on standing at room temperature, but they can be stored at -40 °C 
tor several months. Compounds No. 3 and 4 liquefy to a brown syrup within a few hours 
at room temperature. All are insoluble in nonpolar organic solvents and decompose rapidly 
in polar solvents. Upon aging, they are transformed into Cu l derivatives, as indicated from 
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the change in the IR and ESR spectra. An X-ray powder pattern of compound No. 1, wh ich 
is isomorphous with No. 2, revealed a tetragonal or pseudotetragonal unit cell with a = 15.9, 
c = 23.6 A; dm = 1.30 9 . cm - 3, Z = 8. The ESR spectra indicate a complex structure for Nos. 3 
and 4. This is also supported by their lower stability in the solid state. There is only one 
v(NC) frequency in the IR spectrum for each compound. This suggests an octahedral struc­
ture with 4 equivalent RNC in the x-y plane and 2H20 along the z axis. Compounds No. 1 
and 2 have differing 9 values and v(OH), which suggests some interaction between the 
Cull orbitals and the anions through the H20 ligand. 

Table 34 
Compounds of the Type [(RNC)4CU(H20)2]X2, 
For abbreviations and dimensions see p. X. 

No. R X yield; remarks 

t-C4Hg ClO4 93%; pink-purple, m.p. 79 to 80° (dec.) 
IR (Nujol): 2233.2 (NC), 3480+3560 (OH) 
ESR: g=2.074 

2 t-C4Hg BF4 87%; pink-purple, m.p. 77 to 78° (dec.) 
IR (Nujol): 2234.8 (NC), 3520+3610 (OH) 
ESR: 9 = 2.040 

3 t-C4HgCH2C(CH3)2 ClO4 80%; brown-purple, m.p. 52 to 53° (dec.) 
IR (Nujol): 2244.7 (NC), ca. 3400 (OH) 
ESR: g:::::2.04 

4 t-C4HgCH2C(CH3)2 BF4 39%; brown-purple, m.p. 57 to 59° (dec.) 
IR (Nujol): 2237.2 (NC), 3500+3580 (OH) 
ESR: g:::::2.04 

Reference: 

R. W. Stephany, W. Drenth (Rec. Trav. Chim. 89 [1970] 305/12). 

1.1.5 Compounds with Carbenes and Other Ugands Bonded by One C Atom 

Carbene and Vinylidene Complexes 

Complexes of the types (CH3bPCH2CuR and I with phosphane-stabilized carbenes are 
treated in "Organocopper Compounds" 2, 1983, p. 3 (type (CH3bPCH2CuR), or will be treated 
in "Organocopper Compounds" 4 (type I, M = Ag or Cu). 

Other stable copper carbene complexes are not known. However, Cul and/or Cull based 
carbenoids are generally assumed as crucial intermediates in the copper-catalyzed decom­
position and carbene transfer reactions involving diazo compounds, e.g., of the types R2CN2 
[1, 4, 21, 29], R02CCHN2 [2, 19, 22, 52], R02CCOCHN2 [52], R02CC(N2)COR' [52], (R02C)2CN2 
[10, 52], or XCSH4COCHN2 [3, 5 to 7, 14, 19]. In most cases, bis(acetylacetonato)copper 
has been used as the Cu component giving intermediate carbene complexes of the 
R'R"CCu(CH3COCHCOCH3b type. However, other soluble Cu complexes [2,4, 10] including 
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undefined isocyanide complexes [9,11] and saLts such as CuCL or CuS04 [19] have been 
used as weLL. The reactions have been criticaLLy reviewed by WuLfman et aL. [30 to 33]. 
For details see the references cites there and [1 to 7, 10, 14, 19,21,29]. 

SimiLar transient carbene compLexes are assumed in the copper-cataLyzed biosynthesis 
of cycLopropane rings by methyLene transfer from the methyL group of S-adenosyLmethionine 
to an unactivated aLkene such as oLeic esters [20]. They may aLso pLaya roLe in the cataLysis 
of cycLopropyL -+ vinyLcarbene isomerization by (C6HsOhPCuCL or CuCL [41]. 

The isomerization of benzvaLene 11, benzobenzvaLene 111, and their deuterated anaLogues 
in the presence of Cuo indicates intermediate formation of carbenoids such as IV and V [26]. 

o-CHCU 

11 111 IV V 

The energy of the vinyLidene compLex [CH2=CCu]+ has been caLcuLated by the 
MO LCAO SCF method and compared to the isomeric ethyne 7t-compLex [CH=CHCu] +. The 
Latter is more stabLe. The [CH2=CCu] + -+ [CH=CHCu] + isomerization barrier is 89.9 kJ . moL-1 
[47]. 

