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Summary

The preparation of Qf{Au(C¢F5),(CN),.] (Q = bulky cation;n=1o0or3, m=
1;n =2, m = 2) is described and the following reactions are reported: (a) with
inorganic acids (HCl or HBF,) to give [ Au(C¢F5),,(CN),.HOEt,]) (n =1 or 3,
m=1;n=2, m=2), (b) with [Me;O1{BF.] to give isocyanides which react
with methylamine to give carbene [ Au(C¢F's5),(CN),, {C(NHMe),} ]; 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 [ AgL,, ]J Au{C¢F's).(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 [1—3] [AuR,(CN)]4 (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 [5], PPh; [3,6]), whilst careful warming
(heating) of [AuR;(CN)]4 leads to {2,7] polymeric materials [R,Au(CN),Aul,,.
(2) Monomeric derivatives of the types [ AuR,(CN)L] (R = C¢Fs; L = PPh; [8],
AsPhg [9]), [AuEty(CN).]1™ [2,10] and [Au(C¢Fs)(CN)]™ [11].

In the present paper we describe the preparation of two new cyano-organo-
aurate(III) anions, [ Au(CsFs5)3(CN)1™ and [ Au(CsF's)2(CN).] . The reactions of
the already-known gold(I) derivative [ Au(C¢Fs)CN] ™ and of the new anionic
gold(III) complexes with HBF,, [Me;O][BF;] and AgClO, are furthermore
studied. The cyano complexes are finally used as N-ligands for the synthesis of
some bi- and poly-nuclear complexes.

0022-328X/81/0000—0000/$02.50 © 1981 Elsevier Sequoia S.A.
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Results and discussion

(a) Synthesis of cyano-pentafluorophenylaurate
The reaction of the precursors Au(Ce¢F's),(tht) (n = 1 or 3; tht = tetrahydro-
thiophene) with KCN (eq. 1):

Au(C¢F;5),(tht) + KCN - tht + K[ Au(C¢F'5),,(CN)] (1)

leads to solutions from which the gold(III) complex K[ Au(C¢Fs5)3(CN)] (IIb)
can be crystallized by evaporation. The gold(I) derivative gives non-crystalliza-
ble oils, but well-crystallized compounds can be obtained by addition of solu-
tions of a salt with a bulky cation QClO, (Q = [BzPhsP]™ (Bz = benzyl))
[11,12] (eq. 2).

K[Au(C¢F5),(CN )i + QClOs~ KClO4 + Q[ Au(C,F'5),.(CN)] (2)
(A,n=1;1la,n = 3)

The salt Q[ Au(C¢F's)(CN),] (Q = NBu,) can be obtained by an exchange
reaction according to eq. 3

trans-Q[ Au(CeFs),Cl,] + 2 NaCN — 2 ClNa + Q[ Au(CeFs)2(CN),] 3)
(III)

The anion in IIT must be the trans-isomer, because it shows a single band due to
v(C=N) at 2170m cm !, along with another single band (at 795s cm™") assign-
able to the X-sensible mode of XC¢Fs [13,14].

Refluxing of acetone solutions of III (for 4 h) leads to complete isomeriza-
tion to the cis-derivative, as has been reported for other dihaloaurate(III) [11].
Evaporation of these solutions yields non-crystallizable oils. The same happens
if the cis-derivative is synthesized directly (eq. 3) starting from the cis-dichloro
derivative, even if another cation is used (K* or BzPh;P"). However, the solu-
tions exhibit two bands due to v(C=N) at 2175m and 2150m em™! along with
another two (at 800m and 785m cm™!) assignable to the X-sensitive mode of
XCeF's, which confirms the presence of the cis-isomer.

(b) Reactions of the cyanoaurate with inorganic acids
The reaction of complexes I, Ilb and III in Et,O with an excess of the acid
HA (A = Cl or BF,) takes place according to eq. 4.

QLAN(CAF:)o(CN)] + HA 25 QA + Au(CeFs)s(CN)HOE; )
av)

Of the possible complexes only IV can be isolated as a white solid, whilst the
other two reactions give non-crystallizable oils. In the resulting complex the
band due to ¥(C=N) is displaced towards higher energies (90 em ™) relative to
the parent compound (Table 1). Acetone solutions of IV are acidic, and their
conductivity is that of an 1/1 electrolyte. The IR spectra of these solutions
show v(C=N) again at 2180 cm ™. All this seems to support its formulation as
[Et,0H]™ [Au(CeF'5)3(CN)]~. The molecular weight of IV (osmometric in chlo-
roform) is only a little lower than that calculated for the formula weight, indi-



