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Table IV. Crystal and Experimental Data

formula OSgAgshF‘NngBH“
cryst syst monoclinic
space group P2/c

a, 15.348 (3)

b A 18.272 (3)

c, A 14.114 (2)

8, deg 91.76 (1)

V, AS 3956 (2)

Z 4

dens (calc), g/cm?® 1.817

dimens, mm 0.2%0.4X%05
#, cm™! 70.56

transm factor range 0.265~0.052 (numerical)
26 limit, deg (octants) 46° (+h,+k,+1)
no. of intensities (unique, R;) 6089 (4575, 0.081)

no. of intensities > 2.58¢(]) 3692

R 0.065
R, (forw = 1/o%F,) + pF,5)  0.078 (p = 0.03)
max dens in AF map, e/A? 2.58

with additional details concerning the collection of the data.

Solution and Refinement of the Structure. The structure
was solved by direct methods (SHELXS-86);° correct positions for
the osmium and silver atoms were deduced from an E map.
Subsequent least squares-difference Fourier calculation revealed
positions for the remaining non-hydrogen atoms. Hydrogen atoms
were included as fixed contributors in “idealized” positions. In
the final cycle of least squares, anisotropic thermal coefficients
were refined for nonhydrogen atoms and a common isotropic

(19) Sheldrick, G. M. sHELXS-88. In Crystallographic Computing 3;
Sheldrick, G. M., Kruger, C., Goddard, R., Eds.; Oxford University Press:
Oxford, U.K., 1985; pp 175-189.

thermal parameter was varied for hydrogen atoms. The highest
peaks in the final difference map were in the vicinity of the
heavy-metal positions. A final analysis of variance between ob-
served and calculated structure factors showed no apparent
systematic errors.

Synthesis of [(n°-C;H;)Os(NMe)(CH,SiMe;),][0SO,CF,]
(5). A solution of 1 (10 mg, 0.023 mmol) in CDCl; (0.65 mL) was
placed in a 5-mm NMR tube along with MeOSO,CF; (26 uL, 0.23
mmol). The reaction was monitored by 'H NMR spectroscopy.
After 10 h, the reaction mixture was filtered and solvent and
unreacted starting materials were removed in vacuo. The residue
consisted of 9 mg (64%) of analytically pure 4. 'H NMR (500
MHz, CD,Cl,, 18 °C): 4 6.06 (s, C;H;), 3.05 (d, J = 12.9 Hz,
OsCH*H"), 2.78 (s, NCHy), 2.49 (d, J = 12.9, OsCH*HP), 0.19 (s,
Si(CHy);). '°C{'H} NMR (125.8 MHz, CD,Cl,, 18 °C): § 96.2
(C;Hj;), 61.5 (NCHj), 1.5 (Si(CH,)3), 6.3 (OsCHp). Anal. Caled
for C;sH3FsNO;0s8Siy: C, 29.64; H, 4.97; N, 2.30. Found: C,
29.85; H, 4.79; N, 2.37.
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Reaction of CpWOs,(CO)g(C=CPh) with 1.2 equiv of Me;NO in a mixture of dichloromethane—acetonitrile
at room temperature followed by in situ reaction with hydride complexes LW(CO)3H, L. = Cp and Cp*,
in refluxing toluene produced the acetylide cluster complexes CpLW,0s,(CO)o(CCPh)(u-H) (2a, L. = Cp;
2b, L = Cp*) and vinylidene cluster complexes CpLW,0s,(CO)y(CCHPH) (3a, L = Cp; 8b, L. = Cp*). Heating
of the acetylide or vinylidene complex in refluxing toluene induced a reversible rearrangement, giving a
mixture of both isomeric complexes. The structures of complexes 2b and 3b have been determined by
single-crystal X-ray diffraction. Crystal data for 2b: space group P2,/c; a = 34.301 (6), b = 12.319 (4),
c =24.718 (6) A; 8 = 103.38 (2)°; Z = 12; final Ry = 0.092, R,, = 0.101 for 8771 reflections with I > 2a(]).
Crystal data for 3b: space group P4,/n; a = 25.486 (6), c = 9.747 (4) A; Z = 8; final Ry = 0.034, R,, = 0.030

for 3724 reflections with I > 20(I).

Introduction
The C, hydrocarbons hold a key position in the devel-
opment of organometallic chemistry.! Much research has

tTo whom inquiries concerning the X-ray crystallographic work
should be addressed.

been focused on the synthesis of complexes containing the
so-called C, hydrocarbon ligands such as acetylene,
ethylene, vinyl, vinylidene, or acetylide.? The synthesis

(1) Muetterties, E. L.; Stein, J. Chem. Rev. 1979, 79, 479.
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and chemistry of these C, hydrocarbon complexes, par-
ticularly the acetylide and vinylidene derivatives, have
been under intensified examination in recent years.
Deeming and co-workers have reported the crystal struc-
ture and the reactivities of many acetylide clusters in the
triosmium system.? Carty and co-workers have studied
the trinuclear and polynuclear ruthenium cluster com-
plexes containing both the acetylide and the phosphorus
bridging ligands.* Vahrenkamp and co-workers have
shown some unique examples about the rearrangement of
the vinylidene and alkyne ligands in the system of trinu-
clear and tetranuclear mixed-metal clusters.® Recent work
by Bullock has demonstrated the ability of mononuclear
metal acetylide complexes to accept protons from metal
hydride complexes to produce a vinyl or a vinylidene
complex.’

We have recently reported the systematic synthesis of
heterobimetallic acetylide clusters LWOsy(CO),o(C=CPh),
Cp;Mo,Ru,(C0),4(C=CPh),, and LWM,(CO);(C=CPh)
(L = Cp, Cp*; M = Os, Ru).” Our studies have also
revealed that the acetylide ligand of the trinuclear
LWRu,(CO)g(C=CPh) complexes undergoes an edge-
hopping motion on the face of metal triangle.® In addition
to the studies of their structures and solution dynamics,
another goal of our research is to gain some knowledge
about the chemistry of the acetylide ligand in these het-
erometallic systems. We have therefore carried out the
reactions of CpWOs,(CO)4(C=CR) with various disub-
stituted alkynes? and with mononuclear transition-metal
hydride complexes LW(CO);H (L = Cp and Cp*). The
reaction with alkynes would not change the nuclearity of
the products. On the other hand, the reaction with metal
hydrides is classified as a cluster expansion reaction.® The
latter is of interest because it allows us to increase the
nuclearity of the cluster by one unit and, at the same time,
to modify the acetylide fragment on the ligand sphere of
the newly assembled clusters. In this paper, we report
details of the crystal structures and the reactivity studies
of the tetranuclear acetylide CpLW,0s,(CO)s(CCPh)(u-H)
and dvinylidene CpLW,0s,(CO)o(CCHPh) complexes iso-
lated.

Experimental Procedure

General Information and Materials. Infrared spectra were
recorded on a Bomen M-100 FT-IR spectrometer. 'H and *C
NMR spectra were recorded on a Bruker AM-400 (400.13 MHz)

(2) (a) Raithby, P. R.; Rosales, M. J. Adv. Inorg. Chem. Radiochem.
1985, 29, 169. (b) Bruce, M. L; Swincer, A. G. Adv. Organomet. Chem.
1983, 22, 59. (c) Aime, S.; Deeming, A. J. J. Chem. Soc., Dalton Trans.
1983, 1807. (d) Kaesz, H. D.; Humphries, A. P. Prog. Inorg. Chem. 1979,
25, 146. (e) Rosenberg, E. Polyhedron 1989, 8, 383. (f) Nickias, P. N,;
Selegue, J. P.; Young, B. A. Organometallics 1988, 7, 2248. (g) Afzal, D.;
Lenhert, P. G.; Lukehart, C. M. Organometallics 1987, 6, 546.

