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I. Organocopper compounds 

The reaction of copper aryls with bis(diphenylphosphino)methane in 
toluene produced a complex of empirical formula [Cu(Ph2PCH2PPhz)l - $PhCHs 
(I) which was shown by X-ray analysis to be trimeric. The structural non-equi- 
valence of the phosphine ligands favours the following scheme for the formation 
of the compound: 

3Cu’R + 3Ph2PCH2PPh2 --f 3RH + [Cun(Ph2P==CH=PPh,)C& (Ph,P=CH=PPh;) : ‘.- 

in which the Cun atom ia o-bonded to two carbon atoms [I]_ 
-- 

-. -. 
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Preliminary structural analysis on [MeJSiCHzCu], (II) at -40” has shown 
the tetramer to contain a square plane of copper atoms and three centre two- 
electron a&y1 bridges [Z]. II prepared from Me,SiCH,Li and CuI [3J can be 

used as an aJkyk&ing agent producing (Me3Si)2CIi2, Me3SiCH2CH2CH=CHz _and 
PhCI&SiMe3 with Me;SiCl, CH,=CHCH,Br_and Phi, respectively. Increased 
stabilisation of copper, silver and gold alkyls compared with Me3SiCI12 akyls 
has been achieved with the isoelectronic phosphonium group Me,P*-CH,- 
which forms ylides of -the type III on treating C&Cl and [Ph,PAgC1j4 with an 
excess of Me$=CHz [4]. The electrophihc cIeavage of tetraakyllead by copper(I) 
acetate was found to be highly selective. In methylethyllead alkyls, for example, 
methyl cleavage occurs almost exclusively. A cyclic transition state is postulated 
with c_oncomitant transfer of an alkyl group to the copper atom f5a]. An alkyl 



Me ,,,CH2- “-‘Hz, /Me 

Me/e\ 

CM = Cu, Ag, Au) 

transfer mechanism is also proposed for the facile reduction of copper(H) com- 
plexes by tetraalkyllead compounds_ The reduction step is then a homolytic 
fusion of the unstabie alkyIcopper(II) intermediate [fib]_ 

Isocyanide complexes of copper(I) of stoicbiometry @MeOC,H,NC),CuX 
(n = 1, X = Cl, Br, I; n = 2, X = Cl, Br), (p-MeOC6H4NC)CuXY (X = Cl, Y = Py, 
PPh3, Phen; X = Br, Y = PPh3, AsPh3, Phen, DPE), [@-MeOC,H4NC)CuXY]PF6 
(X = PPh3, Y = Phen; X = Y = PPh3), (C2H5NC)CuCIPPh3 and [&H,NCCu- 
(PPh&]PF6 are reported [63_ The use of the anionic ligands HB(~z)~ and 
HB(Me,pz), to increase electron density on copper led to a stabilisation of the 
copper carbonyls Cu(CO)L [L = HB(~z)~ and HB(Me*pz)& The reactions of 
these carbonyls with other neutral ligands parallel those of CpCuCO, with the 
complexes HB(pz)&L [L = PPh,, PMePh,, P(OPh),, P(OMe&, DPE, AsPhS, 
SbPh3, CNBu-t] being isolated [ 71. 

Cuprous oxide in aqueous BF3 solution absorbs CO to produce a colourr 
less solution, said to contain the cation Cu(CO)4+ from IR spectra 181. Investiga- 
tions into the activities of a series of transition metal ions, including copper 
zeolites, for CO oxidation by 0, found that the activities increased exponential- 
ly with the increase in their standard oxidation potential 193. The formation of 
carbonyl complexes in a CurY zeolite was studied by means of IR spectroscopy 
[lo]. Solutions of copper(I1) chelates of (-)-ephedrine, $-ephedrine, N-ethylnor- 
ephedrine and N-n-butylnorephedrine in isooctane react with carbon dioxide 
producing l/l adducts which slowly lose CO, on standing in air [ll]. The IR 
and laser Raman spectra of phenyIethynylcopper(1) do not support the presence 
of two different types of CkC bonds in the structure as suggested by X-ray 
analysis [12]. Cationic benzene and olefin complexes of the type [CuL,(OTf)l 
(L = 1,5-COD, endo-dicyclopentadiene, OTf = trifluoromethanesulphonate), 
[CuL(OTf)] (L = 1,5-COD, 1,3,5,7-cyclooctatetraene, norbomylene, (E,E,E)-, 
(Z,E,E)- and (Z&Z)-1,5,9cyclododecatiene, 1,3-COD), [CuL,OTf’] (L = trans- 
cyclooctene) and [CuzL(OTf)z] (L = 1,3,5-cycloheptatriene, CsH,) have now 
been fully characterised. Preliminary X-ray data on [ Cu,(C&I,)(OTf),] indicate 
structure IV for this complex. The dichotomy observed between vinyl proton shirk 
in the ‘H NMR of these olefin complexes is explained by variations in the nature 

CuOTf 

. 1 
CuOTf 
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of the mefal-olefm bond [13]. Copper(I) chloride dienes have been prepared 
by distilhng olefins, e-g_ butadiene, into aqueous NH&l + CuCI solutions at 
0°C under nitrogen_ The structures are discussed with respect to the CuCl 
catalysed hydrochlorination of myrcene [ 143_ In the reactions of C&3, 
oIef&, &died potentiometriczaby, with CuCI and AgN03 in aqueous medium, 
it was concluded that complex formation increased with the C number of the 
oIefIn, and that oiefin branching decreased complex formation. Complexes of 
copper ions are considerably more stable than those of silver ions 1153. The 
single exchange-narrowed band recorded from ESR measurements on arene-Cu” 
montmorihonite (arene = benzene, biphenyl, naphthalene and anthracene) are 
interpreted iu terms of the dg Cuu ion functioning as an eiectron acceptor for 
the transfer of z-arene electrons [163. 

