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Linearily directed donor-stabilized organogold(1) 
compounds react with the 3-titanopenta-1,rl-diyne 
[(q5-C5€L&3iMe3)2Ti(C=CSiMe3)2]T 1 to afford complexes 
1-Au(q1-R) [R = Me 3a, C&(CF3)3-2,4,6 3b, C=CSiMe3 
3c] in which the gold(1) centre possesses a trigonal-planar 
environment formed by two +coordinated alkyne units 
and a ql-bonded organic group R; the X-ray structure 
analysis of [ {(q5-C5&SiMe3)2Ti(C=CSiMe3)2} - 
Au{ q1-C6H2(CF3)2-2,4,6}] 3b is reported. 

Organogold(1) compounds, Au-R, generally exist as poly- 
nuclear species.14 These molecules can be broken down to 
monomeric L-AuR compounds (R = singly bonded organic 
ligand; L = Lewis-base containing N, P or S donors) in which 
the gold atoms maintain the coordination number two, with a 
linear L-Au-R a1~angement.~6~5~6 The same arrangement is 
obtained when dipodal ligands, such as dppe, are applied, 
leading to molecules with two AuR moieties. This behaviour 
appears to be caused by Au-Au interactions between the 
seemingly closed-shell group 1 1 metal centres.4.7.8 

In this study, we report of first examples of monomeric 
bis(q2-alkyne)Au(ql-R) complexes, [ { (~f-C~&SiMe3)~Ti- 
(C=CSiMe3>2}Au(yl-R)] (R = singly bonded organic ligand), 
with a gold atom in a trigonal-planar environment, which result 
from the reactions of LAuR with the well designed organome- 
tallic chelate [(~l~-C~H~SiMe~)~Ti(C=cSiMe3)2] 1. 

The bis(alkyny1) titanocene 1 reacted at -70 to 0 "C in 
diethyl ether with 1 mol equiv. of in-situ prepared [AuR(SMe2)] 
[R = Me 2a, C6H2(CF3)2-2,4,6 2b, C=CSiMe3 2c]9 to form pale 
orange [ ( (y5-C~&SiMe3)2Ti(C=CSiMe3)2]Au(y~-R)] [R = 
Me 3a, C6&(CF3)3-2,4,6 3b, C=CSiMe3 3c] in 60-75% yield 
(Scheme l).$ 

After appropriate purification, orange crystals of products 
3a-c could be obtained, which are stable for months in the solid 
state. Remarkably, solid compounds 3a-c can be handled in air 
for short periods, while they slowly start to decompose in 
solution on being exposed to air. 

Compounds 3a-c are monomeric in solution (cryoscopy in 
benzene) and their EI mass spectra are in agreement with this 
monomeric character. 

In order to establish the solid-state structure of molecules 3a- 
c an X-ray diffraction study was examplarily carried out on 
single crystals of 3b (Fig. 1).§ 

The molecular structure of the heterobimetallic complex 3b 
in the solid state shows that it contains a gold atom, which is 
trigonally coordinated by an q1-bonded C6&(CF3)3-2,4,6 
group and a chelating bis(alkyny1) titanocene fragment (Fig. 1). 
Complex 3b is the first example of a monomeric aryl gold(1) 
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entity stabilized by alkyne ligands. The gold(1) centre possesses 
a trigonal-planar environment,lO comprising two q2-coordi- 
nated C=C building blocks [C( 17)-C( 18), C( 19)-C(20)] and the 
+bonded ligand C6H2(CF3)3-2,4,6 [C(25)]. The alkyne carbon 
atoms [C(17), C( 18), C( 19), C(20)], the silicon atoms Si(3) and 
Si(4), the metal atoms Au and Ti as well as the aryl Cjp,, atom 
C(25) are arranged in-plane (maximum atomic deviation 0.088 
A). This is consistent with y2-alkyne-to-group 11 metal 
bonding, typically found in y2-alkyne stabilized monomeric 
copper(1) and silver(1) compounds of general type [ ( (q5- 
CSH4SiMe3)2Ti(C=CSiMe3)2}MR] (M = Cu, Ag).] 
Accordingly, the following characteristic features of this 
bonding situation are: i )  the lengthening of the C=C bonds from 

in the organometallic chelate l)14 to 1.220( 10) A [C( 17)-C( 1 S)] 
and 1.250(10) 8, [C(19)-C(20)] in 3b, and ( i i )  bending of the 
Ti-C=C-Si units from linearity in molecule 1 [Ti-C-C 
175.8(4)/178.2(5)', C-C-Si 174.8(4)/178.3(5)'] to 162.1(6)' 
[Ti<( 17)-C( 1 S)] or 162.4(7)' [Ti-C( 19)-C(20)] and 
155.3(7)' [C(17)-C( 18)-Si(3)] or 156.3(7)" [C( 19)-C(20)- 
Si(4)] in 3b, respectively (Fig. 1). The plane formed by the 
atoms Au and C(25)-C(33) is almost perpendicular to the 
Ti,C( 17)-C(20),Si(3),Si(4),Au plane (interplanar angle 86.8"). 
The two-electron-two-centre (2e-2c) Au-C(25) bond length at 
2.079(7) 8, in compound 3b fits perfectly into the range 
expected for this type of bonding.15 Moreover, as a result of the 
y2-coordination of both C=C triple bonds to the gold(1) centre 
the bite angle C( 17)-Ti-C( 19) in the free organometallic 
chelate 1 decreases from 102.8(2) to 95.4(3)' in heterobi- 
metallic 3b (Fig. l).14 Likewise, the Ti-Au distance of 

