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Abstract: The dihydrogen complex OsCl2(J72-H2)(CO)(PiPr3)2 (1) has been prepared by reaction of the monohydride 
OsHCl(CO)(Pi'Pr3)2 (2) with HCl. Complex 1 reacts with carbon monoxide and ferf-butyl isocyanide to give OsHCl-
(CO)(L)(Pi'Pr3)2 (L = CO (3), fBuNC (4)) and HCl. The reaction of 1 with phenylacetylene affords the carbene 
derivative OsCl2(=CHCH2Ph)(CO)(P!Pr3)2 (5), which can be also obtained by reaction of Os{(E)-CH=CHPh}Cl-
(CO)(P;Pr3)2 (6) with HCl. The molecular structure of 5 has been determined by X-ray crystallography. Crystals 
of 5 are orthorhombic, space group Pbca, with unit cell dimensions a =13.641(2) A, b =15.698(2) A, and c = 
29.059(4) A. The structure was solved and refined using 3185 unique, observed reflections, R = 0.0412 and /?w = 
0.0380. The coordination around the osmium atom can be described as a distorted octahedron with the two 
triisopropylphosphine ligands occupying trans positions. The PI1CH2CH moiety, clearly bonded to the metal through 
an Os-C double bond, is situated in a relative trans position to a chloride ligand. Complex 1 reacts with 2-methyl-
l-buten-3-yne to give OsCl2{=CHCH=C(CH3)2}(CO)(Pj'Pr3)2 (7). The reaction of 2 with 2-methyl-l-buten-3-yne 
leads to Os{(£)-CH=C(H)(CH3)=CH2}Cl(CO)(P*Pr3)2 (8), which gives 7 by reaction with HCl. Complex 1 also 
reacts with 1,7-octadiyne. The reaction produces a mixture of products from which the binuciear ^-bis-carbene 
compound [(PiPr3)2(CO)Cl20s]{=CH(CH2)6CH=}[OsCl2(CO)(P!'Pr3)2] (11) was identified by NMR spectroscopy. 
Complex 11 can be prepared as an analytically pure solid by reaction of [(PiPr3)2(CO)C10s]{CH=CH(CH2)4CH=CH}-
[OsCl(CO)(P('Pr3)2] (12) with HCl. Complex 12 was obtained from the reaction of 2 with 1,7-octadiyne. 

Introduction 

Since the first report by Kubas et al. on the coordination of 
molecular hydrogen to a transition metal,1 numerous dihydrogen 
complexes have been reported. The spectroscopic characteriza­
tion, some theoretical aspects on the nature and stabilization of 
the M(?/2-H2) bond of these compounds, and the roles that they 
can play during some homogeneous catalytic processes have 
been also the subject of intensive studies in recent years.2-3 

Concerning reactivity, by far, the largest number of observed 
reactions involve the loss of molecular hydrogen due to the weak 
binding of the dihydrogen ligand to the metallic fragment. 
According to Jessop and Morris,2d this class of reaction can be 
considered in five ways: simple elimination, substitution, 
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substitution followed by insertion, ligand exchange, and elimi­
nation followed by dimerization. 

The scarce new developments in the reactivity of dihydrogen 
complexes are probably due to the fact that the reported 
compounds, and the ancillary ligands contained by them are 
very similar. This problem is a result of the limited number of 
useful synthetic routes described for their preparation. These 
species have been generally prepared either by coordination of 
molecular hydrogen to an unsaturated metallic fragment or by 
protonation of saturated dihydrido compounds.2 Recently, we 
have observed that coordination of nucleophilic ligands to the 
unsaturated dihydrido complex OsH2Cl2(Pi'Pr3)24 and addition 
of HX molecules to unsaturated monohydrido compounds56 are 
also useful pathways toward the formation of dihydrogen 
complexes. According to this, we have now observed that the 
monohydrido OsHCl(CO)(PrPr3)2 reacts with HCl to afford 
OsCl2(?72-H2)(CO)(P!Pr3)2. 

We are also interested in the study of the reactivity of hydrido-
osmium compounds toward alkynes, and we recently reported 
that the reactions of these complexes with terminal alkynes allow 
the preparation of specific organometallic compounds7 (vinyl,8 

hydrido-carbyne,9 hydrido-vinylidene,7 and hydrido-dihydrogen-

(4) (a) Esteruelas, M. A.; Oro, L. A.; Ruiz, N. Inorg. Chem. 1993, 32, 
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alkynyl6) if the number of hydrido ligands and the electronic 
properties of the starting materials are appropriately selected. 

Continuing with our work in the dihydrogen field,4-6''0 and 
as a part of our research on the reactivity of hydrido-osmium 
complexes toward terminal alkynes, we have now investigated 
the reactivity of the dihydrogen complex OsCl2(»72-H2)(CO)-
(P(Pr3)2 toward phenylacetylene, 2-methyl-l-buten-3-yne, and 
1,7-octadiyne. During this study, we have discovered a new, 
and unexpected, reaction pattern. The reactions of OsCh(^2-
H2)(CO)(PiPr3^ with terminal alkynes lead to carbene deriva­
tives. 

In this paper we report the synthesis and characterization of 
OsCl2(?/2-H2)(CO)(PjPr3)2, together with new carbene, vinyl-
carbene, and binuclear ,w-bis-carbene osmium(II) complexes. 
These compounds are the first examples of carbene derivatives 
obtained by direct reaction between a dihydrogen complex and 
terminal alkynes. The mechanism of this transformation is also 
discussed. 

Results and Discussion 

Synthesis and Characterization of OsCl2(^
2-H2)(CO)-

(PiPr3)2 (1). The dihydrogen complex OSC12(T/2-H2)(CO)-
(J?iPxi)2 (1) was prepared as a cream colored solid in 75% yield, 
by treatment of a toluene solution of the five-coordinate 
monohydrido compound OsHCl(CO)(PiPr3)2 (2) with other 
toluene HCl solution (eq 1). 

(eq1) 
Cl 

/Pr3P 

H 

I 
^rOs 

, ,PiPr3 

--co 
+ HCI ' C l ^ 

C l -

PZPr3 

I , ,H 2 
O8Cc0 

(Pr3P 

The IR spectrum of 1 in Nujol shows a strong v(C=0) 
absorption at 1957 cm-1. The 3,P{'H} NMR spectrum shows 
at 16.9 ppm a singlet, indicating the equivalence of the two 
phosphine ligands and their mutually trans disposition. At room 
temperature the 1H NMR spectrum in benzene-^ (Figure 1) 
shows two doublets of virtual triplets at 1.25 and 1.12 ppm for 
the methyl groups of the triisopropylphosphine ligands. The 
presence of two signals for these protons, which is a result of 
the prochirality of the phosphorous atoms, indicates that the 
two chloride ligands are mutually cis disposed. In the high field 
region, the spectrum contains a broad triplet at —7.46 ppm due 
to the dihydrogen ligand. A variable temperature 300 MHz T\ 
study of the dihydrogen peak shows a slight broadening of this 
signal and gives a ri(min) of 15 ms at 233 K. In agreement 
with the nonclassical structure, this value corresponds to a 
hydrogen-hydrogen distance of 0.88 A (fast spinning) or 1.11 
A (slow spinning).11 The H-D coupling constant, 7(HD), of 

