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The cationic complex cis-[RuH(NH3)(PMes)4lPFs can be synthesized from cis- RuHz(PMed4 
and 1 equiv of NHaF6 in Et2O. An excess of NH4PF6 leads to the formation of the dicationic 
species cis-[Ru(NH3)2(PMe3)4I[PFs12. The NH3 ligand in cis-[RuH(NH3)(PMe3)4lPFs can be 
readily replaced by an  appropriate ligand to give monohydrido complexes of the type cis- 
[RuH(L)(PMes)rlPFs (L = CH3CN, CO, PMe3). Whereas the substitution of the NH3 ligand 
with ethene or tolane was not possible, the reaction of cis-[RuH(NH3)(PMe3)41PF6 with a 
terminal alkyne such as phenylacetylene leads to the formation of styrene and cis- [Ru- 
(C=CPh)(NH3)(PMe3)4lPF6. The neutral dihydrido complex cis-RuH2(PMe3)4 reacts with 
terminal alkynes HCzCR to give bis(alkyny1) complexes trans-Ru(CzCr)z(PMe3)4 (R = Ph, 
SiMes, C02Me). An NMR study of the reaction indicated involvement of intermediates cis- 
RuH(CzCR)(PMe3)4 and cis-Ru(C~CR)z(PMe3)4. The cationic complexes cis- [RuH- 
(NH3)(PMe3)4lPF6 and cis-[Ru(C~CPh)(NH3)(PMe3)4]PF6 catalyze dimerization of the alkyne 
to give mainly (2)-1,4-diphenylbuten-3-ynne. 

Introduction 

In contrast to neutral organotransition metal com- 
plexes the chemistry of cationic metal complexes has 
attracted less attention until recently. Concerning early 
transition metal complexes, the importance of the role 
of cationic alkylzirconium or titanium complexes such 
as Cp2ZrR+ and CpzTiR+ in polymerization of olefin 
monomers has been rec0gnized.l In the course of our 
studies of the organometallic chemistry of late transition 
metals our attention has been drawn to the difference 
in behavior between the neutral and cationic organo- 
palladium complexes. Removal of the halide ligand 
from mono-alkyl palladium halide complexes caused 
remarkable enhancement in the reactivities of neutral 
organopalladium complexes. The ethylpalladium com- 
plexes become very susceptible to ,!%hydrogen elimina- 
tion on their conversion into the cationic complex2* and 
reactivities of arylpalladium complexes to olefin and CO 
insertion are markedly enhanced by converting them 
into cationic complexes.2b-d The reactivity enhancement 
effect by generation of a cationic organopalladium 
complex is considered to be related to the reactivity 
enhancement by addition of silver salts to the catalytic 
systems of Heck processes2e-i in arylation of olefins and 
carbonylation of aromatic halides. 

Here we report the results of converting the neutral 
complex cis-RuHz(PMe3)r into cationic complex cis- 

@ Abstract published in Advance ACS Abstracts, November 1,1994. 
(1) (a) Sinn, H.; Kaminsky, W. Adv. Organomet. Chem. 1980, 18, 

99. (b) Jordan, R. F. Adv. Organomet. Chem. 1991, 32, 325. 
(2) (a) Kawataka, F.; Kayaki, Y.; Shimizu, I.; Yamamoto, A. Orga- 

nometallics 1994,13,3517. (b) Kayaki, Y.; Kawataka, F.; Shimizu, I.; 
Yamamoto, A. Chem. Lett., in press. (c) Kawataka, F.; Shimizu, I.; 
Yamamoto, A. Bull. Chem. SOC. Jpn., in press. (d) For other examples, 
see: T6th, I.; Elsevier, C. J. J.  Am. Chem. SOC. 1993,115, 10388 and 
references cited therein. (e) Heck, R. F. Palladium Reagents in Organic 
Synthesis; Academic Press: New York, 1985. (0 Davis, Jr., G. D.; 
Hallberg, A. Chem. Rev. 1989,89,1433. (g) Karabelas, K.; Westerlund, 
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[RuH(L)(PMe3)4lPF6 in their reactivities toward alkynes 
and olefins. Particularly we focused our attention on 
the reactions of alkynes with the ruthenium complexes 
because of the importance of the catalytic processes to  
convert acetylenes into their dimers and  polymer^^-^ as 
well as of metal-containing polymers with alkynyl-metal 
backbones.6-s 

Results 
Synthesis of Cationic Hydridoruthenium(I1) 

Complexes from cis-RuHdPMedr. The parent PMe3- 
(3) (a) Field, L. D.; George, A. V.; Hambley, T. W.; Malouf, E. Y.; 

Young, D. J. J .  Chem. Soc., Chem. Commun. 1990, 931. (b) Field, L. 
D.; George, A. V.; Malouf, E. Y.; Slip, I. H. M.; Hambley, T. W. 
Organometallics 1991,10,3842. (c) Field, L. D.; George, A. V.; Purches, 
G. R.; Slip, I. H. M. Organometallics 1992, 21, 3019. (d) Espuelas, J.; 
Esteruelas, M. A.; Lahoz, F. J.; Om, L. A,; Valero, C. Organometallics, 
1993,12, 663. (e) Espuelas, J.; Esteruelas, M. A.; Lahoz, F. J.; L6pez, 
A. M.; Oro, L. A.; Valero, C. J. Organomet. Chem. 1994,468, 223. (0 
Santos, A,; Mpez, J.; Matas, L.; Ros, J.; Galhn, A.; Echavarren, A. M. 
Organometallics 1993, 12, 4215. (g) Hughes, D. L.; Tenorio, M. J.; 
Leigh, G. J.; Rowley, A. T. J.  Chem. SOC., Dalton Trans. 1993, 3151. 
(h) Tenorio, M. J.; Puerta, M. C.; Valerga, P. J.  Chem. SOC., Chem. 
Commun. 1993,1750. (i) Werner, H.; Gotzig, J. Organometallics 1983, 
2,547. (k) Werner, H.; Meyer, U.; Esteruelas, M. A.; Sola, E.; Oro, L. 
A. J. Organomet. Chem. 1989, 366, 187. (1) Kim, Y-J.; Osakada, K.; 
Yamamoto, A. J .  Organomet. Chem. 1993,452,247. 

(4) (a) Dobson, A,; Moore, D. S.; Robinson, S. D.; Hursthouse, M. 
B.; New, L. Polyhedron 1986,4, 1119. (b) Dahlenburg, L.; Frosin, K.- 
M.; Kerstan, S.; Werner, D. J. Organomet. Chem. 1991, 407, 115. (c) 
Echavarren, A. M.; L6pez, J.; Santos, A.; Montoya, J. J.  Organomet. 
Chem. 1991,414, 393. (d) Bianchini, C.; Peruzzini, M.; Zanobini, F.; 
Frediani, P.; Albinati, A. J.  Am. Chem. SOC. 1991, 113, 5453. (e) 
Barbaro, P.; Bianchini, C.; Peruzzini, M.; Polo, A.; Zanobini, F.; 
Frediani, P. Inorg. Chim. Acta 1994,240,5. (0 Kovalev, I. P.; Yevdakov, 
K. V.; Strelenko, Yu. A.; Vinogradov, M. G.; Nikishin, G. I. J .  
Organomet. Chem. 1990, 386, 139. (g) Ohshita, J.; Furumori, IC; 
Matsuguchi, A.; Ishikawa, M. J .  Org. Chem. 1990,55,3277. (h) Trost, 
B. M.; Chan, C.; Ruhter, G. J.  Am. Chem. SOC. 1987, 109, 3486. (i) 
Wakatsuki, Y.; Yamazaki, H.; Kumegawa, N.; Satoh, T.; Satoh, J .  Y. 
J .  Am. Chem. Soc. 1991, 113, 9604. (k) Schiifer, M.; Mahr, N.; Wolf, 
J.; Werner, H. Angew. Chem. Int. Ed. Engl. 1993,32, 1315. 
(5) (a) Albertin, G.; Antoniutti, S.; Del Ministro, E.; Bordignon, E. 

J. Chem. Soc., Dalton Trans. 1992,3203. (b) Albertin, G.; Amendola, 
P.; Antoniutti, 5.; Ianelli, S.; Pelizzi, G.; Bordignon, E. Organometallics 
1991, 10, 2876. (c) Bianchini, C.; Meli, A.; Peruzzini, M.; Vizza, F.; 
Zanobini, F. Organometallics 1989, 8, 2080. (d) Bianchini, C.; Meli, 
A.; Peruzzini, M.; Frediani, P.; Bohanna, C.; Esteruelas, M. A.; Oro, 
L. A. Organometallics 1992, 11, 138. 
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Hydrido(tertiary phosphine)ruthenium(II) Complexes 

coordinated neutral complex cis-RuHz(PMe3)4 (1) can be 
prepared in several ways,g among which the route using 
tran~-RuC12(PMe3)4~~ treated with sodium tetrahydrobo- 
rate seems to be the most convenient.ll Several ruthe- 
nium hydrido andor dihydrogen complexes containing 
phosphine ligands have been repor- 
ted,4p5J2-15 but cationic hydrido complexes derived from 
cis-RuHz(PMe& (1) are almost unknown13J4 and are 
therefore described in the following. 