1.203(9) and 1.214(6) a (the uncoordinated C=C bond distances 

Fig. 1 ORTEP drawing (50% probability level) 3b. Selected bond distances 
(A) and angles ( O ) :  Ti-Au 2.9948(14), Au-C(25) 2.079(7), Au-C(l7) 
2.217(7), Au-C(l8) 2.245(7), Au-C( 19) 2.217(8), Au-C(20) 2.245(8), 
C( 17)-C( 18) 1.220( lo), C(19)-C(20) 1.250( 10); Ti-C( 17)-C( 18) 162.1(6), 
Ti-C( 19)-C(20) 162.4(7), C( 17)-C( 18)-Si(3) 155.3(7), C( 19)-C(20)-Si(4) 
156.3(7), Ti-Au-C(25) 179.4(2), C(l7)-Ti-C( 19) 95.4(3), D( 1 )-Ti-D(2) 
134.6 [D( I), D(2) are centroids of the cyclopentadienyl ligands].§ 
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2.9948( 14) 8, is relatively short, as compared to characteristic 
Ti-Cu or Ti-Ag distances in isostructural [ [ ( Y ~ - C ~ H ~ S ~ M ~ ~ ) ~ -  
Ti(CsCSiMe3)z }MR] compounds.11-13 Because of this, ab 
initio molecular orbital calculations were carried out for [ ( (75- 
C~H~)~T~(CECH)~}M(~'-CECH)] (M = Cu, Au).16 Calculated 
atomic charges and Wiberg bond indices show a larger Ti-M 
interaction for Ti-Au, as compared to Ti-Cu.l6 This finding is 
in accord with the relatively short Ti-Au bond distance found in 
heterobimetallic 3b. Short metal-gold distances are also 
observed in other metal-gold complexes. l7 

The q2-coordination of the C=C entities to a monomeric 
Au(q1-R) moiety is additionally confirmed by IR spectroscopy. 
The CEC stretching vibration is shifted from 2012 cm-1 in 
compound 114-18 to 1830 cm-l in 3b, 1831 cm-l in 3a or 1848 
cm-1 in 3c, indicating a weaker carbon-carbon triple bond in 
the coordination complexes 3a-c.S 

On q2-coordination of the alkynyl ligands to the gold(1) 
centre in the 13C{ 1H) NMR spectra of compounds 3a-c the 
resonance signal of the C, atoms is shifted slightly downfield (6 
172.4 l,14>'8 199.1 3a, 183.5 3b, 181.1 3c), while the Cp carbon 
atoms are shifted to higher field (6 135.4 1,14,18 122.6 3a, 123.5 
3b, 122.0 3c). These data are in agreement with the observation 
generally made by changing from non-coordinated to q2- 
coordinated 3-metallopenta- 1 ,4-diynes.11-14 

The result of this study shows that the capability of the 
organometallic n-tweezer 1 to stabilize mononuclear organo- 
metallic fragments now gives entry to mononuclear gold(1) 
species. In the heterobimetallic titanium-gold compounds 
obtained, both alkyne moieties of the bis(alkyny1) titanocene are 
q2-coordinated to the gold atom, giving rise to a unusual 
trigonal-planar coordination mode in organogold(1) chemistry. 
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Footnotes 
t Present address: Technische-Universitht Chemuitz-Zwickan, Institut fur 
Chemie, Lehrstuhl Anorganische Chemie, StraBe der Nationen 62, D-09 107 
Chemuitz, Germany. 
$. With respect to compounds 3a-c representative experimental data are 
given for 3b: c&(CF3)3-1,3,5 (0.1 1 g, 0.39 mmol) was deprotonated at 
0 "C in diethyl ether (50 ml) with BunLi (0.17 ml, 0.39 mmol, 2.3 mol dm-3 
BuLi in hexane). After stirring for 1 h, [ A u C ~ ( S M ~ ~ ) ] ' ~  (0.10 g, 0.39 mmol) 
was added, and under simultaneous precipitation of LiCl, [Au( C&(CF3)3- 
2,4,6)(SMe2)] was formed. After 30 min the reaction mixture was treated 
with 118 (0.20 g, 0.39 mmol). After filtration through Celite the solution was 
concentrated to yield pale orange crystals upon cooling to 0 "C. Yield: 0.30 
g (77%) of 3b, mp 118 "C (decomp.); IR (KBr) v/cm-1 1830 (C=C); 1H 

5.22 (pseudo t, 4 H, C5&, JHH 2.3 Hz), 5.75 (pseudo t, 4 H, C5&, J H H  2.3 

(SiMe3), 11 1.1 (C5&), 113.0 (Csb) ,  116.5 (ipso-C, C5H4), 123.5 (CrCSi), 

(Tic*); CF3 could not unambiguously be assigned; EIMS, mlz (rel. 
intens.) 994 (40) (M+), 616 (55) [M+ - C6H2(CF3)3 - C2SiMe3], 516(45) 
[M+ - AuC6H2(CF3)3], 322( 100) [(C51&SiMe3)2Ti+]. 