267

(€811) 62°2€) ®1'D (82'1)  (39'Le)
wazae 1441 9 ZL'2e 0¢'1 o¥'T q9'Le 012 09 EudanyNonvEe(S 190) AX
(£e'L3) Le'o (vo'n)  (99°1%)
wosTs - ]34 01'L? 01’1l 08'T 8¢'1¥ 1428 09  [(Fa%)myNonyE(S g90)14t vazd AlX
86291 Coe'18) (89'9) (82'T)  (vgog)  (-o9p)
AWOBTZ - 71 0L'1g 20'L 841 09'62 aLI og [ZEHHN)DINDIE(S 420)ny X
(L) €L9'92) r9'e) (80°'1)  (5.'28)
9091 96L g £6'9% va'e 0T'T | 28'2E 86 g8 [2(anNHNIDIEE 290y nx
(9g%) rep)r (@19 (s8't)  (8L'93)
50891 447 t ov'ay ag'o 16'T 26'V2 a8 L9 [ConHN IS 320y X
SAQTET (869) (e6'2e) (89'%) (0g'0)  (t1'0g)  (*09p)
MAwggTz 919 £ 02'8¢ 08'¥y 09'0 42'0¢ £61L 8% (ANNDHND)E(S 390y X
(6eL) (99'9%) (68'1) avo) (0g9'ze)
/9633 394 8 12'L8 a9'1 0L'0 £6'3¢ 9Tt 19 (INDYE(Sa%0)ny X1
(g0%) (z9'8¥) (5v'e) (9L'0)  (3L'€)
SAQOTY (1147 9 78'8¥ ve'e 880 20've 08T 09 (ANNONS AP )0y ma
(¥L'82) €1'9) (9g'3)  (g0'9g)  (09p)
wosiY - 001 28'6% or'9 a9'g v1ag aet 6L (TINS5 a90nvINHE T A
(10'0%) (69'9) (82'9) ZL'18) (*09p)
woeyTe - 43 29°0¥ 02’9 842 92°2¢ 08T 6L ((NOXS 290y INHEIT A
(£8'€2) (6e°e) (g6'1)  (be'og)
wQ LTy - 081 00'¥3 og'e LT'e £6'9€ 08T a8 [(ND)E(F a0y INHEIT A
(66L) (y9'¥3) GL1) (6e°1) (9g'v8)
G923 a0/, 031 1493 06'1 19°1 gL've 99t 02 TiOH(NO)E(S g90)ny Al
(98'e2) (60'9) 0¥y (99'ew)
wegTy - 901 60'¥2 Ly'a L8y 8L'8Y 0Z1 L8 [E(NOY(S a9y INYng i
(08'9%) €' (06'62)
AWOSTZ - LTI 98'0% 81'2 - 0¥'0€ 09%< gL [(ND)E(S 2%V 1Y a1l
(82°81) ¢’ (90'2)  (30'6%)
we LT - L0t AN)) 8¢'1 02'2 0g°'6% 09T 08 [(NDYE(Sa90mv]augza - ol
(69°'9%) (89'1) 86'2)  (69°19)
wopLe - AR 90°L3 1R 1 00'e 01'29 filas ag [eno)(Sa9o)ny gt uazg 1
(y-tow
w0 ny N H 0
(j-w0)  (‘popa)puno} | _wo) ©) (%)
(NOM JMTON Wy (%) (‘poEo)punoc] ‘puy AW PRIX xo[duroD

AIXX~] SIXTTdNO00 ¥0d VIVA TVIILATVNV
T 314V



268

(61°08) (91'2) (ze'z)  (80°9%)  (09p) ,
MgLIT - 16 20'16 622 L9'% op'ov 0Lz ) (2N (F 220y ] [P (Eugainy ] AIXX
i (6%°09) (69°¢) (99°12) (*0ap)
woves - - 1709 £L'e - 181 90% v UInvE(NDINVE(S490)] XX
€068'T) Lo'e)  (Lg'ew)
MO612 - 98 - 8'1 08'g 1699 907 06 [E(ND)Z(S a0y [E(Euaq)3y ] 1IXX
(16'L) (€9°'1) (iy'ep) (*o0p)
mgL1e - 901 - 92°'8 19°1 eIV 8£7 L8 [E(NDIZ(S 49Dy I (usud)dy ] XX
(09'9) B1'T)  (¥6°EE)
MQLIZ - 86 - 19'9 A ¥¥'68 861 Le [XND)¥(S a9y ] [L(Ad)EY] XX
(90'%) (eg°'¥2) (*00p)
wgesy - 89 - ST'Y - 86°'%% 083 06 UAayT(NDINVZ(5190)] XIX
(81'22) (64°0) @z’ (be'1p)
sWQTZ - 08T 9L'%E 06'0 e 8Ty 9L L {FIEEaP0)nvi(ND-™) afuaea HIAX
(Lg'ae) (92'T) (002)  (12'19)
sugg1g - 8zT  0T'98 0e'1 0%°% EL0v 931 o8 {21 a%)nvI(ng-m} afuaza HAX
MAQETZ (z¥01) (64°'48) (69'2) @1 (L8'9E)  (o9p)
wgy 0901 LI 1288 LT 69'T 84'98 g1 oL Eygany NORV(NOIZ(S 49D) IAX
(;lowr
Lo ny N H o)
(y-uw) (‘porwd)punioy  .wiyo) (0, (%)
(N MO Wy (%) (‘poo)punoc; ‘puy W PR xo[duon
AIXX—I SAXTTINO0D Y04 VIVA TVIILATYNY
(panupuo) T ATAVL