II, Reactions of organocuprates and related reagents 

The use of organocuprates in synthesis has been reviewed by Normant 1173. 
Posner’s very detaiIed and comprehensive survey covers the conjugate addition 
reactions of orgauocopper reagents [ 181. 

I_ Lithium--copper compounds 

The decomposition of lithium dialkylcuprates was found to be catalysed 
by the presence of iron impurities, e.g. from imperfectly sealed teflon-coated 
stirring bars [19]_ House [ 191 proposed a dimeric structure for dialkyllithium 
cuprates iu which the a&y1 groups would bind together at the faces (Va) or at 
the edges (Vb) of a tetrahedron formed by the four metal atoms. Conjugate 
alkylation is postulated to proceed via the intermediate (Vc) which could form 
either through electron transfer with subsequent recombination of ion radicals 
or by direct nucIeophiIic addition of Va to the enone- The saturated ketone 
pericyclocamphor reacts with LiR&u (R = Me, n-Bu) producing Via and VIb 
in high yields [20]. 

l-i .R 

(Pa) 

t-i ,‘R 

(Y b) 

0 
+ LiR2CU L 

(ma> 

(for R = Me only) 

(PTb) 

<for R = n-Bu onlu) 
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2. Mixed cuprates 
Unsymmetrical lithium organocuprates of the type LiRCuCN were preptied 

from RLi and CuCN‘,thus requiring only one equivalent of RLi to form the - 

alkylating agent. The nitrile group displayed no tendency to transfer [ 211. The 
newly developed mixed cuprates VII react with acid chlorides, aIky1 halides or 

t-BuOCu + RLi - Li (t-BUO)RCu 

wm 

(R = e.g. Me) 

enones transferring only the R group. A reactivity gradient with the alkyl 
halides and enones for the different R groups of primary > secondary > 
tertiary 9 vinyl was observed [22]. Posner et al. 1231 synthesised and studied 
the reactions of 5 groups of alkylhetero(alhyl)lithium cuprates (VIIIa-VIIIe in 
Scheme 1). The cuprates (VIIId) were found to be most useful due to ease of 
preparation, thermal stability and high efficiency. 

SCHEME 1 

0 l?IUa,YJEb,lZlllc OrYlEd 

for R = n-Bu, s-Bu,cx t-Bu R 

R’-Hal 
StILLa or YIUd RI-R 

0 
R’ 

Yv 

R’ R’ 
Pma or SZllLd 

Br Br R 

Li (Het) RCu 

UIUa) Het = t-euo 
tTUIb1 Het = PhO 
(YIILC) Het = t-BUS 
(QllLd) Het = PhS 
(XilIe) Het = Et2N 

(R = n-Bu, s-Em or t-Bu) 

The reactions of VIIIa or VIIId with the dibromoketone (Scheme 1) is 
said to proceed via a cyclopropanone intermediate [24]. Non-symmetrical 
ketones, e-g- 1,3-dibromo-2-heptanone, are alkylated preferentially at the 
least substituted a-position. Regioselectivity increases from methylation (l/l) 
to n-butylation (3/l) to s-butylation (7/l) to t-butylation (9/l) 1241. The selec- 
tivity of alkyl grdup transfer from the mixed dialkylcuprate IX was demon&t: 
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ea by treating Ix first with one equivalent of PhCOCl then with one equivalent 
.of BuCOCl (Scheme 2). The reaction selectivity was indicated by the formation 

SCHEME 2 

RCECCU + R’Li - Li (RCsC)R’Cu 

(Ix) 

z (R=Bu;R’=Me) 
1 equivalent 5? 
. PhCOCL - PhCMe t BuCsCCu C LiCL 

1 equivalent 

? 
BuCOCl 

BuCCsCBu 

(XI 

of X and the complete absence of any PhC(=O)FCBu [25]. Ease of preparatior 
and high reactivity made IX (R = t-Bu; R’ = CH=CH,) the reagent of choice for 
the vinylation of isophorone [19] (Scheme 3). A reagent produced 

Li (t-BuC&)R’Cu 

-40 to 10” 

0 0 

(R’ = .CH=CH2) 

from LiAlH(OMe), and [CuI], promoted the reductive elimination (95100%) 
of the hetero groups from a large variety of alkyl, allyl, vinyl or aryl bromides 
or mesylates- The reactions, which proceed with retention of configuration for 
the bromides but with 100% inversion for the mesylates (MS) (Scheme 4), are 

postuIated to occur via copper-bromide interaction and then ligand rearrange- 
ment and an SN2 mechanistic pathway, respectively [26] _ 

3, Conjrrgatealkylation 
TIitz primary product of enone alkylation with LiMe#u was reported as 

