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Abstract 

The paper focuses on selected aspects of the chemical behavior of (C,Me,)Ru(~4-C4Me,S) (1). Thermal decomposition of 1 in 
saturated hydrocarbon solutions yields the trinuclear product (C,Me,)3Ru3(C4Me,S), (2a) which has been further characterized 
by single crystal X-ray diffraction. The molecule is centrosymmetric with two (C,Me,)Ru(C,Me,S) entities coordinated through 
their sulfur atoms to a central (C,Me,)Ru unit. When the thermolysis is conducted in aromatic solvents, we also observed products 
resulting from arene exchange such as (areneXC,Me&Ru,(C,Me,S),, where arene = C,D, (2b), toluene (2~). The (C,Me,), and 
arene-exchange products are formed competitively, not consecutively. Compound 2a is protonated by NH,PF, to give the hydride 
[(C,Me,),Ru3(C4Me4S),H][PF,l U2aHIPF.J. Compound 2aH+ is structurally dynamic in solution resulting from restricted 
rotation about the Ru-S axis. Compound 1 decomposes in the presence of H, to give the dinuclear dihydride 
(C,Me,),Ru2(C4Me4S)H, O), assigned an unsymmetrical structure where one (C,Me,)Ru center is bound to two hydrides and a 
sulfur atom, while the second (C,Me,)Ru is coordinated in an q4-mode to the thiophene. 
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1. Introduction 

The study of transition metal thiophene complexes 
in solution [l] represents a historically important and a 
scientifically fruitful approach to understanding fossil 
fuel desulfurization pathways [2]. For example, early 
studies using iron carbonyls provided examples of the 
homogeneous hydrodesulfurization of benzothiophene 
[3]. More recent research has focused on the reactivity 
of preformed thiophene complexes [1,4-81. In the 
course of one such study, we described the mixed 
sandwich compound ($-C,Me,)Ru(q4-C,Me,S) (1) 
(eqn. (1)). The reactivity of this unique example of a 
stable Rue thiophene complex arises from its basicity 
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in both the Bronsted and Lewis senses [9]. The present 
report summarizes studies on other types of reactivity, 
especially thermal decomposition of 1. 
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We have previously reported on solution thermolysis 
of metal thiophene ensembles [3]. This experimental 
approach provides information comparable to the tem- 
perature programmed desorption (TPD) technique 
which is widely applied in the study the reactivity of 
chemisorbed substrates [lo-121. Compared with the 
surface techniques, the solution thermal decomposition 
approach has the advantage of allowing one to probe 
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the reactivity of the metal-thiophene ensemble with 
external reagents, an approach incompatible with TPD 
studies because of the ultra-high vacuum requirements. 
A second advantage of the solution thermolysis ap- 
proach is that product characterization is highly reli- 
able. 

Ru-thiophene complexes are of interest because of 
the high activity of Ru-based catalysts in the HDS 
process [2,12,13]. An additional incentive for this work 
was the prospect of preparing a triple decker sandwich 
complex with an q5 : n5-thiophene ligand, an unknown 
bonding mode for thiophene [4]. 

2. Results 

2.1. Solution thermolysis of (C6Me6)Ru(q4-C4Me4S) 
(1) 

Solutions of 1 in hexane deposit a red orange solid 
upon heating at 80°C for several hours. When the 
reaction solution is not stirred, the product forms as 
strikingly large, well-formed crystals, some of which 
proved to be of X-ray diffraction quality. The new 
compound is insoluble in common organic solvents. 
While this might seem unusual for such a highly alky- 
lated species, hexamethylbenzene complexes often dis- 

play low solubility in our hands. Elemental analysis of 
the product gave the formula (C,Me,),Ru,(C,Me,S), 
(2a) while electron impact mass spectrometry (EIMS) 
showed a weak peak corresponding to [(C,Me,),Ru,- 
(C,Me,S)I+. The decomposition of 1 in cyclohexane-d,, 
solution was followed by ‘H NMR spectroscopy. The 
rates were found to be first-order up to four half-lives 
with k = 3.70 X 10F5 s-l (85°C) (eqn. (2)). 

