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Mono and Binuclear Gold Complexes with Diamine and Carbene Ligands
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The reaction of NH,(CH,),NH, (n =2 or 3) with
CsFsAutht (tht = tetrahydrothiophen) or (CoFs )
AuCNR (m =1 or 3; R = Phor p-tolyl (To)) leads to
CsFsAuNH,(CH, ),NH, or, respectively, (CsFs )
AuC(NHR)[NH(CH, J,NH,], which react with
(CsFs ) AUCNR to give binuclear carbene complexes
of the tpes C¢FsAuC(NHR)[NH(CH,),NH,]-
AuCeFs, (C¢Fs ), AuC(NHR)INH(CH, ), NH](RHN)-
CAuCyFs or (C¢Fs)sAuC(NHTo)({NH(CH, ),NH] -
(ToHN)CAu{C Fs )s.

In XAutht (X = Cl or GgFs) or O3CIOAuPPh,
the displacement of the tht or OCIO; group by Ce¢ Fs-
AuNH,(CH, },NH, leads to the binuclear complexes
CeFsAuNH,(CH, ], NH,AuX or [C¢FsAuNH,-
(CH, ), NH, AuPPh; ] ClO,.

The reaction of cis{(C¢Fs},Au({OEt,),]ClO,
with diamine renders cis-{(CeFs),AuNH,(CH,) -
NH, | ClO; which react with CNPh to give carbene
complexes of the type [(CsFs), AuNH,(CH, ), NHC-
(NHPh)] ClO4 and {(C¢Fs), AuC/NHPR){NH(CH,),-
NH] C/NHPh )}CIO, .

Introduction

Few organo-gold complexes containing a neutral
bidentate ligand — generally a diphosphine [1, 2] —
are known. With diamines, compounds of the types
[R;Au(L-1)]" (L-L = NH,(CH,),NH, [3-6],
aa’-bipy, o-phen [7-9]; R = Me, Et, n-Pr, n-Bu;
R, = Ph,C,), Me, XAu(L—-L) (L-L = 2,7-dimethyl-
1,8-naphthyridine [8]; X = Cl, Br, I, CN, SCN,
SeCN), Me;Au(L—-L) (L-L = CsHgN, [10]) along
with the binuclear complexes [(n-Pr),XAu],[NH,-
(CH;);NH,;] (X = Br, CN [11]) and (Me;Au),-
[NH,(CH;),NH,] [10] have been reported. More-
over, it is known that the amines can act as nucleo-
philes towards goldisocyanide under formation of
the corresponding carbenes [12—14]. This type of
reaction had so far not been studied with the
diamines NH,(CH,),NH,, which owing to their two
NH, groups should be able to form binuclear car-
benes.
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By using the precursors CqFsAuNH,(CH,),NH,
and (C¢F5)m AuC(NHR)[NH(CH,) NH,] [n=2 or 3,
m = 1 or 3; R = phenyl (Ph) or p-tolyl (To)], whose
preparation is described in the present paper (except
for the previously reported [15] complex withn =2,
m = 3, R = To) and which contain a free NH, group,
and reacting them with other gold derivatives con-
taining a readily displaceable ligand or with goldiso-
cyanide we have been able to obtain new binuclear
complexes.

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
solution with a Philips 9501/01 conductimeter;
moleculear weights were determined in approx. 1073
M solution in CHCl; using the isopiestic method on
a Perkin-Elmer mod. 115 apparatus. C, H and N ana-
lyses were carried out with a Perkin-Elmer 240 micro-
analyzer; Au was determined by ashing the samples
with an aqueous solution of hydrazine.

The yields, analytical data and melting points of
the novel complexes are collected in Table I. All the
reactions were carried out at room temperature.

Preparation of the complexes CqFsAuNH,(CH, ),
NH, [n=2(1)or 3(2)]

To a solution of C¢FsAu(tht) (tht = tetrahydro-
thiophen) [16] (0452 g, 1 mmol) in 20 ml of
diethylether was added NH,(CH,),NH, (1 mmol)
(n = 2 or 3) and stirred for 30 min. Evaporation to
~5 ml and addition of 20 ml of hexane led to the
precipitation of the white complex (1) or, respec-
tively, (2), which was recrystallized from dichloro-
methane-hexane.

CosFsAuf4,4"-bipy JAuCsFs (3)
To a solution of C¢FsAutht [16] (0.452 g, 1
mmol) in 20 ml of dichloromethane was added 4,4'-
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bipyridyl (0.078 g, 0.5 mmol). After 1 h stirring
complex (3) was filtered off.

