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Complex (C5Me5)(PMezPh)zRuCl (1) reacts with phenylacetylene and (trimethylsily1)- 
acetylene, in methanol with NH4PF6, to afford vinylidene complexes [(CsMe5)(PMez- 
Ph)2Ru=C=CHR]PF6 (R = Ph (3), H (S), respectively). Complexes 3 and 5 are stable toward 
the addition of alcohol due to the steric hindrance and electron-releasing capability of the 
(C5Me&PMezPh)zRu moiety as indicated by an  oxidation potential of E1/2 = 0.30 VSCE for 
1. Complex 3 is slowly oxidized in the presence of air to give [(C~M~~)(PM~ZP~)~R~CO]PF~ 
(4). The activation of HCECCH~OH with 1 leads to the formation of the vinylidene moiety 
[RuiC=CHCH2OH]PF6 (7) in dichloromethane and [RU=C=CHCHZOM~]PF~ (6) in metha- 
nol, showing the lability of the hydroxy group without dehydration. The activation of 
HCECCH(0H)Me with 1 allows the formation of chiral vinylidene [(C,Mea)(PMez- 
Ph)zRu=C=CHCH(OMe)Me]PFs (8). The vinylidenes 3,6, and 8 are easily deprotonated to 
afford the corresponding alkynylruthenium complexes (C5Me5)(PMezPh)zRuC=CR' (R = Ph 
(91, CHzOMe (lo), CH(0Me)Me (11)). The molecular structures of [(CsMes)(PMez- 
P~)ZRU=C=CHP~)I[(C~M~~)(PM~~P~)ZR~(CO)I(PF~)Z (3-4) and [(C5Mes)(PMezPh)zRu=C= 
CHCH(Me)OMelPF6 (8) were determined by X-ray crystallographic analysis. Complexes 3.4 
crystallizes in the orthorhombic space group P212121 with a = 12.468(1) A, b = 14.282(2) A, 
c = 36.297(3) A, z = 4, R = 0.064, and R, = 0.0069. Complex 8 crystallizes in the 
orthorhombic space group Pbcn with a = 17.771(2) A, b = 19.277(3) A, c = 20.172(6) A, z = 
8, R = 0.045, and R, = 0.043. 

Introduction 

During the last decade, the chemistry of metal vi- 
nylidene complexes has been the object of a significant 
development due to  the discovery of general synthetic 
methods1 and their use to generate new metal car- 
 bene^^,^ and ~arbynes .~  Monosubstituted vinylidene 
complexes, arising from the (q2-alkyne)metal - (ql- 
viny1idene)metal tautomerism (eq 11, have been at  the 
basis of innovation, especially because this process 
constitutes the first step of terminal alkyne metal 
activation and provides an electrophilic activation, due 
to the heteroallene nature of the M=C=CHR moiety. 
These monosubstituted vinylidenes are excellent pre- 
cursors, even when they are ~ n s t a b l e , ~  of carbene 
c~mplexesl-~ via nucleophilic addition and of initiation 
of alkyne polymerization.6 They have been recognized 
as active species in selective homogeneous catalytic 
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transformations of terminal alkynes. They were first 
suggested to explain the regioselective addition of 
carbamates to  the terminal alkyne carbon C(1), cata- 
lyzed by (areneIruthenium(I1) c~mplexes,~ and to alk- 
enylacetylenes.8 A ruthenium vinylidene intermediate 
is likely a crucial catalytic species in the dimerization 
of terminal alkynes into butatrieneg or enynes,1° for 
which the regioselectivity is opposite to that provided 
by palladium acetate catalysis,ll and in the anti- 
Markovnikov addition of carboxylic acids to generate 2 
enol esters.12 "he Ru=C=CHR moiety has been shown 
to be the effective catalytic species in the coupling 
reaction of allylic alcohols with terminal alkynes in the 
presence of RuC1(PPh3)z(q5-CsH5) to produce unsatur- 
ated ketones.13 

It is noteworthy that catalytic reactions involving 
metal vinylidene intermediates are promoted by ruthe- 

(6) Landon, S. J.; Shulman, P. M.: GeofTroy, G. L. J .  Am. Chem. - .  
Soc. 1985,107,6739. 

(7) (a) Mah6, R.; Dixneuf, P. H.; Ucolier, S. Tetrahedron Lett. 1986, 
27.6333. (b) Mah6. R.: Sasaki. Y.: Bruneau. C.: Dixneuf. P. H. J.  Om. . ,  , .  
Chem. 1989,54, 1518: 

(8) Hafer, J.; Doucet, H.; Bruneau, C.; Dixneuf, P. H. Tetrahedron 
Lett. 1991, 32, 7409. 

(9)(a) Wakatsuki, Y.; Yamazaki, H.; Kumegawa, N.; Satoh, T.; 
Satoh, J. Y. J.  Am. Chem. SOC. 1991, 113, 9604. (b) Wakatsuki, Y.; 
Yamazaki, H.; Kumegawa, N.; Johar, P. S. Bull. Chem. SOC. Jpn. 1993, 
66. 981. 
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(C&les)Ru-Vinylidene Complexes 

nium(I1) precursors. Actually, some ruthenium(I1) com- 
plexes have been shown to easily give vinylidene 
complexes, Ru+=C=CHR, by displacement of a halide, 
in the presence of both a noncoordinating anion and a 
terminal alkyne, from RuC1(L2)(r5-C&) [h: (PPh3)2,14J5 
(PMe3)2,16 (PMe2Ph)2,17 PhzPCHzCHzPPh2,l5Jsa or a 
chiral diph~sphinel~l, RUCI~(~~-'P~ZPCHZCH~OM~)~,'~ 
R u C W ~ ~ - ~ P ~ ~ P C H ~ C O Z M ~ ) ~ ,  l9 and RuC12(r2-PhzP(CH2),- 
PPh2)z (n  = 1,20 221 1. The comparative study of these 
reactions suggests that only electron rich ruthenium- 
(11) complexes allow the isolation of ruthenium vi- 
nylidene complexes. Indeed, the unsubstituted vi- 
nylidene derivatives (LnRu=C=CH2), the most reactive 
ones, were structurally characterized by X-ray diffrac- 
tion study only for the most electron-releasing ancillary 
ligands in [Ru=C=CH2(PMe2Ph)2(C5H5)lBF4l7 and 
[R~=C=CH~(P~~PCH~PP~Z)~C~]PF~.~~ On the other 
hand, the very electrophilic (arenekuthenium inter- 
mediates, [RU=C=CHR(C~)(PR~)(C~R~)IPF~,~ are very 
reactive and provide an easy access to a variety of 
ruthenium carbene complexes. The study of RuC12- 
(dp~m)2~O and RuC12(dppe)z21 derivatives toward the 
activation of terminal alkynes (eq 1) and of propargyl 
alcohol derivatives (eq 2) suggested that, beside the 
necessary electron richness of the ruthenium(I1) atom, 
the bulkiness of the ligands was a determining factor 
for the stabilization of vinylidene- or allenylideneruthe- 
nium intermediates. 

CHfi12 
r . t .  
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Scheme 1 

HC=C-SiMea 
NH4PFe 

To check this hypothesis, we have studied the influ- 
ence of a combination of very bulky and electron- 
releasing ligands on the ruthenium site. The CsMes 
ligand is electron rich enough to stabilize ruthenium- 
(IV) complexes22 or to favor ruthenium(IV) intermedi- 

(13) (a) Trost, B. M.; Dyker, G.; Kulawiec, R. J. J. Am. Chem. SOC. 
1990, 112, 7809. (b) Trost, B. M.; Kulawiec, R. J. J. Am. Chem. SOC. 
1992, 114, 5579. (c) Trost, B. M.; Kulawiec, R. J.; Hammes, A. 
Tetrahedron Lett. 1993,34, 587. 
(14) (a) Bruce, M. I.; Wallis, R. C. J. Organomet. Chem. 1978,161, 

C1. (b) Bruce, M. I.; Wallis, R. C. Aust. J .  Chem. 1979, 32, 1471. (c )  
Bruce, M. I.; Swincer, A. G.; Wallis, R. C. J.  Organomet. Chem. 1979, 
171, C5. 
(15) Bruce, M. I.; Koutsantonis, G. A. Aust. J .  Chem. 1991,44,207. 
(16) Bullock, R. M. J. Chem. Soc., Chem. Commun. 1989,3, 165. 
(17) Lomprey, J. R.; Selegue, J. P. J. Am. Chem. SOC. 1992, 114, 

5518. 
(18) (a) Consiglio, G.; Morandini, F. Znorg. Chim. Acta. 1987, 127, 

79. (b) Consiglio, G.; Morandini, F.; Ciani, G. F.; Sironi, A. Organo- 
metallics 1986, 5, 1976. (c) Morandini, F.; Consiglio, G.; Sironi, A.; 
Moret, M. J. Orgunomet. Chem. 1988,356, C79. 
(19) Werner, H.; Stark, A.; Shulz, M.; Wolf, J. Organometallics 1992, 

11, 1126. 
(20) (a) Pirio, N.; Touchard, D.; Toupet, L.; Dixneuf, P. H. J.  Chem. 