When a suspension of cis-RuH2(PMe3)4 (1) and NH4- 
PFs (or NH4BPh4) in Et20 is stirred a t  room tempera- 
ture for 90 min under N H 3  atmosphere, cis- [RuH(NH3)- 
(PMe3141X (X = PFs (2a), BPh4 (2b)) are obtained in 
almost quantitative yields. 

Compound 2a is a colorless air-sensitive solid, which 
is readily soluble in polar organic solvents such as 
acetone, MeOH and THF. In solution, however, slow 
decomposition and formation of [RuH(PMe3)51PFs l3 can 
be observed. 

The characterization of 2a was accomplished by 
elemental analysis and by means of lH, 31P and 13C 
NMR spectroscopy. In the IR spectrum of 2a (KBr), 
there are two absorptions at 3408 (NH stretch mode) 
and 1628 cm-l (NH deformation mode), and one inten- 
sive absorption at 1848 cm-l, due to the Ru-H bond. The 
lH NMR spectrum shows a high-field signal (Ru-H) a t  
-9.33 ppm as a doublet of triplets of doublets with P-H 
coupling constants of 91.5, 30.3 and 21.0 Hz. Further- 
more the IH NMR spectrum has a singlet a t  2.82 ppm 
(for NH3). For the PMe3 ligands a triplet at 1.51 ppm 
(J  = 2.9 Hz, virtual coupling) and two doublets at 1.44 
(J  = 7.8 Hz) and at 1.42 ppm ( J  = 5.9 Hz) can be 
observed. The 31P NMR spectrum consists of three well- 
resolved multiplets (A2BC pattern: 6A = -4.10, 6B = 
15.20, 6C = -14.33; JAB = 36.7, JAG = 22.7, JBC = 24.2 
Hz), typical for a cis-RuL’L”(PMe& complex.14J5 In the 
13C NMR no other signals than the PMe3 ligands could 

(6) Fyfe, H. B.; Mlekuz, M.; Zargarian, D.; Taylor, N. J.; Marder, T. 
B. J. Chem. SOC., Chem. Commun. 1991, 188, and references therein. 

(7) Takahashi, S.; Takai, Y.; Morimoto, H.; Sonogashira, K. J.  Chem. 
Soc., Chem. Commun. 1984, 3, and references therein. 

(8) (a) Pirio, N.; Touchard, D.; Dixneuf, P. H.; Fettouhi, M.; Ouahab, 
L. Angew. Chem. Int. Ed. Engl. 1992,31,651. (b) Khan, M. S.; W a r ,  
A. K.; Ingham, S. L.; Raithby, P. R.; Lewis, J.; Spencer, B.; Wittmann, 
F.; Friend, R. H. J.  Organomet. Chem. 1994,472,247. (c)  Rappert, T.; 
Numberg, 0.; Werner, H. Organometallics 1993, 12, 1359. (d) Short 
review: Chisholm, M. H. Angew. Chem. Znt. Ed. Engl. 1991,30,673. 

(9) See for example: (a) Jones, R. A.; Wilkinson, G.; Colquohoun, 1. 
J.; McFarlane, W.; Galas, A. M. R.; Hursthouse, M. B. J. Chem. Soc., 
Dalton Trans. 1980, 24.80. (b) Hartwig, J. F.; Andersen, R. A.; Bergman, 
R. G. J .  Am. Chem. SOC. 1991,113, 6492. 

(10) (a) Hallmann, P. S.; Stephenson, T. A.; Wilkinson, G. Znorg. 
Synth. 1970, 12, 238. (b) Gotzig, J.; Werner, R.; Werner, H. J.  
Organomet. Chem. 1986,290, 99. 

(11) In an  analogous way cis-RuHz(PPh& could be synthesized: (a) 
Ito, T.; Kitazume, S.; Yamamoto, A.; Ikeda, S. J.  Am. Chem. SOC. 1970, 
92, 3011. (b) Young, R.; Wilkinson, G. Znorg. Synth. 1990,28, 337. 

(12)(a) Ashworth, T. V.; Singleton, E. J.  Chem. Soc., Chem. 
Commun. 1978, 705. (b) Morris, R. H.; Sawyer, J. F.; Shiralian, M.; 
Zubkowski, J. D. J. Am. Chem. SOC. 1985,107, 5581. (c)  Amendola, 
P.; Antoniutti, S.; Albertin, G.; Bordignon, E. Znorg. Chem. 1990,29, 
318. (d) Bianchini, C.; Perez, P. J.; Peruzzini, M.; Zanobini, F.; Vacca, 
A. Znorg. Chem. 1991, 30, 279. (e) Wemer, H.; Kletzin, H. J.  Orga- 
nomet. Chem. 1983,243, C59. 

(13) Werner, H.; Werner, R. J. Organomet. Chem. 1981,209, C60. 
(14) (a) Osakada, K.; Ohshiro, K.; Yamamoto, A. Organometallics 

1991, 10, 404. (b) Burn, M. J.; Bergman, R. G. J.  Organomet. Chem. 
1994, 472, 43. 

(15) See for example: (a) Statler, J. A,; Wilkinson, G.; Thornton- 
Pett, M.; Hursthouse, M. B. J.  Chem. Soc., Dalton Trans. 1984, 1731. 
(b) Wong, W.-K.; Chiu, K. W.; Statler, J. A.; Wilkinson, G.; Motevalli, 
M.; Hursthouse, M. B. Polyhedron 1984, 11, 1255. (c)  Mainz, V. V.; 
Andersen, R. A. Organometallics 1984, 3, 675. (d) Hartwig, J. F.; 
Bergman, R. G.; Andersen, R. A. Organometallics 1991, 10, 3344. 
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be found. The IR and NMR spectroscopic data of 2b 
are similar and are summarized in Tables 1-3. 

When complex 2a is treated with CHsCN and when 
the reaction of cis- RuHz(PMe& (1) with NH4PFs (or 
NH4BPk) is carried out in CH3CN instead of Et20, the 
acetonitrile-coordinated hydridoruthenium complexes 
cis-[RuH(NCCH3)(PMe3)41X (X = PF6 3a, B P k  3b), are 
obtained in almost quantitative yields. 

With hydride-donating reagents, such as NaH, cis- 
[RuH(NH3)(PMe3)4]-PFs (2a) can be converted back into 
the known dihydride complex 1. Treatment of complex 
2a with NaBH4 leads to the formation of RuH(r2-BH4)- 
(PMe313, which reacts with added PMe3 to  give complex 
1. 

NaH 

THF 
30 min, r.t. 

4 1 PF6 

1.5 h, r.t. 

L 

(3a) 

On treatment of cis-RuHz(PMe3)r (1) with 2 equiv of 
NH4PF6 in acetone or CH3CN the dicationic complexes 
c~~-[Ru(NH~)~(PM~~)~I[PF~I~ (4) and cis-[Ru(NCCH3)2- 
(PMe3)4][PF6]2 (5a), respectively, are formed. It should 
be mentioned that also a conversion of complex 4 into 
5a is possible in the presence of CH3CN. Treatment of 
1 with 2 equiv of HBF4 in CH3CN leads to the formation 
of C~~-CRU(NCCH~)~(PM~~)~I[BF~]~ (5b). Related, dicat- 
ionic iron complexes. with organonitriles as ligands 
trans4Fe(NCR)2(depe)2l2+ have been reported.16 

(1) 

L = PMe3 

-Hz, -NH3 i 
(Sa) 

The complexes 4 and 5a,b are colorless air-stable 
solids, which are easily soluble in polar organic solvents 
such as acetone, MeOH and THF. All complexes could 

(16) Bellerby, J. M.; Mays, M. J. J.  Chem. Soc., Dalton Trans. 1976, 

(17) Pregosin, P. S.; Kunz, R. W. 31P and I3C NMR of Transition 
1281. 

