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Abstract 

The reaction between Ru,(CL-AuPPh,X~-CIXO),, (1) and pyridine afforded a mixture of products from which the title complexes 
Ru,(~-HX~-NC,H,XCO)9(PPh,) (41, Ru,(~-CI),(CO)s(NCsH,XPPh,) (6) and Ru3(~-CI),(CO)s(NCsH,), (7) have been ob- 
tained together with the previously reported pyridyl cluster Ru,(cL-HXL~-NC,H,XCO),, (2) and the phosphine-substituted clusters 
Ru,(CO),,(PPh,), (3) and Ru,(r-C1),(CO)s(PPh,), (5). Complex 4 has also been obtained with a high yield by phosphine 
substitution of 2 under mild conditions. The structural study of 4 reveals site-specific substitution at the N-ligated ruthenium. 
Products 5-7 are dichloro-bridged complexes related by successive replacement of PPh, by NC,H,. Single-crystal X-ray diffraction 
studies of 6 and 7 indicate that these complexes contain triruthenium cores incorporating one and two a-bound equatorially 
disposed pyridine ligands respectively, a new coordination mode for unsupported pyridine ligands on triruthenium clusters. 
Extremely long Ru-N distances in 6 and 7 are consistent with the “lightly stabilizing” nature of the pyridine ligand in trinuclear 
cluster chemistry. A comparison of the core geometries of 5-7 has revealed a contraction in the Ru-Ru distances on sequential 
replacement of the P-donor ligand by the N-donor ligand. 
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1. Introduction 

The reactions of ruthenium clusters with nitrogen 
ligands are of much current interest and have been 
recently reviewed [2]. A suitable choice of nitrogen- 
donor molecule with a ruthenium cluster can serve to 
model the heterogeneously catalysed hydrodenitro- 
genation process. Pyridine and its higher homologues 
are believed to be the most persistent N-containing 
impurities in liquid fuels [3], and we have recently 
reported the reactions of Ru,(CO),, with pyridine [4] 
and piperidine [l]; the latter is a likely reduction inter- 
mediate of pyridine. Hydrodenitrogenation must, of 
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necessity, involve N-C bond cleavage at some stage. 
N-C weakening is a necessary step in N-C cleavage, 
and our studies with piperidine have shown that multi- 
metal coordination of the N-ligand leads to substantial 
N-C bond weakening compared with bimetal coordi- 
nation. We therefore decided to seek multimetal coor- 
dination of pyridine. One possible route to this involves 
the addition of another metal to the triruthenium core, 
and so we have examined precursors to mixed-metal 
clusters incorporating ruthenium and pyridine or 
pyridyl ligands and report below our first forays into 
the field, with gold as the heterometal. 

2. Results and discussion 

Reaction of the preformed aurotriruthenium cluster 
Ru&-AuPPh,Xp-ClXCO),, (1) [51 with an excess of 
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pyridine in reflting tetrahydrofuran UHF) afforded a between Ru,(CO),, and pyridine [4]. Band 2 was crys- 
mixture of at least eight products, of which six were tallized and identified as Ru,(CO),,(PPh,), (3) [6]. 
identified after thin layer chromatography. Band 1, the This bis(phosphine) triruthenium cluster was previously 
fastest moving band, was crystallized and identified as obtained from reaction between Ru,(CO),, and PPh, 
Ru~(cL-HXCL-NC~H~XCO)~~ (2), which we have previ- in hexane, a solvent in which it is sparingly soluble; in 
ously obtained with a high yield from direct reaction more polar solvents, further reaction to afford 

TABLE 1. Summary of crystallographic data for Ru,(CL-HXCL-NC,H,XCO),(PPh,) (41, Ru,(LL-C1)2(CO)s(NC,H,XPPh,) (6) and Ru& 

CI),(CO),(NC,H,), (7) 

Formula 

M 

4 6 7 

C3,H,N09PRu, C,,H,CI,NO,PRu, G~,oCbN,OsRu, 
896.7 939.6 756.4 

Crystal system 

Space group 

a 61 

b 61 

c (A, 

(Y (“I 

B (“I 

y (“1 

v (A? 

Z 

Qak. (g cm -3) 

pMo (cm-‘) 
Specimen (mm X mm X mm) 

A* minimum; A* maximum 

FCOOO) 
2&,, (“) 
N 
N, 

R 
RU’ 

Monoclinic 

P2,/‘c (No.14) 

9.367(4) 

24.013(8) 

16.896(4) 

120.60(4) 

3270 

4 

1.82 

13.4 
0.35 x 0.30 x 0.20 

1.10, 1.19 

1752 

50 
5730 
3676 

0.039 
0.038 

Triclinic 

pi (No.21 

17.644(4) 

11.025(6) 

9.336(3) 

71.70(3) 

89.36(2) 

87.01(3) 

1722 

2 

1.81 

15.2 
0.06 x 0.32 x 0.09 

1.06, 1.13 

916 

46 
4734 
3467 

0.046 
0.052 

Monoclinic 

p2,/c 

12.829(8) 

26.339(8) 

16.009(10) 

119.46(S) 

4710 

8 

2.13 

19.7 
0.14 x 0.09 x 0.18 

1.18, 1.26 

2896 

50 
7801 
4479 

0.046 
0.045 
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Ru&CO),(PPh,), occurs. The formation of both 2 and 
3 strongly suggests the intermediacy of a coordinatively 
unsaturated “Ru3(CO)i0” species by elimination of 
(phosphinejgold and chloro moieties; indeed, the 
“lightly stabilized” Ru,(CO),,(MeCN), reacts with 
both pyridine and PPh,, to afford 2 and 3 [7], respec- 
tively (Scheme 1). 

Bands 3 and 5 were minor and their content not 
identified. The product from band 4 was crystallized 
and identified as Ru&-HXP-NC,H,XCO),(PPh,) (4) 
by a combination of IR, ‘H and i3C nuclear magnetic 
resonance (NMR), fast atom bombardment (FAB), 
mass spectrometry (MS) and microanalysis. The FAB 
mass spectrum contains no molecular ion, instead 
showing an ion corresponding to [M-CO]+ at the 
highest m/z value. The ‘H NMR spectrum contains 

(al 

(b) 

Fig. I Molecular structure and crystallographic numbering scheme 
for Ru&-HXP-NCsH,XCO),(PPh,) (4); 20% thermal ellipsoids 
are shown for the non-hydrogen atoms. Hydrogen atoms have arbi- 
trary radii of 0.1 A. Projections are shown (a) normal to and (b) 
oblique to the Ru, plane. 