[(CeFs ), AuNH,(CH, ) NH,[ClO4 {n =2 (4)or 3
(5)]

To a suspension of cis-BugN|[(CsFs),AuCl,]
[17] (0.844 g, 1 mmol) in 25 ml of diethylether was
added AgClO, (0415 g, 2 mmol) and stirred for 90
min under exclusion of light. The precipitated AgCl
and [BusN]ClO,; were removed. Addition of NH,-
(CH,),NH; (1 mmol) to the filtrate gave rise to the
precipitation of the white complex (4) or, respec-
tively (5), which was recrystallized from dichloro-
methane-hexane.

Ce FsAuC(NHR)[NH(CH, J,NH,] [n = 2, R = Ph
(6) or p-tolyl (To) (7); n =3, R = Ph (8) or To (9)]
and (C¢Fs )3 AuC(NHTo ) NH{CH, )s NH,] (10)

To a solution of C¢F;AuCNR [14, 18] [R =Ph
(0467 g, 1 mmol) or To (0.481 g, 1 mmol)] or
(C¢F5)3;Au(CNTo) [15] (0.815 g, 1 mmol) in 25 ml
of dichloromethane was added NH,(CH,),NH,
[n =2 (0.134 ml, 2 mmol) or 3 (0.10 mli, 1.2 mmol)]
and stirred for 1 h. Evaporation to ~8 ml and addi-
tion of hexane led to the precipitation of the white
complexes (6—10), which were recrystallized from
dichloromethane-hexane,

[ CsFs );AuNH, (CH, ) NHCINHPh )| CIOy [n = 2
(11) or 3(12)] and [ (C¢Fs ), AuC{NHPh){NH(CH, )
NH}YCINHPh)]ClOs fn=2(13)or 3 (14)]

To a solution of (4) or (5) (0.2 mmol) in 15 mi of
dichloromethane was added the stoichiometric
amount of CNPh [19] and stirred until the {C=N)
vibration of the isocyanide could not any longer
be detected in the solution (2 h, 3 h, 4 d or, respec-
tively 4 d). Evaporation to ~5 ml and addition of
hexane led to the white complexes (17-14) which
were recrystallized from dichloromethane-hexane.

Ce Fs AUNH,(CH, ),NH, AuX [n = 2, X = Cl(15) or
CeFs (16);n=3X=CI(17)or CsFs (18)]

To a solution of ({) or (2) (0.2 mmol) in 15 ml
of dichloromethane was added XAutht [16] (0.2
mmol) and stirred for 30 min. Evaporation to
ca. 8 ml and addition of hexane (20 ml) led to the
white complexes (15-18).

[Ce Fs AuNH, (CH, )}, NH, AuPPh3 ] ClO,4 {19)

To a solution of ClAuPPh; (0.099 g, 0.2 mmol)
in 15 ml of dichloromethane was added AgClO,
(0.041 g, 0.2 mmol) and stirred for 2.5 h under
exclusion of light. The formed AgCl was filtered off
and (7) (0.085 g, 0.2 mmol) was added to the filtrate
and stirred for 30 min. Evaporation to ~8 ml and
addition of 20 ml of hexane led to the precipitation
of the white complex (19).

R. Us6n, A. Laguna and M. D. Villacampa

Co Fs AuC/{NHR )[INH(CH, ), NH, | AuCs Fs [n=2,R =
Ph (20) or To (21);n = 3, R =Ph (22) or To (23)]
and CyF5 AuC(NHR)[NH(CH, ),NH] (R'HN)CAuGC;-
Fs{n=2,R=R' =Ph(24), To(25;R=Ph, R =
To (26);n=3,R=R"'=To(27)]

CsFsAuCNR [14, 18] (0.2 mmol) was added to
a solution of 0.2 mmol of (1), (2), (6), (7) or (9) in
15 ml of dichloromethane and stirred until the
»(C=N) vibration of isocyanide could no longer
be observed in the samples of the solution (5—30
days). Evaporation to ~8 ml and addition of hexane
led to the precipitation of the white complexes
(20-27), which were recrystallized from dichloro-
methane-hexane.

