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their reactions, is only comprehensive if read in conjunction with

the survey for 1974 appearing in this journal entitled "Transition Metals

in Organic Synthesis", by L.Hegedus. Duplications in these two surveys

have been minimised.{(J.Urgancmetar.tiem.,i33(i5/5) 21="r%%.)

I. Organocopper compeunds

A series of copper alkyls RGuL (R=Me,Et,Pr; L=Bipy, tricyclohexyl

Copper, siliier ana goid, aArnuai Jurvey couvering the
year 1j/5 see de.Urganometai.Caem., 35{(i5/5)o07=509.
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Vphosphxne) and HeCu have been prepared from Cu(acac)z and RZAI(OEt)
1n the presence or- absence of L 1n ether'at low temperatures.> 0n1y the :
RCu{P(C6Hll)3} complexes are’ thermally stable and further react Wlth
'COZ(R—He) to g1ve HeCOZCu[P(Csﬂ 1)3} and JGCOZCU(COZ){P(Cﬁﬂ 1)3} [1].¥pa;i,"
Two new stable organocopper der1vat1ves from aryl-Cu compounds and
'bls(dlphenylphosphmosulphlde)methane or malom.trxle are reported [2]

Copper (I) t-butoxide with NCCH2002H in THF gave NCCHZCOZCu, wmch when
heated in DMF, decarboxylated to NCCH2Cu. - Wlth (NCCHZCOZ)ZCu the
decarboxylation is accompanied by reductlon to the same cyanomechy1¢$§pér(1),'
prodnct [3]. A preliminary X-ray structural'determination h: tMezP(CHZ)iCu]x

B . o
(1) has shown its dimeric nature (x=2). Cu-C bonds averaged 1.96 A [4].

\ - Me;P ) PMe,
S '2 \ ' /
& > /CH -_— M—CH\ _
ch Me,P _ PMe,
[S)

(M = Cu,Aq)

& , (2)

Other copper and silver ylides reported were [tHe3PCH2)éCu]C1 and (2)

from CuCl(PPh3) and MCl (M=Cu,Ag) with TMMP respectlvely. Similar mixed
y11de systems were characterlsed wzth the ligands- PnMezPCHZ and MePhZPCH2
together with the product Me3SLCH CuCHzPMeZ[Sl. An alternate synthet1c
route to vinylmetalaic—copper(l) complexes RZSi(CB—CH ). (CuCl)2 (R—Me Bu Ph)

and RSl(CH—CHZ) (CuCl) (R—He Ph) from CuCl or’ CODCuCl has been found [6]

-The IR specttum of the interaction of’CO with a series of matrix 1solated'
fluotides includlng Cqu has been recorded. The CO high frequency band uas -

correlated to the strength of the electric field of tne metal ioﬂ.at the
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TC nucleus'[7] 7ihe“kinetiee»efvcarbeayiatidn ofrféu(OMe)X] (X=él,Br,MeCOz)
eto give dlmethylcarbonate have been investlgated. ' The "autocatalytic
nature of the ‘reaction’ was ascribed to cuprous carbonyl formatlon. The rate
rdeterminlng step-appearsrto be the rearrangement of a mixed valence dimer
iiike‘tge(bﬁe)X,Cu(CO)X] to a labile carbomethoxycupric species [S]- The
ﬁéﬁ Heat;stable copper carbonyl aed isocyanide comple*es EjBuOCuL(LfCO,
LC“BUfE) have been prepared, with their thermal stability being attributed
torthe strong o—characteristics of the t-Bul ligand. Insertion reactions

were also studied (scheme 1) [9]. A review on the advances in the chemistry
' 3 114 13,

of isecyanide complexes has appeared [10]. 1 C chemical shifts, ~J( N-""C)
(t-Bu0O),C co (1-BuO)Cu + t-BuOCOBu-t
-Bu u -Bu u -Bu u-
2 PhH 90
o
60 °/

= (1) 1-BuOCUCNBu-t
- o veons ]
NMe C
NN
/ \NBu-t
H
) 10 fol
CpCuCNBu-t d m— t-BuN=—=CHCsH4CuCNBu-t

excess t-BuNC

(Scheme 1)

coupling constants and stretching frequencies of the isocyano group in the
isocyanides [(Me3CNC) ACu]BFl' and [(CH2=®CHNC) 4Cu]C104 have been determined.
The results were discussed in terms of inductive and mesomeric substituent

effects on the polarisation and charge density of the -C-N=C bonds{11].

References p. 452



, ‘JThV C NMR spectra of. cyclo-olefincopper(I) complexes have beenv:
:examined. The change in the" chemical shift of. the vinyl carbon upon fi'
co-ordination uas compared to the change observed 1n the proton spectrum, . =
and the Dewar—Cha t-Duncanson model for olefin—metal bonding was used to
compare ehemical shift ehanges observed: in polyolefin and monoolefin com—
plexes. The role played by m-back. donation in ‘the relatively large upfield
shifts observed in monoolefin complexes was described. The usé of copper(I)
triflate as a 13C NMR shift reagent - for olefins was suggested [12] - ItAis

of interest to note that in recent correspondence the validity of many

papers rationalising 130 chemieal shifts for carbon atoms bound to transitioh
metals has been convincingly questioned. Specifically, the'proposal that
very small upfield shifts for olefins bound to d10 Ag(I) supports the linear
relationship observed between- the shifts of w-bonded carbons and those of
og-bonded carbons in the same molecule is hardly convincing as ethylene bound
to dl? Pt(0) exhibits a marked upfield shift on complexing as do olefins
bound to Cu(I) [13]. Calculations on, [14] and the properties of

[15}, metal-olefir m-complexes of ethyleme [14], allyl{14] and propylene

[15] with Cu,Fe,Ni,Ag,Cu+,Ni+ and Pd+'have appeared. The calculations

on the propylene4n—complexes Tevealed that activation of the C-H bonds

in the complexes depends greatly on the nature of the metal ijons [15].
Copper(I) ions in Y-zeolite absorbrethylene-in a 1:1 ratio. .Characteristic
IR specroscopy bands at 1428, 1533 and 1920 cm-l'are reported ilC]; (CunLtaiy .
HgClZ]n and [(QODCuBr)ZHgBrZ]n have been prepared from [CODCuX]2 and

ngé (X=C1,Br){17]. ‘A preliminary X-ray structural determination of the
compeﬁnd CuA(CF3C02)L(C6H6)2V(3) has eppeared. The basic framework consists
70f,4 Cu's in a plane ﬁith'trifluoroacetate groups bridging two coéper atoms.
Each copper has a co-ordination of three by forming w-bonds to benzene in

the - meta-position. 6ther clefins readily replace the benzene. group to give

{Cu(CF.,C0,) (olefin) 1. (olefin = indene, y = 1 x = 4 olefin =*cyelohexa—1,4—
3772 T vix T ? -
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(3)

diene, cyclohexa-1,3-diene, y = }, x=4), aﬁd it was postulated that Cu,
(CF3C02)4is the basic unit for all copper fluoroacetic acid complexes
including Cu(CF3COZ)CO [18]. Eleven complexes of benzene and hexafluoro-
benzene with Ti, V, Cr, Mn, Fe, Co, Ni and Cu have been prepared and

their thermal stabilities determined[19]. The spatial arrangement of the
CuO3SCF3 matrix has dictated a unique stability ordering of alkylaromatics
based more on their shape than on their w-basicity. This property was used
as a basis of the separation of p-xylene from other C8 arenes. The mechanism
of the ligénd exchange reaction was discussed and equilibrium constants

were determined [20].