TABLE 2. Atomic coordinates and equivalent isotropic thermal 
parameters for Ru,(CL-HX~-NC,H,XCO),(PPh,) (4) 

Atom x Y z ueq (‘Q, 

Rufl) 0.41373 (7) 0.60563 (2) 0.80569 (4) 0.0347 (3) 

Rut2) 
Ruf3) 
Cfll) 
001) 
Ci12) 
002) 
C(21) 
O(21) 
cc221 
a221 
o(23 
C(23) 
Cf31) 
Of311 
C(32) 
Of32) 
CC331 
O(33) 
Cf34) 
O(34) 
P(1) 
C(111) 

cc1 12) 
Cf113) 
C(114) 
C(115) 

c(116) 
c(121) 
c(122) 
c(123) 
Cil24) 
c(125) 
Ci126) 
Cf131) 
c(l32) 
Ul33) 
C(134) 
C(135) 
C(136) 

N(l) 
C(2) 
c(3) 
C(4) 
c(5) 
c(6) 
H 

0.47795 (8) 
0.32471 (8) 
0.188 (1) 
0.0534 (7) 
0.4158 (9) 
0.4159 (8) 
0.270 (1) 
0.1537 (91 
0.554 (1) 
0.608 (1) 
0.6480 (9) 
0.585 (1) 
0.115 (1) 

- 0.0123 (8) 
0.545 (1) 
0.6695 (7) 
0.310 (1) 
0.308 (1) 
0.227 (1) 
0.1666 (9) 
0.4913 (2) 
0.3465 (8) 
0.2358 (9) 
0.1288 (9) 
0.132 (1) 
0.241 (1) 
0.349 (1) 
0.6865 (8) 
0.7462 (9) 
0.887 (1) 
0.967 (1) 
0.909 (1) 
0.7684 (9) 
0.5059 (9) 
0.6531 (9) 
0.653 (1) 
0.508 (2) 
0.361(l) 
0.359 (1) 
0.6645 (7) 
0.6928 (8) 
0.858 (1) 
0.982 (1) 
0.949 (1) 
0.788 (1) 
0.415 (8) 

0.57636 (2) 
0.49871(2) 
0.6232 (3) 
0.6350 (3) 
0.5744 (3) 
0.5561(2) 
0.5829 (3) 
0.5884 (3) 
0.5143 (3) 
0.4782 (3) 
0.6618 (3) 
0.6301(4) 
0.5308 (3) 
0.5465 (3) 
0.4759 (3) 
0.4586 (3) 
0.4383 (4) 
0.4011 (3) 
0.4687 (41 
0.4515 (3) 
0.69630 (7) 
0.7532 (3) 
0.7499 (3) 
0.7945 (3) 
0.8407 (3) 
0.8443 (3) 
0.8016 (3) 
0.7271(3) 
0.7110 (3) 
0.7360 (4) 
0.7757 (4) 
0.7931 (3) 
0.7685 (3) 
0.6960 (3) 
0.6871 (3) 
0.6803 (4) 
0.6805 (4) 
0.6882 (4) 
0.6957 (4) 
0.5855 (2) 
0.5724 (3) 
0.5609 (3) 
0.5622 (4) 
0.5735 (4) 
0.5863 (3) 
0.632 (3) 

0.65916 (4) 
0.72171 (4) 
0.7516 (5) 
0.7236 (5) 
0.9083 (6) 
0.9697 (4) 
0.5432 (6) 
0.4735 (4) 
0.6237 (6) 
0.6030 (5) 
0.6030 (5) 
0.6263 (6) 
0.6307 (6) 
0.5772 (5) 
0.8149 (5) 
0.8686 (4) 
0.6460 (7) 
0.6020 (6) 
0.7886 (7) 
0.8273 (5) 
0.8706 (1) 
0.8110 (5) 
0.7176 (5) 
0.6720 (5) 
0.7191 (6) 
0.8103 (7) 
0.8574 (5) 
0.8910 (5) 
0.8353 (5) 
0.8437 (7) 
0.9085 (7) 
0.9532 (6) 
0.9661(6) 
0.9824 (5) 
1.0643 (5) 
1.1447 (6) 
1.1454 (7) 
1.0651(7) 
0.9845 (6) 
0.8578 (4) 
0.7905 (5) 
0.8146 (6) 
0.9036 (7) 
0.9703 (6) 
0.9455 (5) 
0.706 (4) 

0.0439 (3) 
0.0472 (3) 
0.054 (4) 
0.079 (4) 
0.054 (5) 
0.074 (4) 
0.067 (5) 
0.099 (4) 
0.066 (5) 
0.107 (5) 
0.099 (5) 
0.064 (5) 
0.066 (5) 
0.101 (4) 
0.050 (4) 
0.079 (3) 
0.074 (5) 
0.125 (5) 
0.070 (5) 
0.101 (5) 
0.0368 (9) 
0.039 (4) 
0.046 (4) 
0.055 (4) 
0.058 (5) 
0.068 (6) 
0.057 (4) 
0.040 (4) 
0.046 (4) 
0.067 (5) 
0.067 (5) 
0.066 (5) 
0.056 (4) 
0.043 (3) 
0.051(4) 
0.073 (5) 
0.086 (7) 
0.083 (6) 
0.063 (5) 
0.035 (3) 
0.039 (4) 
0.061 (5) 
0.068 (5) 
0.067 (5) 
0.051 (4) 
0.07 (2) 

signals at 7.45-7.31 (m, 16H) ppm attributable to the 
phenyl groups of the triphenylphosphine ligand and 
the H6 of the pyridyl ligand. Signals at 7.25 (m, lH), 
7.00 (m, 1H) and 6.24 (m, 1H) ppm can be assigned to 
the H3, H4 and H5 respectively of the pyridyl moiety. 
A characteristic hydrido resonance appears as a dou- 
blet U,, = 9 Hz) at - 14.08 ppm; the coupling con- 
stant is indicative of c&coordinated hydrido and phos- 
phine ligands (ck coupling has been observed in the 
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TABLE 3. Selected bond lengths and angles for Ru&HX~- 

NC,H,XCO),(PPhJ (4) 

Distances 
Ru(l)-Ru(2) 2.916 (1) Ru(2)-H 1.80 (8) 
RuWRu(3) 2.845 (1) N(lkC(2) 1.33 (1) 
Ru(2)-Ru(3) 2.863 (1) N(l)-C(6) 1.339 (8) 
Ru(l)-P(l) 2.379 (2) CWc(3) 1.41 (1) 
Ru(l)-N(1) 2.103 (6) c(3)-Cf4) 1.36 (1) 
RuWH 1.80 (8) C(4)-C(5) 1.34 (2) 
Ru(2)-C(2) 2.106 (6) c(5)-C(6) 1.37 (1) 

