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ci~-RuC12(dppm)~ (1) (dppm = Ph2PCHzPPh2) reacts with acetylene to  give trans-(dppm)Z- 
ClRu+==C=CH2 (3) and with terminal alkynes to give trans-(dppm)zClRu+=C=CHR 4 cations. 
These vinylidenes 3 and 4 are readily deprotonated using DBU (1,8-diazabicyclo[5.4.0lundec- 
7-ene) to  give trans-(dppm)&IRuC=CH (5) and trans-(dppm)2ClRu-CeR 6. The substitution 
of chloride from 6 with diyne HC=tC=CC(OSiMe3)Ph2 and a base gives access to  unsymmetrical 
complexes trans-(dppm)2(RC=CRuC=CC=CC(OSiMe3)Ph2) 8. These derivatives have been 
fully characterized by IR, 'H, 13C{lH), 13C, and 31P{1H) NMR and single crystal X-ray diffraction 
for 3 and 5. Complex 3 crystallizes in the orthorhombic space group Pna21 with 2 = 4 in a unit 
cell of dimensions a = 22.602(3) A, b = 11.850(2) A, c = 19.235(6) A with a final R value of 3.9%. 
Crystals of 5 are monoclinic, space group12/a, with a = 22.003(2) A, b = 9.715(1) A, c = 22.205(3) 
A, p = 112.38(2)' and 2 = 4, with a final R value of 2.7%. 

Introduction 

Metal a-acetylide complexes attract interest as precur- 
sors of molecules containing a linear array and delocalizable 
?r systems,112 or polymeric materials,2 in the search of ?r 

interaction through the metal center and new proper tie^.^ 
An attractive and convenient way to produce metal 
a-acetylide complexes has been shown recently to involve 
deprotonation of metal vinylidene c~mplexes.~ Our in- 
terest in the activation of terminal alkynes withruthenium- 
(11) complexes, relevant to both catalysis5 and the design 
of new unsaturated organometallics,6 has already led to 
evidence for the formation of reactive ruthenium(I1) 
vinylidene species.' The difficulty of producing a-acetylide 
complexes a t  more sterically hindered ruthenium(I1) 
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centers has led us to look for the generation of new stable 
vinylidene ruthenium complexes and use them as pre- 
cursors for a-acetylide derivatives. We now report (i) a 
general route to [(P~~PCH~PP~~)~(C~)RU=C=CHRI+ 
cations from RuClz(PhzPCHzPPh2)z and terminal alkynes 
and especially to the stable unsubstituted vinylidene (R 
= H), directly from acetylene, (ii) their use for the access 
to acetylide derivatives trans-(Ph2PCH2PPh2)2(Cl)RuC= 
CR and to unsymmetrical diynyl complexes trans-[(Ph~- 
P C H ~ P P ~ ~ ) ~ R U ( C ~ ! C E C C R ~ Y ) ( C = C R )  and (iii) the 
comparative crystal structure studies of closely related 
complexes [(P~~PCH~PP~~)~(C~)RU=C=CH~]PF~ and 
(P~~PCH~PP~~)~(C~)RUC~CH. 

Results and Discussion 

1. Synthesis of Ruthenium Vinylidene Complexes. 
The reaction of ci~-RuClz(Ph2PCH2PPh2)2 (1)* in dichlo- 
romethane with an excess of acetylene, at 1 atm and room 
temperature and in the presence of 2 equiv of NaPF6, 
afforded the orange complex 3 in 92% yield (Scheme I). 
The structure of 3 corresponds to the trans-chloro- 
(viny1idene)ruthenium complex as indicated by NMR 
(Table I): the equivalence of the four 31P nuclei, the low- 
frequency resonance as a quintuplet of the (Ru=C) carbon 
nucleus ( 6  = 340.87, 2 J ~ ~  = 13.2 Hz), the =CH2 carbon 
signal as a triplet of quintuplets a t  6 91.41 ppm ( 3 J p ~  = 

(6) (a) Romero, A.; Vega, A.; Dixneuf, P. H. Angew. Chem., Int. Ed. 
Engl. 1990,102,210. (b) Romero, A.; PBron, D.; Dixneuf, P. H. J. Chem. 
SOC., Chem. Commun. 1990,1410 and unpublished results. (c)  Pirio, N.; 
Touchard, D.; Dixneuf, P. H.; Fettouhi, H.; Ouahab, L. Angew. Chem., 
Znt. Ed. Engl. 1992, 31, 651. (d) Pirio, N.; Touchard, D.; Toupet, L.; 
Dixneuf, P. H. J. Chem. SOC., Chem. Commun. 1991,980. 
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New Ruthenium Vinylidene Complexes 

Scheme I 

NaPFE 
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CHzC12 / la-h CHzCIz / DBU 

4a-h 5 (R I H) 
6a-g 

a : R = P h  e : R - C H f l H  
b : R = Me f : R = CHzOMe 
c:R-"Bu g : R a C Q M e  
d : R -'Bu h: R = CHpCl 

Table I. Selected NMR Data for Vinylidene Compounds 
3 and 4' 

6 ( W  and lH), ppm 
compd 6(31P),ppm Ru=C Ru=C=C Ru=C=CH 
no. PPh2 (2Jpc, Hz) (3Jpc, 'JcH, Hz) ('JPH, Hz) 

48 -15.42 336.02 (13.3) 110.75 (153.8) 3.07 (3.1) 
4b -15.09 321.10 (13.3) 100.49 (143.8) 2.57 (2.8) 

4d -15.02 324.67 (13.3) 117.57 (142.7) 1.80 (2.2) 

3 -15.14 340.87 (13.2) 91.41 (2.5, 165.6) 2.36 (3.0) 

4c -15.30 323.18 (13.5) 106.12 (2.0, 155.9) 2.48 (2.8) 

4e -15.24 351.41 (13.4) 107.33 (2.2, 160.7) 3.02 
4f -15.27 330.06 (13.5) 104.38 (2.2, 161.3) 2.89 
40 -13.88 346.34 (13.4) 104.35 (1.8, 163.8) 2.98 (2.6) 
4h -16.52 327.05 (13.5) 105.97 (2.4, 163.5) 2.96 (3.0) 
17a 360.34 112.30 5.66 
119 365.03 114.28 5.85 
IIP 358.90 119.56 5.43 
IV1' 346.2 93.8 4.30 
V'. 343.9 92.7 3.78 

a All spectra in CD2Cl2 at 297 K. [(C6Me6)(PMes)(Cl)RU=C= 

Hs)(PPh~)2Ru-C--CHPh]PF~(III),[(C~H~)(PhPMe~P)~Ru=C= 
CH2l BFdIV), [1CsHd (PMedzRu=C=CH21 PF6 (VI. 

CHPh] PF6 (I), [ (N(CH~CH~PP~~)~)(CI)RU=C=CHP~] PF6 (II), [ (Cs- 

2.5 Hz, ~JCH = 165.6 Hz). The molecular structure of 3 
has been determined by an X-ray diffraction study (Figure 
1). 

Complex 1 has also been reacted with a variety of 
terminal alkynes 28-h (2 equiv) in the presence of NaPF6 
in dichloromethane and tramwhloro(viny1idene)ruthe- 
nium complexes 48-h were readily formed and isolated in 
72-87 % yield and characterized by NMR (Table I). From 
phenylacetylene 2a and tr~ns-RuCl2(Ph2PCH2PPh2)2~ 
under similar conditions the same complex 4a was obtained 
(80%), but complex le was prefered as a precursor for 
further reactions because of ita easiest access. 

In 1H NMR the (=CH) resonance of complexes 4 is a t  
much higher field (6 = 1.83 ppm) than for other ruthenium 
vinylidene complexes (Table I): [(CeMee) (PMe3)(C1)- 
Ru=C=CHPhIPF6 (I) (6 = 5.66 ppm)? f(N(CH2CH2- 
PPh2)3)(Cl)Ru=C=CHPh]PF6 (11) (6 = 5.85 ppm),9 
[(C6Hs)(PPhs)2Ru~ICHPhlPFe (111) (6 = 5.43ppm),1° 
[(CSHd(PhMe2P)2Ru~H2IBF4 (IV) (6 = 4.30 ppm)," 

(9) Wolinska, A.; Touchard, D.; Dixneuf, P. H., unpublished results. 
(101 Bruce, M. I.; Wallis, R. C. A u t .  J. Chem. 1979, 32, 1471. 
(11) Lomprey, J. R.; Selegue, J. P. J. Am. Chem. SOC. 1992,114,6618. 

Figure 1. ORTEP diagram for trans-[(dppm)z(Cl)Ru= 
C*H2]PF6 (3). 

or [(C~HS)(PM~~)~RU=C=CH~IPF~ (V) (6 = 3.78~pm).~a 
This shielding is thought to be due to the neighborhood 
of the four phenyl groups of the dppm (Ph2PCH2PPh2) 
ligands in trans complexes 3 and 4 (Figure 1). 