269

cating that CN---HOEt, interaction via hydrogen bridges is likely, both in the
solid state and in CHC]; 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 7(OH).

Complex IV reacts with NEt; according to eq. 5 to give V, which exhibits a

Au(C¢F5)sCNHOEt, + NR; ~> [EtHN][Au(C¢Fs)s(CN)] (5)
V)

band due to v(C=N) at 2175 cm 1. 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 »(CN) at 2110s em™! or, respectively,
2205m and 2175m ecm™!. Though the oils obtained upon evaporating could not
be crystallized, it seems that both I and III undergo protonation, but III only at
one of the CN groups. If NEt; is added to either of these solutions (eq. 5) the
anionic complex [Et;NH][Au(C¢F5)(CN)] (VI) or {Et;NH][Au(CeF5)2(CN),]
(VII) can be isolated (Table 1). VII must be the trans-isomer, since its IR spec-
trum shows a single band (at 795s cm™') due to XCeFs.

(c) Isocyanide and carbene complexes
The methylation of complexes I, IIa and III with [Me;O][BF.] (eq. 6) gives
the corresponding isocyanide complexes (VIII—X):

Q[M*—CN] + [Me;O][BF4] ~ M*—CNMe + Me,O + QBF, (6)
(M* = (C¢Fs)Au, (CsF5)3Au, (CeFs)2(CN)Au)

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

Complexes VIII—X are white air- and moisture-stable solids at room temper-
ature. They are non-conducting in acetone and monomeric in CHCIl; (Table 1).
In their IR spectra the band due to »(CN) is shifted towards higher energies
relative to the parent compounds, which is in accordance with previous obser-
vations on analogous complexes [16,17].

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

_NHMe
M*——CN——Me + NH,Me —>M*—C L 7
NHMe

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

(d) Complexes I, IIa and III as N-donor ligands
The terminal nitrogen atom in the eyano complex can act as a donor [14],
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and can even displace other ligands (eq. 8, 9, 10)
Q[ Au(CeF5)CN] + Au{C¢Fs);3(tht) »tht + Q[(CeF's)Au—CN—Au(CsFs)s] (8)

(X1V)
Q[Au(C¢F5)sCN] + Au(OCIO3)PPh; > (CeFs);Au—CN—AuPPh; + QCI0,  (9)
(XV)
Q[ Au(C¢F5),(CN).] + Au(OClO;)PPhj; —
- (CeF5)2(CN)Au—CN—AuPPh, + QClO, (10)
(XVI)

Although the reaction between ITa and Au(C¢F's)(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 IIa) as AgCN:

2 Q[M*—CN] + AgClO,;—~> AgCN + Q[M*—CN—M*] (11)
(XVH, M* = (CéFs)Au; XVIII, M* = (CéF5)3Au)

In the spectra of complexes XIV, XV, XVII and XVII], 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 ecm ™! points to the trans-configuration of the two C¢Fs groups.

- The reaction (1/1) of III with AgClO, 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 »(CN) is displaced towards
higher energies. It also shows a single absorption at 802 cm ™ assignable to
XCeFs. 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.

CeF's

|
QIAU(C¢Fs)2(CN);] + AgClO, > QCIO, +§[NC¢uCNAg1, 12)
(XIX)

The treatment of suspensions of XIX in CH,Cl, with Py, Phen, or PPh,
causes complete dissolution of XIX and formation of [AgL, ][ Au(CsFs).(CN).]
(XX, n =2 (Py); XXI, n =2 (phen); XXII, = = 8 (PPh3)). Complexes XX—XXII
are air- and moisture-stable solids, which behave as (1/1) electrolytes in ace-
tone. They show a single band due to »(CN) in the 2190—2175 cm ™! region,
alomg with a single band assignable to the CsFsX sensitive mode at 800—790
cm™! and should therefore be the trans-isomers.