3(C,Me,)Ru(C,Me,S) - 

(C,Me&Ru,(C,Me‘S)* + C,Me,S (2) 

2.2. Thermal decomposition of 1 in aromatic solvents 
Thermal decomposition of a dilute C,D, solution of 

1 ( < 0.05 M) yielded a dark brown solution whose ‘H 
NMR spectrum revealed the presence of free C6Me6, 
free C,Me,S, and a new species 2b. A quantitative ‘H 
NMR study showed that free C,Me,S and C,Me, 
accounted for one-third of the total hydrocarbon con- 
tent in the starting 1. At 85”C, the disappearance of 1 
was found to be first order with k = 4.04 X 10e5 s-‘, 
quite comparable to the rate in cyclohexane-d,,. When 
this reaction was repeated but with more concentrated 
solutions (> 0.1 M) we obtained 2a at the expense of 
2b. 

3 

S 

9 J-- 
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Scheme 1. 

2b (R = II) 
2c (R = Me) 
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In contrast to 2a, derivative 2b proved to be soluble 
in benzene and toluene. Its ‘H NMR spectrum con- 
sisted of three resonances of relative intensity 3: 1: 1, 
assigned to C,(CH,), and C,(CH,),S, respectively. 
The i3C NMR spectrum also indicated only one type 
each of C,Me, and C,Me,S ligands. At this stage, this 
new compound was tentatively assigned as the multi- 
decker species [14], e.g. [(C,Me,)Ru(C,Me,S)],Ru. 
This hypothesis proved incorrect. 

The results from the afore-mentioned NMR tube 
experiments led us to carry out the thermolysis of 1 on 
a preparative scale in toluene solution ( > 0.1 M). From 
this relatively concentrated mixture, we again obtained 
a dark brown solution as well as a crystalline precipi- 
tate of 2a. From the dark brown reaction solution, 
yellow orange crystals of 2c were isolated. The ‘H 
NMR spectrum of 2c featured three resonances of 
relative intensity 3 : 1: 1 as well as a set of peaks 
assigned to $-C,H,CH,. Based on these results as 
well as the structure of 2a, we formulate 2b and 2c as 
(q6-arene)Ru((C6Me6)Ru(q4 : ql-C,Me,S)), where 
arene = C,D, (2b) or C,H,CH, (2~). Thus, arene ex- 
change between solvent and $-C,Me, occurs during 
the thermal decomposition of 1 (Scheme 1). At this 
stage, we recognized that the ‘H NMR spectrum of 2b 
only showed signals for C,Me, and C,Me,S because 
the C,D, ligand is obviously unobservable by ‘H NMR 
spectroscopy. The 13C resonance of the C,D, ligand in 

C27 

2b should be a triplet due to the deuterium coupling 
whose nuclear spin is one. Indeed, a weak 1: 1: 1 
triplet is observed at 73.27 ppm in its 13C NMR spec- 
trum. The arene-exchange reaction between 2c and 
solvent C,D, is slow at room temperature. 

The solubility of 2b allowed us to examine the redox 
properties of this series of compounds. A cyclic voltam- 
metry experiment revealed a complex oxidation process 
commencing at N 350 mV (vs. Ag/AgCl). A corre- 
sponding reduction wave was not observed upon re- 
versing the direction of the voltage sweep. In contrast, 
1 undergoes reversible oxidation in two steps centered 
at -500 mV versus the same standard. Clearly, the 
redox properties of 1 are very different from its deriva- 
tive 2b. 