Although many substituted M=C=CHR complexes 
have been characterized, very few unsubstituted M= 
C=CH2 derivatives are known. [(CsHs)(PMe3)2Ru= 
C=CH2]PF6 (V) has first been obtained from acetylene 
or with a better selectivity from HC=CSiMe3.4a [(CsHd- 
(PhMe2P)2Ru=C=CHalBF( (IV) has just been prepared 
by protonation of the corresponding RuC=CH complex 
and structurally characterized by Selegue.'l The latter 
results from deprotonation with KOCMe3 of the corre- 
sponding Ru(r12-HC=CH)+ derivative which also rear- 
ranged into the vinylidene complex at  50 "C. I t  is likely 
that the steric hindrance of the dppm ligands of 1 makes 
the Ru(q2-HC=CH) less stable and thus favors the direct 
formation of the Ru=C=CH2 complex directly from 
acetylene. The formally 16-electron Ir==C=CH2 complex 
[N(S~M~~CH~PP~~)~IIFC=CH~ has also been recently 
prepared by rearrangement the (T2-HC=CH)Ir complex.12 

The vinylidenes 3, 48-h are stable even in the air and 
do not react with methanol by contrast with[(q6-C6&)- 
Ru(C=CHR)Cl(PMe3)l+PF6-intermediate~.~~ Thelatter 
were only isolated by protonation of the a ~ e t y l i d e , ~ ~  and 
methanol immediately adds to give the carbene derivatives 
[(r16-C6R6)Ru(=C(OMe)CH2Ph)C1(PMe3)l+PF6-.7a This 
is expected to be due to the facts that (i) the electrophilic 
carbon C1 in 4 is sterically hindered by four phenyl groups 
of the dppm ligands and (ii) the (dppm)2ClRu+ moiety is 
more electron-releasing than the (C&k6)(PMe3)ClRU+ 
moiety, and thus makes the vinylidene less electrophilic. 

The activation of propargyl alcohol by complex 1 
deserves a special attention as complex 4e is resistent to 
dehydration, whereas disubstituted propargyl alcohol 
derivatives usually lead to allenylidene intermediates 
A7bJ3J4 (Scheme 11). The latter adds alcohol a t  the Ru=C 
carbon when the metal is electrophilic, to give alkenyl 

(12) Fryzuk, M. D.; Huang, L.; McManus, N. T.; Paglia, P.; Retting, 
S. J.; White, G. S. Organometallics 1992, 11, 2979. 

(13) Selegue, J. P. Organometallics 1982,1, 217. 
(14) Le Bozec, H.; Pilette, D.; Dixneuf, P. H. New J. Chem. 1990,14, 

793. 
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Scheme I1 

Touchard et al. 

Table 11. Selected NMR Data for Acetylide Compounds 
5 and V 

- 
H E  C- CR-OH 

carbene B such as that from[Ru=C=C=CR2(Cl)(PMe& 
(C6Mes)]PF6.7b9'4 The intermediate C was suggested as 
a precursor of ruthenium allenylidene complexes A13 and 
Mn=(C=CHCH20H)(C0)2CsH515 was obtained on acid- 
or base-promoted rearrangement of Mn(s2-HC=CCH2- 
OH)(CO)2CsH5. The isolation of the stable complex 4e 
confirms that the vinylidene intermediate C is the first 
step of the dehydration process of propynols by ruthenium- 
(II), which takes place when substituents are linked at  
carbon C(3).6d 

It is noteworthy that with less sterically hindered and 
more electrophilic complexes such as R u C ~ ~ ( P R ~ ) ( C & ~ ~ ) ,  
addition of a second equivalent of methanol a t  C3 of 
complex of type B takes place to give the carbene complex 
[(C~M~~)(PM~~)C~RU=C(OM~)CH~CH~OM~~.~ The hy- 
droxy group of 4e is very labile. When 4e is dissolved in 
methanol, no addition of methanol at carbon C1 takes place, 
but after 67 h at room temperature 4e is transformed into 
4f (60 % ) corresponding to D and to the substitution at  
C3 of the hydroxide by the methoxide group. Whether 
the transformation C - D involves a direct substitution 
of the hydroxide at  carbon C3 or an unsubstituted 
allenylidene complex of type Ru=C=C=CHz, is still a 
raised question. 

2. Synthesis of Ruthenium Acetylide Complexes. 
The short C=C distance of 3 with a C=C character (see 
X-ray structure discussions) was suggestive of a rather 
strong acidity, and 3 was expected to be readily depro- 
tonated with a base. Complex 3 in dichloromethane was 
treated with 1 equiv of DBU (1,8-di~abicyclo[5.4.0lundec- 
7-ene) a t  room temperature and the solution turned 
immediately from orange to yellow. A pale yellow complex 
was isolated after chromatography on alumina and iden- 
tified as the acetylide 5 (47%). The similarly treated 
vinylidenes 4a-g afforded the corresponding acetylide- 
ruthenium(I1) complexes 6a-g in 45-65% yields. At- 
tempts a t  deprotonation of 4 with NaBH4 or KOCMe3 in 
dichloromethane also produced some amount of complexes 
6 but their isolation and purification were not so straight- 
forward as by using DBU. 

The acetylide complexes 5 and 6 show in the infrared 
a CEC absorption v = 1935 cm-I for 5 and 2044-2108 cm-I 
for complexes 6. The trans position of the chloro and 
acetylide ligands are indicated by the 3lP NMR spectra 
which show only one line; the 13C NMR spectra show two 
quintuplets for both RuC=C carbon nuclei (Table 11). 