Increased. carbanionic reactivity of the alkynyl group in copper or
siiver organo complexes by strong g-donor ligands e.g. BugP or t-BulNC,
facilitates CO2 insertion into_the M-C bond (Scheme 2) [21]. Relevant
parameters obtained from the crystal structure of [{CpFe(CO}Z(CECPh)}CuC1]2 %)

B o’ o o
are Cu-Cl 2.29A, Cu-—Cu 3.07A and Cu-C (ethynyl) 2.01A, The acetylene is

References p. 452



412,

L e e TR T
PhC===CH .+ - t-BuOM - —— = . PhC=CM f—————»rPth:,—CCOZMe' S
. : o R - -1 .80%; 1 Cos .. {80-70%) - - .
(2)MeI T

M= Ca,Ag

t-BuOCuUPBu3
R.T. . (1) Co,
(2)Mel

(Scheme 2)

n-bonded to the copper and the CuC, moiety is coplanar [ZZA]. I-'ull papers
on the structure [23] and preparation [24] of Cu4Ir2(PPh3) (C= CPh)8 (5) have
appeared. Refined mean interatomic distances are Ir-Cu 2 87A Cu-Cu

2.74A. Each Ir atom is bonded apically to a PPh3 ligand, with Ir-P=2.26A.
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“The 4 phgﬁylethynyl ligands éié o-bonded to each Ir atom with'ir—C=2;04R.
iﬁﬁch'ééetylenic fragment simultaneously participates in an asymmetric m—
,rinteraction with Cu atoms in the octahedral meridian such that Cu—-—Cu is 1.994
and Cu—--—CB is 2.1853. Each Cu is thus bon&ed to 2 acetylene moieties

[23]. VLigaud substitution of Ar4Cu6X2(X=C1;I) with RLi produced Ar,R,Cug
which:formed ATrR exclusively on thermolysis. The ArR (Ar=a~Me2NC6H£;

_R=PhC=C, p;MeCGHACEC,2,4,6-He3C6H2CEC) is presumably formed by an intra-
molecuiét process via a concerted homolytic Cu-C bond breaking and C-C

bdnd formation. The specificity of the thermolysis was explained in terms

of a template effect as seen in (6) [25].. Linear dicoordinate Cu(l)

e c

® Cloridge)
O cu

8

(6)
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has been observed in che parcially'refined scruc:ure Aof GpR (PPh3)2

(C CPh)CuCl [26]. Far IR and absorptlon spectra of a ser1es of monomeric‘f”
‘and - polymerlc copper organoacetylides have been measured. The absorptlon .
spectra of tﬁe polymers hav1ng the monomeric unlts CuC CR(R:Bu CHZ—CH Ph, PhC C
p—PhCECC ) and CuCZ CQC CCu(Q—p-phenylene 4 4'—b1pheny1ene and’ oxydl-p-
phenylene) reflected'chargeltransfer‘be;ween Cu d»electrons and l;gand*w— ;

electrons [27,28]

A review on c&anide complexes of the transition metais inciuding»
those of Cu,Ag and Au has appeared [29]. The crystal srrucruree of the two
copper cyanide conpounds, [Cuz(Z,Zf,2";triamin0triethylamine)z(CN)Z]
(BPhy), (7) and p—cyano-bis(5,7,7,12,14,14~hexamethyl-1,4,8,11— -
tetraazacyclotetradeca—4,11—diene)dicopper(11) perchlorate (8) have
been reported.(7)»concains trigonali bipyramidal copper with the amine
occupying & sites and an axially C-bonded cyanide ligand (Cu-C 1‘973)
in the fifth position. The cation is dimeric because of hydrogen bonding
of the cyanide nitrogen to hydrogen on the amine [3G]. In (8) the cyanide
ligand bridges cwo copper atoms [31]. Stable mixed 1ligand copper cyanide

.conplexes of formula [Cu(Phen)ZCN]x.ngzo (X=Cl,Br,I,NO3,0104), Cu(Phen)2
(CN)Z'and Cu(Phen)(CN)é haye~been'isolated from aqueous solutions [32].

A study of the kinetic reaction of Cu(CN)AZ— in water and aqueous methanol

by stopped flow-techniques has found the reaction to be second order in

Cu(II) and inversely proportional to the unconplexed CN . This was attributed

to 2 reaction between Cu(CN)3_ and Cu(CN)az- occuring [33].

II. Reactiors of organccuprates and related reagents

1. Organocuprates and Lithium—copper compounds
ESR studies. sﬁowed that Cu(RNC) and Cu O(RNC) complexes transfer

electrons to varlous T-substrates such as nltrobenzenes, benzoqu1none and ’
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(72

tetracyadoethylene, thus producing the anion radicals of these species [34].

The complex metal hydride L1

reasonably stable

Cuﬂ2 was prepared by reaction of LiMeZCu with

in ether.

LiAlH,

:fl'he yellow precipitate was shown to be

‘bélow 70° [35]

References p. 452°
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LiMesCu

PhC==CCO,R
' 72 . -s0

)

(1) >99%: .

RIT.
Ph : Co—ui]| '
N / ST \ o /
» / \
Me COzR )
(12) ' 7 (13) ~ 80%

Fh COzR | Ph . COR ‘ ' ~ Ph
\ / LiMe,Cu \ / ut - \ /
C—= - = —C ) —— . C=—=C
s AN —80 /S AN /S AN
H ~ Br H Cr——%ne
(14) ) v , . ok B (15)
@] 7 o - o> ) .
PhSeBr ) .
, SePh , 88¢%/
83°/k » .
(Scheme 3) -

The formation of a coiialent Cu-C bond 1n t:he conjugate lrnethylat:rionvof
the phenyl acet:ylen:.c ester (9) is reported. If the reactlon a.nd subsequent
protonation were . performed at - -80° only the.: czs—lsomer (11) was formnd, [
proving czs—additlon of reagent -across. t:he trlple bond. On warming the o
reaction mlxture to. RT before protonatlon the 1ntermedlat:es (10) and (12)

reached _equilibriumran‘d 80% . of Vthe_. trcms-lsomer—r(l_B)::;:,es_ulted; Slmllarly i




; : ' _— R 417
,i.;:eter't;ié'i_oﬁ-orfr 'crzrd‘nfiguratian 'i._:as establj.shéd for the reaction (14+15) [36].
I._i"eggx;‘era:cion of !:hevevhon'e molety aftér conjugat;e alkyla'tion was achieved
by: trapp:.ng the Ve‘nolaté ﬁit:h :Pli’Se‘Xi and okidising with hydrogen peroxide
'(s‘c_he:me 3) [37]'. One of the steps used‘v in the selective sﬁthesis of
,3_-mét:hyi-%2—-pegteny11dené triphen)"lphosphorone uses LiMeZCu e.g. EtCECCOZMe
IM Et(Me)C=Ct.IC62Me [38]. Stereospecific addition of LiPhZCu to (16)
gave the ﬁorphine pl.nénylisbquinolinone fragment (17) [39]. Trapping of the
‘iﬁterme&iate enolate (18) as the silyl ether (19), partial purification,

regeneration of the enclate with LiNH, and alkylation gave (20) in 47%

O
MeN
H
(16) : (17)
LiR,Cu
S CsHy Z Can
OC(Me),OMe OC(Me),OMe

18) (19)

