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Appendix 
The important geometric parameters used for com- 

pounds 3a, 3b, 8a, 8b, and XXI are given in Table 11. The 
Walsh diagrams (Figure 5) are constructed by varying 6 
from 105 to 65'. As a function of 6, the R group on the 
carbynyl carbon is tilted away from the M(l)-C-M(2) 
plane and away from M(1) so that carbyne in the com- 
pounds a t  a smaller dihedral angle becomes a p3 bridge. 
The position of the bridging hydrogen is varied as a 

function of 6. M(2)-C-M(3) vs M(2)-H-M(3) is main- 
tained at 175'. The coordination of the carbonyls does not 
show any major change in 11% and XVIL16 This prompted 
us to keep the coordination of carbonyls around the metals 
in the construction of the Walsh diagrams constant. Ar- 
bitrary variation of the CO ligands in such bulky molecules 
is not advisable because of steric reasons. The atomic 
parameters used for the extended Huckel calculations are 
taken from the literature, which suits best for the tri- 
metallic  cluster^.^*^^ The weighted Hij  formula is used. 
Distances are in angstrom units, and angles are in degrees. 

(34) Jorgensen, K. A.; Hoffmann, R.; Fisel, C. R. J. Am. Chem. SOC. 
1982, 104, 3858. 
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The isocyanide derivatives OS(CO)~(BU~NC), ( x  = 1,2) have been prepared from the reaction of Os(CO), 
(or, for x = 1, Os(C0)4(s2-cyclooctene)) and ButNC. Reaction of these derivatives with M(CO),(THF) (M 
= Cr, Mo, W) in hexane yields (OC)s-x(ButNC),0sM(C0)5. The structures of (OC)4(ButNC)OsCr(CO)5 
(1-Cr) and [ci~-dieq-(OC)~(Bu~NC)~Os]Cr(C0)~ (2b-Cr) have been determined by X-ray crystallography: 
com ound 1-Cr crystallizes in the space group Pnam with a = 20.272 (4) A, b = 9.648 (1) A, c = 9.843 
(2) 1, 2 = 4, R = 0.027, and R ,  = 0.027 for 1306 reflactions ( I  1 2.5a(I)); compound 2b-Cr crystallizes 
in the space group R 1 / n  with a = 9.129 (1) A, b = 12.258 (1) A, c = 20.863 (3) A, 0 = 90.32 (l)', 2 = 4, 
R = 0.026, and R, = 0.022 for 2505 reflections ( I  1 2.5a(I)). In both 1-Cr and 2b-Cr the l&electron moiety 
Os(CO)bx(CNBut), acts as a 2-electron donor ligand to the chromium atom in the Cr(CO)s unit via an 
unbridged, dative metal-metal bond (the Os-Cr distance is 2.966 (2) A in 1-Cr and 2.969 (2) A in 2b-Cr); 
the isocyanide ligands are in cis positions to the metal-metal bonds. The spectroscopic data for the 
(OC)&BU~NC)OSM(CO)~ complexes indicate that the solid-state structure found for 1-Cr is also adopted 
by these complexes in solution. There is no evidence for the isomer with the non-carbonyl ligand trans 
to the Os-M bond. This is in contrast to the (R3P)(OC),0sM(CO), complexes where this is the major, 
or only, isomer present in solution. The spectroscopic properties of the kinetically preferred products from 
the reaction of OS(CO)~(CNBU~)~ with M(CO),(THF) indicate the isocyanide ligands occupy equatorial 
sites on osmium that are mutually trans (Le., [trans-dieq-(OC)3(ButNC)20s]M(CO)5). When these complexes 
are stirred in CH2C12 solution at room temperature, they isomerize (over 2-10 days) to give an equilibrium 
mixture more concentrated in a second isomer. Spectroscopic data of pure samples of the second isomer 
indicate the ButNC ligands are in equatorial positions on the osmium atom that are mutually cis (as indicated 
above, this was confirmed by X-ray crystallography for the chromium compound). Once again, there was 
no evidence for the isomer with an isocyanide ligand trans to the metal-metal bond. 

Introduction 
Work from this laboratory over the past 7 years has 

demonstrated that neutral, 18-electron metal carbonyl 
compounds can act as ligands. Some examples of com- 
plexes with this type of ligand are (OC)50sOs(CO)3(Ge- 
C13)(Cl),l (s6-C5Me5)(OC)21rW(CO)5,2 and (Me3P)- 
(OC),OSR~(CO),(B~).~ The metal-metal bonds in these 
complexes are donor-acceptor (dative) bonds, and as 
shown by X-ray crystallography, they are unbridged. 

(1) Einstein, F. W. B.; Pomeroy, R. K.; Rushman, P.; Willis, A. C. J. 

(2) Einstein, F. W. B.; Pomeroy, R. K.; Rushman, P.; Willis, A. C. 

(3) Einstein, F. W. B.; Jennings, M. C.; Krentz, R.; Pomeroy, R. K.; 

Chem. SOC., Chem. Commun. 1983,854. 

Organometallics 1981, 3, 250. 

Rushman, P.; Willis, A. C. Inorg. Chem. 1987,26, 1341. 

In a recent paper we described the preparation of com- 
plexes of the type (&P)(OC),OsM(CO), (M = Cr, Mo, W)! 
The X-ray crystal structures of (Me3P)(OC)40sCr(CO)6 
and its tungsten analogue revealed that the metal-metal 
bond is also unbridged with the phosphine ligand trans to 
the metal-metal bond. Carbon-13 NMR spectroscopy 
demonstrated that the isomer with the PR3 ligand trans 
to the Os-M bond was also the major isomer present for 
these complexes in solution. For the complexes that had 
phosphorus ligands with a small cone angle, there were, 
however, significant amounts of the isomer with the PR3 
ligand cis to the Os-M bond presents4 

(4) Davis, H. B.; Einstein, F. W. B.; Glavina, P. G.; Jones, T.; Pomeroy, 
R. K.; Rushman, P. Organometallics 1989, 8, 1030. 
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Table I. Analytical and Mass Spectral Data for New Compounds 
anal. 

calcd found 
C H N C H N MS' 

Os(CO)4(CNBut) 28.05 2.35 3.63 28.25 2.54 3.70 387 
Os(CO)S(CNBut)2 35.45 4.12 6.36 35.65 4.08 6.29 442 

(OC)4(ButNC)OsMO(CO)6 (l-MO) 27.06 1.46 2.25 27.25 1.48 2.05 623 
(OC)4(ButNC)OsW(C0)6 (1-W) 23.71 1.28 1.97 23.66 1.36 2.09 709 
(OC)3(ButNc)20sCr(CO)6 (2a-Cr) 34.18 2.87 4.43 34.56 2.97 4.18 634 
(OC)3(ButNC)20sCr(CO)6 (2b-Cr) 34.18 2.87 4.43 34.34 2.78 4.27 634 
(OC)3(ButNC)20sMo(CO)6 (2a-Mo) 31.96 2.68 4.14 31.76 2.67 3.93 678 
(OC)3(ButNC)2OsMO(CO)6 (2b-Mo) 31.96 2.68 4.14 31.97 2.62 4.30 678 
(OC)3(ButNC)20sW(CO)6 (Pa-W) 28.28 2.37 3.66 28.48 2.46 3.69 764 
(OC)3(ButNC)2O~W(CO)6 (2b-W) 28.28 2.37 3.66 28.14 2.32 3.67 764 

(OC)4(ButNC)OsCr(CO)6 (1-Cr) 29.12 1.57 2.42 29.35 1.69 2.50 579 

OM+ ion. 

Table 11. Infrared Data for New Compounds" 
solventb u(CN), cm-' v(CO), cm-' 

OS(CO)4(L) hex 2191 (w) 2061 (s), 1996 (m), 1960 (vs) 
oS(co)&L)2 hex 2136 (m) 1925 (vs) 
(OC)4(L)OsCr(CO)6 (1-Cr) hex 2206 (w) 2099 (m), 2040 (m), 2031 (vs), 2021 (vs), 1961 (w), 

1921 (vs), 1914 (vs) 
dich 2214 (w) 2102 (m), 2030 (vs), 1915 (vs) 

1933 (vs), 1925 (s), 1914 (8) 
(OC)~(L)OSMO(CO)~ (l-Mo) hex 2205 (w) 2095 (m), 2048 (m), 2033 (m), 2019 (s), 2014 (s), 1973 (w), 

dich 2211 (m) 2097 (m), 2047 (s), 2013 (s), 1926 (vs), 1888 (m) 
(oc)4(L)osw(co)6 (1-W) hex 2207 (w) 2099 (m), 2046 (m), 2039 (m), 2022 (s), 1963 (vw), 1922 (vs), 

dich 2214 (m) 2102 (m), 2044 (s), 2022 (s), 1915 (vs), 1884 (sh) 
(OC)3(L)20sCr(C0)6 (2a-Cr)' hex 2174 (m) 2060 (vw), 2014 (s), 1995 (s), 1909 (s), 1902 (w) 

dich 2181 (9) 2062 (vw), 2012 (vs), 1993 (s), 1904 (vs), 1870 (sh) 
(OC)3(L)20sCr(CO)6 (2b-Cr) dich 2061 (s), 2012 (vs), 1994 (sh), 1942 (vw), 1899 (vs), 1867 (sh) 
(OC)3(L)20sMo(C0)6 (2a-Mo)' hex 2170 (m) 2059 (w), 2026 (m), 1987 (s), 1921 (vs), 1913 (e), 1902 (9) 

dich 2176 (9) 2058 (m), 2026 (s), 1984 (s), 1915 (vs), 1872 (m) 
(OC)B(L)20sMo(C0)6 (2b-Mo) dich 2058 (s), 2027 (s), 1994 (s), 1914 (vs), 1871 (m) 
(OC),(L),OsW(CO), (2a-W)' hex 2173 (m) 2062 (vw), 2027 (m), 1995 (s), 1910 (vs), 1903 (s), 1899 (sh) 

dich 2180 (m) 2062 (w), 2027 (m), 1989 (s), 1908 (vs), 1866 (m) 
( o ~ ) ~ ( ~ ) p ~ S ~ ( ~ ~ ) ~  (2b-W) dich 2062 (s), 2027 (s), 2003 (s), 1951 (vw), 1904 (vs), 1865 (m) 

L = ButNC. 