I t  is noteworthy that the expected formation of the 
monoacetylides 6 via direct chloride substitution of 1 with 
lithium acetylide or Grignard reagents gave only low yield 
of 6 and their purification was difficult. However, complex 
6a was obtained in 57 % yield directly from 1 in tetrahy- 

~~~ 

(15) (a) Kolobova, N. E.; Ivanov, L. L.; Cherrybh, Yu.; Derunov, V. V. 
Izu. Akad.Nauk.SSSR,Ser.Kim. 1982,1243. (b)Kolobova,N.E.;Ivanov, 
L. L.; Zuhianko, L. L.; Derunov, V. V.; Chechlina, I. N. Izu. Akad. Nauk. 
SSSR, Ser. Kim. 1982, 2632. 

compd 6(31P), ppm S ( W ,  ppm 
no. PPhz R u m  (2Jpc, Hz) Ru-C('Jpc, Hz) 
5 -5.38 112.03 (15.3) 97.44 
6a -5.85 122.84 (15.3) 112.55 (1.5) 
6b -5.63 96.69 (15.8) 103.50 (1.2) 
6c -5.58 96.21 (15.6) 109.74 
6d -5.53 91.94 (15.7) 118.39 (1.5) 
6e -5.72 113.43 (15.2) 108.61 (1.3) 
6f -5.47 112.42 (15.4) 106.06 (1.3) 
6g -6.50 141.20 (15.6) 105.74 

a All spectra in CD2C12 at 297 K. 

A 

Scheme I11 
A 

Ph2P 'PPh, Ph2F 'PPh2 

H-C=C-C=C-CPh,(OSiMe,) Ph' Ph2P PPh, 

\ >* NaPFs / Et3N / CH2C12 P h \  \ ...* 

v 7 v 
CCRu-C=C-R Me,SiO-C-C=C-C.C-Ru-C=C-R 

4 "* 4 '"* 
Ph,P PPh2 

6a, 6c 

a : R. Ph 

c . R-"EIJ 

aa, 8C 

drofuran, 2 equiv of phenylacetylene, 2 equiv of NaPF6, 
and 4 equiv of NEt3. The same reaction performed with 
1 and acetylene does not lead to 5. In addition the 
formation of the acetylide 6e derivative of propargyl alcohol 
cannot be expected from these classical routes. Conse- 
quently, the best route to selectively produce trans-chloro- 
(acety1ide)ruthenium complexes 5 or 6a-g from 1 appears 
to be via the deprotonation of the readily available 
vinylidene with DBU. 

3. Synthesis of Unsymmetrical Ruthenium Bis- 
(acetylide) Complexes. The current interest to selec- 
tively produce rod-like ?r conjugated molecules' motivates 
the search for new methods of access and for new systems, 
especially unsymmetrical molecules. The straightforward 
access to trans-chloro(acety1ide)ruthenium derivatives 6 
motivated us to attempt the substitution of the remaining 
chloride of 6 with a different acetylide in order to produce 
unsymmetrical bis(acety1ide)metal complexes. When the 
reaction of 1 with PhCGCH (2a) with a large excess of 
NEt3 and 2 equiv of NaPFs was performed in dichlo- 
romethane, instead of THF, the formation of the mono- 
(acetylide) 6a was less selective; a small amount of the 
bis(acetylide) trans-Ru(C=CPh)2(dppm)2 was also formed. 
We have used these conditions in an attempt to open the 
access to the (diynyl)(acetylide)ruthenium complex. Com- 
plex 6a and 1 equiv of the pentadiyne 7 were treated in 
dichloromethane with 2 equiv of both NEt3 and NaPF6 
at  room temperature. This reaction led to the isolation 
of 28% of the yellow complex 8a. Similarly 6c was 
transformed into 25% of 8c (Scheme 111). Complexes 8 
show in the infrared spectrum three C=C absorption bands 
[8a (KBr) v 2178 (s), 2077 (m), 2029 (m) cm-9; 6a (KBr) 
v 2075 (m) cm-')l. In the 13C NMR four different quintet 
resonances are observed for both sets of RuC=C carbon 
nuclei and are consistent with the coupling with four 
identical 31P nucleiand the trans position of these acetylide 
linkages. 

For the 6 - 8 transformation, both the nature of the 
solvent (dichloromethane instead of tetrahydrofuran) and 
the presence of 2 equiv of NaPF6 are essential. It is likely 
that a polar solvent favors the dissociation the Ru-Cl 
bonds, and the presence of the noncoordinating anion PF6- 
avoids the displacement of the coordinated alkyne (Scheme 
IV) . 
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Table III. Experimental Crystallographic Data for 3 

Figure 2. ORTEP diagram for trans-(dppm)z(Cl)RuC=CH 
(5). 

Scheme IV 

4. X-ray Structure  Analysis of trans[ (dppm)z(Cl)- 
Ru=C=CBz]PFe (3) and t rans- (dppm)z(Cl)RuMH 
(5). The isolation of related complexes 3 and 5 containing 
the simple moieties Ru+=C=CH2 and RuCsCH, re- 
spectively, and differing only by the deprotonation of 3, 
motivated the comparative study of their structure. A 
preliminary account of these structural studies has been 
reported.16 An additional interest was the study of new 
unsubstituted metal vinylidene complexes M=C=CH2 
for which the first structures have only recently been 
prepared by Selegue [(CsHb) (PhMe2P)Ru=C=CH21+ 
(IV)" and Frysuk [N(SiMe&HzPPh& Ir=C=CH21 
(VI).'2 

The molecular structures of complexes 3 and 5 are shown 
in Figures 1 and 2, respectively. Experimental crystal- 
lographic data are given in Tables I11 and VI, and selected 
bond lengths and angles are contained in Tables IV and 
V for 3 and Tables VI1 and VI11 for 5. The structure 
shows for each molecule an octahedral coordination type 
for the ruthenium atom, with the apical positions occupied 
by the chloride and the vinylidene (3) or the acetylide (5) 
ligands. The ClRu-C-C linkage is orthogonal to the plane 
of the four phosphorus atoms and almost linear in both 

formula CszH&IFsPsRu, (CH2C12) 
fw 1076.318 
cryst orthorhombic 
space group Pna21 
a, A 22.602(3) 
b, A 11.850(2) 
c, A 19.235(6) 
v, A3 5 152(2) 
Z 4 
deals, Mg m-3 1.39 
cryst size, mm 0.15 X 0.23 X 0.32 
28,, mm 50 
diffractometer CAD-4 
X(Mo Ka! radiation), A 
T, K 293 
F(000) 2192 
abs coeff p, cm-l 6.15 

no. of rflns read 6214 

R; Rw 0.039; 0.037 

0.710 69 

scan type 4 2 8  

no. of unique rflns 

Table IV. Selected Bond Distances (A) for 3 

4393 (I > 341)) 

Ru-Cl 2.451(2) R u - P ~  2.388(2) 
Ru-PI 2.363(2) R u - C ~  1.882(8) 

R u - P ~  2.374(2) 
R u - P ~  2.378(2) c3-C4 1.22(1) 

Table V. Selected Bond Angles (deg) for 3 
C1-Ru-PI 
CI-RU-P~ 
Cl-Ru-P3 
Cl-Ru-P4 
PI-Ru-P~ 
P1 -Ru-P3 
Pl-Ru-P4 
Pl-Ru-C3 

90.18(8) 
86.00(8) 
93.03(8) 
84.71(8) 

107.8 5 (  8) 
71.98(8) 

174.74(8) 
91.0(3) 

178.77(8) 
70.61(8) 
93.8(3) 

110.07(8) 
87.2(3) 
94.2(3) 

178.9(3) 
178.3(8) 

Table VI. Experimental Crystallographic Data for 5 
formula C ~ ~ H ~ ~ C I P I R U  
fw 930.36 
cryst monoclinic 
space group I210 
a, A 22.003(2) 
b, 8, 9.715( 1) 
C, A 22.205(3) 
6 ,  deg 112.38(2) 
v, A3 4389.0(6) 
Z 4 
dcPlCl Mg m-) 1.408 
cryst size, mm 
28,, mm 50 

X(Mo Ka radiation), A 
T, K 293 
F(000) 1912 
abs coeff p, cm-' 5.90 

no. of rflns read 428 1 
no. of unique rflns 2267 (I > 3 4 ) )  
R; Rw 0.027; 0.024 

Table VII. Selected Bond Distances (A) for 5 

0.22 X 0.22 X 0.24 

diffractometer CAD-4 
0.710 69 

scan type 4 2 8  

Ru-CI 2.628(2) Ru-C 1 1.906(9) 
Ru-P 1 2.354(1) C1-C2 1.162(9) 
R u - P ~  2.3 18( 1) C2-H2 0.899(0) 

molecules: the C1-Ru-C and Ru-C-C angles are 178.9- 
( 3 ) O  and 178.2(2)" for 3 and 178.3(8)" and 177.0(6)" for 5 
