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1. Organocopper compounds

The reaction of copper aryls with bis(diphenylphosphino)methane in
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~ toluene produced a complex of empirical formula [Cu(Ph,PCH,PPh,)] - ~PhCH3
(I) which was shown by X-ray analysis to be trimeric. The structural non-equi-

valence of the phosphine hga.nds favours the following scheme for the formatlon

of the compound‘

3CuIR + 3Ph2PCH2PPh2 - 3RH + [Cuu(thP'—"CH"'Pth)Cuzz (thP—CH——Pth)] S

in whlch the Cult atom lS a-bonded to two carbon atoms [1]
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Preliminary structural analysis on [Me;SiCH,Cul, (II) at —40° has shown
the tetramer to contain a square plane of copper atoms and three centre two-
electron atkyl bridges [2]. II prepared from Me;SiCH,Li and Cul {3] can be

used as an alkylating agent producing (Me;Si),CH,, Me;SiCH,CH,CH=CH, and
PhCH,SiMe; with Me;SiCl, CH,=CHCH,Br and Phl, respectively. Increased
stabilisation of copper, silver and gold alkyls compared with Me;SiCH, alkyls

has been achieved with the isoelectronic phosphonium group Me,P'—CH,™
which forms ylides of the type IIT on treating CuCl and [Ph,PAgCl], with an
excess of Me;P=CH, [4]. The electrophilic cleavage of tetraalkyllead 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 concomitant transfer of an alkyl group to the copper atom [5al. An alkyl
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Me CH_~—M—CH Me
N+ 2 2 \P/
P i N
Me CHZ——I\;/'I-——-CH2 Me
(Ix)

(M = Cu, Ag, AU)

transfer mechanism is also proposed for the facile reduction of copper(Il) com-
plexes by tetraalkyllead compounds. The reduction step is then a homolytic
fission of the unstable alkylcopper(II) intermediate [5b].

Isocyanide complexes of copper(I) of stoichiometry (»-MeOC,H,NC),,CuX
(n=1,X=ClBr, I;n=2, X=_C_Cl, Br), (0-MeOC{H,NC)CuXY (X =Cl, Y =Py,
PPh;, Phen; X = Br, Y = PPh,, AsPh;, Phen, DPE), [{(p-MeOCH,NC)CuXYPF,
(X =PPh;, Y = Phen; X =Y = PPh,), (C,H;NC)CuCIPPh; and [C,H;NCCu-
(PPh;);]1PF, are reported [6]. The use of the anionic ligands HB(pz); and
HB(Me,pz); to increase electron density on copper led to a stabilisation of the
copper carbonyls Cu(CO)L [L HB(pz); and HB(Me,pz);]. The reactions of
these carbonyls with other neutral ligands parallel those of CpCuCO, with the
complexes HB(pz);CuL [L = PPh;, PMePh,, P(OPh),, P(OMe);, DPE, AsPh;,
SbPh;, CNBu-t] being isolated [7]. '

Cuprous oxide in aqueous BF; solution absorbs CO to produce a colour-
less solution, said to contain the cation Cu(CO),* from IR spectra [8]. Investiga-
tions into the activities of a series of transition metal ions, including copper
zeolites, for CO oxidation by O, found that the activities increased exponential-
ly with the increase in their standard oxidation potential [9]. The formation of
carbonyl complexes in a Cu'Y zeolite was studied by means of IR spectroscopy
[10]. Solutions of copper(ll) chelates of (—)-ephedrine, Y-ephedrine, N-ethylnor
ephedrine and N-n-butylnorephedrine in isooctane react with carbon dioxide
producing 1/1 adducts which slowly lose CO; on standing in air [11]. The IR
and laser Raman spectra of phenylethynylcopper(I) do not support the presence
of two different types of C=C bonds in the structure as suggested by X-ray
analysis [12]. Cationic benzene and olefin complexes of the type {CuL.,(OTf)]
(L = 1,5-COD, endo-dicyclopentadiene, OTf = trifluoromethanesulphonate),
[Cul(OT)] (L. = 1,5-COD, 1,3,5,7-cyclooctatetraene, norbornylene, (E,E,E)-,
(Z,E,E)- and (Z,Z,72)-1,5,9-cyclododecatriene, 1,3-COD),[CuL.;OT{] (L = trans-
cyclooctene) and [ Cu,L(OTf),] (L = 1,3,5-cycloheptatriene, CsHg) have now
been fully characterised. Preliminary X-ray data on [Cu,(C;H)(OTE).] indicate
structure IV for this complex. The dichotomy observed between vinyl proton shifts
in the 'TH NMR of these olefin complexes is explained by variations in the nature

CuOTf
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of the metal—olefin bond [13]. Copper(I) chloride dienes have been prepared

by distilling olefins, e.g. butadiene, into aqueous NH,Cl + CuCl solutions at
0°C under nitrogen. The structures are discussed with respect to the CuCl
catalysed hydrochlorination of myrcene [14]. In the reactions of Cs-Cs
olefins, studied potentiometrically, with CuCl and AglNO; in aqueous medium,

‘it was concluded that complex formation increased with the C number of the

“olefin, and that olefin branching decreased complex formation. Complexes of
copper ions are considerably more stable than those of silver ions [15]. The
single exchange-narrowed band recorded from ESR measurements on arene-Cu'!
montmorillonite (arene = benzene, biphenyl, naphthalene and anthracene) are
interpreted in terms of the d° Cu® ion functioning as an electron acceptor for
the transfer of w-arene electrons [16].

II. Reactions of organocuprates and related reagents

, The use of organocuprates in synthesis has been reviewed by Normant [17].
Posner’s very detailed and comprehensive survey covers the conjugate addition
reactions of organocopper reagents [18].