Spectroscopic data for compounds 3a and 3c: 3a: mp 55 "C (decomp.); IR 

SiMe3), 0.46 (s, 18 H, SiMe3), 1.70 (s, 3 H, Me), 4.97 (pseudo t, 4 H, C5&, 
J H H  2.3 Hz), 5.61 (pseudo t, 4 H, C ~ H ~ , J H H  2.3 Hz); 13C NMR (55.33 MHz, 
C6D6) 6 -10.3 (AuMe), 0.6 (SiMe3), 1.1 (SiMe3), 109.0 (C5H4), 112.3 
(C5&), 115.9 (ipso-C, C5&), 122.6 (CECSi), 199.1 (Tic&). 

3c: mp 105 "C (decomp.); IR (KBr) v(C=C)/cm-'2054s (AuC=CSiMe3), 
1848m (q2-TiC=CSiMe3); 'H NMR (200.13 MHz, C6D6) 6 0.20 (s, 18 H, 
SiMe3), (s, 0.39 H, SiMe3), 0.63 (s, 18 H, SiMe3), 4.94 (pseudo t, 4 H, C5H4, 
J H H  2.3 Hz), 5.58 (pseudo t, 4 H, C5&, JHH 2.3 Hz); 13C NMR (55.33 MHz, 

116.9 (ipso-C, C5H4), 122.0 (CKSi), 123.4/129.6 (AuC=CSiMe3), 181.1 
(TiCEC); EIMS, mlz (rel. intens.) 810(20) (M+), 613(40) (M+ - 2 

NMR (200.13 MHz, C6D6) 6 0.04 (s, 18 H, SiMe3), 0.27 (s, 18 H, SiMe3), 

HZ), 8.17 (S, 2 H, C6Hz); I3C NMR (55.33 MHZ, C6D6) 6 0.5 (SiMe3), 0.7 

123.8 (m-C6H2), 124.4 (AUC), 139.9 (4, ipso-C, C6H2, 2 J c ~  28.4 Hz), 183.5 

(KBr) vlcrn-l 1831 (CX);  'H NMR (200.13 MHz, C6D6) 6 0.27 (s, 18 H, 

C&) 6 0.6 (SiMe3), 1.0 (SiMe3), 1.5 (SiMe3), 110.4 (c5&), 113.2 (c5&), 

C2SiMe3), 418(5) (M+ - AuC2SiMe3 - CzSiMe3), 322(100) [(C5H4Si- 
Me&Ti+], 73(25) (SiMe3+). 
0 Crystal data for 3b: C35&6A~F9Si4Tir M = 994.20, monoclinic, space 
group P2&; a = 15.730(4), b = 12.959(2), c = 20.334(3) A, 
p = 88.35(1)"; U = 4143(1) A 3 ,  2 = 4, D, = 1.595 g cm-3. R3m/v 
Siemens diffractometer, using the 8-28 technique [20 limits: 4.0-47.0°, 
scan range O S " ,  scan speed: 14.0 G do/dt d 14.0" min-l (in 2e)] and Mo- 
Kar radiation (h  = 0.71069 A), graphite monochromator. Crystal dimen- 
sions: 0.30 X 0.30 X 0.30 mm, 4521 observed data [Z 2 2o(I)] of 6369 data 
measured (T  = 200 K) were refined to R1 = 0.047 and R, = 0.106 ( F 2  
refinement). No. of refined parameters: 460. Max. residual electron 
density = 1.70 e k3. Transmission factors for absorption correction: min., 
max. 66,99%. 

The atoms F(4)-F(6) at C(32) are disordered (rotation disordering 45"). 
Anisotropic refinement of F(4)-F(6) with restraints SAME, SIMU & DELU 
was not possible. All atoms were refined anisotropically, excluding the 
hydrogen atoms and disordered F(4)-F(6) atoms. The hydrogen atoms were 
placed in calculated positions, and their thermal parameters were refined 
isotropically. The structure was solved by direct methods (SHELXS-8620 
and SHELXL-932'). Atomic coordinates, bond lengths and angles, and 
thermal parameters have been deposited at the Cambridge Crystallographic 
Data Centre (CCDC). See Information for Authors, Issue No. 1. Any request 
to the CCDC for this material should quote the full literature citation and the 
reference number 182/173. 
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