1915 (s), 1909 (sh) 

2208 (m), 2184 (m) 

2204 (m), 2177 (m) 

2207 (m), 2182 (m) 

Key: hex = hexane; dich = CH2C12. Weak absorptions may be due to isomer b. 

Table 111. *H and '42 NMR Data for New Compounds 
'3C 

M(CO)s OS(CO)~,(CNBU~), 'H 
8' 8(ax CO) 8(eq CO)b 8(CO)b 

oS(co)~(L)  1.53 187.4 
08(C0)3(L)z 1.48 193.4 
(OC)4(L)OsCr (CO), (1 -Cr) 1.55' 229.6 222.7 187.1 180.0 165.4 
(OC)4(L)OSMO(CO)6 (l-MO) 1.55e 216.2 210.3 187.0 179.7 166.8 
( o c ) ~ ( ~ ) ~ ~ ~ ( ~ ~ ) ~  (1-w) 1.55' 203.9 (176.1)d 202.3 (125.3)d 184.0 177.8 165.7 
(OC)3(L)20sCr(CO)6 (2a-Cr)' 1.47 231.7 225.5 194.1 168.0 
(OC)3(L)20sCr(CO)6 (2b-Cr) 1.54 231.9 226.1 188.0 167.2 
(OC)3(L)20sMo(C0)s (2a-MoY 1.47 217.4 212.0 193.9 169.3 
(OC)~(L)~OSMO(CO)~ (2b-Mo)' 1.53 217.7 212.8 188.0 168.4 
(OC)3(L)20sW(CO)s (2a-W)' 1.47 205.9 (179.3)d 204.1 (125.7)d 190.5 168.3 
(OC)~(L)~OSW(CO)~ (2b-W) 1.53 206.2 (177.8)d 204.6 (125.5)d 185.3 167.3 

OIn CDCla solution (room temperature). b13C0-Enriched samples in CH2C12/CD2C12 at  -30 or -40 "C. 'Spectrum at  -40 "C. d J ~ ~  
eSpectrum contained signals assigned to isomer b. 'Spectrum contained a weak signal assigned to isomer a. 

Herein, we report the syntheses of OS(CO)~~(BU~NC),  potassium, potassium benzophenone ketyl, and P205, respectively. 
( x  = 1, 2) and their use in the preparation of (OC)&,- The carbonyls M(CO)B (M = Cr, Mo, w), OSs(CO)iit Vclmtene ,  
(ButNC),0sM(C0)6 (M = Cr, Mo, W). Crystallographic and tert-butyl isocyanide were obtained commercidy. Literature 
and spectroscopic studies of these isocyanide derivatives ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ e ~ ! ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Ht 
in that there is no evidence for the isomers with the iso- w88 employed in the irradiations. There wae -5 cm between the 
cyanide ligand trans to the metal-metal bond. source and the edge of the reaction vessel. 

Infrared spectra (Table 11) were recorded on a Perkin-Elmer 
983 spectrometer; the internal calibration of the instrument wae 
periodically checked against the known absorption frequencies 

(5) Rushman, P.; van Buuren, G. N.; Shiralian, M.; Pomeroy, R. K. 

interesting differences to the phosphine novia Model 654 A36) in a water-cooled quartz jacket 

Experimental Section 
Unless othemise stated, manipulations of starting materials 

and products were carried out under a nitrogen atmosphere with 
the use of standard Schlenk techniques. Hexane, tetrahydrofuran 
(THF), and dichloromethane were distilled under nitrogen from Organometallics 1988,2, 693. 
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of gaseous CO. Electron-impact (70-eV) mass spectra (Table I) 
were obtained with a Hewlett-Packard 5985 GC-MS instrument; 
the most intense peak of the ions of highest mass in each spectrum 
matched that calculated for the parent ion of the compound in 
question. NMR spectra (Table 111) were recorded on either a 
Bruker WM400 spectrometer (operating frequencies: 400 MHz 
for lH and 100.6 MHz for 13C) or a Bruker SY-100 spectrometer. 
The 13C NMR spectra were obtained on samples enriched with 
13CO (-30%), which, in turn, were prepared from 13CO-enriched 
M(CO),(THF).' The microanalyses (Table I) were obtained by 
M. K. Yang of the Microanalytical Laboratory of Simon Fraser 
University. 

Preparation of Os(CO),(CNBu'). Method 1. The cyclo- 
octene derivative Os(C0)4(~2-cyclooctene) was prepared from 
O S ~ ( C O ) ~ ~  by a procedure that is a modification of that of Burke:6 
A quartz Carius tube fitted with a Teflon valve was charged with 

(138 mg, 0.152 mmol), cyclooctene (1.92 mL, 14.7 mmol), 
and benzene (60 mL). The vessel was cooled to -196 "C and 
evacuated; the solution was degassed with one freeze-pump-thaw 
cycle. The vessel was pressurized with CO (1 atm) and the solution 
irradiated through a GWV filter (X 1 370 nm) for 23 h. The 
solvent and excess cyclooctene were removed on the vacuum line; 
the remaining solid was extracted with hexane (2 X 20 mL). The 
extracts were combined and placed along with further hexane (35 
mL) and Bu'NC (64 pL, 0.57 mmol) in a round-bottom flask 
(-80-mL capacity) fitted with a Teflon valve. The flask was 
heated in the dark at  55-65 OC for 24 h. The solvent and excess 
ButNC were removed on the vacuum line, and the remaining solid 
was subjected to sublimation a t  25 OC (0.1 mm) to a water-cooled 
probe whereupon Os(CO),(CNBu') was obtained as a white solid. 
The yield of OS(CO)~(CNBU~) was 50 mg (28%). 

Method 2. To a 100-mL three-necked flask were added Os- 
(CO), (-155 mg, 0.47 "01) in hexane/benzene ( l / l ,  v/v, 50 mL), 
Bu'NC (50 pL, 0.48 mmol), and the catalyst CoClP2H20 (-5 mg). 
The solution was refluxed for 20 min during which time the color 
of the solution changed from green to  yellow. An infrared 
spectrum of the solution a t  this stage indicated the presence of 
Os(C0),(CNBut) and OS(CO)~(CNBU')~, but not of OS(CO)~ The 
solvent and any remaining ButNC were removed on the vacuum 
line, and the desired product was isolated as in method 1. The 
yield of Os(CO),(CNBu') was 52 mg (28%), that  is, essentially 
the same as by method 1. 

Preparation of Os(C0)3(CNBut)2. To a 200-mL, three- 
necked flask were added OS(CO)~ (263 mg, 0.80 mmol) in hex- 
ane/benzene ( l / l ,  v/v, 100 mL), Bu'NC (70 wL, 0.67 mmol), and 
CoC12.2H20 (-5 mg). The solution was refluxed for 20 min a t  
which time the flask and contents was cooled and more ButNC 
(70 pL, 0.67 mmol) added; the solution was refluxed for a further 
20 min. An infrared spectrum of the solution a t  this stage in- 
dicated the reaction was complete (the solution had turned from 
pale green to yellow). The solvent and any unreacted ButNC were 
removed on the vacuum line. The remaining solid was extracted 
with hexane (4 X 20 mL). The hexane extracts were combined 
and evaporated to dryness to yield crude OS(CO)~(CNBU')~ (80 
mg, 23%). The analytical sample was obtained, as bright yellow, 
air-stable crystals, by sublimation (with some decomposition) of 
the crude product a t  80-90 "C (0.1 mm) followed by recrystal- 
lization of the sublimed product from hexane. 

Preparation of (OC)JBU~NC)OSM(CO)~ (M = Cr, Mo, W). 
A solution of M(CO),(THF) was prepared from M(CO)6 (M = 
Cr, 0.20 mmol; M = Mo, 0.60 mmol; M = W, 0.40 "01) and THF 
(30 mL). The solution was reduced in volume to 1-2 mL and 
immediately cooled to -196 OC. A solution of Os(CO),(CNBut) 
(40 mg, 0.10 mmol) in hexane (10 mL) was added to  the frozen 
M(CO)&THF)/THF and the resulting mixture allowed to warm 
with stirring. The treatment varied somewhat depending on the 
group 6 metal: For the chromium case the mixture was allowed 
to warm to room temperature, for molybdenum to 0 "C, and for 
tungsten to room temperature followed by a further 20-min 
stirring. After this treatment, the isolation of the product was 
identical for each compound. The solvent was removed on the 
vacuum line and the residue extracted with hexane (4 x 10 mL). 
The extracts were combined and evaporated to dryness. The 

Shipley e t  al. 

residue waa subjected to sublimation under vacuum (<0.02 mm) 
at room temperature (M = Cr) or -40 "C (M = Mo, W) to a 
water-cooled probe that removed M(CO)@ The residue remaining 
after the sublimation was recrystallized from hexane/CH2C12 (7/1) 
to give analytically pure (OC)4(B~tNC)09M(CO)S. The yields were 
65-80% for M = Cr, 5540% for M = Mo, and 30-40% for M 
= W. The chromium compound was bright yellow, the molyb- 
denum compound colorless or pale yellow, and the tungsten 
compound pale yellow. All compounds could be handled in air 
for short periods without apparent decomposition; prolonged 
exposure did, however, result in decomposition. 

