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The reactions batwaen [Au{damp) {Mziz] [damp= 2~[(dime-
thylamine)methyl]lphanyl; Acw c&13coc] and [HPY]+ salts
([npy]*» pyridinium) ip 1:) or 1:2 molar ratios give
cationice complexas [Au{damp) {AS) {py}l+ or
[Av (damp) {PY12]2+, respactively. The last complex reacts
with bidentate ligands to give [Auidamp) lLL)]2+ [LL=
1,10-phananthroline (phen}, 2,2'~bipyridiha (bipy},
tetramethylethylensdiamine (Me en), ortho-phenylene~
diamine (phenen}], These are the first digcationic
ergancgold complaexas., The erystal structura of
[hu(damp]!pyl2}{BP‘}2 . CHaCOCH, shows a square-planar
co~ordination arsund the cation and the greater tyensc |
fnfluence of the phenyl group with respect to the HepN
group |Au=€, 2.026{11); Au~NYe,, 2,069(7}; Au-N trang

te €, 2.155(9)1 Au~N tyang to Me,N, 2,016(7)]. ;
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Introduction

CYCLOMETALLATED complexes are wWell known for many transition
elements. Most of them have been obtained by ertho~meta-
llation reactions.l This type of reaction has never heen
observed in the chemistry of gnldz and this explains the small
number of cyclometallated gold complexes.

We have recantly used organomercuric compounds for

the synthesis of aryl gﬂldlIla and (11134 complexes including

5 ana 2-[(dimethylamino)

cyclometallated 2= {phenylazo) phanyl
methyl]phenylgaldlIIIiﬁ derivatives. Of the last type we have

reported neutral [Au(damp)x,] [damp= 2[(dimethylaminc)methyl]

phenyl, X= Cl, Br, I, Ac] and catienic [Au{damp}clL]+ comple~
xas [L= PPh,, AsPh;, py, tetrahydrothiophen ], but attempts

2+ failed. Thus reactions

to obtain dicationic [AufdamPle]
between [Au{damp)Cl,] and PPh; (1:2) or pyridine (in excess) in
the presence of Haﬂlo‘ {1:2) gave only the corresponding
[;u[damp)clL]+ complexes. This paper reports the results ob-
tained trying 1} to develop the chemistry of cyclometallated
gold (I1I) complexes and ii) to open a route for the preparation
of the first dicationic organogold{YIY) complexes. Ag far as

wa know the only gold{III) dicationic complexea are a few of
]2+

general formula [Au{dien)X [21en= di{ethylenediamine); X=

OH, Br, C1] J
Rresults and Discussion

Dicationic [hufﬂamp]b2]2+ can be prepared i) by reacting
[An(dlmplfhﬂizl with [pyH]+ salts in 1:2 molar ratio {(when the

Referances: see frama 0963.
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molar ratio was 7:1 the cationic complex

[AutdaMP}[A¢}[p¥l]+ {2) was obtained} or fi} by reacting
[Au{damp}[pszlz* with bidentate ligands LL= 1,10-phenanthro-
line (phen), 2,2'-bipyridine (bipy), tetramethylethylenadia~
mine {He‘en], ortho-phenylenediamine {phenen). We have prepared

pPerchlorate and tetrafluorchorate salts of sote of these com—-

plexes,
H e 2+ Hekﬂyﬂe 2+
Y - -2 ny -
\nu:': 2%°  + LL e——- \‘Au‘: 3 X
pY
LL X

Phen  Cl0,(3a), BF _ {3b)
biny Cl0,{4)
Me en clo4(51
prhenen c104t61
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All coppliegxes were {solated in highk yields {>73E) except (6]}
(4221 due to 1tz low stability iz solimticen. At rOOR temperature
and in the solid state coumplexes [1)1-{4) are stable. {5} decom—
posing slewliy. The mnlaxr soaductivities are In the range axpac-
ted for 121 [complex (21] or 172 JI1),(3)=(6}] electrolytes

{see Experimenscall.

e hawve unsuccesFully attesmpted to izolate dicationic
complexes contzining the ligands WE,. sthylenedizmine or PPh,.
The reaction between |[Auidamp) mq:] and WM C10, (112} or bet-
ween [Ru(damp) (py),) (8r,), and exvass of sthylerediamine gave
A ooumplex too unstable Lo be characterired or an ilmmediate
redpction to metallic gold, respecctively, By reacting
[Anz (damp) (ac),] or [Autdamp) Pyl ] (BF ), with [ePPh,]C2O, (1:2

or 1:1) or PPh, [1:2 or 133}, respectively, we always Lsolated

3
species containing, respectively, acetate or pyridine ligands
fby i.r.} but we could mot get analytically pure samples For any
reascnable Formulation. It is possible that two mwtually cis
F."I“i::3 ligands were difficult te co-ordinate to a gold{ITI]! cation

for steric reasons.