Carbon Dioxide Complexes 

The ion [CuC02]+ forms under eLectron impact from Cul or Cu" carboxyLates in the gas 
phase. Mass spectrometric data in combination with caLcuLations by the viriaL statistic method 
indicate the existence of a Cu-C bond. Based on these caLcuLations, the structuraL stabiLity 
decreases according to Scheme VI [45] . 

o 
CU""" I ...... c 

'0 

...... 0 > Cu-C...... » o 
» Cu-O ............ 0 

C 

VI 

For the ion [CuC02(PH3h]+, however, side-on or C coordination of CO2 is excLuded from 
ab initio MO caLcuLations and energy decomposition anaLyses. End-on coordination shouLd 
be favorabLe because of the strong eLectrostatic interaction between Cu and the negativeLy 
charged ° of CO2 [40]. 

A side-on coordination of be nt CO2 to Cu had been proposed [35] for compLexes formed 
from CO2 and Cu" cheLates with ephedrine and simiLar Ligands [15, 24, 35]. Later investiga­
tions, however, indicated that unstabLe carbamato structures are formed in these reactions 
[23,37]. 

The CO2 fixation of RCu in the presence of phosphines D has been expLained by intermedi­
ate formation of CO2 compLexes of the type RC02Cu(C02)Dn (no further data given) [12, 
13, 16 to 18, 25, 27, 28]. . 

Alkenyl and AUyl Radleals 

C6HsCH=CHCu radicaLs form by cocondensation of Cu atoms, C6HsC=CH, and cycLohexane 
at 77 K in a rotating cryostat. There is no evidence for the formation of an aLkyne compLex. 
In contrast, from simiLar reactions of Cu and C2H2 onLy the compLexes C2H2Cu and (C2H2)2CU 
have been obtained. The ESR spectrum of C6HsuCH = PCH63CU gives the expected quartet 
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of doublets with a(Cu)=133.7G, a(H)=45.1 G, and g=2.0019. This is very similar to a(H)= 
41.5 G of the ß-hydrogen coupling constant for a-styryl and indicates that Cu adds to the 
unsubstituted end of the alkyne. Therefore a planar structure is assumed with the unpaired 
electron located in the Py orbital on the u-carbon. By comparison with the value found 
for free Cu atoms in an inert hydrocarbon matrix, a 6 to 7% 4 s spin density has been 
estimated for the Cu atom in the title product [42]. 

CH2C(Cu)CH2 radicals (see VII). Bombardment of CH2=C=CH2 onto isolated Cu atoms 
trapped on the surface of an inert matrix in a rotating cryostat at 77 K gives Cu-substituted 
allyl radicals, but not the substituted vinyls CH2=CCH2Cu. The main ESR absorptions are 
in the accordance with the proposed allyl structure: 9 = 2.0020, a (63CU) = 13 ± 0.5 G and two 
a (H) values of 14 ± 0.5 and 15 ± 0.5 G. Less intense residual lines fit reasonably weil with 
the same 9 and a (H) values, but a (63CU) = 8 ± 0.5 G. The latter are interpreted by another 
trapping site of the same radical [48]. 

VII 

H 
\ QO 
C=~""", 

/ 0 \...:J 
Cu 

VIII 

IminyL RadicaLs 'N=CRCu and T]2-CompLexes RC"NCu 

H 

\ QO 
C=~""", 

/ 0 \.,j 
Cu 

IX X 

'N=CRCu (R = H, CH3, t-C4Hg , C6Hs) and T]2-RC"NCu (R = H, t-C4Hg , C6Hs)' Cu atoms are 
condensed in an adamantane matrix at 77 K and bombarded with RCN (R = H, 0, CH3, 
CH2=CH, t-C4Hg , C6Hs)' The ESR spectra show the existence of three types of Cu-containing 
species. They have been assigned, by comparison with the analogous species obtained 
with Ag and Au, to the iminyl radicals ·N=CRCu (cis and trans isomers VIII and IX presumed, 
but not assigned) and to the T]2-complexes X. End-on coordinated radicals or complexes 
with more than one ligand could not be detected. The types of species formed depend 
on R: 

R cis-iminyl VIII trans-iminyllX T]2-complex X Ref. 