Preparation of Isomer a of (OC)3(ButNC)zOsM(CO)5 (M 
= Cr, Mo, W). A solution of M(CO)&THF) in THF (30 mL) was 
prepared from M(CO)6 (M = Cr, 0.20 mmol; M = Mo, 0.55 mmol; 
M = W, 0.30 mmol). The solution was reduced in volume to 1-2 
mL and cooled to -196 "C. A solution of OS(CO)~(CNBU')~ (40 
mg, 0.091 mmol) in hexane (10 mL) was added to the frozen 
M(CO),(THF)/THF. The solution was allowed to warm, with 
stirring, to  room temperature (M = Cr), to 0 OC (M = Mo), or 
to room temperature with further stirring a t  room temperature 
for 10 min (M = W). The solvent was then removed on the 
vacuum line. The residue was extracted repeatedly with hexane. 
The hexane extracts were combined and evaporated to dryness. 
The remaining solid (i.e., that had originally dissolved in hexane) 
was chromatographed on Florisil(14 X 1 cm). Elution with hexane 
removed M(CO)@ The desired product, (OC)~(BU~NC)~OSM(CO)~ 
(mainly isomer a but with some of isomer b), was obtained by 
elution with hexane/CH,C12 (4/1). The analytical samples were 
obtained by recrystallization from hexane/CH2C12 (7/1). As such, 
the samples consisted mainly of isomer a but had some isomer 
b (-7%, M = Cr, W; -20%, M = Mo). 

The solid that remained after the hexane extraction described 
above was chromatographed on silica gel (15 X 1 cm) with hex- 
ane/CH2C12 (3/1) as the solvent to  yield small amounts isomer 
b of (OC)3(ButNC)zOsM(C0)5 (see below). 

In the tungsten case elution with hexane/CHzClz (1/1) gave 
a yellow band from which a yellow solid was isolated. The com- 
pound has not yet been completely characterized, but its properties 
suggest it has two unbridged dative metal-metal bonds analogous 
to the compound (OC)3[MeC(CH20)3P]20sOs(CO)4W(CO~5 re- 
cently reported from this laboratory.' 

The (combined isomer a and b) yields and colors of the 
(OC)3(ButNC)20sM(CO)5 complexes were similar to those for the 
analogous (OC)4(ButNC)OsM(CO)S derivatives given above. 

Preparation of Isomer b of (OC)3(ButNC)20sM(CO)5 (M 
= Cr, Mo, W). A saturated solution of isomer a of (OC),- 
(BU~NC)~OSM(CO)~ in hexane was prepared in an 80-mL 
round-bottom flask fitted with a Teflon valve. The solution was 
degassed by three freeze-pump-thaw cycles. The solution was 
then stirred in the dark a t  room temperature for 7-10 days. 
During this time the less soluble isomer b precipitated from 
solution. The supernatant solution was removed, and the pre- 
cipitate was washed several times with hexane to remove traces 
of isomer a and dried on the vacuum line. In the case of the 
molybdenum complex partial decomposition to a black material 
accompanied the isomerization. The desired product was sepa- 
rated from the decomposition product by dissolving i t  in hex- 
ane/CH2Clz (3/1) and passing the solution through a short column 
(1 X 1 cm) of silica gel. Removal of the solvent on the vacuum 
line gave the crude product. The analytical samples of the 
(OC)3(ButNC)20sM(CO)6 (M = Cr, Mo, W) complexes were ob- 
tained by recrystallization from hexane/CH2Clz. As such they 
were pure isomer b as indicated by 13C NMR spectroscopy. 

Determination of the Isomer Ratio at Equilibrium for the 
(CO)3(ButNC)20sM(CO)6 (M = Cr, Mo, W) Complexes. 
Recrystallized isomer b of (OC)3(ButNC)20sM(CO), was dissolved 
in CH2C12 contained in a round-bottom flask fitted with a Teflon 
valve. The solution was degassed with a freeze-pumpthaw cycle. 
The solution was stirred under vacuum in the dark at room 
temperature. The isomerization was monitored by *H NMR 
spectroscopy and infrared spectroscopy until it had been judged 
that the equilibrium had been attained. This took approximately 
2 days for the molybdenum derivative and 5-10 days for the 

(7) Batchelor, R. J.; Davis, H. B.; Einstein, F. W. B.; Pomeroy, R. K. 
J. Am. Chem. SOC. 1990, 112, 2036. 

~ 

(6) Burke, M. R. Ph.D. The&, University of Alberta, 1987. 
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Os-Group 6 Element  Complexes 

chromium and tungsten analogues. After this period the solvent 
was removed under reduced pressure. The remaining solid was 
dissolved in CDC13, and a 'H NMR spectrum of the solution was 
recorded a t  room temperature. The a/b ratio was obtained from 
the areas of the 'H NMR signal of each isomer. The approximate 
a / b  isomer ratios were 1/2.6,1/1.8,  and 1/2.3 for the chromium, 
molybdenum, and tungsten derivatives, respectively. It was 
verified for the chromium and molybdenum compounds that the 
equilibrium ratio could be obtained under the same conditions 
starting from predominantly the a isomer. 

Reaction of OS(CO)~(CNBU~) with Cr(C0),(CNBut)(THF). 
A hexane solution of Bu'NC was added to  an approximately 
equimolar quantity of Cr(CO)S(THF) maintained at -196 OC. The 
frozen mixture was warmed to room temperature and the solvent 
removed on the vacuum line. The residue was sublimed a t  room 
temperature (<0.02 mm) to a probe at -78 OC to give a pale yellow 
solid identified by infrared spectroscopy as Cr(CO)&NBut)? A 
solution of Cr(CO),(CNBut) in THF was placed in a Pyrex Carius 
tube fitted with a Teflon valve; the solution was degassed with 
two freeze-pump-thaw cycles. The stirred solution was then 
subjected to W irradiation at room temperature. The conversion 
of Cr(CO)&CNBut) to Cr(CO),(CNBut)(THF) was monitored by 
IR spectroscopy. A small amount of Cr(CO),(THF) was also 
produced. When the conversion was judged complete, the solution 
was reduced in volume and cooled to -196 OC. A hexane solution 
of OS(CO)~(CNBU~) was added to the frozen solution of Cr- 
(CO)4(CNBut)(THF). An approximate molar ratio for Os- 
(CO)4(CNBut)/Cr(CO)4(CNBut)(THF) of 1/2 was employed. The 
frozen mixture was warmed to room temperature with stirring 
at which point the solvent was removed under vacuum. The 
remaining solid was chromatographed on a silica gel column. 
Elution with hexane removed unreacted Cr(CO)&CNBut). Elution 
with hexane/CH,Cl, (5/1, v/v) separated a yellow band that was 
collected in three fractions. The first fraction contained mostly 
(OC),(ButNC)OsCr(CO), (1-Cr). The remaining two fractions 
also contained small amounts of I-Cr besides the desired product. 
The impurity of 1-Cr was removed by washing the solid several 
times with hexane. The bright yellow residue was identified as 
(OC)3(ButNC)20sCr(CO)6, 2b-Cr (Le., the thermodynamically 
preferred isomer). The yield was estimated to  be -60%. 

X-ray Analysis of (OC),(ButNC)0sCr(CO), (1-Cr) a n d  
(OC)3(BuWC),0sCr(CO)S (2b-Cr). Crystals of 1-Cr and 2b-Cr 
were mounted on an Enraf Nonius CAD-4F diffractometer 
equipped with a commercial low-temperature attachment that 
had been extensively modified in house. Intensity data (Mo 
Ka/graphite monochromator) were measured at -73 "C (1-Cr) 
and 22 "C (ab-Cr). The unit cells were determined from 25 
well-centered reflections (1-Cr, 19O 5 0 5 2 2 O ;  2b-Cr, 14O 5 0 I 
17O). Two intensity standards were measured every 1 h (I-Cr) 
or 1.5 h (2b-Cr) of acquisition time. The intensity data of 1-Cr 
showed no significant variation, whereas those of 2b-Cr decayed 
systematically by 2% during the course of data acquisition. The 
data were corrected analytically for absorption? Data reductions 
were performed, which included intensity scaling and Lorentz and 
polarization corrections. 

The structure of 1-Cr was solved from the Patterson map and 
subsequent Fourier syntheses. The methyl carbon atoms of the 
tert-butyl group were found to occur in general positions resulting 
in two 50% occupied orientations of this group related to one 
another by a crystallographic mirror plane bisecting the molecule. 
(This disorder could not be eliminated by refinement in the space 
group PnaP1.) The refined anisotropic atomic thermal parameters 
suggest that the disorder may involve more than just the rotational 
conformation of the tert-butyl group; however, the overall good 
agreement indicates that refinement of a more complex model 
w a ~  not justified for our purposes. The 50% occupancy hydrogen 
atoms were initially placed in calculated positions of 0.95 A from 
their respective carbon atoms. Final full-matrix, least-squares 
refinement included allowed coordinates for all atoms (subject 
to  distance and angle restraints that imposed approximate tet- 
rahedral geometry about the carbon atoms of the tert-butyl group), 
anisotropic thermal parameters for Os, Cr, 0, and the methyl 
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(8) Albers, M. 0.; Singleton, E.; Coville, N. J. J .  Chem. Educ. 1986, 

(9) DeMeulenaer, J.; Tompa, H. Acta Crystallogr. 1965, 19, 1014. 
63, 444. 