(3) (a) Boyar, E.; Deeming, A. J.; Felix, M. S. B,; Kabir, S. E.; Adatia,
T.; Bhusate, R.; McPartlin, M.; Powell, H. R. J. Chem. Soc., Dalton
Trans. 1989, 5. (b) Deeming, A. J.; Felix, M. S. B,; Bates, P. A,; Hurst-
house, M. B. J. Chem. Soc., Chem. Commun. 1987, 461.

(4) (a) Nucciarone, D.; MacLaughlin, S. A; Taylor, N. J.; Carty, A. J.
Organometallics 1988, 7, 106. (b) Nucciarone, D.; Taylor, N. J.; Carty,
A. J. Organometallics 1988, 7, 127. (c) MacLaughlin, S. A.; Johnson, J.
P.; Taylor, N. J.; Carty, A. J.; Sappa, E. Organometallics 1983, 2, 352.

(5) (a) Roland, E.; Vahrenkamp, H. J. Mol. Catal. 1983, 21, 233. (b)
Albiez, T.; Powell, A. K.; Vahrenkamp, H. Chem. Ber. 1990, 123, 667.

(6) (a) Bullock, R. M. J. Am. Chem. Soc. 1987, 109, 8087. (b) Bullock,
R. M,; Lemke, F. R.; Szalda, D. J. J. Am. Chem. Soc. 1990, 112, 3244.

(7) (a) Chi, Y.; Lee, G.-H.; Peng, S.-M.; Wu, C.-H. Organometallics
1989, 8, 1574. (b) Hwang, D.-K.; Chi, Y.; Peng, S.-M.; Lee, G.-H. J.
Organomet. Chem. 1990, 389, C7.

(8) (a) Chi, Y.; Lee, G.-H.; Peng, S.-M,; Liu, B.-J. Polyhedron 1989,
8, 2003. (b) Hwang, D.-K.; Chi, Y.; Peng, S.-M.; Lee, G.-H. Organo-
metallics 1990, 9, 2709.

(9) Chi, Y.; Huttner, G.; Imhof, W. J. Organomet. Chem. 1990, 384,

93.
(10) Vahrankamp, H. Adv. Organomet. Chem. 1983, 22, 169.
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instrument or a Varian Gemini-300 (300 MHz) instrument. Mass
spectra were obtained on a JEOL-HX110 instrument operating
in fast atom bombardment mode (FAB). All reactions were
performed under a nitrogen atmosphere by using deoxygenated
solvents dried with an appropriate reagent. The progress of
reactions was monitored by analytical thin-layer chromatography
(5735 Kieselgel 60 Fy5,, E. Merck), and the products were sepa-
rated on the commercially available preparative thin-layer
chromatographic plates (Kieselgel 60 Fys,, E. Merck). Elemental
analyses were performed at the NSC Regional Instrumentation
Center at National Cheng Kung University, Tainan, Taiwan.

The acetylide complexes CpWO0s,(CO)g(C=CPh) and
CpMo0s,(CO)g(C=CPh) were prepared from the reaction of
085(C0O) o(NCMe), with the appropriate metal acetylide complexes
CpM(CO);C=CPh (M = W and Mo).8* The acetylide complex
CpWOs,(CO)g(C*CPh) with the acetylide a-carbon enriched with
approximately 30% 3C carbon was prepared from labeled ace-
tylide complexes CpW(CO);C*CPh.!! The metal hydride complex
CpW(CO);H was prepared by protonation of the sodium salt of
CpW(CO);~ anion with acetic acid at ambient temperature,
whereas the hydride Cp*W(CO);H was prepared by the reaction
of pentamethylcyclopentadiene with W(CO)3(NCEt); in toluene
at 100 °C.1?

Reaction of CpWO0s,(CO)s(C=CPh) with CpW(CO);H. In
a 50-mL round-bottom reaction flask, the acetylide complex
CpWO0s,(CO)4(C=CPh) (63 mg, 0.066 mmol) was treated with
sublimed MesNO (6.4 mg, 0.085 mmol) in a mixture of di-
chloromethane (26 mL) and acetonitrile (10 mL) at ambient
temperature for 30 min. After evaporation of the solvent on a
rotavapor evaporator and then under vacuum, CpW(CO);H (49
mg, 0.148 mmol) was added, and the reaction mixture was then
dissolved in a toluene solution (35 mL) and the solution brought
to reflux for 30 min. Finally, the solvent was evaporated in vacuo,
and the residue was separated by thin-layer chromatography (silica
gel, 1:1 dichloromethane-hexane), giving 10 mg of the starting
material CpWOQs,(CO)g(C=CPh) (0.010 mmol, 16%), 27 mg of
CpyW,0s,(CO)y(CCPh)(1-H) (2a) as a dark brown material (0.022
mmol, 33%), and approximate 1 mg of Cp,W,0s,(CO)o(CCHPh)
(3a) as a red material (0.0015 mmol, 2%). Crystals of
Cp3;W;08,(CO)o(CCPh)(u-H) were obtained by recrystallization
from a layered solution of dichloromethane-methanol at room
temperature.

Spectral data for 2a: MS (FAB, 1%20s, !#W) m/z 1236 (M*);
IR (CgHy,) »(CO) 2071 (vs), 2025 (vs), 2003 (vs), 1977 (w), 1968
(m), 1959 (s), 1953 (m), 1886 (w), 1810 cm™ (vw); 'H NMR (CDCl,,
294K) 6768 (d, 2 H, Jy.y = 7.9 Hz), 742 (t, 2 H, Jy.z = 7.4 Hz),
7.35 (t, 1 H, Jy.y = 7.4 Hz), 5.59 (s, 5 H), 4.62 (s, 5 H), -18.86 (s,
1 H, JW—H =69.2 HZ)- Anal. Caled for CmH1609082W2: C, 26.31;
H, 1.31. Found: C, 26.23; H, 1.32.

Spectral data for 3a: MS (FAB, %20s, 1#W) m/z 1236 (M*);
IR (CgH,,) »(CO) 2054 (s), 2006 (vs), 1988 (m), 1975 (s), 1958 (s),
1853 (br, vw), 1953 (m), 1817 cm™! (w); 'H NMR (CDCl,, 294 K)
67.47(d, 2 H, Jy.y = 8.7 Hz), 7.31 (t, 2 H, J.y = 6.3 Hz), 7.13
(t, 1 H, Jyy = 6.2 Hz), 6.72 (s, 1 H), 5.52 (s, 5 H), 5.45 (s, 5 H).

Reaction of CpWOs,(CO)gs(C=CPh) with Cp*W(CO);H.
In a 50-mL round-bottom reaction flask, an acetonitrile solution
(8 mL) of freshly sublimed Me;NO (6.8 mg, 0.091 mmol) was
added slowly to a mixed solution of dichloromethane (25 mL) and
acetonitrile (5 mL) containing 62 mg of the acetylide complex
CpWOs,(CO)g(C=CPh) (0.065 mmol) at ambient temperature
within 20 min. After removal of the solvent on a rotavapor
evaporator and then under vacuum, Cp*W(CO);H (54 mg, 0.134
mmol) was added, and the mixture was then dissolved in a toluene
solution (30 mL) and the solution brought to reflux for 30 min.
Finally, the solvent was evaporated under vacuum, and the residue
was separated by thin-layer chromatography (silica gel, 1:1 di-
chloromethane-hexane), giving 12 mg of the yellow starting
material CpWOs,(CO)z(C=CPh) (0.013 mmol, 19%), 8 mg of
CpCp*W,08,5(CO)g(CCPh)(u-H) (2b) as a brown crystalline ma-
terial (0.006 mmol, 9%) and 10 mg of CpCp*W;0s,(CO)o(CCHPh)
(3b) as a red crystalline material (0.008 mmol, 12%). For both

(11) Wy, C.-H.; Chi, Y.; Peng, S.-M.; Lee, G.-H. J. Chem. Soc., Dalton
Trans. 1990, 3025.