H,D + + + [43,44] 
CH3 + + [49] 
CH2=CH [49] 
t-C4Hg + + + [49] 
C6Hs possibly (poorly resolved) + [49] 

ESR parameters of the species formed (a values in G, a (N) and a (C) not resolved): 

9 factor a(Cu) g(Cu) Ref. 

·N=CHCu 2.001 479 0.22 [43,44,49] 
(one of the three species 2.001 280 0.13 [43,44,49] 
not identified [44]) 1.998 372 0.17 [43,44,49] 

HC"NCu 2.01 to 2.02 1386 to 1505 0.68 [44,49] 

'N=C(CH3)Cu 2.0044 350.2 0.16 [49] 
2.0025 293.2 0.14 [49] 

'N=C(C4Hg-t)Cu 2.0022 419.5 0.2 [49] 
1.9984 339.4 0.16 [49] 

The species ·N=CHCu and HC"NCu decompose slowly at 77 and rapidly at 100 K [43,44]. 
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Intermediates Formed from Cu2 + and Radleals 

The reaction of 'CH2C02" radicals with Cu2+ (aq) has been studied by pulse radiolysis 
of NO-saturated aqueous CH3C02"/CUS04 solutions at pH=6.0. The effect of Cu2+ on the 
kinetics of disappearance of the 'CH2C02" radicals indicates the intermediate formation 
of [02CCH2CU]+ and 02CCH2CU02CCH3' wh ich decompose in first-order reactions accord­
ing to 02CCH2CU02CCH3 --> [02CCH2CU]+ +C02+ 'CH3 (k=90 S-1) and [02CCH2CU]+ 

~ Cu+ (aq) + HOCH2C02" +H30+ (k=2.8 S-1) [34]. The formation of similar intermediates 

is indicated in the reactions of Cu2+ (aq) with 'CH2C02" or 'CH2C(CH3hOH in the presence 
of triglycine NH2(CH2CONH)2CH2C02H [36] and, according to preliminary results, with 
CH3CHC02", 'CHCl2, or 'CCl3, but not with R2COH or 'C02" radicals [34]. 

AzaaLkene 112-CompLexes 

[(CH3hN=CH2Cu(CO)CL]Br is formed from [(CH3hN=CH2]+[Cu2Cl2Br]- and CO in THF at 
-40°C. IR spectrum (THF, -60°C): 2080 (CO), 1610 and 1640 (NC) cm- 1. At -15°C the 
pale yellow solid releases CO quantitatively to give [(CH3hN=CH2CuCL]Br. In both compounds 
the Cu atom is assumed to be n-bonded to the N=C double bond. An equimolar amount 
of CO is evolved above -15°C from (CO)CuCl in the presence of [(CH3)2N=CH2CuCl]Br; 
the dinuclear (CH3)2N=CH2Cu2(CO)Cl2Br is formed [8]. 

BlmetaLLic CLusters 

(CsHshP(CF3S03)CU(JI-CCsH4CH3-4)W(COhCsHs (see XI) has been prepared by successive 
1: 1: 1 addition of CF3S03CU ·0.5CsHs and 4-CH3CsH4C=W(CO)2CsHs in CH2Cl2 to P(CsHsls 
in CH2Cl2 with a 73% yield in the form of orange microcrystals, m.p. 113 to 115°C. 1H NMR 
(CDCl3): 2.21 (s, CH3), 5.77 (s, CsHs)' 7.00 to 7.43 (m, CSH4 +CsHs) ppm. 13C{1H} NMR (CDCl3): 
22.0 (CH3), 93.0 (CsHs). 120.2 (q, CF3, J(FC)=319 Hz), 128.9 to 149.8 (CSH4+CsHs), 215.5 
(CO), 292.3 (Jl-C) ppm. IR (CH2Cl2): 1941 and 2016 (both CO) cm- 1. From the NMR and 
IR spectra structure XI has been proposed [51]. 

XI 

[(CsHshP(CH3CN)Cu(Jl-CCsH4CH3-4)W(COhCsHslPFs has been prepared by successive 
1: 1 : 1 addition of P(CsHsls and 4-CH3CsH4C=W(CO)2CsHs in CH2Cl2 to a suspension of 
[Cu(NCCH3)4]PFs in CH2Cl2 with a 83% yield. In the presence of two equivalents of P(CsHsls. 
or of one equivalent of (CSHS)2PCH2P(CsHs)2' no reaction occurred with the W carbyne. 
Not surprisingly, the W carbyne is regenerated by treatment of the title compound with 
P(CsHsh. Evidently, only [CH3CNCuP(CsHsh]+ is able to give a stable adduct with the car­
byne [51]. 