(Tables V and VIII). 

The Ru-C(3) bond length [1.882(8) AI in 3 is slightly 
longer than in related complexes: 1.845(7) A in[(C&)- 
(PMe&Ru(C==CHMe)l+,17 1.863(10) Ain [(C&I5)(PbP)2- 

(16) Haquette, P.; Pirio, N.; Touchard, D.; Toupet, L.; Dixneuf, P. H. 
J. Chem. SOC., Chem. Commun. 1993, 163. 

(17) Bruce, M. I.; Wong, F. S.; Skelton, B. W.; White, A. H. J. Chem. 
SOC. Dalton Trans. 1982, 2203. 
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Table VIII. Selected Bond Angles (deg) for 5 

Touchard et al. 

metal complexes, should open a new route to polyunsat- 
urated organometallics. CI-RU-P 1 97.59( 5 )  P1-Ru-Cl 95.8( 2) 

82.41(5) 84.2(2) 
Cl-Ru-P2 94.90( 5 )  P2-RU-C 1 94.4(2) 

8 5.1 O( 5 )  85.6(2) 
Pl-Ru-P1 180(0) CI-Ru-C 1 178.2(2) 
P2-Ru-P2 180(0) Ru-C 1-C2 177.0(6) 
PI-Ru-P~ 7 1.1 5(3) Cl-C2-H2 180(0) 

Table IX. Comparative Bond Lengths (A) 
M=C=CH2 Complexes, 

M=C C 4 H 2  

Cl(Ph2PCH2PPh2)2RU=C=CH2]+PFs- 3 1.882(8) 1.22( 1) 
(CsHs)(PhMe2P)2Ru=C=CH2]+BF4- IVl1 1.843(10) 1.287(13) 
[N(S~M~~CH~PP~~)~]IFC=CH~ VI12 1.806(4) 1.324(6) 

M-R Comalexes 
M-C C = C  

C ~ ( P ~ ~ P C H ~ P P ~ ~ ) ~ R U - H  5 1.906(9) 1.162(9) 
(C5H5)(dppe)Ru-C=CPh W'* 2.009(3) 1.204(5) 
( E ~ ~ P ) ~ ( O C ) ~ R U - ( = H ) ~  W I 2 I  1.932(2) 1.199(2) 

Ru=C=CMePh]+,l8and 1.843(10) A in the  only recently 
reported Ru=C=CH2] complex (IV)ll (Table IX). 

TheC(3)-C(4) bondlengthin 3 (1.22(1) A) issurprisingly 
very short and in the  same range as t ha t  of a C=C triple 
bond 11.20-1.21 All9 e.g. much shorter than  in[(CsHs)- 
(PMe&Ru(C=CHMe)l+ (1.313(10) A),17 [(CsHd(Ph3P)2- 
Ru(C=CMePhl+ (1.293(15) A),18 (IV) (1.287(13))11 or in 
[ (PhzPCHMeCHzPPhz) (CsHs)Ru=C=CHMel + (1.25( 1) 
A).20 This unexpected observation is consistent with a 
partial sp character for t he  C(4) terminal carbon of t he  
vinylidene 3, and may also account for the especially high- 
field NMR resonance for the  =CH2 protons [6 = 2.36 
ppm in 3 and 4.30 ppm in (IV)l11 (Table I). However, its 
significance is reduced by the  anomalous thermal motion 
at C(3) along the  bond axis. 

The molecular structure of 3 also brings strong evidence 
for the steric hindrance of the four phenyl groups around 
the vinylidene ligands and may explain the  inertness of 
the expected electrophilic carbene carbon Ru=C(3) toward 
addition of alcohol. 

The molecular structure of 5 (Figure 2) shows a longer 
Ru-C1 bond length [2.628(2) AI with respect to tha t  of 3 
[2.451(2) A]. This suggests a stronger trans influence of 
the  C=CH ligand than of t he  vinylidene (C=CH2)+ group 
and/or a ?r electron withdrawing character of the  latter. 
The  most striking features are the  significant shortening 
of the C(l)-C(2) bond length in 5 with respect t o  that of 
3 but also with related M-CeCH complexes. Especially, 
the C1-C2 distance of 1.162(2) A is very short with respect 
to the C=C bond lengthl9 or in R u ( C = C H ) ~ ( C O ) ~ ( P E ~ ~ ) ~ ~ ~  
(Table IX). Along with those of 1.16(4) and  1.14(4) 
observed in [(CsMes) ( T O ~ - C ~ C ) R U ( ~ ~ . ~ - S P ~ ~ ) ] ~ , ~ ~  complex 
5 seems to have one of the  shortest observed CrC bond 
distances. 

Conclusion 

It is hoped that this simple method of access via 
vinylidenes to acetylide and mixed diynyl acetylide 
complexes, because of the  versatile reactivity of the diynyl 

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

(19) Pauling, L. The Nature of the Chemical Bond, 3rd ed.; Cornell 

(20) Consiglio, G.; Morandini, F.; Ciani, G. F.; Sironi, A. Organome- 

(21) Sun, Y.;Taylor, N. J.; Carty,A-J. J. Organomet. Chem. 1992,423, 

Orgonomet. Chem. 1986,314,213. 

University Press: Ithaca, New York, 1960, p 221. 

tallics 1986,5, 1976. 

c43. 

Experimental Section 

General Considerations. All reactions were performed under 
an argon or nitrogen atmosphere with use of Schlenk techniques. 
The solvents were deoxygenated and dried by standard methods. 
Infrared spectra were recorded on a Nicolet 205 FT-IR spec- 
trometer. 1H (300.13 MHz), 13C (75.47 MHz), and 3lP (121.50 
MHz) NMR spectra were recorded on a Bruker AC 300 P 
spectrometer at 297 K and referenced to TMS for 1H and l*C and 
to 85% H3P04 for 3lP. Elemental analyses were performed by 
the Service Central de Microanalyse of CNRS at Lyon, France. 
Usually, as observed by NMR, the analytical sample retains 
dichloromethane. 

The complex cis-RuClz(dppm)z 1 was prepared by literature 
method.22 Acetylene and terminal alkynes 2a-hwere commercial 
and used as received. The pentadiyne derivative 76 was prepared 
by adaptation of Midland's methodB from the butadiyne.u 

Synthesis of the Complex tnrak[(dppm)t(Cl)Ru~H2]-  
PFe (3). In a Schlenk tube were successively introduced 470 mg 
of complex 1 (0.5 mmol), 168 mg of NaPFa (1 mmol), and 50 mL 
of dry dichloromethane. The Schlenk tube was connected with 
acetylene at 1 atm and the solution slowly dissolved a large excess 
of acetylene (3 mmol) on stirring. The mixture was stirred for 
4 ha t  room temperature. Then, the solution was filtered through 
a filter-paper-tipped cannula to remove NaCl and NaPFe in 
excess. After evaporation of the solvent under vacuum, the orange 
residue was washed with diethyl ether and dissolved in 20 mL 
of dichloromethane, and 60 mL of n-pentane was slowly added 
in order to maintain two phases. The orange complex 3 slowly 
crystallized and 490 mg (92%) was obtained on filtration. Anal. 
Calcd for C~2H&lF~&wCH~C12: C, 54.82; H, 4.17; C1,9.16; P, 
13.34. Found: C, 55.08; H, 4.19; C1, 9.15; P, 13.46. IR (cm-l; 
KBr): 1627 (m, vw), 838 (a, u~F) .  'H NMR (300.13 MHz, CD2- 
Cl2, 297 K; 6, ppm): 7.54-7.20 (40 H, Ph), 5.20 (quint, 4H, PCHzP, 
1 ' J p ~  + ' J p ~ l  = 4.6 Hz), 2.36 (quint, 2H, =CHz, 'J~H = 3.0 Hz). 
13C(lH) NMR (75.47 MHz, CD~C12,297 K 6, ppm): 340.87 (quint, 
Ru=C, 2 J ~ ~  = 13.2 Hz), 133.95-128.93 (Ph), 91.41 (broad quint, 
Ru=C=C, 3Jpc = 2.5 Hz), 46.97 (quint, PCH2P, llJp~ + 3Jp~l = 
12.3 Hz). 13C NMR (75.47 MHz, CDzClz, 297 K; 6, ppm): 340.86 
(quint, Ru=C, 2 J p ~  = 13.45 Hz), 91.41 (t quint, Ru=C=C, ~JCH 
= 165.6 Hz, Vpc = 2.1 Hz), 46.97 (t quint, PCH2P, VCH = 136.8 
Hz, IlJpc + 3JpcI = 12.4 Hz). 31P(lH) NMR (121.50 MHz, CD2C12, 
297 K; 6, ppm): -15.14 (8, PPhZ), -143.87 (sept, PF6, l J p ~  = 710.8 
Hz). 

Synthes is  of Vinylidenes trans-[(dppm)a(Cl)Ru= 
C=CHR]PFs (4a-h). A solution of an excess of terminalalkyne 
2 (1.1 mmol) in 50 mL of dry dichloromethane was added to 
complex 1 (0.5 mmol) and NaPF6 (1.0 mmol). The mixture was 
stirred for 4 h at room temperature and the solution was filtered 