Angles 
RuWH-Ru(2) 108 (3) Ru(3)-Ru(2)-C(2) 88.3 (2) 
Ru(Z)-Ru(l)-Ru(3) 59.59 (3) Ru(3)-Ru(2)-H 89 (3) 
Ru(2)-Ru(l)-P(1) 117.76 (7) C(2)-Ru(2)-H 85 (2) 
Ru(2)-Ru(l)-N(1) 68.3 (2) RuW-Ru(3)-Ru(2) 61.43 (3) 
RuU)-Ru(l)-H 36 (2) Ru(l)-N(l)-C(2) 111.3 (4) 
RuU)-Ru(l)-P(l) 177.33 (7) Ru(l)-N(l)-C(6) 127.8 (6) 
Ru(3)-Ru(l)-N(1) 89.0 (1) c(2)-NU)-C(6) 120.8 (7) 
Ru(3)-Ru(l)-H 89 (2) Ru(2)-C(2)-N(l) 113.0 (5) 
NlMWlbhYl) 90.2 (1) Ru(2)-C(2)-C(3) 129.2 (7) 
P(l)-Ru(l)-H 88 (2) N(l)-C(2)-c(3) 117.7 (6) 
N(l)-R&)-H 86 (2) C(2)-c(3)-C(4) 121 (1) 
Ru(l)-R&2)-Ru(3) 58.98 (3) C(3)-q4)-C(5) 119.7 (9) 
Ru(l)-Ru(2)-C(2) 67.4(3) C(4)-c(5)-C(6) 118.5 (7) 
Ru(l)-Ru(2)-H 36 (2) NWC(6WX5) 122.1 (9) 

range 5-10 Hz, and tram coupling between 23 and 30 
Hz) [8]. As further confirmation of the identity of 4, 
the direct reaction between 2 and PPh, in THF was 
investigated; 4 was obtained as the site-specific substi- 
tution product with a 81% yield. Given this result, it is 
highly likely that 4 originates from reaction intermedi- 
ates 2 and PPh, in the aurotriruthenium cluster-pyri- 
dine system; PPh, is cleaved from gold readily. It was 
not possible to assign a coordination site definitively to 
the phosphine ligand (based on the spectroscopic data, 
both the C(pyridyl)- and N-ligated rutheniums are pos- 
sible phosphine sites), so a single-crystal X-ray struc- 
tural study was performed on 4. 

The solid state structure of 4 is shown in Fig. 1; 
crystallographic data are listed in Table 1, atomic coor- 
dinates in Table 2, and selected bond lengths and 
angles in Table 3. The three metal atoms form a 
triangle with the pyridyl and a hydrido ligand bridging 
the longest Ru-Ru bond; a marginal lengthening of 
the ligand-bridged bond in similar structures with (P-H) 
and (p.-RN=CR) was noted previously [l]. 

The hydride was located, with the Ru,H dihedral 
angle at 48(4Y’ to the plane of the ruthenium triangle, 
and symmetrically disposed (Ru-H, 1.80(8) A); located 
hydrido ligands are rare in structures of this type [l]. 
The Ru,NC unit was found to be at 77.7(2Y ,to the 
Ru, plane. The Ru(l)-N(1) di$ance (2.103(6) A) and 
Ru(2)-C(2) distance (2.106(6) A) are not significantly 

different, in contrast with our tabulated data for re- 
lated structures, in which Ru-N bonds were found to 
be shorter than Ru-C bonds. Distances within the 
@ally- coordinated pyridyl ligand (average C-C, 1.37 
A; average C-N, 1.34 A) and lack of “bond alterna- 
tion” are consistent with preservation of the aromatic- 
ity of the pyridine on coorodination; in particular, the 
coordinated C-N (1.33(l) A) is not significantly differ- 
ent from the free C-N of the ligand (1.339(8) ii>, and 
substantially longer than C-N distances in related 
triruthenium clusters wit$ non-aromatic p-#-RN=CR’ 
ligands (average, 1.27 A) [ll. Pyridyl-ligated ruthe- 
nium-carbonyl distances are all 1.88(l) A except for 
tram to the metallated pyridylocarbon atom, which is 
substantially longer at 1.94(l) A, the average Ru-CO 
for the non-pyridyl-ligated ruthenium atom is 1.92 A. 
Ru-C-O angles (average, 177”) are unexceptional. 

Fig. 2. Molecular structure and crystallographic numbering scheme 
for Ru,(CL-CI),(CO)s(NC,HsXPPh,) (6); 20% thermal ellipsoids are 
shown for tte non-hydrogen atoms. Hydrogen atoms have arbitrary 
radii of 0.1 A. Projections are shown (a) normal to and (b) oblique to 

the Ru, plane. 
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Our interest in this structure stemmed from locating 
the substitution site of the phosphine, which was found 
to ligate equatorially at the N-coordinated ruthenium, 
truns to a ruthenium-ruthenium bond. Day et al. [9] 
have discussed phosphine substitution on related imi- 
doyl-ligated triosmium clusters. Although “preferential 
location of the phosphine under nitrogen US. carbon.. . 
(is expected) on electronic grounds with the phosphine’s 
greater donor ability balanced by the more electroneg- 
ative nitrogen atom,” their studies on OS&-H&q*- 
N=CCH,CH,CH,XCO),(PPh,) afforded a 4 : 1 iso- 
merit mixture, with C ligation predominant over N 
ligation. In related studies, Adams and coworkers char- 
acterized 0s,(CL-HXCL-172-PhN=CHXCO)~[P(OCH3)3] 
[lo] and Os&HXp--7)*-CF3GNHXCO)&PMe2Ph) 
[ll]; in these cases, substitution occurred at the os- 
mium atom bearing the imidoyl donor atom with the H 
substituent, i.e. the sterically less demanding site. For 

tb) 

Fig. 3. Molecular structure and crystallographic numbering scheme 
for Ru3(~-CI),(CO),(NC,H,), (molecule 1) (7); 20% thermal ellip- 
soids are shown for tQe non-hydrogen atoms. Hydrogen atoms have 
arbitrary radii of 0.1 A. Projections are shown (a) normal to and (b) 
oblique to the Ru, plane. 