Cy Fs AuC(NHR )[NH(CH, ), NH] (ToHN JCAu(Cs s )3
[n=2,R=Ph(28), To(29);n=3,R=To(30)]

To a solution of (6) or (9) (0.2 mmol) in 15 m] of
dichloromethane was added (C¢Fs)3;AuCNTo (15]
(0.163 g, 0.2 mmol) and stirred for 30 min (n = 3,
R = To) or, respectively, 7 h (n = 2, R = Ph),
Evaporation to ~5 ml and addition of hexane led to
the precipitation of the white complexes (28) or (30),
which were recrystallized from dichloromethane-
hexane.

Complexes (29) or (30) could also be obtained by
starting from (10) or (CeFs)3;AuC(NHTo)[NH-
(CH,);NH;] [15] (0.2 mmol) and C¢FsAuCNTo
[14] (0.096 g, 0.2 mmol) and using the same work-
up as before. Reaction time: 1 day (n = 3, R = To)
or, respectively, 15 days (n = 2, R = To).

(CeFs )3 AuC(NHTo ) NH(CH, ), NH] (ToHN JCAu-
(CeFs)s [n=2(31)or3(32)]

They were prepared by starting from (/0) or
(Ce F5)3AuC(NHT0)[NH(CH,),NH, ] [15] (0.2
mmol) and (CeFs);AuCNTo [15] (0.163 g, 0.2
mmol) and using the same work-up as for com-
plexes (28-30). Reaction time: 8 days (n = 2) or,
respectively, 30 min (n = 3).

Results and Discussion

a) Starting Complexes
The displacement of tetrahydrothiophen (tht) in
C¢FsAutht by ethylene or propylenediamine leads
to mononuclear complexes as represented in eqn. 1.
CeFsAutht + NH,(CH,),NH, —>
C6 FSAUNH2(CH2)nNH2 + tht (1)
n=2{)or3()

though in the case of 44 bipyridyl (44" bipy) the
binuclear derivative C¢FsAu(4,4"-bipy)Au(C¢Fs) (3)
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is obtained in every case, even when using an excess
of the ligand (4,4"bipy/Au = 1.2/1 molar ratio).

Complexes (I/-3) are isolated as white air- and
moisture-stable solids, which are non-conducting in
acetone solution (see Tabie I). Since (3) is insoluble
in organic solvents neither its conductivity nor its
molecular weight could be determined.

Addition of AgClO,4 to suspensions of cis-BusN-
[(C¢Fs),AuCl,] [17] in diethylether, followed
by the elimination of the precipitated AgCl and
[BusN]ClO,4, renders solutions which are stable
at room temperature and are supposed to contain
cis-[(C¢Fs),Au(OEt,),]". Addition of NH,(CH,),-
NH, allows the isolation of the corresponding
cationic complexes (eqn. 2)

cis-BusN[(CeF5),AuCl,] +

+2AgCl0,
—2AgCl, —[BugN]ClO4

NH,(CH,),NH
cis-[(C¢Fs),Au(OEt,),] ClO, ———22—2,

Cis-[(C(,FS)zAuNHz(CHz)nNHz] Cl0, 2)
n=2#)or 3 ()

which are conducting in acetone solution (1:1
electrolytes) (Table I). Their IR spectra show two
bands at 1090(s,br) and 625(s) cm™* characteristic
of the ClO, anion [20], along with two others in
the 800 cm ' region [815(s) and 805(s) cm™],
which confirm the cis-configuration of the Cg¢Fs
groups [17].

b) Mononuclear Carbene Complexes

It is well known that amines react with gold-
isocyanide to give the corresponding carbenes [12—
14]. Similarly, diamines are able to use one of their
—NH, groups as represented in eqn. 3

(C¢Fs)mAuCNR + NH,(CH,),NH, —>
NH(CH,),NH,
'’

(CsFs)mAu—C | 3)

\
Y

NHR

m =1,n=2, R = Ph (6) or p-tolyl (To) (7); n = 3, R = Ph
&) or To (9)
m=3,n=3,R=To (10)

The course of these reactions was monitored by
IR spectroscopy until the C=N stretching absorp-
tion due to the isocyanide could no longer be observ-
ed. The reaction is more rapid for the gold(IIT)
(10 min) than for the gold(I) precursors (1 h), in
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agreement with the nucleophilic attack accepted for
this type of reaction [12, 21].