(12) Kubas, G. J.; Wasserman, H. J.; Ryan, R. R. Organometallics
19885, 4, 2012. (b) Kubas, G. J. Inorg. Chem. 1983, 22, 692.
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complexes, crystals suitable for X-ray diffraction studies were
obtained by recrystallization from a layered solution of di-
chloromethane-methanol at room temperature.

Spectral data for 2b: MS (FAB, 1%20s, W) m/z 1306 (M*);
IR (C¢H,,) »(CO) 2068 (vs), 2021 (vs), 1999 (s), 1970 (sh, w), 1964
(m), 1948 (s), 1939 (m), 1873 (w), 1810 cm™ (vw); 'H NMR (CDClI;,
294 K) 6 7.62 (d, 2 H), 7.38 (m, 3 H), 4.57 (s, 5 H), 2.21 (s, 15 H),
-18.73 (s, 1 H, Jw.y = 69.5 Hz); 1*C NMR (CD,Cl,, 294 K) 6 233.7
(CO, Jw_c =164 HZ), 219.1 (CO, Jw_c =176 HZ), 214.7 (CO, Jw_c
= 183 Hz), 207.3 (CCPh, Jw_c = 117 Hz), 184.1 (CO), 181.3 (CO),
180.2 (CO, Jc.yy = 4 Hz), 175.9 (CO), 171.3 (CO, J¢.y = 10 Hz),
170.6 (CO), 154.2 (ipso-C of CgHj), 150.8 (CCPh), 128.2 (0,m-C
of CgHjp), 127.5 (p-C of CgHp), 127.1 (0,m-C of CgHp), 102.9 (CsMe;),
90.6 (C5H5), 10.7 (C5Me5). Anal- Calcd for 032H2509052W21 C,
29.51; H, 2.01. Found: C, 29.46; H, 2.03.

Spectral data for 3b: MS (FAB, 1920s, #W) m/z 1306 (M*);
IR (C¢H,5) »(CO) 2050 (s), 2001 (vs), 1982 (m), 1971 (s), 1953 (m),
1942 (vw), 1834 (br, vw), 1805 cm™ (br, w); 'H NMR (CDCl;, 294
K) 61751 (d, 2 H, Jyy = 7.5 Hz), 7.29 (t, 2 H, Jy_yq = 7.6 Hz),
7.14 (t, 1 H, Jy_y = 7.4 Hz), 6.83 (s, 1 H), 5.43 (s, 5 H), 2.03 (s,
15 H); 3C{'H} NMR (CD,Cl,, 294 K) 6 273.5 (CO, Jyw-c = 96 Hz),
232.2 (CO, Jw.¢ = 162 Hz), 231.9 (CCHPh, Jw.c = 160 Hz), 219.9
(CO, Jy¢c = 164 Hz), 206.5 (CO, Jw_c = 153 Hz), 185.7 (CO), 184.5
(CO), 181.2 (CO, broad), 179.9 (CO, broad), 176.7 (CO, broad),
148.2 (ipso-C of CgHj), 130.6 (0,m-C of C¢Hj), 128.0 (0,m-C of
C6H5), 126.7 (p'C of CsHs), 103.3 (CBMC5), 94.25 (C5H5)’ 71.8
(CCHP), 10.3 (CsMey). Anal. Caled for C;HyO40s,Wo: C, 29.51;
H, 2.01. Found: C, 29.42; H, 2.05.

Reaction of CpMoOs,(CO)s(C=CPh) with CpW(CO);H.
In a 50-mL round-bottom reaction flask, an acetonitrile solution
(8 mL) of freshly sublimed Me;NO (6.4 mg, 0.085 mmol) was
added dropwise into a mixed solution of dichloromethane (25 mL)
and acetonitrile (5 mL) containing 70 mg of the acetylide complex
CpMo0s,(C0)g(C=CPh) (0.080 mmol) at ambient temperature
within 20 min. After evaporation of the solvent in vacuo, CpW-
(CO);H (27 mg, 0.08 mmol) was added, and the mixture was then
dissolved in a toluene solution (30 mL) and the solution refluxed
for 15 min. Finally, the solvent was evaporated under vacuum,
and the residue was separated by thin-layer chromatography (silica
gel, 1:1 dichloromethane-hexane), giving 40 mg of the yellow
CpMo0Qs,(CO)g(C=CPh) (0.046 mmol, 58%) and 19 mg of
Cp,MoWOs,(CO)g(CCPh)(u-H) (2¢) as a yellowish green crys-
talline material (0.017 mmol, 21%). Crystalline solids of 2¢ were
recrystallized from a layered solution of dichloromethane-
methanol at room temperature.

Spectral data for 2¢: MS (FAB, %Mo, 1920s, '#W) m/z 1150
(M*); IR (C¢Hy,) »(CO) 2072 (vs), 2028 (vs), 2005 (vs), 1980 (w),
1970 (m), 1958 (s), 1956 (m), 1889 (w), 1812 cm™! (vw); 'H NMR
(CD,Cl1,,294K) 56759 (d,2 H, Jyy =82 Hz),7.39 (t, 2 H, Jy.yy
= 7.6 Hz), 7.30 (t, 1 H, Jy.;; = 6.9 Hz), 5.60 (s, 5 H), 4.62 (s, 5
H), -16.08 (s, 1 H). Anal. Calcd for CoH,;sM00,0s,W: C, 28.33;
H, 1.41. Found: C, 28.32; H, 1.43.

X-ray Crystallography. Diffraction measurements on com-
plexes 2b and 3b were carried out on Nonius CAD-4 and a Rigaku
AFC-5R diffractometers, respectively. Lattice parameters of
complex 2b were determined from 25 randomly selected reflec-
tions, with 26 angle in the range 21.05~23.20°, whereas the cor-
responding cell dimensions of complex 3b were determined from
20 reflections, with the 26 angle in the range 39.51-40.51°. In-
tensities were corrected for Lorentz, polarization, and absorption
effects. All data reductions and structural refinements were
performed by using the NRCC-SDP-VAX packages. The
structures were solved by the heavy-atom method and refined
by least-squares cycles; all non-hydrogen atoms were refined with
anisotropic thermal parameters. The data collection and re-
finement parameters for complexes 2b and 3b are given in Table
1. Atomic positional parameters for complex 2b are found in
Table II, whereas some selected bond angles and lengths are given
in Table III. The corresponding parameters for complex 3b are
given in Tables IV and V, respectively.

Results and Discussion

Synthesis and Spectroscopic Characterization.
Treatment of the acetylide complexes CpWOs,(CO)g(C=
CPh) (1) with 1.2 equiv of Me;NO in a mixture of aceto-

Chi et al.