2.3. Structure of (C,Me,),Ru,(q4: q’-C,Me,S), (2a) 
On the basis of our crystallographic study, 2a can be 

described as (C6Me6)Ru((C6Me6)Ru(q4 : ql-C,- 
Me,S)), (Fig. 1, Table 1). The molecule consists of two 
(C6Me6)Ru(q4-C,Me,S) subunits bound to a 
(C,Me,)Ru center through the axial coordination of 
the S atoms. This structure is closely analogous to that 
of (C,Me,),Rh,(C,Me,S), [15]. Unlike the trirhodium 
complex, the (C,Me,)Ru(C,Me,S) subunits are bound 
to the central Ru symmetrically such that they are 
related by a symmetry plane orthogonal to the Sl- 
Ru2-S2 plane. The distances between the central Ru 

A C25 

Fig. 1. ORTEP plot and numbering scheme for (C,Me,),Ru3(C,Me& (la). 
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TABLE 2. Summary of crystallographic data for (C,Me,),Ru,- 
(C,MeJ), 

Molecular formula 
Formula weight 
Crystal system 
Space group 

a (Al 
b (& 
c (‘Q 
p (“1 
v (f?) 
Z 
d,,, (9’ cmm31 
Cystal dimensions (mm) 
Diffractometer 
Radiation (A) 
Data collection method 
Temperature (K) 
Reflections measured 
Scan speed (’ min-‘1 
28 scan range (“1 
Decay 
Reflection collected 
Independent reflections 
Observed reflections 
Absorption coefficient (cm-‘) 
Method of refinement 
R(F) (%o) 
R,.,(F) (%) 
Goodness of fit 
A/5ll, 
AP,, (e Ad31 

CszhJW% 
1070.5 
Monoclinic 
P2, /c 
9.008(3) 
21.987(6) 
25.069(7) 
99.82(31 
4&X92(20) 
4 
1.453 
0.30 x 0.40 x 0.45 
Siemens P4 
A (MO-KU) 0.71073 
0 
296 
fh, +k, *l 
6-20 (variable) 
4128150 
< 2% variation 
9091 
8880 (Ri, = 4.21%) 
4993 (F > S.OU(F)) 
10.11 
Full matrix least squares 
4.65 
5.20 
1.06 
0.099 
0.45 

D,, we also obtained 3-d,. Compound 3 is only spar- 
ingly soluble in benzene and toluene. Its ‘H NMR 
spectrum consists of two &Me, singlets and two 
C,Me,S singlets in the ratio 6 : 6 : 2 : 2. A resonance at 
-9.56 ppm is assigned to hydride ligands. FDMS 
showed a molecular ion peak with the correct isotope 
distribution pattern. The solid state IR spectrum of 3 
shows a strong adsorption at 1873 cm-‘, assigned to 
v(Ru-H) [18]. This band shifts to 1383 cm- ’ in the IR 
spectrum of 3-d,. The v(RuH)/v(RuD) ratio is 1.35, 
versus the theoretical ratio 1.41. The v(RuH)/v(RuD) 
ratios for other metal hydrides ranges from 1.33 to 1.39 
1191. These data collectively support the structure of 3 
as shown in eqn. (4). 

‘42 
2 (4) 

3. Discussion 

A complete kinetic analysis bf the conversion of 1 to 
2a-c was not undertaken although a multistep process 

Fig. 2. Possible role of triple decker intermediates in the formation of (C,Me,13Ru3(C,Me,S12 (2s) in (CD,l,CO solution. 
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TABLE 3. Atomic coordinates (X 104) and equivalent isotropic 
displacement coefficients (A2 X 103) 

x Y ,? v = eo 

Rdl) 
Ru(2) 
k(3) 
S(1) 
S(2) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
CUl) 
C(12) 
C(13) 
C(14) 
C(l5) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 
cc221 
C(23) 
c(24) 
C(25) 
Cc261 
C(27) 
C(28) 
C(29) 
C(30) 
C(31) 
C(32) 
C(33) 
cc341 
cc351 
C(36) 
cc371 
Cc381 
cc391 
C(40) 
C(41) 
C(42) 
C(43) 
C(44) 
cc451 
C(46) 
cc471 
C(48) 
C(49) 
C(50) 
C(51) 
C(52) 

5740) 
32060) 
5244(l) 
2224(2) 
3889(2) 
241 l(8) 
117ti9) 

- 135(9) 
235(8) 

3990(9) 
1235(10) 

- 1640(9) 
- 842(10) 
5823(8) 
6202(8) 
4879(9) 
3610(8) 
6929(10) 
7769(9) 
4848(10) 
1995(9) 
4646(10) 
4792(12) 
3507(15) 
205302) 
190900) 
3178(12) 
598x14) 
633203) 
3668(19) 

