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lsocyanide and Carbene Complexes of Gold(i). The Stepwise Formation 
of Formamidines 

By Jon A. McCleverty and (Miss) M. Manuela M. da Mota, Department of Chemistry, The University, 
Sheffield S3 7HF 

The syntheses of Au(CNR1)CI and [Au(CNR1),]PFG (R1 = But or Pr') from HAuCI,. 4H2O and [Bun4N][AuCld]. 
respectively, and CNRl  in ethanol are described. These complexes react with primary and secondary amines giving 
Au{C( N H R1) (NH R2) j (  NH2R2)CI,[Au{C( NH R1) (NH R2)}2] PF6 ( R1 = But. 
R2 = But, Pr' or Bun; R1 = Pr', R2 ='But or Pr'; R1 = But, R3 = E t  or CH2Ph; R 1  = Pr', R3 = Et) .  Treatment 
of [Au(C(NHBd) [N(CH2Ph)2]}2]PF6 with PPh3 afforded [Au(PPh,),]PF6 and the formamidine CH(=NBut)- 
[N(CH,Ph),], and of [Au{C(NHBut),},]PF6 with CNBut, [Au(CNBut),]PF6 and evidence for CH(=NBut)- 
(NHBut). 

and [Au(C( N HR1) ( NR23)}2] PF6 

THE 1,l-addition of primary and secondary amines to iso- 
cyanides, affording formamidines, is catalysed by 
copper salts, and by HAuC1,,4H20. It has been pro- 
posed that the reaction mechanism involves the form- 
ation of a complex between the metal salt and isocyanide, 
with or without amine, and the amine then attacks the 
co-ordinated isocyanide giving a co-ordinated carbene 
species. The latter is then expelled from the metal ion 

characterisable carbene complexes have been obtained. 
However, on treatment of Cu(CN(cyc1o-C,Hl,)}C1 with 
piperidine (pipH), a species formulated 1 as (CuCl),- 
(CN(cyc10-C,H,,)},(pipH) was isolated, but the nature of 
this compound has not been elucidated. 

The apparent failure to obtain stable copper carbeiie 
complexes could be attributed to the lability of such 
species. In an effort to clarify the general reaction 

+ R 2 N H  ,NHR' 
Cu2+ + nCNR 1 - [Cu(CNR'Ix] - [CU C (CNR' iZ]+ 

\NHRJ  

SCHEME 

by excess of CNR1, or R2NH,(R21NH) giving, after a 1,2- mechanism, by obtaining kinetically stable inter- 
hydrogen shift, the formamidine (Scheme) mediates, we have investigated the related chemistry of 

Isocyanide complexes of copper(1) have been charac- gold(1) isocyanide complexes. 
t e r i ~ e d , ~  but in the reactions with amines, no isolable and Isocyanide compounds of gold(I), Au(CNR)X 

T. Saegusa, Y. Ho, S. Kobayashi, K. Hirota, and N. (R = cyclo-C$11, aryl, or Bun; x = halide, CN, Or 
Yoshioka, Bull. Chem. SOL Japan,  1969,,42, 3310. 

A. Vogler, in ' Isonitrile Chemistry, ed. I. Ugi, Academic L. Malatesta and F. Bonati, ' Isocyanide Complexes of 
Press, Inc. (London), Ltd., 1971, p. 217. Metals,' Wiley-Interscience, London, 1969, p. 38. 
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Ph) have been reported.3 Reaction 01 Au(CN(9- 
MeC,H,) )Cl with refluxing methanol during 2 days 
afforded a mono-carbene species, Au[C(NH(p- 
RIeC,H,)}(OMe)]Cl, and treatment of Au(PPhJC1 
with CNR and KOH in methanol gave5 either 
[Au (C (=h' C6H,,) (OMe) )I3 or Au ( PPh ,) (C (=N R) ( ORfe) 
(R = aryl). There is a brief description of a bis- 

carbene species, [Au(CN(Ph)CH,CH,NPh),]+, obtained 
by reaction of Au(PPhJC1 with the ' electron rich ' olefin 

PhNCH,CH,N (Ph) C d N  (Ph)CH,CH,NPh. 
Here we describe the syntheses of t-buiyl- and iso- 

propyl-isocyano- complexes of gold(I), their reactions 
with some primary and secondary amines, and the 
isolation of f ormamidines by reaction of gold-carbene 
complexes with PPh, or CNR. 