Metal Phosphine Complexes; Springer-Verlag: Heidelberg, 1979. 
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Table 1. '€I NMR Spectroscopic Datau 
compound 6, PPm mult" J ,  Hz assignment 

2a,b cis-[RuH(NH3)(PMe3)4]PF6 

2b,b cis-[RuH(NH3)(PMe3)4]BPh4 

3a,b cis-[RuH(NCCH3)(PMe3)4]PFs 

3b,b cis-[RuH(NCCH3)(PMe3)4]BPh4 

9: trans-Ru(C=CPh)~(PMe3)4 

10' tran~-Ru(C=CSiMe3)z(PMe3)4 

11 $ t ran~-Ru(C=CC02Me)z(PMe3)4 

12: cis-RuH(CECPh)(PMe3)4 

13: ci~-Ru(C=CPh)z(PMe3)4 

2.82 
1.51 
1.44 
1.42 

-9.33 
6.14-1.41 
2.80 
1.50 
1.43 
1.40 

-9.36 
2.46 
1.51, 
1.43 
1.42 

-9.32 
6.14-1.33 
2.39 
1.51 
1.42 
1.41 

-9.31 
2.80 
1.69 
1.64 
2.66 
1.73 
1 .64  
2.64 
1.71 
1.63 
1.66 
1.62 
1.59 

-9.16 
1.04-1.26 
2.28 
1.65 
1.51 
1.53 
I. 14-1.29 
1.81 
1.71 
1 .IO 
6.91 -1.10 
1.55 
1.55 
0.00 
3.56 
1.50 
7.25-1.52 
1.51 
1.36 
1.31 

-9.11 
1.32-1.51 
1.62 
1.44 

S 

t 
d 
d 
dtd 
m 
S 

t 
d 
d 
dtd 
S 

t 
d 
d 
dq 
m 
S 

t 
d 
d 
dq 
d 
t 
t 
S 

t 
t 
S 

t 
t 
t 
d 
d 

m 
S 

t 
d 
d 
m 
t 
d 
d 
m 
s br 
s br 

dq 

S 

S 

s br 
m 
t 
d 
d 
dq 
m 
t 
t 

2.9 
7.8 
5.9 

91.5, 30.3, 21.0 

2.6 
1.3 
5.5 

90.9, 30.2,20.9 

2.9 
1.7 
6.2 

89.5,24.6 

3.0 
8.0 
5.9 

8.8 
2.9 
4.0 

3.3 
4.4 

3.3 
4.4 
2.9 
1.1 
6.6 

89524.6  

14.5, 25.3 

2.9 
8.3 
6.8 

3.5 
1.3 
1.7 

2.6 
5.9 
5.9 

86.6, 26.4 

2.9 
3.1 

NH3 
trans-PMe3 
cis-PMe3 
cis-PMe3 
RuH 
BPh4 
NH3 
trans-PMes 
cis-PMe3 
cis-PMe3 
RuH 
CH3CN 
trans-PMe3 
cis-PMe3 
cis-PMe3 
RuH 
BPh4 

trans-PMe3 
cis-PMe3 
cis-PMe3 
RuH 
NH3 
trans-PMes 
cis-PMe3 
CH3CN 
trans-PMe, 
cis-PMe3 

trans-PMe3 
cis-PMe3 
trans-PMe3 
cis-PMe3 
cis-PMe3 
RuH 
Ph 
NH3 
trans-PMe3 
cis-PMe3 
cis-PMe3 
Ph 
trans-PMe3 
cis-PMe3 
cis-PMe3 
Ph 
PMe3 
PMe3 
51me3 
COzMe 
PMe3 
Ph 
trans-PMe3 
cis-PMe3 
cis-PMe3 
RuH 
Ph 
trans-PMe3 
cis-PMe3 

C H F N  

CH3CN 

The multiplicities d and t, when applied to the PMe3 resonances, refer to apparent splitting patterns. Accordingly, the values reported as coupling 
constants for these resonances are the separation between the lines and do not necessarily reflect the true coupling constants. (CD3)zCO. CDzClZ. CDCl3. 

be characterized by elemental analysis and by means 
of lH, 31P and 13C NMR spectroscopy. The lH NMR 
spectra of 4, 5a, and 5b show two triplets a t  1.69 (t, J 
= 2.9 Hz) and a t  1.64 ppm (t, J = 4.0 Hz) for 4, a t  1.73 
(t, J = 3.3 Hz) and at 1.64 ppm (t, J = 4.4 Hz) for 5a, 
and at 1.71 (t, J = 3.3 Hz) and at 1.63 ppm (t, J = 4.4 
Hz) for 5b, respectively, whereas no hydride signal was 
observed. The 31P NMR spectra show an AzBz-spin sys- 
tem: 4: 6A = 6.53, 6B = -7.87 ppm; JAB = 31.6 Hz; 
5a: 6A = 8.55, 6B = -7.35 ppm; JAB = 32.3 Hz; 5b: 
6A = 8.57, 6B = -7.27 ppm; JAB = 31.5 Hz. The 
coupling pattern of the PMe3 ligands is consistent with 
the cis-structure of the complexes.14J5 

In order to learn more about the properties of these 
metallorganic species, the most reactive species, com- 
plex 2a, was treated with CH&N (see eq l), CO (see eq 
3) and PMe3. In all cases the reactions give the 
corresponding substitution produds cis-[RuH(L)(PMe3)4]- 
PF6 (L = CH3CN (3a), CO (61, PMe3 13) in a few minutes. 
The hydridoruthenium compounds 3a and 6 were 
obtained as colorless, moderately air- stable solids, 
which are easily soluble in polar organic solvents, and 
were characterized by IR, NMR and elemental analysis. 

Reactions of the Cationic Hydridoruthenium 
Complexes with Alkynes. Although the NH3 ligand 
in 2a did not undergo the exchange with H2C-CH2 and 
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Table 2. W{W} NMR Spectroscopic Data" 
compound 4 PPm mulr J, Hz assignment 

2a,b c~~-[RuH(NH~)(PM~~)~]PF~ 26.78 
22.73 

3a,b cis-[RuH(NCCHs)(PMe3)4]PFs 

3b,b cis-[RuH(NCCH3)(PMes)4]BPh 

21.77 
2b,b cis-[RuH(NH3)(PMe3)4]BPh 164.49 

136.96 
125.85 
122.09 
26.19 
22.89 
21.94 

125.30 
22.12 
22.95 
21.41 

3.15 
164.53 
136.93 
125.87 
122.12 

5a,b cis-[Ru(NCCH3)z(PMe3)41 [PFsIz 

5b,b cis-[Ru(NCCH3)~(PMe3)41[BF41~ 

6,b cis-[RuH(CO)(PMe3)4]PF6 

7,b cis-[Ru(CSCPh)(NH3)(PMe3)4]PFs 

9: rrans-Ru(CECPh)~(PMe3)4 

128.50 
25.29 
23.16 
21.59 

3.28 
127.83 
20.93 
18.17 
3.62 

127.85 
20.88 
18.10 
3.61 

203.00 
23.56 
22.12 
21.94 

131.54 
130.75 
129.35 
125.74 
109.95 
23.70 
22.50 
19.44 

199.21 
130.86 
129.35 
128.87 
125.74 
110.21 
22.28 
20.07 
19.06 

132.45 
131.62 
130.29 
128.14 
122.86 
108.22 
20.22 

trans-Ru(C~CSiMe3)2(PMe3)4 157.45 
110.22 
19.60 

1.84 
11,' truns-Ru(C=CCOzMe)z(PMe3)4 153.84 

145.93 
101.98 
51.25 
19.56 

4 
td 
dt 
m 

m 
S 

S 

dq 
td 
dt 
dbr 
m 
m 
m 
sbr 
m 

m 

tbr 
dq 
td 
dt 
sbr 
sbr 
m 
t 
sbr 
sbr 
m 
t 
sbr 
dtd 
tdd 
dq 
4 

S 

S 

S 

S 

S 

S 

d 
d 
d 
t 
dtd 
S 

S 

S 

S 

dbr  
ddt 
td 
ddt 
quin 
quin 
quin 
S 

S 
quin 
s br 
quin 
quin 
s br 
tbr  
quin 
quin 
quin 

quin 
S 

30.1,3.4 
18.5, 1.0 
13.9, 3.4 

29.7, 3.9 
13.8, 3.4 
18.2,2.2 
15.0 

9.0 
30.0, 3.9 
14.3, 3.1 
19.6, 2.2 

15.0 

14.8 

77.0, 14.4, 9.9 
16.3, 3.0, 2.3 
28.3,4.2 
24.1, 2.0 

22.1 
30.2 
30.2 
14.1 
74.8, 14.9, 5.9 

19.5 
27.0, 3.0, 2.0 
16.5, 1.5 
27.6,4.2, 3.2 
15.7 

1.3 
1.3 

1.2 

16.1 
1.0 

0.5 
1.4 

16.1 
1.8 

3.0 

cis-PMe3 
trans-PMe, 
cis-PMe3 
PBh4 

cis-PMe3 
trans-PMe3 
cis-PMe3 
CH3CN 
PMe3 
PMe3 
PMe3 
CH3CN 
BPh4 

CH3CN 
cis-PMe3 
trans-PMe3 
cis-PMe3 
CH3CN 
CH3CN 
PMe3 
PMe3 
CH3CN 
CH3CN 
PMe3 
PMe3 
CH3CN 
co 
trans-PMe3 
cis-PMe3 
cis-PMe3 
Ph 

Ru-CECd 
cis-PMe3 
cis-PMe3 
trans-PMes 
co 
Ph 

Ru-G+~ 
cis-PMe3 
irans-PMe3 
cis-PMe, 

Ph 
Ru-CEC 

Ru-CEC 
PMe3 
R u - C Y ~  
Ru-C'C 
PMe3 
SiMe3 
C02Me 

Ru-C=C 
C O a e  
PMe3 

Ru-Cry: 

The multiplicities d and t, when applied to the PMe3 resonances, refer to apparent splitting patterns. Accordingly, the values reported as coupling 
constants for these resonances are the separation between the lines and do not necessarily reflect the true coupling constants. (CD3)zCO. CDzClz. Signal 
of Ru-CSC not observed. 