COzMe

(20) racenmic

) Referem;_es p. 452 -
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- overall yieAlt.i"A[-l;O]..‘: Orgaﬁocopper ex;olaté/s, génerated by t‘:hre‘act:iou of
vllthium dlalkyl cuprates ‘on enones- underwent regioselectlve annelatlon when
" treated ulth u—silylated v1nyl ketones (22) > (23) [41] - The presence of o
copper ions was found not to be necessary for the regloselect1v1ty of
the subsequent alkylatlon steps- Fven enolates could under aprotic
conditions, be alkylated reglospec1f1ca11y, regardless of whether they

were generated by LiMe,Cu action on enongs.(21)+(22)+(23), or by metbyl—

lithium reaction with the vinylsilyl ether (24)-(25)+(23) [42]. The enone

O OCuMe
/\( LiMe,Cu
[ _LiMeoCu -
~ X
‘ / SiMe3
(21 (22) (23)
OSsiMe, OLi
LiMe
_ e o
X
=
SiMe,
(24) (25)

(26) was prepared in 6 steps from the epoxy lactone (27) by a route
involving ring opening of the epoxy lactol methyl ether (28) with the vinyl
Gilman reagent, Li(CH2=CH)ZCg to give (29) [43].' The'epoxides'(BO),
(R=R"=Me,Ph;R=Me,R'=Ph) were cleaved_by.LiMeZCu—tii or MeCﬁ—Lii to give a
mixture of RR'C=CHCN, RR'C(ORH) CHZCN, RR..' C(OH)CHMeCN and [R'RC {0]:!) ]ZCHCN.

The relative yields of RR"C(OH)CHMeCN and [RR'C(OH)]ZCHCN were iﬁéreased by
using a 1:2 ratio of (30) and,the éoppgr—éontéiﬁinglreagent [44]. VThe_Z,G-

dimetﬁoxyphenyllithium cuprate reageht géve‘2,6-(He0)206H3CH2CH(OH)He;.,.v
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. CH==CHR'

L V L . R o ]
“MeO: il - ) : : ~. <} K H
R N - L R 0 CN
(26) R = p—PhCgH,NHCO ; R'= CO(CH,), Me (27)R=R'=0 (303)
{29) R=R'=H ‘ (28) R = OMe;R' = H

with propylene oxide, and no reaction with trams-2,3-epoxy-6-methyl heptane.
The latter reaction, in fact, produced 2,6,2' 6' -tetramethoxybiphenyl [45].

The final step in the synthesis of tetrahydrojasmone (31) was a conjugate

MeMg1I
CucCt

(31)

addition using a copper catalysed Grignard reagent [46]. Racemic B-vetivone
(33), a fragrent component of vetiver o0il, was synthesised by reaction of
(32) with LiRZCu. The undesired epimer (34) was largely suppressed by
using'the heterocuprate Li[ﬁeCuBr].(BuiZNH)z- The reaction is proposed
to proceed via the intermediate (35) [47]. 1In a study of transition metal
-catalysed reactions of isophorones with LiAlMe4, Cu(agac)2 was found to be
a very much less efficient catalyst than Ni(acac)z. With AlMe3, Cu(acac)2
was more efficient than Ni(acac)z, producing 85% of the 1,4-addition product
(36) with isophorone and 2-cyclohexenone [48].

The'reaction of dibromostilbene (37) with excess LiMeZCu produced
the mixture (38) + (39)- Evidence supported the reaction mechanism

gutlined in scheme 4 for the formation of the dimer (39) [49]. Treatment of

References p. 4527



 (32)' . - {ratio 5:1) X (3'4)”

(33) (35)

(36)

1~pyrro11d1no-6—chlorocyclohexene with L1R20u gave (40) [50]. (E)-MeCH=CHC1l
was reacted sequentlally in ether w1th Li(containing 1%Z Na) at 13° and Cul

at —78° to give [(E)-MeCH=CH]ZCuL1, which on addition of Me(CHZ)7I at

—35° in the p;ésencé,of (Me,N) PO formed MeCH=CH(CH,) SMe in 90% yield

(96%Z E—-and 47 Z—isomer) tSl] - The a—(41) and y—(42)—ailylated products
were obtained from CHZ—CHCHZBr and the copper. dienolate (43) in.a 44:56 °
ratio. Correspondlng reactions with (Z)—CHD—CHCHZBr establish that 7—attack"
is accompanled by . complete allylic transp051t10n of the - allyl group [52].—
Iodov1nyls were alkylated by organomagnesium or lithlum compounds in the

presence of CuT. w1th ‘retention of configuration [53].v CHZ—CRCHzcl (R—H Me) ,j:
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" Ph Me

(37). ‘ (38) Me Ph

LiMe,sCu | (slow)

Y
Ph Br , Ph Me Br
\ / LiMe,Cu \ / \
_'\ (fast) __\ / \
Cu< Cu___ Me Ph

(Scheme 4)

( ?_—“O co,Et
Z : Sen COEt
R
l |

(40)

41) 42)

@dewmt halogen exchange with excess aq. HX(X=Br,I) at 44-80° in the
presence of Cu2C12 to give the corresponding CH2=CRCH2X in 72-90%Z yield
[54]. A complete replacement of iodide groups by CN in (44) and (45)

with CuCN has been effected in hexamethylphosﬁhoric friamide [55]. Kinetic
evidence indicated the intermediacy of an arylcopper in the substitution

of iodide by chléride when an aryl iodide was treated with CuCl in refluxing

DMF e.g. ArI + CuCl + [ArCuCli] + ArCl + Cul [56].

References p. 452



(44) a5

Heterogeneous reactions between alcohols or phenols and ﬁethylcopper
have given copper(I) alkoxides, which are useful reagents for the formation -
of ethers by displacement of halide from organic halides. Thermal decom~
position of primary alkoxycopper(I) generates intermediate alkoxy radicals,
whereas with secondary alkoxycopper(I) reagents either a free radical process
or a mechanism involving a copper hydride appears to operate [57]. Only
moderate yields of cyanides were obtained from.LiRZCu reactions with trityl

isonitrile (scheme 5) [58]. Isopropyl thioallylcopper, generated by the

R
'RM" N Ve Ph,CM
F’h3C N=—C —_—— — +

N\,

- + -
PhC—N==C -

(Scheme 95)
successive actions of sec—butyllithium.aﬁd cuprous iodide on allyl isopropyl

sulphide, added allyl bromides. exclusively at the carbon atom ¥ to sulphur,:

producing products of the type (46) (scheme 6) [59]. R-CH=CR'CH=CHX(R=H,

/\/ (’)5 BulLi FA/S RBTX"Npr :
\< @ Ll \< - e
. Cu ‘

(Scheme 6) - E : w . (46)‘,.-,
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{Hé;fﬁgpk'¥ﬁ;ﬁ;}‘X;PhS,Ph) were preﬁaréd in 23-80% yield (via a l,Z—eliminatibn
-"fé'a”ctionr.of'OAé.and PhS groups) by treating RCH=CR’CH(OAc)CHXSPh with LiRCu
(R2=Me;B;) iﬁ ephér*ét 0 to -35° forvl - 1.5n. [60] Non-alkylative
production of a;B4epd§y-ketones to the corresponding B-hydroxy-ketones

(47) using two»équivalents of LiMeZCu was complete within 5 min at 0°.

o
l>__</ M) LiMe,Cu Ho\/_{
@ur

(47)

The cuprate is a better reagent than Li/NH., as the reaction can be carried

3
out in the presence of unprotected carbonyl groups [61]. This reaction

has been extended to include the reductive elimination of acetoxy — and halo-
substituents adjacent to carbonyls, and proved to be viable for polyfunctional
substrates (scheme 7) [62].7 A dramatic increase in both the overall yield

and the stereoselectivity of the reaction represented in scheme 8 was

brought about by complexing the reagent with PBu3 and dropping the tempera-—

ture from -78° to -100° {63].