Table I. Experimental Data for the X-ray Diffraction
Studies of Complexes 2b and 3b°®

compd 2b 3b

formula C32Hm090§2W2 CagHmOsOSng
mol wt 1301.63 1301.63

cryst system monoclinic tetragonal
space group P2;/c P4y/n

a, 34.301 (6) 25.486 (6)

b, A 12.319 (4)

¢, A 24.718 (6) 9.747 (4)

8, deg 103.38 (2)

Vv, A3 10162 (4) 6331 (3)

Z 12 8

D, g/cm? 2.552 2.731

F(000) 7077.29 4718.19
diffractometer Rigaku (AFC-5R) Nonius (CAD-4)

radiation (), &) Cu Ka (1.54056) Mo Ka (0.70930)
temp, K 297 297

cryst size, mm 0.05 X 0.10 X 0.70 0.15 X 0.20 X 0.55
scan method /26 scan mode /26 scan mode
20may, deg 100.0 49.8

scan param 1.05 +0.30 tan § 0.85 + 0.35 tan 6
scan speed, deg/min 8 16.48/2 to
16.48/10

h,k,] ranges -34t033,0to 12, 0to 30,0to0 30,0
0to 24 to 11

abs cor ¥ scan ¥ scan

4, mm! 26.64 15.47

transm factors: max; 0.101; 1.000 0.7905; 0.9991

min

standard reflens (no. 3) decay 50%; every variation < 4%,

150 reflcns 40; every 7200 s

no. of unique data 10476 5570
no. of data with / > 8771 3724

20(I)
no. of atoms and 210, 1217 71, 407

params refined
max A/e ratio 0.169 0.264
R; R, 0.092; 0.101 0.034; 0.030
GOF 4.10 1.63
max/min resid electron 4.86/-4.87 1.18/-1.75

density, e A3

¢ Features common to both determinations: w = 1/¢%F,); GOF
= [T w|F, - F*/(N, -~ N)]/2 (N, = number of observations; N, =
number of variables).

nitrile-dichloromethane at room temperature followed by
in situ reaction with slightly excess CpW(CO)3H in re-
fluxing toluene (30 min) produced a dark brown acetylide
complex CpyW,08,(CO)g(CCPh)(u-H) (2a, 39%) and a
trace amount of a second, red-brown vinylidene complex
CpyW,0s,(CO)y(CCHP) (3a, 2%). Direct reaction with
CpW(CO);H in refluxing toluene (1 h) failed to produce
any new product, suggesting that the generation of the
slightly stabilized'® acetonitrile substituted precursors is
essential for the activation of complex 1. We have also
reacted complex 1 with Cp*W(CO);H under similar con-
ditions in attempt to extend the scope of these cluster
expansion reactions and to study both the electronic and
steric effects of the Cp* ligand on the formation of clusters
of higher nuclearity. Two related acetylide
CpCp*W,0s,(C0O)o(CCPh)(u-H) (2b, 11%) and vinylidene
CpCp*W,08,(CO)o(CCHPh) (3b, 15%) clusters were iso-
lated in equal amount (Scheme 1). The yield of the new
cluster complexes prepared in this study is reported on the
basis of the consumption of complex 1, as a moderate
amount of 1 was recovered from the final reaction mixture
in every case, independent to the amount of MegNO added.

These new complexes were separated and purified on
silica gel TLC plates and were initially characterized by

(13) (a) Johnson, B. F. G.; Lewis, J.; Pippard, D. A. J. Chem. Soc.,
Dalton Trans. 1981, 409. (b) Tachikawa, M.; Shapley, J. R. J. Organo-
met. Chem. 1977, 124, C19.



Tetranuclear Acetylide and Vinylidene Clusters

Organometallics, Vol. 10, No. 6, 1991 1679

Table II. Atomic Coordinates and Equivalent Isotropic Displacement Coefficients (A?) for 2b