TABLE 4. Atomic coordinates and equivalent isotropic thermal 

parameters for Ru,(~-Cl),(CO),(NC,H,XPPh,) (6) 

Atom x Y z ueq (AZ, 

WI) 
RUG) 
Rut31 
Cl(l) 
Cl(2) 
c(ll) 
001) 
C(12) 
002) 
C(21) 
O(21) 
cc221 
O(22) 
c(31) 
o(31) 
C(32) 
(X32) 
C(33) 
o(33) 
C(34) 
O(34) 
P(l) 
C(111) 
C(112) 
C(113) 
C(114) 
C(115) 

c(116) 
cx121) 
U122) 
c(123) 
c(l24) 
c(l25) 
CX126) 
C(131) 
C(132) 
C(133) 
C(134) 
C(135) 
C(136) 

N(l) 
c(2) 
G(3) 
C(4) 
c(5) 
c(6) 

0.29385 (4) 
0.12893 (5) 
0.26450 (5) 
0.2005 (1) 
0.1760 (1) 
0.3727 (6) 
0.4207 (5) 
0.3593 (6) 
0.4036 (5) 
0.1041 (6) 
0.0873 (5) 
0.0848 (6) 
0.0543 (5) 
0.2695 (6) 
0.2767 (5) 
0.2518 (7) 
0.2451 (5) 
0.2173 (7) 
0.1912 (6) 
0.3684 (7) 
0.4304 (5) 
0.3093 (2) 
0.3346 (5) 
0.3824 (7) 
0.4003 (8) 
0.3727 (8) 
0.3272 (7) 
0.3061 (6) 
0.3851(6) 
0.3769 (7) 
0.437 (1) 
0.505 (1) 
0.5154 (7) 
0.4555 (7) 
0.2267 (6) 
0.1838 (7) 
0.1205 (8) 
0.0986 (8) 
0.1388 (8) 
0.2015 (7) 
0.0298 (5) 

- 0.0377 (7) 
- 0.1023 (6) 
- 0.0984 (6) 
- 0.0310 (7) 

0.0317 (6) 

0.59436 (7) 
0.72783 (8) 
0.85618 (8) 
0.5469 (2) 
0.6174 (2) 
0.592 (1) 
0.5923 (8) 
0.650 (1) 
0.6841 (9) 
0.808 (1) 
0.8555 (8) 
0.864 (1) 
0.9478 (9) 
0.801 (1) 
0.7767 (9) 
0.876 (1) 
0.8923 (8) 
1.022 (1) 
1.1226 (9) 
0.897 (1) 
0.922 (1) 
0.3732 (3) 
0.3566 (9) 
0.257 (1) 
0.247 (1) 
0.334 (1) 
0.431 (1) 
0.445 (1) 
0.276 (1) 
0.150 (1) 
0.078 (1) 
0.131 (2) 
0.254 (2) 
0.328 (1) 
0.2810 (9) 
0.243 (1) 
0.175 (1) 
0.139 (1) 
0.179 (1) 
0.248 (1) 
0.6090 (8) 
0.658 (1) 
0.587 (1) 
0.465 (1) 
0.414 (1) 
0.487 (1) 

0.1329 (1) 
0.25158 (9) 

0.0834 (1) 
0.0843 (3) 
0.3911 (3) 
0.121 (1) 
0.0396 (9) 
0.364 (1) 
0.430 (1) 

- 0.065 (1) 
- 0.188 (1) 

0.176 (1) 
0.204 (1) 

- 0.099 (1) 
- 0.204 (1) 

0.280 (1) 
0.395 (1) 

-0.013 (1) 
- 0.067 (1) 

0.072 (1) 
0.064 (1) 
0.4099 (3) 
0.603 (1) 
0.689 (1) 
0.837 (1) 
0.902 (1) 
0.820 (1) 
0.673 (1) 
0.357 (1) 
0.363 (1) 
0.331 (2) 
0.294 (2) 
0.290 (1) 
0.322 (1) 
0.427 (1) 
0.557 (1) 
0.564 (2) 
0.443 (2) 
0.310 (2) 
0.301 (1) 
0.184 (1) 
0.120 (1) 
0.145 (1) 
0.238 (1) 
0.303 (2) 
0.274 (1) 

0.0450 (3) 
0.0388 (3) 

0.0491 (4) 
0.046 (1) 
0.049 (1) 
0.048 (4) 
0.078 (4) 
0.055 (5) 
0.089 (4) 
0.057 (5) 
0.086 (4) 
0.061 (5) 
0.097 (5) 
0.059 (5) 
0.086 (4) 
0.065 (5) 
0.083 (4) 
0.071 (6) 
0.105 (5) 
0.062 (5) 
0.101 (5) 
0.041 (1) 
0.044 (4) 
0.071 (6) 
0.085 (6) 
0.071 (6) 
0.075 (6) 
0.061 (5) 
0.047 (4) 
0.071 (6) 
0.100 (8) 
0.098 (8) 
0.081 (7) 
0.062 (5) 
0.047 (4) 
0.071 (5) 
0.079 (6) 
0.094 (8) 
0.077 (6) 
0.059 (5) 
0.052 (4) 
0.074 (6) 
0.068 (5) 
0.068 (6) 
0.076 (6) 
0.066 (5) 

the pyrrolidyl and pyridyl clusters, site discrimination 
on steric grounds should not be important; the reasons 
for substitutional differences between these two sys- 
tems are not clear, but our product is consistent with 
the probability that site specificity is driven by elec- 
tronic considerations. Caution must be exercised in 
pursuing these arguments too far, however; the long 
Ru-CO distance tram to the imidoyl carbon atom 
suggests that this group also functions as a good accep- 
tor. The phosphine coordination geometry itself is nor- 
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TABLE 5. Atomic coordinates and equivalent isotropic thermal 
parameters for Ru,(~-Cl),(CO)s(NCSH,), (7) 

Atom x Y z u,, cK, 

Molecule I 
Ru(l1) 0.83158 (9) 
R&2) 1.02961 (9) 
Ru(13) 0.98340 (9) 
C(111) 0.865 (1) 
0011) 0.890 (1) 
C(112) 0.709 (1) 
0012) 0.6316 (9) 
c(121) 1.189 (1) 
0021) 1.2886 (9) 
o(122) 1.042 (1) 
C(122) 1.034 (1) 
C(131) 1.097 (1) 
0031) 1.164 (1) 
C(132) 0.857 (1) 
0032) 0.782 (1) 
C(133) 1.096 (1) 
0033) 1.159 (1) 
C(134) 0.924 (1) 
0034) 0.887 (1) 
Cl(11) 1.0038 (3) 
Cl(12) 0.8087 (3) 
N(1101) 0.7189 (9) 
C(1102) 0.655 (1) 
C(1103) 0.583 (1) 
C(1104) 0.569 (1) 
C(1105) 0.634 (1) 
C(1106) 0.706 (1) 
N(1201) 1.0552 (9) 
C(1202) 1.154 (1) 
C(1203) 1.174 (1) 
C(1204) 1.092 (1) 
C(1205) 0.992 (1) 
C(1206) 0.977 (1) 

Molecule 2 
Ru(21) 0.65413 (9) 
Ru(22) 0.44921 (9) 
Ru(23) 0.49037 (9) 
c(211) 0.777 (1) 
O(211) 0.8565 (9) 
C(212) 0.624 (1) 
O(212) 0.606 (1) 
C(221) 0.4310) 
o(221) 0.4182 (9) 
cc2221 0.291 (1) 
o(222) 0.1908 (9) 
C(231) 0.602 (1) 
O(231) 0.6666 (9) 
Cc2321 0.384 (1) 
O(232) 0.322 (1) 
C(233) 0.364 (1) 
Of233) 0.289 (1) 
C(234) 0.550 (1) 
O(234) 0.583 (1) 
CK21) 0.6698 (3) 
Cl(22) 0.4852 (3) 
N(2101) 0.7755 (8) 
(X2102) 0.852 (1) 
C(2103) 0.932 (1) 
Cf2104) 0.930 (1) 