Table IV. Crystallographic Data for the Structure  
Determinations for 1-Cr end 2b-Cr 

1-Cr 2b-Cr 
~ 

formula Cl4H9CrNO9Os C18H18CrN2080s 
fw 577.44 632.56 
space group Pnam E 1 / n  
cryst syst orthorhombic monoclinic 
a, A 20.272 (4) 9.129 (1) 
b, A 
c,  A 
P ,  deg 90.32 (1) 
v, A3 1925.0 2334.6 
z 4 4 
d d c ,  g 61-n~~ 1.992 1.800 
temp, O C  -73 22 
cryst size, mm 
transmission coeff 0.25-0.30 0 . 4 0 . 6 2  
p(Mo Ka), cm-' 71.94 59.4 
X(Mo Ka), A 0.71069 0.710 69 
min-max 28, deg 5-50 4-49 
RP 
Rwfd 

9.648 (1) 12.258 (1) 
9.843 (2) 20.863 (3) 

0.20 X 0.22 X 0.40 0.08 X 0.14 X 0.26 

0.027* 0.026c 
0.027e 0.022' 

"RI  = E.llFol - IFcII/CIFoI. b1306 observed data, I I 2.5a(l). 
c2505 observed data, I 2 2.5u(O. dRw,  = [x(w(JFoI - \Fcl)2/El- 
where x = lFol/F- and t ,  are the polynomial functions of the 
Chebyshev series.% f w  = [u2(Fo) + O.O002F,2]-'. 

carbon atoms, isotropic temperature factors for the remaining 
non-hydrogen atoms, and a single isotropic temperature factor 
for the H atoms. The maximum (shift/esd( was 0.01 for the fnal 
cycle of refinement of 135 parameters for 1306 observations ( I ,  
2 2.5a(10)) and 42 restraints. The largest peak in the final dif- 
ference map was 0.9 (3) A-3. An empirical weighting scheme was 
applied such that (w(lFol - lFc1)2) was near constant as a function 
of both lFol and (sin @ / A .  

The structure of 2b-Cr was also solved from its Patterson map 
and subsequent Fourier syntheses. The hydrogen atoms were 
included in calculated positions with assigned isotropic tem- 
perature factors and were repositioned after further structure 
refinement. Final full-matrix, least-squares refinement included 
coordinates for all non-hydrogen atoms and an extinction coef- 
ficient.1° The maximum Ishift/esdl was 0.05 for the final cycle 
of refinement of 202 parameters for 2505 observations (I,, 2 
2.5a(10)). The largest peak in the final difference map was 1.0 
(1) e A-3. A weighting scheme, based on counting statistics, was 
applied such that (w(lFoI - lFC1),) was near constant as a function 
of both IFo] and (sin 0) /A.  

Complex scattering factors for neutral atoms were used in the 
calculation of structure factors." The computer programs used 
for data reduction, structure solution, and initial refinement were 
from the NRCVAX Crystal Structure System.', The program 
suite CRYSTALS'~ was employed in the final stages of the refinement 
of the structure of 1-Cr that involved the use of restraints. All 
computations were carried out on a MicroVAX-I1 computer. 
Crystallographic data are summarized in Table IV. Fractional 
coordinates and isotropic or equivalent isotropic thermal pa- 
rameters for the non-hydrogen atoms of l-Cr and 2b-Cr are listed 
in Tables V and VI, respectively. Bond lengths and selected angles 
for I-Cr and 2b-Cr are given in Table VI1 and VIII, respectively. 
Other crystallographic data are deposited as supplementary 
material. 

(wF,2)]'/*. e~ = [12.7869to(x) + 17.1586tl(x) + 8.08044t2(~)]-', 

Results and Discussion 
Os(CO),,(CNBut), (x = 1,2) Compounds. The iso- 

(10) Larson, A. C. In Crystallographic Computing; Ahmed, F .  R., Hall, 
S. R., Huber, C. P., Eds.; Munksgaard: Copenhagen, 1970; p 291. 

(11) International Tables for X-ray Crystallography; Kynoch Press: 
Birmingham, England, 1975; Vol. IV, p 99. 

(12) Gabe, E. J.; Larson, A. C.; Lee, F. L.; LePage, Y. NRCVAX 
Crystol Structure System; Chemistry Division, National Research 
Council; Ottawa, 1986. 

(13) Watkin, D. J.; Carruthers, J. R.; Betteridge, P. W. CRYSTALS 
User Guide; Chemical Crystallography Laboratory, University of Oxford: 
Oxford, 1985. 
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Table V. Fractional Coordinates (XlO') and Isotropic or 
Equivalent Isotropic Thermal Parameters (A* X lo') for the 

Non-Hydrogen Atoms of 1-Cr at -73 O C 0  
atom x l a  Y l b  z / c  U(iso) 
Os 8456.0 (2) 9156.9 (4) 7500 364 
Cr 8843.5 (6) 12122 (2) 7500 355 
O(1) 9954 (3) 8595 (10) 7500 574 
O(2) 7915 (4) 6160 (8) 7500 771 
O(3) 8505 (3) 9705 (6) 4412 (5) 649 
O(4) 9286 (4) 15074 (8) 7500 678 
O(5) 7806 (2) 12754 (7) 5355 (6) 665 
O(6) 9907 (2) 11607 (6) 5393 (6) 664 
N 6949 (4) 10064 (7) 7500 432 (19) 
C(1) 9401 (5) 8811 (10) 7500 462 (24) 
C(2) 8142 (5) 7264 (13) 7500 578 (27) 
C(3) 8493 (3) 9502 (6) 5527 (7) 451 (15) 
C(4) 9096 (5) 13927 (10) 7500 470 (23) 
C(5) 8195 (3) 12478 (8) 6156 (7) 497 (16) 
C(6) 9488 (3) 11765 (7) 6148 (7) 443 (16) 

C(8) 6235 (3) 10301 (8) 7500 535 (25) 
C(9) 5932 (5) 9121 (12) 6802 (7) 798 
C(10) 6024 (4) 10386 (11) 8950 (8) 822 
C(11) 6119 (5) 11605 (11) 6776 (7) 798 

C(7) 7511 (4) 9788 (10) 7500 390 (21) 

OGeneral equivalent positions: ( x ,  y,  z ) ,  ( l f 2  - x ,  ' I z  + y,  + 
21, ( ' /2 + x, 1 /2  - y, z ) ,  (-x,  -y, 1 1 2  + 4, ( -x ,  -Y, -21, ( 1 1 2  + x ,  1 /2  - 
Y ,  1/2 - z ) ,  (1/2 - x ,  1 1 2  + Y ,  -21, ( x ,  y, 1 1 2  - 2) .  

Table VI. Fractional Coordinates (XlO') and Isotropic or 
Equivalent Isotropic Thermal Parameters (A') for the 

Non-Hydrogen Atoms of Pb-Cr 
atom x l a  rlb z l c  Bi." 

0.09352 (3) 
0.28757 (12) 

-0.0807 (6) 
0.3135 (6) 
0.3101 (6) 
0.0126 (5) 
0.2978 (7) 
0.5594 (6) 
0.4615 (7) 
0.2825 (7) 

-0.1066 (6) 
-0.1037 (6) 
-0,0305 (7) 
-0.0308 (7) 
-0.0218 (9) 
0.2312 (8) 
0.2255 (8) 
0.1137 (8) 
0.2909 (8) 
0.4547 (8) 
0.3969 (9) 
0.2840 (8) 

-0.2049 (8) 
-0.1944 (8) 
-0.2785 (9) 
-0.3165 (10) 
-0.1162 (11) 
-0.2787 (10) 
-0.0930 (9) 
-0.2935 (10) 

0.08713 (3) 
0.27805 (IO) 

-0.1215 (4) 
0.0515 (5) 

-0.0094 (5) 
0.4119 (5) 
0.2370 (5) 
0.1388 (5) 
0.4803 (5) 
0.3268 (5) 
0.2394 (5) 
0.1768 (5) 
0.1826 (6) 
0.1425 (6) 

-0.0391 (7) 
0.0667 (6) 
0.0301 (6) 
0.3594 (6) 
0.2502 (7) 
0.1897 (6) 
0.4008 (7) 
0.3069 (6) 
0.3105 (6) 
0.2252 (6) 
0.3866 (7) 
0.2393 (8) 
0.3729 (8) 
0.3168 (7) 
0.2623 (9) 
0.1375 (8) 

0.11570 (2) 
0.13772 (6) 
0.0932 (3) 
0.0074 (3) 
0.2124 (3) 
0.1542 (3) 
0.2811 (3) 
0.1228 (3) 
0.1596 (3) 

-0.0042 (3) 
0.0292 (3) 
0.2289 (3) 
0.0588 (3) 
0.1885 (3) 
0.1018 (4) 
0.0473 (4) 
0.1758 (4) 
0.1489 (4) 
0.2271 (4) 
0.1273 (4) 
0.1510 (4) 
0.0500 (4) 

-0.0073 (4) 
0.2791 (3) 
0.0404 (4) 

-0.0403 (4) 
-0.0549 (4) 
0.2495 (4) 
0.3310 (4) 
0.3039 (5) 

3.218 
3.82 
6.5 
6.5 
6.4 
5.5 
7.3 
7.0 
8.5 
7.0 
3.84 (12) 
3.87 (12) 
3.37 (14) 
3.41 (14) 
4.7 (2) 
4.7 (2) 
4.5 (2) 
4.3 (2) 
4.7 (2) 
4.4 (2) 
5.1 (2) 
4.6 (2) 
4.3 (2) 
4.0 (2) 
6.4 
7.4 
7.7 
6.5 
7.7 
7.4 

cyanide derivatives 0s(CO),(CNBut) and OS(CO)&CNBU~)~ 
were prepared by methods summarized in eqs 1 and 2. 