: XI, which is readily alkylated in situ with alkyl or ally1 halides in which this 
second alkylation is regiospecific if the enone @carbon atom is not disubstituted 



scm 5 

LiMe&U 
L 

& - -Me /CU 
0 0 

RX 
Me 

Me 

(XT) (R = Me (95%), 
R = CH2CH=CH2 r89%)) 

P I 
(1) Li Me&u 

(a)MeT 

0 
Gp+mAP q? 

0 

(XE) < 47%) tXUIl c23%) arm (30%1 

1271 (Scheme 5). When enones with disubstituted &xubon atoms are used (e.g. 
XII) steric hindrance becomes important, proton transfer becomes a competing 
reaction and non-specificity (XIII) as well as incomplete alkylation (XIV) 
result 1273. 

Carbocyclic and heterocyclic enones XV produced XVI with LiMe2Cu [ZS] 
w-&h @-thioethers of Qethylenic esters and ketones, dialkyllithium cuprates initial- 

0-Z 

S 

) OfiZ 

n 

(=I txnr, 

(Z = CH2r NCH3) 

ly replace the hetero group with an alkyl group 1291. LilUe&u reacted further 
only with the enones, but the more reactive n-butyl reagent caused conjugate 
alkylation of the unsaturated esters as well (Scheme 6) 1291. Conjugate addi- 

SCHEME 6 

0 0 0 
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I 
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Li R\Cu 
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I 

co,Et Li R’> CU J./ 

I 

C02Et Li (n -Bu)$u 
-.AJ 

co+ 

n-Bu 

tions to cyclopropylenones proceed preferentially at the double bondregardless 
of whether the cyclopropyl or olefinic moiety was closer to.the carbonyl ._.~--. : 

-. 
Referencesp. 367 

. _: .._. .._- 
< 

_. .~ ._.. ~_ -. .~ -.- 
: 



MYi otzt 

2 

(R = Me.n-Bu) 

Li R&u 

Li R2Cu 

<92%) 

(Scheme 7) [301. Reactions of LiR,Cu with A2*4-dienoic esters readily produced 
approximately equal amounts of the E and 2 isomers of XVII 1311. With vinyl- 
or alkyl-copper reagents, however, the reaction, though slower than that using 
LiR2Cu compounds, occurs with B high degree of stereospecificity and produces 
a high yield of &y-unsaturated esters containing up to 99% of the E isomer [31]. 
With enol acetates of &dicarbonyl compounds and one equivalent of LiR,Cu 
the corresponding a$-unsaturated carbonyl compounds in moderate to excellent 
yields are produced_ The reaction proceeds via a stereoselective replacement of 
acetoxy by alkyl with predominant retention of configuration (Scheme 8) [32]. 

SCHEIHE 8 

+ 
i / 

C02Me RCu - Re‘C02Me 
Li R,Cu 

<5) (E ad Z isomers) 
AcO 0 

Li Me&I 

10.8 / ’ 

With two equivalents of the cuprate, saturated dialkylated ketones are formed 
[32]. Alkenyl-p-chlorophenyl sulphones were found to undergo organocopper 
addition 6 to sulphur, The resulting alkylaryl sulphones could then be selective- 
ly hydrogenolised at the alkylsulphur bond [33]_ This reaction sequence 
(Scheme 9) allows the conversion of aldehydes to t-alkanes having three different 
alkyl groups, or of certain ketone carbonyls to quaternary alkanes [34]_ LiR&u 
and activated allenes form XVIII in a non-stereospecific manner_ Unsymmetrical 
&pra$es transferred predominantly the less anionic of the groups R” and R’” 
(Scheme 10) [35]. 



SCHEME 9 

SCHEME 10 
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LiR2Cu .’ 
) R 

>c 

SOZPhCL 

R’ 
till 

I 
IHI 

R’ LiR”R’Cu 

H z 

(XSA) (58 -89%) 

? 
<Z = S CsH4X-p 

Fi’ 
or ;cZ~H~X-P ; x = OMe, Me or Cl; R”and Rffl= Me,n-E3u,CHMe2, 

0 CsCPh,CrN,I) 

4_ Applications 
Two syntheses of what was believed to be a sex pheromone of the Codling 

Moth (XIX) were reported s~hnultaneously [36,373_ Starting materials XX 1361 
and XXII 1371 and synthetic routes were different but the key penultimate 
step was the same in each case, viz. conjugate alkylation of the Z-alkynoic 
ester XXIII with lithium di-n-propyl cuprate, which proceeded stereospecifical- 
ly cis to give the 2Zisomer XXIV_ Reduction of the ester group afforded XIX. 
One group used the same cis-conjugate alkylation (XX + XXI) [36] to ensure 
E-stereochemistry at the 6-position. Unfortunately XIX was not identical with 
the natural product which is now believed to have GZ-stereochatitry_ Conjugate 
alkylation of the 4,5seco steroid XXV with LiMe,Cu formed specifically the 
product with B,C-cis ring junctions, i.e. the introduction of a S&methyl group. 
Hydrolysis of the vinyl chloride and closure of the A-ring yielded 19(10+9p)- 
abeo-lOa-testosterone (XXVI) [38,39]. A number of compounds of general 
formula XXVIII have been prepared from the readily available XXVII, including 
lla-methyl prostaglandin (XXVII&) formed from LiMe&u reduction of XXVIIb. 
Treatment of XXVIIa withan excess of LiMe&u gave 28% of the desired 
XXVITIa. The major product XXIX was formed by methyl displacement of the. .- .] 
15-acetoxy group coupled with conjugate alkylation 1403. A report on the .~. 
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alkylation of the &position of the prostaglandin precursor XXX utilising vinyl- 
copper tributylphosphine complexes (XXXI and XXXII) has appeared. Protona- 
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OR 
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Son of the initid enolate afforded mcemic mixtures of XXXIII and XXXIV 
[41-j. The copper(I) catalysed reaction of XXXV with the enone XXXVI 
produced eventuahy racemic ll-deoxy-13dihydroprostagIandin El (XXXVII), 
with the thermodynamicahy more stable truns-configuration of the side chains 
predominating [42]_ 