PhCECPh, 2a readily reacted with phenylacetylene in 
acetone at room temperature to give cis-[Ru(CECPh)- 
(NHd(PMe&IPF6 (7 )  with liberation of styrene. 

Complex 7 was obtained as a colorless, air-sensitive 
solid, which is easily soluble in polar organic solvents, 
and was characterized by IR and NMR (lH, 13C, 31P) as 
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Table 3. 31P{1H} NMR Spectroscopic Data 
compound spin system 6, PPm J ,  Hz 

2a," cis-[RuH(NH3)(PMe3)4]PF6 AzBC 6A = -4.10 JAB = 36.7 
6B = 15.20 JAC = 22.7 
6C = -14.33 JBC = 24.2 

2b," cis-[RuH(NH3)(PMe3)4]BP~ AzBC 6A = -3.55 JAB = 36.7 
6B = 15.84 JAC = 22.7 
6C = -13.71 JBC = 23.5 

3a," cis-[RuH(NCCH3)(PMe3)4]PF6 AzBC 6A = -2.55 JAB = 37.4 
6B = 15.20 JAC = 22.7 
6C = -13.62 JBC = 24.9 

3b," cis-[RuH(NCCH3)(PMe3)4]BPb AzBC 6A = -2.26 JAB = 37.4 
6B = 15.46 JAC = 22.8 
6 C =  -13.19 JBC = 24.2 

4 a . O  cis-[Ru(NH3)~(PMe3)4][PF6]~ AzBz 6A = 6.53 JAB = 31.6 
6B = -7.87 

5a," cis-[Ru(NCCH3)z(PMe3)41 [PFslz AzB2 6A = 8.55 JAB = 32.3 
6B = -7.35 

9,b trans-Ru(CWPh)~(PMe3)4 
lob trans-Ru(CWXMe3)z(PMe3)4 
11: tran~-Ru(C=CC02Me)*(PMe3)4 
12," cis-RuH(CECPh)(PMe3)4 

13," cis-Ru(C=CPh)z(PMe3)4 

(CD3)zCO. CDzClz. 

AzBz 

AzBC 

AzBC 

AzBC 

A4 
A4 
A4 
AzBC 

well as by elemental analysis. The IR (KBr) shows a 
strong absorption at 2084 cm-l due to the CN! stretch 
motion, besides absorptions at 3384 (YN-H) and 1620 
cm-l (BN-H).  The lH NMR shows a multiplet at 7.04- 
7.26 ppm due to the phenyl-protons and a singlet at 2.28 
ppm, due to the NH3 ligand. The signals due to  the 
PMe3 ligands appear at 1.65 (t, J = 2.9 Hz), 1.57 (d, J 
= 8.3 Hz) and 1.53 ppm (d, J = 6.8 Hz). These results 
as well as 31P NMR spectrum, showing an AzBC pattern, 
indicate the structure proposed in eq 3. 

co 1 - N H ~  

1 

SA = 8.57 ~ 

6B = -7.27 
6A = -8.97 
6B = -18.96 
6C = -12.85 
6A = -3.81 
6B = 13.87 
6C = -8.45 
6A = -10.21 
6B = -15.26 
6C = -14.62 
-4.53 
-7.78 
-9.93 
6A = -3.56 
6B = -14.61 
6C = -6.08 
6A = -5.90 
6B = -9.56 

JAB = 31.5 

JAB = 22.0 
JAC = 38.8 
JBC = 36.7 
JAB = 35.2 
JAC = 27.1 
JBC = 27.8 
JAB = 24.9 
JAC = 41.1 
JBC = 36.6 

JAB = 24.9 
JAC = 31.5 
JBC = 23.5 
JAB = 30.0 

yield is virtually quantitative. By treating cis-[RuH- 
(NH3)(PMe3)41PF6 (2a) with an excess of phenylacety- 
lene, followed by stirring under a CO atmosphere for 4 
h a t  room temperature, compound 8 was also obtained 
in good yield without isolation of 7. 

Formulation of 8 is supported by the IR spectrum in 
which, besides an absorption at 2104 cm-l assigned to 
v(C=C), another very strong band at 1990 cm-l (v(C0)) 
is observed. The 13C NMR shows the coordinated CO 
at 199.21 ppm (dtd, J = 74.8, 14.9 and 5.9 Hz). 

No CO-insertion was observed. when a solution of 8 
was stirred for 15 h at 60 "C. Even after reaction of 8 
with pressurized CO (50 kg/cm2, 60 "C, 15 h) the 
starting material was recovered almost quantitatively. 

Reactions of the Neutral Dihydridoruthenium 
Complex 1 with Alkynes. In contrast to the ready 
reaction of the cationic hydridoruthenium complex 2a 
with phenylacetylene heating was necessary to initiate 
the reactions of alkynes with the neutral complex 1. 

Reactions of 1 with HCECR (R = Ph, SiMe3, C02Me) 
in acetone at 60 "C gives the bis(alkyny1)ruthenium 
complexes, trans-Ru(C~CPh)2(PMe3)4 (9), trans-Ru- 
(C=CSiMe3)2(PMe3)4 (10) and tran~-Ru(C=CCOzMe)2- 
(PMe& (ll), respectively, in good yields. 

PJ PF6 
L ,c' 

L, I / @  
L'V-NH3 L 

(7) 

(3) 1 -cNoH3 

L.4 #' 
L ' F C O  

PJ PF6 

L L 
L 

+ H C X R  - R - W - R u  p E C - R  (4) 
acetone 

60°C L' 

(1) 
L = PMe3 

The exchange of NH3 in 7 with CO leads to the 
formation of a moderately air- stable complex cis-[Ru- 
(C=CPh)(CO)(PMe3)41PFs (8). The synthesis is best 
achieved by stirring an ether suspension of 7 for several 
hours at room temperature under a CO atmosphere. The 

R = Ph (9). SiMe3 (lo), C02Me (11) 

All the bis(alkyny1)ruthenium complexes were ob- 
tained as colorless solids that are insoluble in acetone 

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

04
8



Hydrido(tertiary phosphine)ruthenium(II. Complexes 

Scheme 1 

L = PMe3 I/ 2HCaCPh 

CHz=CHPh b 

and slightly soluble in dichloromethane. The complexes 
are moderately air-stable. 

Since the IR spectra of 9, 10 and 11 show only one 
C=C stretching frequency at 2052 (91, 1988 (lo), and 
2005 cm-' (111, respectively, we assume that the two 
alkynyl ligands are symmetrically coordinated. The 
NMR data (lH, 13C, 31P NMR) are also consistent with 
the trans structure as shown in eq 4, in which the four 
phosphorus atoms are magnetically equivalent. The lH 
NMR show broad singlets at 1.55 (9),1.55 (10) and 1.50 
ppm (ll), due to the PMe3 ligands. In the 31P NMR only 
one resonance at -4.53 (91, -7.78 (10) and -9.93 ppm 
(111, respectively, can be observed. The 13C NMR 
spectra show broad singlets a t  20.22 (9), 19.60 (10) and 
19.56 ppm (ll), due to the PMe3 ligands. The Ca 
resonance in the Ru-CaECp-unit is observed a t  132.45 
(91, 157.45 (10) and 145.93 ppm (111, respectively, and 
Cp at 108.22 (9), 110.22 (10) and 101.98 ppm (ll), which 
are split into quintets due to the P-C coupling. 