2. Genmeral catalytic reactions

A review on transition metal-carbon o-bond fission contains references
to Cu,Ag and Au complexes [64]. Ethyl geranate was synthesised in 99%
yield by treating-Mé2C=CHCH2CH2C(SPh) CHCO Et with MeMgY and Cul [65].
Cucl2 was used as a cocatalyst in the preparation of allylpalladium
chloride dimers from c¢Zs— and Zrans—geranylacetone [66]. Group IB metal
saits in alkylpolyamine solvents catalyse the homogeneous hydrogenation of

nitroalkanes to oximes in good yield. An initial hydride, formed from

the heterolytic splitting of HZ, is postulated as an intermediate [67].

Referem.:_s p- 452



(Scheme 7)

LiEt Cu +
—— e
= OMe - X

(ratio 1:1)

LiEto,Cu—PBus
-100°

o (ratio 5 : 1) Q7 o/

(Scheme 8)

50

529/,

ClCHMeCH=CH.,, was isomerised to MeCH=CHCHZC1 in dioxane at 25° with; (1) »

2

Cu(0Ac), within 150h or (ii) Cu(acac), or. CuCl, within 100h [68].

PdClZ-CuC12 in acetic acid catalyséd the reafrahgement: of tﬁg_ endo—~ and )

OMe
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;:b;ispﬁéts;of{556;(éfphen§1é;e5—*and the unreafrangement of 5,6-(1,8-
ﬁabhfﬁ;lenejn;rborﬁ—z—éne. For the latter, an alkene-Cu intermediate is
proposed and ‘the additlon of -copper salts to the reaction solution tended to
depress carbonlum ion formation [69]. Small amounts: of Cu(II) halides,
added'to reaction mixtures of cyclohexanones and steroidal ketones in
>etﬁy1éne.glycol, ﬁroduced the corresponding acetals. With large amounts

‘of CuCl,, a-haloacetals were formed [70}. Compounds containing labile
Hg-C bénds, e.g. Hg(CHZCOR)2 (R=H,alkyl), react with LCuH[L=(He2N)3P] to
form Hg, AcR and LCuCH,COR. The organocopper complex and CH2=CHCHzBr gave

2

Cu Brz, MeZCHBr, 88% CH —CHCHZCHZCHO and . CHZ—CHCHZPO(OCHMeZ)2 [71].

2
A study of the aldol condensation has concluded that a Claison-Schmidt type
condensation is specifically catalysed by Cu2+ jons [72]. Sulphonyl-1,3-dianions
were oxidised to olefinms by the addition of 4-5 mol. equivalents of CuClZ. The

mechanism was not elucidated but presumed to proceed via a thiirane-S-S5-

dioxide intermediate (Scheme 9) [73]. The ratio of the products formed

R R

e g, ol o >Zi( T >==<
/S AN

R R R R R

R

(Scheme 9)

by oxidative decarboxylation of AcO(CHZ)nCHEtCOZH (n=2,3), initiated by
Pb(OAc)a and Cu (ITI)salts, was not affected by varying the copper ligands
[741. RCECCOZH (R=H,C02H) was decarboxylated in up to 80% yields by CuCl

in nitrile solvents [751.

The Ullmann ether condensations have been reviewed [76]. The role

qf the complexes_of diphenylmethanimine (=L) with copper chlorides, Z.e.

References p. 452
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CﬁLCi,'C zuluuulz aﬁu Cu 2 2,'if'r

etu&ied. The effective intermediate was found.to be CuClL and the effectffe

of oxygen on the reaction was’ noted [77].. When HeI was used as a radlcal'
trap in the reaction of D-NO c H N BFZ ith [Cu(MeCN) ]c1o,, p—-IC u NO

was formed as well -as NO “NO and NOZ@_ N= -<@—NO2

From a study of this reactlon the ‘méchanism was. postulated to occur via

aryl radical addition;to cu(I) followed by reaction-of the resultant
arleu.(II) intermediate with. another aryl radicai to produce diarylCu

(IXI) species. This.can'ﬁow form biaryls in a reductive elimination step

or be reduced by Cu(I) to diarylCu(II), which in turn, -can be.irreversibly
reduced to organocopper(I) compounds capable of cohbining with diazonium
ions to produce azoarene [78]. Benzothiaaole was treated with p—IC6H4N02
in the presence of Cu,0 producing (48) in 727 yield. Also prepared were
(48) (R=MeD) and 2,2'-dibenzothiazole [79]. The reaction of p~Tosde

with R'MgBr in THF over Li,CuCl, at ~78° gave good yields of RR'(R=e.g. -

Et,Ph,octyl cyclohexyl; R'=Et,CMe Ph,cyclohexyl) on slowly warming

3’
to RT [80]. A simple and convenient method for the preparation.

of vicinal alkoxythiocyano- and alkoxyiodoalkanes from the reactions of

CHLCI

R = NO» Cl

(48) - -_ o (49)

olefins with Cu(II) in alcohols has appeared [81]. fIhe two -new prqdacts

E,Z~PhCH=C (CO,H)C(CO,H)=CHPh and the Z,Z-compound were prepared in . .
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-92% 'yield by the oxida:ive*cqupiing765;trans—Phca;c(coza)ngc1 with
iPdCléfCuCli [82].. Some of the bié&ciopropanes used in the study on
fotat‘iénél—isbmerisation»were' obtained by scheme 10, as this method gave

-~ cuc '
_— ———
. CH2N2

TLd

MgBr
9 CucCt

(Scheme 10)

the highest yields [83]. The reaction of CH2=CH(CH2) 2Cl-lClCl-12C013 and
CuCl2 in MeCN containing EtBN—HCl' gave cts— and trans—-(49) via radical
intermediates. Other cyclisations were reported [84]. Isomerically pure

trans-1,4-dienes were obtained by a reaction sequence given in scheme 11[85].