(8) (a) Werner, H.; Esteruelas, M. A.; Otto, H. Organometallics 1986, 
5, 2295. (b) Andriollo, A.; Esteruelas, M. A.; Meyer, U.; Oro, L. A.; 
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1989, / / / , 7431. (c) Esteruelas, M. A.; Lahoz, F. J.; Ldpez, J. A.; Oro, L. 
A.; Schlunken, C; Valero, C; Werner, H. Organometallics 1992, ; / , 2034. 
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Peruzzini, M.; Frediani, P.; Bohanna, C; Esteruelas, M. A.; Oro, L. A. 
Organometallics 1992,11, 138. (c) Bianchini, C; Bohanna, C ; Esteruelas, 
M. A.; Frediani, P.; MeIi, A.; Oro, L. A.; Peruzzini, M. Organometallics 
1992, 11, 3837. (d) Esteruelas, M. A.; Oro, L. A.; Valero, C. Organome­
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J.; Buil., M. L.; Esteruelas, M. A.; L6pez, A. M.; Oro, L. A.; Zeier, B. 
Organometallics 1994, 13, 3746. 
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Figure 1. 1H NMR spectrum of OsCl2(j72-H2)(CO)(PiPr3)2 (1) at 293K 
in benzene-ck-

20.1 Hz in OsCl2(J7
2-HD)(CO)(PiPr3)2 0--d) suggests that the 

longer distance estimated (1.11 A) is the most likely one.21 

Complex l12a which is an air-sensitive solid, is stable up to 
1 month if kept under argon at room temperature. In solution 
it is stable under argon for a matter of days. However, the 
coordinated dihydrogen ligand is highly activated toward 
heterolytic cleavage, as demonstrated by deprotonation with 
NaH and by reaction with carbon monoxide and fert-butyl 
isocyanide (eq 2). By passing a slow stream of carbon 
monoxide through a benzene-^ solution of 1, the dicarbonyl 
complex 3 is formed.12b Similarly, the treatment of a toluene 
solution of 1 with the stoichiometric amount of ferf-butyl 
isocyanide affords complex 4, which was isolated as a white 
solid in 80% yield. 

Ck 
Cl-

P(Pr3 

I ,H2 

° < C O 

P(Pr3 

H - I ,-CO 
C I - ° S - L + HCI (Bq 2) 

/Pr3P 

1 

/Pr3P 

3,4 

L = CO (3), (BuNC (4) 

The most noticeable absorptions of the IR spectrum of 4 in 
Nujol are three bands at 2136, 2007, and 1898 cm-1, assigned 
to the v(C=N), v(Os-H), and V(C=O) vibrations, respectively. 
The presence of the hydrido ligand is also supported by the 1H 
and 31P{'H} NMR spectra, in benzene-^. The 1H NMR 
spectrum shows a triplet at —6.50 ppm with a P-H coupling 
constant of 20,9 Hz, while the 31P(1H) NMR spectrum contains 
a singlet, which under off resonance conditions splits into a 
doublet. 

Elimination of HCl from chloro—dihydrogen complexes is 
an important process in order to rationalize the activation of 
some homogeneous catalysts precursors. Thus, Crabtree has 
proposed that the ruthenium complex RuCb(PPh3)S, a highly 
effective hydrogenation catalyst precursor, could activate mo­
lecular hydrogen heterolytically via the dihydrogen complex 
RuCl2(?72-H2)(PPh3)3.

13 We have found kinetic evidence indi­
cating that during the hydrogenation of benzylideneacetone to 
4-phenylbutan-2-one, in the presence of IrClH2(PiPr3)I, the 

(ll)Bautista, M. T.; Capellani, E. P.; Drouin, S. D.; Morris, R. H. 
Schweitzer, C. T.; Sella, A.; Zubkowski, J. J. Am. Chem. Soc. 1991, 113, 
4876. 

(12) (a) An Os(IV) dihydride tautomer has been previously reported. 
See: Schlunken, C; Wemer, H. J. Organomet. Chem. 1993, 454, 243. (b) 
This complex has been previously reported. See: Esteruelas, M. A.; Werner, 
H. J. Organomet. Chem. 1986, 303, 221. 

(13) Crabtree, R. H. The Organometallic Chemistry of the Transition 
Metals; J. Wiley and Sons: New York, 1988; p 198. 



Reactions of OsCh(ri2-H2)(CO)(PiPr3)2 with Terminal Alkynes 

Figure 2. Molecular representation of OsCl2(=CHCH2Ph)(CO)(P(Pr3)2 
(5) with the atomic numbering scheme. 

dihydrogen complex IrClH2(?72-H2)(PiPr3)2 plays a key role in 
the formation of IrH3(PiPr3)2, which is the active species.,0f 

These processes most probably involve the deprotonation of the 
acidic proton of the dihydrogen ligand by the chloride Bronsted 
base. Since H2 or HCl is not lost when a solution of 1 is 
evacuated, the reaction shown in eq 2 may occur by initial 
dissociation of one of the two chloride anions, followed by the 
coordination of L, and subsequent dihydrogen deprotonation. 

Reaction of OsCl2(7
2-H2)(CO)(PiPr3)2 (1) with Phenyl-

acetylene. Treatment of 1 with phenylacetylene in a 1:1 molar 
ratio, in toluene at room temperature, gives a yellow solution 
from which the compound OsCl2(=CHCH2Ph)(CO)(PiPr3)2 (5, 
eq 3) is separated as a yellow solid in 75% yield. Complex 5 
was fully characterized by elemental analysis, IR, and 1H, 31P-
(1H), and 13C(1H) NMR spectroscopy, and X-ray diffraction. 

P(Pr3 P'P'3 

1 5 

The presence of a carbene ligand in 5 is supported by the 1H 
and 13C(1H) NMR in benzene-4. The 1H NMR spectrum 
contains a triplet at 18.99 ppm and a doublet at 3.49 ppm (/(HH) 
= 6.6 Hz), which were assigned to the Os=CH and - C ^ P h 
protons, respectively. The sp2-carbon atom appears in the 13C-
(1H) NMR spectrum as a triplet at 296.60 ppm with a P-C 
coupling constant of 6.0 Hz. The chemical shifts of the Os=CH 
proton and the sp2-carbon atom show good agreement with those 
previously observed for related compounds.14 The 31P(1H) 
NMR spectrum shows a singlet at 12.2 ppm. 

A view of the molecular geometry of 5 is shown in Figure 2. 
Selected bond distances and angles are listed in Table 1. The 
geometry of the complex can be rationalized as a distorted 
octahedron with the two phosphorus atoms of the triisopropyl-
phosphine ligands occupying the apical positions (P( I)-Os-
P(2) = 168.45(9)°). The equatorial plane is formed by the 

(14) (a) Casey, C. P.; Miles, W. H.; Tukada, H.; O'Connor, J. M. J. Am. 
Chem. Soc. 1982,104, 3761. (b) Casey, C. P.; Miles, W. H. Organometallics 
1984, 3, 808. (c) Binger, P.; Miiller, P.; Benn, R.; Mynott, R. Angew. Chem., 
Int. Ed. Engl. 1989, 28, 610. (d) Nguyen, S. T.; Johnson, L. K.; Grubbs, R. 
H.; Ziller, J. W. J. Am. Chem. Soc. 1992, 114, 3974. (e) Nguyen, S. T.; 
Johnson, L. K.; Grubbs, R. H.; Ziller, J. W. J. Am. Chem. Soc. 1993, 115, 
9858. 
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Table 1. Selected Bond Lengths (A) and Angles (deg) for the 
Complex OsCl2(=CHCH2Ph)(CO)(P!Pr3)2 (5) 

Os-Cl(I) 
Os-P(I) 
Os-C(I) 
C(l)-C(2) 
C(2)-C(3a) 

Cl(l)-0s-Cl(2) 
Cl(I)-Os-P(I) 
Cl(l)-0s-P(2) 
Cl(I)-Os-C(I) 
Cl(l)-0s-C(9) 
Cl(2)-0s-P(l) 
Cl(2)-0s-P(2) 
Cl(2)-0s-C(l) 
Cl(2)-Os-C(9) 
P(l)-0s-P(2) 

2.473(3) 
2.475(3) 
1.887(9) 
1.477(15) 
1.539(16) 

89.03(9) 
88.51(9) 
89.86(9) 
85.8(3) 

175.7(4) 
82.55(9) 
85.99(9) 

174.6(3) 
93.9(3) 

168.45(9) 

Os-Cl(2) 
Os-P(2) 
Os-C(9) 
C(9)-0 
C(2)-C(3b) 

P(I)-Os-C(I) 
P(l)-0s-C(9) 
P(2)-0s-C(l) 
P(2)-Os-C(9) 
C(l)-0s-C(9) 
Os-C(l)-C(2) 
C(l)-C(2)-C(3a) 
C(l)-C(2)-C(3b) 
Os-C(9)-0 

2.495(3) 
2.482(3) 
1.861(12) 
1.059(14) 
1.531(21) 

98.8(3) 
88.8(4) 
92.5(3) 
93.5(3) 
91.4(5) 

136.9(8) 
110(1) 
115(1) 
177.4(9) 

carbene and the carbonyl ligands mutually cis disposed (C(I)-
Os-C(9) = 91.4(5)°) and the two chlorine atoms also in relative 
cis positions (Cl(l)-Os-Cl(2) = 89.03(9)°). 