through a filter-paper-tipped cannula. Then, the solvent was 
removed under vacuum and the precipitate was washed with 
diethyl ether. After dissolution into the smallest volume of 
dichloromethane (20-25 mL), n-pentane (50-70 mL) was slowly 
added in order to form a biphasic system and crystals of 4 slowly 
formed. The vinylidenes 4a-h were characterized by IR, 'H, 
l3C, and 3lP NMR, and elemental analysis. As a typical example, 
all chemical shifts for dppm groups in lH and 13C spectra are 
given for 4a. 

trans-[ (dppm)2(Cl)Ru=C==CHPh]PFs (4a). From 470 mg 
of 1 (0.5 mmol), 168 mg of NaPF6 (1.0 mmol), and 120 pL of 
HC=CPh (1.1 mmol) was isolated 470 mg of red crystals of 4a 
(82%). Anal. Calcd for C ~ H ~ C l F & R u :  C, 60.45; H, 4.37. 
Found C, 60.46; H, 4.36. IR (cm-*; KBr): 1658 (m, v w ) ,  840 

(22) (a) Chaudret, B.; Commenges, G.; Poilblanc, R. J. Chem. SOC., 
Dalton Trans. 1984, 1635. (b) Evans, J. P.; Spencer, A.; Wilkinson, G. 
J. Chem. Soc., Dalton Trans. 1973, 204. (c) Chatt, J.; Hayter, R. G. J. 
Chem. SOC. 1961, 896. 

(23) Midland, S. M. M. J. Orgonomet. Chem. 1975,40, 2250. 
(24) Brandsna, L. Reparuttve Acetylenic Chemistry, 2nd ed.; Elsevi- 

er: New York, 1988; p 179. 
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New Ruthenium Vinylidene Complexes 

(8,  WF). 'H NMR (300.13 MHz, CDzClZ, 297 K; 6, ppm): 7.48- 
6.73 (43H, Ph), 5.53 (d, lH,  Ph, 3Jm = 7.9 Hz), 5.52 (d, lH,  Ph, 
3Jm 8.5 Hz), 5.30,5.06 ABX'zXz, 4H, PCHzP, 'Jxum = 15.3 

lH,  =CH, 'J~H = 3.1 Hz). 13C('H} NMR (75.47 MHz, CDzClp, 
Hz, l2Jpm + 'JPHA~ = 4.6 Hz, lZJpm + 'JPHBI = 4.8 Hz), 3.07 (quint, 

297 K; 6, ppm): 336.02 (quint, Ru=C, ZJpc = 13.3 Hz), 133.82 
(quint, o-Ph, lzJpc + lJpcl= 2.7 Hz), 132.87 (quint, o-Ph, lZJpc + 

= 3.0 Hz), 132.17 (e, p-Ph), 132.09, 131.86 (s, PhCH-), 
131.79 (s, p-Ph), 131.26 (quint, (ipso)Ph, IlJpc + 3 J ~ l  = 12.0 Hz), 
130.17 (quint, (ipso)Ph, IlJpc + Vpcl = 11.8 Hz), 129.56 (quint, 
m-Ph, IVpc + 6JPcI = 2.1 Hz), 128.93 (quint, m-Ph, 13Jw + VPCI 
= 2.4 Hz), 127.70 (s, Ph), 127.63 (8,  Ph), 126.61 (8, Ph), 110.75 
(m, Ru=C=C), 46.35 (quint, P C H 8 ,  IlJpc + VpcI = 12.6 Hz). 
13C NMR (75.47 MHz, CDzClz, 297 K; 6, ppm): 110.73 (dm, 
Ru=C=C, ~ J C H  = 153.8 Hz), 46.34 (t quint, PCHzP, ~ J C H  = 137.0 
Hz, llJpc + 3Jpcl = 12.5 Hz). 31P(1H} NMR (121.50 MHz, CDzClZ, 
297 K; 6, ppm): -15.42 (8 ,  PPhZ), -143.90 (sept, PF6, ~JPF = 709.4 
Hz). 
trans-[(dppm)z(Cl)Ru==C=CBMe]PF6 (4b). From470 mg 

of 1 (0.5 mmol) and 168mg of NaPF6 (1.0 mmol) under HC=CMe 
atmosphere was isolated 530 mg of orange crystals of 4b (97% ). 
Anal. Calcd for C~H&lF&diu: C, 58.38; HI 4.44. Found C, 
58.62; HI 4.45. IR (cm-l; KBr): 1659 (m, uc-c), 838 (8, ypp). 'H 
NMR (300.13 MHz, CDzC12, 297 K 6, ppm): 7.54-7.22 (40 HI 
Ph), 5.14 (quint, 4H, PCH2P, l Z J p ~  + 'JPHl = 4.6 Hz), 2.57 (q 

3H, Me, 3Jm = 7.6 Hz, ~JPH = 0.85 Hz). 'W{lH} NMR (75.47 
MHz, CDZC12,297 K; 6, ppm): 321.10 (quint, Ru=C, Vpc = 13.3 
Hz), 133.99-128.88 (Ph), 100.49 (broads, Ru=C=C),46.78 (quint, 
PCHzP, (1Jpc + 3Jpcl= 12.2 Hz), 3.24 (broad s, Me). 13C NMR 
(75.47 MHz, CD2C12, 297 K; 6, ppm): 100.46 (dm, Ru=C=C, 
~ J C H  = 148.8 Hz), 46.78 (t quint, PCHzP, ~JCH = 136.6 Hz, IlJpc 
+ 3JpcI = 12.5 Hz), 3.24 (qm, Me, ~ J C H  = 132.0 Hz). 31P{1H} NMR 
(121.50 MHz, CDzCL297 K; 6, ppm): -15.09 (8,  PPhd, -143.83 
(sept, PFa, 'JPF = 712.0 Hz). 
tranb[(dppm)*(C1)Ru=C=CHnBu]PF6 (4c). From940mg 

of 1 (1.0 mmol), 336 mg of NaPFe (2.0 mmol), and 253 pL of 
HC=CnBu (2.2 "01) dissolved in 100 mL of dichloromethane 
was isolated 820 mg of orange crystals of 4c (72% 1. Anal. Calcd 
for C&MC~~&U.O.~CHZC~Z:  c, 57.76; HI 4.71; c1, 6.03; P, 
13.18. Found C, 58.54; H, 4.71; C1, 5.58; P, 13.12. IR (cm-l; 
KBr): 1627 (m, u ~ ) ,  838 (8,  ypp). 'H NMR (300.13 MHz, CDz- 
Clz, 297 K; 6, ppm): 7.52 to 7.21 (40H, Ph), 5.16,5.12 (ABS, 4H, 
PCHzP, 2 J w  = 15.3 Hz, 12Jpm + ltJp1.1~1 = 4.4 Hz, 1Vpx-m + 
4Jpml = 4.7 Hz), 2.48 (t quint, lH,  =CH, 3 J ~  = 7.9 Hz, 'JPH = 
2.8 Hz), 0.94 to 0.26 (unresolved system, 9H, .Bu). 13C(lH} NMR 
(75.47 MHz, CDZC12,297 K 6, ppm): 323.18 (quint, Ru=C, 2 J ~ ~  
= 13.5 Hz), 133.92 to 128.97 (Ph), 106.12 (quint, Ru-C-C, Vpc 
= 2.0 Hz), 46.71 (quint, PCHzP, IlJpc + %JpcI = 12.3 Hz), 33.24, 
22.22, 19.64 (8,  (CH2)3), 13.75 (s, Me). l3C NMR (75.47 MHz, 
CDzC12, 297 K; 6, ppm): 323.24 (m, Ru=C), 106.10 (dm, 
Ru=C=C, ~ J C H  = 155.9 Hz), 46.73 (t quint, PCHzP, VCH = 136.7 
Hz, (1Jpc + Vpcl = 12.2 Hz), 33.24 (tm, (CH2)3, ~ J C H  = 128.7 Hz), 
22.25 (tm, (CH2)3, ~JCH = 124.4 Hz), 19.64 (tm, (cH2)31 ~JCH = 
132.7Hz), 13.75 (qm,Me,lJCH= 126.6Hz). 31P(1H}NMR(121.50 
MHz, CDZClz, 297 K; 6, ppm): -15.30 (8,  PPhz), -143.93 (sept, 
PFe, 'Jpp = 709.3 Hz). 

tram,[ (dppm)t(C1)Ru-C=CHtBu]PF6 (4d). From470mg 
of 1 (0.5 mmol), 168 mg of NaPF6 (1.0 mmol), and 135 pL of 
H C d t B u  (1.1 mmol) was isolated 480 mg of orange crystals of 
4d (84%). Anal. Calcd for CsaHMClF&'&u: C, 59.40; H, 4.81. 
Found C, 59.17; HI 4.69. IR (cm-l; KBr): 1640 (m, vc-c) ,  838 
(8,  ~ p ) .  'H NMR (300.13 MHz, CD2C12, 297 K; 6, ppm): 7.48- 
7.20 (40H, Ph), 5.27,4.95 (ABS,  4H, PCHzP, ' J m  = 15.0 Hz, 
JVPm + 4Jpml = 4.3 Hz, 1zJpm + Vp-1 = 4.7 Hz), 1.80 (quint, 
lH, -CH,  4 J p ~  = 2.2 Hz), 0.11 (5,9H, t B ~ ) .  13C{'H} NMR (75.47 
MHz, CDZClg, 297 K; 6, ppm): 324.67 (quint, Ru=C, %Jpc = 13.3 
Hz), 133.83 to 128.82 (Ph), 117.57 (broad s, Ru=C=C), 46.57 
(quint, PCHzP, IlJpc + 3Jpcl = 12.5 Hz), 32.85 (s, CMed, 31.43 
(s, CMes). 13C NMR (75.47 MHz, CDzClZ, 297 K 6, ppm): 324.68 
(m, Ru=C), 117.60 (dm, Ru==C=C, ~JCH = 142.7 Hz), 46.59 (t 

(m, CMes), 31.41 (qm, CMes, ~ J C H  = 126.3 Hz). 31P(1H] NMR 

quint, 1H, <HI 3 J ~ ~  = 7.6 Hz, 'J~H = 2.8 Hz), 0.49 (d quint, 

quint, PCHzP, 'JCH = 136.8 Hz, IlJpc + VpcI = 12.0 Hz), 32.90 
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(121.50 MHz, CDzClz, 297 K; 6, ppm): -15.02 (8, PPhZ), -143.93 

trans-[(dppm)z(Cl)Ru=C==CHCHtOH]PF~ (4e). From 
470 mg of 1 (0.5 mmol), 168 mg of NaPFe (1.0 mmol), and 64 pL 
of HC=CCHzOH (1.1 mmol) was isolated 480 mg of light brown 
crystals of 48 (87% ). Anal. Calcd for C&ClFeOP&u: C, 57.54; 
HI 4.37; C1, 3.20. Found: C, 57.70; H, 4.40; Cl, 3.32. IR (cm-l; 
KBr): 1655 (m, u ~ ) ,  839 (s, ypp). lH NMR (300.13 MHz, CDz- 
Clz, 297 K; 6, ppm): 7.55-7.24 (40H, Ph), 5.22,5.17 (AB&, 4H, 

=CHI, 2.81 (pseudo t, 2H, CHZ), 0.25 (t, lH, OH, 3 J ~  = 5.6 Hz). 
lH{31P} NMR (300.13 MHz, CDzClZ, 297 K; 6, ppm): 5.22,5.17 

8.2Hz). lH(31PJNMRwithirradiationat0.25ppm (300.13MHzI 
CDzClz, 297 K 6, ppm): 2.81 (d, 2H, C H z I 3 J ~  = 8.3 Hz) W('H} 
NMR (75.47 MHz, CDZC12,297 K; 6, ppm): 351.41 (quint, Ru=C, 