SOC., Chem. Commun. 1991,980. (b) Haquette, P.; Pirio, N.; Touchard, 
D.; Toupet, L.; Dixneuf, P. H. J. Chem. SOC., Chem. Commun. 1993, 
163. (c) Touchard, D.; Haquette, P.; Pirio, N.; Toupet, L; Dixneuf, P. 
H. Organometallics 1993, 12, 3132. 
(21) Touchard, D.; Morice, C.; Cadierno, V.; Haquette, P.; Toupet, 

L.; Dixneuf, P. H. J. Chem. Soc., Chem. Commun. 1994, 859. 
(22) (a) Suzuki, H.; Lee, D. H.; Oshima, N.; Moro-Oka, Y. Organo- 

metallics 1987, 6, 1569. (b) Arliguie, T.; Border, C.; Chaudret, B.; 
Devillers, J.; Poilblanc, R. Organometallics 1989, 8, 1308. 
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ates in catalytic C-C bond formation.23 We now report 
the first example of activation of terminal alkynes with 
a CsMesRu complex, RuCl(PMezPh)2(CsMes) (11, and we 
show that (i) 1 favors the formation of vinylidene 
complexes, especially from propargyl alcohol derivatives, 
rather than their dehydration into allenylidene inter- 
mediates, (ii) the hydroxy group of (hydroxymethy1)- 
vinylidenes is labile, and (iii) the corresponding vi- 
nylideneruthenium complexes are acidic and provide an 
easy access to acetylide derivatives. The X-ray structure 
determinations of [Ru=C=CHPh(PMezPh)2(CsMes)l- 
[RU(CO)(PM~~P~)~(C~M~~)I(PF& and [Ru=C=CHCH- 
(OMe)Me(PMeaPh)2(CsMes)lPF6 are reported. 

Results and Discussion 

(1) Preparation of Ru=C=CHR Complexes and 
Electron Richness of RuCl(PMe2Ph)2(C&Ies). 
Analogously to the preparation of RuCl(PMe&(Cs- 
Me5),24 the precursors RuCl(PMezPh)z(C5Mes) (1) and 
RuCl(PMePh~)z(CsMes) (2) were obtained by addition of 
the corresponding phosphine to [ R U ( U ~ - C ~ ) ( C ~ M ~ ~ ) I ~ ~ ~  in 
87 and 89% yield, respectively. Complex 1 reacts with 
phenylacetylene and NH4PF6 in methanol at reflux and 
is completely transformed to give the orange vinylidene 
complex 3 (85%) (Scheme 1). By contrast, the same 
reaction with 2 afforded a mixture of the corresponding 
vinylidene and 2. The complex 3 shows in 31P [lHI NMR 
two types of PMe methyl groups and in lH NMR two 
sets of & A A X ' 3  patterns for the MePPMe' groups. A 
low-field Ru=C 13C NMR resonance (6 = 354.3 ppm, 
2 J p ~  = 15.2 Hz) is observed. This low-field resonance 
is commonly observed with vinylidene c ~ m p l e x e s ' ~ - ~ ~  
and has recently been explained as a consequence of a 
paramagnetic up term rather than of an electron defi- 
ciency.26 

Complex 3 is slowly oxidized in solution in the 
presence of air to give mixtures of 3 and the carbonyl 
complex [RuCO(PMezPh)z(CsMe5)1PF6 (4). Actually crys- 
tallizations of 3 in non-deoxygenated chloroform af- 
forded monocrystals containing both 3 and 4 moieties 
and allowed their structural study. 

Under milder conditions than that of the 1 - 3 
transformation, complex 1 also reacts with Me3SiCzCH 

(23) Masuda, K.; Ohkita, H.; Kurumatani, S.; Itoh, K. Orgunome- 

(24) Fagan, P. J.; Mahoney, W. S.; Calabrese, J. C.; Williams, I. D. 

(25) Fagan, P. J.; Ward, M. D.; Calabrese, J. C. J .  Am. Chem. SOC. 

(26) Czech, P. T.; Ye, X. G.; Fenske, R. F. Organometallics 1990,9, 

tallics 1993, 12, 2221. 
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Table 1. Oxidation Potentials (Run/Rum) of Ruthenium 

complex EUZ (VI AEp(mV)c ref 

L = PMezPh 0.82" 70 5 
L = PPh3 0.92" 80 5 

28 L = PMeZPh 0 . 4 4 b  - 
L = PPh3 0.53" 60 5 

Complexes 

(C&~~)RULC~Z 

(C5Hj)RuLzCl 

- (C5Mej)Ru(PMezPh)zCl(l) 0.30" 70 

a cyclic voltammetry in solution in CHsCN, 200 mVls, 0.1 M B W F 6 ,  
Pt/SCE. Cyclic voltammetry in solution in CHzC12, 0.1 M B m F 6 ,  Pt/ 
SCE. AE,: anodic to cathodic peak separation. 

Le Lagadec et al. 

in the presence of NH4PF6, in dichloromethane at room 
temperature for 6 h. The yellow unsubstituted vi- 
nylideneruthenium complex 5 (Scheme 1) was obtained 
in 70% yield. The formation of 5 can be explained uia 
the formation of the corresponding (trimethylsily1)- 
vinylidene and cleavage of the carbon-silyl bond in the 
presence of the NH4+ cation. Such a cleavage was 
observed in the formation of ruthenium vinylidene16 and 
carbene complexes5 in methanol. Complex 5 in 13C 
NMR shows a signal a t  low field (6 = 347 ppm, z J ~ ~  = 
15.7 Hz) for the Ru-C carbon nucleus. 

The complex 3 is very stable in methanol and does 
not give the expected carbene complex [Ru=C(OMe)- 
CHzPh(L)zC5MeslPFs (A) via addition of the alcohol on 
carbon C(1), even after a 48 h reflux in methanol. This 
absence of reaction contrasts with that of electrophilic 
[(arene)Cl(PR3)Ru=C=CHPhIPFs intermediates5pZ7 that 
lead to  carbenes analogous to A, within a few seconds, 
and also with that of the corresponding [ (CSH~)(P~~P)Z-  
Ru=C=CHPhlPFs complex that gives a derivative of 
type A on reflux in methan01.l~ 

The inertness of 3 toward the formation of A can be 
explained in terms of high electron density at the 
ruthenium site. The oxidation potential of 3 (E = 0.30 
VSCE) can be compared to that of ruthenium complexes 
leading to vinylidene derivatives (Table 1). This com- 
parison shows that complex 1 is more electron rich than 
related (C~H~)RU(PR~)ZC~ derivatives and much more 
electron rich than the reactive (arene)RuClz(L) com- 
plexes (L = PR3,5 CNR29). The oxidation potential of 
[LnRu=C=CHR]PFs complexes cannot be measured, for 
electrochemical oxidation takes place with decomposi- 
tion. Assuming that the same sequence of electron 
richness can be observed in the LnRuCl precursors and 
their corresponding [LnRu-C-CHPhlPFs derivatives, 
the electron density transfer from the (CsMes)(PMez- 
Ph)zRu+ moiety to the vinylidene ligand should be the 
highest and thus the electrophilicity of the C(1) carbon 
of 3 the lowest. The steric hindrance of the ancillary 
ligands (CsMe5 and 2 PMezPh) is also the most impor- 
tant in 3 as compared to the other ruthenium precursors 
(Table 11, and the carbon C(1) is expected to be less 
accessible by the weak nucleophile MeOH. 

(2) Activation of Propargyl Alcohol by Complex 
1. Propargylic alcohol derivatives are very easily ac- 
cessible terminal alkynes, and their activation by ru- 
thenium(I1) complexes has been shown to generate, via 

~~ 

(27) Devanne, D.; Dixneuf, P. H. J. Organomet. Chem. 1990, 390, 

(28) Treichel, P. M.; Khomar, D. A.; Vincenti, P. J. Synth. React. 
371. 

Inor&?. Met.-Om. Chem. 1984. 14. 383. 
($9)Dussel,-R.; Pilette, D.; D g e u f ,  P. H.; Fehlhammer, W. F. 

Organometallics 1991, 10, 3287. 

Scheme 2 

+ 
1 PMeZPh 

PMezPh 

7 90 40 

spontaneous dehydration, either stable allenylidene 
complexes (eq 2) such as [Ru(=C=C=CPhz)(PMe3)2- 
(c#~)lPFs?~ [RU(=C~C-C(P~XC~H~F~C~H~))C~(PM~~)- 
(C@es)]PFs,31 and [Ru=C=C==CR&~)(P~ZPCHZPP~Z)ZI- 
pFsZ0 or reactive ones to  give deprotonation and a 
dimerization product32 or, when they are electrophilic, 
alkenylcarbene complexes such as [Ru=C(OR)CH= 
C~(C1)(PMes)(C@es)lPFs 31 on addition of alcohol. The 
electron rich and sterically hindered ruthenium complex 
1 has thus been reacted with three propargylic alcohol 
derivatives HCWCRzOH (R,R = H,H; H,Me; Me,Me). 

Complex 1 reacts with prop-2-yn-1-01, in methanol on 
reflux, with NaPFs to give the red (3-methoxyvinylidene)- 
ruthenium complex 6 (81%) (Scheme 2). When the same 
compounds were reacted in dichloromethane at room 
temperature, the orange 3-hydroxyvinylidene complex 
7 (90%) was obtained. 13C NMR spectra of 6 and 7 
indicate the presence of vinylidene carbon at low field 
(6 = 329.0 ppm, Vpc = 15.2 Hz for 6 and 6 = 346.4 ppm, 
C2Jpc = 15.2 Hz for 7). The 'H NMR spectra show a 
vinylidene proton coupled with two identical methylene 
protons (6 = 4.63 ppm, ( 3 J ~  = 8.0 Hz, 4 J p ~  = 2.2 Hz 
for 6 and 6 = 4.83 ppm, 3 J ~ ~  = 8.1 Hz, 4 J p ~  = 2.2 Hz 
for 7). 