The most conspicuous features of the structure are firstly the 
Os-C(I) bond length (1.887(9) A), which is consistent with 
an Os-C(I) double-bond formulation and secondly the Os-
C(l)-C(2) bond angle (136.9(8)°), which indicates a sp2 

hybridization for the C(I) carbon atom. Similar values have 
been reported for related osmium—carbene complexes.15 The 
carbene benzyl substituent points to the P(2) atom. The 
averaged torsion angle P(2)-Os-C(2)-C(3) is 30(1)°, indicat­
ing that the phosphine ligands are chemically inequivalent. In 
agreement with this, the singlet observed in the 31P(1H) 
spectrum at 293 K is converted into a broad resonance (w\n = 
195 Hz) at 213 K. It should also be mentioned that the Os-
Cl(I) bond distance (Cl trans to CO) is shorter than the Os-
Cl(2) bond distance (Cl trans to carbene), possibly due to the 
different trans influence of the carbonyl and alkylidene ligands. 
The Os-P(I), Os-P(2), Os-C(9), and C(9)-0 distances are 
clearly in the expected range and deserve no further comments. 

The unusual reactivity of 1 toward phenylacetylene merits 
further considerations. It has been previously mentioned that 
complex 1 reacts with neutral ligands to give six-coordinate 
hydrido-chloro derivatives and HCl (eq 2). So, it is reasonable 
to assume that in the presence of phenylacetylene, 1 eliminates 
HCl to afford initially a six-coordinate hydrido-jr-alkyne 
intermediate, which evolves to the insertion product Os{(£)-
CH=CHPh)Cl(CO)(P/Pr3)2 (6). This vinyl complex has been 
previously prepared by reaction of 2 with phenylacetylene and 
characterized by an X-ray diffraction study.83 Furthermore, it 
should be noted that previous studies on vinyl compounds have 
identified the localization of electron density at the /3-carbon 
atom of the vinyl ligand. The chemical reactivity at this atom 
is thus oriented toward electrophiles.16 In this respect, the 
formation of 5 could be rationalized as the electrophilic attack 
of H+ to the /3-carbon atom of the vinyl ligand of 6, followed 
by the coordination of Cl - to the metallic center. In agreement 
with this, we have observed that complex 6 reacts with the 

(15) (a) Hill, A. F.; Roper, W. R.; Waters, Y. M.; Wright, A. H. J. Am. 
Chem. Soc. 1983, 105, 5939. (b) Bohle, D. S.; Clark, G. R.; Rickard, C. E. 
F.; Roper, W. R.; Shepard, W. E. B.; Wright, L. J. J. Organomet. Chem. 
1988, 358, 411. (c) Clark, G. R.; Hodgson, D. J.; Ng, M. M. P.; Rickard, 
C. E. F.; Roper, W. R.; Wright, L. J. J. Chem. Soc, Chem. Commun. 1988, 
1552. (d) Werner, H.; Weber, B.; Niirnberg, 0.; Wolf, J. Angew. Chem., 
Int. Ed. Engl. 1992, 31, 1025. 

(16) (a) Kremer, K. A. M.; Kuo, G. H.; O'Connor, E. J.; Helquist, P.; 
Kerber, R. C. /. Am. Chem. Soc. 1982,104, 6119. (b) Bodner, G. S.; Smith, 
D. E.; Hatton, W. G.; Heah, P. C; Georgiou, S.; Rheingold, A. L.; Geib, 
S. J.; Hutchinson, J. P.; Gladysz, J. A. J. Am. Chem. Soc. 1987,109, 7688. 
(c) Feng, S. G.; White, P. S.; Templeton, J. L. Organometallics 1993, 12, 
2131. 



7938 J. Am. Chem. Soc, Vol. 117, No. 30, 1995 Esteruelas et al. 

Scheme 1 

iosi; 
H-C-C-Ph 

-HCI 
[o«i; IOsk M 

W 
H'^Ph 

NCH2Ph 

(Os) = OsCI(CO)(P/Pr3)2 

stoichiometric amount of a toluene HCl solution to give the 
dichloro-carbene compound 5 (eq 4). Scheme 1 summarizes 
the sequence of elementary reactions above mentioned, which 
rationalizes the formation of 5. 

Ph 
HV-H 

Cl. I ^PiPr3 

/ P r 3 P - - 0 s ^ C 0 
+ HCI 

P/Pr3 

Cl 1 ^-CO 
C I - 0 ^ H 

N CH2Ph 

(eq«) 

/Pr3P 

5 

Reaction of OsCl2(J72-H2)(CO)(PiPr3)2 (D with 2-Methyl-
l-buten-3-yne. Treatment of 1 with the stoichiometric amount 
of 2-methyl-l-buten-3-yne in toluene at room temperature 
affords, after 1 h, the vinylcarbene complex 7 (eq 5), as an 
orange solid in 50% yield. 

1Pr3P 

PiPr3 CH3 

H2 H-C-C-C=CH2 CL 

CO Cl-

PZPr3 

CO 
H (eqS) 

CH3 

Complex 7 can also be prepared via the reaction sequence 
shown in Scheme 2. The vinylvinyl compound 8 was isolated 
as a dark blue solid in 86% yield, by addition of the stoichio­
metric amount of 2-methyl-l-buten-3-yne to a toluene solution 
of 2. In a similar fashion to the reaction of 6 with HCl to give 
5, the reaction of 8 with the stoichiometric amount of a toluene 
HCl solution affords the vinylcarbene complex 7. By this route, 
7 was isolated in 60% yield. 

In the IR spectrum of 7, the most prominent feature is a strong 
v(C=C) band at 1582 cm-1, which was assigned to the olefinic 
bond of the vinylcarbene ligand. In the 1H NMR spectrum, 
this ligand exhibits resonances at 18.20 (dt, 7(HH) = 13.8 and 
7(HP) = 0.9 Hz), 7.70 (d, /(HH) = 13.8 Hz), and 1.11 and 
0.81 (both s), which were assigned to the Os=CH, -CH=, and 
CH3 protons, respectively. The Os=CH carbon atom appears 
in the 13C{'H} NMR spectrum as a triplet at 265.42 ppm with 
a P-C coupling constant of 6.5 Hz, while the vinylic carbon 
atoms appear as singlets at 152.40 and 147.50 ppm. The 31P-
{'H} NMR spectrum shows a singlet at 12.6 ppm. These 
spectroscopic data agree well with those previously reported 
for the compounds MCM=CHCH=CR1 R2)(CO)(PiPr3)2 (M = 
Ru, Os; R1 = H, Ph; R2 = Ph),17 where the cis disposition of 
the two chloro ligands was determined by an X-ray diffraction 
experiment on a single crystal of OsCl2(=CHCH=CHPh)(CO)-
(P/Pr3)2. The IR spectrum of 8 in Nujol shows two v(C=C) 
bands at 1600 and 1562 cm-1, assigned to the vinylvinyl ligand. 
In the 1H NMR spectrum, this ligand exhibits resonances at 
7.93 (d, /(HH) = 13.1 Hz), 5.87 (dt, /(HH) = 13.1 Hz, and 
/(HP) = 2.1 Hz), 4.63 and 4.34 (both d, /(HH) = 2.4 Hz), and 
1.94 (s) ppm, which are assigned to the OsCH=, =CH—, =CH2, 
and CH3 protons, respectively. The trans stereochemistry at 
the carbon—carbon double bond of the group OsCH=CHR is 
strongly supported by the proton—proton coupling constant of 

(17) (a) Esteruelas, M. A.; Lahoz, F. J.; Ofiate, E.; Oro, L. A.; Zeier, B. 
Organometallics 1994,13, 1662. (b) Esteruelas, M. A.; Lahoz, F. J.; Ofiate, 
E.; Oro, L. A.; Zeier, B. Organometallics 1994, 13, 4258. 

