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SYNTHESIS AND REACTIONS OF CYANO-PENTAFLUOROPHENYL 
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The preparation of Q]Au(C~F&(CN),] (Q = bulky cation;.n = 1 or 3, m = 
1; n = 2, m = 2) is described and the following reactions are reported: (a) with 
inorganic acids (HCl or HBF4) to give EAu(C6F&(CN),HOEtJ (n = 1 or 3, 
m = 1; n = 2, m = 2), (b) with [Me301 [BF,] to give isocyanides which react 
with methylamine to give carbene [Au(C6F5),(CN), {C(NHMe)2)]; and (c) 
with gold complexes containing readily replaceable ligands to give binuclear 
(Au-CN-Au) or polynuclear (Au-CN-M) (M = Au or Ag) cyano-bridged 
complexes. Addition of neutral ligands (Py, Phen or PPh,) to the polynuclear 
complexes leads to mononuclear complexes [A~L,]]Au(C~F&(CN)~] (L = 
neutral ligands, n = 2 or 3). The assignment of the structures are based on the 
IR spectra of the complexes. 

Introduction 

The few hitherto known cyano-organogold complexes belong to two types: 
(1) Tetranuclear derivatives [l-3] [AuR2(CN)14 (R = alkyl) whose CN-groups 
are bridging two gold centers [4] _ Addition of neutral ligands leads to cleavage 
of these bridges and thus to the mononuclear complexes AuR,(CN)L (R = Me; 
L = 2,3_dimethyl-1,8-naphthyridine 151, PPhs [3,6]), whilst careful warming 
(heating) of [AuR2(CN)14 leads to [2,7] polymeric materials [R2Au(CN),Au],_ 
(2) Monomeric derivatives of the types [AuR,(CN)L] (R = C,F,; L = PPh3 [S], 
AsPhi [9]), [AuEtz(CN),]- [2,10] and [Au(C6Fs)(CN)]- [ll]. 

In-the present paper we describe the preparation of two new cyano-organo- 
aurate(III) anions, [Au(C6F,j,(CN)]- and [Au(C,F&(CN)J-. The reactions of 
the already-known gold(I) derivative [Au(C6F5)CN]- and of the new anionic 
gold(III) complexes with HBF4, [Me301 [BF,] and AgC104 are furthermore 
studied. The cyan0 complexes are finally used as N-ligands for the synthesis of 
some bi- and poly-nuclear complexes. 

0022-328X/81/000O+I000/$02.50 @ 1981 Ekevier Sequoia S.A. 
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eating that CN---HOE& interaction via hydrogen bridges is likely, both in the 
solid state and in CHCIB solution. The IR spectrum does not show the bands 
due to v(N-H) [15], but exhibits an absorption at 3600m(br) cm-’ which is 
assignable to v(OH). 

Complex IV reacts with NE& according to eq. 5 to give V, which exhibits a 

Au(C6F&CNHOEtl + NR3 --f [EtaHN] [Au(C~F&(CN)] (5) 

W) 

band due to v(C=N) at 21’75 cm -l_ This shows that complex V does not show 
the type of interaction between the cation and anion postulated for complex 
IV. 

The solutions which are obtained if I and III are brought into reaction 
according to eq. 4, show the bands due to v(CN) at 2110s cm-’ or, respectively, 
2205m and 2175m cm-‘. Though the oils obtained upon evaporating could not 
be crystallized, it seems that both I and 311 undergo protonation, but III only at 
one of the CN groups. If NE& is added to either of these solutions (eq. 5) the 
anionic complex [El+NH] [Au(C6F5)(CN)] (VI) or [EtsNH] [Au(C6F&(CN),] 
(VII) can be isolated (Table 1). VII must be the frans-isomer, since its IR spec- 
trum shows a single band (at 795s cm-‘) due to XC6FS. 

(c) Isocyanide and carbene complexes 
The methylation of complexes I, Ha and III with [Me301 [BF,] (eq. 6) gives 

the corresponding isocyanide complexes (VIII-X): 

QCM’--CNl f We@1 CBF.4 + M*-CNMe + Me20 + QBF4 (6) 

(M* = (C,Fs)Au, (GE&Au, (GF&(CN)Au) 

As before, only one of the two CN group of III undergoes reaction, even if 
an excess of [Me,01 [BF,] is used. 