The hydroxyvinylidene 7 is especially stable toward 
dehydration. By contrast, from RuCl(PR&C5H5 and 
HCECCRzOH (R * H), such a hydroxyvinylidene in- 
termediate could not be observed but its dehydration 
complex was 0btained~O9~~ Moreover, from the reaction 
of RuClz(PMes)(CsMe6) and HCSCCHzOH in methanol, 
the formation of [Ru=C(OMe)(CHzCHzOMe)(Cl)(PMe3)- 
(C@es)lPF65 was only observed and was consistent with 
initial dehydration and addition of 2 mol of methanol. 
It is noteworthy that a hydroxyvinylidene derivative 
was isolated from RuCMPhZPCHzPPhz)z which was 
electron rich and contained bulky ligands.20 

The hydroxy group of 7 was shown to be labile and 
easily replaced by the methoxide group: on reflux of 7 
in methanol, complex 6 was isolated in 96% yield. This 
exchange could take place by dehydration of 7 to give 
the unsubstituted allenylidene followed by addition of 
methanol (eq 3). However, the allenylidene intermedi- 
ate was not observed even on reflux with Ph3P as an 
attempt to trap the corresponding phosphonium salt on 
addition of PPh3 on carbon C(3) of moiety I. 

(30) Selegue, J. P. Organometallics 1982, 1, 217. 
(31)(a) Pilette, D.; Ouzzine, K; Le Bozec, H.; Dixneuf, P. H.; 

Rickard, C. E. F.; Roper, W. R. Organometallics 1992,11,809. (b) Le 
Bozec, H.; Pilette, D.; Dixneuf, P. H. New. J. Chem. 1990,14, 793. 

(32) Selegue, J. P. J. Am. Chem. SOC. 1983, 105, 5921. 
(33) Selegue, J. P.; Young, B. A.; Logan, S. L. Organometallics 1991, 

10, 1972. 
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Scheme 3 

(3) 

//-Hlo 
r - 

(3) Activation of But-3-yn-8-01. The activation of 
the secondary alcohol HC=CCH(Me)OH by complex 1 
in methanol on reflux led to the yellow (3-methoxybut- 
l-enylidenelruthenium derivative 8 (74%) containing a 
C(3) chiral group. Compound 8 results from the hy- 
droxyvinylidene formation followed by the substitution 
of the hydroxy group by methanol (eq 4). The presence 
of a chiral group in 8 leads to the nonequivalence of 31P 
nuclei in 31P NMR (6 = 15.3 and 14.4 ppm, 2Jpp  = 35.7 
Hz). A low-field triplet is observed in I3C NMR at 6 = 
345 ppm (2Jpc = 15.2 Hz) for the vinylidene Ru=C 
carbon nucleus. In lH NMR the selective irradiation 
of the MeC(3) proton resonance allows to show that the 
HC(3) proton (6 = 4.47 ppm, 3Jm = 7.6 and 6.1 Hz) is 
involved in an AB& system (=CHCHMe) and that the 
vinylidene HC(2) resonance (6 = 4.34 ppm, 3Jm = 7.6 
Hz, 4 J p ~  = 2.3 Hz) is part of an ABY2 system (P2- 
Ru=C=CHCH). The structure of 8 was confirmed by 
an X-ray diffraction study. 

The 1 - 8 transformation shows that monosubstitu- 
tion at C(3) does not favor dehydration of the vinylidene 
complex. However complex 8 may result from the 
formation of the secondary allenylideneruthenium moi- 
ety (Ru+=C=C=CHMe) that was previously observed 
only in the isolated complexes [Ru=C=C=CHAr(Cl)- 
(Ph~PcHzPPh2)2lPF6.~~ The latter were shown to be the 
object of addition of methoxide at the secondary C(3) 
carbon atom.34 

The reaction of 1 with HCWCMezOH and NaPF6 in 
methanol on reflux leads to the formation of a violet oil. 
When the reaction was performed in dichloromethane 
at room temperature, the same violet oily product was 
obtained. This compound could not be characterized but 
shows in 1H NMR two multiplets between 1 and 2 ppm 
(6 = 1.6 and 1.4 ppm), consistent with the presence of 
two different C&fe5RuP2 moieties. The cyclic voltam- 
metry of this violet complex in propylene carbonate 
shows two reversible oxidation waves: EYZ = -0.10 VSCE 
and Ell2 = 0.24 VSCE. This observation is consistent 
with the presence of two different ruthenium moieties 
and their reversible RuI' == Ru"' oxidation. We can 
suggest for the compound a bimetallic structure on the 
basis of the characterized product obtained by Selegue 
et al.32 on reaction of RuCl(PPh&C5H5 with HC=C- 
CMezOH and corresponding to the coupling of two 
dehydrated species (Ru+=C=CHCMe=CH2 and Ru+%= 

R - P h  3 
R-CHflMe 6 
R - CHMeOMe 8 

B ( 7 4 % )  
10 ( 7 5 % )  
11 ( 6 3 % )  

C=CMez). Another coupling reaction of the propargylic 
alcohol derivative promoted by RuC1(PPh3)2(q5-CsH,) 
has just been reported.35 

The comparative activation by 1 of HCGCCH~OH, 
HCZCCHMeOH, and HCGCCMezOH shows that the 
presence of a hydrogen atom on carbon C(3) favors the 
formation of stable 3-hydroxyvinylidene derivatives 
rather than their dehydration. 

(4) Access to Ruthenium Acetylides by Depro- 
tonation of Vinylidenes. The direct access to ruthe- 
nium acetylide complexes by classical substitution of a 
chloride by a lithium, magnesium, or tin acetylide is not 
straightforward, especially with hindered ruthenium 
complexes.20c The ease of access to cationic vinylidenes 
directly from terminal alkynes and complex 1 allowed 
the study of their deprotonation, as a route to (C5Me5)- 
RuCGCR derivatives. 

Complexes 3,6, and 8 can be easily deprotonated into 
their corresponding acetylides by a variety of basic 
reagents such as alumina, sodium methoxide, and DBU 
(diazabicycloundecene). However, potassium carbonate 
offers the best compromise for the ease of separation 
and yields. Thus complexes 3, 6, and 8 in dichlo- 
romethane were treated with an excess of KzCO3 at 
room temperature for 0.5-2 h to give the yellow 
complexes 9 (74%), 10 (75%), and 11 (63%), respectively 
(Scheme 3). The spectroscopic data of 9-11 are given 
in Table 2. It is noteworthy that the alkynyl derivative 
11 that possesses a chiral group shows nonequivalent 
diastereotopic 31P nuclei. The acetylide 9 was obtained 
in one pot in 74% yield directly from 1 in methanol by 
successive addition of an excess of phenylacetylene and 
sodium methoxide. However, this method cannot be 
used for propargyl alcohol derivatives. 

The alkynylruthenium derivatives 9-11 can be re- 
protonated to give back the vinylidenes 3, 6, and 8,  
respectively. Alkynyl complexes 9-11 are basic enough 
to be protonated simply by NH4PF6. After 15 min of 
reaction at  room temperature, complexes 3 (86%), 6 
(97%), and 8 (95%) were obtained from 9-11, respec- 
tively. 

(5) X-ray Crystal Structure of [Ru=C=CHPh- 
(CsMed(PMe2Ph)21 [Ru(C0)(C~Mes)(PMe2Phhl- 
(PF& (34). Successive crystallizations of complex 3 
in non-deoxygenated chloroform afforded monocrystals 
for which the X-ray diffraction study revealed in the cell 
two different molecules, [Ru=C=CHPh(CsMes)(PMez- 
Ph)zlPFs (3) and [Ru(CO)(CsMes)(PMe2Ph)zlPFs (4). The 
molecular structures of 3 and 4 are shown in Figures 1 
and 2, respectively. Experimental crystallographic data, 
selected bond distances and angles, and positional 
parameters are given in Tables 3-5, respectively. The 
ruthenium vinylidene Ru=C=C moiety is almost linear 
(Ru-C(51)-C(52): 174(1)"). The (vhylidene)C-Ru bond 

(34) Pirio, N.; Touchard, D.; Dixneuf, P. H. J. Organomet. Chem. 
1993, 462, C18. 

(35) Cadierno, V.; Gamasa, M. P.; Gimeno, J.; Lastra, E.; Borge, J.; 
Garcia-Granda, S. Organometallics 1994, 13, 145. 
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Table 2. Spectroscopic Data of (CsMeS)(PMe#h)RuC=CR Complexes 
'H NMR (6, ppm) (J ,  Hz) 

R (vc..~,  cm-') 31P[1H] NMR (6, ppm) CsMes ( 4 J ~ ~ )  PMe ('JPH + 4 J p ~ )  

2045 21.86 1.52 (1.3) 1.66 (8.5) 
Ph (9) 1.61 (8.0) 
CH20Me (10) 2070 20.60 1.43 (1.5) 1.60 (8.5) 

1.55 (8.1) 
CHMeOMe (11) 2064 22.06 1.42 (1.5) 1.60 (7.9) 

21.74 1.56 (7.6) 
(2Jpp = 33 Hz) 

51 

41 

Figure 1. Molecular diagram of complex [(CsMedPMe2- 
Ph)2Ru=C=CHPh]PFs (3). 