x y 2 B, x y 2z By

Os(1A) 0.11122(4) 0.76882 (14)  0.15826 (7) 4.34 (8) C(20B) 0.3607 (10) 0.266 (4) 0.0217 (18) 6.4 (24)
Os(2A) 0.07848 (4) 091795 (14)  0.22361 (7) 4.28 (8) C(21B) 0.3712 (11) 0.361 (3) 0.0508 (13) 6.5 (25)
W(1A) 0.09457 (4)  0.84197 (14)  0.33883 (7) 3.98 (8) C(22B) 0.3793 (10) 0.345 (3) 0.1065 (18) 5.6 (22)
W(24) 0.15637 (4)  0.84586 (14)  0.26708 (7) 4.04 (8) C(23B) 0.3734(9) 0.232 (3) 0.1136 (16) 5.0 (19)
C(1A) 0.1328 (10)  0.745 (3) 0.3746 (17) 5.3 (21) C(24B) 0.3625 (10) 0.184 (3) 0.0610 (20) 6.2 (24)
C(24) 0.1329 (9) 0.955 (3) 0.3633 (14) 4.2 (18) C(25B) 0.2513 (9)  0.2998 (25) 0.0164 (15) 3.9 (16)
C(34) 0.1495 (10)  0.996 (3) 0.2510 (16) 4.8 (18) C(26B) 0.2679 (8)  0.3892 (24) -0.0084 (13) 3.1 (15)
C(44A) 0.1461 (12)  0.679 (4) 0.1305 (19) 6.8 (25) C(27B) 0.2756 (9)  0.380 (3) ~0.0634 (15) 4.3 (17)
C(5A) 0.1041 (12)  0.860 (3) 0.0925 (18) 6.0 (23) C(28B) 0.3091 (10) 0.430 (3) -0.0811 (16) 5.2 (20)
C(8A) 0.0641 (10)  0.695 (3) 0.1269 (16) 5.3 (20) C(29B) 0.3152 (12) 0.416 (4) -0.1346 (19) 7.0 (25)
C(7A) 0.0256 (10)  0.866 (3) 0.1934 (17) 5.3 (20) C(30B) 0.2877 (13) 0.368 (3) -0.1740 (21) 7.5 (27)
C(8A) 0.0715 (10)  1.030 (3) 0.2703 (16) 5.1 (20) C(31B) 0.2561 (10) 0.314 (3) -0.1576 (16) 5.3 (21)
C(94) 0.0762 (11) 1.014 (3) 0.1648 (18) 5.9 (22) C(32B) 0.2503 (11) 0.325 (3) -0.1041 (16) 5.4 (21)
C(10A)  0.0558 (11)  0.925 (4) 0.3931 (18) 6.6 (24) O(1B) 03031 (7)  0.0906 (23)  -0.0427 (12) 6.9 (16)
C(11A)  0.0287 (9) 0.891 (3) 0.3462 (14) 42017 O(2B) 0.3088 (7)  0.0378 (23) 0.1291 (13) 7.3 (17)
C(12A)  0.0304 (9) 0.783 (3) 0.3429 (14) 3.9 (16) 0O(3B) 0.3149 (7)  0.2840 (21) 0.1971 (12) 6.2 (14)
C(13A)  0.0585 (11)  0.741 (3) 0.3909 (17) 5.4 (21) O(4B) 0.3243(9)  0.6703 (25) -0.0044 (15) 8.9 (20)
C(14A) 0.0750 (12)  0.832 (4) 0.4208 (20) 7.3 (27) O(5B) 02734 (9) 0.696 (3) 0.1336 (15) 8.9 (20)
C(15A)  0.0619 (11)  1.037 (3) 0.4187 (19) 6.4 (23) O(6B) 01955 (7)  0.6138 (21)  -0.0206 (13) 6.9 (15)
C(16A) -0.0036 (12)  0.958 (4) 0.3132 (20) 7.6 (27) O(7B)  0.1543 (8)  0.4202 (22) 0.0360 (14) 7.5(17)
C(17A)  0.0034 (10) 0.714 (4) 0.3049 (18) 6.4 (24) O(8B) 0.2241 (8)  0.1697 (22) 0.1727 (13) 7.1 (16)
C(18A)  0.0646 (13)  0.630 (3) 0.4104 (20) 7.2 (26) O(9B)  0.2428 (7)  0.4979 (23) 0.1919 (12) 6.9 (16)
C(19A)  0.1020 (9) 0.836 (3) 0.4799 (17) 4.8 (19) Os(1C)  0.40088 (5) 0.89456 (16)  0.25234 (8)  5.50 (9)
C(20A) 0.2072 (10)  0.724 (3) 0.3104 (18) 5.5 (21) Os(2C) 0.38584 (4) 0.66731 (16)  0.25243 (7)  4.89 (9)
C(21A) 0.2143 (10)  0.760 (3) 0.2596 (19) 6.3 (24) W(@1C) 041322 (5) 0.58359 (14)  0.36550 (7)  4.32 (8)
C(224) 0.2211 (9) 0.870 (3) 0.2640 (18) 5.7 (22) W(2C) 0.46136 (4) 0.73788 (14) 0.30932 (8)  4.34 (8)
C(23A)  0.2183 (10)  0.904 (3) 0.3173 (18) 5.5 (21) C(1C) 0.4521(9)  0.650 (3) 0.4266 (16) 4.3 (17)
C(24A) 0.2094 (10) 0812 (3) 0.3437 (16) 5.1 (20) C(2C)  0.4580 (11) 0.508 (3) 0.3439 (19) 6.3 (23)
C(254)  0.0977 (9) 0.770 (3) 0.2674 (14) 3.9 (16) C(3C)  0.4569 (11) 0.654 (3) 0.2457 (18) 6.0 (22)
C(26A)  0.1116 (8) 0.6996 (25) 0.2339 (14) 3.3 (15) C(4C) 04174 (12) 1.039 (3) 0.2647 (20) 7.0 (25)
C(27A)  0.1217(10) 0.578 (3) 0.2516 (16) 5.2 (20) C(5C)  0.3969 (12) 0.909 (4) 0.1757 (19) 7.4 (25)
C(284)  0.1503 (11)  0.518 (3) 0.2340 (18) 5.7 (21) CC)  0.3505 (12) 0.925 (4) 0.2485 (17) 6.9 (24)
C(28A)  0.1531 (13)  0.405 (3) 0.2472 (20) 7.3 (26) C(7C)  0.3334 (11) 0.687 (3) 0.2525 (16) 5.6 (21)
C(30A) 0.1303 (12)  0.357 (3) 0.2767 (19) 6.7 (25) C(8C) 0.3910 (11) 0.513 (3) 0.2458 (20) 6.6 (24)
C(31A) 0.1016 (12)  0.418 (4) 0.2924 (20) 7.6 (27) C(8C)  0.3780 (10) 0.672 (4) 0.1735 (21) 7.6 (28)
C(32A)  0.0964 (10)  0.530 (3) 0.2824 (16) 5.0 (20) C(10C) 0.3863 (10) 0.409 (3) 0.3790 (18) 5.6 (21)
0(14) 0.1534 (7) 0.6772 (21) 0.4036 (12) 6.4 (15) C(11C) 0.3535 (10)  0.477 (3) 0.3566 (17) 5.3 (20)
0(24) 0.1549 (7) 1.0291 (20) 0.3829 (11) 5.7 (13) C(12C) 0.3536 (8)  0.563 (3) 0.3938 (15) 3.9 (17)
0(3A) 0.1557 (7) 1.0930 (21) 0.2461 (13) 6.8 (16) C(13C) 0.3824 (11) 0.550 (3) 0.4388 (18) 5.9 (21)
0(44) 0.1684 (7) 0.6293 (23) 01111 (13) 7.3 (17 C(14C) 0.4061 (9)  0.453 (3) 04314 (17) 5.2 (19)
0O(54) 0.1001 (9) 0.9071 (25) 0.0532 (14) 8.9 (21) C(15C) 0.3964 (14) 0.298 (4) 0.354 (3) 9.4 (35)
0O(6A) 0.0375 (8) 0.645 (3) 0.1062 (15) 9.1 (21) C(16C) 0.3205 (12) 0.441 (4) 0.3108 (22) 7.7 (28)
O(7A)  -0.0058 (8) 0.8428 (25) 0.1709 (14) 8.2 (19) C(17C) 0.3201 (10) 0.644 (3) 0.3888 (18) 6.0 (21)
0(8A) 0.0707 (7) 1.1214 (20) 0.2915 (12) 6.1 (14) C(18C) 0.3886 (11) 0.608 (3) 0.4945 (19) 6.9 (24)
0(9A) 0.0773 (9) 1.0826 (25) 0.1329 (14) 8.5 (19) C(19C) 0.4395 (12) 0.402 (4) 04717 (22) 7.9 (29)
Os(1B)  0.27254 (4)  0.51983 (13)  0.04581 (7) 4.33 (8) C(20C) 0.5118 (10) 0.804 (3) 0.3839 (20) 6.5 (23)
Os(2B)  0.23703 (4)  0.34571 (13)  0.09310 (7) 4.27 (8) C(21C) 0.5130 (11) 0.855 (4) 0.3352 (22) 7.5 (27)
W(1B) 0.24560 (5)  0.14565 (14)  0.03284 (8) 4.25 (8) C(22C) 0.5230 (10) 0.784 (3) 0.2963 (17) 5.7 (21)
W(2B) 0.31260 (5)  0.30932 (14)  0.07263 (7) 4.26 (8) C(23C) 0.5265 (11) 0.681 (3) 0.3221 (18) 5.9 (22)
C(1B) 0.2819 (9) 0.117 (3) —0.0141 (15) 4.0 (17) C(24C) 0.5196 (10) 0.692 (3) 0.3733 (18) 6.3 (23)
C(2B) 0.2865 (10)  0.083 (3) 0.0963 (19) 5.9 (22) C(25C) 0.4027 (9)  0.736 (3) 0.3341 (14) 3917
C(3B) 0.3091 (11)  0.298 (3) 0.1497 (17) 5.9 (22) C(26C) 0.4103 (8) 0.853 (3) 0.3333 (14) 3.7 (17)
C(4B) 0.3054 (11)  0.612 (3) 0.0105 (20) 6.5 (24) C(27C) 0.4188(9)  0.909 (3) 0.3889 (15) 4.2 (17)
C(5B) 0.2752 (11)  0.620 (3) 0.1060 (18) 6.0 (22) C(28C) 0.4437 (11) 1.001 (3) 0.3954 (18) 5.8 (22)
C(6B) 0.2238 (9) 0.581 (3) 0.0050 (17) 5.0 (20) C(29C) 0.4547 (12) 1.050 (3) 0.4470 (22) 7.6 (27)
C(7B) 0.1859 (9) 0.392 (3) 0.0581 (16) 4.4 (18) C(30C) 0.4391 (12) 1.014 (4) 0.4900 (21) 7.6 (26)
C(8B) 0.2276 (9) 0.230 (3) 0.1366 (15) 4.3 (18) C(31C) 0.4149 (12) 0.928 (4) 0.4832 (20) 7.2 (26)
C(9B) 0.2409 (11)  0.442 (3) 0.1542 (17) 5.8 (21) C(32C) 0.4058 (9) 0.878 (3) 0.4330 (16) 4.5 (18)
C(10B)  0.2038 (10)  0.002 (3) 0.0503 (17) 5.7 (21) 0(1C)  0.4726 (7)  0.6837 (21) 0.4665 (11) 6.0 (14)
C(11B)  0.1783 (9) 0.094 (3) 0.0318 (16) 4.4 (18) 0(2C) 0.4825(8)  0.4508 (22) 0.3359 (14) 7.4 (17)
C(12B)  0.1796 (10)  0.118 (3) -0.0215 (16) 4.9 (18) 0(3C)  0.4656 (8)  0.5941 (24) 0.2093 (13) 7.7 (17)
C(13B)  0.2063 (9) 0.047 (3) —-0.0384 (15) 4.4 (17) 0(4C)  0.4248 (10) 1.129 (3) 0.2719 (17) 10.5 (24)
C(14B)  0.2207 (11) -0.023 (3) 0.0050 (19) 6.2 (23) 0(5C)  0.3957 (11) 0.929 (3) 0.1279 (16) 12.0 (27)
C(15B)  0.2075 (10) -0.065 (3) 0.0994 (20) 6.7 (25) 0(6C) 0.3145(8)  0.946 (3) 0.2428 (14) 8.5 (19)
C(16B)  0.1483 (11)  0.134 (3) 0.0649 (21) 7.1 (27) O(7C)  0.2993 (8)  0.701 (3) 0.2530 (13) 8.0 (19)
C(17B)  0.1512 (12)  0.206 (4) -0.0579 (22) 7.8 (27) O(8C) 0.3931 (7)  0.4247 (22) 0.2378 (13) 7.2 (16)
C(18B) 0.2119 (11) 0.042 (3) -0.0999 (18) 6.0 (23) 0(9C) 0.3743 (8) 0.682 (3) 0.1249 (13) 7.9 (19)
C(19B)  0.2472 (13) -0.120 (4) 0.0010 (21) 8.0 (28)

spectroscopic methods. The molecular ion observed in the
FAB mass spectra for complexes 2 and 3 indicates that all
these complexes have identical molecular masses, being
heterometallic W,0s, clusters with nine CO ligands and
one coordinated C,Ph moiety.