0.44618 (4) 0.77092 (7) 
0.37405 (4) 0.76524 (8) 
0.47431 (4) 0.69941(8) 
0.5076 (5) 0.832 (1) 
0.5460 (4) 0.8727 (8) 
0.4767 (5) 0.669 (1) 
0.4972 (4) 0.6036 (7) 
0.3895 (6) 0.819 (1) 
0.3991(4) 0.8475 (8) 
0.3457 (4) 0.5919 (8) 
0.3557 (5) 0.656 (1) 
0.4922 (5) 0.831(l) 
0.5049 (4) 0.9072 (8) 
0.4479 (5) 0.581 (1) 
0.4340 (4) 0.5102 (7) 
0.4766 (5) 0.654 (1) 
0.4761 (5) 0.623 (1) 
0.5426 (5) 0.664 (1) 
0.5818 (4) 0.640 (1) 
0.4020 (1) 0.9016 (2) 
0.3630 (1) 0.6890 (2) 
0.4175 (4) 0.8317 (7) 
0.4489 (5) 0.852 (1) 
0.4347 (7) 0.888 (1) 
0.3841(7) 0.901 (1) 
0.3519 (5) 0.879 (1) 
0.3689 (5) 0.846 (1) 
0.2971(4) 0.8275 (7) 
0.2693 (6) 0.848 (1) 
0.2214 (6) 0.885 (1) 
0.2004 (5) 0.907 (1) 
0.2274 (5) 0.888 (1) 
0.2746 (5) 0.848 (1) 

0.14703 (4) 
0.22050 (4) 
0.12126 (4) 
0.1206 (5) 
0.1028 (4) 
0.0845 (5) 
0.0443 (4) 
0.2381(5) 
0.2491(4) 
0.2040 (5) 
0.1949 (4) 
0.1531 (5) 
0.1715 (4) 
0.0992 (5) 
0.0858 (4) 
0.1208 (5) 
0.1217 (4) 
0.0543 (6) 
0.0140 (4) 
0.2325 (1) 
0.1891 (1) 
0.1740 (4) 
0.1426 (5) 
0.1551(7) 
0.2039 (6) 

0.69556 (7) 
0.68483 (7) 
0.75631 (7) 
0.8041 (9) 
0.8712 (7) 
0.642 (1) 
0.6096 (8) 
0.786 (1) 
0.8501 (7) 
0.620 (1) 
0.5801 (8) 
0.874 (1) 
0.9464 (7) 
0.625 (1) 
0.5500 (8) 
0.786 (1) 
0.8047 (9) 
0.800 (1) 
0.8245 (9) 
0.7680 (2) 
0.5562 (2) 
0.6405 (7) 
0.636 (1) 
0.607 (1) 
0.579 (1) 

0.0320 (5) 
0.0366 (5) 
0.0411 (6) 
0.048 (7) 
0.084 (7) 
0.042 (7) 
0.070 (6) 
0.058 (8) 
0.087 (7) 
0.084 (7) 
0.056 (9) 
0.057 (9) 
0.093 (7) 
0.052 (8) 
0.076 (6) 
0.066 (9) 
0.13 (1) 
0.051 (8) 
0.097 (9) 
0.043 (2) 
0.038 (1) 
0.040 (5) 
0.064 (9) 
0.08 (1) 
0.065 (9) 
0.060 (9) 
0.049 (8) 
0.042 (5) 
0.059 (8) 
0.08 (1) 
0.057 (8) 
0.055 (8) 
0.050 (7) 

0.0343 (5) 
0.0332 (5) 
0.0354 (5) 
0.038 (7) 
0.072 (6) 
0.049 (8) 
0.077 (7) 
0.043 (7) 
0.074 (6) 
0.049 (8) 
0.077 (6) 
0.046 (8) 
0.072 (6) 
0.049 (7) 
0.077 (6) 
0.052 (8) 
0.088 (8) 
0.054 (8) 
0.088 (7) 
0.038 (1) 
0.042 (2) 
0.040 (5) 
0.058 (9) 
0.09 (1) 
0.065 (9) 

TABLE 5 (continued) 

Atom n Y r u,, (A21 

C(2105) 0.853 (1) 0.2379 (5) 0.582 (1) 0.058 (8) 
C(2106) 0.777 (1) 0.2220 (5) 0.615 (1) 0.050 (8) 
N(2201) 0.4331 (8) 0.2999 (4) 0.6297 (7) 0.039 (5) 
(x2202) 0.358 (1) 0.3321 (5) 0.639 (1) 0.059 (9) 
C(2203) 0.348 (1) 0.3822 (6) 0.608 (1) 0.07 (1) 
C(2204) 0.414 (1) 0.3995 (5) 0.570 (1) 0.058 (8) 
C(2205) 0.491 (1) 0.3667 (5) 0.560 (1) 0.056 (7) 
C(2206) 0.497 (1) 0.3179 (5) 0.592 (1) 0.047 (7) 

ma1 and the RuWP(1) distance (2.379(2) & and 
intraphosphine lengths and angles are not unusual. 

The products in bands 6-8 were all minor but were 
all characterized. That from band 6 was crystallized 
and identified as Ru,(CL-Cl),(CO),(PPh,), (5), ob- 
tained in earlier work from the pyrolysis of 1 [51. The 
previously unreported i3C NMR spectrum shows the 
expected signals due to the phenyl carbon atoms, to- 
gether with a resonance at 209.8 ppm due to the 
fluxional carbonyl ligands. The products in bands 7 and 
8 were crystallized and identified as Ru,(~-Cl),(CO), 
(NC,H,XPPh,) (6) and Ru,(~-Cl),(CO),(NC,H,), (7) 
respectively, related to 5 by sequential replacement of 
PPh, by pyridine. Compound 6 was identified by the 
usual spectroscopic means. The ‘H NMR spectrum 
contains signals due to the aromatic protons of the 
phenyl groups as a multiplet at 7.54-7.41 ppm. The 
pyridine signals appear at 8.38 (2H) ppm, 8.02 (1H) 
ppm and 7.30 (2H) ppm and are assigned to H2 and 
H6, to H4 and to H3 and H5 respectively of the 
pyridine ring. The 13C NMR spectrum contains a signal 
at 208.7 ppm due to the fluxional coordinated carbonyl 
groups, and signals at 152.1 ppm, 133.0 ppm and 125.1 
ppm assigned to C2 and C6, to C4 and to C3 and C5 
respectively of the pyridine. The FAB mass spectrum 
does not contain a molecular ion; rather, at highest 
m/z there is a signal due to the loss of the pyridine 
ligand from the parent ion, a result which is consistent 
with the “lightly stabilizing” nature of this group ob- 
served in other cluster chemistry. Owing to the instabil- 
ity of 6, it was not possible to obtain a satisfactory 
microanalysis. Difficulties were encountered in isolat- 
ing compound 7 as a pure sample, despite repeated 
thin layer chromatography. The IR spectrum of 7 and a 
crystal for the X-ray studies were obtained by hand 
separation of crystals from a mixture with 5 and 6. The 
IR spectrum shows four signals due to the carbonyl 
ligands instead of the five signals found in 6, indicating 
a more symmetric cluster. Both 6 and 7 were subjected 
to single-crystal X-ray diffraction studies; the results 
are given below, together with a comparison with the 
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previously reported data for the related cluster 5 [12]. 
The solid state structures are shown in Fig. 2 (6) and 