Me121 

Table 3. Experimental Crystallographic Data 
complex 34 complex 8 

formula R U ~ P . & ~ H ~ O ~ ~ P F ~  RuP~C~IOH,~.PF~~/~CH~OH 
mol wt 1445.3 731.6 
cryst syst orthorhombic orthorhombic 
space group p21212l Pbcn 
a. A 12.468( 1) 17.771(2) 
b, A 14.282(2) 19.277(3) 
C, A 36.297(3) 20.172(6) 
v, A3 6463(1) 6910(2) 
Z 4 8 
Dcde. g/"-' 1.49 1.41 
cryst size, mm 
28 range, deg 3-44 50 
diffractometer CAD4 CAD4 
1 (Mo K a  radiation), 8, 0.7107 0.71069 
T, K 292 294 
F(000) 2960 2976 
abs coeff p, cm-l 6.1 6.34 

no. of reflcns measured 5579 
no. of unique reflcns 5369 8235 
no. of observed reflcns, 5032 1921 

R; R, 0.064; 0.069 0.045; 0.043 

Table 4. Selected Bond Distances and Angles for 3 and 4" 

0.24 x 0.28 x 0.55 0.15 x 0.24 x 0.35 

scan type w-scan w12e 

Fo > 3O(Fo) 

bond bond 
atoms distances (A) atoms angles (deg) 

Cl25 

Cl241 
C1171 

Figure 2. Molecular diagram of complex [(C5Me5)(PMe2- 
Ph)2Ru(CO)IPF6 (4). 

length Ru(2)-C(51) of 1.76(1) A is very short as com- 
pared to  that of other vinylideneruthenium complexes 
(Table 6). Only in RU=C-CHP~(C~)~('P~~PCH~CH~- 
OMe)2 19 was a shorter Ru=C bond distance observed. 
This is likely to  result from the electron-releasing 
capability of the (C5Mes)(PhMezP)zRu moiety toward the 
electron-withdrawing vinylidene ligand. It is notewor- 
thy that the molecular structure of 4 is closely related 
to that of 3. The CO ligand does not modify significantly 
the arrangement of ligands and the structural data of 
the (C5Mes)(PhMezP)zRu moiety with respect to the 
C=CHPh ligand in 3. For instance, the P-Ru-P angle 
is 92.1(1)' in 3 and 92.7(1)' in 4, and the P-Ru-C 
angles are 88.4(4)' and 89.4(5)' in 3 and 89.0(4)' and 
88.9(4)' in 4. This similarity is likely responsible for 
the inclusion in the cell of the two different molecules, 
3 and 4. 

(6) X-ray Crystal Structure of [Ru=C=CHCH- 
(OMe)Me(PMe2Ph)2(CdWedlPFs, (8). The molecular 
structure of 8 is shown in Figure 3. Experimental 

Compound 3 
R~(2)-C(51) 1.76(1) C(5 l)-Ru(2)-P(3) 
Ru(2) -P( 3) 2.341(4) C(51)-R~(2)-P(4) 
Ru(2) - P(4) 2.3 14(4) C(5 l)-Ru(2)-Cp(2) 
Ru(2)-C(Cp(2)) 2.25-2.35 P(~)-Ru(~)-P(~)  
Ru-Cp(2) 1.96(1) Ru(2)-C(51)-C(52) 
C(51)-C(52) 1.34(2) C(51)-C(52)-C(53) 
C(52)-C(53) 1.58(2) Ru(~)-P(~)-C(CP(~)) 
P(3,4)-C(Cp(2)) 1.79- 1.86(2) Ru(2)-P(4)-C(Cp(2)) 

C(47)-P(4)-C(48) 
Compound 4 

Ru-C( 1) 1.86(1) C( l)-Ru-P(l) 
RU-P(l) 2.329(4) C(l)-Ru-P(2) 
Ru-P(2) 2.347(4) C( l)-Ru-Cp 
Ru-C(Cp) 2.25-2.29 P(l)-Ru-P(2) 
Ru-Cp 1.92(2) Ru-C( 1)-0(2) 
C( 1)-0(2) 1.14(2) 
P(1,2)-C(Cp) 1.82-1.85 

C(Cp) = C5 carbon atoms of the C5Me5 ring. 

88.4(4) 
89.4(5) 

125.9(8) 
92.1(1) 

174(1) 
128(1) 
110-1 17(1) 
116-118 
lOl(1) 

89.0(4) 
88.9(4) 

121.6(7) 
92.7(1) 

178(1) 

crystallographic data, selected bond distances and angles, 
and positional parameters are given in Tables 3,7, and 
8, respectively. The molecular structure of 8 revealed 
a chiral vinylidene group coordinated to the ruthenium 
metal center. The Ru-vinylidenic Ca atom bond dis- 
tance, Ru-C(l1) (1.854(8) A), is comparable to  the 
double bond Ru=C observed in the [ (C~H~)RU(PR~)~-  
(=C=CR1R2)1+ complexes (Table 6). The C(ll)-C(12) 
distance (1.29(1) A) corresponds to a double-bond length. 
The ruthenium vinylidene carbon atoms are almost in 
a linear assembly with the Ru-C(11)-C(12) angle of 
174.6(7)'. In [(C5H5)Ru(PR3)2(=C=CR1R2)1+ cations, the 
vinylidene plane is orthogonal to the plane bisecting the 
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Table 5. Positional and Equivalent Isotropic Thermal Parameters for 3 and 4* 

0.05383(9) 
-0.065( 1) 

0.019(2) 
0.116(2) 
0.084( 1) 

-0.02 1 (2) 
-0.189( 1) 

0.009(2) 
0.221(3) 
0.162(2) 

0.074( 1) 
0.0893( 8) 
0.2080(3) 

0.328 l(6) 
0.3548(6) 
0.4504(6) 
0.5192(6) 

0.28369(9) 
0.282( 1) 
0.390( 1) 
0.397( 1) 
0.294( 1) 
0.222( 1) 
0.244(1) 
0.484( 1) 
0.505( 1) 
0.271(1) 
0.109( 1) 
0.1222(3) 
0.2796(3) 
0.1013(7) 
0.1714(7) 
0.1628(7) 
0.0841(7) 
0.0 140(7) 
0.0226(7) 

-0.087(2) 

-0.0567(3) 

-O.OoS( 1) 
0.1 12( 1) 
0.3877(7) 

0.01879(8) 
0.137( 1) 
0.165(1) 
0.169( 1) 

0.123( 1) 
0.139(1) 
0.197( 1) 
0.210(1) 
0.153( 1) 
0.1 1 l(2) 

-0.019( 1) 
-0.042( 1) 
-0.0635(3) 
-0.1122(3) 

0.0009(5) 
0.0024(5) 
0.0440(5) 
0.0841(5) 

0.04764(9) 
0.038( 1) 
0.03 1( 1) 

-0.052( 1) 
-0.100(1) 
-0.046( 1) 

0.107( 1) 
0.094( 1) 

-0.092( 1) 
-0.198( 1) 

0.072( 1) 
0.1292(3) 

-0.0055(3) 
0.2076(6) 
0.2833(6) 
0.3440(6) 
0.3291(6) 
0.2535(6) 
0.1927(6) 
0.064(1) 
0.211(1) 

-0.0813(5) 

0.144(1) 

0.04292(3) 
0.0418(6) 
0.0621(5) 
0.0413(6) 
0.0047(6) 
0.0033(6) 
0.0548(8) 
0.10 14(5) 
0.0489(8) 

-0.0309(6) 
-0.0322(6) 

0.0916(4) 
0.1212(3) 
0.0267( 1) 
0.0339( 1) 
0.0398(2) 
0.077 l(2) 
0.0886(2) 
0.0627(2) 

0.28110(3) 
0.2165(4) 
0.2309(3) 
0.2528(3) 
0.2530(4) 
0.23 12(3) 
0.1868(4) 
0.2199(5) 
0.2673(4) 
0.2671(4) 
0.2187(4) 
0.2884( 1) 
0.3413(1) 
0.2505(2) 
0.2472(2) 
0.2173(2) 
0.1906(2) 
0.1939(2) 
0.2238(2) 
0.2906(5) 
0.3282(4) 
0.3546(2) 

Compound 4 
0.0366(4) C(15) 
0.079(3) C(16) 
0.068(3) C(17) 
0.073(3) C(18) 
0.076(3) C(21) 
0.074(3) C(22) 
0.145(3) C(23) 
0.132(3) C(24) 
0.141(3) C(25) 
0.138(3) C(26) 
0.138(3) C(27) 
0.054(3) C(28) 
0.083(3) P(5) 
0.040(1) F(1) 
0.045(1) F(2) 
0.048(3) F(3) 
0.058(4) F(4) 
0.074(4) F(5) 
0.087(4) F(6) 

Compound 3 
0.0374(4) C(42) 
0.057(3) C(43) 
0.052(3) C(44) 
0.052(3) C(45) 
0.049(3) C(46) 
0.048(3) C(47) 
0.059(3) C(48) 
0.065(3) C(51) 
0.068(3) C(52) 
0.063(3) C(53) 
0.071(3) C(54) 
0.049(2) C(55) 
0.051(1) C(56) 
0.047(3) C(57) 
0.074(4) C(58) 
0.097(4) P(6) 
0.086(4) F(7) 
0.084(4) F(9) 
0.071(4) F(10) 
0.076(3) F(11) 
0.074(3) F(12) 
0.049(3) 

0.4925(6) 
0.3970(6) 
0.230( 1) 
0.231(1) 

-0.0348(6) 
0.0111(6) 
0.0356(6) 
0.0143(6) 

-0.0316(6) 
-0.0562(6) 
-0.058( 1) 
-0.201( 1) 

0.121(1) 
0.091( 1) 
0.075(2) 
0.134(2) 

-O.O07( 1) 
0.21 3( 1) 

0.4894(7) 
0.5761(7) 
0.56 12(7) 
0.4595(7) 
0.3727(7) 
0.284(2) 
0.161(1) 
0.352( 1) 
0.409( 1) 
0.5279(7) 
0.5689(7) 
0.6755(7) 
0.7412(7) 
0.7002(7) 
0.5936(7) 
0.7672(4) 
0.715(1) 
0.773(2) 
0.799( 1) 
0.680( 1) 
0.869( 1) 

0.1040(4) 

0.0826(5) 
0.0410(5) 