1. 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 [19] proposed a dimeric structure for dialkyllithium
cuprates in which the alkyl 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 (V) which could form
either through electron transfer with subsequent recombination of ion radicals
or by direct nucleophilic addition of Va to the enone. The saturated ketone
pericyclocamphor reacts with LiR,Cu (R = Me, n-Bu) producing VIa and VIb
in high yields [20].

rR-———Cu——-R

Li . Li R
o Y AN BN/
x| Li—{—Li ' Li \
Cu/R—PCu RII \I / _:l? C'u/-‘lcixs— (IZHCH =(l?CH3
R

(Za) (X b) (X oy

+ LiRZCU —

(YLa) (Y1 b)
(for R = Me only) (for R = n-Bu only)
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2 Mlxed cuprates

Unsymmetrical lithium organocuprates of the type LiRCuCN were. prepa:ed -
from RLi and CuCN, thus requiring only one equivalent of RLi to form the -~
alkylating agent. The nitrile group displayed no tendency to transfer [21]. The -
newly developed mixed cuprates VII react with acid chlorides, alkyl halides or

t-BuOCu <+ RLi —_— Li(t-BuO)RCu

(1)
(R = e.qg. 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 > vinyl was observed [22]. Posner et al. [23] synthesised and studled
the reactions of 5 groups of alkylhetero(alkyl)lithium cuprates (VI1Ia-VIile in
Scheme 1). The cuprates (VIIId) were found to be most useful due to ease of
preparation, thermal stability and high efficiency.

SCHEME 1

O O
Vi a, VII b,V c or VI d
Ph——</ 2 — 4
R

o
O

Vila,, Vllb or VId @
for R = n-Bu, s-Bu,or t-Bu R

Vila or VI d 1

R —Hal - R—R
le) O
R‘ R‘ R‘ Rl
\(lH/ Villa or VIEd _
Br Br R
Li(Het)RCu

(Vla) Het = t-BuO
(VIIIib)} Het = PhO
(VYIIc) Het = t-BuS
(YIIId) Het = PhS
(YlIe) Het = Et,N

{R = n-Bu, s-Bu 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 (1/1)
to n-butylation (3/1) to s-butylation (7/1) to t-butylation {9/1) [24]. The selec-
tivity of alkyl group transfer from the mixed dialkylcuprate IX was demonstrat- '
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. ed by treatmg X ﬁrst with one equivalent of PhCOCI then w1th one equivalent
of BuCOCl (Scheme 2). The reactlon selectivity was indicated by the formatlon

. SCHEME 2

"RC=CCu + R'Li —— = Li{(RC=C)R'Cu

(IX)
. O
1 equivalent

i
IX (R=Bu:R!'=M - > PnC = + LiCt
C u e) PRCOCL Me + BuC=CCu i

1 equivatent
o BuCoOCt

Bulc= CBu
(X)
- of X and the complete absence of any PhC(=0)C=CBu [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

SCHEME 3

- /
Litt-BuC =C)R!Cu
- 40 to 10°
o o)

(R' = CH=—=CH,)

from LiAIH(OMe); and [Cul], promoted the reductive elimination (95-100%)
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

SCHEME 4

i deuterated
deuterated reagent reagent
H
Br D

postulated to occur via copper—bromide interaction and then ligand rearrange-
ment and an Sy2 mechanistic pathway, respectively [26].

. 3. Conjugate alkylation

, The primary product of enone alkylation with LiMe,Cu was reported as

- X¥, which is readily alkylated in situ with alkyl or allyl halides in which this
second alkylation is regiospecific if the enone $-carbon atom is not disubstituted



M

+ Cu—M
o Li O/ e o
Me ,
——
Me Me
(X1) (R = Me (95%),

no

CH,CH==CH, (89%))

M) LiMe,Cu . '
@) MeI +
Me ‘
o) o oH

(XI) (47%) (X11) (23%) (XIV) (30%)

[27] (Scheme 5). When enones with disubstituted S-carbon atoms are used (e.g.
XITI) steric hindrance becomes important, proton transfer becomes a competing
reaction and non-specificity (XIII) as well as incomplete alkylation (XIV)
result [27].

Carbocyclic and heterocyclic enones XV produced XVI with LiMe,Cu [28]
with -thioethers of ¢,3-ethylenic esters and ketones, dialkyllithium cuprates initiai-

o o

T
T

(X)) (XVT)

(Z = CH2§ NCH3)

ly replace the hetero group with an alkyl group [29]. LiMe,Cu reacted further
only with the enones, but the more reactive n-butyl reagent caused conjugate
alkylation of the unsaturated esters as well (Scheme 8) [29]. Conjugate addi-

SCHEME 6
? 4
@ LiR, Cu Cj\ LiR>Cu @Ru
S—R R' rR'
R\ 1 .
S R R
Aot _ubcu | A _coEt LinBupcy L _cose

n-Bu

tions to cyclopropylenones proceed preferentla]ly at the double bond: regardless,
of whether the cyclopropyl or olefinic mmety was closer to. the carbonyl v

-...References p. 367 - _
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. OEt LiR,Cu . QA
CO,Et OEt
CO,EL
(90%)
o}
(@] fl
R C—OEt
—— OEt LiR>Cu A)—-<
CO,Et Co,Et
(92%)

(R = Me.n-Bu)

(Scheme 7) [301. Reactions of LiR,Cu with A?-%*-dienoic esters readily produced
approximately equal amounts of the E and Z isomers of XVII [31]. With vinyl-
or alkyl-copper reagents, however, the reaction, though slower than that using
LiR,Cu compounds, occurs with a high degree of stereospecificity and produces
a high yield of B, 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,3-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].