13.1 Hz, which is a typical value for this arrangement.8"-18 The 
organic ligand carbon atoms were assigned by a DEPT NMR 
experiment to four signals at 142.38 (-C(CH3)=), 138.34 
(-CH-), 119.41 (OsCH=), and 105.55 (-CH2). In the 13C-
{'H} NMR spectrum the first three signals appear as triplets 
with P-C coupling constants of 2.3, 3.2, and 7.8 Hz, respec­
tively, whereas the fourth signal appears as a singlet. The 31P-
{'H} NMR spectrum shows a singlet at 22.3 ppm. 

Although it has been previously mentioned that in a vinyl 
ligand the electron density is located at the /3-carbon atom, it is 
also true that the protonation of the complex RuCl{(E)-

CH=CHC=CH(CH2)3CH2}(CO)(P!Pr3)2 occurs at the 6 carbon 
atom of the vinylvinyl ligand, suggesting that in this ligand the 
electron density is located at the <5-carbon atom.17b So, the 
formation of 7 by reaction of 8 with HCl can be rationalized as 
the electrophilic attack of a proton to the <5-carbon atom of the 
vinylvinyl ligand of 8, to afford an unsaturated vinylcarbene 
intermediate, followed by the coordination of a chloride anion. 
In order to prove this, we carried out the protonation of 8 with 
HBF4 and the subsequent treatment of the resulting derivative 
with NaCl. 

Addition of the stoichiometric amount of HBF4OEt2 to a 
diethyl ether solution of 8 gives an ochre solid in 80% yield, 
which according to the elemental analysis, IR, and 1H NMR 
spectroscopy could be formulated as the expected cationic 
derivative [OsCl{=CHCH=C(CH3)2}(CO)(PiPr3)2](BF4) (9). 
The IR spectrum in Nujol shows the bands characteristic of the 
coordinated ligands. Furthermore, it contains the absorption 
due to the [BF4]" anion with Td symmetry, indicating that this 
anion is not coordinated to the metallic center. The presence 
of the vinylcarbene ligand was inferred from the 1H NMR 
spectrum in chloroform-^. The resonances of this ligand appear 
as broad signals at about 16.80 (Os=CH), 7.40 (-CH==), and 
as two singlets at 1.70 and 1.50 (-CH3) ppm. The 3IP{'H} 
NMR is not very informative, as it exhibits a very broad signal 
between 48 and 52 ppm. The full spectroscopic characterization 
of 9 as a cationic species containing a vinylcarbene ligand, was 
carried out on the six-coordinate derivative [OsCl{=CHCH=C-
(CH3)2}(CO)(NCCH3)(PiPr3)2](BF4) (10), which was prepared 
by addition of acetonitrile to a chloroform-^ solution of 9. 

The 1H NMR spectrum of 10 shows the expected resonances 
for the vinylcarbene ligand at 17.17 (d, /(HH) = 13.5 Hz), 7.60 
(d, /(HH) = 13.5 Hz), and 1.73, and 1.46 (both s) ppm. The 
Os=CH- carbon atom appears in the 13C{'H} NMR spectrum 
as a triplet at 261.84 ppm with a P-C coupling constant of 5.3 
Hz, while the vinylic carbon atoms appear as singlets at 159.44 
and 151.85 ppm. The 3,P{'H} NMR spectrum shows a singlet 
at 14.5 ppm. 

As expected, the treatment of 9 with NaCl in methanol affords 
7 in 85% yield. The formation of 9 by protonation of 8 with 
HBF4, and the reaction of 9 with NaCl to give 7 provide very 
strong evidence in favor of the proposal involving two steps 
for the formation of 7, by reaction of 8 with HCl. 

Reaction of OsCl2(«72-H2)(CO)(PiPr3)2 (1) with 1,7-Oc-
tadiyne. Treatment of 1 with 1,7-octadiyne in 2:1 molar ratio 
in toluene yields, after 4 days at room temperature, a mixture 
of products from which the binuclear ,w-bis-carbene complex 
[(PiPr3)2(CO)Cl2Os]{=CH(CH2)6CH=} [OsCl2(CO)(P;Pr3)2] 
(11) (20% yield) was identified by NMR spectroscopy. This 
compound was prepared as an analytically pure yellow solid 
via the reactions sequence shown in Scheme 3. Treatment of 
2 with 1,7-octadiyne in 2:1 molar ratio in toluene affords, after 
6 h at 333 K, the binuclear /i-bis-vinyl complex 12, which was 

(18) Poulton, J. T.; Sigalas, M. P.; Eisenstein, 0.; Caulton, K. G Inorg. 
Chem. 1993, 32, 5490. 
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coupling constant of 7.8 Hz and the /3-vinylic carbon atoms at 
133.59 ppm also as a triplet with a P-C coupling constant of 
3.2 Hz. The 31P{'H} NMR spectrum shows a singlet at 22.3 
ppm. 

The more common transition metal carbene complexes 
possess a carbene fragment bonded to a single transition metal. 
Binuclear /4-bis-carbene complexes are relatively rare. This 
group of compounds consists of homodimetallic derivatives of 
chromium,19 tungsten,19b•fj•k•20 molybdenum,' 9f-k-20b manganese,21 

and iron.22 However none of these compounds possess the 
simple structure M=CH-(CH2)„-CH=M. Thus, 11 represents 
the first complex to contain this unit and the first example of 
binuclear ^-bis-carbene compound of osmium. 

Concluding Remarks. The dihydrogen complex OsCl2(T/2-
H2)(CO)(PiPr3)2 can be prepared by addition of HCl to the 
monohydrido OsHCl(CO)(Pr'Pr3)2. The study of the reactivity 
of OsCl2(v2-H2)(CO)(P(Pr3)2 toward terminal alkynes has 
revealed a new reaction pattern of the dihydrogen complexes. 
The reactions of OsCl2(»72-H2)(CO)(PiPr3)2 with terminal alkynes 
lead to carbene derivatives. The formation of these derivatives 
goes by elimination of HCl to afford initially a six-coordinate 
hydrido-^-alkyne intermediate, which evolves to the insertion 
product. Subsequently, the vinyl complex undergoes the 
electrophilic attack of the HCl proton at the nucleophilic center 
of the unsaturated organic ligand (/? or <5 carbon atom) to give 
a cationic carbene species, followed by the coordination of the 
chloride anion to the metallic center. 

H-C«C-(CH3)4-C-C-H 
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isolated by addition of pentane as a dark blue solid in 83% yield. 
The reaction of 12 with the stoichiometric amount of a toluene 
HCl solution leads to 11, which was obtained in excellent yield 
(80%). 