-0.1774(9) 
-0.093( 1) 
-0.1826(5) 
-0.2715(5) 
-0.3208(5) 
-0.2813(5) 
-0.1924(5) 
-0.1430(5) 
-0.193( 1) 
-0.089( 1) 

0.5199(4) 
0.540(2) 
0.508(2) 
0.43 1( 1) 
0.616(1) 
0.547(2) 
0.490(2) 

-0.0433(5) 
-0.1019(5) 
-0.1986(5) 
-0.2366(5) 
-0.1780(5) 

0.082( 1) 
-0.074(2) 

0.149(1) 
0.226( 1) 
0.2328(6) 
0.3185(6) 
0.3251(6) 
0.2460(6) 
0.1603(6) 
0.1538(6) 
0.0072(5) 

-0.056( 1) 
0.082( 1) 

-0.023(2) 
0.048(2) 
O.OOS(2) 

Table 6. Comparative Structural Data for LnRu=C=CRR' Complexes 

0.0254(2) 
0.0140(2) 
0.0486(4) 

-0.0224(4) 
-0.0073(2) 
-0.0050(2) 
-0.0371(2) 
-0.0715(2) 
-0.0738(2) 
-0.0417(2) 

0.0715(4) 
0.031 l(5) 
0.081 1( 1) 
0.0416(3) 
0.1197(3) 
0.07 lO(9) 
0.0874(7) 
0.0733(4) 
0.0854(5) 

0.3603(2) 
0.3679(2) 
0.3698(2) 
0.3640(2) 
0.3565(2) 
0.3787(4) 
0.3545(5) 
0.2960(4) 
0.3041(4) 
0.3189(2) 
0.3308(2) 
0.3422(2) 
0.3416(2) 
0.3296(2) 
0.3183(2) 
0.1644(2) 
0.1861(5) 
0.1826(9) 
0.1306(5) 
0.1489(5) 
0.1745(6) 

0.096(4) 
0.071(4) 
0.040(3) 
0.065(3) 
0.047(3) 
0.050(3) 
0.057(4) 
0.066(4) 
0.075(4) 
0.061(4) 
0.065(3) 
0.083(3) 
0.065(2) 
0.264(3) 
0.303(3) 
0.433(3) 
0.291(3) 
0.251(3) 
0.305(3) 

0.06 l(4) 
0.089(4) 
0.094(4) 
0.105(4) 
0.09 l(4) 
0.090(3) 
0.095(3) 
0.047(3) 
0.059(3) 
0.059(4) 
0.069(4) 
0.063(4) 
0.075(4) 
0.072(4) 
0.074(4) 
0.099(2) 
0.233(3) 
0.454(3) 
0.312(3) 
0.278(3) 
0.300(3) 

LnRu" ion R R' Ru-C (A) c-c (A) Ru-C-C (deg) ref 

CpRu(PMe2Ph)z (1) PF6 H Ph 
CpRu(PMe2Ph)z (8) PF6 H CHMeOMe 
CpRu(PPhs)z I Me Ph 
CpRu(PMe3)z pF6 H Me 

H Ph 
CpRu(PMe2Ph)Z BF4 H H 
(iR2PCH2CH20Me)2RuC12 - 
(dppm)zRuCI PF.5 H H 

Cp = CSMe5; dppm = PhZPCHzPPh2. 

P(l)-Ru-P(2) angle.38 Theoretical  calculation^^^ showed 
that a maximal n-stabilization between the metal and 
the Ca atom arises from interaction of the p orbitals of 
the Ca atom with the 2a" orbitals of the metallic 
fragment. Interestingly, in cation 8 the vinylidene Ru- 
C(ll)-C(l2)-C(l3) plane makes an angle of 73.1(4)' 
with the plane bisecting the P(l)-Ru-P(2) plane, thus 
showing a clear distortion with respect to complexes in 
the (C5H5)Ru series. This distortion is observed in 
Figure 4. The rotation barrier around a (vinylidene)- 
Ca=Ru bond of a [(C5H5)Ru(PR3)2(=C=CR2)lf complex 

(36) Bruce, M. I.; Humphrey, H. G.; Snow, M. R.; Tiekink, E. R. T. 

(37) Bruce, M. I.; Wona, F. S.: Shelton. B. W.; White, A. H. J. Chem. 
J .  Organomet. Chem., 1986,314,213. 

SOC., Dalton Trans. 1985, 2203. 

Chem., 1990,30, 1. 
(38) Davies, S. G.; McNally, J. P.; Smallridge, A. J. Mu. Organomet. 

(39) Kostic, N. M.; Fenske, R. F. Organometallics 1982, 1, 974. 

1.76(1) 1.34(2) 174(1) 
1.854(8) 1.29(1) 174(6) 
1.86(1) 1.29(2) 173 36 
1.845(7) 1.313( 1) 180(2) 37 

17 1.843( 1) 1.287( 1) 
1.749(7) 1.34(1) 176.6(7) 19 
1.882(8) 1.22(1) 178.3(8) 20c 

174.1(8) 

is relatively weak, in the order of 15 kJ m01-l.~~ 
Therefore, steric factors might be responsible for the 
distortion observed in 8. Indeed the molecular structure 
shows an interaction of the OMe group with the CsMe5 
methyl groups which can explain the distortion. The 
increase of the Ru-C(a) distance in 8 with respect to 
that of 3 may also result from this interaction. 

Experimental Section 

All reactions were performed under an argon or nitrogen 
atmosphere, unless otherwise stated, with the use of Schlenk 
techniques. The solvents were dried and deoxygenated by 
standard methods. NMR spectra were recorded on Bruker AC 
300 P or Bruker AC 200 P spectrometers. Infrared spectra 

(40) Schilling, B. E. R.; H o h a n n ,  R.; Lichtenberger, D. L. J. Am. 
Chem. SOC. 1979,101, 585. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 5

, 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

02
4a

05
3



5036 Organometallics, Vol. 13, No. 12, 1994 Le Lagadec et al. 

Figure 3. Molecular diagram of complex [(C~M~&PM~ZP~)ZRU=C=CHCH(M~)OM~~PFG (8). 

Table 7. Selected Bond Distances and Angles for 
Complex 8" 

bond bond 
atoms distances (A) atoms angles (deg) 

Ru-C(11) 1.854(8) C(11)-Ru-P(l) 92.1(2) 
Ru-P(l) 2.312(2) C( 1 l)-Ru-P(2) 88.1(2) 
Ru-P(2) 2.314(2) Ru-C(11)-C(12) 174.6(7) 
Ru-C(Cp) 2.255-2.301 P(l)-Ru-P(2) 92.88(8) 
C( 1 1)-C( 12) 1.29( 1) C( 11)-C( 12)-C(13) 126.2(8) 
C(12)-C( 13) 1.52(1) C(24)-P(l)-C(25) 100.6(5) 

C(16)-P(2)-C(17) 101.7(5) 

(1 C(Cp) = CS carbon atoms of the CsMes ring. 

were recorded on FT-IR Nicolet 20 C or Perkin-Elmer 1310 
spectrometers. Elemental analyses were performed by the 
Service Central de Microanalyse of CNRS at Vernaison, 
France. The complex [(C5Me5)RuC1]4 was prepared by the 
literature method.25 

Electrochemical measurements were recorded by using a 
EGG PAR Model 362 scanning potentiostat with an XY 
recorder. Cyclic voltammograms were recorded in a single cell 
by using a 2 mm Pt disk working electrode and a 2 mm Pt 
disk auxiliary electrode. The reference electrode was an 
aqueous saturated calomel electrode (SCE). Purified B m F 6  
was used as electrolyte. 

Synthesis of (CmeE)(PMeSh)&uCl (1). In a Schlenk 
tube were successively introduced 3.0 g (2.8 mmol) of [(C&le5)- 
RuC1]4,50 mL of freshly distilled THJ?, and 3.4 mL (23.9 "01) 
of dimethylphenylphosphine. The solution was stirred at  room 
temperature for 30 min and rapidly became red. The solution 
was filtered and evaporated to dryness. The oily residue was 
triturated in 15 mL of petroleum ether to  give a yellow solid 
which was filtered, washed with 4 x 5 mL of petroleum ether, 
and dried under vacuum; yield: 5.30 g (87%). The yellow 
powder could be recrystallized in hot petroleum ether to give 
orange needles. IH NMR (CDC13, 300.133 MHz, 297 K): 6 
7.68-7.61 (m, 4 H, PPh), 7.29-7.22 (m, 6 H, PPh), 1.50-1.45 
(m, 12 H, PMed, 1.14 (t, 15 H, 4 J P H  = 1.6 Hz, CsMes). 31P [lH] 
NMR (CDC4,121.496 MHz, 297 K): 6 13.58 ( 8 ,  PMezPh). Anal. 
Calcd for C Z ~ H ~ ~ C ~ P Z R U  : C, 56.98; H, 6.80. Found : C, 57.20. 
H 6.95. 

Synthesis of (C~Me5)(PMePhz)&uC1 (2). In a Schlenk 
tube were successively introduced 2.5 g (2.3 mmol) of [(C5Me5)- 
RuC1]4,50 mL of freshly distilled THF, and 3.6 mL (19.3 mmol) 

of methyldiphenylphosphine. The solution was stirred at room 
temperature for 30 min, rapidly became red, and was filtered 
and concentrated to  about 10 mL. The addition of 15 mL of 
hexane caused the precipitation of a yellow solid which was 
filtered, washed with 5 mL of hexane, and dried under vacuum 
to yield 4.80 g of yellow powder. The mother solution was 
concentrated to half of its volume and cooled to -20 "C to give 
orange crystals which were filtered, washed with 5 mL of 
hexane, and vacuum-dried (0.72 g). Overall yield of 2: 5.72 g 
(89%). lH NMR (CDC13, 300.133 MHz, 297 K): 6 7.55 (m, 4 
H, PPh), 7.37 (m, 6 H, PPh), 7.11 (m, 10 H, Ph), 1.32 (t, 6 H, 
J = 4.1 Hz, PMe), 1.25 (t, 15 H, 4 J p ~  = 1.6 Hz, CsMe5). 31P 
[lH] NMR (CDC13, 121.496 MHz, 297 K): 6 26.36 (s, PMe2- 
Ph). Anal. Calcd for C36&1ClP2Ru: C, 64.32; H, 6.15; C1,5.27. 
Found: C, 64.22; H, 6.41; C1, 5.37. 