SCHEME 8
=z N B ™M
COMe LiR,CU COMe
( X7 (E ard Z isomers)
ACO O
——
10.8
_/
N\ ~
(92%)

With two equivalents of the cuprate, saturated dialkylated ketones are formed
[32]. Alkenyl-p-chlorophenyl sulphones were found to undergo organocopper
addition § to sulphur. The resulting alkylaryl sulphones could then be selective-
Iy hydrogenolised at the alkyl—sulphur 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,Cu
and activated allenes form XVIII in a non-stereospecific manner. Unsymmetrical
‘cuprates transferred predominantly the less anionic of the groups R” and R"

o (Scheme 10) [35]



SCHEME 9 . o
it SO,PhCL | L
&) )j\Rn /E LiR2Cu ‘R SOZPhCL
' R R |£ 1 :
(RY = H, atkyl) R R
l H
R _CHj
<y
SCHEME 10
Cet o
R\C=<:——c:/R LiR'R"Cu R . R
H/ = \Z _— H/C——-C\ /R‘
[ H
z
(VL) (58-89%)

I}
=3 1
(Z = >C6H4X—p or lSlCGH“x-p ;5 X =OMe, Me or Ci; R’l and Rm= Me,n_Bu,CHMez,

o C=CPh,C=N,I)

4. Applications

Two syntheses of what was believed to be a sex pheromone of the Codling
Moth (XIX) were reported simultaneously [36, 37]. Starting materials XX [36]
and XXII [37] and synthetic routes were different but the key penultimate
step was the same in each case, viz. conjugate alkylation of the 2-alkynoic
ester XXIII with lithium di-n-propyl cuprate, which proceeded stereospecifical-
ly cis to give the 2Z-isomer 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 6Z-stereochemistry. Conjugate
alkylation of the 4,5-seco steroid XXV with LiMe,Cu formed specifically the
product with B,C-cis ring junctions, i.e. the introduction of a 98-methyl group.
Hydrolysis of the vinyl chloride and closure of the A-ring yielded 19(10-90)-
abeo-10a-testosterone (XX VI) [38, 39]. A number of compounds of general
formula XXVIII have been prepared from the readily available XXVTII, including -
11la-methyl prostaglandin (XX VIIIb) formed from LiMe,Cu reduction of XXVIIb. :
Treatment of XX VIIa with an excess of LiMe,Cu gave 28% of the desired
XXVIIla. The major product XXIX was formed by methyl d1sp1acement of the
15-acetoxy group coupled with con]ugate alkylation [40] A Ieport on the . - _,'-3 :

References p. 367
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o »‘Li(n-Pr‘)2Cu

\  COEt

f » /CC)Z Et
A

— Li(n-Pr),Cu
B e o

(XXIV)
t

(XXIT)

alkylation of the S-position of the prostaglandin precursor XXX utilising vinyl-
copper tributylphosphine complexes (XXX1 and XXXTI) has appeared. Protona-

OR OR

LiMe,Cu




\.———/\/\CQZM?
N NN~
orR
(XXVID) ( XXVIE)
(a, R = Acib, R = H) (A.R=Ac:R'=Me:b,R=H.R’ =Me)
O

N/ o,

- CHy

CH,

(XXIX)

o

O
- NN
Cu (//\/\/\/) =
(XXX)

(XXXIV)
(XXXTT)
)
““\_‘:/\/\COZME
(@) .
(XXXV) 1) (n-Bu);P-CuX w{CH3)gCOOH
+ (2) CF;COOH
(o) (3) NH OH .
U‘CHz )COEL 4) KOH SH
(XXXVT)

- ( m ).
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tion of the initial enolate afforded racemic mixtures of XXXIII and XXXIV
[41]. The copper(I) catalysed reaction of XXXV with the enone XXXVI
produced eventually racemic 11-deoxy-13-dihydroprostaglandin E, (XXXVII),
with the thermodynamically more stable trans-configuration of the side chains
predominating [42].

5. Reecctions with epoxides, esters and halides

(i) Epoxides

Allenic alcohols were generated in good yields by the reaction of dialkyl-
lithio cuprates with a-acetylenic epoxides (Scheme 11). Non-alkylative reduc-

SCHEME 11
oH
O 4 1 4
1 s\ __-R i (RS R |_Rr
R—c=c—c—c_, _Li(RPRCu c=c=c—c<{_,
i R x~ i R
rR2 R

(XXXVII) (X = RS, H)

tion (to XXX VTII) was competitive in certain instances. Direct attack at the
epoxide moiety was encountered only in one case and then only to about 10%
[43]. Lithium organocuprates were found to be the best reagents for the reduc-
tive alkylation of oxiranes. Yields were significantly higher than with other
organometallic reagents and could be carried out in the presence of unprotected
carbonyls. When Li(n-Bu),Cu was used, the normally occurring side reaction to
the ketone gave rise to non-alkylated alcohols via the butylcopper and copper
halide reagent artefacts (Scheme 12) [44]. With LiMe,Cu stereospecific anti-open-
ing of the ether function in a-oxygen substituted epoxides was observed.

The reaction was only slightly regioselective and no inductive or other

SCHEME 12
OLi

(CHZOO +Li(N-Bu),Cu —— = (CH@mn-Bu +n-BuCu
_O
(CH@ CuH + N

OH
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SCHEME 13
OR OR ' OR
. ~CH
(> .+ LiMe,Cu Cro*“ (l:k 3
O —_—— 4+
' “CH, (o]%]
(49 -93%) (45 %)
OR OR OR
2 ; A OH A ~CH
Opo == (OF0 (0
f ) ”"CHB OH
(R = H, CHy, OAC) (69 -75%) {29-85%)

€

specific directive influence 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 LiR,Cu gave
XXXX, which is a building block for insect juvenile hormones [46]. The allylic
lactone XXXXI underwent coupling with the enantiomerically pure vinylic
cuprate XXXXII yielding the acid XXXXIII in high yield. The bulky silyloxy
‘group prevented Sy2 product formation. Further transformation produced
XXXZXIV, an important intermediate in the synthesis of prostaglandins A,, E,
and F,, [47]. The coupling reactions of a number of lithium diorganocuprates