654(16) 
344(12) 

3020(16) 
- 1056(10) 
- 1237(10) 

2102) 
147101) 
1641(10) 

39202) 
- 2423(12) 
- 2756(12) 
- 128(15) 
281102) 
3175(12) 

595(16) 
6815(10) 
553202) 
4090(10) 
3955u 1) 
5242(12) 
6669(11) 
839002) 
5668(15) 
2705(13) 
240302) 
5054(16) 
808503) 

3538(l) 
2101(l) 
3694(l) 
2872(l) 
29310) 
2907(3) 
2620(3) 
2625(4) 
2914(3) 
2947(4) 
2352(4) 
2352(4) 
2963(4) 
3079(3) 
2818(3) 
2760(3) 
2978(3) 
3158(4) 
2638(4) 
2505(4) 
2949t4) 
1360(4) 
1359(4) 
1322(4) 
1281(4) 
1273(4) 
1296(3) 
1357(5) 
1387(5) 
1283(5) 
1197(6) 
1217(5) 
1237(5) 
4279(4) 
4101(4) 
4098(4) 
4253(4) 
4460(4) 
4464(4) 
4286(5) 
393M5) 
3929(5) 
4237(5) 
4641(5) 
4662(5) 
4351(4) 
4288(4) 
4384(4) 
4558(4) 
4613(4) 
4501(4) 
4268(5) 
4113(5) 
4340(6) 
4670(5) 
4761(5) 
4560(5) 

7350) 
2211(l) 
3647(l) 
16590) 
2736(l) 

947(3) 
596(3) 
850(3) 

1367(3) 
835(3) 

51(3) 
609(4) 

1762(3) 
3057(3) 
3584(3) 
3823(3) 
3436(3) 
2667(3) 
3843(4) 
4370(3) 
3525(4) 
1966(4) 
2543(5) 
2790(4) 
2475(5) 
1907(5) 
1659(3) 
1688(6) 
2894(5) 
3402(4) 
2722(7) 
1556(6) 
1053(4) 

786(4) 
236(4) 

- 37(4) 
259(4) 
807(4) 

1066(3) 
1054(5) 
- 77(5) 

- 630(4) 
- 3x5) 
1113(4) 
1650(4) 
4160(4) 
4393(4) 
4064(5) 
3519(5) 
3276(4) 
3593(4) 
4489(5) 
4983(4) 
4322(5) 
3191(5) 
2685(4) 
3342(5) 

340) 
330) 
34(l) 
340) 
340) 
35(3) 
37(3) 
39(3) 
36(3) 
52(3) 
56(3) 
62(4) 
56(4) 
35(3) 
34(3) 
37(3) 
35(3) 
57(4) 
62(4) 
57(4) 
56(4) 
55(4) 
65(4) 
64(4) 
63(4) 
60(4) 
50(3) 

117(7) 
13M7) 
128(8) 
148(9) 
117(6) 
lOti 
54(4) 
57(4) 
58(4) 
52(3) 
48(3) 
54(4) 
94(6) 

lOo(6) 
92(5) 
90(5) 
82(5) 

lOl(6) 
60(4) 
58(4) 
59(4) 
61(4) 
57(4) 
57(4) 

115(6) 
104(6) 
ill(7) 
113(6) 
106(6) 
106(6) 

a Equivalent isotropic V defined as one-third of the trace of the 
orthogonalized Vi, tensor. 

is indicated. The first order decomposition rates for 1 
are the same in hydrocarbon and arene solvents. 
Nonetheless in aromatic solvents, the product distribu- 
tion (e.g. 2a/2b) is clearly concentration dependent. 
Our results indicate that in dilute arene solutions, the 
kinetically dominant nucleophile is the arene solvent 
itself while in concentrated solution, another molecule 
of 1 is relatively more favored. This argument implies 
that the rate constant for the cross-reaction of 1 and 
(arene)Ru(C,Me,S) (arene # &Me,) is greater than 
the rate constant for the reaction of 1 with itself. This 
is plausible on steric and electronic grounds. 