Orange microcrystals, m.p. 100 to 102°C. 1H NMR (CDCl3): 2.11 (s, CH3CN), 2.28 (s,4-
CH3), 5.71 (s, CsHs)' 7.17 to 7.49 (m, CSH4 +CsHs) ppm. 13C{1H} NMR (CDCl3): 2.2 (CH3 of 
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CH3CN), 22.1 (4-CH3), 92.7 (CsHs)' 119.8 (CN), 129.1 to 149.8 (CSH4 +CsHs), 213.6 (CO), 294.9 
(J..l-C) ppm. 31P{lH} NMR (CDCL3): -144.2 (sept, PFs, J(PF)=713 Hz), +0.2 (P(CSHS)3) ppm. 
IR (CH2CL2): 1946 and 2014 (both CO) cm- 1. Based upon the NMR and IR spectra, a cationic 
structure anaLogous to XI (see p. 243) with CH3CN instead of CF3S03" has been proposed. 
The absence of a 31P_13C coupLing on the bridging carbyne resonance suggests that CH3CN 
is transoid and P(CSHS)3 is cisoid to the J..l-C atom [51]. 

Treatment with CL -, 1-, or CN - in CH2CL2 Led to the reLease of 4-CH3CsH4C=W(CO)2CsHs' 
SimiLar decompositions occurred with SR-, BH4 , or H-, or with Na naphthaLenide in the 
presence of CO [51]. 

(CsHshPCu(J..l3-CCsH4CH3-4)(W(CO)2CsHsh· CH2CL2. Treatment of [(CsHsbPCuH]s with 4-
CH3CsH4C=W(CO)2CsHs (1: 5) in CsHsCH3 at room temperature affords a mixture of the titte 
compound (55% from CH2CL2) and 27% CSHSW(1l3_CH2CsH4CH3-4)(CO)2 [51]. 

PurpLe crystaLs. lH NMR (CD2CL2): 2.12 (s,4-CH3), 5.23 (s, CsHs)' 6.80 (m, CSH4), 7.29 
(m, CsHs) ppm. 13C{lH} NMR (CD2CL2): 22.1 (4-CH3), 90.7 (CsHs), 123.2 to 135.8 (CSH4 +CsHs), 
168.4 (C-1 of CSH4), 222.1 (CO, J (WC) = 171 Hz), 235.9 (CO, J (WC) = 181 Hz), 339.6 (d, J..l3-C, 
J(PC)=7 Hz, J(WC)=94 Hz) ppm. 31P{lH} NMR (CD2CL2): 23.3 ppm. The 13C{lH} and lH NMR 
spectra show one CsHs environment and two CO sites present in soLution. In view of the 
X-ray diffraction resuLts (see beLow) this impLies that the titte compound is fLuxionaL in 
soLution, undergoing arearrangement wh ich brings about time-averaged Cs symmetry on 
the NMR timescaLe and racemizing the chiraL structure in the solid state [51]. 

MonocLinic, space group P2,tC-C~h (No. 14), a=10.034(4), b=21.514(8), c=17.964(6)A, 
ß=91.73(3)O; Z=4, dc =1.93, dm =1.94 g. cm- 3. The structure is given in Fig.18 (CH2CL2, 

Fig. 18. MoLecuLar structure of (CSHS)3PCU(J..l3-CCsH4CH3-4)(W(CO)2CsHs)2· CH2CL2 with se­
Lected bond Lengths (in A) and angLes (CH2CL2 omitted). 
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isolated by normal van der Waals distances, is omitted). The compound contains one Cu 
and two W atoms arranged nearly in an isosceles triangle, which is asymmetrically capped 
by the Jl3-CCsH4CH3-4 ligand. The Cu is also weakly coordinated by two of the CO groups 
in a semi-bridging manner, and very weakly attached to a third. The coordination of the 
CO ligands to W is nonlinear ; the degree of nonlinearity correlates with the Cu-C dis­
tances [51]. 

[Cu{(Jl-CCsH4CH3-4)W(COhCsHshlPFs (see XII) has been prepared from [Cu(NCCH3)4]PFs 
and 4-CH3CsH4C=W(CO)2CsHs in CH2Cl2. After addition of light petroleum ether, orange 
crystals are formed in a 82% yield. IR (CH2Cl2): 1942 and 2021 (both CO) cm- 1 [51]. 