Synthesis of [(CsMer)(PMezPh)&u=C=CHPh] PFe (3). 
Method A, from 1. In a Schlenk tube were successively 
introduced 0.5 g (0.9 mmol) of (C5Me5)(PMezPh)zRuCl(l), 0.15 
g (0.9 mmol) of W F 6 ,  and 25 mL of methanol. To the yellow 
solution was added 0.15 mL (1.4 mmol) of phenylacetylene 
with a syringe. The mixture was heated to reflux for 2 h. The 
color progressively turned to orange. The solution was evapo- 
rated to dryness affording an orange solid which was dissolved 
in 15 mL of dichloromethane and then filtered. After removal 
of the dichloromethane under vacuum, the solid was recrystal- 
lized from the minimum amount of hot methanol, yielding 0.60 
g (87%) of orange crystals of 3. 

Method B, from 9. In a Schlenk tube were successively 
introduced 0.12 g (0.2 mmol) of (C5Me&PMezPh)zRu(CzPh) (9), 
0.16 g (1.0 mmol) of NHdPFs, and 10 mL of dichloromethane. 
The solution was stirred at room temperature for 10 min, and 
the color progressively changed from yellow to orange. The 
solution was filtered and concentrated to about 4 mL. Ether 
(30 mL) was added in order to maintain two phases. Orange 
crystals were formed, separated by decantation, washed with 
3 x 5 mL of ether, and dried under vacuum; yield: 0.12 g 
(86%). 'H NMR (CDC13, 300.133 MHz, 297 K): 6 7.40-7.06 
(m, 15 H, PPh), 5.42 (t, 1 H, 4 J p ~  = 2.2 Hz, =CHI, 1.68 (s, 15 
H, CzMes), 1.56 (v t, 6 H, I 2 J p ~  + 4 J ~ I  = 9.2 Hz, PMea -t 
P'Me'A), 1.52 (V t, 6 H, I 2 J p ~  + 4 J ~ I  = 9.3 Hz, PMeB + P'Me'B). 
31P PHI NMR (CDZC12,121.496 MHz, 297 K): 6 12.80 ( 8 ,  PMez- 
Ph), -143.86 (sept, l J p ~  = 709.4 Hz, PFs). 13C ['HI NMR 

Ru=C=), 135.85 (m, Ph), 130.8-125.7 (m, Ph), 113.88 (s, 
(CDC13, 75.469 MHz, 297 K): 6 354.31 (t, 'Jpc = 15.2 Hz, 
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separated by decantation, washed with 3 x 5 mL of ether, and 
dried under vacuum; yield: 0.11 g (98%). IR (KBr): VCPC 1640, 

Synthesis of [(CslVZe5)(PMeSh)aRu=C=CH21PFs (5). In 
a Schlenk tube were successively introduced 0.50 g (0.9 mmol) 
of (C5Mes)(PMezPh)zRuC1,0.20 g (1.2 mmol) of NHZF6,20 mL 
of dichloromethane, and, with a syringe, 0.2 mL (1.4 mmol) of 
(trimethylsily1)acetylene. The mixture was stirred at  room 
temperature for 6 h, and the color progressively changed from 
orange to yellow. The solution was filtered and concentrated 
to 10 mL. Ether (100 mL) was slowly added in order to 
maintain two phases. Yellow crystals were formed, separated 
by decantation, washed with 3 x 10 mL of ether, and dried 
under vacuum; yield: 0.43 g (70%). 'H NMR (CDC13,300.133 
MHz, 293 K): 6 7.46-7.43 (m, 6 H, PPh), 7.37-7.31 (m, 4 H, 
PPh), 3.89 (t, 2 H, 4 J p ~  = 2.4 Hz, =CHz), 1.79 (V t, 6 H, ~'JPH 
+ 4 J ~ I  = 9.0 Hz, PMeA + P'Me'A), 1.62 (v t, 6 H, ~'JPH + 4Jp.~I 

= 9.4 Hz, PMeB + P'Me'B), 1.46 (t, 15 H, 4 J p ~  = 1.4 Hz, Me5). 
31P ['HI NMR (CDC13, 121.496 MHz, 293 K): 6 17.09 (8, PMez- 
Ph), -143.68 (sept, 'JPF = 711.6 Hz, PF6). 13C ['HI NMR 
(CDCl3, 75.469 MHz, 297 K): 6 346.95 (t, ' J p c  = 15.7 Hz, 
Ru=C=), 136.81-136.14 (m, Ph), 130.69-128.92 (m, Ph), 
102.66 ( 8 ,  =CHz), 92.02 (s, C5), 19.94 (V t, ~'JPc + 'Jp.cI = 35.9 
Hz, PMeA + P'Me'A), 17.00 (V t ,  llJpc + 'Jp.cI = 34.1 HZ, PMeB 
+ P'Me'B), 9.78 (5, Me5). IR (KBr): Vc-c 1622 cm-'; VPF6 835 

1620 I"'; VBF4 1050 Cm-'. 

cm-l. Anal. Calcd for C ~ ~ H ~ ~ F ~ O P ~ R U :  C, 49.20; H, 5.75; P, 
13.59. Found: C, 49.14; H, 5.52; P, 13.54. 

Synthesis of [(C&Ie5)(PMeShhRu=C=CHCH2OMel- 
PFe (6). Method A. In a Schlenk tube were successively 
introduced 1.1 g (2.0 mmol) of (CsMes)(PMezPh)zRuCl, 0.33 g 
(2.0 mmol) of N w F s ,  and 50 mL of methanol. To the solution 
was added 0.18 mL (3.0 mmol) of propargyl alcohol. The 
mixture was heated to reflux for 1.5 h. The color progressively 
changed from yellow to red. The solution was evaporated to 
dryness, the residue was dissolved in 15 mL of dichlo- 
romethane, and the solution was filtered. m e r  evaporation 
of the solvent, the brown residue was crystallized from the 
minimum amount of hot methanol, yielding 1.18 g (81%) of 
red crystals of 6. 

Method B. Following the procedure described for the 
preparation of 3, from 0.04 g (0.07 mmol) of (CsMedPMez- 
Ph)zRu(CzCHzOMe) (10) and 0.05 g (0.3 mmol) of NH4PF6,0.05 
g (97%) of 6 were obtained. 'H NMR (CDC13, 300.133 MHz, 
297 K): 6 7.40-7.29 (m, 10 H, PPh), 4.63 (tt, 1 H, 3 J ~ ~  = 8.0 
Hz, 4 J p ~  = 2.2 Hz, =CH), 4.20 (d, 2 H, 3t7HH = 8.0 Hz, CHz), 
3.34 (s, 3 H, OMe), 1.63 (v t, 6 H, ~'JPH + 4 J ~ I  = 8.8 Hz, PMeA + P'Me'A), 1.5 (masked t, 6 H, PMeB + P'Me'B), 1.48 (t, 15 H, 
4 J p H  = 1.2 Hz, CsMe5). 31P ['HI NMR (CDC13, 121.496 MHz, 
297 K): 6 16.11 (s, PMezPh), -143.68 (sept, 'JPF = 713.4 Hz, 
PF6). 13C ['HI NMR (CDC13, 75.47 MHz, 297 K): 6 329.02 (t, 
2 J ~  = 15.2 Hz, Ru=C), 136.2 (m, Ph), 130.8-128.9 (m, Ph), 
106.13 (t, 3 J p c  = 1.3 Hz, =CH), 103.05 (t, 'Jpc = 1.4 Hz, C5), 
63.51 (s, CH2), 57.92 (s, OMe), 20.05 (v t, ~'JPc + 3Jp .~I  = 35.3 
Hz, PMeA + PMe'A), 17.57 (V t, I'Jpc 3Jp.cI = 34.3 HZ, PMeB 
+ P'Me'B), 10.02 (s, Me5). IR (KBr): VC-c 1610 cm-'; VPF6 820 
cm-l. Anal. Calcd for C ~ O H ~ ~ F ~ P ~ R U :  C, 49.51; H, 5.96. 
Found: C, 49.33; H, 6.04. 