In the reaction of the neutral complex 1 with phenyl- 
acetylene no apparent inhibition was observed by ad- 
dition of extra PMe3. Tolane did not react with 1 in 
acetone on heating at 60 "C for 15 h. These results 
suggest that the direct attack of the acidic phenylacety- 
lene on the hydride complex 1 may be ~ p e r a t i v e . ~ ~ ? ~  

The 'H and 31P{1H} NMR spectroscopic study of the 
reaction between 1 and phenylacetylene revealed in- 
volvement of intermediate species in the process con- 
verting 1 into 9. When cis-RuHz(PMe& (1) was treated 
with phenylacetylene (ca. 2 equiv) at room temperature, 
the formation of the alkynyl(hydrid0)ruthenium complex 
cis-RuH(C=CPh)(PMe3)4 (12) and styrene can be ob- 
served after 10 min. Although 12 has not been isolated, 
the NMR spectra strongly support the structure sug- 
gested in Scheme 1. The presence of a hydride ligand 
is substantiated in the lH NMR spectra by a signal at 
-9.71 ppm (dq, J = 86.6 and 26.4 Hz). The triplet at 
1.51 ( J  = 2.6 Hz) and the doublets at 1.36 (J  = 5.9 Hz) 
and 1.31 ppm ( J  = 5.9 Hz) belong to the protons of the 
phosphine ligands. In the 31P NMR spectrum an A2BC 
spin system (6A = -3.56, 6B = -14.61, 6C = -6.08 
ppm; JAB = 24.9, JAG = 31.5, JBC = 23.5 Hz) can be 
observed. All these data are in agreement with the 
proposed structure cis-RuH(C=CPh)(PMes)a (12).15J7 
Complex 12 further reacts slowly with the alkyne to give 
cis-Ru(C~CPh)z(PMe3)4 (13) and styrene. At room 
temperature the reaction is completed after 24 h. The 
lH NMR spectrum of 13 shows two triplets at 1.62 (t, J 
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= 2.9 Hz, PMe3) and 1.44 ppm (t, J = 3.7 Hz, PMed, 
respectively. The 31P NMR shows an AaBz-spin sys- 
tem: 6A = -5.90,dB = -9.56 ppm; JAB = 30.0 Hz. The 
coupling pattern of the PMe3 ligands is consistent with 
the cis-structure of the c o m p l e ~ . ~ ~ ? ~ ~  When a solution 
of 13 in acetone-ds was kept a t  60 "C for 2 h, complex 
13 was finally converted quantitatively into the trans- 
isomer truns-Ru(C~CPh)2(PMe3)4 (9). No further reac- 
tion of 9 with phenylacetylene (acetone-d6, 60 "C, 2 d) 
could be observed. 

In an exactly analogous sequence, cis-RuHz(PMes)r 
(1) reacts with HCWSiMe3 and HC=CC02Me to give 
the corresponding bisalkynyl complexes 10 and 11 as 
confirmed by lH and 31P NMR. In both cases the 
corresponding alkenes were detected (see also experi- 
mental part). 

Acidolysis of trun~-Ru(C=CPh)z(PMe3)4 (9) with an 
excess of trifluoro acetic acid in THF liberates (2)-1,4- 
diphenylbuten-3-yne. 

Catalytic Dimerization of Phenylacetylene to 
(Z)-1,4-Diphenylbuten-3-yne by 2a and 7. When cis- 
[RuH(NH3)(PMe&]PF6 (2a) was treated a t  room tem- 
perature with an excess of phenylacetylene we observed 
catalytic production of (2)-1,4-diphenylbuten-3-ye [sub- 
strate to catalyst ratio 50; 0.5 mL of acetone, 5 h, 10% 
conversion]. At 60 "C the catalytic activity is signifi- 
cantly increased (90% conversion, 2 isomer 90%, E 
isomer 10%; turnover number 40). Similar conversion 
(90%) and selectivity (82% in the 2 isomer) are found 
for the catalytic dimerization of HCECPh to  1,4-diphen- 
ylbuten-3-yne by using 7 as catalyst. 

When complex 2a was treated at 60 "C with an excess 
of HCWSiMe3, the formation of Me3SiCH=CH2 and 
(Z)-Me3SiC=C-CH=CHSiMe3 could be observed. A 
catalytic dimerization of HC=CSiMe3 was not possible 
under these conditions. The reaction of compound 2a 
with HC=CCOzMe yields neither the alkene nor the 
enyne. 

Discussion 

In line with our previous observation that the reac- 
tivities of organopalladium complexes have been en- 
hanced by creating cationic organopalladium complexes 
from neutral ones, conversion of the neutral hydrido 
ruthenium complex 1 into a cationic cis-monohydridoru- 
thenium complex 2a caused enhancement in the reac- 
tivity toward alkynes. While heating at 60 "C was 
required to have complex 1 react with alkynes to give 
stable and catalytically inactive bis(alkyny1) complexes 
9-11, the reaction of the cationic complex 2a with 
phenylacetylene smoothly proceeds at room temperature 
to give C~S-[RU(CICP~)(NH~)(PM~~)~]PF~ (7). The both 
cationic complexes 2a and 7 proved to be catalytically 
active to convert an excess alkyne into (2)-1,4-diphe- 
nylbuten-3-yne at 60 "C. 

Monitoring the reaction of the hydrido complex 2a 
with phenylacetylene by lH NMR showed the presence 
of two organometallic species in the course of the 
catalysis, suggesting involvement of such complexes in 
the catalytic process. The spectroscopic data of one of 
the two intermediates (B) (see Scheme 2) are in ac- 
cordance with the 0-alkynyl complex 7. The other 
complex, which may correspond to complex E in Scheme 
2, has a ligand with a strong n-acceptor ability as far 
as one can judge from the chemical shift of the equato- 
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Scheme 2 

1 pF6 Ph 1 pF6 L 0c' 
L 0Ph L,I c" 

,Ru' 
L, I Oc%c L r*c, 
.0RU, I //I C-H L 7-Ph L 

HC=fPh 

1 PF6 

2a 

I D 

rial PMe3 ligands at 1.82 (d, J = 8.6 Hz) and 1.78 ppm 
(d, J = 6.9 Hz), respectively. A similar chemical shift 
was observed for C~S-[OS(~~~-P~C~=CHP~)(PM~~)~IPF~.~~ 

A possible reaction pathway of the catalytic dimer- 
ization is outlined in Scheme 2. Starting from the 
hydrido complex 2a, the a-alkenyl complex A may be 
formed. The reaction of A with phenylacetylene to give 
the alkynyl species B is probably very fast, because the 
o-alkenyl complex could not be observed by IH NMR, 
even when 1 equiv of phenylacetylene was used. Com- 
plex B may then react with further alkyne to form the 
alkynyl(a1kyne) complex C. Once the alkynyl complex 
coordinated with alkyne C has rearranged into an 
alkynyl(viny1idene) complex D, the PhC3CHPh ligand 
may be formed via C-C bond formation between the 
a-carbon of vinylidene and the alkynyl ligand. The 
PhC3CHPh ligand in E will then accept hydrogen from 
a newly coordinating alkyne to be freed as (2)-1,4- 
diphenylbuten-3-yne, with regeneration of the original 
alkynyl intermediate B. The mechanism suggested in 
Scheme 2 is in accordance with the observations of other 

In accord with the proposed mechanism, when the 
coordination site in the a- alkynyl complex B is satu- 
rated with CO, the six-coordinated complex cis-[Ru- 
(C~CPh)(CO)(PMe3)~lPFs 8 is formed and no further 
reaction with 1-alkynes occurs. Similarly, when the 
reaction of phenylacetylene with complex 2a and 7, 
respectively, was carried out under an NH3-atmosphere 
no catalytic dimerization could be observed. 

The catalytic activity decreases with time and the 
dimerization process finally stops. When the reaction 
mixture was worked up, the only isolated organometallic 
species was trans-Ru(C~CPh)z(PMe3)4 (9). The yield 
was almost quantitative. The results suggest that 
trans-Ru(C~CPh)2(PMe3)4 (2) is not catalytically active 
and its formation leads to a halt of the catalytic cycle. 
This may happen from the supposed alkynyl(viny1idene) 
species D (see Scheme 3). After isomerization from the 
cis- into the trans-configuration, the deprotonation of 

gToups.4d,e 

(18) Gotzig, J.; Otto, H.; Werner, H. J. Organomet. Chem. 1986,287, 
247. 

Z-PhCsC-CH=CHPh HC&ph 

a L = PMe3. 

F would lead to trans-Ru(C~CPh)a(PMes)4 (9). The 
reverse reaction is possible as shown in Scheme 3. If 9 
is treated with an acid, such as CF&OOH, (2)-1,4- 
diphenylbuten-3-yne is liberated, possibly through a 
route 9 - F - D - E to the enyne. 

