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Summary 

(Pentahalophenyl) (p-tolylisocyanide)gold(I) complexes were prepared by 
treating Au(C&&) (tetrahydrothiophen) (X = F, Cl or Br) withp-MeC,H,NC. 
Their reactivity toward nucleophiles was studied and found to decrease in the 
sequence: primary amines > ammonia > secondary amines > aromatic amines > 
alcohols: the effects of the various C!&, groups were less pronounced, but 
decreased according to C,F, > C,Cl, > C,Br,. 

Twenty-five novel gold(I) carbene derivatives were isolated_ 

Introduction 

Although a very large number of pentafluorophenyl-gold(1 j and -gold(III) 
complexes have been reported, relatively few pentachlorophenyl- [ 11 and only 
five pentabromophenyl-gold complexes [2] have so far been described. The 
latter are the only hitherto known organotransition metal compounds contain- 
ing this group. The influence which the respective pentahalophenyl group 
exerts upon the properties and reactivity of the various complexes has not been 
studied previously. 

On the other hand, following the initial reports by Schoellkopf [3] and 
Richards [ 41 many papers have been published [ 5,6] dealing with the addition 
of nucleophiles, such as alcohols and amines, to isocyanide groups attached to 
transition metal ions (e.g. gold(I) [7-12]), which leads to the formation of car- 
bene complexes_ It has been proposed [7,13] that these reactions proceed via 
the nucleophilic attack of amines and alcohols upon the carbon atom of the 
isocyanide group, so that the rate of the addition should depend not only on 
the basic character of the nucleophile and the reactivity of the respective iso- 
cyanide (aromatic isocyanides are more reactive than aliphatic isocyanides) but 
also upon the electronegativity of the other ligands in the complex, which 
modify the electrophilic character of the carbon atom of the isocyanide. 



In the present paper we describe the preparat.ion of gold(I) isocyanide com- 
pleses of the general formula Au(C&) (CNTo) (X = F, Cl or Br; To = p-tOlYl) 

which was accomplished by replacing the tht group of Au(C,XS) (tht) (tht = 
tetrahydrothiophen) by p-tolylisocyanide. Their reactions with various ali- 
phatic amines (primary and secondary), aromatic amines, ammonia and alco- 
hols have been studied and the corresponding carbenes isolated. 

Discussion and results 

Recently, we showed that the tht group in Au(C,F,) (tht) can readily be 
replaced by other neutral ligands [14], especially isocyanide [ i2] _ This makes 
pentafluorophenyltetrahydrothiophengold( I) a very useful precursor for the 
synthesis of gold(I) isocyanide complexes. Pentachloro- and pentabromo-tetra- 
hydrothiophengold(1) complexes can be prepared according to eq. 1, in a simi- 
lar way to that described for Au(C,F,) (tht) [15]: 

AuCl(tht) + LiR --- AuR(tht) + LiCl 

(R = CBFS, C6C15 or C,BrS) 

(1) 

However, since the compounds with R = CbCls and C6Brs are less stable than 
those with R = C6F5 they cannot be isolated as pure solids, but their ether solu- 
tions are stable. Thus, the addition of a small excess of p-tolylisocyanide to the 
filtered ether solutions (obtained according to eq. 1) leads to the corresponding 
pentahalophenyiisocyanide complex (eq. 2): 

Au(C,X,)(tht) + CNTo --+ Au(C,X,)(CNTo) + tht (2) 

These can be isolate2 as-white air- and moisture-stable solids, which are non- 
conducting in acetone. 

The absorption due to Y(CN) for the C6Fs, C&l, and C6BrS derivatives are 
located at decreasing frequencies, viz. 222O(vs), 221O(vs) and 2205(vs) cm-‘. 
This may be attributed to the decreasing electronegativity (C6F5 > C.&l5 > 
C,Br,) which causes the backbonding to the x* orbitals of the isocyanide group 
to increase in the same order [ 7]_ 

Primary amines (aliphatic and aromatic), secondary amines as well as alco- 
hols react with the isocyanide complexes to give the corresponding gold(I) car- 
benes. The addition of ammonia takes place in a similar way (see Scheme 1). 

SCHEME 1 

Au(C,X,)I C(NHTo)(NHR)! Au(CeX,)i C(NHTo)(NRi) 1 

2\ NHIR 
\ / 

NHR2 

Au( C6X5)(CNTo) 

NH3 

/ 

\ HOR 

\ 
Au(C,X,)I C(NHTo)(NH,)I Au(C,X,)I C(NHTo:(OR); 
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The reactions with ammonia and amines were carried out in dichlorometh- 
ane or chloroform at room temperature and with a 1 : 2 isocyanide/nucleo- 
;>hile ratio. Alcohols do not react under these conditions, and the correspond- 
ing carbene can only be obtained by using reflusing alcohol solutions. 