Synthesis of [(C&lea)(PMeSh)aRu=C=CHCH2OHPFs 
(7). In a Schlenk tube were successively introduced 0.50 g 
(0.9 "01) of (C&les)(PMezPh)zRuC1, 0.20 g (1.2 "01) of N H 4 -  
PF6, and 30 mL of dichloromethane. Then 0.1 mL (1.7 mmol) 
of propargyl alcohol was added with a syringe. The mixture 
was stirred at room temperature for 4 h, and the color changed 
from yellow to orange. The solution was filtered and concen- 
trated to about 10 mL. Ether (100 mL) was slowly added in 
order to maintain two phases. Orange crystals were formed, 
separated by decantation, washed with 10 mL of ether, and 
dried under vacuum; yield: 0.58 g (90%). 'H NMR (CDC13, 
200.13 MHz, 293 K): 6 7.44-7.37 (m, 10 H, PPh), 4.83 (tt, 
lH, 4 J p ~  = 2.2 Hz, 3 J ~  = 8.1 Hz, =CHI, 4.54 (d, 2 H, 'JHH = 
8.1 Hz, CHzO), 2.3 (broad, 1 H, OH), 1.70 (V t, 6 H, ~'JPH + 
4Jp?rl = 8.9 Hz, PMeA + P'Me'A), 1.6 (masked v t, 6 H, PMeB 
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9.3(5)* 
4.0(4)* 
6.8(6)* 
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7.4(6)* 
7.5(6)* 
6.0(5)* 
6.6(6)* 
7.5(7)* 
8.3(2) 

11.9(8)* 
3.3(2) 
3.1(1) 
3.2(2) 
3.3(2) 
3.5(2) 
6.6(3) 
5.1(2) 
5.4(2) 
5.8(2) 
6.2(2) 
2.5(1) 
3.8(2) 
5.5(2) 
7.2(3) 
7.9(3) 
5.0(2) 
4.4(2) 
3.7(2) 
4.5(2) 
6.0(2) 
7.2(3) 
6.7(3) 
5.1(2) 
5.4(2) 
4.6(2) 
3.2(2) 
3.3(2) 
4.7(2) 
6.2(3) 
6.6(3) 
5.1(2) 
W ) *  

Atoms labeled with an asterisk were refined isotropically. Anisotro- 
pically refined atoms are given in the form of the isotropic equivalent 
displacement parameter defined as: (4/3)[aZB(l.l) + bZB(2,2) + c2B(3,3) + ab(cos y)B(1,2) + ac(cos P)B(1,3) + bc(cos a)B(2,3)]. 

=CH), 103.79 ( 8 ,  C5), 19.23 (v t, I'Jpc + 3Jp.cI = 34.9 Hz, PMen 
+ P'Me'A), 17.55 (V t, I 'Jpc + 3Jp.cI = 35.4 HZ, PMeB + P'Me'B), 
10.02 (s, Me5). IR (KBr): VC+ 1645, 1624 cm-'; VpF6 840 cm-'. 
Anal. Calcd for C ~ ~ H ~ S F ~ P ~ R U  : C, 53.75; H, 5.70. Found : 
C, 53.66; H, 5.83. 

Synthesis of [(CslVZe5)(PMeSh)aRu=C=CHPh]BF4 (3'). 
Method C, from 9. In a Schlenk tube were introduced 0.10 
g (0.16 mmol) of (C5Mes)(PMezPh)zRu(CzPh) (9) and 30 mL of 
methanol, and then with rapid stirring an excess of a HBF4.OEh 
solution (100 mg of a 85% in ether solution) was added. The 
yellow solid readily dissolved, and the orange solution was 
stirred at room temperature for 10 min. The solution was 
filtered and concentrated to about 5 mL. A pink powder was 
precipitated by addition of 50 mL of ether. The solid was 
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Figure 4. Molecular diagram of complex [( C~M~~)(PM~~P~)~R~=C=CHCH(M~)OM~]PFG (8) showing the distortion 
vinylidene plane. 

+ P'Me'B), 1.57 (t, 15 H, 4 J p H  = 1.3 Hz, Me5). 31P ['HI NMR 
(CDC13, 81.01 MHz, 293 K): 6 13.53 (s, PMenPh), -145.67 
(sept, 'JPF = 713.4 Hz, PF6). 13C ['HI NMR (CDCl3, 75.469 
MHz, 297 K): 6 346.36 (t, 2 J ~  = 15.2 Hz, Ru=C), 136.1 (m, 
Ph), 130.8-128.9 (m, Ph), 105.88 (s, =CH), 103.23 (s, C5), 75.25 
(s, CH2), 20.01 (v t, llJp~ + 3Jp.cI = 35.5 Hz, PMeA + F"Me'A), 

Me5). IR (KBr): VC- 1640 cm-'; VPF6 830 cm-'. Anal. Calcd 
for C ~ ~ & ~ F ~ O P ~ R U :  C, 48.81; H, 5.79; P, 13.02. Found: C, 
49.41; H, 5.77; P, 12.93. 

Synthesis of [ (CsMes)(PMezPh)zRu=C=CHCHMeOMe]- 
PF6 (8). Method A, from 1. In a Schlenk tube were 
introduced 0.9 g (1.6 mmol) of (C&Ie5)(PMe2Ph)2RuCl(l), 0.40 
g (2.5 mmol) of NH4PF6, and 40 mL of methanol. To the 
solution was added 0.20 mL (2.5 mmol) of 3-butyn-2-01. The 
mixture was heated to reflux for 1.5 h, and the color progres- 
sively changed from yellow to orange. The solution was 
evaporated to dryness, and the yellow residue was washed 
with ether (2 x 5 mL) and then dissolved in 15 mL of 
dichloromethane. The solution was filtered and evaporated 
to dryness. The solid was crystallized from the minimum 
amount of hot methanol, yielding 0.88 g (74%) of orange 
crystals of 8. 

Method B, from 11. Following the procedure described 
for the preparation of 3, from 0.10 g (0.17 mmol) of (C5- 
M~~)(PM~~P~)~Ru(C~CHM~OM~) (11) and 0.10 g (0.6 mmol) 
of NH4PF6, 0.12 g (95%) of 8 were obtained. lH NMR (CDCls, 
200.13 MHz, 293 K): 6 7.46-7.33 (m, 10 H, PPh), 4.47 (AB& 
system, 1 H, 3 J ~  = 7.6 Hz, 3 J ~  = 6.1 Hz, CHCH3), 4.34 (MY2 
system, 1 H, 3 J ~  = 7.6 Hz, 4 J p ~  = 2.3 Hz, =C=CH), 1.75 (d, 
3 H, 2 J ~ ~  = 8.8 Hz, PMeA), 1.72 (d, 3 H, 2 J ~ ~  = 8.8 Hz, €''Me'& 
1.64 (d, 3 H, 2 J ~ ~  = 9.0 Hz, PMeB), 1.56 (t, 15 H, 4 J p ~  = 1.3 
Hz, CsMes), 1.53 (d, 3 H, 2 J ~ ~  = 9.0 Hz, YMe'B), 1.44 (d, 3 H, 
3 J ~  = 6.0 Hz, CHCH3). 31P [lH] NMR (CDC13, 81.01 MHz, 
293 K): 6 15.30,14.40 (AB system, 2Jpp = 35.7 Hz, PMepPh), 
-145.71 (sept, 'JPF = 712.4 Hz, PF6). 13C ['HI NMR (CDCl3, 
50.320 MHz, 293 K): 6 345.06 (t, 2Jpc = 15.3 Hz, Ru=C=), 
136.7-135.6 (m, Ph), 130.8-128.8 (m, Ph), 112.97 (t, 3 J p ~  = 
1.3 Hz, =CH), 102.95 (t, 2Jpc = 1.3 Hz, C5), 70.33 (s, -CH), 
55.77 (s, OMe), 22.93 (s, c-m3), 20.85-19.60 (m, PMeA), 
18.08-16.98 (m, PMeB), 10.06 (s, Me5). IR (KBr): VC-C 1643 

50.20; H, 6.11. Found: C, 50.01; H, 6.29. 
Synthesis of (CsMe&PMezPh)zRu(CzPh) (9). Method 

A, from HCECPh. In a Schlenk tube containing a solution 
of 1.0 g (1.8 mmol) of (C&les)(PMe2Ph)pRuCl(l) in 30 mL of 

17.68 (V t, l'Jpc 4- 3Jp.cI = 34.64 Hz, PMeA PMe'A), 10.08 (S, 

Cm-'; VPF6: 840 Cm-'. Anal. Calcd for C ~ ~ H ~ ~ F ~ O P ~ R U :  c ,  

of the 

methanol was added 0.30 mL (3.7 mmol) of phenylacetylene 
with a syringe. The mixture was heated to reflux for 45 min. 
The color changed from yellow to red. Then 2.6 mL of freshly 
prepared 1 N NaOMe solution was added. The solution 
immediately turned yellow and was stirred at room tempera- 
ture for 1 h. The methanol was evaporated and the residue 
dissolved in 20 mL of dichloromethane. The solution was 
concentrated to about 10 mL and 10 mL of methanol added. 
The mixture was concentrated until a yellow precipitate 
appeared. The precipitate was dissolved by heating, and the 
yellow solution was separated from an insoluble oily residue 
through a cannula. After the solution was cooled to -20 "C, 
0.80 g (74%) of yellow crystals was obtained. 

Method B, from 3. In a Schlenk tube were successively 
introduced 0.18 g (0.24 mmol) of [(CsMes)(PMenPh)zRu- 
(C=CHPh)]PF6 (3), 20 mL of dichloromethane, and 0.5 g 
(excess) of KzCO3. The mixture was stirred at 25 "C for 1 h, 
changing progressively from orange to yellow. The solution 
was evaporated to dryness and the yellow residue dissolved 
in 20 mL of ether. The solution was filtered and then 
evaporated. The yellow solid was dissolved in 10 mL of hot 
methanol and the solution cooled to -20 "C. The bright yellow 
crystals formed were separated by decantation, washed with 
3 mL of cold methanol, and dried under vacuum; yield: 0.11 
g (74%). 'H NMR (CDC13,300.133 MHz, 297 K): 6 7.80 (m, 4 
H, Ph), 7.38-7.32 (m, 8 H, Ph), 7.22 (m, 2 H, Ph), 7.02 (m, 
lH, Ph), 1.66 (V t ,  6 H, I2Jm + 4 J ~ I  = 8.5 Hz, PMeA + P'Me'A), 
1.61 (v t,  6 H, I 2 J p ~  + 4 J ~ I  = 8.0 Hz, PMeB + YMe'B), 1.52 (t, 
15 H, 4 J p H  = 1.3 Hz, CsMe5). 31P ['HI NMR (CDCl3, 121.496 
MHz, 297 K): 6 21.86 (s, PMe2Ph). 13C ['HI NMR (CD2C12, 
75.469 MHz, 297 K) 6 142.5 (m, Ph), 131.7-127.5 (m, Ph), 
122.43 (s, RuC), 107.65 (s, CW),  92.07 (t, 3Jpc = 2.2 Hz, C5), 
20.80 (V t, I'Jpc 4- 3Jp.cI = 30.4 Hz, PMeA 4- P ' n k ' A ) ,  19.94 (V 

t ,  I'Jpc -k 3Jp.cI = 28.8 Hz, PMeB + P'Me'B), 10.30 (s, Me5). IR 
(KBr): VW 2045 cm-'. Anal. Calcd for Cd2P2Ru: C, 66.54; 
H, 6.90; P, 10.09. Found: C, 65.97; H, 6.93; P, 10.06. 