Complexes VIII-X are white air- and moisture-stable solids at room temper- 
ature. They are nonconducting in acetone and monomeric in CHCIB (Table 1). 
In their IR spectra the band due to v(CN) is shifted towards higher energies 
relative to the parent compounds, which is in accordance with previous obser- 
vations on analogous complexes [ 16,171. 

The isocyanides VIII-X react readily with methylamine to give the corre- 
sponding carbene (XI-XIII) (eq. 7): 

NHMe 
M*-CN-Me + NH2Me +M*-C? 

\NHMe 
(7) 

These are white air- and moisture-stable solids, which are non-conducting and 
monomeric (Table 1). Their IR spectra exhibit a band due to Y(CN) at about 
1590 cm-‘, characteristic of carbene [18,19]. 

(d) Complexes I, Ila and ,I..1 as N-donor ligands 
The terminal nitrogen atom in the cyan0 complex can act as a donor [ 141, 



and can even displace other ligands (es. 8,9,10) 

Q[Au(C~FS)CN] +Au(CsFs),(tht) -+ tht + Q[(C,F,)Au-cN-Au(C,F,),1 (8) 

(XIV) 

Q[Au(&F&CN] + Au(OC103)PPhg + (CaFs),Au-CN-AuPPh, + QClO, (9) 

(XV) 

QCAu(GF,),(CN)21 + Au(O~WPPh3 + 

-+ (C6F&(CN)Au_(=N-AuPPhs + QC104 

(XVI) 

(10) 

Although the reaction between IIa and Au(&Fs)(tht) should lead to an iso- 

mer of XIV, the resulting product is undistinguishable from XIV (the IR spec- 
tra and melting points are the same). 

Cyano-bridged binuclear aurate can also be prepared (eq. 11) by precipitating 
half of the CN of the precursors (I or Ha) as AgCN: 

2 Q[M*-CN] + AgCl04-t AgCN + Q[M*-CN-M’l (11) 

(XVII, M* = (&Fs)Au; XVIII, M* = (C6F5)3A~) 

In the spectra of complexes XIV, XV, XVII and XVIII, the single band due 
to v(C=N) is shifted towards higher energies relative to the mononuclear com- 
plexes containing terminal CN. In the spectrum of XVII two bands are ob- 
served, though only one of them is shifted towards higher energies. A single 
band at 800m cm-’ points to the trans-configuration of the two CaF5 groups. 

The reaction (l/l) of III with AgC104 does not follow eq. 11 but leads to 
precipitation of a white air- and moisture-stable solid (XIX). This does not con- 
tain terminal CN groups since its single band due to v(CN) is displaced towards 
higher energies. It also shows a single absorption at 802 cm-’ assignable to 
XC6Fs. Because of its insolubility in benzene, dichloromethane, chloroform, 
diethyl ether and n-hexane it is assumed to be a polymeric species, formed 
according to eq. 12. 

yaF5 

QCAU(GFMCW1 + AgC104 + QClO, +SCNCAuCNAg], 

&F5 

(12) 

(XIX) 

The treatment of suspensions of XIX in CH2C12 with Py, Phen, or PPh, 
causes compIete dissolution of XIX and formation of [AgL,] [Au(C~F~)~(CN),] 
(XX, n = 2 (Py); XXI, n = 2 (phen); XXII, n = 3 (PPh,)). Complexes XX-XXII 
are air- and moisture-stable solids, which behave as (l/l) electrolytes in ace- 
tone. They show a single band due to v(CN) in the 2190-2175 cm-’ region, 
dcJqg with a single band assignable to the C,F,X sensitive mode at 800-790 
cm-i and should therefore be the tians-isomers. 

The (l/l) reaction of III with Au(OClO,)(tht) leads to the precipitation of 
[(C~FS)~AU(CN)~AU], (XXIII), similar to XIX, whose spectrum shows a single 
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band assignable to v(CN) bridge at 2240 cm -’ along with a single band at ‘795 

cm-’ due to the CbF5X sensitive mode. This points as for XIX to a trans con- 
figuration of the aryl groups. It is noteworthy that a &-geometry for the 
R groups has been proposed for the derivatives [R,Au(CN),Au], (R = Et, n-Pr) 
obtained by thermal decomposition of [R,AuCN] 4 [2,6] _ Complex XXIII dis- 
solves upon addition of PPh3, to give [Au(PPh,),] [Au(C6FS),(CN),] (XXIV), 
au l/l electrolyte, whose anion retains the trans-configuration (single bands at 
2175~ and 795m cm-‘). 