Complexes 11 and 12 were fully characterized by elemental 
analysis, IR, and 1H, 31P(1H), and 13C{'H} NMR spectroscopy. 
The 1H NMR spectrum of 11 contains a triplet at 18.95 ppm 
with a H-H coupling constant of 5.6 Hz. This resonance was 
assigned to the Os=CH protons. The sp2 carbon atoms of the 
^-bis-carbene ligand appear in the 13C(1H) NMR spectrum as 
a broad signal at 300.07 ppm. The 31P(1H) NMR spectrum 
shows a singlet at 12.4 ppm. The IR spectrum of 12 in Nujol 
contains a v(C=C) band at 1590 cm-1, which was assigned to 
the olefinic bonds of the bis-vinyl ligand of this compound. In 
the 1H NMR spectrum, the most noticeable resonances of the 
bis-vinyl ligand are a doublet at 6.84 ppm with a H-H coupling 
constant of 12.4 Hz, a double triplet at 4.41 ppm with a H-H 
of 12.4 Hz, and a P-H coupling constant of 6.0 Hz. These 
signals were assigned to the protons OsCH=, and =CH—, 
respectively. In the 13C(1H) NMR spectrum both a-vinylic 
carbon atoms appear at 108.08 ppm as a triplet with a P-C 

Experimental Section 

General Considerations. All reactions were carried out with 
rigorous exclusion of air by using Schlenk-tube techniques. Solvents 
were dried by known procedures and distilled under argon prior to use. 
OsHCl(CO)(PzPr3)2 (2),l2b OsDCl(CO)(P!'Pr3)2 (2-d),8b and Os{(£)-
CH-CHPh}Cl(CO)(PiPr3)2 (6)8a were prepared by published methods. 
Unless otherwise stated, the reactions were carried out at room 
temperature. 

Physical Measurements. Infrared spectra were recorded as Nujol 
mulls on polyethylene sheets using a Perkin-Elmer 883 or a Nicolet 
550 spectrometer. NMR spectra were recorded on a Varian UNITY 
300 or on a Bruker 300 AXR. 1H, DEPT, and 13C{ 'H} chemical shifts 
were measured relative to partially deuterated solvent peaks but are 
reported relative to tetramethylsilane. 3IP{'H} chemical shifts are 
reported relative to H3PO4 (85%). Coupling constants 7 and N (N = 
/(HP) + 7(HP') for 1H, and N = 7(CP) + 7(CP') for 13C) are given in 

(19) (a) Fischer, E. 0.; Fontana, S. 7. Organomet. Chem. 1972,40, 367. 
(b) Fischer, E. 0.; Weiss, K.; Kreiter, C. G. Chem. Ber. 1974, 107, 3554. 
(c) Casey, C. P.; Brunsvold, W. R. 7. Organomet. Chem. 197S, 102, 175. 
(d) Weiss, K.; Fischer, E. O Chem. Ber. 1976, 109, 1120. (e) Fischer, E. 
0.; Wittmann, D.; Himmelreich, D.; Neugebauer, D. Angew. Chem., Int. 
Ed. Engl. 1982, 21, 444. (f) Fischer, E. 0.; Roll, W.; Hoa Tran Huy, N.; 
Ackermann, K. Chem. Ber. 1982, 115, 2591. (g) Quy Dao, N.; Fevrier, H.; 
Jonan, M.; Fischer, E. 0.; Roll, W. 7. Organomet. Chem. 1984, 275, 191. 
(h) Hoa Tran Huy, N.; Lefloch, P.; Louis, J. M.; Fetizon, M. J. Organomet. 
Chem. 1986, 311, 79. (i) Aumann, R.; Heinen, H. Chem Ber. 1987, 120, 
537. (J) Hoa Tran Huy, N.; Lefloch, P.; Robert, F.; Jeanin, Y. 7. Organomet. 
Chem. 1987, 327, 211. (k) Anderson, D. M.; Bristow, G. S.; Hitchcock, P. 
B.; Jasim, H. A.; Lappert, M. F.; Skelton, B. W. 7. Chem. Soc, Dalton 
Trans. 1987, 2843. 

(20) (a) Toledano, C. A.; Parlier, A.; Rudler, H.; Daran, J. C; Jeannin, 
Y. 7. Chem. Soc, Chem. Commun. 1984, 576. (b) Erker, G.; Dorf, U.; 
Kriiger, C; Tsay, Y. H. Organometallics 1987, 6, 680. (c) Macomber, D. 
W.; Hung, M. H.; Verma, A. G.; Rogers, R. D. Organometallics 1988, 7, 
2072. 

(21) (a) Herrmann, W. A.; Plank, J.; Ziegler, M. L.; Weidenhammer, K. 
Angew. Chem., Int. Ed. Engl. 1978, 17, 111. (b) Hermann, W. A.; 
Weidenhammer, K.; Ziegler, M. L. Z. Anorg. AlIg. Chem. 1980, 460, 200. 
(c) Hermann, W. A.; Plank, J.; Hubbard, J. L.; Kriechbaum, G. W.; Kalcher, 
W.; Koumbouris, B.; IhI, G.; Schafer, A.; Ziegler, M. L.; Pfisterer, H.; Pahl, 
C; Atwood, J. L.; Rogers, R. D. Z. Naturforsch., B: Anorg. Chem., Org. 
Chem. 1983, 38B, 1392. 

(22) Berry, D. H.; Bercaw, J. E.; Jircitano, A. J.; Mertes, K. B. 7. Am. 
Chem. Soc. 1982, 104, 4712. 
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Hertz. T\ measurements were made at 300 MHz with a standard 180°-
r—90° pulse sequence, and are given in miliseconds. C, H, and N 
analyses were carried out with a Perkin-Elmer 2400 CHNS/O analyzer. 

Preparation of OsCl2(i7
2-H2)(CO)(PiPr3)2 (1). A solution of 2 (130 

mg, 0.23 mmol) in 4 mL of toluene was treated with a toluene HCl 
solution (0.10 M, 3.5 mL, 0.35 mmol). After the yellow mixture was 
stirred for 10 min, the solvent was removed in vacuo. The cream 
residue was washed two times with 2 mL of cold pentane and dried in 
vacuo. The product is a cream colored solid: yield 105 mg (75%); IR 
(Nujol) v(C^O) 1957 (S) cm"1; 1H NMR (300 MHz, C6D6) 6 2.81 
(m; PCH), 1.25 (dvt, N = 14.3, 7(HH) = 7.1; PCCH3), 1.12 (dvt, N = 
13.7, 7(HH) = 6.9; PCCH3), -7.46 (t, 7(HP) = 8.5, Os(H2));

 3IP{'H} 
NMR (121.42 MHz, C6D6) d 16.9 (s); Ti of Os-(^-H2) (300 MHz, 
toluene-dg) 42 (293 K), 30 (273 K), 21 (253 K), 15 (233 K), 16 (213 
K), 27 (193 K). Anal. Calcd for Ci9H44Cl2OOsP2: C, 37.31; H, 7.25. 
Found: C, 37.61; H, 6.90. 

Preparation of OsCl2(jy
2-HD)(CO)(PiPr3)2 (1-d). The procedure 

was analogous to that described for 1; starting materials were 2-rf (200 
mg, 0.35 mmol) and a toluene HCl solution (0.10 M, 3.8 mL, 0.38 
mmol). The product is a cream colored solid: yield 147 mg (67%); 
1H(31P) NMR (300 MHz1C6D6) d -7.46 (t, 7(HD) = 20.1; Os(HD)). 

Reaction of 1 with NaH. A solution of 1 (80 mg, 0.137 mmol) in 
10 mL of THF was treated with NaH (17 mg, 0.28 mmol). After the 
mixture was stirred for 24 h, the solvent was removed in vacuo. The 
residue was dissolved in 10 mL of toluene, and after filtration, the 
solvent was removed in vacuo. The resultant residue was washed with 
2 mL of pentane and dried in vacuo. The product was characterized 
as a 3:1 mixture of 1 and 2 by 1H and 3IP{'H} NMR spectroscopy. 