The (1/1) reaction of IIT with Au(OClO;)(tht) leads to the precipitation of
[(C6F'5)2Au(CN),Au],, (XXIII), similar to XIX, whose spectrum shows a single
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band assignable to »(CN) bridge at 2240 cm ™! along with a single band at 795
cm ™! due to the C¢F;sX sensitive mode. This points as for XIX to a trans con-
figuration of the aryl groups. It is noteworthy that a cis-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], [2,6]. Complex XXIII dis-
solves upon addition of PPhg, to give [ Au(PPh;),][ Au(CeF'5)2(CN),] (XXIV),
an 1/1 electrolyte, whose anion retains the ¢rans-configuration (single bands at
2175w 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.
Conductivities were measured in 5 X 10™* M acetone solutions with a Philips
PW 9501/01 conductimeter. Molecular weights were measured in chloroform
solutions with a Hitachi Perkin—EImer 115 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 agqueous 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

BzPhP[Au(C¢F'5),(CN}] (n =1 or 3). 0.066 g (1 mmol) of KCN was added
to a solution of 1 mmol of Au(C¢Fs),(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 [ BzPh,P]ClO, and stirring for 30 min the solution was evaporated
to dryness and the white residue was treated with dichloromethane. The KClO,
was filtered off and the filtrate was concentrated to ~5 ml. Addition of hexane
led to the separation of the white complex I or ITa, which was recrystallized
from dichloromethane/hexane.

IIb was obtained similarly, though without adding [ BzPh3;P]ClO,.

trans-BusN[Au(CeF'5):(CN),]. 0.074 g (1.5 mmol) of NaCN were added to a
solution of 0.42 g (0.5 mmol) of trans-BusN| Au(CeF5),Cl,] in 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-Bu;N[Au(CsF's).Cl.] led to cis-Bu,N-
[Au(CsF5)(CN),] as an oil, which could not be crystallized.

Au(CeF's5 )3 (CN)HOEL,. Addition of an excess of HBF, or HCI (0.5 ml) to a
solution of Ifa (0.2 g, 0.19 mmol) in 15 ml of ether at 0°C led to the precipita-
tion of [BzPh;P]A (A = BF, 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(CcF5)(CN)-
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HOEt, or Au(C¢F's).(CN),HOE, as oils, which could not be crystallized.
Et,HN(M*—CN) (M* = (C¢Fs)Au, (CsFs)sAu or (CsFs),(CN)Au). An equi-
molecular amount of Et;N 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 temperature, then evaporated to dryness.
Recrystallization of the residue from dichloromethane/hexane gave white crys-
tals of V, VI or VII, respectively.
Au(CesFs),(CNMe) (n =1 or 3). 9.054 g (0.36 mmol) of [Me;O]BF, was
- added to solutions of 0.36 mmol of I or ITa 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 [ BzPh;P]BF, was fil-
tered off. Evaporation to dryness and recrystallization from dichloromethane/
hexane afforded the white complex VIII or IX.

AU(C4Fs),(CN)(CNMe). A solution of 0.054 g (0.36 mmol) of [Me;O]BF,
and 0.15 g (0.18 mmol) of IIT 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), (M* = (Ce¢Fs)Au; (CsFs)sAuor (CoFs),(CN)Au). 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 P[(CcFs)sAuCNAu(CsFs)]. A solution of 0.21 g (0.2 mmol) of ITa and
0.071 g (6.2 mmol) of Au(Ce¢F;5)(tht) [12] in 20 ml of methanol was stirred at
room temperature for 2 h. Evaporation to dryness gave the white X1V, which
was recrystallized from dichloromethane/hexane.

M*—CNAuPPh; (M* = (Ce¢Fs); Au or (CsFs),(CN)Au). A solution of 0.38
mmol of Au(OCIO;)(PPh;) [21] 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 [ BzPh;P]ClO, or [ Bu,NIClO, was filtered off, and the filtrate
was evaporated to dryness to give XV or XVII, which were recrystallized from
dichloromethane/hexane.

BzPh:P{u-CN)[Au(CsFs),].} (n=1or 3). 0.041 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 [ BzPh;P]CIO, was filtered off, and the filtrate was evapo-
rated to dryness to give white crystals of XVII or X VIII, which were recrystal—
lized from dichloromethane/hexane.

[(CsF5),Au(CN),Ag],.. Addition of 0.041 g (0.2 mmol) of AgClO, to a solu-
tion 0f 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,] [Au(CeF's)(CN),] (L=Py, n=2; L =Phen,n=2; L =PPh,y,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.

[(CeF's), Au(CN),Auj,,. 0.41 g (0.5 mmol) of III was added to a solution of
0.5 mmol of Au{OCIlO;)(tht) in dichloromethane (10 ml)/ether (10 ml) (pre-
pared by treating AuCl(tht) [22] with AgClO, 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(PPh;)»] [Au(CeFs)2(CN),]. 0.078 g (0.3 mmol) of triphenylphosphine
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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