1 I 

I 1 

EXPERIMENTAL 
Conductivity data were obtained using a Phillips Con- 

ductivity meter with solutions a t  room temperature 
(20 f 2"). 1.r. and 1H n.1ii.r. spectra were measured using 
Perkin-Elmer 457 and Varian HA100 or Perkin-Elmer 
R12A spectrometers, respectively. Vapour-phase chro- 
niatograms were obtained using a Pye model 105 intrument, 
using a 29 f t  column packed with OV17. The initial tem- 
perature of the column was 250 "C and the carrier gas N,. 

All reactions were carried out a t  room temperature, unless 
otherwise stated, and all yields are quoted with respect to 
the gold-containing precursor. 

Au(CNBut)C1.-A solution of CNBut (0-53 g) in ethanol 
(5 ml) was added slowly with stirring to  a solution of 
HAuCl4,4H2O (2.7 g) in ethanol (35 ml). A yellow precipi- 
tate was iornied which was filtered off, and treated (0.80 g) 
further with CNBut (0.85 g) in ethanol (25  ml), when a 
colourless mixture was formed, which was stirred for 10 min. 
The solution became very pale blue and, on evaporation of 
the solvent in vacuo followed by recrystallisation of the 
residue from ethanol, afforded the coq5lex as white needles 
(0.60 g, 29%). 

Au(CNPri)Cl.-To a solution of HAuCI4,4H,O (4.2 g) in 
ethanol (100 ml) was added CNPri (1.8 g) slowly, and with 
stirring. ..A yellow precipitate formed which was filtered off 
(0.7 g). From the yellow mother liquor, on partial evapor- 
ation and cooling, the cotnplex was obtained as white 
crystals (1.2 g, 39%). These could be recrystallised from 
ethanol-n-pentane. 

[Au (CNBut) ,] PI?,.---To a suspension of [Bun,N] [AuCl,] 
(3.1 g) in ethanol (200 ml) was added, slowly and with 
stirring, CNBut (3.4 g) . The mixture became colourless, 
and NH,PF, (0.82 g) was added, and stirring was continued 
for a further 10 inin. The white precipitate which had 
formed was filtered off, washed with water and ethanol, and 
dried in vacuo (2.3 g, 67%). [Au(CNPr'),]Pf;, was prepared 
similarly (36%). 

Au{C(NHBut),) (XH,But) C1.-A suspension of 
Au(CNBut)C1 (0.07 g) in NH,But (excess) was stirred for 
10 min. The white solid which formed was filtered off, 
washed with ether, and dried in vacuo (0.07 g, 70%). The 
solid became palc pink in a few hours, but could be satis- 
factorily recrystallised from acetone. The complex 

F. Bonati and G. Minghetti, Synth. in Ipzovg. and Metal- 
Organic Chem., 1971, 1, 299. 

5 G. Minghetti and I;. Bonati, A+zgew. Chem. Intrrnat. Edn.,  
1972, 11, 429. 

Au{C(NHPri) (NHBut) )(NH,But)C1 (60%) was prepared 
similarly (M osmometrically in acetone : calc. 448 ; 
found 495). 

[Au(C(NHBut),),]PF,.-A suspension of [Au(CNBut),]- 
PF, (0.50 g) in NH,But (4 ml) was stirred for 5 h. The white 
solid which formed was filtered off, washed with ether, and 
dried il.t vacuo (0.50 g, 78%) .  

[Au{C(NHPri) (NHBut)},]PF,.-A suspension of [Au- 
(CNBut),]PF, (0.50 g) in NH2Pri (excess) was stirred for 2 h. 
Ethanol (10 ml) was then added, followed by n-pentane 
(30 nil). The white precipitate which had formed was then 
filtered off, washed with n-pentane, and dried in uucuo 
(0.24 g ,  87%). The covlzplex could also be obtained from 
[Au(CNPri)2]PF6 and NH,But (61 %). The compounds 
[Au{ C(NHPri),},] PF, (7073 ,  [Au(C(NHBut) (NEt,) },I PF, 
(86%), [Au{C(NHPri) (NEt2)},]PF6 (72%), and [Au{C- 
(NHBut) (NBun,)},]PF6 (quantit.) were prepared similarly 
using NH,Pri, NHEt,, and NHBu,", respectively. 