65-65 o c  
OS(CO)~(COE) + ButNC - Os(CO)4(CNBut) (1) 

COE = cyclooctene 
OS(CO)~ + xButNC - OS(CO)~_JCNBU~), ( x  = 1, 2) 

(2) 
The reactions indicated eq 2 were carried out in hex- 
ane/benzene at  reflux temperature with a catalyst of 
CoCl2-2H20. This method has been previously used in the 
preparation of the iron  analogue^.'^ The pattern of the 

Table VII. Bond Lengths (A) and Selected Angles (deg) for 
1-Cr 

Bond Lengths 
2.966 (2) OS-c(l) 

2.011 (9) Cr-C(4) 
1.896 (7) Cr-C(6) 
1.139 (11) C(2)-0(2) 
1.115 (8) C(4)-0(4) 
1.146 (8) C(6)-0(6) 
1.169 (11) N-C(8) 
1.464O C(S)-C(lO) 
1.465O 

1.934 (12) Os-c(3) 
1.945 (10) 
1.972 (7) 
1.815 (10) 
1.896 (7) 
1.160 (13) 
1.172 (12) 
1.139 (7) 
1.466 (10) 
1.4920 

C(l)-Os-Cr 
c (2)-0s-C (1) 
C(3)-Os-C(1) 
C(7)-Os-Cr 
C(7)-0s-C(2) 
C(7)-0s-C(3) 
C (5)-C r-Os 
C (5)-Cr-C (5') 
C(6)-Cr-C(4) 
C(G)-Cr-C (5') 
C (8)-N-C (7) 
0(2)-C(2)-Os 
0(4)-C(4)-Cr 
0(6)-C(6)-Cr 
C(9)-C(8)-N 
C(lO)-C(S)-C(9) 
c(i i)-c(a)-cw 

Angles 
84.5 (3) C(~)-OS-CI 

89.5 (3) C(3)-0s-C(2) 
87.7 (3) c(7)-o~-c(1) 
88.4 (4) C(3)-0~-C(3')~ 

99.3 (4) C(3)-Os-Cr 

89.2 (4) C(4)-Cr-Os 
89.5 (2) C(5)-Cr-C(4) 
88.5 (4) C(G)-Cr-Os 
88.9 (3) C(6)-Cr-C(5) 

179.6 (3) C(6)-Cr-C(6')b 

177.2 (9) 0(5)-C(5)-Cr 

175.8 (7) O(l)-C(l)-Os 
175.8 (9) 0(3)-C(3)-0~ 

174.8 (6) N-C(7)-Os 
170.0" C(lO)-C(8)-N 
111.80 C( 1l)-C( 8)-N 
111.90 c(ii)-cw-c(io) 

176.2 (3) 
80.0 (2) 
99.9 (2) 

172.2 (4) 
160.0 (3) 
179.0 (3) 
91.2 (3) 
90.4 (2) 
91.2 (3) 
89.2 (4) 

179.3 (10) 
179.0 (7) 
177.0 (7) 
175.5 (8) 
106.90 
107.0" 
111.90 

Parameters subjected to restraints during refinement. *Prime 

CO stretches in the infrared spectrum of Os(CO),(CNBut) 
in hexane (Table 11) is typical for an M(CO),(L) compound 
that has trigonal-bipyramidal coordination about M with 
L in an axial positi~n.'~-'~ Similarly, the single infrared- 
active carbonyl stretch exhibited by OS(CO)~(CNBU~)~ in 
hexane is consistent with trigonal-bipyramidal coordination 
about the osmium atom with the isocyanide ligands in the 
axial sites. 14-16~19 

(OC)4(ButNC)OsM(C0)6 (M = Cr, 1-Cr; M = Mo, 
1-Mo; M = W, 1-W) Complexes. These complexes were 
prepared by the method indicated in eq 3 ( x  = 1). The 
complexes are moderately stable in air and are bright 
yellow (M = Cr), pale yellow (M = Mo), and white (M = 
W). 
OS(CO)~ACNBU'), t M(CO)~(THF) - 

(') = ( x ,  y,  1.5 - z) .  

r = l : M = C r , M o ,  W 
x =  2 

(OC),ABU'NC)PSM(CO), (3) 
l-Cr,l-Mo, 1-W 
P-Cr, 2-Mo,2-W 

The structure of 1-Cr was determined by X-ray crys- 
tallography. A view of the molecule is shown in Figure 1; 
bond length and angle data are given in Table VI. As can 
be seen from the figure, the 18-electron compound Os- 
(CO)4(CNBut) acta as a 2-electron donor ligand toward the 

(14) Albers, M. 0.; Coville, N. J.; Singleton, E. J. Chem. Soc., Dalton 
Trans. 1982, 1069. 

(15) (a) Cotton, F. A.; Parish, R. V. J. Chem. SOC. 1960, 1440. (b) 
Reckziegel, A.; Bigorgne, M. J. Organomet. Chem. ISBS, 3, 341. (c) 
Darensbourg, D. J.; Nelson, H. H.; Hyde, C .  L. Inorg. Chem. 1974, 13, 
2135. 

(16) Adams, D. M. Metal-Ligand and Related Vibrations; St. Mar- 
tin's: New York, 1968; p 105. 

(17) Bratarman, P. S. Metal Carbonyl Spectra; Academic: New York, 
1975; p 57. 

(18) Martin, L. R.; Einetain, F. W. B.; Pomeroy, R. K. Inorg. Chem. 
1985,24, 2777. 

(19) Stalick, J. K.; Ibers, J. A. Inorg. Chem. 1969, 8, 419. 
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Table VIII. Bond Lengths (A) and Selected Angles (des) 
for 2b-Cr 

~ 

Bond Lengths 
Os-Cr 2.9693 (12) os-c(3) 1.894 (9) 
OS-C(l) 2.011 (7) Os-C(4) 1.923 (8) 
Os-C(2) 2.018 (7) Os-C(5) 1.869 (8) 
Cr-C(6) 1.890 (8) Cr-C(9) 1.825 (9) 
Cr-C(7) 1.897 (8) Cr-C(10) 1.864 (8) 
Cr-C(8) 1.884 (8) C(7)-0(7) 1.138 (10) 
C(3)-0(3) 1.158 (10) C(8)-0(8) 1.146 (10) 
C(4)-0(4) 1.140 (10) C(9)-0(9) 1.153 (10) 
C(5)-0(5) 1.187 (9) C(l0)-O(l0) 1.156 (10) 
C(6)-0(6) 1.130 (9) C(2)-N(2) 1.156 (9) 
C(l)-N(l) 1.160 (9) N(2)-C(12) 1.466 (9) 
N(l)-C(ll) 1.462 (9) C(l2)-C(l6) 1.493 (11) 
C(ll)-c(13) 1.522 (12) C(12)-C(17) 1.491 (11) 
C(ll)-C(14) 1.505 (11) C(lZ)-C(lS) 1.499 (12) 
C(ll)-C(15) 1.496 (12) 

Angles 
Cr-Oa-C( 1) 88.05 (19) C(l)-Os-C(5) 166.4 (3) 

Cr-Os-C(3) 177.14 (24) c(2)-0s-C(4) 167.0 (3) 
Cr-Os-C(4) 79.96 (23) C(2)-0sC(5) 89.1 (3) 
Cr-Os-C(5) 78.99 (24) c(3)-os-c(4) 98.4 (3) 
c(l)-os-c(2) 86.1 (3) C(3)-0~-C(5) 98.8 (3) 
C(l)-Os-C(3) 94.3 (3) C(4)-0~-C(5) 91.6 (3) 
c(l)-Os-c(4) 90.3 (3) C(6)-Cr-C(9) 90.3 (3) 
Os-Cr-C(6) 86.22 (23) C(s)-Cr-C(lO) 90.6 (3) 
Oa-Cr-C(7) 90.94 (25) C(7)-Cr-C(8) 90.1 (3) 
Os-Cr-C(8) 90.69 (23) C(7)-Cr-C(9) 89.7 (3) 
OS-Crc(9) 176.5 (3) C(7)-Cr-C(10) 179.4 (3) 
Os-Cr-C(10) 89.45 (24) C(8)-Cr-C(9) 92.8 (3) 
C(6)-Cr-C(7) 89.0 (3) C(8)-CrC(10) 90.3 (3) 
C(6)-Cr-C(8) 176.8 (3) C(S)-CrC(lO) 89.9 (3) 

Os-C(l)-N(l) 176.0 (6) Os-C(2)-N(2) 177.8 (6) 
Os-C(3)-0(3) 173.9 (7) Os-C(5)-0(5) 177.5 (7) 
0s-C (4)-0 (4) 177.9 (7) Cr-C(8)-0(8) 177.1 (7) 
Cr-C(6)-0(6) 176.9 (7) Cr-C(9)-0(9) 177.6 (7) 
Cr-C(7)-0(7) 176.8 (7) Cr-C(lO)-O(lO) 178.7 (7) 

N(l)-C(ll)-C(l4) 107.8 (6) N(2)-C(12)-C(17) 107.0 (6) 

Cr-Os-C(2) 87.46 (19) C(2)-0s-C(3) 94.3 (3) 

C(1)-N(l)-C(ll) 178.9 (7) C(2)-N(2)-C(12) 177.4 (7) 