Fig. 3 (7); crystallographic data are listed in Table 1, 
atomic coordinates in Table 4 (6) and Table 5 (7), 
selected bond lengths in Table 6, and selected bond 
angles in Table 7. Clusters 5-7 have V-shaped triruthe- 
nium cores, with the non-bonding vector (by Ru - * - Ru 
distance and EAN rule) spanned bx two chloro ligands. 
‘f$e Ru-Ru bond distances (2.85 A (average) (S), 2.82 
A (average) (6) and 2.80 A (average) (7)) show a 
gradual contraction on replacemen! of PPh, by0 NC,H,. 
The ;on-bonding distances (3.25 A W, 3.23 A (6) and 
3.21 A (average) (7)) in such clusters have been “re- 
lated to the size of the bridgehead atoms.. . as a first 
approximation” [121; maintaining the bridging group 
and varying other ligands in proceeding from 5 through 
6 to 7 results in a similar contraction in the bonding 
distances, clearly showing that other factors can influ- 
ence this distance. The Ru-CO distances fall clearly 
into two sets2 with those to the terminal ruthenium 
atom! (1.82 A (average) (S), 1.83 A (average) (6) and 
1.82 A (average) (7)) significantly shorter than those to 
the bridging ruthenium atcm (1.91 A (average) (S), 1.93 
A (average) (6) and 1.92 A (average (7)); in the case of 
5, this was attributed to a “tram shortening influence 
(of the) Cl atoms” [12]. 

TABLE 6. Selected bond lengths for Ru,(~-Cl),(CO),(PPh,), (5) a, 

Ru,(CL-Cl),(CO)s(NC,H,XPPh,) (6) b and Ru,(~-Cl),(CO)s- 

(NCsH,), (7) b,c 

Bond length (& 

5 6 7 

Ru(1) . . . Ru(2) 3.254 (1) 3.234 (1) 3.209 (2),3.200 (2) 

Ru(l)-Ru(3) 2.845 (1) 2.843 (2) 2.801 (2),2.798 (2) 

Ru(2)-Ru(3) 2.860 (1) 2.803 (1) 2.797 (2),2.797 (2) 

Ru(l)-Cl(l) 2.461(2) 2.467 (3) 2.463 (31, 2.494 (3) 

Ru(l)-Cl(2) 2.470 (2) 2.485 (3) 2.496 (3),2.479 (3) 

Ru(2)-Cl(l) 2.464 (3) 2.465 (3) 2.476 (4),2.485 (3) 

Ru(2)-Cl(2) 2.472 (2) 2.465 (3) 2.491 (41, 2.464 (4) 

Cl(l). . . Cl(2) 3.194 (4) 3.214 (4) 3.245 (4),3.242 (4) 

Ru(l)-N, P 2.402 (2) 2.425 (3) 2.23 (1),2.25 (1) 
Ru(2)-N, P 2.432 (3) 2.20 (1) 2.21 (11, 2.24 (1) 

Ru(l)-CO11 1.823 (9) 1.85 (1) 1.83 (11, 1.81 (1) 
Ru(lMX2) 1.809 (12) 1.82 (1) 1.80 Cl), 1.810) 
Ru(2)-Cf21) 1.817 (11) 1.83 (1) 1.83 (2), 1.81 (2) 

Ru(2Xt22) 1.815 (11) 1.81 (1) 1.85 (2), 1.82 (1) 

Ru(3MX31) 1.919 (11) 1.97 (1) 1.94 (0, 1.91 (1) 

Ru(3)-C(32) 1.923 (12) 1.92 (1) 1.92 (11, 1.94 (1) 

Ru(3)-C(33) 1.886 (11) 1.92 (1) 1.91 (21, 1.90 (2) 
Ru(3MX34) 1.909 (11) 1.90 (1) 1.93 (11, 1.91 (1) 

a Reference 12; atom labelling as per 6 and 7 in this work. 
b This work. 
’ The two entries are for two molecules in the asymmetric unit. 

TABLE 7. Selected bond angles for Ru,(CL-Cl),(CO)s(PPh,), (5) a, 

Ru,(CL-Cl),(CO)s(PPh,XNC,H,) (6) b and Ru&-Cl)r(CO)s- 

(NCsH,), (7) b,c 

Bond angle (“1 

5 6 7 

RuW-Ru(3)-Ru(2) 69.55 (3) 69.90 (4) 69.96 (5), 69.76 (5) 
Ru(1) ’ . . Ru(2)-Ru(3) 55.01(2) 55.63 (4) 55.09 (4),55.13 (4) 
Ru(3)-Ru(l) . . Ru(2) 55.42 (2) 54.57 (3) 54.95 (5),55.11 (5) 

Cl(l)-RuWCl(2) 80.65 (9) 80.9 (1) 81.7 cl), 81.4 (1) 
Cl(l)-Ru(2)-Cl(2) 80.54 (8) 81.4 (1) 81.6 (1),81.8 (1) 
Ru(l)-Cl(l)-Ru(2) 82.67 (8) 82.0 (1) 81.1 (11, 80.0 (1) 
Ru(l)-Cl(2)-Ru(2) 82.35 (6) 81.59 (8) 80.1 cl), 80.7 (1) 
N, P-R&). . . Ru(2) 226.05 (5) 122.93 (7) 120.2 (31, 119.8 (3) 

N, P-Ru(l)-Ru(3) 178.36 (6) 174.73 (8) 175.1 (31, 174.8 (2) 
N, P-Ru(2). . . Ru(l) 122.46 (6) 118.4 (2) 118.3 (41, 120.0 (3) 

N, P -Ru(2)-Ru(3) 176.57 (7) 174.0 (2) 173.0 (4),174.9 (3) 

C(ll)-Ru(lX(12) 91.5 (5) 88.1(5) 87.9 (5), 89.4 (5) 
C(21)-Ru(2)-C(22) 89.7 (5) 88.1 (5) 87.3 (8), 88.2 (7) 
C(31)-Ru(3)-C(32) 169.5 (4) 168.4 (5) 168.1 (81, 169.1 (7) 
C(33)-Ru(3)-C(34) 101.1 (5) 100.4 (5) 96.8 (7),98.0 (7) 

a Reference 12; atom labelling as per 6 and 7 in this work. 

b This work. 
’ The two entries are for two molecules in the asymmetric unit. 