Reaction of OsCl2(J72-H2XCO)(PiPr3)2 (1) with Carbon Monoxide. 
Formation of OsHCl(CO)2(PiPrJ)2 (3). In a 5 mm NMR tube 
containing a benzene-d6 solution of 1 (0.033 mmol in 0.7 mL) carbon 
monoxide was bubbled for 5 min. The reaction was monitored by 'H 
and 31P{'H} NMR spectroscopy: 1H NMR (300 MHz, C6D6) 6 2.65 
(m; PCH), 1.35 (dvt, Af =14.0,7(HH) = 7.1; PCCH3), -4.70 (t, 7(HP) 
= 20.9, OsH); 31P(1H) NMR (121.42 MHz1C6D6) <3 27.8 (s, d in off 
resonance). 

Reaction of OsCl2(i7
2-H2)(CO)(PiPr3)2 (1) with tert-Butyl Isocya-

nide. Preparation of OsHCl(CNfBu)(CO)(PiPr3)2 (4). A solution 
of 1 (120 mg, 0.19 mmol) in 4 mL of toluene was treated with tert-
butyl isocyanide (24.8 fih, 0.22 mmol). The pale yellow solution was 
stirred for 45 min. The gas evolved during the reaction tainted indicator 
paper red demonstrating the evolution of acid. The mixture was 
concentrated to ca. 0.5 mL, and 3 mL of pentane were added. The 
white precipitate formed was filtered off, washed with 1 mL of pentane, 
and dried in vacuo. The product is a white solid: yield 100 mg (80%); 
IR (Nujol) v(C=N) 2136 (w), v(OsH) 2007 (m), V(C=O) 1898 (s) cm"1; 
1H NMR (300 MHz, C6D6) <5 2.67 (m; PCH), 1.34, 1.32 (both dvt, Af 
= 12.1, 7(HH) = 6.9; PCCH3), 1.09 (s; /BuNC), -6.50 (t, 7(HP) = 
20.9; OsH); 31P{'H} NMR (121.42 MHz1C6D6) 6 28.5 (s, d in off 
resonance). Anal. Calcd for C24H52ClNOOsP2: C, 43.61; H, 7.91; N, 
2.23. Found: C, 43.79; H 7.96; N, 2.12. 

Reaction of OsCl2(i/
2-H2)(CO)(PiPr3)2 (1) with Phenylacetylene. 

Preparation of OsCl2(=CHCH2Ph)(CO)(PiPr3)2 (5). A solution of 
1 (91 mg, 0.15 mmol) in 4 mL of toluene was treated with 
phenylacetylene (20 /̂ L, 0.18 mmol). After the mixture was stirred 
for 1.5 h, the solvent was removed in vacuo. The residue was washed 
twice with 2 mL of cold pentane and dried in vacuo. The product is 
a yellow solid: yield 84 mg (75%); IR (Nujol) V(C=O) 1900 (s) cm-1; 
1H NMR (300 MHz, C6D6) <5 18.99 (t, 7(HH) = 6.6; Os=CH), 7.2-
7.0 (m; Ph), 3.49 (d, 7(HH) = 6.6; CH2Ph), 2.61 (m; PCH), 1.26 (dvt, 
Af = 14.0, 7(HH) = 7.14; PCCH3), 0.99 (dvt, Af = 13.4, 7(HH) = 6.9; 
PCCH3);

 l3C{'H} NMR (75.43 MHz, C6D6) 6 296.60 (t, 7(CP) = 
6.0; Os=C), 180.61 (t, 7(CP) = 8.7; OsCO), 138.73 (s; Cifso?td, 128.81, 
128.20, 127.03 (all s; CPh), 67.58 (s; CH2Ph), 25.21 (vt, Af = 25.3; 
PCH), 20.05, 19.33 (both s; PCCH3);

 31P(1H) NMR (121.42 MHz1C6D6) 
<5 12.2 (s). Anal. Calcd for C27H50CI2OOSP2: C, 45.44; H, 7.02. 
Found: C 44.95; H 6.79. 

Reaction of 6 with HCl. Formation of 5. A solution of 6 (130 
mg, 0.19 mmol) in 3 mL of toluene was treated dropwise with a toluene 
HCl solution (0.08 M; 3.5 mL, 0.28 mmol). The mixture turned, 
immediately, from dark blue to yellow. After stirring for 15 min, it 
was concentrated to ca. 0.5 mL, and 3 mL of pentane was added. The 

resulting solution was stirred for 30 min until a yellow precipitate was 
formed. The solid was filtered off, washed with 2 mL of pentane, and 
dried in vacuo. The product was characterized as S by 1H and 31P-
(1H) NMR: yield 94 mg (70%). 

Reaction of 1 with 2-Methyl-l-buten-3-yne. Preparation of 
OsCl2{=CHCH-C(CH3)2} (CO)(PiPr3)J (7). A solution of 1 (117 
mg, 0.19 mmol) in 7 mL of toluene was treated with 2-methyl-l-buten-
3-yne (19 ^L, 0.23 mmol). After the mixture was stirred for 1 h, it 
was concentrated to ca. 0.5 mL, and 3 mL of methanol was added. 
The resultant solution was kept at -30 0C overnight. The orange 
precipitate formed was filtered off, washed twice witii 1 mL of methanol 
at -30° C, and dried in vacuo. The product is an orange solid: yield 
75 mg (50%); IR (Nujol) V(C=O) 1925 (vs), v(C=C) 1582 (s) cm"1; 
1H NMR (300 MHz, C6D6) 6 18.20 (dt, 7(HH) = 13.8, 7(HP) = 0.9; 
Os=CH), 7.70 (d, 7(HH) = 13.8; -CH=C), 2.88 (m; PCH), 1.42 (dvt, 
Af = 14.2, 7(HH) = 7.1; PCCH3), 1.11 (s; =CCH3), 1.03 (dvt, Af = 
14.2, 7(HH) = 6.5; PCCH3), 0.81 (s, =CCH3);

 13C(1H) NMR (75.43 
MHz, C6D6) 6 265.42 (t, 7(CP) = 6.5; Os=CH), 180.90 (t, 7(CP) = 
9.6; OsCO)1 152.40 (s; =C(CH3)2), 147.50 (s; CH=) [both signals 
assigned by a DEPT NMR experiment], 27.17 (s, =CCH3), 24.28 (vt, 
Af = 24.8; PCH), 21.27 (s, =CCH3), 20.28, 18.94 (both s, PCCH3); 
31P(1H) NMR (121.42 MHz, C6D6) <5 12.6 (s). Anal. Calcd for C24H50-
Cl2OOsP2: C, 42.53; H, 7.44. Found: C, 42.64; H, 8.17. 

Reaction of 2 with 2-Methyl-l-buten-3-yne. Preparation of Os-
{(E)-CH=CHC(CH3)=CH2)Cl(CO)(PiPr3)2 (8). A solution of 2 (114 
mg, 0.20 mmol) in 10 mL of toluene was treated with 2-methyl-l-
buten-3-yne (20 fiL, 0.20 mmol). After the mixture was stirred for 1 
h, the solvent was removed in vacuo. The residue was washed twice 
with 1 mL of cold methanol and dried in vacuo. The product is a dark 
blue solid: yield 122 mg (86%); IR (Nujol) V(C=O) 1892 (vs), 
V(C=C) 1600 (s), 1562 (s) cm"1; 1H NMR (300 MHz, C6D6) 6 7.93 
(d, 7(HH) = 13.1; OsCH=), 5.87 (dt, 7(HH) = 13.1, 7(HP) = 2.1; 
=CH-), 4.63, and 4.34 (both d, 7(HH) = 2.4; H of =CH2), 2.78 (m; 
PCH), 1.94 (s; C(CH3)=), 1.18 (dvt, N= 13.5,7(HH) = 6.2; PCCH3), 
1.17 (dvt, Af = 14.1,7(HH) = 6.3; PCCH3);

 13C(1H) NMR (75.43 MHz, 
C6D6) d 181.89 (t, 7(CP) = 8.3; OsCO), 142.38 (t, 7(CP) = 2.3; 
C(CH3)=), 138.34 (t, 7(CP) = 3.2; =CH-), 119.41 (t, 7(CP) = 7.8; 
OsCH=), 105.55 (s; =CH2) [the fourth signals assigned by a DEPT 
NMR experiment], 24.85 (vt, Af = 23.9; PCH), 20.03 (s; C(CH3)=), 
19.95, 19.52 (both s; PCCH3);

 31P(1H) NMR (121.42 MHz, C6D6) d 
22.3 (s). Anal. Calcd for C24H49ClOOsP2: C, 44.95; H, 7.70. 
Found: C, 44.92; H, 8.50. 