Our kinetic results can be contrasted with the ther- 
mal decomposition of (C,Me,)Rh(q4-C,Me,S) which 
gives (C,Me,),Rh,(vl : q4-C,Me,S), via a bimolecular 
pathway. We cannot offer a satisfactory explanation for 
this difference. The Rh case is simpler because of the 
non-lability of the C,Me, ligands [El. It is noteworthy 
that the susceptibility of 1 to arene exchange contrasts 
with the robustness of Ru(C,Me,), whose benzene 
solutions are stable to 150°C [201. The enhanced reac- 
tivity of 1 towards ligand exchange is also manifested 
by its reaction with dihydrogen to give (C,Me,),Ru,- 
H,(C,Me,S). 

We speculate that 2a-c form via the triple decker 
intermediates (C,Me,)(arene)Ru,(C,Me,S). These 
species would have a 34e- configuration, compatible 
with triple decker bonding [21]. According to this 
mechanism, attack of the nucleophilic sulfur center in 
1 on one of the Ru centers in the triple decker would 
afford 2a-c (Fig. 2). This proposal would also explain 
the fact that the unique arene in 2b and 2c is located 
on the central Ru atom. In the conversion of triple 
decker intermediate to 2b,c the nucleophile (1) would 
attack the Ru bearing the less bulky and less basic 
arene. Conceivably the addition of H, to the triple 
decker would produce 3. Studies are underway to test 
this hypothesis. 

4. Experimental details 

Preparative operations employed standard Schlenk 
techniques. Details of our experimental methods may 
be found in recent papers from this laboratory 191. 

4.1. Synthesis of (C,Me,)Rui(C,Me,)Ru(~4 : q~‘- 
C,Me,S)l, (2a) 

A Schlenk tube was charged with 100 mg of 
(C,Me,)Ru(r74-C4Me4Sl (0.247 mmol) and 5 ml of 
hexane. The mixture was subjected to three cycles of 
freeze-pump-thaw, sealed with a Teflon stopcock un- 
der vacuum, and heated to 80°C for 25 h. Red orange 
crystals of 2a grew inside the Schlenk tube. These 
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crystals were separated from the light yellow-colored 
mother liquor by filtration, washed with 3 portions 
each of 15 ml of hexanes, and dried under vacuum. 
Yield: 50 mg (57%). Anal. Found: C, 58.10; H, 7.42; S, 
5.67. C,,H,,Ru,S, talc.: C, 58.34; H, 7.34; S, 5.99% 
X-Ray diffraction quality single crystals were grown by 
this method. 

4.1.1. Thermal decomposition (C,Me,)Ru(q4- 
C,Me,S) in C,D, 

A 5-mm NMR tube was charged with 12 mg of 
(C,Me,)Ru(v4-C,Me,S) (0.030 mmol) and ca. 0.7 ml 
of benzene-d,. The solution was then subjected to 
three freeze-pump-thaw cycles, flame-sealed under 
vacuum, and heated to 85°C in a thermostated oven 
(ca. + 0.5”C) for > 20 h. The reaction progress was 
monitored by ‘H NMR spectroscopy. A dark brown 
solution was obtained. ‘H NMR analysis showed that 
the solution contained free C,Me, and C,Me,S, and 
compound 2b. Removal of volatiles under high vacuum 
gave a dark brown solid residue which was recrystal- 
lized from u 5 ml of hexane by cooling to - 20°C. ‘H 
NMR (C,D,): 1.69 (s, 36H, &Me,); 1.63 (s, 12H, 
&C,Me,S); 1.51 (s, 12H, a-C,Me,S). 13C NMR 
(C,D,): 92.9 (C&H,),); 82.9 ((Y-C~(CH~)~S); 73.3 
(1 : 1 : 1 triplets, J(2H-‘3C) = 25 Hz); 57.9 (/3- 
C4KH3),S); 15.9 (C&H,),); 13.9 bC,(CH,),S); 
12.1 (p-C,(CH,),S). 