The white complexes (6—10) are non-conducting
in acetone and monomeric in chloroform. Their IR
spectra are characterized by bands located at 3450
3200(m) {v(NH)}, 1640-1615(s) {8(NH)}, and
1580—1560(s) {1{CN)} cm™*,

Though in (4) and (5) the two NH, groups of the
diamine should be coordinated to the gold centre,
the complexes react with one or two moles of iso-
cyanide (CNPh) to give cyclic carbenes, as may be
seen from the equation (4) (see next page).

The white complexes (I/1-14) are air- and
moisture-stable at room temperature and conducting
in acetone solution (1:1 electrolytes). Their IR spectra
show absorptions at 3420-3180(m) {v(NH)},
1610(s) {5(NH)}, 1590—-1580 {v(CN)}, 1100(s,br)
and 628(m) (Cl0,7) and 822(s) and 812(s) (due to
two mutually cis C¢Fs groups) cm™.

¢) Binuclear Complexes

One of the amine groups of complexes (/) and
(2) can further be coordinated to another gold centre
by displacement of other weakly attached ligands
(tht or OC10;), as represented in egns. (5) and (6)

Cﬁ FS AUNH:(CHz)nNH2 + XAutht —>
CoeFsAuNH,(CH,),NH,AuX +tht  (5)

n=2,X=Cl(5)or C¢F5 (16);n=3,X=C(17)or C¢F5s
s

CeFsAuNH,(CH,),NH, + O5CI0AuPPh, —>
[C6F5 AUNH2(CH2)2NH2AUPPh3] C104 (6)
19)

Since (15-17) are only very little soluble in
organic solvents neither their conductivities nor their
molecular weights could be determined. (18) is non-
conducting and monomeric in solution, whilst (19)
behaves as a 1:1 electrolyte in acetone. The IR
spectra of (I15) and (I7) show an absorption at
338(m) cm ™!, due to (Au—Cl).

Complexes (1) and (2) react also with gold iso-
cyanide to give binuclear carbenes (eqn. 7).

CGFsAUNHz(CHz)nNHz + C6F5AUCNR —

NH(CH,)uNH, AuCF
!
!

CeFsAu—C_ 1 (N

NHR

n=2,R=Ph(20)or To(21);n=3,R =Ph (22) or To (23)
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THPh
£ NH
+CNPh
[(C6F5)2AuNH2(CHZ)nNHZ]CIOM ——t— (C6FS)2Au ////(CHZ)n c10“
NH,
n=2 (11) or 3 (12)
“)
+ CNPh
NHPh
C = NH
+ 2 CNPh S/ N
s | (€ F ) Au (cH,) [c10
6 5 2 / 2'n Ll
C =— NH
NHPh
n=2 (13) or 3 (14)
’ NH(CHz)nNHz ’ NH(CHZ)nNHZ
CeFhu-C§ (CgFg)gAu-C L
NHR NHTo
C6F5AuCNR
(C6F5)3AUCNT0 ToHN
o >c —Au(c6F5)3
NH{(CH,} NH
C,F_AuUCNR' 2
6 e n
5 CstA” 'C\l\ (C6FS)3AuCNTo
NHR
n= 2, R= Ph(28) or To(gg); n= 3, R= To(30)
R'HN ToHN
5 ¢ -AuC6F5 ¢ -Au(C6F5)3
NH(CHz)nNH NH(CHz)nNH
- 4 - «'
C6F5Au c.X (C6F5)3Au c\k\

NHR

= 2, R=R'=Ph (24) or To (g§)
R= Ph, R'= To (26)
= 3, R=R'=To (27)

Scheme 1

Similar reactions take place by starting from com-
plexes (6—10) or from the elsewhere described [15]
(CsF5);AuC(NHTo)[NH(CH,),NH;] all of which

NHTo

n=2 (31) or 3 (32)

contain a free NH, group that can react with gold-
isocyanide under the formation of double binuclear
carbenes, as may be seen from Scheme I.
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The reactions represented in eqn. 7 and Scheme 1
are quite slow, especially if the starting complex is
a gold(I) isocyanide (it takes between 3 and 30 days
until the isocyanide disappears entirely) and are a
quicker (30 min to 1 day) for (CeFs);AuCNTo,
except for the preparation of complex (37) (8 days).

Complexes (20—32) are white air- and moisture-
stable solids; their conductivities and molecular
weights being in good agreement with the proposed
formulae. Their IR spectra show absorption bands
in the 3400-3150(m) {¥NH)}, 1610-1600(s)
{6(NH)} and 1600—1575(s) {¢(CN)} regions, char-
acteristic of carbenes [18].
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