N(l)-C(ll)-C(l3) 107.3 (6) N(2)-C(12)-C(16) 107.5 (6) 

N(l)C(ll)-C(15) 108.5 (6) N(2)-C(12)4(18) 107.5 (6) 
C(13)-C(ll)-C(14) 110.7 (7) C(16)-C(12)-C(17) 112.8 (7) 
C(l3)-C(ll)-C(15) 113.7 (7) C(l6)4(12)-c(l8) 111.8 (7) 
C(l4)-C(ll)-C(l5) 111.7 (7) C(17)-C(12)-C(l8) 110.0 (7) 

chromium atom in the Cr(CO)S fragment via an unbridged, 
dative metal-metal bond. The isocyanide ligand is cis to 
the metal-metal bond, which is in contrast to (Me3P)- 
(OC)40sCr(C0)5 (3) where the phosphine ligand is trans 
to the osmium-chromium bond! The Os-Cr bond length 
in 1-Cr is 2.966 (2) A whereas in 3 it  is 2.979 (2) A. Al- 
though the difference is small, it does suggest that Os- 
(CO),(CNBut) is a better donor ligand to Cr(C0)5 than is 
Os(CO),(PMe,). This is contrary to expectation, given that 
PMe, is a better donor ligand than ButNC. (The CO 
stretching frequencies of 2061, 1980, and 1939 cm-l of 
Os(C0),(PMe3)18 may be compared to the corresponding 
values given in Table I1 for Os(CO),(CNBut).) A similar 
situation was observed for the dative Os-Os bond lengths 
in (OC)4(ButNC)OsOs3(CO)ll and (Me3P)(OC),0sOs3- 
(CO)11.20 At  that time, it was rationalized that with the 
better r-acceptor ligand CO trans to the dative metal- 
metal bond the repulsive interactions between the filled 
metal d orbitals across the bond was lessened. Further- 
more, with the non-carbonyl ligand and the 16-electron 
unit in a cis configuration, the system avoids as far as 
possible the better r-acceptor carbonyl ligands competing 
for the same *-electron density on the osmium atom. The 
same arguments can, of course, be applied to 1-Cr and 3. 

Figure 1. Molecular structure of (OC)4(ButNC)OsCr(CO)5 (1-Cr). 
The disorder in the But group is shown. 

As observed in other molecules with unbridged dative 
metal-metal bonds,3p4 there is an inward leaning of the 
equatorial ligands on the donor half of the molecule (e.g., 
Cr-Os-C(3) = 80.0 (2)O). This inward leaning is not 
present in the equatorial carbonyls of the acceptor half of 
the molecule (e.g., Os-Cr-C(6) = 90.4 (2)O). The Cr-C 
distance (1.815 (10) A) trans to the metal-metal bond is 
significantly shorter than the two other independent CPC 
distances (both 1.896 (7) A). This has been observed in 
other complexes with dative metal-metal bonds4 and is 
taken to indicate that the 18-electron compound is a weak 
donor ligand. A repulsive a interaction between the d 
orbitals on the metal atoms would also be expected to 
increase the metal to carbonyl d a  to a* bonding to the 
trans carbonyl and thus shorten the Cr-C bond to that 
carbonyl. A repulsive T interaction between the metal d 
orbitals would also be expected to shorten the Os-C bond 
trans to the dative Os-Cr bond, but this bond is not sig- 
nificantly shorter than the radial Os-C bonds. The di- 
mensions of the OS(CO)~(CNBU~) ligand are similar to 
those of the OS(CO)~(CNBU~) ligand in (OC),(ButNC)- 

The spectroscopic properties of the (0C),(ButNC)OsM- 
(CO), complexes are consistent with these complexes 
having the same structure in solution as that found for 
1-Cr in the solid state. The two signals in an intensity ratio 
of 1/4 in the 230-200 ppm region of the 13C NMR of the 
(OC),(ButNC)OsM(CO), complexes (Table 111) are readily 
assigned to the axial and radial carbonyls, respectively, of 
the M(CO15 moiety. There is the typical upfield shift on 
going to the derivative with the group 6 metal lower in the 
periodic table.21 The signals due to the carbonyls bound 
to tungsten show the expected coupling to law. 

In the 19+160 ppm region of the spectra there are three 
signals in an approximate 2 / l / l  ratio as expected for an 
Os(CNBut)(CO), moiety with the isocyanide ligand in a 
cis position to the OsM bond (Table 111). The signal to 
highest field is attributed to the carbonyl ligand trans to 
the dative metal-metal bond. In all complexes we have 
prepared that contain a carbonyl ligand trans to a dative 
metal-metal bond, the '3c NMR resonance of this carbonyl 
carbon occurs at  unusually high  field^.'^^^^" In the spectra 

o s o s 3 ( c o ) ~ ~ . ~ o  

(20) Einstein, F. W. B.; Johnston, V. J.; Ma, A. K.; Pomeroy, R. K. 
Organometallics 1990, 9, 52. 

(21) (a) Bodner, G. M. Inorg. Chem. 1975,14, 2694. (b) Mann, B. E.; 
Taylor, B. F. I3C NMR Data for Organometallic Compounds; Academic: 
New York, 1981; p 14. 
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l o o m  
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Shipley et al. 
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(22) Fleming, M. M.; Pomeroy, R. K.; Rushman, P. J. Organomet. 
Chem. 1984.273. C33. 

t 1  1 II t 

2200 2100 2000 1900 1800 2200 2100 2000 1900 1800 
cm.' cm.' 

Figure 3. Infrared spectrum, in the 1800-2250-cm-' region, of 
1-Mo (A) and 1-W (B) (both samples in hexane). 

the Os(CO),(X)(Y) fragment since four carbonyl stretches 
are the maximum number allowed, no matter what the 
symmetry of X and Y. (The 13C NMR spectrum of 1-Mo 
clearly shows there is only one isomer present in solution.) 

We believe the splitting of the lowest carbonyl stretching 
absorption of the Os(CO), unit in 1-Mo can be attributed 
to the presence of different conformers of 1-Mo in solution. 
I t  is well-known that different conformers of a molecule 
can give rise to splitting of the carbonyl stretching ab- 
sorptions in the infrared spectra of metal carbonyl com- 
pounds." In one conformer of 1-Mo a methyl group could 
eclipse the axial CO bound to the osmium atom, whereas 
in the second conformer two of the methyl groups could 
be in staggered positions with respect to this carbonyl. 
This could give rise to the observed splitting of only one 
CO stretching band due to the Os(CO), unit in the infrared 
spectrum. This is because only the vibration that involves 
mainly the axial carbonyl on osmium would be significantly 
affected; the other CO stretching vibrations of the two 
conformers might be expected to be degenerate. This 
effect should also be observable for the CO stretching 
vibrations of the M(C0)6 portion of the molecules since 
the methyl groups have different orientations with respect 
to the equatorial carbonyls on M in each conformer. 
Consistent with this view, the molybdenum complex, which 
is the only derivative that shows five bands for the Os(CO), 
portion of the molecule, also shows an extra absorption 
that is clearly resolved in the 1900-1950 cm-' region, the 
region associated with vibrations that involve mainly the 
carbonyls of the M(CO), unit (Figure 3). Although there 
are two conformers present in the solid-state structure of 
1-Cr (Figure l), in the model used in the structure re- 
finement the conformers are enantiomers and they would 
therefore give the same infrared spectrum if they were 
present in solution. 

There is no evidence in the 13C NMR spectra of the 
(OC),(ButNC)OsM(CO), complexes for the isomer with the 
isocyanide ligand trans to the dative metal-metal bond. 
This is in contrast to the (R3P)(OC)40sM(C0)6 complexes 
where the isomer with the phosphine of phosphite ligand 

(24) (a) Jetz, W.; Graham, W. A. G. J .  Am. Chem. SOC. 1967,89,2773. 
(b) Cotton, F. A.; Wilkinson, G. Advanced Inorganic Chemistry, 6th ed.; 
Wiley: New York, 1988; p 1037. (23) See,'for example, ref 16, pp 98-101. 
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Os-Group 6 Element Complexes 

trans to the metal-metal bond is the major, or only, isomer 
present in s o l ~ t i o n . ~  The crystal structures of (Me3P)- 
(OC),OSM(CO)~ (M = Cr, W) complexes show this isomer 
is also adopted in the solid state., 

This behavior parallels that for metal carbonyl com- 
pounds with nondative metal-metal bonds. For example, 
in compounds of the type M’z(CO)l~x(L’)x (M’ = Mn, Re; 
L’ = PR3, x = 1, 2; L’ = CNR, x = 1-4), when L’ is a 
phosphorus donor ligand, these ligands are found in both 
equatorial and axial sites with large PR3 ligands preferring 
the less hindered axial sitesqZ5 For the derivatives with 
L’ = RNC, the isocyanide ligands are found exclusively in 
the equatorial positions.% Similarly, in cluster complexes 
of the type Os3(CO)lz~x(L’)x ( x  = 1-61, phosphorus donor 
ligands are invariably found in equatorial sitesz7 whereas 
isocyanide ligands usually adopt axial sites.z8 These re- 
sults can be rationalized if the axial site is electronically 
preferred but the equatorial site is sterically favored. 