4.1.2. Thermal decomposition of (C,Me,)Ru(q4- 
C,Me,S) in toluene 

A Schlenk tube was charged with 220 mg of 
(C,Me,)Ru(q4-C,Me,S) (0.545 mmol) and 5 ml of 
toluene. The mixture was subjected to three freeze- 
pump-thaw cycles, sealed with a Teflon stopcock under 
vacuum, and heated to 85°C for 25 h. The red-orange 
crystals of 2a were separated from the dark brown 
mother liquid by filtration, washed with several por- 
tions of hexane, and dried under vacuum. Anal. Found: 
C, 58.08; H, 7.32; S, 5.97. C,,H,,Ru,S, talc.: C, 58.34; 
H, 7.34; S, 5.99%. Dark brown solid 2c was isolated 
from the mother liquor after cooling to -20°C. ‘H 
NMR (C,D,) 6 5.86 (t, 4.8, 1H); 4.71 (d, 5.2, 2H); 4.63 
(t, 5.2, 2H); 2.59 (s, 3H, CH, of toluene); 1.71 (s, 36H, 
C,Me,); 1.69 (s, 12H, P-C,Me,S); 1.50 (s, 12H, (Y- 
C,Me,S). 13C NMR (C,D,): 92.8 (C,Me,); 82.8 
(C,Me,S); 75.0 (C,H,Me); 73.7 (C,H,Me); 72.9 
(C,H,Me); 57.8 (C,Me,S); 22.7 (C,H,CH,); 15.9 
(C&H,),); 13.9 (C,(CH,),S); 12.3 (C,(CH,I,S). 

4.3. Synthesis of (C,Me,)Ru{(C, Me,)Ru(q4 : q’- 
C,Me,S))H, (3) and (C,Me,)Ru{(C,Me,)Ru(T4:q’- 
C,Me,S))D, (3-d,) 

A Schlenk tube was charged with 100 mg of 
(C,Me,)Ru(q4-C,Me,S) (0.248 mmol) and 5 ml of 

hexane. The mixture was subjected to three freeze- 
pump-thaw cycles. While frozen at 77 K, the tube was 
pressurized to P = 0.516 atm (4.08 mmol) of I-I,. The 
tube was then sealed with a Teflon stopcock, and 
heated to 80°C for 18 h to give 3 as a yellow precipi- 
tate. Solid 3 was separated from the light yellow-col- 
ored mother liquor by filtration, washed with 3 X 15 ml 
portions of hexane, and dried under vacuum. Yield: 73 
mg (88%). Anal. Found: C, 56.44; H, 7.17; S, 4.56. 
C3zH,,Ru,S talc.: C, 57.46; H, 7.53; S, 4.79%. ‘H 
NMR (C,D,): 2.25 (s, 18H, &Me,); 1.70 (s, 18H, 
C,Me,); 1.64 (s, 6H, P-C,Me,S); 1.36 (s, 6H (Y- 
C,Me,S); -9.56 (s, 2H, Ru-H). 13C NMR (C,D,): 
94.1 (C,Me,); 93.4 (C,Me,); 85.0 c/3-C,(CH,),S); 52.9 
(u-C,(CH~)~S); 17.9 (C,Me,); 15.8 (C,Me,); 14.1 (a- 
C,(CH,),S); 12.5 (p-C,(CH,),S). FDMS: m/e 668 
(M+). IR (KRr): v(Ru-H) 1873 cm-i. Complex 3-d, 
was prepared uia the same method by using D, gas. IR 
(KRr): v(Ru-D) 1383 cm-‘. 