Of the two possible isomeric formulations for complex (2],
[Au {damp} (Ac) (pry!]r.:lo‘, we tentatively asmign to It the one
in which the acetato ligand is trans to the aryl group ;based
on its i.r. spectrur and also becauase all the rtporbed‘
{mtdW}CIL]* corplexes have the anionic ligand trans to the
phenyl group. Insteaad of ths two Vasym tmzl bands appearing
in [Muldamp) (Ac),] Bt 1670 and 1620 cm ', complex (2} shows
only one at 1510 ﬂﬁlmrlapp&ﬂ with ring stretching bands
of pyridine). Similar spectra fzom 1700-1600 cm ' hawe been
cbtained for the ralated 2-{phenylazophenyllderivatives. In
addition we hava been able t0 prepars [inu-c‘n‘u-itc‘ns}cl {Acy ]

Refarance: see frame 59623,
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(CO,) at 1670 em © and v(AuCl) at 305 em .

which shows “lﬁ"l

The last band corresponds to v({AuCl) tranz to the phenyl grnups
therefore the bands appearing at 1670 and 1610 cm-l in the

acetato complexas can ba assigned to v (CDZI trans to Nnez

AfYym
and phenyl group, respectively,

X-Ray Crystal Btructure of complax (1lb)

Tha crystal structure of complex (1b), [Au{damp) (py]z]
{Br‘}z, shows a mquare planar co-ordination around the gold
atom (Fig. 1). The greaterx trans-influence of the phenyl group
is shown by the longar Au(l}~N(11) distance [2.155{9]5]
compared with Au(1}-N(21) [2.016(7}A]. The Au(1)-N(1l} distance

is gimilar to other J\uzr:

5h, 9

-HLﬂJ:] bond lengths trans to
carbon donor ligands.
The packing diagram (Fig. 2} shows that the solvent

molecules ocoupy the reglon x = D,

neferences: see frames 0963 and 0964,
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Experimental

1.r. spectra were recorded on a Perkin-Elmer 457 spectropho-
tometer using Nujol mulls between polysthylene sheets, Conduc-

tivitiaes were meagured in 8 x 10-'

M sclutions with a Philips
9501 conductimeter. Melting points were determined on a Reichert
apparatus and are uncorrected, C, H and N analyses were carried
out with a Perkin-Elmer 240C microanalyser. Au was determined

by ashing the samples with an aqueous solution of hydrazine.
Solvents were distilled before use. All the reactions were ca-
rried out at room temperature., The analytical data are reported
as found {caled,) + 0,08%, Molar conductivities IAH} are given

1

in o cmzmal-lg m.pe In °C,

[au taamp) tpy} )} 2x [x= €10, (1a}, BF,(1b)]

To a suspension of [Au{damp) (Ac},] (60 mg, 0.14 mmol) in
acetone {2 ml) solid [pyK]Clo, or [pyH]BF, {0.28 mmol) was
added, giving a selution. After 2 or 5 min,, reupectikelf A
white precipitate appears. The suspension was stirred for 30
min, or 14 h., respectively, filtered off and the resulting
white snolid washed with acetone (5 ml) and diethyl ether (2x5
ml) to give (1a) or (1b}, (1a): Vield, 95V, M.p. 180(d). A=
230 (c= 2.8x107*M in acetonitrile). Analytical datas C, 33,50
(33,1%); H, 3.,35(3.20); N, £.00(6.10)7 Au, 2B8,30(28,60}. (1lb):
vield, 828, M.p. 170(d). A ® 236(4x10 M n acetonitrile).
Analytical data: ¢, 34.,10(34.40); H, J.25(3,35)5 N, 6.20({6,25);
Au, 29.45(29.70). |

[Au{damp) (Ac) (py)]clo, (2)

To a solution of [Au(damp) (Ac),] (38 mg, 0,08 mmol) in
acetone {10 ml)} solid [pyR]clo, (15 mg, 0.08 mmol) was added,

the resulting solution stirred for 1 h and then concentrated
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[Au tdamp} (phanen)] (Clo,), (&)

To & suspansion of (1a) (37 mg, 0.06 mmol) in Acetcne [10
ml) solid phenen (6.2 mg, 0,06 mmol) was added. The resulting
yellow solution slowly changed to violet in which momant the
solution was concentrated to dryness. The residus was axtracted
with dichloromethane (3Ix5 ml) and filteared off over anhydrous
HGSO‘. The solution was concentrated {1 ml) and diathyl ethear
added to give (§), which was recrystallized from dichloromathane/
diethyl ather, Yield, 40%. M.p. 168(d). A = 176 {2.3x10" %M in

M
acetona), Analytical datar C, 21,00{21.5%); K, 2.50(2.40}; N,

4.B0(5.05); Au, 23,30{23.60).