The corn--se of the reactions was monitored by IR spectroscopy until the 
v(CN) vibration of the coordinated isocyanide was no longer observed_ The 
times required for each reaction to go to completion are listed in Table 1. It 
can be seen that the reactivity depends mainly on the nucleophile, and 
decreases in the sequence: primary aliphatic amines > ammonia > secondary 
aSphatic amines > aromatic amines > alcohols. Electronegative substituents 
(e.g. p-O,NC,H,NH,) prevent the reaction with aromatic amines. 

The reactivity also perceptibly depends upon the respective pentahalophenyl 
group, and decreases in the sequence CBF5 > C&l5 > C6Br5_ Thus, whilst 
Au(C,F,)(CNTo) reacts with all the nucleophiles used except forp-02NC6H4- 
NH, and (C6H5CH,)2NH, the pentabromophenyl derivative react with the pri- 
mary aliphatic amines, NH3 and Pr,NH. 

The isolated carbenes are air- and moisture-stable solids, which are moder- 
ztely soluble in most organic solvents, though insoluble in hexane. They are 
non-conducting in acetone. Along with the absorptions due to the CbF5 [ 161, 
C&l5 [17] and C6Br5 [Z] groups, the complexes show an intense, frequently 
broad and asymmetric band at ca. 2550 cm-’ which is assignable to a C-N 
stretching vibration with a bond order between 1 and 2. 

(Continued on p. 354) 
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The analytical results, yields, melting points and v( CN) vibrations for the 
twenty-eight novel’compleses are listed in Table 2. 

Experimental 

IR spectra were recorded (over the range 4000-200 cm-‘) on a Perkin- 
Elmer 577 spectrophotometer using Nujol mulls between polyethylene sheets. 
Conductivities were measured on 5 i( lo-” M acetone solutions with a Philips 
Pii’ 9501/01 conductimeter. C, H and N analyses were carried out with a Per- 
kin--Elmer 240 microanalyzer. Au was determined by ashing the samples in a 
crucible together with an aqueous solution of hydrazine. 

Preparation of AK(C&~) (CATTo) 
A small escess of p-tolylisocyanide was added to a solution of Au(C&) 

(tht) (prepared by addition of AuC1 (tht) to an ether solution of LiC& at 
-78°C and slowly warmed to -10°C) and the mixture was allowed to warm to 
room temperature_ After 1 h of stirring the solvent was evaporated, and the 
resulting colourless oil was stirred with hexane for several hours to yield a 
white product, which was recrystallized from dichloromethane/hesane (com- 
plexes I-III). 

(c) Reactions with aiiphatic amines (primary and secondary). Two mmol of 
amines were added to a solution of 1 mmol of Au(C6X5) (CNTo) in 30 ml of 
dichloromethane. The solution was stirred at room temperature until the v(CN) 
band of the isocyanide was no longer present. (The reaction times are listed in 
TabIe 1.) The solvent was then evaporated, and the resulting oil was stirred 
with hexane for several hours to give the white carbene, which was recrystal- 
lized from ether/hexane (complexes IV-XIV and XVIII-XXI). 

(b) Reactions with aromatic aminea The addition of 2 mmol of amine to a 
solution of 1 mmolof Au(Cas) (CNToj in 30 ml of chloroform leads after 
several days’ stirring at room temperature (IR spectrum) to the precipitation of 
the required carbenes as white solids. Evaporation of the solvent gives more of 
the product. The obtained carbenes were recrystallized from dichloromethane/ 
hexane (compleses XXII-XXV). 

(c) Reactions with ammonia_ An aqueous solution of ammonia (201 g/l) was 
added in excess (3 : 1 molar ratio) to a solution of 1 mmol of Au(&X,) 
(CNTo) in 30 ml of dichloromethane and the mixture was stirred at room tem- 
perature- When the reaction was complete (IR spectrum) the solution was dried 
with anhydrous magnesium sulphate and evaporated under reduced pressure_ 
The residue was washed with hexane and recrystallized from ether/hexane to 
give the white carbene (complexes XV-XVII)_ 

(d) Reactions with alcohols. A suspension.of 1 mmol of Au(C&,) (CNTo) in 
50 ml of alcohol was refluxed until the vibrations due to v(CN) of the isocya- 
nide could no longer be observed. A small quantity of metallic gold was filtered 
off and the filtrate was evaporated to dryness. The residue was recrystallized 
from dicbloromethane/hexane to give a white solid (complexes XXVI-XXVIII). 
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