Reaction of 8 with HCl. Formation of 7. The experimental 
procedure was analogous to that described for the reaction of 6 with 
HCl; starting materials were 8 (140 mg, 0.22 mmol) and a toluene 
HCl solution (0.08 M; 3.5 mL, 0.28 mmol). The product was 
characterized as 7 by 1H and 31P(1H) NMR spectroscopy: yield 85 
mg (60%). 

Reaction of 8 with HBF4OEt2. Preparation of [OsCl(=CH-
CH=C(CH3)2)(CO)(PiPr3)2]BF4 W- A solution of 8 (198 mg, 0.31 
mmol) in 10 mL of diethyl ether was treated dropwise with HBF4OEt2 

(54%) (45 fih, 0.31 mmol). After 30 min, the yellow-brown solution 
obtained was concentrated to 2 mL. The ochre precipitate formed was 
filtered off, washed with cold diethyl ether and hexane (1:1), and dried 
in vacuo. The product is an ochre solid: yield 182 mg (80%); IR 
(Nujol) V(C=O) 1932 (vs), v(C=C) 1591 (s), v(BF) 1050 (br) Cm"1; 
1H NMR (300 MHz, CDCl3) d 16.80 (br; Os=CH), 7.40 (br; -CH=), 
2.65 (m; PCH), 1.70 and 1.50 (both s; =C(CH3)2), 1.33 (dvt, Af = 14.8, 
7(HH) = 7.1; PCCH3), 1.19 (dvt, W = 13.7, 7(HH) = 6.6; PCCH3); 
31P(1H) NMR (121.42 MHz, CDCl3) 6 50 (br). Anal. Calcd for 
C24H5OBClF4OOsP2: C, 39.54; H, 6.91. Found: C, 38.98; H, 7.51. 

Reaction of 9 with Acetonitrile. Formation of [OsCl(=CH-
CH=C(CH3)2}(CO)(NCCH3)(PiPrj)2]BF4 (10). To a 5 mm NMR 
tube containing a chloroform-d solution of 9 (0.075 mmol in 0.7 mL) 
was added acetonitrile (4.0 fiL, 0.075 mmol). The reaction was 
monitored by 1H, 13C(1H), and 31P(1H) NMR spectroscopy: 1H NMR 
(300 MHz, CDCl3) 6 17.17 (d, 7(HH) = 13.5; Os=CH), 7.60 (d, 7(HH) 
= 13.5; -CH=), 2.76 (s; NCCH3), 2.63 (m; PCH), 1.73, 1.46 (both s; 
CCH3), 1.34 (dvt, Af =14.7, 7(HH) = 7.7; PCCH3), 1.18 (dvt, Af = 
14.7, 7(HH) = 6.8; PCCH3);

 13C(1H) NMR (75.43 MHz, C6D6) d 
261.84 (t, 7(CP) = 5.3; Os=C), 182.80 (t, 7(CP) = 9.0; OsCO), 159.44 
(s; =C(CH3)2), 151.85 (s; CH=) [both signals assigned by a DEPT 
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Table 2. Atomic Coordinates (x 104; x 105 for Os atom) and 
Equivalent Isotropic Displacement Coefficients (A2 x 103; xlO4 for 
Os atom) for the Complex OsCl2(=CHCH2Ph)(CO)(PiPr3)2 (5) 

Table 3. Crystal, Collection, and Refinement Data for the 
Complex OsCl2(=CHCH2Ph)(CO)(P;Pr3)2 (5) 

atom 

Os 
Cl(I) 
Cl(2) 
P(D 
P(2) 
O 
C(I) 
C(2) 
C(9) 
C(IO) 
C(H) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
C(3A)» 
C(4A) 
C(5A) 
C(6A) 
C(7A) 
C(8A) 
C(3B) 
C(4B) 
C(5B) 
C(6B) 
C(7B) 
C(8B) 

x/a 

2670(2) 
74(2) 

-1169(2) 
-1023(2) 

1278(2) 
544(5) 

1358(7) 
2097(8) 
421(7) 

-564(9) 
-53(9) 

93(8) 
-2063(8) 
-1767(9) 
-2725(9) 
-1644(8) 
-2251(9) 
-2189(9) 

1682(8) 
2409(8) 

828(9) 
2466(7) 
3235(8) 
2386(8) 
630(8) 
273(11) 

1143(10) 
3130(9) 
3882 
4778 
4922 
4170 
3273 
3163(12) 
3780 
4740 
5082 
4465 
3505 

ylb 

11551(2) 
-245(2) 

812(2) 
1722(2) 
480(2) 

2861(5) 
1304(6) 
1973(8) 
2244(8) 
2429(8) 
3232(7) 
1979(9) 
2276(8) 
2857(8) 
2789(9) 

861(7) 
278(8) 

1157(9) 
1232(7) 
1898(7) 
1625(9) 

50(7) 
-195(8) 
-687(8) 
-332(7) 

-1108(8) 
-625(9) 
1580(10) 
1779 
1354 
731 
532 
957 

1670(16) 
2170 
1906 
1142 
642 
906 

zJc 

13044(1) 
925(1) 

1803(1) 
789(1) 

1914(1) 
1682(3) 
914(3) 
825(5) 

1546(4) 
328(3) 
530(5) 
-5(4) 

1086(4) 
1468(4) 
747(4) 
445(4) 
735(5) 

2(4) 
2369(3) 
2188(4) 
2636(3) 
1687(4) 
2058(4) 
1353(4) 
2256(3) 
2003(5) 
2700(4) 

801(5) 
1108 
1080 
744 
438 
466 
826(9) 

1097 
1182 
997 
726 
641 

U^/Uiso 

329(1) 
60(1) 
58(1) 
40(1) 
39(1) 
60(3) 
44(3) 
72(5) 
50(4) 
65(5) 
76(5) 
76(5) 
60(4) 
75(5) 
91(6) 
59(4) 
86(6) 
91(6) 
50(4) 
59(4) 
76(5) 
47(4) 
73(5) 
78(5) 
49(4) 

103(7) 
103(7) 
35(9) 
60(6) 
88(9) 
63(7) 
71(8) 
40(5) 
80(22) 
49(7) 
73(10) 
73(10) 

114(15) 
92(12) 

" Equivalent isotropic U defined as one-third of the trace of the 
orthogonalized Uy tensor. * From this atom downwards isotropic 
displacement parameters were used since these atoms were involved 
in static disorder. 

NMR experiment], 124.01 (s; CH3CN), 28.39 (s, -CCH3), 24.52 (vt, 
N = 25.8; PCH), 22.24 (s, =CCH3), 19.89, and 19.62 (both s, PCCH3), 
4.28 (s; CH3CN); 31P(1H) NMR (121.42 MHz, CDCl3) 6 14.5 (s). 