The 'H NMR spectra of 2a and 2b each display a
high-field resonance signal at 6 —18.86 (Jy.g = 69.2 Hz)

and at 6 -18.73 (Jy.y = 69.5 Hz), respectively, indicating
the presence of bridging hydride, which is associated with
a Os-W bond. Therefore, the bonding mode of the original
C, acetylide ligand is retained in complex 2. Consistent
with this assignment, the 1*C NMR spectrum of 2b showed
nine CO signals in the region between ¢ 233.7 and 170.6
and two acetylide signals at 6 207.3 (Jw.c = 117 Hz) and
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Table I11. Selected Bond Distances (A) and Angles
Complex 2b (Esd’s in Parentheses)

(deg) of

(A) Intermetallic Parameters

0Os(1A)-0s(2A) 2.844 (2) Os(1A)-W(2A) 2.934 (3)
08(2A)-W(1A) 2.928 (2) 0s(2A)-W(24) 2.784 (2)
W(1A)-W(24) 3.064 (2)

£08(2A)-0s(1A)-W(2A)  57.60 (5) <0s(1A)-Os(2A)-W(1A) 109.64 (7)

£0s(1A)-0s(2A)-W(2A)
£08(2A)-W(1A)-W(2A)
£08(1A)-W(2A)-W(1A)

62.82 (6)
55.33 (5)
103.71 (6)

£08(1A)-W(2A)-0s(2A
£08(2A)-W(2A)~Os(1A

(W(1A)-08(2A)-W(24)

)

(B) Parameters Associated with the Acetylide Fragment

0s(2A)-C(25A)
W(2A)-C(25A) 2.22 (3)
W(2A)-C(26A) 239 (3)

<(W(1A)-C(25A)-C(28A) 156 (3)

2.14 (3) W(1A)-C(25A)
Os(1A)-C(26A)

C(25A)-C(26A)
<C(25A)-C(26A)-C(27A)

2.00 (3)

2.05 (3)

1.36 (4
121 (3)

(C) Selected Parameters of the Carbony! Ligands

W(1A)-C(1A)
W(2A)-C(3A)
Os(1A)-C(5A)
0s8(2A)-C(7A)
0s(2A)-C(9A)

<(W(1A)-C(1A)-O(1A)

<(W(2A)-C(3A)-0(3A)

£08(1A)-C(6A)~0(5A)
208(2A)-C(7TA)-0(7A)
£0s(2A)-C(9A)-0(8A)
£(W(2A)-08(2A)-C(8A)
£0s(1A)-W(2A)-C(3A)
(W(2A)-08(1A)-C(5A)

1.84 (4)
1.89 (3)
1.95 (4)
1.91 (3)
1.86 (4)

168 (3)
163 (3)
175 (3)
172 (3)
171 (4)
104 (1)
96 (1)
121 (1)

W(1A)-C(2A)
0s(1A)-C(4A)
0s(1A)-C(6A)
0s(2A)-C(8A)

(W(1A)-C(2A)-0(2A)

208(1A)-C(4A)-0(4A)
£08(1A)-C(6A)-C(6A)

208(2A)-C(8A)-0(8A)
20s(2A)-W(2A)-C(3A)
£W(2A)-08(2A)-C(9A)
(W(2A)-0s(1A)-C(4A)

1.91 (3)
1.87 (4)
1.86 (4)
1.85 (4)

172 (3)
175 (4)
174 (4)
162 (3)
63 (1)
112 (1)
106 (1)

Table IV. Atomic Coordinates and Equivalent Isotropic

Displacement Coefficients (A?) for 3b

Chi et al.

Table V. Selected Bond Distances (A) and Angles (deg) of
Complex 3b (Esd’s in Parentheses)

64.82 (6)
)  59.58 (6)
59.85 (5)

x y Z By
Os(1) 0.009661 (23) 0.773568 (21) 0.09576 (6) 2.388 (24)
Os(2) —0.011886 (22) 0.743695 (22) -0.18614 (6) 2.344 (24)
W(1) -0.093734 (23) 0.76569 (22) 0.01983 (6) 2.501 (24)
W(2) -0.020907 (21) 0.666527 (21) 0.02633 (6) 2.048 (22)
C(1) -0.0683 (6) 0.7980 (5) 0.1944 (16) 3.8 (8)
C(2) . 0.0318 (6) 0.7702 (7) 0.2869 (17) 5.0 (9)
C(3) 0.0298 (7) 0.8416 (6) 0.0792 (14) 4.5 (8)
C4) 0.0200 (6) 0.7001 (6) -0.3229 (18) 4.2 (8)
C(5) 0.0229 (6) 0.8050 (6) -0.2454 (15) 3.8 (7)
C@) -0.0721 (6) 0.7561 (6) -0.3010 (16) 4.3 (8)
C(7) -0.0756 (6) 0.8352 (5) -0.0530 (15) 3.8 (8)
C(8) -0.0596 (5) 0.6918 (5) 0.1909 (16) 3.2 (7)
C(9) -0.0769 (5) 0.6637 (5) -0.1133 (15) 3.2 (7)
C(10) —0.1714 (6) 0.8055 (6) 0.0748 (17) 4.2 (8)
C(11) -0.1705 (6) 0.7557 (6) 0.1379 (16) 4.4 (8)
C(12) -0.1706 (6) 0.7152 (5) 0.0458 (16) 3.7 (7)
C(13) -0.1721 (6) 0.7385 (6) -0.0823 (18) 4.6 (8)
C(14) ~0.1731 (6) 0.7941 (6) -0.0670 (19) 5.0 (8)
C(15) -0.0174 (5) 0.5900 (5) 0.1645 (14) 2.4 (6)
C(16) —0.0337 (5) 0.5751 (5) 0.0301 (14) 2.8 (6)
C(17) 0.0077 (5) 0.5866 (5) -0.0618 (14) 2.9 ()
C(18) 0.0495 (5) 0.6061 (5) 0.0134 (14) 2.5 (6)
C(19) 0.0347 (5) 0.6105 (5) 0.1518 (14) 2.5 (8)
C(20) -0.0453 (6) 0.5780 (6) 0.2967 (15) 4.1 (8)
C(21) —0.0834 (7) 0.5461 (6) -0.0037 (17) 5.1 (9)
C(22) 0.0072 (6) 0.5679 (6) -0.2102 (17) 4.6 (9)
C(23) 0.1048 (6) 0.6138 (5) -0.0453 (16) 3.9 (8)
C(24) 0.0684 (6) 0.6265 (6) 0.2735 (16) 3.9 (7)
C(25) 0.0397 (5) 0.7151 (5) -0.0338 (14) 2.7 (6)
C(26) 0.0845 (5) 0.7357 (6) 0.0235 (13) 3.2 (7)
C@27) 0.1264 (5) 0.7684 (5) ~0.0448 (15) 3.1 (7)
C(28) 0.1544 (5) 0.8061 (5) 0.0242 (15) 3.3 (7)
C(29) 0.1954 (6) 0.8325 (6) -0.0361 (17) 4.3 (8)
C(30) 0.2119 (5) 0.8184 (6) -0.1674 (17) 3.9 (8)
C(31) 0.1857 (6) 0.7815 (6) —0.2391 (16) 4.2 (8)
C(32) 0.1428 () 0.7557 (6) -0.1820 (16) 3.9 (7)
O(1) -0.0783 (4) 0.8180 (4) 0.3015 (10) 4.7 (6)
0(2) 0.0414 (5) 0.7675 (5) 0.3969 (11) 6.5 (7)
0(3) 0.0445 (4) 0.8858 (4) 0.0665 (12) 5.2 (6)
04) 0.0405 (5) 0.6742 (4) -0.3975 (12) 6.3 (7)
0O(5) 0.0410 (5) 0.8428 (4) -0.2838 (12) 6.1 (7)
0(6) -0.1078 (4) 0.7629 (5) -0.3729 (11) 5.8 (7)
O(7) -0.0681 (4) 0.8774 (4) -0.0931 (12) 4.9 (6)
0(8) -0.0755 (4) 0.6922 (4) 0.3037 (10) 3.8 (5)
0(9) -0.1089 (4) 0.6495 (4) -0.1909 (11) 4.2 (5)