5. Reactions with epoxides, esters and halides 
(i) E_voxides 
AUenic alcohols were generated in good yields by the reaction of dialkyl- 

Iithio cuprates with at-acetylenic epoxides (Scheme II)_ Non-alkylative reduc- . 

SCnEME II 

R’_C-C-+_X ,O\ ,R4 Li (R5)&u 

k2 

KR3 b 

(xxxv111) (X = R’, H) 

tion (to XXXVIII) was competitive in certain instances. Direct attack at the 
epoxide moiety was encountered only in one case and then only to about 10% 
1431. Lithium organocuprates were found to be the best reagents for the reduc- 
tive alkylation of oxiranes. Yields were significantly higher than with other 
organometahic reagents and could be carried out in the presence of unprotected 
carbonyIs_ When Li(n-Bu),Cu was used, the normahy occurring side reaction to 
the ketone gave rise to non-aIkylated alcohols via the butylcopper and copper 
halide reagent artefacts (Scheme 12) [44]. With LiMezCu stereospecific anti-open- 
ingof the ether function in a-oxygen substituted epoxides was observed. 
The reaction was only sIightIy regioselective and no inductive or other 

SCHEBSE 12 

(CH2~+ti(n-Bu]2C~ r (CHa::-,u + n-BuCu 
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OH 
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specific directive influenc‘e could be detected. Product distribution was found 
to be largely a result of conformational control (Scheme 13) [45]. 

(ii) Esters 
Reductive alkylation of the vinylic iodide XXXIX with LiR2 Cu gave 

XXXX, which is a building block for insect juvenile hormones [46]_ The allylic 
lactone XXXXI underwent coupling with the enantiomerically pure viny& 
cuprate XXXXII yielding the acid XXXXIII in high yield. The bulky silyloxy 
group prevented Sn2 product formation. Further transformation produced 
XXXXIV, an important intermediate in the synthesis of prostaglandins AZ, E, 
and F,, 1471. The coupling reactions’ of a number of lithium diorganocuprates 

OL 
3 

i-( H 

I CO,Me 

(XKXTK) 

OH 

Li R2Cu 

* h 

H 

R CO+lc 

(ED=) 

with tosylates is reported [48,49]. With primary tosylates the reactions produced 
high yields of prod&s 1483, but secondary tosylates tended to form elimma- 
tion products as a side reaction [49] (Scheme 14). Partial suppression of these 
side reactions was obtained at low temperatures and long reaction times [48]. 
The reactions with both the cuprates LiR&u (R = Me, Ph) proceeded with. ‘.- 
inversion of configuration presumably via .“SN2-like” attack of cuprate-c.opper 
on the tosyl carrying carbon, producing a square planar triorganocopper(IU) : .:-I-, .- 

.- 
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intermediate [49] (Scheme 15). Difunctional substrates react first at the tosyl 
group for haIo- or keto-tosylates, but Iittie selectivity is shown towards epoxy- 
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to&h& [48]. The order of effeckiveness of the leaving group is OTs _S ‘i &3r $ .:I 1 
Cl 1491. : ‘.; _. .‘I :.. . . ~-~.. 

{iii) Halids -: 

Akylallenes were prepared in high yields by the reaction of either the :- 
halogenoallenes or halogenoalkylallqmes with LiiCu (Scheme 16) [50]. An ex- I 

SCHEME 16 

R: YH ,c=c=c, 
R2 Hal 

R' 
Li R~CU \ lH 
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c=c=c\ 
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(51 - 87%) 

R’ 

k 
CsCH 

R’ Hal 

LiRsCu- R’ 
‘C 

/H 
2/ 

=C=C 

R ‘g 

(62 - 67%) 

(R = H,Me,Et,Pr, n-Em) 

cess of LiR&u (R = Me, n-Bu) with 1,Zdibromides produced olefins (Scheme 
17). The presence of an ester group in the substrate did not-affect the reaction 

SCHEME 17 

R-C”-7”“’ Li Rg cu -w RCH =CHR’ 

Br Br 
(R = R’ = H, n-m, n-C&=, PA,C8H,6C02Me;R”=n-Bu~~) 

[51]. Allylic halides formed three product types on exposure to Grignard 
reagents (Scheme 18). The effect of added metal salts, including CM&, on the 