R? R2 R 72
Rc=cr? \C= / CucCl \ . /
r3 Q3T C==C L
\AIH e \ ~ / \ /
Ra/ -H Al\RB H C—C
| AN
R RrR2

HyC=CH—CH,Br
CuC! hexane

(Scheme 11)

Re!‘ei’énces‘p. 452 '
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.¢§m§;un4s 1s.reV19Ved [86] Propargyl and allyl halides have been condensed:;
wiéhitermiﬁal alk&nes inAthe presence pf_Cu(I)esalts. The role of~CuA and }:
 the’influehce.6f'the leaving grouﬁ are diseussedt[87] Unsymmetrically
coupled products were abtalned from reactions of RCu and R C= CCu.' Wlth
conjugated acetylenic acids and MeCu, similar produe;s are obtalned from
decarboxylation fblloweﬁ by coupling [88].,Cu(py)52+fspeeies %eve been
shown, by éPR,—to occur in the homogenous phase oxidaﬁive couplings'of
PhC=CH catalysed by Cﬁ(ﬁy)A(NO3)2‘[89]3 Oxidative diﬁeris;tion'of trans—
HOCMeZCH—CHC =CH with Cu2 »

HOCHMe,, CH=CHC=CC=CCH=CHCMe ,0H. ~ Corresponding condensations of the trans-

acetylene in the presence of Cuzcl2 gave.(i) trans—HOCMeZCH#CHuECCECCHéZGH

Cl and oxygen in pyridine yielded 84Z of trans—trans-

in ethanol and (ii) trans-ﬂocmeZCH=CHCECCHZNEtZ with HCHO and EtZNH 'iﬁ
benzene [90]. The linear acetylenic polyamines, e.g. (50), were.prepaiédi
by a Mannich reaction of dimg:hyle:hyﬁylcarbinolfarmal, piperazine and
HCHO, using Cu2C12 as catalyst [91]. Treatment of m?ICGHACECH with CuCl
in ag. NH3 gave 39Z of m-IC HAC ZCCu, which on Stephens—Castro coupling
gave 5% of (51) [92]. The diacetal (52) (R'—(OMe)z,R—(MeO) CH) and the
acetylene (53) were prepared from (52) (R'= =<<s> ) and (weo)zcuc ZCCu,
and from the copper salt of 2-ethynylthiophene with 5-iodo-2-thiophene

carboxaldehyde respectively [93].

The products X'CH%CX"R.were obtained from halogenation of ﬁCECR
with c'uxz- (X=X'=x"=Cl,Br; R=CN,CH=NOH) and cUC12-cuBy;z mixtures (x';c1;
X"= Br; R=CN) [94].  Radical addition of~XCC13 (X=C1,Br)itngH2=CHCN_and
CuX, gave high yields of C13CCH CHXCN [95]. fbno— aﬁdrdihalegenaEiens qf
a-tetralone and 1ndanone with CuX, (XrCI Br, SCN)- took from between - 7

30—50 min and up-to several hours respectlvely [96]- Addltlon of - HX(X~BI I);

to RCH201 (R—CHZ—CH CH,= CMe, HeCCl—CH) uslng Cu Cl as catalyst gave




:""%C:éCCMézéCHéCCMéZCECCHzN NCHy—
(50)
Z >
I Il
x> =
(51)
RC==C S _C==CCHR’ S C==cC S CHO
X7 o W
(52) (53)

Rcuz'x, [971. The kinetics of thermal reactions of CuCl, and styrene,
cyclohekeﬁe énd but—2-ene in the dark have been studied. The exclusive
formation of dichlorides and the. total nonstereospecificity indicated a
éhloroal@l intermediate [98]. A series of papers on the oxidative
haloger:iétion [162] ‘and the kinetics of oxidative chlorinations and hydro-

-chlori’nrat‘iqns of acetylenes -in the presence of (i) copper salts and

References p. 452
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Vphosphlnes [103] (ii) copper and mercuric halldes [104—105] has appea:ed.,‘Thg

1ntermediate ClCuCH—CHCl was" postulated in one caae [104] RCCl X(R~ .

Cl, X=Br, R—MeOZC EtO C X—Cl) underwent heterolytlc addltlon to R' CH—CR C—

3_H R2=nu. Me, R'=R%= (CHZ)A’ 3—H fu-Rz—H R3—CMe20H CMeZOHe CMeEtOH

CMeBuOH CMe Cl CMe OAc) in ROH (R;Me Et) containing Cu 0 [106]. -

CR (R'—R

The new copper complex of the polyoxime {(CH2)1.6[C(=N0H)C(=NOH)]0_87

[C(=0)]0_2} catalyses a Michael‘type addition of aé;oiein and an alcohol,

to give EXclusiveiy B-alkoxypropionaldehyde. The copper complek, after treat-—
ment with hydrazine hydrate, absorbs 02 and CO [99]. Copper salts catalyse
the reaction of thiophene with diisopropyl peroxydicarbonate, forming thienyl
isopropyl carbonates [100], and the cyclopropanation of olefins by sulphur
ylides [101] (scheme 12). It was suggested that the latter may be a more

readily accessible route to cyclopropanes than diazomethane reactions[101].

® ] \ / Culacac)sz |
PhyS—CH,  + S — Ph,S + 7Av

(Scheme 12)

III' Silver-carbon bonds

Tne formation and thermal decompos1t10n of several primary and secondary
alky]_AgPBu complexes has been studied. .For BuAgPBu, the evidence points
to a process'in which C-C. bond fprma;ion ié concerted with Ag-C bond breaking.
For sec—BuAgPBp3 the products pqint,to a possiﬁle’Ag—H iﬁtermediaCe [107].
Addition of AgOAc in pyridine to an excess of_VCHZN2 iniéthef'at ~5° rapidly
gave a yellow‘qrange precipitaﬁg of AgZCNZby. Pyridine was readi;y lost

in vacuo: at 25° to produce a crimson complex of formulation (54) {108].
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Ag ;i. :
5\\CF¥=éE§ €3 ———— "j::fg———:ﬁEEEEN ——— \\\C*———-N::=::N
Ag//r Ag Ag
(34)

AgCN reacts with KSCN to form K[Ag(CN) (SCN)] and KZ[Ag(CN)(SCN)Z], which were
characterised by X-ray analysis [109]. Alkyl halides and Me4N[Ag(CN)2]

gave the corresponding alkyl isocyanides in quantitative yields [110].

Treatment of RhC1l(PPh with Ag(CECCGFS) afforded RhAgz(CECCGFS)S(PPh3)3,

3)3
the structure of which has been resolved crystallographically (55). The

rhodium atom is essentially octahedral and the Ag essentially tetrahedral.

Each Ag atom is linked asymmetrically to three acetylene bonds. Main mean
parameters observed were; Rh-P 2.343,Rh—c 2.25&, C=C 1-19—1-223. Ag-C
bond distances to nearest carbon of the acetylene lie between 2:34 - 2-644

and to farthest 2.60-3.13a [111].

Thermodynamic data for the formation of complexes of Ag' and cut with a
‘series of liquid monoolefins has been discussed with regard to the influence
of structural parameters of the olefins on the data. This influence may
often be marked when comparing log K values owing to marked changes in AS°
values. Opposing trendsiobserved in the thermodynamic data for desolvation
may explain contradictions observed in the literature with increasing alkyl
substitution [112]. Formation constants for Ag(I) complexes of several
olefinic alcohols have been measured and values for some of the olefins
support the chelate structure (56) in solution [113]. The silver salt of
trifiuvoromethanesulphonic acid forms similar complexes with aromatics to
those of copper [114]. The crystal structures of naphthalene-{115] (57)

and anthracene—[llG]—(AgClO4)4 have been completed. These structures are

References p. 452



(CHLy,

(56)

very similar ;n@ comprisé of parailel sheets in the ofder —aromatic—AgCth—
HéO—HZO;AgCloa—aromatic;. Thé sheets are pade up of two AgClO4 chains

helc-l ;ogethe_rr by weak Ag—O inf.eractions and Van DerVWaal's forées. Each
naphtﬁaleﬁe is associa-ted with four diéferent hydrated Ag iomns Vw:'.th equal :
Ag—c’bohds of 2.61§,and the compounds are best ngcribéd as arene‘clgﬁhra;es.
Fofv(CF3C00Ag)2C6H6-the'moiecule compriseS»of paralleivlihear éhaiﬁ§ §f;‘
metal'étomsivith aitérﬁaﬁing shorf and long.distances 6f?~2-9 and 6;8§

respectively. Novel features of this structure are; planar 3-coordinate.



oxygen atoms and a silver atom; two different geometric configurations for

the Ag ion in the same structure, and bridging benzene ligands. (58-59) [117].