[Au{ C(NHBut) [N(CH,Ph),]},)]PF,.-~~ suspension of 
[Au(CNBut),]PF, (2.1 g) in NH(CH,Ph), (excess) was 
stirred for 20 h. To the solution was added n-pentane ancl 
a grey-white solid was precipitated. This was filtered off, 
washed with n-pentane, and dried in Z ~ ~ C U O  (yield 3-7 g, 
quantitative). 

Reaction of [Au{C(NHRut)[N(CH,Ph),],}]PF, with PPh,: 
Isolation of CH(=EBut) [N(CH,Ph) ,] .-To a stirred solution 
of PPh, (4.3 g) in ethanol (200 ml) was added [Au{C(NHBut)- 
[N(CH,Ph),]},]PF, (3.7 g). The stirring was maintained for 
17 h, and the white precipitate of [Au(PPhJ4]PF, (5.2 g, 
92%) was then filtered off, washed with n-pentane, ancl 
dried in vacuo. The filtrate was reduced in vacuo, and the 
oil so obtained distilled in vacuo. The oil which was col- 
lected (1.48 g, 64%) was characterised by v.P.c., coupled 
with i.r. , n.m.r. spectroscopy, and mass spectrometry. The 
major component of the oil (>98%) was identified as 
CH(=NBut) [N(CH,Ph) ,], but the three ininor componcn ts 
were not characterised. 

Reactio.Pz of [Au{C(NHBut),),]PF6 with CNBut.-To a 
suspension of [Au{C(NHBut),},]PF, (0.12 g) in ethanol (2 ml) 
was added, with stirring, an  excess of CNBut (ca. 0.35 g). 
After stirring for 24 h, the pinkish-white precipitate of 
[Au(CNBut),]PF, (0.07 g, 67%) was filtered off. Removal 
of the solvent from the filtrate afforded an oil which con- 
tained CH(=NBut) (NHBut). 

RESULTS AND DISCUSSION 

Reaction of HAuC1,,4H20 with CNR (R = But or Pri) 
in cold ethanol afforded, initially, a yellow solution, 
from which yellow solids could be obtained. Although 
elemental analytical results were inconclusive, it seems 
possible that these solids contain Au(CNR) Cl,. Such 
species have been isolated where R = $-MeC6H4 or p -  
NeOC,H,. Addition of further CNR, however, caused 
the formation of a colourless solution from which the 
white Au(CNR)Cl was isolated (elemental analyses, 
see Table). 

Treatment of [Bull,N] [AuCl,] in cold ethanol with an 
excess of CNR gave, in the presence of PF6-, the new bis- 
isocyanide complexes, [Au(CNR),]PF6 (R = But or Pri). 
We were unable to obtain species of the type [Au(CNR),]+. 

13 B. Cetinkaya, P. Dixneuf, and nl. F. Lappert, J.C.S. Clzem. 
Comm., 1973, 206. 

A. Sacco and &I. Freni, Gazzetta, 1956, 86, 195. 
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In both types of complex, vOx (see Table) was higher 
than the CN stretching frequency of the free isocyanide. 
This indicates that little d + n* donation occurs in 
these complexes. The complex ions, [Au(CNR),] +, are 
probably linear. 

When [Au(CNBut),]PF, was suspended in NH,But, 
the bis-carbene complex [Au(C(NHBut),},]PF6 was 
formed. A similar product was obtained from 
[Au(CNPri),?PF, and NH,Pri, and the mixed ligand 
species , [Au{C(NHBut) (NHPr i)}2]PFs was obtained 
either from [Au(CNBut),]+ and NH2Pri, or [Au(CNPri),]+ 
and NH,But. The i.r. spectra of these compounds 
showed YNE and vgllrX, bands which are characteristic of 
co-ordinated amino-carbenes,8 and there was no evidence 
of Y ~ N .  The lH n.m.r. spectra (Table 3) of the sym- 
metrical carbene species [Au{C(NHR),),] + exhibited 
resonances due to  R, and also resonances in the region 
7 = 2. The latter could be assigned to the NH protons, 
and this was confirmed by treating (CD,),SO solutions of 
[Au(C(NHBut),),] + with D,O, when the NH resonance 
disappeared due to HID exchange. The IH n.m.r. 
spectra of the species [Au{C(NHBut) (NHPr’)),] +, pre- 
pared by both routes, were identical as expected. 