ZJpc = 13.4 Hz), 134.80-128.96 (Ph), 107.33 (quint large, Ru=C= 
C, 3Jpc = 2.2 Hz), 52.16 (8,  CHd, 46.42 (quint, PCHZP, JIJpc + 
3 ~ ~ 1 ~  12.3 Hz). '3C NMR (75.47 MHz, CDzClz, 297 K, 6, ppm): 
351.42 (m, Ru=C), 107.33 (d broad s, Ru=C=C, ~JCH 160.7 Hz), 
52.16 (M, CHz, ~ J C H  = 149.2 Hz, 3Jm = 7.4 Hz), 46.41 (t quint, 
PCHzP, 'JCH = 137.0 Hz, (lJpc + Vpcl= 12.4 Hz). 3lP(lH) NMR 
(121.50 MHz, CDZC12,297 K, 6, ppm): -15.24 (8,  PPhz), -143.41 
(sept, PF6, l J p p  = 711.1 Hz). 

trans-[ (dppm)2(Cl)Ru=C=CHCH~0MelPF6 (40 from 1. 
From 470 mg of 1 (0.5 mmol), 168 mg of NaPF6 (1.0 mmol), and 
93 pL of HCdCHZOMe (1.1 mmol) was isolated 460 mg of light 
orange crystals of 4f (82%). Anal. Calcd forC&&lF6OP6- 
Ru.0.25CHzCl2: C, 57.08; H, 4.46; C1,4.66; P, 13.56. Found C, 
57.22; H, 4.62; C1,4.62; PI 13.32. IR (cm-l; KBr): 1655 (m, u w ) ,  
836 (s, vpp). 'H NMR (300.13 MHz, CDzC12,297 K, 6, ppm): 7.64 
to 7.10 (40H, Ph), 5.19 (quint, 4H, PCHzP, 1 ' J p ~  + ' J p ~ l  = 4.6 
Hz), 2.89 (m, lH, =CH), 2.72 (d, 2H, CH2,3Jm = 8.05 Hz), 2.60 
(s,3H, OMe). 13C{lH}NMR (75.47 MHz, CDZC12,297 K, 6, ppm): 
330.06 (quint, Ru=C, Vpc = 13.5 Hz), 133.96 to 128.91 (Ph), 
104.38 (broad quint, Ru=C=C, 3 J p ~  = 2.2 Hz), 60.90 (broad 
quint CH2,'Jpc = 1.7 Hz), 57.31 (8,  OMe), 46.42 (quint, PCHzP, 
IlJpc + 3Jpcl = 12.4 Hz). 13C NMR (75.47 MHz, CDzClz, 297 K 
6, ppm): 330.06 (m, Ru=C), 104.37 (dm, Ru=C=C, 'JCH = 161.3 
Hz), 60.91 (tm, CHz, ~ J C H  = 149.6 Hz), 57.31 (qt, OMe, ~ J C H  = 
141.1 Hz, 'JCH = 4.0 Hz), 46.42 (t quint, PCHzP, 'JCH = 137.1 Hz, 
IlJpc + 3Jpcl= 12.5 Hz). 3lP{lH] NMR (121.50 MHz, CDzCIz, 297 
K; 6, ppm): -15.27 (8,  PPhz), -143.90 (sept, PFe, 'JPF = 710.8 
Hz). 
tranb[(dppm)~(Cl)Ru=C=CHCH~OMe]PF6 (4f) from 4e. 

An amount of 276 mg (0.25 mmol) of 4e dissolved in 300 mL of 
methanol were stirred during 67 h at room temperature. The 
solvent was removed and the residue washed with ether and dried. 
The 1H and 3lP NMR spectra showed the complete transformation 
of 48. The recrystallization in CHzCldhexane afforded 170 mg 
(60 % ) of orange crystals identified by IR and 3lP and lH NMR 
to be an authentical sample of 4f. 

trans-[ (dppm)z(Cl)Ru=C=CHC0~Me]PF6 (4g). From 940 
mg of 1 (1.0 mmol), 336 mg of NaPFe (2.0 mmol), and 196 pL of 
HC=CCOZMe (2.2 mmol) was isolated 873 mg of orange crystals 
of 4g (77%). Anal. Calcd for CMH&~F&ZP&U: C, 57.18; H, 
4.27. Found C, 56.98; H, 4.24. IR (cm-l; KBr): 1700 (m, u w ) ,  
1608 (m, u-), 839 (5, ypp). 'H NMR (300.13 MHz, CDzClZ, 297 
K 6 ppm): 8.20-6.70 (40H, Ph), 5.08,4.97 (ABS, 4H, PCHS,  
ZJ- = 15.2 Hz, 1zJpm + 'Jpml = 4.8 Hz, l2Jpm + 'Jpml = 4.3 
Hz), 2.98 (quint, lH, - C H I  'JPH = 2.6 Hz), 2.89 (8,  3H, OMe). 
W{1H} NMR (75.47 MHz, CDZC12,297 K 6 ppm): 346.34 (quint, 
Ru=C, *Jpc 13.4 Hz), 162.88 (a, C=O), 135.50-127.54 (Ph), 
104.35 (broad quint, Ru=C=C, 3Jpc = 1.8 Hz), 51.75 (8,  OMe), 
45.81 (quint, PCHzP, IlJpc + VpcI = 12.1 Hz). 13C NMR (75.47 
MHz, CDzClz, 297 K 6 ppm): 346.21 (m, Ru=C), 104.34 (dm, 
Ru=C=C, ~ J C H  = 163.8 Hz), 51.72 (9, OMe, 'JCH = 147.0 Hz), 
45.80 (t quint, PCHzP, ~ J C H  = 137.6 Hz, I'Jpc + 3Jpcl = 13.0 Hz). 
31P(1H] NMR (121.50 MHz, CD2C12, 297 K; 6 ppm): -13.88 (8,  

PPhz), -143.80 (sept, PFs, l Jpp  = 709.0 Hz). 
trans-[ (dppm)2(Cl)Ru=C=CHCH~Cl]PF6 (4h). From470 

mg of 1 (0.5 mmol), 168 mg of NaPFe (1.0 mmol), and 80 pL of 
HC=CCH2Cl(l.l mmol) was isolated 430 mg of orange crystals 

(sept, PF6, 'Jpp = 710.6 Hz). 

PCHzP, ' J w  = 15.9 HZ, ~'JPH + 'JpHl = 4.9 HZ), 3.02 (m, IH, 

(AB, 4H, PCHzP, = 15.7 Hz), 3.01 (t, lH,  =CH, 'Jm = 
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of 4h (76%). Anal. Calcd for CuH4,C12F&Ru: C, 56.60; H, 
4.21; C1,6.30. Found C, 56.47; H, 4.22; C1,6.92. IR (cm-l; KBr): 

K; 6, ppm): 7.57 and 7.30 (40H, Ph), 5.19 (quint, 4H, PCHzP, 
I 2 J p ~  + '&HI = 4.6 Hz), 2.96 (t quint, lH, =CH,  3 5 ~ ~  = 9.2 Hz, 

(75.47 MHz, CDzCl2,297 K; 6, ppm): 327.05 (quint, Ru=C, lJpc 
= 13.5 Hz), 133.99-129.01 (Ph), 105.97 (broad quint, Ru-C-C, 
3Jpc = 2.4 Hz), 46.31 (quint, PCHZP, IlJpc + 3JpcI = 12.5 Hz), 
34.98 (broad s, CH2). 13C NMR (75.47 MHz, CDzCl2, 297 K; 6, 
ppm): 327.03 (m, Ru=C), 105.97 (dm, Ru=C=C, ~JCH = 163.5 
Hz), 46.31 (t quint, PCH2P, VCH = 137.1 Hz, IlJpc + VpcI = 12.4 
Hz), 34.99 (td, CHz, ~ J C H  = 158.3 Hz, z J ~ ~  = 8.2 Hz). 31P(1H) 
NMR (121.50 MHz, CD2C12, 297 K 6, ppm): -16.52 (8, PPh2), 
-143.90 (sept, PFe, ~JPF = 711.5 Hz). 

Synthesis of Acetylides trans-[ (dppm)~(Cl)RuC=cR]PF~ 
(5,6a-g). To a solution of a vinylidene 3 or 4 (0.5 "01) in 40 
mL of dry dichloromethane was added 1 equivof l,&diazabicyclo- 
[5.4.0]undec-7-ene (DBU). The mixture was stirred at  room 
temperature for 1 h. After filtration through a filter-paper-tipped 
cannula, the solvent was removed under vacuum. The crude 
product was dissolved in a minimum amount of tetrahydrofuran 
and filtered with diethyl ether through alumina using a chro- 
matography column. Recrystallization from a THF/hexane 
mixture afforded crystals of 5 or 6. The acetylides 5 and 6a-g 
were characterized by IR, 'H, 13C, and 31P NMR, and elemental 
analysis. As a typical example, all chemical shiftsfor dppm groups 
in 1H and 13C spectra are given for 6a. 

trane-(dppm)*(Cl)RuC~H (5). From 538 mg of 3 (0.5 
mmol) was isolated 218 mg of yellow crystals of 5 (47 % ). Anal. 
Calcd for C62H&lP&u: C, 67.13; H, 4.88; C1,3.81. Found: C, 
67.45; H, 5.04; C1,4.18. IR (cm-l; KBr): 3292 (m, Y ~ H ) ,  1935 (m, 
v w ) .  1H NMR (300.13 MHz, CD2C12,297 K, 6, ppm): 7.51 to 

=CH). 13C(1H) NMR (75.47 MHz, CD&12,297 K; 6, ppm): 135.74 
to 127.69 (Ph), 112.03 (quint, R u W ,  2Jpc = 15.3 Hz), 97.44 
(broad 8, RuCrC), 49.79 (quint, PCHzP, JIJpc + VpcI = 10.5 Hz). 
13C NMR (75.47 MHz, CD2C12, 297 K; 6, ppm): 112.03 (m, 
Ru-C), 97.42 (d broad s, RuCEC, ~JCH = 224.6 Hz), 49.79 (t 
quint, PCH2P, 'JCH = 135.2 Hz, lVpc + VpcI = 10.4 Hz). 31P(1H} 
NMR (121.50 MHz, CD2Cl2, 297 K; 6, ppm): -5.38 (8, PPh2). 
trans-(dppm)t(Cl)RuC=CPh (6a) from the Vinylidene 

4a. From 576 mg of 4a (0.5 mmol) was isolated 320 mg of yellow 
crystals of 6a (63%). Anal. Calcd for C,&&lP&u: C, 69.22; 
H, 4.91; C1, 3.52. Found: C, 68.61; H, 5.34; C1, 3.35. IR (cm-; 
KBr): 2075 (m, v w ) .  lH NMR (300.13 MHz, CD2C12,297 K; 
6, ppm): 7.54 to 6.07 (45H, Ph), 4.95,4.89 (AB&, 4H, PCH2P, 

MHz, CD2C12,297 K; 6, ppm): 137.79 (quint, Ph, IlJpc + Vpcl = 
10.5 Hz), 135.26 (quint, Ph, IlJpc + 3Jpcl = 9.6 Hz), 133.99 (quint, 
Ph, 12Jpc + 4JpcI = 3.05 Hz), 133.76 (quint, Ph, l2Jpc + = 2.9 
Hz), 130.90 (8, Ph), 130.51 (s, Ph), 129.81 (8, Ph), 129.53 (8,  Ph), 