IV Catalysis by silver salts

A series of papers has appeared on the Ag+ catalysed rearrangement of
strained carbon-carbon bonds. From studies [118-120] on effects of structural
chénges on the rearrangement mechanism in the AgClOA promoted isomerisation
of’tricyclo[4.1.0.02’7]heptanes it was shown that, with C; functionalised,
th‘}a"l,Z—’hydride and alkyl shift to an argento carbonium ion centre, from

suitable constructed side chains, competes favourably with migration of
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'éh' gliy;iéié;clohéxg;e'hy&régen'[1181. .ihé méchéﬁiétié diversion from
;ﬂékégtiﬁ$i§e g{rearfangement to the B,>Yor s ééthways is further partitioned
.gé tﬁe b;lk”bfffhe substituent ét Ci is increased, with the ensuing stereo;
_épécifif: for;méﬁion of t;icyclo[3.2.0]hept—6—en‘es (Y-pathway) . The consistency
vofAisoﬁefic prbduct distribution from isomeric tricycloheptanes indicated

tgha; a Secondary influence via conformational effects, from substituent

effects at the 3-position, was in operation, and served to demonstrate the

the regioselectivity of the isomerisations (scheme 13) [119]. The mechanism
i

CHs

X X
a ¢ Y CH, _-Y
+
A
b d g +
X CHas
Y . .
major minor

b—c cleavage c—d cleavage

(Scheme 13)

of the Y-rearrangement is consistent with a bimolecular reaction between

Ag+ and the stréined ring involving competitive edge attack at bonds b-c

or c-d and ultimate 1,2-carbon shift (scheme 14) [120}. To account for the
a-rearrangement, an attack by Ag+ above the plane defined by the two edge-
bonds flanking C7 was postulated [120] (scheme 15). The rearrangement of

the 9,10-diazobasketanes (60) by Ag+ to 9,l10-diazosnoutanes was sensitive to
the nature of R and position of substitution, particularly for R=CN [121].
Thev:eaction of Ag"'vwith (61) gave 1,3-cyclohexadiene [122], and with bicyclic
orgaﬁoboranés to give a mixture of monocyclic ketone and éis-monocyclic
olefin._ In the latter case a diradical intermediate is proposed (scheme 16)

[123]. An ionic mechénism appears to operate .for the Ag+ isomerisations

References p. 452 -
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(Scheme 14)

H H A ’ ,
Ag+ /),, °] : ‘
———— —_—
3 . .
. ) ] R
. R R, Ry Ry !
. ) Ry -

R, = electron donating

(Scheme 15)

of quadricyclanes (scheme 17).7'The study, which compared the various effects
of Rh(I), PAd(II) and Ag(T), showed that .with Ag(I) in aprotic solvents in

éll'caseé theréole'product is (62)-. fn'MeOH or prétic solvents only Ag(i)
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: R’ : RI:
l o g l o
X N
Ozk N O% N
N N | R
R
(60)

61)

A5 O O

(Scheme 16)

E E E E
Agt very
fast E E
E S =)
. Ag
[§25))

Ag(I) (62)

(Scheme 17)
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'g'e_zve-a'inixture of isomeric products of (63) '.[124_] . .'Vi"Iiii{_aY'Ag,';('i_)-"px_':bmoted_,
'alkox‘y]'. group “ionisation ‘pr‘oce‘ss in ,neut_:ral_‘- splveﬁf:s ‘of ,negli’giﬁle, :riiu:':l_ej:;.;
philicityv has been sti.x_di’ed.m ‘Mechanistic aspects (séhume 18‘)' ‘and 'synth'et'ic‘” B

applications (scheme 19) were discussed. Ag'.in dry benzene was found to

MeQ H
—
Ag-——OCHa
{Scheme 18)
. OMe .
Ag "\ + A_/CHZCHZOMe
. PnH - —
H ) CHoCH,OMe
£t0
CH o Eto
Me
4
AQ”
R ﬁH
C
Me/ \H

(Scheme 19)
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- be an eXceedinglyAmild'method for removal of benzhydryl blocking groups
in'benzhydfyl ethers [125]. From the majority of products obtained from
the silver ion assisted solvolysis of the compounds (64-66), an inter-

mediate éyclopropyl cation (67) or a partially opened species (62) uware

Br Br Br Br

(64) (65)

66)

proposed [126]. The 2-methoxyallyl cation generated from the bromide by
[Ag(CF3C00)]x has been shown to react under remarkably mild conditions

with benzene, toluene p—-xylene and mesitylene to produce a range of new
bicyclics (scheme 20) [127]. The heptene (69) gave (70) with Ag(I) salts

{128].

The use of benzene aé solvent for the substitution reactions of AgX
(X=C104, Triflate) with alkyl iodides inhibited isomerisation and was used
as an effective selective synthetic procedure for forming simple primary
perchlorates or triflates {[129]. AgBF4 facilitates the DMSO oxidations of
alkyl halides by promoting the removal of the halide as insoluble» AgX.

The route was found to be a.convenient technique for the conversion of a

variety~-of organic halides to the corresponding carbonyl compounds under
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Some T
S0 pr ¥ T CF3CO0Ag. -

benzené, —AgBr

—1“

PR

H,0

-H
——a=— hemiketal

HO : S
x"{(x= OH,
HCO3,
CFRCop

—MeX

O~ —MeOH

/ {catal)
H+

(Scheme 20)

O (70)

mild condi tlons [130] Ag0 in at’:etone"éolutionsvis a.n'.excelientv catal'y’st:
for highly selectlve Anti—Markown:Lkov addit:l_ons, glvmg stralght chaln

methyl alkyl ketones in 73- 83A yields via free radlcal pathways [131]



".,Vlj':i;féct’Ar‘evAitrl'enf:;e\‘f:_h:a'.t céﬁpléxat_ﬁion of a c;rﬁop V‘Don_ded halogénr‘witl:l Agt

§ c'ap&:iev Vfdlvlowed’by' a reaction 1n wbich tﬁé. halogen migrates fr._'om carbon
‘to céé:bén 'haﬁ beep'obtained. Thus _B;é:hlorobut-l—ene with AgC104 in MeCN
gave, as -'werll as the usual,_p_l-':oducts, a mixture of cis- and trarns-but-2-
en‘y1 chioridés, [132]; A('7l) undervent cycloadditions in CH2012 ét -60° with

various 1;3-dienes in the presence of AgBFa to produce (72-76) [133].