In solution a t  room temperature the isomers of 
(Me,P)(OC),OsW(CO), were shown to be in dynamic 
equilibrium by the spin saturation transfer technique. 
This and other observations for these complexes were 
consistent with the isomerization proceeding via an in- 
termediate with bridging carbonyls, which also exchanges 
the carbonyls on osmium and tungsten., When the 
(OC)4(ButNC)OsM(CO)5 complexes were prepared from 
13CO-enriched M(CO),(THF) and unenriched Os(CO),- 
(CNBut), it was found that the [13C]carbonyls were 
scrambled over both the Os and M sites. This is also 
consistent with terminal-bridge carbonyl exchange, al- 
though as pointed out for (OC)4(ButNC)OsOs3(CO)ll there 
must be a second process that exchanges the carbonyl trans 
to the ButNC ligand with the other carbonyls.zo 

The isocyanide ligand is also known to readily act as a 
bridging ligand,29 but there was no evidence for isomers 
of (OC)4(ButNC)OsM(C0)5 with the ButNC ligand bound 
to the group 6 metal atom. To ascertain if this was due 
to kinetic or thermodynamic reasons, the reaction of Os- 
(CO),(CNBu‘) with Cr(CO),(CNBu‘)(THF) was carried 
out. The product was identified spectroscopically as 
[ci~-dieq-(OC)~(Bu~NC)~Os]Cr(C0)~ (2b-Cr, see below). 
The cis, diequatorial rather than the trans, diequatorial 
isomer (2a-Cr, see below) is the expected product if the 
isocyanide migration occurs via an intermediate that has 
a carbonyl ligand (from the osmium moiety) and the iso- 
cyanide ligand bridging in a plane that is perpendicular 
to the Os-CNBu’ bond. 

I t  is concluded that the isomer with the isocyanide lig- 
and located on the donor metal atom is thermodynamically 

(25) Mn (CO)Ip,(PRJ, complexes: (a) Giordano, R.; Sappa, E.; Ti- 
ripicchio, 1.; Tiripicchio Camellini, M.; Mays, M. J.; Brown, M. P. 
Polyhedron 1989, 8, 1855. (b) Treichel, P. M. In Comprehensive Or- 
ganometallic Chemietry; Wilkineon, G., Stone, F. G. A., Abel, E. W., Eds.; 
Pergamon: Elmsford, NY, 1982; Vol. 4 p 11 and references therein. 
Re,(CO) el(PR3), complexes: Boag, N.  M.; Kaesz, H. D. In Compre- 
hensive brganometallic Chemistry; Wilkinson, G., Stone, F. G. A,, Abel, 
E. W., Eds.; Pergamon: Elmsford, NY, 1982; Vol. 4 p 171 and references 
therein. 

(26) Harris, G. W.; Boeyens, J. C. A.; Coville, N. J. Organometallics 
1985, 4, 914. 

(27) (e) Benfield, R. E.; Johnson, B. F. G.; Raithby, P. R.; Sheldrick, 
G. M. Acto Crystallogr., Sect. B Struct. Crystallogr. Cryst. Chem. 1978, 
834,666. (b) Alex, R. F.; Einstein, F. W. B.; Jones, R. H.; Pomeroy, R. 
K. Inorg. Chem. 1987,26,3175. See also: (a) VeniUliinen, T.; Pakkanen, 
T. J .  Organomet. Chem. 1984,266,269. (b) Bruce, M. 1.; Liddel, M. J.; 
Hughes, C. A.; Skelton, B. W.; White, A. H. J.  Organomet. Chem. 1988, 
347, 157. 

(28) Mays, M. J.; Gavins, P. D. J.  Chem. Soc., Dalton Trans. 1980,911. 
See also: (a) Bruce, M. I.; Matisons, J. G.; Wallis, R. C.; Patrick, J. M.; 
Skelton, B. W.; White, A. H. J .  Chem. Soc., Dalton Trans. 1983, 2365. 
(b) Ma, A. K.;  Einstein, F. W. B.; Johnston, V. J.; Pomeroy, R. K. Or- 
ganometallrcs 1990, 9, 45. 

(29) Treichel, P. M. Adv. Organomet. Chem. 1973, J J ,  21. 
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Figure 4. Infrared spectrum, in the 1800-2250-~m-~ region, of 
2a-Cr (A) and 2b-Cr (B) (both samples in CH2C12). The peaks 
marked with an asterisk may be due to 2b-Cr. 

preferred to one where the isocyanide ligand is bound to 
the acceptor metal atom. This might be expected given 
that the ButNC is a better donor ligand than C0.29J” It  
is interesting that reaction of ($-C5Me5)Ir(C0)z with [ (p-  
Cl)Rh(PR’,),], (R’ = OPr’) gives (V~-C,M~~)(R’~P)(OC)- 
IrRh(CO)(PR’,)(Cl) that contains an unbridged Ir-Rh 
dative bond and where there has been a migration of a PR’3 
ligand to the donor metal atom accompanied by migration 
of a carbonyl to the acceptor metal atom.31 

(OC)3(ButNC)zOsM(CO)5 (M = Cr, Mo, W) Com- 
plexes. These complexes were prepared by the method 
used for the monoisocyanide derivatives except that Os- 
(C0)3(CNBut)z replaced OS(CO)~(CNBU’) (i.e., eq 3, x = 
2). 

If it is assumed that the isocyanide ligands remain at- 
tached to the osmium atom in the products, then there are 
three possible isomers of formula (OC)3(ButNC)zOsM- 
(CO),; these are shown as a-c with L = ButNC (this, of 

L 

I ,Go 

L 

I ,to 
L 
I ,Go 

OC- OS +M(CO), 

L 

a 
ii 
b 

course, also assumes that there are no bridging ligands and 
each metal has approximate octahedral coordination). The 

NMR spectra of the products formed initially in the 
reaction (2a-M) have, besides the typical pattern for the 
M(CO)5 unit, a 2 /1  pattern in the region associated with 
resonances of carbonyls bound to osmium (see Table 111). 
Furthermore, the signal of intensity 1 appears at high field 
that is taken to be characteristic of a carbonyl ligand trans 
to a dative metal-metal bond. Structure c may therefore 
be ruled out, in agreement with previous results discussed 
above. The ‘3c NMR spectra are, however, consistent with 

(30) (a) Yamamoto, Y. Coord. Chem. Rev. 1980,32, 193. (b) Harvey, 
P. D.; Butler, I. S.; Harris, G. W.; Coville, N. J. Inorg. Chem. 1986, 25, 
3608. 

(31) Del Paggio, A. A.; Muetterties, E. L.; Heinekey, D. M.; Day, V. 
W.; Day, C. S. Organometallics 1986, 5, 575. 
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either structure a or b for the initial products. The in- 
frared spectra (e.g., Figure 4A) in the region 2150-2250 
cm-' exhibited only one NC stretching absorption, which 
is consistent with a for the structure of the initial products. 
This might have been the expected structure given the 
diaxial arrangement of the isocyanide substituents in the 
starting complex 0s(C0),(CNBut),. 

When the 2a-M complexes were stirred in hexane at 
room temperature for 7-10 days, they rearranged to a 
second isomer (2b-M), which precipitated from solution. 
Because the 2b-M products were much less soluble in 
hexane than the 2a-M isomers, they could be obtained 
pure by recrystallization from CH,Cl,/ hexane. 

The '3c NMR spectra of the 2b-M complexes are similar 
to those of the corresponding 2a-M complexes (Table 111). 
In particular, the spectrum of each 2b-M compound has 
a resonance of intensity 1, in the 170-165 ppm region, 
consistent with a carbonyl trans to a dative metal-metal 
bond. Furthermore, the 2b-M isomers exhibit two infra- 
red-active NC stretches (Table II; see also Figure 4B). The 
spectroscopic properties of these complexes are therefore 
consistent with structure b with the isocyanide ligands cis 
to one another and also cis to the Os-M bond. (The 
pattern of the carbonyl stretches in the 1975-2100-cm-' 
region of the infrared spectra of the 2b-M complexes is also 
consistent with a fac-Os(CO),(X),(Y) arrangement of l ig  
ands.) 

Configuration b might be expected to be favored over 
configuration a for electronic reasons since in b all the 
carbonyl ligands are trans to poor .n-acceptor ligands. In 
Re2(C0)6(CNC6H3Me2)4 each rhenium atom has two 
equatorial isocyanide ligands that are also mutually cis.26 
The difference in the stability of the 2b-M and 2a-M 
isomers must, however, be small. This is because when 
the pure 2b-M complexes were stirred in CH2C12 at  room 
temperature (-25 "C), they isomerize over 2-10 days to 
give an equilibrium mixture that contained significant 
concentrations of the corresponding 2a-M isomer. I t  was 
verified for the chromium and molybdenum derivatives 
that equilibrium could be attained under the same con- 
ditions starting from predominantly the a isomer. The 
approximate a /b  isomer ratios as determined by 'H NMR 
spectroscopy were 1/2.6,1/1.8, and 112.3 for 2-Cr, 2-Mo, 
and 2-W, respectively. 

The mechanism of the isomerization has not been 
studied. If, however, the formation of the complexes in- 
volves the reaction of OS(CO)~(CNBU'), with the inter- 
mediate M(CO)5 (derived from M(CO),(THF)), then by 
the principle of microscopic reversibility the isomerization 
cannot involve the dissociation of (OC)3(ButNC)20sM- 
(CO)5 into these two species. If the isocyanide ligands 
remain on osmium, as appears probable, the isomerization 
also cannot proceed via an intermediate with two bridging 
carbonyls as is thought to occur in the (R3P)(OC)40sM- 

comple~es.~ A mechanism that does account for the 
isomerization is a trigonal twist a t  the osmium atom that 
takes a ~~~-OS(CO)~(CNBU~),[M(CO)~] configuration to 
the fac isomer via a trigonal-prismatic intermediate. 
Trigonal-twist mechanisms have been proposed before to 
account for nondissociative isomerizations of metal car- 
bonyl compounds.32 

The structure of 2b-Cr was confirmed by X-ray crys- 
tallography. A view of the molecule is given in Figure 5; 

Shipley et al. 