(A) Intermetallic Parameters
2.904 (1) 0s(1)-W(2)
2.917 (1) 0s(2)-W(1) 2.949 (1)
2.865 (1) W(1)-W(2) 3.138 (1)

62.89 (2) <0s(2)-0s(1)-W(2) 58.98 (2)
67.25 (2) £0s(1)-0s(2)-W(1) 55.92 (3)
60.74 (3) «W(1)-0s(2)-W(2) 65.30 (3)
61.20 (3) <0s(1)-W(1)-W(2) 59.00 (2)
£0s(2)-W(1)-W(2) 56.06 (2) <Os(1)-W(2)-0s(2) 60.28 (3)
£0s(1)-W(2)-W(1) 53.76 (2) <£0s(2)-W(2)-W(1) 58.64 (2)

(B) Parameters Associated with the Vinylidene Fragment
0s(1)-C(25) 2.10 (1) 0s(2)-C(25) 2.11 (1)
W(2)-C(25) 2.06 (1) 0Os(1)-C(26) 2.25 (1)
C(25)-C(26) 1.38 (2)

20s(1)-C(25)-0s(2) 87.2 (4)

0s(1)-0s(2) 2.744 (1)
0s(1)-W(2)

0s(2)-W(2)

£0s(2)-0s(1)-W(1)
(W(1)-0s(1)-W(2)
£0s(1)-0s(2)-W(2)
208(1)-W(1)-0s(2)

£0s8(1)-C(25)-W(2) 89.0 (5)
£0s8(2)-C(25)-W(2) 86.6 (5) ,0s(1)-C(25)-C(26) 77.8 (8)
208(1)-C(26)-C(25) 65.6 (7) £C(25)-0s(1)-C(26) 36.7 (5)

(C) Selected Parameters of the Carbonyl Ligands

0s(1)-C(1) 2.29 (2) 0s(1)-C(2) 1.95 (2)
0s(1)-C(3) 1.81 (2) 0s(2)-C(4) 1.92 (2)
0s(2)-C(5) 1.89 (2) 0s(2)-C(6) 1.93 (2)
W(1)-C(7) 1.96 (2) W(2)-C(8) 1.99 (2)
W(2)-C(9) 1.97 (2) W(D-C(1) 2.00 (2)
0s(1)--C(8) 2.89 (1) W(1)--C(8) 2.66 (2)
£08(1)-C(1)-0(1)  132(1) <£0s(1)-C(2)-0(2) 176 (1)
<208(2)-C(3)-0(3) 178(1) £0s(2)-C(4)-0(4) 176 (1)
£08{2)-C(5)-0(5) 176 (1)  £0s(2)-C(6)-C(6) 178 (1)
W(L)-C(1)-0(7)  175(1) <W(2)-C(8)-0(8) 159 (1)
(W(2)-C(9)-0(9) 164 (1) W(1)-C(1)-0(1) 149 (1)
£0s(1)--C(8)-0(8) 121 (1) <W(1)--C(8)-O(8) 118(1)

150.8, assigned to the a- and §8-carbons, respectively. The
observed chemical shifts for both a- and 8-carbons are in
good agreement with the data of tetranuclear WOs; ace-
tylide clusters previously prepared in our research group
and with the data summarized by Carty and co-workers.1®
The identification of the acetylide a-carbon was achieved
by a selective 13C labeling experiment.

The 'H NMR spectra of 3a and 3b each show a singlet
resonance signal at ¢ 6.72 and at 6.83, respectively, in
addition to the signals assigned to the phenyl group and
the respective signals of the Cp and Cp* ligands. We
propose that the hydride ligand has migrated to one of the
acetylide carbons of 1 during the formation of complexes
3, producing either an alkyne (CH=CPh) fragment or a
vinylidene (C=CHPh) fragment. The *C NMR spectrum
of 3b, which exhibits two signals at 6 231.9 (Jyw_c = 160
Hz) and 71.8 for the C, fragment, is more helpful in terms
of differentiating these two possibilities. We can rule out
the possibility of the formation of an alkyne fragment
because the downfield signal at 6 231.9 fails to display
direct proton coupling and to exhibit NOE enhancement
upon proton decoupling; therefore this signal must be due
to the vinylidene a-carbon. On the other hand, the
chemical shifts of the signals observed are in the expected
range of the us-n?-vinylidene ligands.!® After completion
of the assignment of the vinylidene resonance signals, the
signals of four W—CO ligands and five Os—-CO ligands can
be assigned unambiguously with the assistance of the ob-
served characteristic tungsten satellites and their chemical
shifts. Finally, among these four W-CO signals, one occurs
at a very downfield position § 273.5 (Jw- = 96 Hz), which
is assigned to a bridging CO ligand.

(14) Chi, Y.; Wu, C.-H.; Peng, S.-M,; Lee, G.-H. Organometallics 1990,
9, 2305.
10 (§5) Carty, A. J.; Cherkas, A. A.; Randall, L. H. Polyhedron 1988, 7,
4

(16) Evans, J.; McNulty, G. S. J. Chem. Soc. Dalton Trans. 1984, 79.
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Scheme I
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Figure 1. Molecular structure of CpCp*W,0s,(CO)o(CCPh)(u-H)
(2b), showing the atomic numbering scheme.

Crystal Structure of CpCp*W,08,(CO)o(CCPh) (u-
H) (2b). A single-crystal structural determination was
carried out on 2b to confirm the structure of the W,0s,
acetylide complexes. Suitable crystals were obtained from
a layered solution of CH,Cl,-MeOH at room temperature.
According to the results of the structural determination,
the asymmetric unit contains three crystallographically
distinct, but structuraly similar, molecules. An ORTEP
diagram of one of these molecules is shown in Figure 1,
whereas selected bond distances and angles are given in
Table III. As shown in Figure 1, the molecule consists of
a W,0s, core of a butterfly arrangement, with Os(1A) and
W(1A) defining the wing-tip positions and Os(2A) and
W(2A) the hinge positions. Each osmium atom is asso-
ciated with three CO ligands, the tungsten W(1A) atom
is linked to two CO ligands and a Cp* ligand, and the
tungsten W(2A) atom is connected to one CO and a Cp
ligand. The dihedral angle between the triangular wings
W(2A)-0s(1A)-0s(2A) and W(1A)-W(2A)-0s(24) is 131.2
(1)°, and the corresponding dihedral angles for the mole-
cules B and C are 130.5 (1) and 130.6 (1)°, respectively.