4.2. Protonation of (C, Me,), Ru,(C,Me,S), (2a) 
To a mixture of 40.0 mg (0.0374 mm00 of 2a and 

256 mg NH4PF6 (1.571 mmol) was added 10 ml of 
THF. The mixture dissolved to give a yellow solution. 
After ca. 3 h, the volatiles were removed under vac- 
uum, leaving a yellow solid residue. This material was 
extracted into CH,Cl, and recrystallized by the addi- 
tion of Et,0 to give yellow crystals of [(C,Me,),- 
Ru,(HXC,Me,S),]PF, ([2aHlPF,). Yield: 35 mg (78%). 
Anal Found: C, 50.28; H, 6.35. C,,H,,F,PRu,S, talc.: 
C, 51.24; H, 6.53%. ‘H NMR (CD,COCD,, 20°C): 2.09 
(&Me,, 18H); 2.07 (C,Me,, 36 H); 1.11 (6H); - 11.80. 
‘H NMR (CD,COCD,, -70°C): 2.092 (&Me,, 18H); 
2.088 (C,Me,, 18H); 2.07 (&Me,, 18H); 2.02 (3H, 
Me,& 1.93 (3H, Me& 1.79 (3H, Me,); 1.73 (3H, Me@ 
1.26 (3H, Me,); 1.11 (6H, Me,); 1.04 (3H, Me,). H 
NMR (CD,COCD,, 55°C): 2.10 (&Me,, 18H); 2.08 
(C,Me,, 36H); 1.91 (br, 6H, Me& 1.84 (br, 6H, Me,); 
1.16 (br, 6H, Me,); 1.13 (s, 6H, Me,). 13C NMR 
(CD,COCD,, 20°C): 100.8 (C,Me,); 96.3 (C,Me,); 
96.3 (C,Me,); 16.9 (C,Me,); 16.2 (&Me,); 14.0 (s, 
C,Me,S); 13.0 (br, C,Me,S). 13C NMR (CD,COCD,, 
-70°C): 98.9 C,Me,); 94.6 (C,Me,); 94.2 (C,Me,); 
84.9 (P-C,Me,S); 82.3 (p-C,Me,S); 82.1 (p-C4Me4S); 
82.0 (p-C,Me,S); 47.9 (a-C,Me,S); 46.7 (a-C,Me,S); 
44.8 (a-C,Me,S); 42.9 (a-C,Me,S); 15.4 (C,Me,); 14.9 
(C,Me,); 14.8 (C,Me,); 14.4 (s, C,Me,S); 14.3 (s, 
C,Me,S); 14.3 (s, C,Me,S); 14.3 (s, C,Me,S); 12.7 (s, 
C,Me,S); 12.6 (s, C,Me,S); 12.4 (s, C,Me,S); 12.4 (s, 
C,Me,S); 12.1 (s, C,Me,S); 11.8 (s, C,Me,S); 11.4 (s, 
C,Me,S); 11.4 (s, C,Me,S); 11.3 (s, C,Me,S). 13C 
NMR (CD,COCD,, 55°C): 101.4 (C,Me,); 96.8 
(C,Me,); 84.6 (br, P-C,Me,S); 17.3 (C,Me,); 16.5 
(C,Me,); 14.4 (s, C,Me,S); 14.4 (s, C,Me,S); 13.5 (s, 
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C,Me,S); 13.5 (s, C,Me,S); 13.3 (br, C,Me,S). FAB- 
MS (positive ion): m/e 1172, 669. 

4.3. Crystallographic study of 2a 
X-Ray crystals for compound 2a were grown from 

toluene solutions and mounted on glass fibers. Data 
collection was performed on a Siemens P4 diffractome- 
ter with graphite monochromator (MO-Ka, A = 0.71073 
A). The unit-cell data were obtained from the least- 
squares fit of 25 reflections (20” I 213 I 25”). Crystallo- 
graphic data for compound 2a are compiled in Table 2. 

Systematic absences in the data revealed the mono- 
clinic space group, P2,/c. The structure was solved by 
direct methods which located the Ru atoms. The re- 
maining non-hydrogen atoms were located through 
subsequent difference Fourier syntheses. All non-hy- 
drogen atoms were refined with anisotropic thermal 
parameters. All hydrogen atoms were treated a,s ideal- 
ized isotropic contributions (d(CH) = 0.960 A, U = 
1.2U for attached 0. All software is contained in the 
SHELXTL PLUS (4.21, 1990) program library (G. 
Sheldrick, Siemens (N&let) XRD, Madison, WI). 
Atomic coordinates are presented in Table 3. 

5. Supplementary material available 

Tables of thermal parameters, bond angles and dis- 
tances, and structure factors can be obtained from one 
of the authors (A.L. Rheingold). 
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