SCHEME 18 

R R R 

\ 

R’MgX + MX,, 
b 

\ 
- 

CH2X CH3 

( X = Hal , M = FeH,_CUH , NilI, Co= 1 

R\+ /J 

CWCY- 

product distribution .was studied [ 521. The coupling reactions of various 
G_tigna.rds with a-chioroenamines produced two products (Scheme 19) whereas f- 

._- :.-_- .~ 
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scHEb!iE 19 \ -Q- .NR2 
(1) R’ metal 

(2) HjO+ 

Cl -Q= 

0 + 

R’ 

with LiR,Cu only XXXXV was formed [53]_ Cuprous salts catalysed the coupl- 
ing of ally1 chlorides and alkali acetylides 1541 (Scheme 20). Alkynylcopper 

SCHEME 20 

R H 

kc 
i- MCsCR’ -212 ) R\ /H 

R =H2x 

/C--C\ 

R CI-I&=CR’ 

tM = Na. Li; R =H. Me; R’ = Bu, CH20Et, CL . CEt I 

compounds reacted with acid chlorides in the presence of lithium iodide to 
give the corresponding ketones_ Mixed dialkyl cuprates were reported not to 
condense with acid chlorides, however [55] (Scheme 21)_ The reactive species 

SCHEME 21 

0 
LiI 0. 

RC=CCu + R’lCl - RC=CIR’ 

<I+= Ph, Bu; R’z Me,Ph, CH$A) 

0 
Li CRC IC)R’CU + R’lCl - no condensatkn products 

in the reductive alkylation of sterically hindered acid chlorides with Grignard 
r&gent-cuprous chloride mixtures was found to be an alkylmagnesium copper 
compound. Though the major product of the reaction is a ketone, the radical 
decomposition of the intermediate produced a series of side products 1561 
(Scheme 22). Treatment of s,a-dichloro esters with LiMe&u at ambient 

SCHEME22 

RCOCL 
0 

RIM+ -I- CuCl - R’CUMCJXCL - RLR’ 

side p&ducts obtained were: R-8, RXR , R-R and R-H 

temperatures gave a mixture of a-chloro-a-methyl esters and non-chlorinated 
a-methyl esters. At -70°C the reaction produces cr-chloroester enolates which 
gave a-methyl ester enolates on warming to room temperame 1571, 



6, Catalysis _ 

(i) &a&ions of diazonium salts 
The copperchelatecatalysedreaction of cuiliazo~~etophenoneswithsub- “’ 

stituted diphenyl sulphoxides gave two types of products, diary1 sulphides 
(XXXXVI) and oxonium ylides (XXXXVII) in ratios depending upon the. 
substituents of the a-diazoacetophenones and sulphoxide. The novel reaction 
of phenylglyoxal and oxosulphonium ylides in the presence of Cu(acac), 
produces XXXXVIII, but with copper phthalocyanine as catalyst IL besides 

+ 

(IL) (KKKxmTI (XKKXVT) 

XXXXVI is formed [ 58]. Two studies [ 59,603 on the cyclopropanations of 
oiefins in the presence of copper salts have appeared. Regioselectivity in the 
copper(I) catalysed cyclopropanation results from the ability of various copper 
complexes to coordinate strongly to olefins, and is controlled by either the 
relative stabilities-of the met&l-olefin complexes or a combination of steric 
and electronic properties of the carbene and olefin [59$ Copper(I) tiflate, a 
highly active catalyst for these reactions, promotes cyclopropanation of the 
least alkylatecl olefim [593. Two reaction schemes were proposed depending 
upon the type of copper compound used: (a) Attack of the diazo compound 
on the metal-olefin complex 159, SO] or (b) coordination of the diazo corn- - 

pound to copper to form an inversion ylide (L), followed by electrophilic attack 
of the carbonium-ion centre in L on the olefin forming the three-membered 
cyclic transition state represented as LI [60]. Copper(I) perchlorates comfilexed 1 
by heterocyclic amines homolyticahy cleave Z-diazobenzophenone tetrafluoro-: 
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co,lEt 

CL1 <LIl 

borate in neutral solution to 2,2’-dibenzoylbiphenyl(- 70%) and 9-fluorenone 
(-30%) With cupric ions 2-hydroxylbenzophenone is obtained, or benzophe- 
none in the presence of hydrogen atom donors 1611. 

(ii) General reactions 
Corresponding copper complexes have been utilised to introduce isocyanate 

[SS], cyanide 1631 and halogen [64] groups into aryl, porphyrin and aromatic 
compounds, respectively_ The oxidations of PPh, [65] and PEt3 [66] by CuCI, 
are reported. Binary systems of CuzO, CuCl or Cu(acac)z and an isocyanide 
were found to be effective catalysts for hydrosilylation of acrylonitrile by tri- 
chlorosilane and methyldichlorosilane [67]_ Optically pure 1,2-ethano-bissul- 
phoxides and -phosphine oxides have been prepared in a one step synthesis via 
copper promoted oxidative dimerisations of chiral sulphinyl and phosphinyl 
carbanions (Scheme 23) [683_ Reaction conditions have been optimised and 

SCHEME 23 

A-H 

A2 

3 

0 

strong base Ii 
L R’M-CH; 