Triruthenium clusters containing unsupported u- 
bound pyridine ligands are extremely rare; to our 
knowledge, the only such complex structurally charac- 
terized previously was Ru&-HXP-CNMe,XCO),(N- 
C,H,) (8), in which the pyridine occupies a “semiaxial” 
site, adjacent to the bridging hydride 1131; by contrast, 
the pyridines in 6 and 7 are equatorially ligated. The 
Ru-N distance in 8 was repvrted as 2.2500(5) A and 
those in 6 and 7 are 2.20 (3) A and 2.240) A (average) 
respectively. These are the largest Ru-N distances 
thus far observed in ruthenium carbonyl clusters with 
nitrogen ligands [2]; very long Ru-N separations re- 
vealed by crystallographic characterization of 6-8 sup- 
port the view that pyridine’s role is a “lightly stabiliz- 
ing” ligand in trimetallic carbonyl cluster chemistry. 

a-bound pyridine is the supposed intermediate in 
cluster-activated conversion of free pyridine into lig- 
ated pyridyl and is therefore of importance in hydro- 
treating modelling. The low yields of 6 and 7 have 
precluded an investigation of their chemistry, but the 
available data (the observation of [M-pyridine]+ rather 
than molecular ion in the MS, and the extremely long 
Ru-N distances revealed by the X-ray structural stud- 
ies) suggest that loss of pyridine rather than orthomet- 
allation is likely in this system. 

Conventional routes into mixed-metal clusters incor- 
porating (triphenylphosphine)gold involve (a) forma- 
tion of a cluster anion and then reaction with 
AuX(PPh,) [14] or (b) reaction of a cluster hydride 
with AuMe(PPh,), with concomitant reductive elimina- 
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tion of methane [15]. Deprotonation of 1 by K- 
Selectride or proton sponge to generate a cluster an- 
ion, followed by reaction with [Au(PPh,)]+ afforded a 
mixture of products in both cases, of which 4 was 
identified as the major constituent. Similarly, direct 
reaction between 1 and AuMe(PPh,) gave a large 
number of products, with 4 in highest yield. 

3. Conclusion 

Attempts to make mixed-metal aurotriruthenium 
clusters containing pyridyl or pyridine ligands by a 
variety of routes were unsuccessful; however, the reac- 
tions did proceed by complex pathways to gave mix- 
tures of products involving site-specific phosphine sub- 
stitution on a (pyridyl)triruthenium cluster and, in one 
case, to a unique series of dichloro-bridged triruthe- 
nium clusters related by successive replacement of 
PPh, by NC,H,. 

4. Experimental details 

Ru3(~-AuPPh,X~-C1XCO)n, (1) was synthesized 
from Ru,(CO),, as previously described [5]. K- 
selectride and proton sponge were purchased from 
Aldrich. Pyridine was obtained from May and Baker 
and was used without further purification. Chloro(tri- 
phenylphosphine)gold(I) was synthesized from 
chloroauric acid [16] and converted into methyl(tri- 
phenylphosphine)gold(I) by the published procedure 
[17]. THF was distilled from Na-benzophenone under 
an inert atmosphere prior to use. The reactions were 
carried out by use of standard Schlenk techniques [18] 
under dry argon or nitrogen, although subsequent 
work-up was carried out without precautions to ex- 
clude air. Thin layer chromatography was on glass 
plates (20 cm x 20 cm> coated with Merck GF,,, silica 
gel (0.5 mm). 

IR spectra were recorded using a Perkin-Elmer 
model 1725 Fourier transform spectrophotometer with 
CaF, optics. NMR spectra were recorded on a Bruker 
AM300 spectrometer, the ‘H spectra at 300.13 MHz, 
and the 13C spectra at 75.47 MHz, using approximately 
0.04 M Cr(acac), as the relaxation agent and a recycle 
delay of 0.5 s. FAB mass spectra were recorded using a 
VG ZAB 2HF instrument (exciting gas, Ar; source 
pressure, lop6 mbar; FAB gun voltage, 7.5 kV; cur- 
rent, 1 mA; accelerating potential, 8 kV) at the Univer- 
sity of Adelaide. The matrix was 3-nitrobenzyl alcohol. 
Peaks were recorded as m/z. The elemental analysis 
was by Dr 0.b. Shawkataly at the Universiti Sains 
Malaysia, Penang, Malaysia. 

4.1. Reaction between Ru,(cL-AuPPh3)(~-Cl)(CO),, and 
pyridine 

Pyridine (33 mg, 0.42 mmol) was added to a solution 
of Ru,(p-AuPPh,Xw-CIXCO)iO (253 mg, 0.24 mm00 
in THF (40 ml) and the mixture heated under reflux 
for 40 min. The resulting dark-yellow-brown solution 
was taken to dryness and subjected to repeated thin 
layer chromatography, with 5-15% acetone in petrol as 
eluent, to give eight bands, from which the following 
products were identified. The products isolated from 
bands 1 and 2 were crystallized from saturated hexane 
solutions at -20°C to give yellow crystals of Ru3&- 
H&L-NCSH,XCO),, (2) [4] (yield, 9 mg (6%)) and red 
crystals of Ru,(CO),,(PPh,), (3) 161 (yield, 6 mg (2%)) 
respectively. Those from bands 4, 6, 7 and 8 were 
crystallized from CH,Cl,-hexane at - 20°C to yield 
orange crystals of Ru,(p-HXP-NC,H,XCO),(PPh& 
(4) (yield, 17 mg (8%)) and Ru,(p-Cl),(CO)s(PPh,), 
(5) 15,121 (yield, 10 mg (4%)) and yellow crystals of 
Ru,(p-Cl),(CO)s(NC,H,XPPh,) (6) (yield, 4 mg (2%)) 
and Ru,(p-Cl),(CO)s(NC,H,), (7) (less than 1 mg> 
respectively. Bands 3 and 5 were very minor and their 
contents as yet unidentified. 

The known complexes were identified by compari- 
son of their IR and NMR data with the values in the 
literature. 