(@)
o —H—CF3 OH
Li R,Cu
H
H
R COMe
I CO,Me

( XXXIX) (XXXX)

with tosylates is reported [48, 49]. With primary tosylates the reactions produced
high yields of products [48], but secondary tosylates tended to form elimina-
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,Cu {R = Me, Ph) proceeded with ;
inversion of configuration presumably via “Sy2-like’ attack of cuprate’ copper T
on the tosyl carrymg carbon, producing a square planar tnorganocopper(III) ‘:f- y




Li ("N

Bu-n )ZCU

e

\“‘

Bu-n
o Bu-n
(XXXXTIV)
 SCHEME 14
LiR,Cu + R!OTs

————

R—R

(70 -100%)

R! R Rr!
LiR,Cu + >—OTS —_—

YR+ >
u u n 7
R-CH, R—CH, R-CH

(10 -75%)

intermediate [49] (Scheme 15). Difunctional substrates react first at the tosyl

group for halo- or keto-tosylates, but little selectivity is shown towards epoxy-
SCHEME 15

OTs H
Me —I1— £t LiPhCO Me+€t
3 100 % tnversion
H Ph
& i
| inversion -
R—CufL) + _;C_x —_— R— (lZu—C<
\/ L

“square planar”’

’Atention

v
R—C—

~
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. tosylates [48] The order of effectlveness of the leavmg group is OTs > I ;Br >
C1{49] i

(iii) Ha[xdes
- Alkylallenes were prepared in high yields by the reaction of elther the :
halogenoallenes or halogenoalkylalkynes with LiR,Cu (Scheme 16) [50] Anex-

SCHEME 16
R1\ A LiR5C R1\ H
_Cc=c=cC 1Rty je=c=c{_
R2 Hal g2 Rr3
(51 -87%)
R! LiR3CU' R1\ /H
C=cCH ——2—= _>c=c=c
R?  Hat R g3
(62 -67%)

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

cess of LiR,Cu (R = Me, n-Bu) with 1,2-dibromides produced olefins (Scheme
17). The presence of an ester group in the substrate did not'affect the reaction

SCHEME 17

..n
R—(I:H_(l:HRI _M.» RCH=CHR!

Br Br (R = R'= H, N-BU, N - CpHam, PA,CgH,cCOMe;R"= n-Bu,Me)

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

SCHEME 18
R R
R rRiMgx + Mx
3 LN A + -
N\ CH—R!
CH,X CH, Hy
+
(X = Hat , M = Fe¥, cuT , i, coll )
CHZ—-CHZ

product distribution was studied [52]. The coupling reactions of various o
Grignards with a~chloroenam1nes produced two products (Scheme 19) whereas
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SCHEME 19

| NR, 1) R mef:al> o . C><
SN (2) Hyot R

(XXXXV)

- with LiR,Cu only XXXXV was formed [53]. Cuprous salts catalysed the coupl-
- Ing of allyl chlorides and alkali acetylides [54] (Scheme 20). Alkynylcopper

SCHEME 20
N/ Cupl . A"
+ MC=cR! d2-2 Je=c_
R CHX R CH,C=CR'

(M = Na.Li; R=H, Me; R' = Bu, CH,OEt, ClL , OEt)

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
e Lil Q-
rRC=ccu + R ——w grc=c-r

(R= Ph, Bu; R'= Me, Ph, CH,Cl)

(0]
Li(RC=C)R'Cu + R-1-CI — no condensation products

in the reductive alkylation of sterically hindered acid chlorides with Grignard
reagent—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 [56]
(Scheme 22). Treatment of a,x-dichloro esters with LiMe,Cu at ambient

SCHEME 22

Q
. RCOCI
R'MgXx + CuCl —— = R'CuMgxclt ——a gr-A_g!
. o 0 (o)
side products obtained were: R—ILUt g RrJI.R, 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 a-chloroester enolates which
gave a-methyl ester enolates on warming to room temperature [57].
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é. Catalysis- :
(i) Reactions of diazonium salts

The copper chelate catalysed reaction of cx-dlazoacetophenones with sub- 3

stituted diphenyl sulphoxides gave two types of products, diaryl sulphides
(XXXXVI) and oxonium ylides (XXXXVTI) 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

(@

, -
O+ HOHO o
O l

O
i}
OO @ O, “Or-=-Or
C\
4 HC —C
S @ u@
x 5
CIL) (XXXXVI) (XXXXVI)
+
O

XXXXVIis formed [58]. Two studies [59, 60] on the cyclopropanations of
olefins in the presence of copper salts have appeared. Regioselectivity in the
copper(l) 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 metal—olefin complexes or a combination of steric
and electronic properties of the carbene and olefin [59]. Copper(l) triflate, a
highly active catalyst for these reactions, promotes cyclopropanation of the
least alkylated olefin [59]. Two reaction schemes were proposed depending
upon the type of copper compound used: (a) Attack of the diazo compound
on the metal—olefin complex [59, 60} or (b) coordination of the diazo com- :
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 complexed o
by heterocyclic amines homolytlca.lly cleave 2-d1azobenzophenone tetraﬂuoro-‘ i
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borate in neutral solution to 2,2’-dibenzoylbiphenyl (~70%) and 9-fluorenone.
7 (~30%). With cupric ions 2-hydroxylbenzophenone i is obtained, or benzophe-
none in the presence of hydrogen atom donors [61].