Reaction of [Au(CNBut)JPF6 with NHEt, or 
NH(CH,Ph), afforded the species [Au{C(NHBut)- 
(NH,)),]PF, (R = Et  or CH,Ph). The lH n.m.r. 
spectra of these complexes exhibited singlet resonances 
due to the But protons, but the methylene resonances of 
the ethyl derivative occurred as two quartets, and the 
associated methyl proton signals appeared as a broad 
triplet ; the methylene resonances of the benzyl deriva- 
tive appeared as two singlets. This is caused by the 
restricted rotation about the CZN bonds of the co- 
ordinated carbene, which leads to the inequivalence of 
the two R groups. Similar spectra were obtained from 
[Au(C(NHPri) (NEt,))J+ and [Au(C(NHBue) (NBug)),]+ 
(full resolution of the Bun signals was not achieved). 

These complexes are among the few bis-carbene com- 
plexes. Other known bis-carbene complexes include 

TA&N (Ph) CH,CH,NPh},J and some derivatives of 

Reaction of Au(CNR)Cl (R = But or Pr‘) with NH,But 
afforded species best formulated as Au{C(NHR)- 
(NHBut))(NH,But)C1. The elemental analyses were not 
especially good, but could not be fitted to any other 
formulae reasonably consistent with our spectroscopic 
and other data. The i.r. spectra clearly indicated the 
presence of more N H  stretching frequencies than would 
be expected for a simple carbene species Au{C(NHR)- 
(NHBut)}Cl. The lH n.m.r. spectra of these species 
exhibited resonances due to NH, R, and But protons. 
The compounds mere non-electrolytes and monomeric 

Hgn.9 * 

* 1VTote addcd i r z  pvoof:  The bis-carbene complexes [Au{C- 
(XHMe)(NMeR’)),.+, R’ = H or Me, and [Au(C(NHC,H,,)- 
! ~ ( c ~ , ) , ] } 2 j ~ . ,  together with [hu(CNC,Hll),]+, have been 
liriefly described recently; J. E. Parks and A. L. Ualch, J .  
Organornetallic Cl?rwz., 1973, 57, C103. 

and therefore cannot be [Au{C(NHR) (NHBnt)}- 
(NH2But)]+Cl-, [NH,But]+[Au(C(=NR) (NHBut)}C1]-, 
or [Au{ C(NHR) (NHBU~)} (NH,But)C1], (tetrahedral Au 
with bridging Cl). It is possible that the complexes 
contain three-co-ordinate gold(r), or that the excess 
NH,But is hydrogen-bonded to the carbene moiety. 

Treatment of [Au(C( NHBut) [N (CH,Ph),]},] PF, with 
four equivalents of PPh, in ethanol afforded, quantit- 
atively, [AU(PPh,),]PF,. After removal of the phos- 
phine complex, and work-up of the ethanolic residue, an 
oil, containing four components (v.P.c.), was isolated. 
The major fraction (98%) analysed elementally as 
C,,H,,N,, and had a molecular weight of 280. Its i.r. 
spectrum exhibited VC=N and bands characteristic of But 
and benzyl groups, but n o  VXH. The lH n.m.r. spectrum 
exhibited resonances due to the But and -CH,- groups; 
no NH resonances were detected and the spectrum was 
unchanged on addition of D,O. On the basis of these 
data, we propose that the structure of this compound is 
CH(=NBut]N(CH,Ph),] (the CH resonance apparently 
coincides with the C,H5 signals). Although the minor 
components of this reaction were not characterised, it 
seems probable from lH n.m.r. spectral studies that a t  
least one of them may be NH(CH2Ph),; an NH and 
additional -CH,- signals could be detected in the spec- 
trum of the unpurified ethanolic solution obtained 
after removal of [Au(PPh,),]PF,. 

In the reaction of [Au(C(NHBut),},]PF, with an excess 
of CNBut in ethanol, [Au(CNBut),]PF, was obtained. 
The i.r. spectral data obtained from the ethanolic residue 
were consistent with the formation of some CH(=NBut)- 
(NHBut), although there may have been soiiie un- 
changed carbene complex present. 

The sequence of reactions described above confirms 
the mechanistic suggestions in the Scheme. In the light 
of our results we suggest that the species described1 as 
[(CuCl),(CNC6Hll),(C5Hl,NH) could be reformulated as 

No reaction was observed between [Au(CNR),]+ and 
methanol or ethanol on prolonged standing, or gentle re- 
flux ; prolonged heating of [Au(CNR),] + with alcohols in 
sealed tubes at  60-100” led to dealkylation of the iso- 
cyanide and formation of [Au(CN)ln. 
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