Experimental 

IR spectra were recorded (over the range 4000-200 cm-‘) on a Perkin- 
Elmer 599 spectrophotometer using Nujol mulls between polyethylene sheets. 
Conduct&ties were measured in 5 X 10m4 M acetone solutions with a Philips 
PW 9501/01 conductimeter. Molecular weights were measured in chloroform 
solutions with a Hitachi Perkiu-Elmer i15 osmometer. C, N and H analyses 
were carried out with a Perkin-Elmer 240 microanalyzer Au was determined 
by ashing the samples in a crucible together with an aqueous solution of 
hydrazine. 

The yields, melting points, C, H, N and Au analyses, conductivities, molec- 
ular weights, as well as, the v(CN) of the novel complexes are listed in Table 1. 

Preparation of the complexes 
BzPh3P[Au(CgF&(CN)J (n = 1 or 3). 0.066 g (1 mmol) of KCN was added 

to a solution of 1 mmol of Au(C6F5),(tht) [12,20] in 30 ml of methanol and 
the solution was stirred for 4 h at room temperature. After addition of 0.46 g 
(1 mmol) of [BzPh3P]C104 and stirring for 30 min the solution was evaporated 
to dryness and the white residue was treated with dichloromethane. The KC104 
was filtered off and the filtrate was concentrated to -5 ml. Addition.of hexane 
led to the separation of the white complex I or IIa, which was recrystallized 
from dichloromethane/hexane. 

IIb was obtained similarly, though without adding [BzPh3P]C104. 
trans-Bu4N[Au(C~F&(CN),]. 0.074 g (1.5 mmol) of NaCN were added to a 

solution of 0.42 g (0.5 mmol) of trans-Bu4N[Au(C6F5)&lZ] iu 50 ml of acetone 
and the mixture was stirred for 18 h at room temperature. After filtering off 
the precipitated NaCl, the solution was evaporated to dryness and the residue 
was extracted with 30 ml of dichloromethane. The excess of NaCN was 
removed, the filtrate was evaporated to dryness and the white residue was 
recrystallized from dichloromethane/hexane to give white crystals of III. 

A similar process, but starting from cis-Bu4N[Au(CgF&C12] led to cis-Bu,N- 

[Au(C6F&tCN)2] as au oil, which could not be crystallized_ 
Au(CgF&(CN)HOI%2. Addition of an excess of HBF4 or HCl(O.5 ml) to a 

solution of Ha (0.2 g, 0.19 mmol) in 15 ml of ether at 0°C led to the precipita- 
tion of [BzPh,P]A (A = BF4 or Cl)_ After 15 min stirring the precipitate was 
filtered off and the filtrate was evaporated to dryness. The resulting oil was 
destroyed vigorous stirring with hexane, and complex IV was recrystallized 
from ether/hexane. 

A similar process, but starting from complex I or III led to Au(C6F5)(CN)- 
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HO& or Au(C~F&(CN)~HOE~~ as oils, which could not be crystallized. 
Et,HN(Mf-CN) (M^ = (CaFs)Au, (C6FJ3Au or (GFd,(CN)AuJ An equi- 

molecular amount of EtBN was added to solutions of 0.2 mmol of each of the 
three above described complexes in 20 ml of dichloromethane. The solution 
was stirred for 30 min at room tempeiature, then evaporated to dryness. 
Recrystallization of the residue from dichloromethane/hexane gave white crys- 
tals of V, VI or VII, respectively. 

Au(C6F5),(CNMe) (n = 1 or 3). 0.054 g (0.36 mmol) of [Me30]BF4 was 
added to solutions of 0.36 mmol of I or IIa in 30 ml of dichloromethane and 
the solution was refluxed for 6 h. It was then evaporated to dryness, and the 
residue was treated with 25 ml of ether. The insoluble [ BzPh3P]BF,, was fil- 
tered off_ Evaporation to dryness and recrystallization from dichloromethane/ 
hexane afforded the white complex VIII or IX. 