(32) (a) Iemail, A. A.; Sauriol, F.; Sedman, J.; Butler, I. S. Organo- 
metallics 1985,4,1914. (b) Dixon, D. T.; Kola, J. C.; Howell, J. A. S. J .  
Chem. Soc., Dalton Trans. 1984, 1307. (c) Darensbourg, D. J. Inorg. 
Chem. 1979,18,14. (d) Bond, A. M.; Colton, R.; McDonald, M. E. Inorg. 
Chem. 1978, 17, 2842. See also: Hansen, L. M.; Marynick, D. S.  Inorg. 
Chem. 1990,29, 2482. 

Figure 5. Molecular structure of [~is-dieq-(OC)~(Bu~NC)~Os]- 
Cr(C0I5 (fb-Cr). 

bond length and angle data are given in Table VIII. In 
a similar manner to 1-Cr, the 18-electron compound Os- 
(C0)3(CNBut)2 acts as a 2-electron donor ligand to the 
chromium atom via an unbridged dative metal-metal 
bond. The comparable bond lengths in 2b-Cr and 1-Cr 
are equal within error. For example, the Os-Cr bond 
length in 2b-Cr is 2.9693 (12) 8, whereas in 1-Cr it is 2.966 
(2) A. As found for 1-Cr, the equatorial carbonyls on the 
osmium atom lean toward the chromium atom (the 
OC,-Os-Cr angles are approximately 80"). The iso- 
cyanide ligands, do not lean inward (the appropriate C- 
Os-Cr angles are approximately 88"). 

The results for the (OC),(BU~NC)~OSM(CO)~ complexes 
are in contrast to our unpublished results for (OC),- 
(Me3P),0sW(C0), (4).33 In CH2C12 solution 4 exists as 
a mixture of isomers a and c (L = PMe,) in an approxi- 
mate 1/1 ratio with no evidence for isomer b. In the solid 
state, 4 has structure c and the Os-W bond is markedly 
longer than that in (Me,P)(OC),OsW(CO), (where the 
PMe, ligand is trans to the metal-metal bond). The long 
Os-W bond in 4 suggests it is weak probably due to steric 
interactions between the methyl groups and the equatorial 
carbonyls on the tungsten atom. Significantly, we have 
been unable to prepare the chromium or molybdenum 
analogues of 4. 

The stability of complexes 1-Cr and 2-Cr may also be 
compared to (OC),OSC~(CO)~, which decomposes in solu- 
tion at room temperature with a half-life of approximately 
2 minS4 (We have been unable to prepare the molybdenum 
and tungsten congeners of (CO),0sCr(C0)6.) I t  therefore 
appears that OS(CO)~(CNBU~) and OS(CO)~(CNBU~)~ are 
superior donor ligands to Os(CO),, O B ( C O ) ~ ( P M ~ ~ )  or 
O S ( C O ) ~ ( P M ~ ~ ) ~ .  It is generally accepted that isocyanide 
ligands are better u donors than the carbonyl ligand.29*s0 
Furthermore, the rodlike ButNC liganda can readily adopt 
a site that is cis to the metal-metal dative bond without 
too much steric interaction with the equatorial carbonyls 
on the group 6 atom. For reasons discussed above, this 
appears to be the site that is electronically favored by the 
poorer n-acceptor ligand. It is interesting that (OC),- 
[MeC(CH20)3P]20sOs(CO)4W(CO)5, which has two, un- 

(33) Davis, H. B.; Einstein, F. W. B.; Martin, L. R.; Pomeroy, R. K.; 

(34) Yamamoto, Y.; Aoki, K.; Yamazaki, H. Inorg. Chem. 1979, 18, 
Wong, E. A. To be submitted for publication. 

1681. 
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bridged, dative metal-metal bonds (Le., Os-Os+W), is 
a remarkably stable m~lecule.~ The X-ray structure of the 
compound reveals that the sterically undemanding P- 
(OCH2)&Me ligands% occupy positions that are mutually 
trans but are also cis to the Os-Os dative bond.7 It thus 
appears that, for compounds of the type Os(CO),_JL), (x  
= 1, 2) to be good donor ligands, L should be a good u- 
donor ligand and small so that it can occupy a site cis to 
the dative metal-metal bond. 

(35) Tolman, C. A. Chem. Reo. 1977, 77,313. 
(36) Carruthere, J. R.; Watkin, D. J. Acta Crystalbgr., Sect. A: Cryst. 

Phys., Diffr.,  Theor. Cen. Crystallogr. 1979, A S ,  698. 
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Synthesis and Carbonyl Exchange in 
(q5-C5R,)(OC)Ir[Os(CO)4]2 (R = H, Me). Structure of 

( q5-C5Me5 (OC) Ir[Os (CO 4 I 2 

Andreas Riesen, Frederick W. B. Einstein, Andrew K. Ma, Roland K. Pomeroy,' and 
John A. Shipley 

Depertmnt of Chemktry, Simon Fraser University, Burnaby, British Columbia, Canada V5A 1S6 

Received September 25, 1990 

The clusters (~s-C~Rs)(CO)Ir[Os(C0)4]2 (R = H, 1; R = Me, 1*) were isolated (28% yield) as air-stable, 
red crystals from the reaction of ($-C&)Ir(CO)2 and Os(CO),(q2-cyclmtene) inhexane at 55-65 O C .  The 
structure of 1* has been determined by X-ray crystallography: space group P1 with a = 9.107 (3) A, b 
= 9.128 (2) A, c = 14.639 (2) A, a = 84.63 (l)', 0 = 78.96 (2)O, y = 66.90 ( 2 ) O ,  2 = 2, R = 0.030, R, = 0.040 
for 3738 reflections (I 2 2.5u(Z)). The structure consists of an Ir(r15-C5Mes)(CO) and two Os(C0) units 
bound in a triangular array (Ir-041) = 2.7902 (5 ) ,  Ir-Os(2) = 2.8124 (5), Os(l)-Os(2) = 2.8536 (5) A); the 
carbonyl ligand bound to the iridium atom occupies an axial site. The 13C NMR spectrum of 1 in 
CH C12/CD2C12 at -48 O C  exhibits five sharp carbonyl resonances in the ratio 2:2:1:2:2 consistent with a 
rigii structure similar to that of 1* in the solid state. On warming the sample to +7 O C ,  four of the carbonyl 
resonances collapsed to the base line. This mode of collapse is interpreted in terms of partial merry-go-round 
CO exchanges that occur in the two planes that are perpendicular to the plane of the metal atoms and 
pass through the Ir and one of the Os atoms. Simulation of the spectrum at -10 O C  indicated AC' = 14.2 
kcal mol-' for the barrier to the exchange. Cluster 1* exhibited similar behavior but with a much lower 
activation energy for the CO exchange: AG' = 7.4 kcal mol-' (from the simulation of the spectrum at -116 

Introduction 
One of the fascinating properties of metal carbonyl 

clusters is the stereochemical nonrigidity they often ex- 
hibit.'$ A number of different types of CO exchange have 
been identified, and plausible mechanisms have been 
proposed for these processes. I t  is still not clear, however, 
why one process has a low activation barrier whereas an- 
other, which superficially resembles the first, has a much 
higher barrier. 

We have recently described the synthesis and structure 
of the triangular cluster (OC)sCr[Os(C0)3(PMe3)]2.3 The 

(1) (a) Band, E.; Muetterties, E. L. Chem. Reo. 1978, 78, 639. (b) 
Geoffroy, G. L. Acc. Chem. Res. 1980, 13, 469. (c) Johnson, B. F. G.; 
Benfield, R. E. In Tramition Metal Clusters; Johnson, B. F. G., Ed.; 
Wiley: Chichestar, England, 1980, p 471. 

(2) (a) Mann, B. E. In Comprehensive Organometallic Chemistry; 
Wilkimn, G., Stone, F. G. A,, Abel, E. W., Eds.; Pergamon: New York, 
1982; Vol. 3, p 89. (b) Deeming, A. J. Ado. Organomet. Chem. 1986,26, 
1. 

(3)  Davia, H. B.; Einatain, F. W. B.; Johnston, V. J.; Pomeroy, R. K. 
J. Am. Chem. Sac. 1988, 110,4451. 

'V NMR spectrum of this cluster in solution at  -122 "C 
had carbonyl resonances that were consistent with the 
presence of two isomers, and in each isomer the four radial 
carbonyls of the Cr(CO)s unit were equivalent but not 
equivalent to the axial carbonyl. The latter observation 
was taken to indicate that there was rapid rotation of the 
Cr(C0)6 unit about an axis that passes through the Cr 
atom and the midpoint of the Os2 ~ e c t o r . ~  At  higher 
temperatures, the spectra of each isomer underwent 
changes consistent with at  least two other types of carbonyl 
exchange. The molybdenum and tungsten analogues of 
(OC)SCr[Os(CO)3(PMe3)]2 behaved similarly.' 

The triosmium cluster (OC)40s(Os(CO)3[P(OMe)31~2 also 
exhibits I3C NMR signals, in solution at -66 "C, consistent 
with the presence of two isomers analogous to those of 
(OC)5Cr[Os(CO)3(PMe3)]2.6 The Os(C0)' units in each 
isomer are, however, rigid. Indeed, one carbonyl resonance 
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(5) Alex, R. F.; Pomeroy, R. K. Organometallics 1987, 6, 2437. 
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