128.02 (quint, Ph, I3Jpc + 6 J p ~ I  = 2.4 Hz), 127.98 (quint, Ph, I3Jpc 
+ 6JpcI = 2.4 Hz), 127.35 (s, Ph), 122.85 (8, Ph), R u m  masked 
by the signal at  122.85 ppm, 112.55 (broad quint, RuCzC, Vpc 
= 1.5 Hz), 50.33 (quint, PCH2P, (VPC + VpcI = 10.4 Hz). 13C 
NMR (75.47 MHz, CDZC12,297 K; 6, ppm): 122.86 (dt, Ph, ~JCH 
= 159.3 Hz, 3JCH = 7.9 Hz), 122.84 (quint, RuCEC, 2 J ~ ~  = 15.3 
Hz), 112.55 (m, RuCzC), 50.34 (t quint, PCHS, ~ J C H  = 135.2 
Hz, IlJpc + SJpcl= 10.4 Hz). 3lP(lH) NMR (121.50 MHz, CD2C12, 
297 K; 6, ppm): -5.85 (e, PPh2). 
trans-(dppm)t(Cl)RuC=CPh (sa) from the Complex 1. 

A solution of 220 p L  of HC=CPh (2 mmol) and 558 pL of NEb 
(4 mmol) in 25 mL of dry tetrahydrofuran was added to 0.94 g 
of complex 1 (1 mmol) and 3.36 g of NaPFs (2 mmol). The mixture 
was stirred at room temperature for 3 h. After filtration through 
a filter-paper-tipped cannula, the solvent was removed under 
vacuum. The crude product was dissolved in a minimum amount 
of THF and filtered with diethyl ether through alumina using 
a chromatography column. From recrystallization in CH2C12/ 
hexane was isolated 1.15 g of yellow crystals of 6a (57%). Anal. 
Calcd for C&4&1P4Ru.0.25CH2C12: C, 68.07; H, 4.85. Found 

1644 (w, v w ) ,  838 (8, ypg). 'H NMR (300.13 MHz, CD2Cl2,297 

'J~H = 3.0 Hz), 2.75 (d, 2H, CH2, 3 J ~ ~  = 9.3 Hz). 13C('H) NMR 

7.12 (40H, Ph), 4.97,4.87 (ABX4,4H, PCHsP, 2 J w  = 14.2 Hz, 
1 2 ~ ~ ~  + 4 ~ ~ ~ l =  4.3 HZ, 1vPHe + 4 ~ ~ ~ l =  4.5 HZ), 0.90 (8, IH, 

2J- = 14.4 Hz, l Z J p ~  + ' J p ~ l  = 4.3 Hz). 13C(1H) NMR (75.47 

Touchard et al. 

C, 67.91; H, 4.86. IR (cm-l; KBr): 2075 (m, v-). 31P(1H) NMR 
(121.60 MHz, CD2Cl2, 297 K 6, ppm): -5.85 (8, PPhz). 

trans-(dppm)t(Cl)RuC3Me (6b). From 545 mg of 4b (0.5 
"01) was isolated 300 mg of yellow crystals of 6b (64 % 1. Anal. 
Calcd for C~H&lP&u: C, 67.41; H, 5.02; C1, 3.75. Found: C, 
67.61; H, 5.18; C1, 3.69. IR (cm-1; KBr): 2108 (m, v w ) .  1H 
NMR (300.13 MHz, CDzC12, 297 K; 6, ppm): 7.49 to 6.99 (40H, 
Ph), 4.88, 4.69 (AB&, 4H, PCH&', 2 J w  = 14.2 Hz, I 2 J p ~  + 

= 4.3 Hz), 1.05 (quint, 3H, Me, s J p ~  = 1.8 Hz). 'Wf1H) 
NMR (75.47 MHz, CDzClz, 297 K, 6, ppm): 136.10 to 127.54 
(Ph), 1 0 3 . 5 0 ( q u i n t , R ~ ~ , ~ J p c =  1.2Hz),96.69(quint,R~C=C, 
2Jpc = 15.8 Hz), 50.41 (quint, PCHaP, IlJpc + 3 J ~ l  = 10.2 Hz), 
6.82 (8, Me). l9C NMR (75.47 MHz, CDaClz, 297 K; 6, ppm): 
103.50 (qm, RuCZC, 3 J c ~  9.2 Hz), 96.70 (m, R U M ) ,  50.40 
(t quint, PCH2P, ~JCH = 135.2 Hz, IlJpc + Vpcl = 10.3 Hz), 6.83 
(9, Me, ~ J C H  = 127.6 Hz). 31P(1H) NMR (121.50 MHz, CD2Cl2, 
297 K; 6, ppm): -5.63 (8, PPh2). 

trans-(dppm)t(C1)RuCnBu (60). From 566 mg of 4c (0.5 
mmol) was isolated 320 mg of yellow crystals of 6c (65% ). Anal. 
Calcd for CmHmClP&u: C, 68.19; H, 5.42. Found: C, 68.06; H, 
5.50. IR (cm-l; KBr): 2103 (m, v w ) .  lH NMR (300.13 MHz, 
CD2C12, 297 K, 6, ppm): 7.46-6.99 (40H, Ph), 4.86,4.73 (AB&, 

0.51 ("Bu). l3C(lH) NMR (75.47 MHz, C&C12,297 K; 6, ppm): 
136.26 to 127.60 (Ph), 109.74 (s, RuCzC), 96.21 (quint, R U M ,  
2Jpc = 15.6 Hz), 50.38 (quint, PCHZP, IlJpc + = 10.2 Hz), 
32.80, 22.72, 22.57 (8, (CH2)3), 14.22 (8, Me). 13C NMR (75.47 
MHz, CD2C12, 297 K; 6, ppm): 109.73 (m, RuCzC), 96.21 (m, 
R u m ) ,  50.38 (t quint, PCH2P, ~ J C H  = 135.0 Hz, JIJpc + Vpcl 
= 10.3 Hz), 32.78 (tm, CHz, ~JCH = 126.3 Hz), 22.72, 22.61 (tm 
unresolved, (CH2)2), 14.21 (q, Me, ~ J C H  = 124.1 Hz). 31P(1H) NMR 
(121.50 MHz, CDaC12, 297 K; 6, ppm): -5.58 (8, PPh2). 
trans-(dppm)t(Cl)RuC=CYBu (6d). From 566mgof 4d (0.5 

mmol) was isolated 320 mg of yellow crystals of 6d (65% ). Anal. 
Calcd for C&mClP&u: C, 68.19; H, 5.42. Found: C, 68.18; H, 
5.61. IR (cm-1; KBr): 2087 (m, v w ) .  1H NMR (300.13 MHz, 
CD2C12, 297 K 6, ppm): 7.75-7.12 (40H, Ph), 4.99,4.80 (AB&, 

4H, PCHgP, 2 J w  14.2 Hz, + = 4.3 Hz), 1.42 to 

4H, PCHzP, 
+ 4 J p d  

= 13.9 Hz, 12Jpw + ' J p d  = 4.3 Hz, IzJpm 
4.5 Hz), 0.31 (8, t B ~ ) .  l3C('H] NMR (75.47 MHz, 

CD2C12, 297 K; 6, ppm): 136.99 to 127.90 (Ph), 118.39 (quint, 
RuCrC, 3Jpc = 1.5 Hz), 91.94 (quint, RuC=C, 2 J p ~  = 15.7 Hz), 
50.37 (quint, PCHzP, (Vpc + VpcI = 10.7 Hz), 31.81 (8, CMes), 
29.65 (s, CMes). 13C NMR (75.47 MHz, CD2C12,297 K; 6, ppm): 
118.35 (m,RuC=C),91.93 (quint,RuC=C,2Jpc = 15.9Hz),50.38 
(quint, PCHzP, ~ J C H  = 135.5 Hz, IlJpc + Vpcl= 10.4 Hz), 31.81 
(qm, CMe3, ~JCH = 125.9 Hz), 29.65 (m, CMea). 31P(1HJ NMR 
(121.50 MHz, CD2C12, 297 K; 6, ppm): -5.53 (8, PPhz). 
trane-(dppm)z(Cl)RuCkCCHtOH (6e). From 553 mg of 

48 (0.5 mmol) was isolated 220 mg of yellow crystals of 60 (45% ). 
Anal. Calcd for C~)4,ClOP4Ru: C, 66.29; H, 4.93; C1, 3.69; P, 
12.90. Found C, 66.13; H, 4.91; C1, 3.62; P, 12.90. IR (cm-I; 
KBr): 2094 (m, v w ) .  lH NMR (300.13 MHz, CD&12,297 K; 
6, ppm): 7.56 to 7.12 (40H, Ph), 4.99,4.83 (AB%, 4H, PCH2P, 
ZJ- = 14.4 Hz, + ' J p d  = 4.3 Hz, l2Jp- + 4JpmI = 4.4 

(75.47 MHz, CD&12,297 K; 6, ppm): 135.72to 127.60 (Ph), 113.43 
(quint, RuC=C, 2Jpc = 15.2 Hz), 108.61 (broad quint, RuCsC, 

= 10.4Hz). 1% NMR (75.47 MHz, CD&12,297 K; 6, ppm): 113.45 
(m, R U M ) ,  108.61 (tm, RuCrC), 54.16 (M, CH2, ~JCH = 145.5 
Hz, ~JCH = 2.5 Hz), 50.20 (t quint, PCHzP, ~JCH = 134.7 Hz, IVpc 
+ VpcI = 10.4 Hz). 3lP(lHj NMR (121.50 MHz, CDzC12,297 K 
6, ppm): -5.72 (8, PPhz). 
trane-(dppm)t(Cl)RuC=CCH~OMe (6f). From 560 mg of 

4f (0.5 "01) was isolated 280 mg of yellow crystals of 6f (58 % 1. 
Anal. Calcd for CaH&lOP&u: C, 66.56; H, 5.07; C1, 3.64. 
Found: C, 66.56; H, 5.09; C1, 3.36. IR (cm-l; KBr): 2092 (m, 
v m ) .  1H NMR (300.13 MHz, CDZClz, 297 K; 6, ppm): 7.54 to 

I2Jpw + 4JpwI = 4.2 Hz, l2Jpm + 'Jpml = 4.3 Hz), 3.31 (broad 
quint, 2H, C H ~ , ~ J P H  = 1.3 Hz), 2.51 (s,3H, OMe). lsC(1H) NMR 
(75.47 MHz, CD2C12,297 K; 6, ppm): 135.88 to 127.83 (Ph), 112.42 
(quint, RuCEC, 2Jpc = 15.4 Hz), 106.06 (broad quint, RuCrC, 

Hz), 3.42 (m, CH2), -0.44 (t, OH, 'JHH = 5.2 Hz). 13C('H) NMR 

Vpc 1.3 Hz), 54.15 (8,  CHz), 50.19 (quint, PCHsP, IlJpc + Upcl 

7.10 (40H, Ph), 4.97,4.86 (AB&, 4H, PCHzP, 2 J ~  = 14.3 Hz, 
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New Ruthenium Vinylidene Complexes 

Vpc = 1.3 Hz), 62.95 (8, CH2), 55.90 (8, OMe), 50.22 (quint, PCHzP, 
llJpc + 3JpcI = 10.4 Hz). 13C NMR (75.47 MHz, CD2Cl2, 297 K 
6, ppm): 112.43 (t, quint, Ru-C, 'JCH = 4.3 Hz, VPC = 15.6 
Hz), 106.04 (tm, RuCxC, 2 J ~ ~  6.4 Hz), 62.94 (tq, CHz, 'JCH 
= 144.0 Hz, 3 J c ~  = 5.4 Hz), 55.90 (qt, OMe, ~JCH = 144.0 Hz, 3 J c ~  
= 5.8 Hz), 50.23 (t quint, PCH2P, ~JCH = 135.2 Hz, ~'JPc + 3Jpcl 
= 10.4 Hz). 3lP{lH) NMR (121.50 MHz, CD2C12,297 K; 6, ppm): 