(ii) General reactions

Corresponding copper complexes have been utilised to introduce isocyanate
[62], evanide {63] and halogen [64] groups into aryl, porphyrin and aromatic
compounds, respectively. The oxidations of PPh; [65] and PEt; [66] by CuCl,
are reported. Binary systems of Cu,0, CuCl or Cu(acac), 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) [68]. Reaction conditions have been optimised and

SCHEME 23
o) o)
R‘l!LCH:, strongbase _ ool —cuy @ Susat_ (R’IPACHZ )
R2 !le ll?z

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

utilised to convert aryl [69] and vinyl halides [70] (via the Gabriel reaction)
to aryl and vinyl phthalimides (Scheme 24). Reductive removal of halo and

SCHEME 24

o o
cur
R—Hal + KN\'):© L S Y]
, o

o

R'
KOH (for R = aryl only)
(R = R_'—C’H=C< or aryt) l y Y
arylt -NH2

'mesyloxy groups has been effected by a reagent prepared from LiAIH(OCHs,); +
Cul [71].
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A preliminary communication on the preparation of LII from 1,3,5-hexa: = -
triene and SiR,Cl, (R-= Me, Ph) using Mg/Cu,Cl, mixtures as catalyst, hasap-~ .-

R | |
l SI\R
P~

(Lit) (R =Me,Ph)

peared [72]. Oxidations of dihydrazones to substituted acetylenes occur smooth-
ly in the presence of CuCl in pyridine solution at room temperature [73].
Cupric chloride is an effective coupling agent for lithiopyridine reagents allow-
ing facile and high yield synthesis of substituted 2,2-bipyridyls [74]. Aryl
cyclopentadienes are formed from CpCuPBu; and iodobenzenes [75]. The
alkvlation of copper(Il) chelates of acac and Me—acac by 3,3-dimethylallyl
halides yields both 3,3-dimethylallyl and 1,1-dimethylallyl products from direct
C-alkylation [76] (Scheme 25). The syn addition of butylcopper to various

SCHEME 25
R\(\r O O o o
S T *
(X = Ct, Br, I) 3 o V4 /

propargylic alcohols, ethers and amines was only moderately regioselective.
Increasing the bulk of R and R’ generally increased the ratio of LIITa/LIIIb [77].

R n-Bu H H  Bu-n
(l: « (1) n-BuCu N
H~C=C—C— -
i 2 H€;0 o R _R
R N H o<
R X R X
(X = OH,OR',NRZ) (Lilla) (Lip)

Vinylcopper compounds, generated by the action of alkylcopper on terminal
acetylenes inserted CO, or isocyanates into the Cu—C bond to give «,3-unsaturat-
ed acids or amides upon hydrolysis. The reaction was stereospecifically frans
with respect to the original substituents and the addition of 0.1 equivalents of
P(OEt); proved to be an excellent ligand catalyst for the reaction (Scheme 26)

SCHEME 26 " o
R'CuMgBr
((; lcpu(ogt? : Rl\ P
10 3
—=C—1 Sy = XH
R—C=cCc—H (3) O=C=X 7N
(4) HO R . H

(X =0 or N—Ph)
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[78]. Disubstituted cyclopropanes are the major product of the reaction of
a-halo-carbonyl and -nitrile compounds and electron deficient olefins using a
Cu,O-isonitrile complex as catalyst. The key step in the mechanism is postulated
. to be a copper carbenoid addition to the olefin (Scheme 27) [79]. Cu,0-iso-

_ SCHEME 27

: - Cu,O - RN=C ‘
X—CHz—Y 2 - X—CH—Y

| A A
Cu(RNC) P

Yl

H
Yl > <
)ﬂ\/\/'( - X-—'CliH Cu(RNC),
Y

Y
X =Cl, Br; Y = CO2R, COR,CN

nitrile complexes 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 alcohols [81], clefins | 82] and
t-alkanes [83], respectively, by copper tricarbonyl in strongly acidic media to
produce carboxylic acids, is reported. With olefins only t-carboxylic acids were
formed due to acid-catalysed rearrangement: [ 83). In all cases the carbonylation
reaction was preceded by carbonium ion formation (Scheme 28). Catalytic

SCHEME 28

+ + R
R—\ H A\
H3C\© CH
3
— = HOOC —O
\( ) [Cu(CcO)31™*

(2) H,0
CH3
R‘ =H

=H
R T__ 0 HyC_ _COOH

+
| o [cucon T+

amounts of [L,.Cu(CO), I" dissolved in alkyldiamines, 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(CH;COOQ), results in loss of selectivity [85]. Tertiary carboxylic acids
were prepared by carbonylation and hydrolysis of olefins in the presence of
Cu'™—CO catalysts, which were formed from Cu,0O + CO in 98% H,SO, [86]. The
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SCHEME 29
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[L,cutco + IN==CRR
o

Cco
e
LXC{?
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v d —— L,Cu! + CO, + HON=CRR'
V4
o/
(L, =" coordinated amine)

kinetics of hydration of C,H, to MeCHO were examined at 50-110° in the
presence of Cu—CuS0,—H,S0, mixtures [87]. Reaction of RCuMgBr, with
R'C=CH and R2CHXO(CH,),Cl gave RR'C=CHCHR?0OCH,CH,Cl which with
Buli gave stereoselective RR!C=CHCHRZ2OH (e.g. R = Et, R! = Me, X = Br,

R? = H) [88]. CCl,4 + CI3CCO,Me + CH,=CHCO,Me or CH,=CHCN in the presence
of copper salts and LiCl gave 1/1 and 1/2 adducts [89]. PhC=CR (R = Ph,
p-BrCsH,CO, p-0,NCH,CO, m-O,NC,H,CO, PhCH=CHCO) acetylenes were
_obtained in 40-58% yields by acylation of PhC=CCu with appropriate acyl

(Liva)
R
QL &
o CH;~0O
He 2
(LIVDb)

chlorides. Also prepared were PhC=CXC=CPh (X = p-OCC-,H,CO, m-OCCH,CQO)
[90]. LiVa and LIVb are readily formed by treating o-IC{H,OH with p-C1CcH, -
OCH,C=CCu [91] and (R*R'RH,C,OCH,C=C),Cu (R = halo, R! =R2 =

H, halo) [92], respectively, in refluxing pyridine.