Cu salt P 

A2 

t (R’MCH, I2 

k2 

<M = S ( R2= electron pair) or P) 

utihsed to convert aryl[69] and vinyl halides [ 703 (via the Gabriel reaction) 
to aryl and vinyl phthalimides (Scheme 24). Reductive removal of halo and 

SCHEME 24 

R-Hal 

/R’ 
(R = I+--C’H=C 

\ 
or aryl) 

(for R = aryl only) 

aryl -NH2 

mesyloxy groups has been effected by a reagent prepared from LiAlH(OCH& + 
CuI [71]. 
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1781. Disubstituted cyclopropanes are the major product of the reaction of 
a-halo-carbonyl and -nitrile compounds and electron deficient olefins using a 
Cu&-iinitrile complex as catalyst. The key step in the mechanism is postulated 
to be a copper carbenoid addition to the olefin (Scheme 27) [791- C&O-iso- 

scm 27 

X-b-$--Y 
C+O - RN-_C 

- x- CH-Y 
f 

Cu(RNQ 1 xy ’ 
t 

Y’ 

* 
4 

Y X-CH =” (RNC)n 
Y 

X = Cl, Br; Y = CO2R. COR. Ch’ 

nitrile compIexes were also effective in esterifying carboxylic acids with alkyl 
halides- When optically-active alkyl halides were used -75% of the activity was 
retained in the product [80). Carbonylation of alcohoIs [Sl], olefins ] 82 J and 
t-alkanes f83], respectively, by copper fricarbonyl in strongly acidic media to 
produce carboxylic acids, is reported. With olefins only t-carboxylic acids were 
formed duo to acid-catalysed re arrangement [83]. In all cases the carbonylation 
reaction was preceded by carbonium ion formation (Scheme 28). Catalytic 

H3C 

0 

/ 0 

HO 

‘0 

Ri t-l+ R\\ 
CH3 

_( 
R‘ = CH3 

R’ = H 

R’=H 

t -f-b0 

- HOOC 

0 
(11 [cucc0~31+ - 

(2) H20 

amounts of [L,Cu(CO), 3’ dissoIved in zdkyldiamines, reduce nitroalkanes to the 
corresponding oximes [84] (Scheme 29). Corresponding silver salts were not as 
efficient. Direct participation of Cu** ions in the acetoxylation of naphthalene 
by Pd(CH3COO)2 results in loss of selectivity [ 85]- Tertiary carboxytic acids 
were prepared by carbonylation and hydrolysis of olefins in the presence of 
C&-CO catalysts, which were formed from Cu20 + CO in 98% H,SO, [ SS]. The 



SCHEME 29 

CL, =’ coordinated amine) 

kinetics of hydration of C,H, to MeCHO were examined at 50-110” in the 
presence of Cu-CuSO, -H2S04 mixtures [87]. Reaction of RCuMgBr, with 
R’CZCH and R2CHXO(CH2),Cl gave RRLC=CHCHR20CH2CH2C1 which with 
BuLi gave stereoselective RR’C=CHCHR*OH (e.g. R = Et, R’ = Me, X = Br, 
R2 = H) [SS]. CCL + C13CC02Me + CH,=CHCO,Me or CH,=CHCN in the presence 
of ‘copper salts and LiCl gave l/l and l/2 adducts [89]. PheCR (R = Ph, 
p-BrC6H&O, p-0zNC6H&0, m-02NC,H&0, PhCH=CHCO) acetylenes were 
obtained in 4068% yields by acylation of PhC=CCu with appropriate acyl 

(LLVa) 

(LIV b) 

chlorides- Also prepared were PheCXC=CPh (X = p-OCC,H,CO, m-OCC,H,CO) 
[go]. LIVa and LIVb are readily formed by treating o-IC6H40H with p-ClC&&- 
OCH,=CCu [91] and (R2R1RH2C60CH2~C)&u (R = halo, R’ = R2 = 
H, halo) 1921, respectively, in refluxing pyridine. 

HI, Silver-carbon bonds 

New stable non-fluorinated o-bonded silver complexes of the type 
[AgC(OR)=NRI], (R = Me, Et, n-Pr; R’ = p-MeC,H,.,) have been isolated from .. 
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iezctions of (R’NC)AgCI + ROH + KbH_ The use of the complex as a synthetic 
reagent for preparing [Ph,PAuC(OR)=NR’], [HgIC(OR)=NR’ 323 and 
[(Ph,P)2PtCl {C(OR)=L’NR’ ) ] by metathesis is demonstrated 1931. A series of 
stable arykilver compounds with dimethylamino, (dimethylamino)methyl or 
methoxy groups bonded to the phenyl ligand is reported. Thus treatment of 
A@rwithLiR(R= substituted phenyl group) produced complexes of stoichio- 
~&try RAg, RAg-AgBr, and IRAg]* - AgBr 1945. When @-[(dimethylaminO)- 
methyljphenyl) siiver is added to an equivalent amount of the corresponding 
organolitbium compound in benzene, the tetranuclear mixed metal cluster 
bis{Z-[(dimethyla&no)methyl]phenyl 3 silver lithium (LV) is formed which 