We have examined also the reactivity of the PPh3- 
coordinated complexes cis- RuH2(PPh3)4 (14)11 and [RuH- 
(PPh3)4]PF6l9 toward phenylacetylene. In various cata- 
lytic reactions PPhs-coordinated complexes are known 
to serve as more efficient catalyst than PMe3-coordi- 
nated complexes, because the PPh3 ligand is only weakly 
coordinated and is easily exchanged with other sub- 
strates. The neutral complex 14 reacts in acetone at 
room temperature with phenylacetylene to give a com- 
plex product mixture. No identifiable organometallic 
species was produced in the reaction system and enyne 
was not detected. The cationic species [RuH(PPh3)41PFs 
does not react with phenylacetylene at room tempera- 
ture in acetone-de, but rearranges via [RuH(PPh&IPF6 
(RuH: -7.77 td, J = 103.5 and 25.9 Hz), into the 
previously described 18-electron complex [RuH(q6-C&- 
PPh2)(PPh3)21PF6 (RuH: -8.61, td, J = 38.8 and 8.5 
Hz),l9 as confirmed by lH NMR. In a polar solvent such 
as acetonitrile [RuH(PPh&lPFs reacts at room tem- 
perature within a few minutes to give [RuH(NCCH,)2- 
(PPh3131PFs (RuH: -13.68, q, J = 22.0 Hz, acetone-d6). 
No dimerization of phenylacetylene was initiated by 
[RuH(NCCH3)2(PPh3)31PFs (acetone-d6, 4h, 50 "C). 

We have also included olefins in our comparative 
study. Hydrido- and olefin-coordinated complexes of 
transition metals are generally regarded as active 
intermediates in catalytic transformations of olefins.20 
For instance, complex 14 is used as a catalyst in a wide 
range of reactions, such as hydrogenation,21 hydro- 

(19) Sanders, J. R. J .  Chem. SOC., Dalton Trans. 1973, 743. 
(20) See for example: (a) Collman, J. P.; Hegedus, L. S.; Norton, J. 

R.; Finke, R. G. Principles and Applications of Organotransition Metal 
Chemistry; University Science Books: Mill Valley, CA, 1987. (b) 
Parshall, G. W. Homogeneous Catalysis; Wiley: New York, 1980. (c) 
Quirk, R. P. Transition Metal Catalyzed Polymerization: Ziegler-Natta 
and Metathesis Polymerization; Cambridge Press: Cambridge, 1988. 
(d) Yamamoto, A. Organotransition Metal Chemistry; Wiley: New York, 
1986. 
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Scheme 3 

B D 

tl 
E 

1 + H +  

rruns-[Ru(C=CPh)(C=CHPh)4]+ Z-PhCH=CH-MPh 

F 

a L = PMe3. 

formylation,22 and C-C-~oupling.~~ The complex 14 also 
initiates the vinyl polymerizationH or forms ncomplexes 
with a wide range of vinyl compounds.25 

The PMe3-coordinated complex 1 initiated the polym- 
erization of acrylonitrile, methacrylonitrile and meth- 
ylvinylketone, whereas with methyl acrylate, methyl 
methacrylate and styrene no reaction could be observed. 
In an independent experiment, however, it could be 
shown, that free PMe3 itself initiates a quite rapid 
polymerization of acrylonitrile, methacrylonitrile and 
methylvinylketone. Because of the inherent possibility 
that the polymerization of the monomers was caused 
by the free PMe3 released from 1, further study of the 
reactions of 1 with the olefins was abandoned. 

The cationic complexes cis-[RuH(NH3)(PMe3)4lPFs 
(2a) and cis-[RuH(NCCH3)(PMe&lPFs (3a) do not ini- 
tiate the polymerization of acrylonitrile. 

Experimental Section 
General Considerations. All reactions were carried out 

under argon atmosphere using standard Schlenk techniques. 
~is-RuHz(PPh&,~~ cis-[RuH(PPh3)4]PF6,1e c~k-RuH2(PMe&,~ 
and PMe326 were prepared according to the literature. 

Elemental analysis was carried out by using Yanako MT-3 
(combustion-gas chromatograph system). NMR spectra were 
recorded a t  room temperature on a HITACHI R-90H (IH, 90 
MHz) or a JEOL EX-270 spectrometer (lH, 270 MHz; 13C, 100.5 
MHz; 31P, 109.4 MHz). IH and signals are referred to 
SiMe4 as an  internal standard and 31P NMR signals to 85% 

(21) Mitchell, R. W.; Spencer, A.; Wilkinson, G. J .  Chem. Soc., Dalton 
Trans. 1975. 846. 

- I  - - -  _ _ . _ _  

(22) Sanchez-Delgado, R. A.; Bradley, J. S.; Wilkinson, G. J .  Chem. 

(23)  Sato, S.; Matsuda, I.; Shibata, M. J .  Orgummet. Chem. 1989, 
Soc., Dalton Trans. 1976, 399. 

.777 247 -. . , 1 - . . 
(24) (a) Komiya, 5.; Yamamoto, A.; Ikeda, S. Bull. Chem. SOC. Jpn. 

1975,48, 101. 
(25) (a) Komiya, S.; Yamamoto, A.; Ikeda, S. J .  Organomet. Chem. 

1972,42, C65. (b) Komiya, S.; Yamamoto, A. Bull. Chem. Soc. Jpn. 
1976, 49, 2553. (c)  Komiya, S.; Yamamoto, A. J. Mol. Cut. 1979, 5, 
279. (d) Sustmann, R.; Patzke, B.; Boese, R. J. Orgummet. Chem. 1994, 
470, 191. 
(26) (a) Wolfsberger, W.; Schmidbaur, H. Synth. Inorg. Met. Org. 

Chem. 1974, 4, 149. (b) Luetkens, Jr., M. L.; Stattelberger, A. P.; 
Murray, H. H.; Basil, J. D.; Fackler, Jr., J. P. Inorg. Synth. 1990,28, 
305. 

H3P04 as an external reference. IR spectra were recorded on 
a HITACHI 1-3000 spectrophotometer. 

Preparation of cie-[RuH(NHs)(PMes)4]PF6 (2a). To a 
solution of cis-RuHz(PMe3)r (1) (114 mg, 0.28 mmol) in 2 mL 
of Et20 under a stream of N H 3  was added m P F 6  (46 mg, 
0.28 mmol). The solution was stirred for 90 min at room 
temperature. During this period a colorless solid precipitated, 
which was filtered, washed several times with EhO and dried 
in vacuo. Yield: 148 mg (93%). Anal. Calcd for C12&0F6- 
NP5Ru (568.30): C, 25.36; H, 7.04; N, 2.46. Found: C, 24.98; 
H, 7.27; N, 2.41. IR (KBr): v(NH) 3408, v(RuH) 1848, 6(NH) 
1628 cm-'. 

In an analogous way cis-[RuH(NH3)(PMe3)4]BP~ (2b) could 
be synthesized, starting from 1 (175 mg, 0.43 mmol) and m- 
B P L  (145 mg, 0.43 mmol). Yield 241 mg (75%). IR (KBr): 
v(NH) 3388, v(RuH) 1810,6(NH) 1616 cm-l. 

Reaction of cis-[RuH(NHs)(PMea)r]PF6 (2a) with NaH 
and NaBI&, Respectively. (a) To a solution of 2a (325 mg, 
0.60 mmol) in 20 mL of THF was added NaH (200 mg, 8.32 
mmol). Spontaneously gas was evolved. The solution was 
stirred for 30 min at room temperature. Volatile materials 
were removed under vacuum and the residue was dissolved 
in 20 mL of a benzenehexane(1:l)-mixture. Evaporation of 
the filtered solution yielded crude &-RuH2(PMe3)49 which was 
purified by sublimation (90 "C, torr). Yield: 143 g (58%). 

(b) To a solution of 2a (160 mg, 0.29 mmol) in 10 mL of 
acetone was added NaBH4 (100 mg, 2.63 mmol). Spontane- 
ously gas was evolved. The residue was extracted with 
benzene (10 mL) and the solution was filtered. Evaporation 
of the solution to ca. 2 mL, addition of 10 mL of Et20 and 
cooling (-70 "C) yielded pale yellow crystals. These were 
collected, dried and characterized as R u H ( ~ ~ - B & ) ( P M ~ ~ ) ~ . ~  On 
treatment with 1 equiv of PMe3 in benzene at room tempera- 
ture complex RuH(+B&)(PMe& can be converted into czs- 
RuHz(PMe& 

Preparation of cis-[RuH(NCCHs)(PMes)rlPFs (3a). (a) 
C~S-[R~H(NH~)(PM~~)~]PF~ (2a) (82 mg, 0.15 mmol) was dis- 
solved in 1 mL of CHsCN and stirred for 30 min. Addition of 
10 mL of EhO led to the precipitation of a colorless solid, which 
was filtered, washed several times with Et20 and dried in 
vacuo. Yield: 79 mg (92%). 