N
-/ . -
v Z = N(CH,),BF, R
c

(71)
(72) R=H
(73) R = Me
H H ’ H H - ‘
O
. Z
- Z .
(74) (75) (76)

The Ag"' assisted solvolysis of (E,Z) and (Z,Z)-PhCCl=CHCH=CBrPh in AcOH
and the (E,2) isomer in ACZO gave (E,2) and (Z,2)-PhCCl=CHCHCPhOAc and
(Z)-PhCC1=CHC=CPh respectively. The intermediate chloronium ion (77) is

postulated [134]. Cyclohexene was treated with equimolar amounts of

(77)
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1CGHSCH OAgI and AcOAgX (X-Br I) in anhydrous solvents

cyclohexylene esters, and in AcOH—H20 to glve lelS of predominately the;f
cis—isomer . [135]. ) The reactlon of: ONCFZCFZCOX (x—c1) wit:h NH3,NaF AgCN';, =7 2 '_
and NaN3 gave the product w1th X—NHZ,F and CN (48—822) and ONCFZCF NCO (327)
[136].A l—(N—alkylformlmldoyl)1m1dazoles and —triazoles were prepared 7

by the AgCl—catalysed 1nsert10n of : alkyl 1son1tr11es into- the N—H bond

of the imidazole and triazole respectlvely [137].

v Gold—-carbon bonds

——— ———— e e i

A review with 48 refs. on the preparation and reactions of organégold
complexes»has appeared [138]. The reaction of AuBrPPh3 with Mezco or
ﬁeCOCHZCObm in the presence of AgZO gave MeCOCHzAuPPh3 aﬁd MeCdCH(AuPPh3)
coMe [139].  Chero(l,4-oxathian)gold(I) in a solution of MeCN, 2,6-
dime;hyipyridine and Et3N under argon at —10°, reacted with ketene to
form’ AuZCZO (2,6-Mepy), which gavé AUZCZO on heating to 25°. AUZCZO
and PhC=CH gave [AuC=CPh] and acetanilide [140]. The arylgold species
R&N[RjAuX3] (R'=Ph,p—ClC6H4,p—BrC6H4,p-N02C6H4) were obtained from inter-
actions of phenyl or substituted phenylhydrazine hydrochloride and
RﬁN[AﬁXA] (R=Et,n—Bu;x=Cl,Br). A nitrene intermediate, in which nucléobhilic
attack by the carbon atom-bonded to the nitrogen on to the gdld(III)
‘species,.is propesed [141]. Treatment of Ph26=CHMgBr with AuClPPh3 in’

THF gave Ph C¥CBAuPPh3, which on addition of HBF, in Et,0, produced -

[Ph [ CH(AuPPh ) ]BF [142]. Gold ciuster compounds were obtained by

scheme 21. Further.reaqtionrof (78) with“CuBr'gave R4Au Cu2,[143]. A
setiesVof:papetsronAthE'unuSual pfoducts obtained from protonation reaétions
wiﬁh otganogol& complexés have apbearedr[144-148] and fh@'étructure'ofrbné_ N
of the products (79) (R=Cp,R"'=H, M=Fé) has Been detefﬁiﬁéé‘[ié7 143]. " The
two new gold olefin complexes COTAuCl and COTAusz were obtained from COT

-+

and AuCl3 [149]. Dlsplacement of CO from AuCOCl with 2, 4 6 triphenylphosp



443

CHyNMe,

+  AUBrPPhy — e

"% CAuli

or (RdAuzLiz)

(78)
RaHg + MeAuPrn,
R HBF, "= CpyFe, CoFeCa, X X = Br,MeQ,C
. {Ret. 146)
AuPPng
.
HBF, 7~ X
Fe ; R—mw R | , CpFeCgH,AuPPh,
R’ = H,Cl1,Me0.Me,NCH, bar RI=H
: r :
M= Fe.R = Cp NN “ R=cp + .
: PRaP Ali------AUPPh, M= Fe [cra=crtauPPns),
{Ret. 147)
(79)
R'= H‘ {Ref.145) | HBFR,
M = Mn | HBF,.
R = (CO)L
(CH,=CH)AUPPh,
AuPPhia
KMNO,
B
|
™Mn (Ret. 144) MeCOCH,AUPPh,
VN

(Scheme 21) (o] oc [N

L = CO.PPh,

hab_enzene or PhZZn gave 1:1 complexes [150] and Ph3AuZn (80) [151] respec-—
tivélj. . Benzenethiol cleaved the metal-GC bond in methjlgold and methyl
platinum by a fré_e radical chain mechanism. A similar but slower reaction
with: rggthylgold.(II‘I) proceeds by a different mechanism presumably because
vAu>(IV)‘ ﬁoﬂd be involved in the radical process [152]. Alkyl isomerisation,

eis—trans-rearrangement and reductive elimimation reactions were observed

CH,Me C,Me C'HCHZ). Rates of alkyl isomerisation

2 3

with RMeZAuPPh3 {(R=Me Y,VEt, Pr,Me 2
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and rgductive elimination of these comple_xes were ;.retarded by EPh3,, indica;ting

a dissociative mechénism. ’ ciéftzms Rearréngement was :pe;l.atively uﬁaffécte’d

by PPh3 additions and a unimf)lec_ular process, possibly :inv;ilvinf_r»zg a'te;l:'r;af, : .J
hedral gold(IIIr) intermediaf;e', was -sugrg'e:s‘ted':t[iASEj)] .‘: 7‘7_ OgciAativeA»addit'io‘hls of

TIX'(CGFS)Z'(X'=Br,I)Vto'égXL(x=cl,Br51;AF=PPhé,As?Eé)'géve Au§(c6P5)2p;;

The products AuX(CgF;)L (X=CgFy,Ph,NO;,0Ac,SCN;PPh,) were also

‘characterised [154]
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'Au' Okidative_addi;i6n5~of;ﬂéiitq MgAuL(L=P?h3,PMe3) follow a multistep

‘mechanism for L-PPhy giving C,Hy and IAuPPh,. The initial Me,AulPPh, formed

" exchanges further  with -MeI to givé.ne3AuPPh3; which undergoes reductive

relimiqatibn to CéH6 aﬁd{MeAﬁPPh3.' The more reactive gold complex (L=PMe3)
gives,. howe\}er," a more stable M¢3AuPMe3, which does not underga reductive
V,eliminétion. .Ins;gad-a slow reaction with AuIPMe3 and MeI occurs, producing

Me AulPMe, in high yields. Oxidative additions to other alkyl gold

2 3

spécies were also sﬁpdied [155].

Treatment of AuClPPh3 with the electron rich olefin (81)(=L2) gave
the bis—carbene complex AuLzPPh3 [156]. The gold(ITI) anion AuClZ
‘reacted with HO(CHZ)nNC (n=2,3) to give (82), which further reacted with

the isocyanide to give the cation (83), isolated as the BPh4 salt [157].