Reaction of 9 with NaCl. Formation of 7. A solution of 9 (183 
mg, 0.25 mmol) in 10 mL of methanol was treated with NaCl (17 mg, 
0.28 mmol). After the mixture was stirred for 30 min, the solvent was 
removed in vacuo. The residue was dissolved in 10 mL of toluene, 
and after filtration the solvent was removed in vacuo. The resultant 
dark-brown oil was washed with 1 mL of methanol and dried in vacuo. 
The product was characterized as 7 by 1H and 31P{'H} NMR 
spectroscopy: yield 161 mg (85%). 

Reaction of 1 with 1,7-Octadiyne. Formation of [(PiPr3MCO)-
ChOs]{-CH(CH2)6CH=}[OsCl2(CO)(PiPr3)2] (11). A solution of 
1 (131 mg, 0.21 mmol) in 8 mL of toluene was treated with 
1,7-octadiyne (15 fiL, 0.11 mmol). The reaction was monitored by 1H 
and 31P(1H) NMR spectroscopy over a period of 4 days. After 4 days, 
the reaction mixture consists of ca. 20% of 11 together with other 
unidentified products: 1H NMR (300 MHz, C6D6) 6 18.95 (t, 7(HH) 
= 5.6, 2H; Os=CH), 2.77 (m, 24H; PCH), 2.29 (td, 7(HH) = 6.8 and 
5.6, 4H; CHCH2), 1.55 (m, 4H; CH2), 1.35, 1.13 (both dvt, N = 13.4, 
7(HH) = 6.7, each 36H; PCCH3), 0.88 (m, 4H; CH2);

 13C(1H) NMR 
(75.43 MHz, C6D6) 6 300.07 (br; Os=CH), 180.60 (t, 7(PC) = 9.05; 
OsCO), 61.10, 30.04, 29.30 (all s; -CH 2-) , 25.10 (vt, N = 24.96; 
PCH), 20.12, 19.43 (both s; PCCH3);

 31P(1H) NMR (121.42 MHz1C6D6) 
d 12.4 (s). 

Reaction of 2 with 1,7-Octadiyne. Preparation of [(PjPr3MCO). 
C10s]{CH=CH(CH2)4Os=CH}[OsCl(CO)(PiPr3)2] (12). A solution 

formula 
mol wt 
color and habit 
crys size, mm 
crys syst 
space group 
a, A 
b.k 
c, K 
v, A3 

Z 
/J(calc), g cm-3 

temp, K 

Crystal Data 
C27H50CI2OOSP2 

713.75 
orange, transparent prism 
0.19 x 0.34 x 0.15 
orthorhombic 
Pbca (No.61) 
13.641(2) 
15.698(2) 
29.059(4) 
6223(1) 
8 
1.528 
233 

Data Collection and Refinement 
diffractometer 
A(Mo Ka), A; technique 
monochromator 
H, mm-' 
scan type 
20 range, degree 
no. of data collect 
no. of unique data 
no. of unique obs data 
no. of param refined 
R, Rw" 

4-circle Siemens-STOE AED-2 
0.710 73; bisecting geometry 
graphite oriented 
4.40 
mild 
2 <26< 50 
5701 
5494 (RiM = 0.0399) 
3185 (F > 4.Oa(F)) 
270 
0.0412,0.0380 

"R = (I[|F0 | - |FC|])/IF„; /?w = (K[IF0I - |Fc|])w"2)/X(|F„|w"2); 
W-' = t72(F0)

2 +0.000 31(F0)
2. 

of 2 (174 mg, 0.30 mmol) in 5 mL of toluene was treated with 1,7-
octadiyne (24 iiL, 0.18 mmol). After the mixture was stirred for 6 h 
at 333 K, the solvent was removed in vacuo. The residue was washed 
twice with 2 mL of cold pentane and dried in vacuo. The product is 
a dark blue solid: yield 158 mg (83%); IR (Nujol) V(C=O) 1885 (s), 
V(C=C) 1590 (m) cm-1; 1H NMR (300 MHz, C6D6) d 6.84 (d, 7(HH) 
= 12.4, 2 H; OsCH=), 4.41 (dt,7(HH) = 12.4, 7(HP) = 6.0 Hz, 2 H; 
- C H - ) , 2.90 (m, 12 H; PCH), 2.41, 1.53 (both m, each 4 H; -CH 2 -
), 1.23 (dvt, N = 13,1, 7(HH) = 6.8, 72 H; PCCH3);

 13C(1H) NMR 
(75.43 MHz, C6D6) 6 182.99 (t, 7(CP) = 9.2; OsCO), 133.59 (t, 7(PC) 
= 3.2; - C H - ) , 108.08 (t, 7(PC) = 7.8; OsCH=), 36.89, 31.52 (both 
s; CH2), 24.80 (vt, JV = 23.94; PCH), 20.04, 19.77 (both s; PCCH3); 
31P(1H) NMR (121.42 MHz1C6D6) d 22.3 (s). Anal. Calcd for C46H96-
Cl2O2Os2P4: C, 43.94; H, 7.70. Found: C, 43.78; H, 8.15. 

Reaction of 12 with HCl. Formation of 11. The experimental 
procedure was analogous to that described for the reaction of 6 with 
HCl; starting materials were 12 (138 mg, 0.11 mmol) and a toluene 
HCl solution (0.08 M; 3.5 mL, 0.28 mmol). The product is a yellow 
solid and was characterized as 11 by 1H and 31P(1H) NMR spectros­
copy: yield 117 mg (80%); IR (Nujol) V(C=O) 1933(S)Cm"1. Anal. 
Calcd for C46H98Cl4O2Os2P4: C, 41.56; H 7.43. Found: C 41.87; H 
6.84. 

X-ray Structure Analysis of OsCl2(=CHCH2Ph)(CO)(PiPr3)2 (S). 
Crystals suitable for an X-ray diffraction experiment were obtained 
from a saturated solution of 5 in pentane at —20 0C. Atomic coordinates 
and Usq values are listed in Table 2. A summary of crystal data, 
intensity collection procedure, and refinement is reported in Table 3. 
The orange prismatic crystal studied was glued on a glass fiber and 
mounted on a Siemens AED-2 diffractometer. Cell constants were 
obtained from the least-squares fit of the setting angles of 56 reflections 
in the range 20 < 26 < 34°. The recorded reflections (5701) were 
corrected for Lorentz and polarization effects. Three orientation and 
intensity standards were monitorized every 55 min of measuring time; 
no variation was observed. Reflections were also corrected for 
absorption by an empirical method.23 

The structures were solved by Patterson (Os atom) and conventional 
Fourier techniques. The phenyl ligand of the carbene ligand was found 
to be disordered. The disordered group was modeled with two different 
moieties refining with a complementary occupancy factor assigned on 
the basis of the thermal parameters, to final value (0.56(3) for the 

(23) Walker, N.; Stuart, D. Acta Crystallogr. 1983, A39, 158. 



7942 J. Am. Chem. Soc, Vol. 117, No. 30, 1995 Esteruelas et al. 

a-labeled atoms, and 0.44(3) for the b-labeled atoms), and with the 
geometry restrained to a regular hexagon. Refinement was carried out 
by full-matrix least squares with initial isotropic thermal parameters. 
Anisotropic thermal parameters were used in the last cycles of 
refinement for all non-hydrogen atoms, except those involved in 
disorder. Hydrogen atoms were calculated (except those bonded to 
disorded atoms) and included in the refinement riding on carbon atoms 
with a common isotropic thermal parameter. Atomic scattering factors, 
corrected for anomalous dispersion for Os, P, and Cl, were taken from 
ref 24. The function minimized was Xw([F0] - [Fc])2, with the weight 
defined as w~l = a\F0] - 0.00031[F0

2]. Final R and R„ values were 
0.0412 and 0.0380. All calculations were performed using SHELXTL-
PLUS.25 
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