(b) To a solution ofcis-RuHz(PMe3)4 (1) (481 mg, 1.18 mmol) 
in 2 mL of CH3CN was added NH4PF6 (182 mg, 1.12 mmol). 
Spontaneous gas evolution occurred. The solution was stirred 
for 30 min at room temperature, then concentrated to ca. 1 
mL in vacuo and treated with 10 mL of EtzO. A colorless solid 
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precipitated, which was filtered, washed several times with 
Et20 and dried in vacuo. Yield 610 mg (92%). Anal. Calcd 
for C ~ ~ H ~ O F S N P ~ R U  (592.30): C, 28.39; H, 6.81; N, 2.36. 
Found: C, 28.01,6.99, N, 2.33. IR (KBr): v(CN) 2284, v(RuH) 
1838 cm-I. 

In an analogous way cis-[RuH(NCCH3)(PMe3)4lBP~ (3b) 
could be synthesized, starting from 1 (96 mg, 0.24 mmol) and 
NH4BPL (79 mg, 0.24 mmol). Yield 123 mg (67%). IR (KBr): 
v(CN) 2284, v(RuH) 1814 cm-l. 

Preparation of cis-[Ru(MIs)a(PMes)41[PFel2 (4). To a 
solution of cis-RuHz(PMe3)r (1) (120 mg, 0.29 mmol) in 3 mL 
of acetone was added NH4PF6 (96 mg, 0.60 mmol). Gas was 
evolved spontaneously. The solution was stirred for 15 min 
at room temperature, then concentrated to ca. 1 mL in vacuo 
and treated with 10 mL of EhO. A colorless solid precipitated, 
which was filtered, washed several times with Et20 and dried 
in vacuo. Yield 142 mg (67%). Anal. Calcd for C&@IZN&- 
Ru (729.53): C, 19.76; H, 5.80; N, 3.84. Found: C, 20.16, H, 
6.19, N, 3.35. IR (KBr): v(NH) 3372, 6(NH) 1624 cm-'. 

Preparation of cis-[Ru(NCCHs)a(PMes)4I[PFela Gal. (a) 
cis-[Ru(NH3)2(PMe3)4][PF6]2 (4) (95 mg, 0.13 mmol) was dis- 
solved in 1 mL of CH3CN and stirred for 30 min. Addition of 
10 mL of Et20 led to the precipitation of a colorless solid, which 
was filtered, washed several times with Et20 and dried in 
vacuo. Yield: 81 mg (94%). 

(b) To a solution ofcis-RuHz(PMe3)4 (1) (117 mg, 0.298 mmol) 
in 3 mL of CH3CN was added NH4PF6 (94 mg, 0.58 mmol) to 
cause spontaneous release of a gas. The solution was stirred 
for 15 min at room temperature, then concentrated to ca. 1 
mL in vacuo and treated with 10 mL of EtzO. A colorless solid 
precipitated, which was filtered, washed several times with 
Et20 and dried in vacuo. Yield 140 mg (62%). Anal. Calcd 
for C I ~ H ~ ~ F ~ ~ N ~ P ~ R U  (777.40): c ,  24.72; H, 5.44; N, 3.60. 
Found: C, 25.07, 5.41, N, 4.09. IR (KBr): v(CN) 2288 cm-'. 

In an analogous way c~s-[Ru(NCCH~)Z(PM~~)~I[BF~IZ (5b) 
could be synthesized, starting from 1 (230 mg, 0.56 mmol) and 
HBF4.OEt2 (150 pL, 1.20 mmol). Yield 211 mg (57%). Anal. 
Calcd for C ~ ~ H ~ ~ B ~ F S N ~ P ~ R U  (661.20): C, 29.06; H, 6.40; N, 
4.23. Found: C, 29.04, 6.31, N, 4.53. IR (Kl3r): v(CN) 2288 
cm-'. 

Preparation of c~~-[RUH(CO)(PM~S)~IPFS (6). cis-[RuH- 
(NHJPMed4IPF6 (2a) (164 mg, 0.29 mmol) was dissolved in 2 
mL of acetone and the solution was stirred under a CO 
atmosphere for 3 h at  room temperature. Addition of 10 mL 
of Et20 led to the precipitation of a colorless solid, which was 
filtered, washed several times with Et20 and dried in vacuo. 
Yield: 158 mg (94%). cis-[RuH(CO)(PMe3)41PFe (6) is also 
formed, if a solution of 3a (70 mg, 0.12 mmol) in 2 mL of 
acetone is stirred under a CO atmosphere for 24 h at room 
temperature. Yield: 63 mg (91%). Anal. Calcd for C13H37F6- 

IR (KBr) v(C0) 1950, v(RuH) 1880 cm-l. 
Preparation of cis-[Ru(C~CPh)(NHs)(PMes)oIPFe (7). 

To a solution of cis-[RuH(NH3)(PMe3)4lPF6 (2a) (235 mg, 0.41 
mmol) in 3 mL of acetone was added HCECPh (91 pL, 0.82 
mmol). The solution was stirred for 3 h at room temperature. 
During this period the solution changed from colorless to pale 
yellow. The solution was concentrated in vacuo, 10 mL of EhO 
was added and then stored overnight at -78 "C. Colorless 
crystals precipitated, which were filtered, washed several 
times with Et20 and dried in vacuo. Yield: 101 mg (37%). 
Anal. Calcd for CZO&F~NP~RU (668.43): C, 35.93; H, 6.63; 
N, 2.09. Found: C, 35.91; H, 6.90; N, 2.02. IR (KBr): v(NH) 
3384, v(CsC) 2084, d(NH) 1620 cm-'. 

Preparation of C~S-[R~(CICP~)(CO)(PM~S)~IPFS (8). 
(a) A solution of czs-[RuH(NH3)(PMe3)4lPFs (2a) (46 mg, 0.08 
mmol) in 2 mL of acetone was treated with P h C d H  (100 pL, 
0.91 mmol) and stirred for 15 min at room temperature. Then 
10 mL of Et20 was added and the mixture was stirred under 
a CO atmosphere for 4 h. During this time a colorless solid 
precipitated, which was filtered, washed several times with 
Et20 and dried in vacuo. Yield: 37 mg (68%). 

OP~RU (579.36): C, 26.95; H, 6.43. Found: C, 26.78; H, 6.67. 

Rappert and  Yamumoto 

(b) A suspension of cis-[Ru(C~CPh)(NH3)(PMe3)4]PF~ (7) (56 
mg, 0.08 mmol) in 10 mL of Et20 was stirred under a CO 
atmosphere for 13 h at room temperature. The colorless solid 
was then filtered, washed several times with Et20 and dried 
in vacuo. Yield: 52 mg (96%). Anal. Calcd for CZ~&FSOP~- 
Ru (679.50): C, 37.11; H, 6.08. Found: C, 37.38; H, 6.43. IR 
(KBr): v(C=C) 2104, v(C0) 1990 cm-'. 

Preparation of trans-Ru(C=CPh)~(PMe& (9). PhCSCH 
(141 pL, 1.28 "01) was added to  a solution of cis-RuH2(PMe3)4 
(1) (130 mg, 0.32 mmol) in 3 mL of acetone. After 2 h of 
stirring at 60 "C, white crystals precipitated from the solution, 
which were filtered off, washed with cold acetone and Et20 
and dried in vacuo. This yielded tralzs-Ru(C~CPh)z(PMe3)4 
(9) (85 mg, 44%) in colorless, air-stable crystals. Anal. Calcd 
for C&46P&u (606.7): C, 55.34; H, 7.63. Found: C, 54.92; 
H, 7.68. IR (KBr): v(CW) 2052 cm-l. 

Preparation of trans-Ru(C=CSiMes)a(PMea)o (10). To 
an acetone (3 mL) solution of cis-RuHz(PMe3)4 (1) (125 mg, 
0.31 mmol) was added HC=CSiMe3 (200 pL, 1.43 "01). After 
reaction for 30 min at 60 "C colorless, moderately air-stable 
crystals precipitated, which were filtered off, washed with EhO 
and dried in vacuo. Yield: 115 mg (65%). Anal. Calcd for 
C22H54Si2Pau (599.80): C, 44.05; H, 9.07. Found: C, 44.61; 
H, 9.07. IR (KBr): v(C=C) 1988 cm-l. 

Preparation of tralur-Ru(CaCCOzMe)a(PMea)4 (11). To 
an acetone (2 mL) solution of cis-RuHz(PMe3)4 (1) (63 mg, 0.15 
mmol) was added HC=;CC02Me (100 pL, 1.19 mmol). After 
stirring for 15 h at  60 "C the reaction mixture was cooled to 
room temperature to give colorless crystals, which were filtered 
off, washed with Et20 and dried in vacuo. Yield 19 mg (21%). 
Anal. Calcd for C20H4004P&u (571.51): C, 42.03; H, 7.05. 
Found: C, 41.85; H, 7.22. IR (KBr); v(CsC) 2005, v(C=O) 
1723, v(C-0-C) 1210 cm-l. 