+ 

XII 

[N{ =P(CsHshhl+[(CO)12Fe4CuC(NCCH3)]- [39] and [N(C2Hs)J+[(CO)14FesCuC(NCCH3)] [39, 
50] with the anion skeletons (CO omitted) XIII and XIV have been described in "Organoiron 
Compounds" C7, 1986, pp. 261 and 360. 

Fe 

d~\\ Fe---Y' \ 'c- _Fe 
Fe o:::::! ..1.."" / / \1 Cul 

~l/'NCCH3 
XIII Fe XIV 

CH2=CCu(CL)Rh(CsHs)P(C3Hrlh (see XV) has been prepared from the vinylidene complex 
CH2=C=Rh(CsHs)P(C3Hrih and Cu Cl at room temperature with a yield of 71%. The orange­
red crystals are air-stable for a short time. 1H NMR (CDCl3, 25 "C): 1.26 (dd, J (PH) = 14.6 Hz, 
J(HH)=7.0 Hz) and 1.31 (dd, J(PH)=13.9 Hz, J(HH)=7.0 Hz; both for CH3), 2.21 (m, PCH), 
4.10 (dd, CH2=, J(PH)=2.3 Hz, J(RhH)=2.3 Hz), 5.32 (dd, CsHs' J(PH)=1.1 Hz, J(RhH)= 
0.6 Hz) ppm [46]. 

XV 

CH3~C~--/CU-1 
(C6HShP-Os-P(C6HSh 

/ \ 
CO Cl 

XVI 

4-CH3CSH4CCu(I)Os(CO)(P(CsHshhCL (see XVI) has been prepared from the carbyne com­
plex 4-CH3CsH4C"OS(COHP(CsHshhCl and Cul in CsHs at room temperature as a green 
solid. IR (Nujol): 255 (OsCl), 1912 (CO) cm- 1. The proposed structure is based on the X-ray 
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structure determination of the analogous AgCl complex which has a very similar IR spec­
trum [38]. 
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System 
Number 

1 

f 
2 
3 
4 
5 

6 
7 
8 
8a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
25a 

Zn~ 26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 

, 1 

Key to the Gmelin System 
of Elements and Compounds 

Symbol Element System 
Number 

Noble Gases 37 
H Hydrogen 38 
0 Oxygen 39 
N Nitrogen 
F Fluorine 40 

CI Chlorine 41 

Br Bromine 
I lodine 
At Astatine 
S Sulfur 
Se Selenium 
Te Tellurium 
Po Polonium 
B Boron 
C Carbon 
Si Silicon 
P Phosphorus 

CrCI2 42 
43 
44 
45 

IZnCr04 46 
47 
48 
49 
50 
51 

~ 52 
As Arsenic 
Sb Antimony 
Bi Bismuth 
Li Lithium 
Na Sodium 
K Potassium 
NH 4 Ammonium 
Rb Rubidium 
Cs Caesium 
Fr Francium 
Be Beryllium 
Mg Magnesium 
Ca Calcium 
Sr Strontium 
Ba Barium 
Ra Radium 

53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

Zn Zinc 69 
Cd Cadmium 70 
Hg Mercury 71 
AI Aluminium 
Ga Gallium 

Symbol Element 

In Indium 
TI Thallium 
Sc, Y Rare Earth 
La-Lu Elements 
Ac Actinium 
Ti Titanium 
Zr Zirconium 
Hf Hafnium 
Th Thorium 
Ge Germanium 
Sn Tin 
Pb Lead 
V Vanadium 
Nb Niobium 
Ta Tantalum 
Pa Protactinium 

Cr Chromium 

Mo Molybdenum 
W Tungsten 
U Uranium 
Mn Manganese 
Ni Nickel 
Co Cobalt 
Fe Iron 
Cu Copper 
Ag Silver 
Au Gold 
Ru Ruthenium 
Rh Rhodium 
Pd Palladium 
Os Osmium 
Ir Iridium 
Pt Platinum 
Tc Technetium 1 

Re Rhenium 
Np,Pu ... Transuranium 

Elements 

Material presented under each Gmelin System Number includes all information concerning the element(s) 
listed for that number plus the compounds with elements of lower System Number. 

For example, zinc (System Number 32) as weil as all Zlnc compounds with elements numbered from 1 to 31 
are classified under number 32. 

1 A Gmelin volume titled "Masurium" was published with this System Number in 1941. 

A Periodic Table of the Elements with the Gmelin System Numbers is given on the Inside 
Front Cover 