IIl. Silver—carbon bonds

New stable non-fluorinated o-bonded silver complexes of the type :
[AgC(OR)=NR!]; (R = Me, Et, n-Pr; R' = -MeCaH4) have been 1solated ﬁ'om '
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" Yeactions of (RN C)AgCI + ROH + KOH. The use of the complex as a synthetlc
reagent for preparing [Ph;PAuC(OR)=NR'], [Hg{C(OR)=NR!},} and
[(PhsP),PtCl {C(OR)=NR!'}1 by metathesis is demonstrated [93). A series of
stable arylsilver compounds with dimethylamino, (dimethylamino)methyl or
methoxy groups bonded to the phenyl ligand is reported. Thus treatment of
.. AgBr with LiR (R = substituted phenyl group) produced complexes of stoichio-
" melry RAg, RAg—AgBr,and {RAg], - AgBr [94]. When {2-[(dimethylamino)-

- methyl]phenyl }silver is added to an equivalent amount of the corresponding
“organoclithium compound in benzene, the tetranuclear mixed metal cluster
bis{2-{ (dimethylamino)methyl]phenyl }silver lithium (L. V) is formed which

CH,— NM Me NCH,~
O =X~ "0

Lt

.AQ Ag

| Li
CH,NMe, MezN—CH,
(LV)

contains bridging aryl groups between the silver and lithium [95]. Studies on
the alkylation of silver(I) trifluoromethanesulphonate with PbEt,; 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) reac-
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 [96]. AgCsFs was used to prepare [M(C¢F)(CO)(FPh;),]
(M = Rh, Ir), [Rh(CsFs)COD(PPh;)], [Fe(C:Fs).(CO)4] and [PH{CF=CF>)-
(CsF5)(PPh;),] by metathesis with corresponding metal halides [97]. { Ag(thio-
urea),CN1 has been isolated and characterised [98]. The unstable carbonyl cation
Ag(CO),,* was formed by treating Ag* in H,SO, solution at —10 to 24° with
CO at 1-20 atmaspheres [99]. Preliminary measurements of '*>C resonances of
some silver-alkenes and -arenes point to a correlation between mesomeric
effects of substituents on the alkene or arene with the resonance shifts, AS
[100]. The values obtained for heats of reactions for the reactions:

CH,CL
[ Ag(hfacac)(olefin)] + PPh; —— [Ag(hfacac)PPh,] + olefin
CH2Cl .
[Ag(hfacac)] + PPh; ——> [ Ag(hfacac)(PPh;),]

[ Az(hfacac)(olefin)] + olefin (excess) + PPh3 [Ag(hfacac)PPh,1 + olefin

where hfacac is a conjugate base of hexafluoroacetylacetonate and olefin is
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cyclohexene, cis-cyclooctene, COD, and 1,3,5,7-cyclooctatetraene; are in dis- -
agreement with all other available thermodynamic silver olefin data whichis
said to be indicative of extensive solvation and entropic contribution in the
previous values [101]. In a detailed study of the factors influencing the com-
plexing of silver(I) ions with ethylene, it is suggested that the trends-in the ab-
sorption efficiencies can be correlated with silver(I)—anion interactions in com-
petition with silver ion—solvent interactions, and with the structure making
influence of ions on the solvent [102]. Electronic structures of Ag* complexes
with C,H,, propylene, cis- and trans-2-butene, 2-methyl-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 AgNO; and
AgClO, reactions with allyl halides in acetonitrile also seems to support the
competitive anion—solvent interaction suggestion [104]. Treatment of silver
trifluoroacetate with perfluoroisobutene, perfluoropropene, trifluorochloro-
ethene and perfluorocyclobutene in DMF, acetonitrile or 1,2-dimethoxyethane
-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 '?F 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 [105], e.g. (CF3);CSAg + CH,=CHCH,I ~ (CF;);CSCH,CH=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

Z0> + = 2% R ST &
+ Ag” —_— SAg-
+ / + -
NS No

(Z=0C,5S)
-NZ’
-Z0,

Ag\ [ 3 A
Products -e— + -— -—Ag

for both the catalytic effect and the observed product as a function of olefin
type [107]. Oxidation reactions involving silver ions reported are: (i) Ag,O
reactions with ArNHNSO (Ar = Ph, p-tolyl, p-BrPh, a-C,H,, §-C:cH, )
2-CsHsCsH,) 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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Ag" picolinate oxidation of primary amines RCH,NH, [109]. The single step

synthesis of heterocycles containing the —-N=CHQ— (Q = O, NH, S) unit from

isonitriles + amino alcohol (or diamine or aminothiol) + AgCN is communicated.
A carbene intermediate in the reaction is tentatively proposed (Scheme 31)

- SCHEME 31
NH(CH,), QH

RNC + HN(CH,),QH ————= S,
RNH TAg

l

) CH,)
(‘(CHZ n\ _RNHs ( 2 n\

N Q NH Q

NHR
(Q = O, NH, S)

[110]. The reaction of vinyl chloroformate and oxime chloroformates with the
silver salts AgO,CCX; (X = H, F), AgSbF and AgBF, has been studied. '*0O

labelling experiments show that the reaction of the vinyl chloroformate occurs
with retention of the carbon—oxygen bond and proceeds via a carbonate inter-
mediate (Scheme 32) [111]. A study on the mechanism of cis—trans isomerisa-

SCHEME 32
O*
Ag+ Il «
CH,==CHOCOCI _———— _ AgCt + CHRC—0—C—0OCH=CH,
*¥0O,CCRy

|

O*
Il *
CF'3COCH=- CH2 + O=C=0

tion about carbon—carbon double bonds in maleylacetone, maleylacetoacetone
and similar compounds catalysed by Ag' ions has appeared. Comparisons with
enzymatic isomerisations are discussed, and for the Ag'-maleylacetone system

a proton loss from a #-complex in a preequilibrium step followed by intra-

" molecular nucleophilic attack is proposed. The intermediate furanone then
“undergoes facile rotation about the isomerising C—C bond (Scheme 33) [112]
Treatment of 7-isopropylidene-2;3-bis(carbomethoxy)quadricyclane with
AgBF; produced LVI and LVII in the ratio of 3/1. The rearrangement ofa
carbonium jon explains these products [113]. trans-Chlorovinylboronic acid



T 361

SCHEME 33
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and ammoniacal Ag,O gave 2 AgC=CAg - AgCl, presumably by decomposition
of an unstable chlorovinylsilver intermediate [114].