(LV) 

contains bridging aryl groups between the silver and lithium [95]. Studies on 
the afkylation of silver(I) trifluoromethanesulphonate with PbEta in protic and 
aprotic solvents have inferred that the formation of ethane (or butane depend- 
ing upon the concentration of the reactants) in both solvents can be described 
to (i) protonation of the ethylsilver intermediate in the first case and (ii) reae- 
tion of ethyl radicals formed from homolytic cleavage of the ethylsilver in the 
second case. The reactions are not truly catalytic as with the corresponding 
copper(I) reductions 196]. AgGF, was used to prepare Ib~(C,F,)(CO)(PPh,)~] 
(M = Rh, Ir), {Rh(C,F,)COD(PPh,)]. [Fe(CsF,)2(C0)9] and [Pt(CF=CF,)- 
(CeFi)(PPh3)2] by metathesis with corresponding metal halides [97]. JAg(thio- 
urea)&N] has been isolated and character&d [ 983. The unstable carbonyl cation 

Ag(CO),+ was formed by treating Ag’ in HzSOJ solution at -10 to 24“ with 
CO at l-20 atmospheres [99]_ Preliminary measurements of 13C resonances of 
some siker-alkenes and -arenes point to a correlation between mesomeric 
effects of substituents on the alkene or arene with the resonance shifts, A\6 
[loo]. The values obtained for heats of reactions for the reactions: 

CAg(hfacac)(olefin)] + PPh3 x IAg(hfacac)PPhs] + olefin 

fAg(hfacac)] + PPh3 3 [Ag(hfacac)(PPh&] 

[Ag(hfacac)(olefin)] + olefm (excess) + PPh3 ‘z [ Agfhfacac)PPh3 ] + olefin 

where hfacac is a conjugate base of hexafluoroacetylacetonate and olefin ir. 
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cyclohexene, cis-cyclooctene, COD, and 1,3,5,7-cyclooctatetraene, are in dls; 
agreement with all other available thermodynamic silver olefin data which is 

-., : -. 

said to be indicative of extensive solvation and entropic contribution in the 
previous values [loll. In a detailed study of the factors influencing the corn- _ 
plexing of silver(I) ions with ethylene, it is suggested that the trends-in the ab- 
sorption efficiencies can be correlated with silver(Ijanion interactions in corn- 
petition with silver ionsolvent interactions, and with the structure making 
influence of ions on the solvent [102]. Electronic structures of Ag’ complexes 
with CzH4, propylene, cis- and trans- 2-butene, 2methyl-2-butene were studied 
by using the closed shell SCF-MO method with complete neglect of differential 
overlap for all valence electron systems [103]. Kinetic work on the ,4gNO, and 
AgClO, reactions with ally1 halides in acetonitrile also seems to support the 
competitive a&on-solvent interaction suggestion [ 1041. Treatment of silver 
trifluoroacetate with perfluoroisobutene, perfluoropropene, trifluorochloro- 
ethene and perfluorocyclobutene in DMF, acetonitrile or 1,Zdimethoxyethane 
.utilising KF or CsF as a source of fluoride ion readily produced the correspond- 
ing perfluoroalkyl derivatives of silver. The products were not isolated but 
characterised by i9F NMR. Elemental sulphur inserts into the silver-carbon 
bond in perfluoro-t-butyl and perfluorocyclobutyl compounds forming the 
corresponding thio complexes, which may be regarded as a convenient source 
of these products 11053, e.g. (CF&CSAg f CHz=CHCH21 --t (CF&CSCH&H=CH+- 

Examinations of the localised interactions of silver ions with unsaturated 
hydrocarbons showed that hydrocarbons with isolated double bonds formed 
stronger complexed products than delocalised double bonds [106]. 

IV. Catalysis by silver salts 

The effect of the addition of catalytic amounts of Ag’ to benzyne additions 
of cyclic six- and seven-membered di- and tri-olefins to form exclusively 2 + 4 
type products has been studied. The mechanism proposed (Scheme 30) accounts 

SCHEME 30 

(Z=C,S) 

I -N2r 
- zo, 

Products - 

for both the catalytic effect and the observed product as a function of olefln 
type [107]. Oxidation reactions involving silver ions reported are: (i) AgzO . 
reactions with ArNHNSO (Ar = Ph, p-tolyl, p-BrPh, o-CiOH,, @-Ci&, 
2C,H,C&) producing a variety of products, many resulting from the forma- 
tion of aryl radicals -[108], (ii) the exclusive generation of nitriles RCN from 
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The-intermediate in the insertion of an acetylene into a metbyl_erold bond has : -- -’ 

been character&d structurally (LIX) 11293 as has the cation ICpFe(n-C,&)A& 
(PPh&]* (LX) [1301. Grigntid reagents and Ph3PAuCl have produced Ph3pAyL _: 
(L = C,H&H=CH2-o, C6H&H2CH=CH2) which react with SO* to give-the 
o-sulphinato inserted products [131]. Ph$‘AuC(OMe)=NAr (Ar = p-Me&q) 

‘. ._ 1~ 

can act as a monodentate l&and forming complexes of the type: [@‘h$AuC- 
(OMe)=NAr ) .Ag]‘C104, Ph3PAuC(OMe)=N(Ar)+AgNO. and Ph,PAtiC(OMe)= 
N(Ar)RhCl(CO), [1323. The compounds [MelAuNCSe],, (Me2AuNCOIt.and 
[Me2AuCN]4 have been prepared and their vibrational and ‘H NMR spectra . 
analysed. Bridge cleavage reactions produced [Me,Au(NCO)PPhJ& IMe*Au- 
(NCO)AsPhJ] and [Me,Au(CN)PPh,‘J [133]. 