N N § y +
N ==C/ Cl3Au Au ¢
/ \ \. \

N N O (@) 2

(81) (82) (83)

Flaind N

With isocyanides and amines, AuClZ produced the bis-carbene complex

Au[C(NRR')(NR'H)];(R?H,R'=Me; R=R'=Me). The cyclic product (84) is

OMe

/k Me

N OMe
/
Mel\[l = Sad Y

Au Au- .
— N
. Me :
MeQ
(84)
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formed from reactlons of- AuClPPh3,MeNC and methanol and undergoes

cleavage by HCl to glve [HNMe(MeO)C]AuCl. The carbenes Au{C(NHMe) }
Au{C(NHMe)NMe and {H‘IMe(MeD)C}AuCl yield HC(NMe)NHMe, H(.’.(“Il“[e)l‘l(Me)2

and HC(OHe)NMe respectlvely w1tthN 1n.l-le SO whereas the dlamldldg SR
MeN—CHNMeCH—NMe is the result of Me\C and Au{C(NHMe)2}2 reactlons. fIhese'A
Vllgand dlsplacement reactions establlsh carbene complexes as 1ntermedlates
:1n the a—addition of protlc nucleophlles with 1socyan1des [158] Tﬂe
reactlon of AuClL(L—MbZS PPh3) with an 1socyan1de and KOH m alcohol gave
[(RO) ®r' N=)CAu]3, which was also obta:med from the revers:.b_le deprotonation
reactions of the carbene coﬁple;es [(RO)(ﬁ'NH)C]AuCi- TThé structure
proposed for the trimer is (85) [159]. V'Ihg organic product (g-MeC()HllNH)ZCO
is the result of stirring a SOZFaq.MeZCO solution of the carbene complex

trans-[{ (p—}IeC6H4NH) >C }ZAuI2 1 €10, in air [1160] .

i
R _OR
SNau R'= Me;R = Et,Me, CHyPh, CgHy,,
Au ’
/ : : p—MeCgH,
RO—C N—R
N o ,
/N——-Au——c/ R’ = Mep,CH ; R = p-MeCgH,
R ' L.
(85)

.t

vl Complexés of >general interest

: A,reviév}, with 66 refs., of phosp_hine— and arsineéolefin complexes -
of Pd,Pt,Cu,Ag and Au has appeared '[1671]. The 1:1 adduct of:Cu(Hi:'acac’)zf
anvaPH3'undergoes structural isd@erisaﬁioﬁ in-whiéh’the.éPh351igand,

occupies an - axial or basal coordination position [16_2]._ ~The new
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i?h.cv)ré"p‘lriit.é’—typ;e: goéyiexes -AgCl{P(bEt)Pﬁé },, AgClL [L=P(OMe)Ph,, P(OR)Ph,;
RfMVe:',‘Et" (16311, AUXL[X=C1, L=P(OEE)Ph, [163]3X=GL,Br,L=P(0CH,) CE (16411,
) [AuLL' ]__'C.lvoll [L=P (dcuz) 3CEt,L'=MeCN; L=L'=2(0CH, ) ,CEt[164]], [ML,]1C10, [M=Au,L=
é(ocn2j3catt164] 3 M=Cu,Ag,Au,L=P (0R) ;[165]: P(OR),Ph,P(OR)Ph,[166]; R=Me,Et]
;haﬁe beén prepared by either ligand diéplacement reactions in polar solvents
érrbf reaction with metal halide or olefin complex in a suitable solvent.
The non-conducting compounds [(AgNOB)ZL] (1L=DPE,DPM,cis-1,2-bisdiphenyl-
phosphinoethylene, o-phenylenebisdimethylarsine) have been synthesised
[167]. The sign and magnitude of trans-zprp in [Au(PMeB)Z]+ have been
recorded by the lu{ 3

P} INDOR technique [168]. IR, far IR and Raman spectra

have been measured for the complexes NiL(CO)3, AuXL(x=Cl,Br,L=PPh3,AsPh3)
[169], R4N[AuCl4][l70] and AuXP(A—FC6H4)3 (X=C1,Br)[171] and the various

parameters tabulated. AuC13L (e.g. L=PhCN, p—MeCGH4CN,PhCHZCN) products

Au X
)
124 P .
N = >
@ <)

> = O A =,
(& —@lD (@) N\ &) (D) k S
@& € g UWE—g
0 2l &
Y (86)

R_eferent.:es'p.,452
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-were - found to. form in anhydrous solven‘

as prev1ous1y reported [172] A study of th’Akinetlcs of autoxidat1on of

[Cu(HeCN)A]ClOA has :Lnferred the formatlon of al: leasl: 2 d:.fferent v.mstable
'Cu—OZ adducts [173].- The tris—(trlphenylphosphinegold)oxonlum salt5f'i
KP?h3Au) O]X(X—MnOA,BF ) were prepared from ALC1PPh3 and AgZO—KMnO4 or Agz
NaBF4 [174 175]. A review of cryscal_structure determlnat1ous of Cui, Ag

and Au complexes has appeared (132 Refs.)- [175] A-serles of X-ray struc:urel

determinations for a range of Cu,Ag and Au compoundé hasjbeen reported.

(87)
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;ﬁéégliéievaﬁt parametéﬁs bbégrvédra:e ﬁi)'AuCl(Pfhs)z.CGHG(SG); Au~Cl
253Au-92333 3—1{.}'—?‘5.‘1'372.1“’ ‘_[1'77], (i1) CuBF,(PPhy), (87); Cu-P 2.30& -
~Ei»{i;nge;‘t ’f:g-,p .d_istanc;s so far observed}, Cu—F 2.31A [178]1 (iii) [Ag(PPh),1,
tNi(SéCZ{CN}Z)Z] (88)3 A‘g—P 2.483 [179] (iv) (CuCl), (DPM), (89); Cu—Cl
"2.27, 2.74R; Cu-P 2.1954 [180] (v) Ph,As[Cu,Clg); Cu-Cl 2.32A (bridging),
2,214 (terminal); cl-fu-c1 145° [181] (vi) Ph,P[CuyCle] (90) Cu-Cl 2.19A
(terminal) 2.3054 (bridging) [182] (vii) (CuClPPhy), (91), Cu-CL 2.44;
'Cu-r‘i.igl [183] (viii) (CuBrPPh,),.2CHCl (92); Cu-Br 2.38 - 2.66i:

Cu—P 2.20A {184] (ix) (CuIPEt & (93) (M=P); and (CuIAsEl:3)4 (93) (M=As);

3)
Cu—I 2:683; Cu-P 2.253; Cu—-As 2.362.[185]. For the tetrameric structure

no predictions could be made as to why "cubane" or "chair structure" is

preferred.

A review on metallation reactions of organoboranes focuses on their
salts with Ag,Cu,Pb,Hg and T1 [186]. The reactions of M612 (M=Co,Ni,Cu,

Pd,Pt) with NaBH4 and NaBH3CN has been studied and various products were

References p- 452



(89) _ o (90)
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M= P,As

(93)

(94)

(S5)

References p. 452
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characterlsed [187] Wlth a-ethylboranocarbonate (=L) 35 a llgand the 3".

compounds CuL(PPh3 i and AgLGPh3) have been prepared.{ The data on these .

complexes p01nts to’ a double Hrbrldge for Cu-and a 51ng1e.H-br1dge for Ag>;f
f188]. X-ray determlnatlons on u—bls(cyanotrlhydroborato) tetrakls(trlphenyl—}:i
phosphi ne)dlcopper(I) [189], Cu2 10310 (94) [190] and [Cu(Hsz3)]2 (95) ‘
(Hsz=pyrazoylborate) [191] have been.completed.r For Cu2 10H10 1t has been»it
proposed that covalent 1nteract10n of the Cu atoms w1th the bo:ane aggregaee
occurs via 3—centre bonds of sp hybrid Cu(I) Hlth B-3 edges, or a
retrahedrally hybridised Cu(I) 1nteract10n ‘with’ the four nearest boron

atoms [190]. [Cu(Hsz3)]2,takes up one mole of dry Oz,ir;eversibly to give

a green paramagnetic substance of formula CuZ(Hsz3)202 [1911.
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