X X X
AgBFa X +
X
X

(X = COCH,) wvri (XVil)

V. Gold—carbon bonds

A preliminary X-ray crystaﬂographic investigation of the complex
AuCl,(C¢H;s)-n-Pr,S (LVIII) has confirmed the strong trans-influence of the -
o-bonded phenyl group. Initial parameters (R = 0.086) observed are Au—C=
2.00(1) A, Au—Cl= 2.27(1) A (trans to S); 2.38(1) A (trans to C) [115]. Treat-
ment of AuX,™ (X = Cl, Br) with phenyl- (or substituted phenyl)-hydrazine -
hydrochloride has afforded a novel route to aryl—gold complexes (Scheme 34)
[116].

Alkyllithium reactions with alkylgold(I) species have been used to prepare
a series of mixed alkyl ligand gold(IIT) complexes [117, 1181. The intermediates
formed, namely R'R2AuPR?;Li (R' = R? = Me, R? = Ph or Me), were not isolated -
but reacted directly in situ in ether solution with aseries of the alkyl halidesR*X-
(R* = Me, CD;, Et, i-Pr, n-Pr, i-Bu, n-Bu or Ph, X=BrorI) producing R'R’R'AuPRY;. -

References p. 367



[€R711]}]

| SCHEME34 Y

followed. by
ortho-metallation
c (e B -
i/ /NH + Cl
Cl—ll\ljc-Nsz
- Ct

B Y@—NHNHZ + AuCiy

H
Y@—NHI{I-’AUCb + C1™
Y | H

H H - H H Cl

Y@-é—é-mc13 raucls, c.aAu-gx-—l.\.l?—)xu—-a
C‘Zl '
@ +cr
v 7




»Wlth thls bynthetlc route stereospec1f1c trans- and czs-alkyldmethyl(tnpheny
fphosphme)gold compounds could be readily obtained. [117,7118]. Lackof i
seiectivity obtained by protonolysm of the mlxed alkylmethylaurate(‘[) with
‘HCI suggests that the reaction proceeds via an oxidative- addltlon mechamsm
‘f118]. Gngnard reagentson. ClAuPPh; have been used to prepare the series of
alkylgold(I) complexes RAuPPh; (R = Me, Ei, n-Pr, n-Bu and neopentyl) '
decomposmon for these alkylgold products proceeds’ by either a reductlv X
coupling (for methyl or primary alkyl) or disproportionation’ mechamsm and
was found to have first-order kinetics for Me AuPPh;. The retardation’ of the -
rate on adding PPh; suggests a rate-limiting loss of phosphine whlch is probably
followed by a rapid association with additional MeAuPPh; [119]. B
A similar mechanism is proposed [120] for the sbereospecnﬁc cis ehmma
tions observed in mixed alkylgold(III) complexes. Where cis- and trans-a]kyl—
gold(IIT) species give the same product, a rapid cis—trans isomerisation follow=
ed by preferential decomposition of the more labile trans isomer is postulated
[120]. Kinetic studies on the spontaneous isomerisation of trans-[t-BuMezAu- -
PPh;] to trans-[i-BuMe, AuPPh,] suggest a dissociative intramolecular rean:ange-
ment involving a gold hydride (Scheme 35) [121]. s

SCHEME 35

trans-t-BuAuMe,PPhy t-BuAuMe, + PPh

3 IR A s
CH, - H
i-BuAuMe, PPhy gr AuHMe, + PPhy
e
2

No evidence was found for intra- or inter-molecular exchange in the system -
cis-[(CH;),(CD;)AuPMe;] + CD;Li. Vibrational analyses were also reported for . .~
(CH,);AuL (L = PMe,, AsMe;), cis-[(CH;),CD3;AuPMe;], (CD;);AuPMe;, '
CX,AuPMe, (X = H, D) and XAuPMe, (X = Cl, Br, I) together with Raman and
IR measurements [122]. The new cationic gold(III) compounds [Me; AuL,]*

(L = PMe;, PMe,Ph, PMePh, and PPh;) formed from [Me,AuX], (X =Cl, I) ex-
change faster with I than Cl™ suggesting nucleophilic attack on the cation.
Evidence suggests that the reductive elimination Step is enhanced by stenc
crowding [123].

The cations of [R(AuPPh;),]BF,; (R = Ph, p-MeCH,, CH,=CH, ferrocenyl o
CpFeC;H;Cl, CpFeC;H;0Me, CpFeC;H,CH,NMe,) were prepared from RAuPPha;-'f_ ,
by treatment with HBF,. The structures of the complexes were determined by- - -
NMR, IR, UV and X-ray techniques [124]. The dimethylgold complexes’ mth
bidentate N-alkyl- and N-aryl-salicylaldimines; (MezAusal - N—R), as well as™
bridged complexes of quadridentate ligands are reported [125]. Oxidative addl’ :
tions of CX;I (X = H, F) to CH;AuL (L = PMe;, PPh;) produced (CH3)3AuL
(CH,;), AulPMe; and cis- and trans-{(CH3),(CF;)AuPMe;] [126] and metathetlcal
reactions with tncyclohexylphosphmegold chlonde gave [(CsHu) PAuX] (X
Br, 1, CECPh acac, COZCQFS) [127] ,
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_ A series of novel organogolé complexes has been characterised. Stabiliza-
tion of the Au—C bond has been achieved with gold ylides (Scheme 36) [128].