A series of gold isocyanides has been reported_ New products obtained 
were (R’NC)AuCl[134,135] and [(R’NC)zAu]X [134,135] (X = Clod, PFB) 
where RL is t-Bu, i-Pr, an aliphatic, cycloaliphatic, alkylaromatic or aromatic 
substituent- Reactions of certain of these compounds with alcohols or primary 
and secondary amines have produced carbene and dicarbene gold complexes pf 
formulae {(R’NH)(R’O)C 3AuC1, (R’ = Me, R’ = CH,Ph, p-anisidino, p-NO&sH4; 
R* = i-l& RI = p-NO&H,) 11343, [Au{C(NHR1)(NHR2)(NH,R2)Cl] (R1 = 
R* = t-Bu, R’ = KPr, R* = t-Bu) 11353, {(R’NH)(R3NH)C)AuCl [135,136’1, 
[ C(R’NH)(R3NH)CIzAu]X (X = ClO, 11371, PF, [x35]), [(C6HIINC)Au- 
CC(NHC6HI,)(NHCijH&Hs-p) 31ClO4 11371, [ {(R’NH)(R4zN)C),Au]PF, [135, 
1381, (R ’ = t-Bu, R3 = t-Bu, i-Pr, n-Bu; R’ = i-Pr, R3 = t-Bu, i-pr; R’ = t-Bu, 
R4 = Et, CH,Ph; R’ = i-Pr, R4 = Et; R* = Me, i-Pr) and [{(RNH)(RSNH) Cl,- 
(R5NH&Au&12] [ 1361 (R = p-tolyl, R5 = p-tolyl, p-MeOC&H,, p-FC6H4, o,o’- 
Me&H,, o,o’-(M~&H)~C~H~, PhCH;?, Me, Ph). 

Treatment of specific dicarbene gold cations with PPh3 [1353, CN- 11381 
or MeNC Cl383 gave formamides together with the corresponding gold-PPh3, 
CN- or MeNC salts. Geometrical isomers for {(p-tolylNH)(RNH)C ) AuCl (R = 
p-tolyl, p-MeOCsH4) were identified from ‘H NMR spectroscopy, and this com- 
plex together with the gold dimer reacts with bases to give insoluble [ (ArN=) - 
(RNH)CAuk (x probably 3) [136]. Oxidation of [ {(ArWQ2C)Au]* with Iz 
gave [ {(ArNH),C )2Au12]* 11371. 

VI. Complexes of general interest 

The structure of CuBr(PPh a 3 - f&H6 is essentially tigonal planar. Impor- ) : 
tant parameters are Cu-Br = 2.346(2) A, Cu-P = 2.272(3) SL [139$ Init+ X-ray_ ; 
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c LX11 1 ( LXW 

evidence for the Cu& core of [Ph3PCuX&, (X = Cl, Br) indicates a cubane struc- 
ture for X = C1 &XI) and a step structure for X = Br (LXII) [140]. Structural 
analysis showed [Au6@@-MeCJ&)& (BPh& to have au octahedron of gold atoms 
&XIII) [141]_ Addition of aqueous (Me,N]Cl solution to diglyme solutions of 
Na[_M2(CO),Cp] (M2 = MO, W) and C&l or AgN03 gave Me,N[M’ {M*(CO)&p 12] 
(M ’ = Cu, Ag) salts which appear from IR evidence to have a linear M*-M’-M* 
bridge for Ag only [142]. The series LAgCNS (L = PMe3, P-n-Su,, PEt,Ph, 
PEtPh+, PPh3, AsPh3, SbPh,) have been characterised 11431 and treatment of 
(C,K,,)MCi (M = Ag, Au) with P(OR)3, P(OR)2Ph and P(OR)Ph2 (R = alkyk 
aryl) produced the cations [ML4]’ isolated as the BPh4 salts [1443. The reduc- 
tion of AuCL- by L (L = PPh3, AsPh3, SbPh3) to AuClL, [AuL$ and LClz is 
first order in AuCk- and L, consistent with a reduction of AuCL- to AuC12, 
followed by equilibrium formation of AuClL [145]. In the complexes LAu(thio- 
cyanate), the ratio of AuNCS/AuSCN in solution increases as the trans-effect 
of the Zigand increases [146], Metathetical replacement of Cl: in PPh,MCI (M = 
Cu, Ag, Au) by AgO$Ph in the presence of PPh3 _ save the sulphinate complexes 

:PPh,)2M0,SPh (M = Cu, A& Au) and PPh3Au02SPh. Reactions of the copper 
lroduct with O2 to give the sulphate (PPh3)2Cu03SPh were reported [ 1473. The 
K-ray determination of [AuClJPPh,) J has shown a correlation between structural 
md kinetic frurzs-effects, Bond distances were Au-Cl (tram to P) 2.347 a, Au-Cl 



(trms to Cl) = 2.278 A [14S’f. The preliminary crystal structure of [C&(DPM)I& 
(LXIV) has shown that one iodine atom bridges three copper atoms [1493. 
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