NMR Study of the Reaction 8f cis-RuH2(PMes)4 (1) 
with Phenylacetylene. (a) An NMR tube containing cis- 
RuHz(PMed4 (1) (20 mg, 0.05 mmol).and acetone-de (0.5 mL) 
was capped with a rubber septum unger argon. Phenylacety- 
lene (10 pL, 0.09 mmol) was introduced with a syringe. The 
lH NMR spectrum after the reaction at room temperature for 
10 min shows styrene and a new hydridoruthenium complex 
cis-RuH(C~CPh)(PMe3)4 (12) besides the signals for the start- 
ing material. The same result was obtained at -60 "C, 
whereas the formation of an alkenyl species was not observed. 
f i r  the NMR measurement additional phenylacetylene (20 
pL, 0.18 mmol) was introduced with a syringe. The lH NMR 
spectrum observed after 1 and 3 h, respectively, showed the 
decrease in the peak area of 12 and an increase of styrene. 
The signals of 12 disappeared completely after reaction at room 
temperature for 24 h to  give a new set of signals [cis-Ru- 
(C=CPh),(PMe3)4 (13)l. When the NMR tube was heated at  
60 "C for 2 h, complex 13 was transformed quantitatively into 
trans-Ru(C~CPh)~(PMe3)4 (9). No further reaction of 9 with 
phenylacetylene was observed over a period of 2 d at  60 "C. 

(b) The reaction of cis-RuHz(PMe3)4 (1) with phenylacetylene 
was also examined in the presence of PMe3. A mixture of 1 
(20 mg, 0.05 mmol), phenylacetylene (30 pL, 0.27 mmol) and 
PMe3 (100 pL, 0.97 mmol) in acetone-d6 (0.5 mL) was sealed 
in an NMR-tube. After 2 h at 60 "C, complex 1 was trans- 
formed quantitatively into trans-Ru(C=CPh)z(PMe3)4 (9). 

NMR Study of the Reaction of cir-RuHz(PMe& (1) 
with HC=CSiMes and HC=CCOMe, Respectively. (a) An 
NMR tube containing cis-RuH~(PMe3)~ (1) (20 mg, 0.05 mmol) 
and acetone-de (0.5 mL) was capped with a rubber septum 
under argon. Trimethylsilylacetylene (7 pL, 0.10 mmol) was 
introduced with a syringe. The lH NMR spectra observed aRer 
reaction at room temperature for 10 min and 40 min, respec- 
tively, show only the signals for the starting material. The 
mixture was then heated for 30 min at 60 "C. Besides the 
signals arising from the starting material and Me3SiCH=CH2, 
a new hydride species (Ru-H: -9.63 dq, J = 84.7 and 26.0 
Hz) could be observed. In the 31P NMR spectra we observed 
four organometallic species: the starting complex 1, a L&uXY- 
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Hydrido(tertiary phosphine)ruthenium(II) Complexes 

species, which may correspond to  ~is-RuH(C=cSiMe,)(PMea)~ 
(AzBC-spin-system: 6A = -3.72, 6B = -15.35, 6C = -5.62 
ppm; JAB = 24.2, JAC = 31.0, JBC = 25.6 Hz), a L.JtuXz-species, 
which may correspond to cis-Ru(C=CSiMe3)2(PMe3)4 (A2B2- 
spin-system: 6A = -10.44,dB = -14.15 ppm; JAB = 30.0 Hz) 
and a singlet at -7.76 ppm for complex 10. After the NMR 
measurement additional trimethylsilylacetylene (15 pL, 0.20 
mmol) was introduced via syringe. The 31P NMR spectrum 
after reaction at 60 "C for 2 h shows only the AzBz-spin-system 
and the signal arising from compound 10. After 24 h at 60 "C 
the mixture was transformed quantitatively into trans-Ru- 
(C=CSiMe,)z(PMe& (10). 

(b) "he reaction of cis-RuHz(PMe& (1) with 5 equiv of 
HCECCOzMe a t  room temperature after 10 min leads to a 
complex mixture. In the 31P NMR spectra we observe four 
organometallic species: the starting complex 1, a L4RuXY- 
species, which may correspond to cis- RuH(CECC0,Me)- 
(PMe3)4 (AzBC-spin-system: 6A = -5.95, 6B = -16.87, 6C = 
-10.32 ppm; JAB = 24.1, JAC = 32.1, JBC = 26.1 Hz), a L4RuXz- 
species, which may correspond to cis-Ru(C~CCO~e)z(PMe3)4 
(AzBz-spin-system: 6A = -10.85, 6B = -14.31 ppm; JAB = 
30.3 Hz) and a singlet at -9.87 ppm for complex 11. After 15 
h at 60 "C the mixture was transformed quantitatively into 
trulzs-Ru(C=CCO,Me)z(PMe3)4 (11). 

Acidolysis of trans-Ru(C=CPh)z(PMes)4 (9). A solution 
of trans- Ru(C=CPh)z(PMe& (9) (40 mg, 0.07 mmol) in 0.5 mL 
of acetone was treated with CF3COOH (12 pL, 0.16 mmol) and 
the solution was heated for 3 h at 60 "C. During this time a 
color change from colorless via pink to orangelyellow occurred 
and 2-PhCH=CHC=CPh [2b,cl was detected by 'H NMR 
spectroscopy. 

Catalytic Dimerization of Phenylacetylene by cis- 
[RuH(N&)(PMes)4lPF~ (2a) and cis-[Ru(CECPh)(NH,)- 
(PMesWPF6 (7), Respedtively. (a) A mixture of 2a (60 mg, 
0.09 mmol) and phenylacetylene (1 mL, 9.11 mmol) in 2 mL 
of acetone was heated for 3 h at  60 "C. The mixture was then 
cooled to room temperature and concentrated by evaporation, 
and the residue was chromatographed over silica gel (Et201 
to give (2)-1,4- diphenylbuten-3-yne (85%) and (E)-1,4-diphen- 
ylbuten-3-yne (15%) as an  oil (yield: 385 mg, 38%) [2b,cl. 

(b) A mixture of 2a (19 mg, 0.03 mmol) and phenylacetylene 
(150 pL, 1.37 mmol) in 0.5 mL of acetone-ds was sealed in an 
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NMR-tube. Every hour the mixture was checked with 'H 
NMR. After 5 h ca. 10% of the alkyne was converted into (2)- 
1,4-diphenylbuten-3-yne. The mixture was then heated at 60 
"C for 3 h. After this period a conversion of 90% was reached. 
The product ratio of the 2 isomer to E isomer was 9:l. The 
mixture was then no longer catalytically active. 

(c) A mixture of 7 (20 mg, 0.03 mmol) and phenylacetylene 
(150 pL, 1.37 mmol) in 0.5 mL of acetone-& was sealed in an  
NMR-tube. Every hour the mixture was checked with 'H 
NMR. m e r  5 h ca. 10% of the alkyne was converted into 
2-1,4-diphenylbuten-3-yne. The mixture was then heated at 
60 "C for 3 h. Mer the period a conversion of 90% was reached 
to give 1,4-diphenylbuten-3-yne in an  El2 ratio of 82:18. 

(d) A mixture of 2a (20 mg, 0.03 mmol) and phenylacetylene 
(150 pL, 1.37 mmol) in 0.5 mL of acetone-ds was saturated 
with N H 3  and sealed in an NMR tube. Every hour the mixture 
was checked with lH NMR. After 5 h at room temperature 
and also after the mixture was heated at 60 "C for 3 h no enyne 
could be detected. 

Reaction of C ~ ~ - E U H ( N ~ ~ ) ( P M ~ & ~ P F ~  (2a) with €IC*- 
SiMes and HC=CCO&¶e, Respectively. (a) A mixture of 
2a (20 mg, 0.03 "01) and trimethysilylacetylene (140 pL, 2.00 
mmol) in 0.5 mL of acetone-& was sealed in an NMR-tube. 
After 10 min at room temperature Me3SiCH=CHz was de- 
tected. The formation of the enyne could not be observed at 
room temperature within 3 h, whereas heating at 60 "C for 1 
h gave Me&3iC=C-CH=CHSiMe3. A catalytic dimerization 
of HC=CSiMe3 was not observed after 12 h at 60 "C. 

(b) When 2a was treated with an excess of HC=CCOzMe 
and heated at 60 "C for 3 h neither H2C=CHC02Me nor MeOz- 
CCW-CH=CHC02Me could be detected. 
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