trans-(dppm)~(Cl)RuCeCO&fe (6g). From 566 mg of 4g 
(0.5 mmol) was isolated 281 mg of yellow crystals of 6g (57%). 
Anal. Calcd for CarH&102P4Ru: C, 65.62; H, 4.79. Found: C, 
65.77; H, 4.81. IR (cm-1; KBr): 2044 (m, v m ) ,  1663 (m, vc -0 ) .  
1H NMR (300.13 MHz, CDzC12,297 K; 6, ppm): 7.52-7.01 (40H, 
Ph), 4.83,4.72 (AB&, 4H, PCHzP, 2J- = 14.1 Hz, I 2 J p u  + 
4Jpml = 4.3 Hz, 12Jp~e + 4 J p ~ I  = 4.6 Hz), 3.08 (8, 3H, OMe). 
13C{lH) NMR (75.47 MHz, CD2C12, 297 K; 6, ppm): 152.90 (e, 
C=O), 134.74-128.02 (Ph), 141.20 (quint, R u C W ,  Vpc = 15.6 
Hz), 105.74 (s, RuC=C), 50.98 (8, OMe), 49.26 (quint, PCHzP, 
(Vpc + VpcI = 10.6 Hz). 13C NMR (75.47 MHz, CDzClz, 297 K; 
6, ppm): 141.30 (m, Ru-C), 105.70 (m, RuCsC), 51.07 (9, 
OMe, ~JCH = 143.0 Hz), 49.29 (t quint, PCHzP, ~JCH = 137.0 Hz, 
IlJpc + 3JpcI = 10.3 Hz). 3lP{lH) NMR (121.50 MHz, CDzC12,297 
K; 6, ppm): -6.50 (e, PPh2). 

Synthesis of trans-Bis(acetylide) Ruthenium Complexes 
(Sa-c). A solution of pentadiyne derivative 7 (1 mmol) and NEt3 
(2 mmol) in 60 mL of dry dichloromethane was added to the 
acetylide 6a or 6c (1 mmol) and NaPF6 (1 mmol). After 18 h of 
stirring at room temperature, the solution was filtered through 
a filter-paper-tipped cannula. The solvent was removed under 
vacuum and the precipitate was washed with n-pentane. The 
crude product was dissolved in a minimum amount of tetrahy- 
drofuran and chromatographed with a mixture of hexane/diethyl 
ether through alumina using a long column. Recrystallization 
from CHzClz/hexane afforded crystals of Sa or 8c. 

t r a m s - ( d p p m ) p u ( ~ P h ) ( ~ ~ C P h z ( O S i M e a ) )  (Sa). 
From 1.00g of 6a (1 mmol), 353 mg of HCdMCPhz(OSiMe3)  
(1 mmol), 168 mg of NaPF6 (1 mmol), and 279 pL of NEt3 (2 
mmol) was isolated 356 mg of yellow crystals of Sa (28% ). Anal. 
Calcd for C7aH~OP4SiRu: C, 73.51; H, 5.38. Found C, 73.70; 
H, 5.28. IR (cm-l; KBr): 2178 (8, v ~ ) ,  2077 (m, vm), 2028 (m, 
v-). 1H NMR (300.13 MHz, CDzC12, 297 K; 6, ppm): 7.48 to 
6.22 (55H, Ph), 4.80 (quint, 4H, PCHzP, l Z J p ~  + = 4.0 Hz), 
0.03 (s,9H, OSiMe3). l3C{lH) NMR (75.47 MHz, CDzCl2, 297 K; 
6, ppm): 149.13 to 123.17 (Ph), 132.91 (quint, RuCWC=C, z J ~ ~  
= 14.4 Hz), 128.85 (quint, R u C S ,  2Jpc = 15.3 Hz), 115.55 (quint, 

RuC=CC=C), 76.61 (8, RuC=CC=CC), 52.07 (quint, PCHZP, 
IlJpc + VpcI = 11.0 Hz), 2.04 (s,OSiMe3). 3*P(1H) NMR (121.50 
MHz, CDzC12, 297 K; 6, ppm): -3.36 (8, PPhz). 

trans-(dppm)zRu(C+'Bu) ( C e C e C P h z (  OSiMes)) 
(Sc). From 0.93 g of 6c (1 mmol), 353 mg of HCdX=CCPh2- 
(OSiMes) (1 mmol), 168 mg of NaPF6 (1 mmol), and 279 pL of 
NEt3 (2 mmol) was isolated 314mg of yellow crystals of Sc (25% ). 
Anal. Calcd for C76H720PISiRu: C, 72.77; H, 5.79. Found C, 
72.49; H, 5.68. IR (cm-l; KBr): 2175 (8, vm), 2098 (m, YM), 
2020 (m, vm). 1H NMR (300.13 MHz, CDzC12,297 K; 6, ppm): 
7.73 to 7.04 (50H, Ph), 4.76 (quint, 4H, PCHzP, ~'JPH + 'JPHI = 
4.1 Hz), 1.55 to 0.61 (9H, "Bu), 0.00 (8, 9H, OSiMe3). l3C(lH) 
NMR (75.47 MHz, CDzClz, 297 K; 6, ppm): 149.26-126.51 (Ph), 
RuC=CC=C masked by signals of phenyls, 113.42 (quint, 
RuC=C,3Jpc = 1.2 Hz), 104.17 (quint, R u C d ,  2 J p ~  = 15.6 Hz), 
95.25 (quint, RuC=CC=C, 3Jpc = 1.2 Hz), 80.81, 63.71 (8, 
RuC=CC=C), 76.66 (a, RuC=CC=CC), 52.07 (quint, PCHzP, 
IlJpc + 3JpcI = 10.8 Hz), 32.88, 22.63, 14.31 (8, "Bu), 2.06 (8, 
OSiMe3). 3lP(lH) NMR (121.50 MHz, CD2C12, 297 K; 6, ppm): 
-3.37 (8, PPhz). 

Crystal Structure Analysis of 3. The sample (prism 0.15 
x 0.23 x 0.32 mm) was studied on an automatic diffractometer 

-5.47 (8, PPh2). 

RuCEC, 3Jpc = 1.5 Hz), 96.26 (8, R u C d X k C ) ,  80.52,64.55 (8, 
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CAD-4 Enraf-Nonius with graphite-monochromatized Mo Ka 
radiation. The cell parameters were obtained by fitting a set of 
25 high4 reflections. The data collection (28, = 50°; scan w/28 
= 1; t ,  = 60 s; range hkl: h 0.15, k 0.24,10.28; intensity controls 
without appreciable decay (0.1 %)) gave 6214 reflections from 
which 4393 had Z > 3 4 .  

After Lorenz 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 differences. 
During these calculations, a solvent molecule of methylene 
chloride was found and after isotropic refinement (R  = 0.12), 
solvent molecules of pentane and methylene chloride were found, 
and the anion PF6 appeared as disordered. After isotopic 
refinement (R  = 0.09), the whole structure was refined by the 
full-matrix least-squares techniques (use of F magnitude; x ,  y ,  
z ,  &j for Ru, P, C1, and C atoms; x ,  y ,  z ,  for F atoms; x ,  y ,  z ,  
fixed for H atoms; 592 variables and 3129 observations; w = l/a- 
(Fo)2 = [a2(Z) + (0.04F02)2]-1/2) with the resulting R = 0.039, R, 
= 0.037 and S, = 2.27 (residual Ap 4 0.82 e A4). Atomic scattering 
factors from International Tables for X-ray Crystallography 
(1974).% All the calculations were performed on a Digital Micro 
VAX 3100 computer with the MolEN package (Enraf-Nonius, 
1990).% 

Crystal Structure Analysis of 5. The sample (prism 0.22 
X 0.22 X 0.24 mm) was studied on an automatic diffractometer 
CAD-4 Enraf-Nonius with graphite-monochromatized Mo Ka 
radiation. The cell parameters were obtained by fitting a set of 
25 high4 reflections. The data collection (20, = 50'; scan w/28 
= 1; t ,  = 60 s; range hkl: h 0.25, k 0.12, 1-26.26; intensity 
controls without appreciable decay (0.4 % )) gave 4281 reflections 
from which 2267 independent (Rht = 0.011) had Z > 3u(Z). 

After Lorenz and polarization corrections, the structure was 
solved with direct methods which revealed all the non-hydrogen 
atoms of the structure except the two acetylenic carbon atoms. 
These were found after a scale factor refinement and one Fourier 
difference. After isotropic refinement (R = 0.067) and then 
anisotropic refinement (R  = 0.09), all the hydrogen atoms 
(including the acetylenic hydrogen atom) may be found in a 
Fourier difference between 0.27 and 0.14 e A-3. The whole 
structure was refined by the full-matrix least-squares techniques 
(use of F magnitude; x ,  y ,  z ,  &j for Ru, P, and non-acetylenic C 
atoms; x ,  y ,  z, fib for C1 and the two acetylenic atoms; x ,  y ,  z, 
fixed for H atoms; 325 variables and 2267 observations; w = l/a- 
(Fo)2 = [a2(Z) + (0.04F02)2]-1/2) with the resulting R = 0.027, R, 
= 0.024 and S, = 1.135 (residual Ap 4 0.18 e A4). Atomic 
scattering factors from International Tables for X-ray Crys- 
tallography (1974).% All the calculations were performed on a 
Digital Micro VAX 3100 computer with the MolEN package 
(Enraf-Nonius, 1990).% 
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