Synthesis of (CaMea)(PMezPh)zRu(CzCHzOMe) (10). In 
a Schlenk tube containing a solution of 0.30 g (0.41 mmol) of 
[(C~M~~)(PM~~P~)~RU(C=CHCH~OM~)]PF~ (6) in 20 mL of 
dichloromethane was added 1.0 g (excess) of KzCO3. The 
mixture was stirred for 2 h at 30 "C, changing progressively 
from orange to yellow. The solution was evaporated to dryness 
and the residue dissolved in 20 mL of petroleum ether. The 
yellow solution was filtered and then evaporated to dryness, 
affording an oily residue which slowly crystallized at -20 "C. 
The yellow solid was dried under vacuum; yield: 0.18 g (75%). 
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(C&es)Ru-Vinylidene Complexes 

'H NMR (CD&12,300.134 MHz, 297 K): 6 7.71-7.64 (m, 4 H, 
PPh), 7.26-7.10 (m, 6 H, PPh), 4.22 (t, 2 H, s J ~ ~  = 2.0 Hz, 
-CH2), 3.31 (s, 3 H, OMe), 1.49 (V t, 6 H, ~'JPH + 4 J ~ I  = 8.5 

PMeB + P'Me'B), 1.33 (t, 15 H, 4 J ~ ~  = 1.5 Hz, C&fes). 31P ['HI 
NMR (CD2C12, 121.496 MHz, 297 K): 6 21.81 (8, PMezPh). 13C 
['HI NMR (CD2C12, 75.469 MHz, 297 K): 6 143.6 (m, Ph), 
131.55-127.75 (m, Ph), 120.41 (t, VPC = 25.0 Hz, RuC), 100.44 
(s, CEC), 91.91 (t, 3Jpc = 2.2 Hz, Cs), 63.58 (8, CHz), 56.20 (8, 
OMe), 21.00 (v t, IlJpc + 3 J ~ ~ I  = 29.9 Hz, PMeA + P'Me'A), 
20.20 (V t, I'Jpc + 3Jp.cI = 28.5 Hz, PMeB 4- P'Me'B), 10.37 (8, 
Me& IR (KBr): V C ~  2070 cm-'. Complex 10 was not stable 
enough to  obtain a correct elemental analysis but gave back 6 
(identified by NMR) on protonation with NHZFs. 

Synthesis of (C&fe&PMeaPh)&u(C2CHMeOMe) (11). 
In a Schlenk tube containing a solution of 0.30 g (0.40 mmol) 
of [(CsMes)(PMezPh)zRu(C=CHCHMeOMe)lPF6 (8) in 20 mL 
of dichloromethane was added 1.0 g (excess) of KzCO3. The 
solution was stirred at  about 35 "C for 2 h, changing progres- 
sively from orange to yellow. The solution was evaporated to 
dryness and the residue dissolved in 20 mL of petroleum ether. 
The yellow solution was filtered, and the slow evaporation of 
the solvent caused the precipitation of a microcrystalline 
yellow solid which was dried under vacuum; yield: 0.15 g 

(m, 4 H, PPh), 7.26-7.201 (m, 6 H, PPh), 4.25 (qt, 1 H, 3Jm = 
6.4 Hz, s J p ~  = 1.6 Hz, CH-), 3.36 (s, 3 H, OMe), 1.50 (V t, 6 H, 
l 2 J p ~  + 4 J ~ I  = 7.9 Hz, PMeA -t P'Me'A), 1.46 (V t, 6 H, I 2 J p ~  + 
4Jp~I = 7.6 Hz, PMeB + P'Me'B), 1.35 (masked d, CCH& 1.32 
(t, 15 H, 4 J p ~  = 1.5 Hz, Caes) .  31P ['HI NMR (CDzClz, 121.496 
MHz, 297 K): 6 22.06,21.74 (AB system, VPP = 33 Hz, PMez- 

143.50 (m, Ph), 131.58-127.69 (m, Ph), 117.08 (t, VPC = 25.0 

(s, CHO), 55.28 (s, OMe), 25.02 (s, CCHs), 21.26-20.85 (m, 

Me& IR (KBr): V C ~  2064 cm-'. Complex 11 was not stable 
enough to obtain a correct elemental analysis but gave back 8 
(identified by NMR) on protonation with NH4PF6. 

Crystal Structure Analysis of 34. Orange crystals 
suitable for X-ray analysis were obtained by slow diffusion of 
petroleum ether into a chloroform solution of 34. The sample 
crystal (0.24 x 0.28 x 0.55 mm3) was studied on an automatic 
diffractometer, CAD4 ENRAF-NONIUS, with graphite mono- 
chromatized Mo Ka radiation. The cell parameters were 
determined from 25 reflections in the range 14" < 0 17". 
Data collection was by w scan, Aw = 1.0 + 0.35 tan e", 20,- 
= 44", t,, = 30 s; hkl range: h 0.12, k 0.14,10.35. Intensity 
control reflexions showed 2.6% decay; 5565 reflections were 
measured, 5369 unique and 5032 with F < u 3 0 .  

M e r  Lorentz, polarization, and absorption corrections, the 
structure was solved with a Patterson synthesis which re- 
vealed the Ru positions and subsequent difference Fourier 
syntheses. To reduce the large number of parameters, the 
phenyl groups including H atoms were treated as rigid groups 
with isotropic temperature factors. The cyclopentadienyl 
groups showed large anisotropic motion. The H atoms of the 
methyl groups were neglected. The PFs- ions showed very 
large thermal motion; one F atom could not be located. 

Hz, PMeA + P'Me'A), 1.45 (V t, 6 H, I2Jm + 4 J ~ I  = 8.1 Hz, 

(63%). 'H NMR (CDzClZ, 300.134 MHz, 297 K): 6 7.74-7.68 

Ph). 13C ['HI NMR (CDzClz, 75.469 MHz, 297 K): 6 143.90- 

Hz, RuC), 105.17 (s, CEC), 91.83 (t, 3Jpc = 2.2 Hz, Cs), 69.72 

PMeA + P'Me'A), 20.40-20.00 (m, PMeB + P%'k'B), 10.13 (8, 
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Refinement was performed by full-matrix least squares based 
on F values with weights l/u2. Final R = 0.064 and R, = 
0.069. Residual electron density < 0.88 e/A3. Programs used 
were S H E W - 8 6  and SHEIXTS.41,42 Atomic scattering fac- 
tors are from ref 43; dispersion values are from ref 44. 

Crystal Structure Analysis of 8. Yellow crystals of [CS- 
Me~(PMe~Ph)&u=C%HCHeOMelPF~ (8) suitable for X-ray 
analysis were obtained by slow cooling of a hot saturated 
solution of 8 in methanol. The sample (prism, 0.15 x 0.24 x 
0.35 mm3) was studied on an automatic diffractometer, CAD4 
E"-NONIUS, with graphite monochromatized Mo Ka 
radiation. The cell parameters were obtained by fitting a set 
of 25 high 0 reflections. The data collection (20,- = 50", scan 
0120 = 1, t ,  = 60 s; hkl range: h 0.22, k 0.24,10.25; intensity 
controls without appreciable decay (0.2%)) gave 8235 reflec- 
tions, 1921 with1 < u30.  

Mer Lorentz and polarization corrections, the structure was 
solved with a Patterson map which revealed the Ru atom. The 
remaining non-hydrogen atoms of the structure were found 
after successive scale factor refinements and Fourier differ- 
ences. During these calculations, two half-anions, PFs-, 
appeared as disordered and located on symmetry elements. 
f i r  isotropic refinement (R = 0.072), one molecule of 
methanol appeared (multiplicity about 0.5). After anisotropic 
refinement (R = 0.053), a Fourier difference allowed the 
location of many hydrogen atoms, the remaining ones being 
set in theoritical position. The whole structure was refined 
by the full-matrix least squares-technique (use of F magnitude; 
x ,  y ,  z, and /3" for Ru, P, 0, and C atoms, x ,  y ,  z,  and Bi, for F 
atoms, x ,  y ,  and z for fixed H atoms; 254 variables and 1921 
observations; UJ = l/u(Fd2 = + (0.04F~2)21-1~2) with the 
resultin R = 0.045, R, = 0.043, and S, = 3.38 (residual A@ 
5 0.59 e!-3). Atomic scattering factors are from International 
Tables for X-ray Crystallography.45 All the calculations were 
performed on a Digital Micro VAX 3100 computer with the 
MolEN package.46 
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Supplementary Material Available: Tables of bond 
lengths and angles, least-squares planes, atomic fractional 
coordinates, and thermal parameters for 34 and 8 (16 pages). 
Ordering information is given on any current masthead page. 
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