The acetylide ligand occupies the open face of the
butterfly framework and is coordinated in multisite fashion
with its a-carbon bound to three metal atoms W(1A),
W(2A), and Os(2A) with bond distances Os(2A)-C(25A)
= 2,14 (3) A, W(1A)-C(25A) = 2.00 (3) A, and W(2A)-C-
(25A) = 2.22 (3) A and with the 3-carbon atom linked to
W(2A) and Os(1A) atoms with bond distances Os(1A)-C-
(26A) = 2.05 (3) A and W(2A)-C(26A) = 2.39 (3) A. The
bonding interaction of this acetylide ligand is of interest
because it can be considered as a model for the chemi-

sorption of acetylide on the steps of metal and alloy sur-
faces.!” Furthermore, complex 2b also is a rare example
of a tetranuclear acetylide complex,'® in which the acetylide
can be considered as o-bonded to one wing-tip atom,
W(1A), via its a-carbon and also interacting with the
second metal triangle, Os(1A)-0s(2A)-W(2A), via a par-
allel (2¢ + ) bonding mode of a typical us-alkyne ligand.!?

The bridging hydride was not located on the Fourier
map. We speculate that the hydride is associated with the
W(2A)-0s(1A) bond because of the observation of tung-
sten-hydride coupling in its '!H NMR spectrum. The
bridging hydride is definitely not associated with the hinge
W(2A)-0s(2A) bond because £0s(2A)-W(2A)-C(3A) is
extremely small (63 (1)°), contrary to the general belief
that the presence of a bridging hydride would enlarge the
adjacent coplanar M-M-CO angles to a value greater than
105°.2 1In good agreement with our suggestion, the W-
(2A)-0s(1A) (2.934 (3) A) vector is longer than the hinge
W(2A)-0s(2A) vector (2.784 (2) A). Examination of the
spectroscopic properties of an analogous cluster
Cp,;MoW0s,(CO)g(CCPh)(u-H) (2¢) prepared from reac-
tion of CpMo0Os,(CO)g(C=CPh) with CpW(CO);H also
provides some additional support. The pattern of the IR
(»(CO)) spectra of 2¢ is very similar to that of 2a and 2b,
indicating that its structure can be shown as

Ph
cp G
(CO) n/|(>§é/_—'_‘\—,0s(00)3
c
(CO);\)N 0s(CO);
2¢

As expected, no tungsten satellites were observed for the
hydride signal at § -16.08 in its 'H NMR spectrum, indi-
cating that the hydride is associated with a Mo—-Os edge.
Finally, calculation of the formal electron counts at the
individual metal atoms (neutral ligands and metal as-
sumed) gives 17.5e at Os(1A), 18e at W(1A) and Os(24A),
and 18.5e at W(2A).

Crystal Structure of CpCp*W,08,(CO)(CCHPh)
(3b). The molecular structure of 3b was determined by
single-crystal X-ray diffraction. The ORTEP diagram and
the scheme used for labeling the atoms are shown in Figure
2. The bond distances and the bond angles are listed in
Table V. The four transition-metal atoms of the molecule
define a slightly distorted tetrahedral core structure with
the metal-metal distances in the range 2.865-3.138 A. The

(17) Sappa, E.; Tiripicchio, A.; Carty, A. J.; Toogood, G. E. Prog. Inorg.
Chem. 1987, 35, 4317.

(18) Bantel, H.; Hansert, B.; Powell, A. K.; Tasi, M.; Vahrenkamp, H.
Angew, Chem., Int. Ed. Engl. 1989, 28, 1059.

(19) Sappa, E.; Tiripicchio, A.; Braunstein, P. Chem. Rev., 19883, 83,
203

(.20) (a) Churchill, M. R. Adv. Chem. Ser. 1978, No. 167, 36. (b)
Churchill, M. R.; Bueno, C.; Park, J. T.; Shapley, J. R. Inorg. Chem. 1984,
23, 1017.
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Figure 2. Molecular structure of CpCp*W,0s,(CO)y(CCHPh)
(3b), showing the atomic numbering scheme.

atoms W(1) and W(2) are connected to one terminal and
one bridging CO ligand in addition to the respective Cp
and Cp* ligands, whereas osmium Os(1) links to two ter-
minal CO ligands and one bridging CO ligand and the
0s(2) atom links to three terminal CO ligands. The vi-
nylidene ligand is coordinated to a triangular face defined
by atoms Os(1), Os(2), and W(2) with its §-carbon con-
nected to atom Os(1). Therefore, the bonding mode of the
vinylidene ligand can be considered to be o-bonded to the
atoms Os(2) and W(1) and 7-bonded to Os(1) atom via an
7? interaction. This type of vinylidene bonding interaction
is not uncommon and has already been well documented
in the literature.2! Finally, the cluster is associated with
the expected 60 valence electrons, and calculation of the
formal electron counts gives 18e for all the individual metal
atoms.

(21) (a) Deeming, A. J.; Underhill, M. J. Chem. Soc., Dalton Trans.
1974, 1415. (b) Chi, Y.; Chen, B.-F.; Wang, S.-L.; Chiang, R.-K.; Hwang,
L.-8. J. Organomet. Chem. 1989, 377, C59. (c) Bantel, H.; Powell, A. K.;
Vahrenkamp, H. Chem, Ber, 1990, 123, 661. (d) Grist, N. J.; Hogarth,
G.; Knox, S. A, R,; Lloyd, B. R.; Morton, D. A. V.; Orpen, A. G. J. Chem.
Soc., Chem. Commun, 1988, 673.
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Isomerization between Acetylide and Vinylidene
Complexes. Thermolysis of either 2b or 3b in refluxing
toluene under a carbon monoxide atmosphere (1 atm, 2
h) produced about 45% of 2b and 50% of 3b. We are
unable to study the kinetics of the equilibration reaction
because of the low solubility in toluene-dg at about 95 °C.
When the reaction was done under nitrogen at 1 atm, we
obtained similar results but with much lower yield due to
decomposition. These observation indicate that the ob-
served rearrangement between acetylide and vinylidene
involves a concerted and reversible hydride migration from
a W-Os edge to the g-carbon of the acetylide ligand
(Scheme I). The unsaturation generated by the hydride
migration is compensated by the folding of the butterfly
framework and the formation of a new W-Os bond, leading
to the observed tetrahedral arrangement. Therefore, the
reversible formation and cleavage of the metal-metal bond
is crucial for the facile acetylide to vinylidene rearrange-
ment. This isomerization reaction can also provide some
understanding of the reaction mechanism of the trans-
formation of acetylide (us-n?-CCR) to an alkylidyne (ug-
CCH,R) in the system of the related WOsj; cluster.” Un-
fortunately, hydrogenation of either 2b and 3b under hy-
drogen at 1 atm (110 °C, 3 h) fails to generate any new
cluster complexes.

Finally, pyrolysis of acetylide complex 2a provides only
trace amounts of vinylidene complex 3a (<4%) under
similar conditions, indicating that the auxiliary ligand on
the transition-metal atom can also change the thermody-
namic preference of the acetylide—vinylidene isomerization.
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Note Added in Proof. Recently, Farrugia and co-
workers have reported the facile transformation between
the spiked-triangular hydrido acetylide and the butterfly
vinylidene clusters as well as the characterization of a
derivative with an intermediate molecular geometry in the
acetylide-vinylidene tautomerization,2?

Supplementary Material Available: ORTEP diagrams of the
molecules B and C of complex 2b with complete atomic labeling
schemes and tables of nonessential bond distances and angles and
anisotropic thermal parameters for 2b and 3b (18 pages); listings
of the observed and calculated structure factors for 2b and 3b
(53 pages). Ordering information is given on any current masthead
page.
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