0961

0967
0968



to 1 ml. Addition of diethyl ether {10 =m]l) caused precipitation
of a white solid, which was Ffiltered off and ncrysillliud
from acetone/diethyl ether. Yield, 38%. M.p. 177(4}. AH":LIJ

4

(2.8x10 M in acetone).Analytical data: C, 33.40(33.00}; M,

3.05(3.55); N, 4.70{4.950); Au, 34.20(34.65).

u ) (LL))} 2% [Liwphen, X=C1O, (3a), 8F, (3b); Ll=bipy, X=C10,
1]

To a suspension of {1al} or (ih) (approx. 0.1 mmol) in
dichloromethane (10 ml) an squimolar amount of solid LI was
added. After 4 h the resulting suspension was filtered coff and
the whita solid washed with dichloromethane{iml) and disthyl
ether (x5 ml). (3a): Yield, J0V. M.p. 140(d). A= 226 (4x10 ‘x
in acetonitrile). Analytical data: €, 35.40(35.5%0)z7 H, 2.70
(2.85)}; N, 5.40(3.90); Av, 27.20(27,75), (3b): Yield, 35%. H.p.
210(d). Ay~ 220 [3.7x107'K fn acetonitrile), Analytical damea:

C, 36.45(36.80)1 H, 2.90(2.95); N, 6.05(6.15)y An, 28.50({28.75).
(4): Yield, 73%. K.p. 165(d), A= 215 {2.4x10"*M in acotonitrile)
Analytical data: C, 32.80(33.25)3 H, 3.00{2.95)z N, $.75{6.20);
Mu, 28.60(28.70).

[Au (damp) (Me en) ] (C10,), (5)

To0 a suspension of (la)l (60 mg, 0.0% mwmol) in acetone (6

ml) Me,en (40 mg, 0.2 mmol) wan added. The resulting yellow

4
gsolution was stirred for 30 min. and then concentrated to 1 ml.
Addition of diethyl ether (10 ml) caused precipitation of a
pale yellow 8061id, which was filtared off, washed with diethyl
ather {(2x5 wl) and recrystallized from acetone/diethyl asther to
w= 175(2.3%107 %K 1n acetone)
MAnalytical datas C, 28.20(27.90}; H, 4.25{4.3%); N, 6.35(6.50);

Au, 30,05{30.,50).

give (5). Yiald, 86%, M.p. 150(a). A




Crystal Data for (1b).- C,gH,,AuN3' 2BF.CiH 0, H_ = 721,05,

monoclinic, 321f5, a = 17,433(7), b= 10.317(4), c =

15,948(6) R, B = 107.04{4)%, y = 2742 £*, Mo Xa radiation

(3= 0,71069 %), 2 = 4, D, = 1.7 gen ™, y = 5.4 ),

F(000) = 1400. ColourlessHEquidimen:ional crvgtals ware
obtained by diffusion of a concentrated acetone sclution of
Iautdamp){nc}al through an acetone buffer layer inte a
concentrated acetone solution of [Hpy]BF,. The crystals
lose acetone ta the air and were therefore sealed in glass

capillaries.

Data Collection and Processing,~ Stoe-Siemens four-circle

diffractometer, monochromated Mo Xo radlation, 6484 profile-
fitted'? reflections measured (26, x 50, th+x+) and also,
for the weak reflection class k+l1 odd, th-k+l), 48271 unique,
3558 with F > 4¢{F) used for all calculations. Absorption
correction based on ¢-scans ; transmiassions Q,55-0.86, No

crystal decay. Crystal size g,5 x 0.3 % 0.3 mm,

Structure Solution and Refinament,- Au atom from Patterson

fungtion, othar non-i atoms from difference ayntheses.

Anizotropic least-squares refinement on I to R 0,048,

Ew 0.049 {isotropi¢ H atoms incorporated using a riding madel
2

welghting schame W~ “lay tF] + 0,0003F° ; 311 parametars).

pProgram pystem SHELXTL (written by G.M.5.}, Final atomic

coordinates and derived parameters are givep in Tables 1 & 2,

Aadditional crystallographic ipformation (structure factors,
)i atom coordinates, temperature factors) can be ordered from
the Fachinformationszentrum Energie Physik Mathematik,
p-75314 Eggenstein-lLeopaldshafaen 2, F.R.G, Please quote

ceference numbar CSD £117§, the names of the authors and

tha title of the paper.
Refsrence: sen frame 0%64. (Y92
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F*ig. 1. The cation of (1b} in the crystal, showing the

atem numbering scheme,
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Flg. 2. Packing diagram of (1b) projacted down the b.

axis, Atom key : opan ecircles,*Au-{large), P or o (small) ,

all other atoms shown as black dotg.
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TABLE 1.

>
Band lengths (A} and angles {deg.) for (ib).