4.2. Analytical data 
4: Anal. Found: C, 43.47; H, 2.37; N, 1.31, 

C,,H,,NO,PRu, talc.: C, 42.86; H, 2.25; N, 1.56% 
m/z. Found: 869 [M-CO]+. C,,H,NO,PRu, talc.: 
897 (M+) IR (cyclohexane): v(CO) 2083m, 2043s, 2015s, 
2010m(sh), 2002m, 1991w, 1984w, 1974w, 1954~ cm-‘. 
‘H NMR (CD,Cl,): 7.45-7.31 (m, 16H, Ph + H6 of 
pyridyl); pyridyl: 7.25 (m, lH, H3); 7.00 (m, lH, H4); 
6.24 (m, lH, H5); - 14.08 (d, J(HP) = 9 Hz, lH, Ru- 
H) ppm. 13C NMR (CD&l,) CO: 191.8; pyridyl: 179.6 
(C2); 153.9 (C6); 138.5 (C3); 132.8 (00; 120.6 (C5) 
phosphine: 134.1 (d, ‘J(CP) = 40 Hz, Cl); 133.6 
(d, *J(CP) = 11 Hz, C2, 6); 130.4 (s, C4); 128.9 
(d, 3J(CP) = 10 Hz, C3,5) ppm. 

5: 13C NMR (CD&l,) CO: 209.8; phosphine: 134.3 
(d, *J(CP) = 11 Hz, C2, 6); 132.1 (d, ‘J(CP) = 38 
Hz, Cl); 131.2 (s, C4); 129.3 (d, 3J(CP> = 9 Hz, C3, 5) 
ppm. 

6: m/z. Found: 861 (M+- NC,H,) C3,H2,C12NOs 
PRu, talc.: 940 (M+) IR (cyclohexane): v(C0) 2085m, 
2019s, 2005w, 1958w, 1954~ cm-‘. ‘H NMR cd,- 
acetone): 7.54-7.41 (m, 15H, Ph) pyridyl: 8.38 (m, 2H, 
H2,6); 8.02 (m, lH, H4); 7.30 (m, 2H, H3,5) ppm. 13C 
NMR (d,-acetone) CO: 208.69; pyridine: 152.1 (C2, 6); 
133.0 (C3, 5); 125.1 (C4) ppm. 
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7: IR (CH,Cl,): v(CO) 2089m, 2023sh, 2013s, 1940m 
cm-‘. 

4.3. Reaction between Ru~(~-H)(~-NC~H~)(CO)~~ and 
triphenylphosphine 

Triphenylphosphine (12 mg, 0.045 mmol) was added 
to a solution of Ru&-HXp-NC,H,XCO),, (30 mg, 
0.045 mmol) in THF (5 ml) and the mixture stirred for 
30 min. Chromatographic work-up with petrol as elu- 
ent afforded two bands. The content of the first band 
was identified as unchanged Ru&HXp-NC,H,) 
(CO),, by IR spectroscopy. The product isolated from 
the second band was recrystallized from hexane at 
-20°C to give orange crystals identified as RI+&- 
HXF-NC,H,XCO),(PPh,) (4) (yield, 32 mg (81%)). 

4.4. Reactions between Ru~(~L-H)(~-NC,H,)(CO)~~ and 
(triphenybhosphine)gold(I) complexes 

4.4.1. K-Selectride / (triphenylphosphine)gold(I) + 
K-selectride (0.22 ml of a 1 M solution in THF) was 

added dropwise to a stirred solution of Ru&-HXp- 
NC,H,XCO),, (70 mg, 0.11 mmol) in THF (15 ml) at 
- 63°C. A mixture of AuCl(PPh,) (54 mg, 0.11 mmol) 
and Ag[BF,] (21 mg, 0.11 mmol) in THF (10 ml) was 
stirred for 15 min and then added through a Schlenk 
filter to the solution of the Ru complex. The resulting 
dark-red solution was allowed to come to room tem- 
perature and stirred for 90 min. Chromatography with 
20% acetone in petrol as eluent afforded several bands, 
of which band 1 was shown to contain unchanged 
Ru,(~.L-HXCL-NC,H,XCO),, by IR. The product from 
band 2 was recrystallized from CH,Cl,-hexane to yield 
orange crystals of Ru&HXp-NC,H,XCO),(PPh,) 
(4) (yield, 16 mg (16%)). 

4.4.2. Proton sponge-(triphenylphosphinejgold (I) + 
A solution of [Au(PPh,)]+ prepared as above 

(AuCl(PPh,) (27 mg, 0.054 mmol) and Ag[BF,] (11 mg, 
0.054 mmol) in THF (15 ml)) was added dropwise to a 
stirred solution of Ru,(~-HX~L-NC,H,XCO),, (30 mg, 
0.045 mmol) and proton sponge (10 mg, 0.045 mmol) in 
THF (15 ml). The mixture was passed through a Schlenk 
filter to remove the resulting brown precipitate and the 
orange solution stirred for 6 days, after which no 
starting material could be observed by IR spectroscopy. 
Chromatographic work-up with 25% CH,Cl, in petrol 
as eluent gave a multitude of bands, from which the 
major product was identified as Ru&-HXp-NC,H,)- 
(CO),(PPh,) (4) (yield 4 mg (10%)) by IR and FAB 
MS. 

4.4.3. Methyl(triphenylphosphine)gold(l) ’ 

A solution of Ru&-HXp-NC,H,XCO)ia (40 mg, 
0.060 mmol) and AuMe(PPh,) (34 mg, 0.072 mmol) ‘in 
THF (20 mL) was stirred for 16 h during whigh IR 
monitoring revealed no evidence of reaction. Refhrxing 
for 90 min followed by chromatographic work-up with 
15% acetone in petrol as eluent afforded a multitude 
of bands, from which only Ru&-HI&.-NC,H,XCO),- 
(PPh,) (4) (yield, 15 mg (28%)) was identified by IR 
spectroscopy. 

r, 

4.5. Structure determinations 
Unique diffractometer data sets (28-13 scan0 mode; 

monochromatic MO Ka radiation, A = 0.7107, A) were 
measured within the specified 26,, limit at about 295 
K, yielding N independent reflections; N, of these 
with Z > 3a(I) were considered observed and used in 
the full-matrix least-squares refinements after gaussian 
absorption correction. Anisotropic thermal parameters 
were refined for the non-hydrogen atoms; (x, y, z, 
Uiso)u were included fixed at estimated values. Con- 
ventional residuals R and R, on 1 F 1 are quoted at 
convergence; statistical weights, derivative of a*(Z) = 
a2(Zdiff) + 0.000404(Zdiff> were used. Neutral atom 
complex scattering factors were employed; computa- 
tion used the XTAL 3.0 program system implemented by 
Hall and Stewart [19]. Pertinent results are given in the 
figures and tables. 

4.4. Abnormal features and variations in procedure 
The cluster hydride of 4 was located from difference 

map considerations and refined in (x, y, z, &,I. 
Tables of thermal parameters and hydrogen atom 

coordinates and complete lists of bond lengths and 
angles have been deposited at the Cambridge Crystal- 
lographic Data Centre. 
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