Au{CJ?&(C!N)(C!NMe)_ A solution of O-054 g (O-36 mmol) of [Me,O]BF, 
and 0.15 g (0.18 mmol) of III in 40 ml of dichloromethane was refluxed for 
10 h. Evaporation of the solvent led to the white complex X, which was 
washed with 5 ml of dichloromethane and recrystallized from acetone/hexane. 

M”-C(NHMe)2 (M^ = (GFdAu; (G,F,),Au or (C6F5)2(CNlAu)_ 0.4 mmol 
of methylamine was added to a solution of 0.2 mmol of I, IIa or III, in 20 ml 
of chloroform, and the mixture was stirred for 2 h at room temperature. The 
solution was evaporated to dryness to leave the white complexes XI, XII or 
XIII, which were recrystallized from dichloromethane/hexane. 

Bzph~[(C~~~~uCNAu(C~,)]. A solution of 0.21 g (0.2 mmol) of IIa and 
0.071 g (0.2 mmol) of Au(C6Fs)(tht) [12] in 20 ml of methanol was stirred at 
room temperature for 2 h. Evaporation to dryness gave the white XIV, which 
was recrystallized from dichloromethane/hexae. 

1M*<hTAuPPh3 (np = (&F&Au or (CdF5)2(CN)Au)_ A solution of 0.38 
mm01 of Au(OClO,)(PPh,) [Zl] in 20 ml of dichloromethane was added to 
0.38 mmol of IIa or III and the mixture was stirred at room temperature for 
3 h. Evaporation to dryness afforded a white solid, which was treated with 15 
ml of ether. The [BzPh3P]C104 or [Bu4N]C104 was filtered off, and the filtrate 
was evaporated to dryness to give XV or XVII, which were recrystallized from 
dichloromethane/hexane_ 

BzPhjPClr-CN)tAu(CdF5lnl2 1 (n = 1 or 3). O-041 g (0.2 mmol) of AgClO, was 
added to a solution of 0.4 mmol of I or IIa in 20 ml of dichloromethane and 
the mixture stirred at room temperature for 1 h. The precipitated AgCN was 
removed and the filtrate evaporated to dryness. The residue was treated with 
15 ml of ether, the [BzPh3P]C104 was filtered off, and the filtrate was evapo- 
rated to dryness to give white.crystak of XVII or XVIII, which were recrystal- 
lized from dichloromethane/hexane_ 

[(C6F&Au(CN),Ag], . Addition of 0.041 g (0.2 mmol) of AgClO* to a solu- 
tion of 0.165 g (0.2 mmol) of III in a mixture of 20 ml of dichloromethane and 
20 ml of ether gave rise to precipitation of the white complex XIX, which was 
filtered off and washed with dichloromethane. 

[AgL,l[Au(C6FS),(CN)21 (L = Py, n = 2; L = Phen, n = 2; L = PPh3, n = 3). 
Addition of pyridine (0.4 mmol), o-phenantroline (0.4 mmol) or triphenyl- 
phosphine (0.6 mmol) to a suspension of 0.138 g (0.2 mmol) of XIX in 30 ml 
of dichloromethane led to formation of a clear solution which was stirred for 
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15 min at room temperature and partly evaporated (to -8 ml). Addition of 
hexane led to the precipitation of XX, XXI or XXII, which were recrystallized 
from dichloromethane/hexane. 

[{CbFS)lA~(CNJ,A~j,. 0.41 g (0.5 mmol) of III was added to a solution of 
0.5 mmol of Au(OClO,)(tht) in dichloromethane (10 ml)/ether (10 ml) (pre- 
pared by treating AuCl(tht) [22] with AgC104 at -20°C). The solution was 
slowly allowed to warm to room temperature (ca. 30 min) and stirred for 
another 30 min. The white precipitate of XXIII was filtered off and washed 
with dichloromethane. 

[Au(PPh3)21[Au(C,F5),o,l. 0.078 g(0.3 mmol)oftriphenylphosphine 
was added to a suspension of 0.117 g (0.15 mmol) of XXIII in 30 ml of dichlo- 
romethane. The resulting solution was stirred for 30 min at room temperature 
then evaporated to dryness, and the residual was recrystallized from dichloro- 
methane/hexane. 
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