A{ i y=N{11) 2.155(9%)

Al £ y-C{31) 2.028¢11)
C{I2y=-n11) 1,3312)
C13)~CL 1K) 1.342¢18)
C(135)=-C(16) 1.397{18)
C(22)-N(21}) 1.341011)

{23~ 24) 1.345017)
CC28)=C( 26) 1.358(1%)

CL31 =232} 1.395{ 14}

€ I2}~C(37) 1.381{15)
C{AN)~a M) 1.366{15)

C{A5)~C ) 1.393%16)

Of &2 Y= &) L.494{12)
B1)=-r11) 1.3346{16)
B{1)F1)) 1.2%4017)
2)y-I21) 1.308{16)
BI-#2)) 1.258{20)
CCI100)=C0i02) 1.375(36)
CC100)-0( 1003  1.194{18)

MC 1L )=Ac( 1)=0 21) 87.6(4)
W21y 1)-C{21) 92.7¢4)
R(21)=Aa(1)-M4) 174.8(4)
A L)-8011)=-CC D) 119.3(8}
C(12y=-N(11)~C(16) 120.1(10)
CC12)=C(133-CC14) 120.9C10)
C{14)=0 15)-0X 16} 120.313)
Al 1 )~W21)-0C22) 119.5(6)
CL22)=NE21)=CL26) 119.38)
C(22)=CL23)=C(24) 121.3 10}
CL24)~C(25)~CC26) 118.2¢10)
ha{ 1)=C(31)-CC 32) 11).87)
C{I2)~C(31)-C(36) 122.5(10)
C(I~C(I2)-C(37) 116.9%(9)
CE32)~ (33}~ 34) 121,0011)
O M)=C{ 38)=C( 36) 120.4(10)
L)~ 5T )~NE &) 116.6(8)
Maf 1YR{ AY=CL4 1) 113.8(7)
A [3=N{&)-CLAZY 108.,7(8)
C(&1)=-N{4)~C(42) 109,0(7)
F(11)=B{1)~7(123) I07.2C11)
FOID)=-B(1)-F{14) 109.6{11)
FELA)-BCE)=FLL14) 105,5(13)
P{21)-8{2)~=F(2) 115,3(13)
PL2I)=B{2)~F(24) 107.4(14)
F(23)-B(2)~P({24) 105,0¢15)
C(I01)~-C(100) -0 100) 122,2¢21)

Ml 13-N{2})
Ml 1)=N(4)

c{22)=C(L )
C{14)~-C(135)
€(16)-N{11)
C(22)-c(23)
K 24)~C( 25)
£(26)-M{ 21}
& A1)-C{36)
€(I2)~0(37)
o 34)~C(35)

C(IT)~N(4)

CL42)=N{4)
B{1)~F(12)
B(1)-F(14)
B(2)~P(22)
K2)-F(24)
c{100)-c(102)

W1 )-au))~C(38
W LEY~Aul 1)~N( &)
CLA y=Ax( 1 )~N{ &)

Al 1)~NC11)-CC16)
N(I1)-CC12)=0{13)
CL1AY=-CL14)~C( L 5)
W E1)-CC16)-C(15)
Al 1)=¥( 213-C( 263
N(21)~C(22)~C{23)
C(23)-C( 24)-C(25)
N(213~Cl 26)~0(25)
M(1)~C(31)=C(36)
€0 31 )=C0 32}~-c{ 333
C(33)-C(I2)-C(37)
C(33)-CCI4)~0(35)
€ 31)~C( 36)-C(35)

As{1)-R{4)=C(3T)
CLAT)~N( 43~-0(4))
CLIT)=N(&)~C(42)
FCI)-BE1)=-P(12)
F(12)-B{ I)~F(12)
FOI2)-BCY)=F(14)
F(21)=B8{2}~F(22)
F{22)-B{2}=F(21)
F(22)=B{2)=F(24)
C{101)-L{100)~C(
c{102)=-CC100)-0¢
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2.018(70)

2.06%(1)

1.367(17)
1.358(135)
1.31315)
1.371(15)
1.393{16)
1.325(11)
138401 0)
1,450{12)
1.385(18)
1.516(11)
1.491(12)
1.320(15)
1.3155{18)
$1.280(17)
2.274(22)
1,426(28)

] 179, 4(4)
97.6(4)
B2.2(4)

120.2(7)
120.7(11)
118.0(12)

120.0¢10)

121.1(7)
114.7(9)
118.4¢11)
122.9(10)
125.7(8)
117.8(9)
125.3(9)
126.0(12)

118.2¢10)

$05.0(5)

110.9(7)
109.3{4)
116.7¢13)
112.4(12)
107.1€11)

111.3(13)
107.5(15)

114.3(14)

123.2(21)

109.6{21}

102)
1040)