SCHEME 36
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The intermediate in the insertion of an acetylene into a methyl—gold bond has ;- =~
been characterised structurally (LIX) [129] as has the cation [CpFe(n—CGm)Auz Ll
(PPhs),1" (LX) [130]. Grignard reagents and PhiPAuCl have produced: Ph;PAuL s
(L = C¢H,CH=CH,-0, C;H,CH,CH=CH,) which react with SO, to give the . R
o-sulphinato inserted products [131]. Ph;PAuC(OMe)=NAr (Axr = D—MeC‘HA

can act as 2 monodentate hgand formmg complexes of the type: [{PhsPAuC— Bl
(OMe)=NAr},Ag}*ClO,, PhPAUC(OMe)=N(Ar)> AgNO; and Ph,PAuC(OMe)= . -
N(Ar)RhCI(CO), {132]. The compounds {Me, AuNCSel,, {Me;AuNCO},.and .
[Me,AuCN1], have been prepared and their vibrational and 'H NMR spectra = -
analysed. Bridge cleavage reactions produced [Me, Au(NCO)PPh;]1. [Me,Au-
(NCO)AsPh;] and [Me, Au(CN)PPh,] [133]. '

A series of gold isocyanides has been reported. New products obtained

were (RINC)AuCl [134, 135] and [(R'NC)AulX {134, 1351 (X = ClO,, PFy)

where R! 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 of-
formulae {(R'NH)(RZ0)C}AuCl, (R? = Me, R! = CH,Ph, p-anisidino, p-NO,C¢Ha;

R2 = i-Pr, R! = p-NO,C¢H,) [134], [Au{C(NHR!'}(NHR2}(NH,R?)Cl] (R' =

R2 = t-Bu, R! = i-Pr, R? = t-Bu) [135], {(R'NH)(R*NH)C}AuCl [135, 136],

[ {(R*'NH)(R*NH)C },Au}X (X = ClO, [137], PF¢ [1851]). [(CcH,,NC)Au-
{C(NHCH,,)(NHCH,CH;-p) }1C10, [137], [ {(R'NH)(R*,N)C},AulPF, [135,

1381, (R! = t-Bu, R® = t-Bu, i-Pr, n-Bu; R! = i-Pr, R® = t-Bu, i-Pr; R! = t-Bu,

R? = Et, CH,Ph; R! = i-Pr, R* = Et; R2 = Me, i-Pr) and [{(RNH)\RSNH) Cl.-
(RSNHz)zAuzClz] {1361 (R = p-tolyl, R® = p-tolyl, p-MeOC:H,, p-FCH,, 0,0'-
M9205H3, 0,0'-(Mech)206H3, PhCHz, Me, Ph).

Treatment of specific dicarbene gold cations with PPh; {135], CN~ [138]

or MeNC [138] gave formamides together with the corresponding gold—PPh,,

CN~ or MeNC salts. Geometrical isomers for {(p-tolyINH)(RNH)C}AuCl (R =
p-tolyl, p-MeOC¢H,) were identified from 'H NMR spectroscopy, and this com-

plex together with the gold dimer reacts with bases to give insoluble [(ArN=)-
(RNH)CAu}, (x probably 3) [136]. Oxidation of [ {{ArNH),C}Aul* with I,

gave [{(AINH)zC}zAUIz]+ [137].

(LXt)

V1. Complexes of general interest

The structure of CuBr(PPhs); - ‘C(,H(, is essentlally trigonal planar Impor- .
tant parameters are Cu—Br = 2.346(2) A, Cu—P = 2.27 2(3) A [139] In1t1a1 X-ray Nt
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(wxn) (LX)

evidence for the CuX, core of [Ph;PCuX]; (X = Cl, Br) indicates a cubane struc-
ture for X = Cl (LX) and a step structure for X = Br (LXII) [140]. Structural
analysis showed [ Aus{P(p-MeC H.,);}] (BPh.}. to have an octahedron of gold atoms
(LX) [141]. Addition of aqueous [Me,N]Cl solution to diglyme solutions of
Na|M2(C0),;Cp] (M2 = Mo, W) and CuCl or AgNO; gave Me,N[{M! {M?(CO);Cp }:]
(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 = PMe,, P-n-Bu,, PEt,Ph,
PEtPh., PPhs, AsPh,, SbPh,) have been characterised [143] and treatment of
(CsH,s)MCI1 (M = Ag, Au) with P(OR);, P(OR),Ph and P(OR)Ph; (R = alkyl,
aryl) produced the cations [ML,]* isolated as the BPhy salts [144]. The reduc-
tion of AuCl,” by L (L = PPhj, AsPhs, SbPh;) to AuClL, [AuL;)* and LCl, is
first order in AuCl;” and L, consistent with a reduction of AuCl,™ to AuCl,",
followed by equilibrium formation of AuCIL [145]. In the complexes LAu(thio-
cyanate), the ratio of AuNCS/AuSCN in solution increases as the trans-effect

of the ligand increases [{146]. Metathetical replacement of CI” in PPh;MCl1 (M =
Cu, Ag, Au) by Ag0O.SPh in the presence of PPh; gave the sulphinate complexes

(LXiv)

'PPh;),MO,SPh (M = Cu, Ag, Au) and PPh;AuO,SPh. Reactions of the copper
sroduct with O, to give the sulphate (PPh;),CuO;SPh were reported [147]. The
K-ray determination of [ AuCl;(PPh;)] has shown a correlation between structural
ind kinetic trans-effects. Bond distances were Au—Cl (frans to P) 2.347 A, Au—Cl
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(trans to Cl) = 2.278 A [148]. The preliminary crystal structure of [Cu;(DPM)Irzr]Vzr L
(LLXIV) has shown that one iodine atom bridges three copper atoms [149]. ~ :
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