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(Dimethy1amino)carbene Ligand in a Triosmium Cluster 
Complex 

Richard D. Adams" and James E. Babin 

Department of Chemistry, University of South Carolina, Columbia, South Carolina 29208 

Received January 29, 1988 

The reaction of O S ~ ( C O ) ~ ~ ( ~ - O M ~ ) ( ~ - H )  (1) with CH2(NMe2I2 at 98 "C has yielded the two isomeric cluster 
complexes OS~(C~)~[CL~-~~-C(H)NM~~](~L-OM~)(~-H) (2, 25%) and Os3(CO),[C(H)NMe2] (w-OMe)(p-H) (3, 
52%) which contain secondary (dimethy1amino)carbene ligands. Compound 2 was transformed to 3 in 
60% yield by heating to 98 "C under a CO atmosphere. Compounds 2 and 3 were both characterized by 
IR, 'H NMR, and single-crystal X-ray diffraction analyses. For 2: space group F'2,/n, a = 8.878 (2) A, 
b = 26.287 (8) A, c = 9.243 (2) A, = 115.19 (l)', Z = 4, v = 1951.9 (8) A3, and Pcdd = 3.09 g/cm3. The 
structure was solved by direct methods and was refined (2226 reflections) to the final values of the residuals 
R = 0.0381 and R, = 0.0387. The molecule consists of an open triangular cluster of three metals with a 
triply bridging q2-(dimethy1amino)carbene ligand and a methox group bridging the nonbonded pair of 
metal atoms. The carbene C-N distance is very long, 1.54 (2) $I, and can be attributed, in part, to the 
lack of C-N multiple bonding due to the coordination of the nitrogen lone pair of electrons. For 3: space 
group Pi, a = 8.782 (1) A b = 16.042 (3) A, c = 7.731 (1) A, (Y = 100.00 (1)O, p = 109.79 (1)O, 7 = 94.43 
(2)O, Z = 2, V = 998.2 (6) A3, and Pdcd = 3.02 g/cm3. The structure was solved by the heavy-atom method 
and was refined (2556 reflections) to the final values of the residuals R = 0.0344 and R ,  = 0.0341. The 
molecule contains a closed triangular cluster of metal atoms with a bridging methoxy group and a terminally 
coordinated (dimethy1amino)carbene ligand, C-N = 1.29 (2) A. The reaction of HC2C02Me with 2 at 80 
OC yielded the product OS~(CO)~[~~-~~-M~~NCC(H)CCO~M~](~-OM~) (4) in 42% yield. Compound 4 was 
characterized by IR, 'H NMR, and single-crystal X-ray diffraction analyses. For 4: s ace group P2,/c, 
a = 30.68 (1) A, b = 9.638 (2) A, c = 16.659 (4) A, p = 91.56 (2)O, = 4, v = 4924 (2) A? and P+,.-J = 2.80 
g/cm3. The structure was solved by direct methods and was refined (4030 reflections) to the final values 
of the residuals R = 0.0353 and R, = 0.0347. The molecular structure of 4 consists of an open triangular 
cluster of metal atoms bridged by a methoxy ligand and a substituted triply bridging dimetallaallyl ligand, 
(Me2N)CC(H)C(C02Me). The latter was formed by a coupling of the alkyne molecule to the carbene ligand 
and a cleavage of the hydrogen atom from the carbene ligand. 

Introduction 
We have recently found that N,N,N',N'-tetraalkyldi- 

aminomethanes are excellent reagents for the introduction 
of secondary (dialky1amino)carbene ligands into cluster 
c~mplexesl-~ (eq 1). These reactions are believed to pro- 
ceed through a series of metal-mediated steps that ulti- 
mately lead to the elimination of a formula equivalent of 
RzNH from the tetraalkyldiaminomethane molecule, and 
the initial coordination of an N,N-dialkyliminium ligand 
to  the c l u ~ t e r ~ ~ ~  (eq 2 and 3). Subsequent activation of a 
C-H bond in the iminium ligand results in the formation 
of the (dialky1amino)carbene ligand. 

An important feature of these transformations is the 
ability of the metal cluster to support the polynuclear 
coordinations of the To further demonstrate 
the versatility of metal clusters in promoting unusual 
ligand transformations through novel polynuclear ligand 
interactions, we now wish to report the synthesis, structural 
characterization, and transformational behavior of a new 
cluster complex, O S ~ ( C O ) ~ [ W ~ - ~ ~ - C ( H ) N M ~ ~ ]  (h-OMe)(W-H) 
(21, which has been found to contain a q2 triply bridging 
(dimethy1amino)carbene ligand. In addition, the reactivity 

(1) Adams, R. D.; Babin, J. E.; Kim, H. S. Organometallics 1986, 5, 

(2) Adams, R. D.; Babin, J. E.; Kim, H. S.  J. Am. Chem. SOC. 1987, 

(3) Adams, R. D.; Babin, J. E. Znorg. Chem. 1987,26, 980. 
(4) Adams, R. D.; Babin, J. E.; Kim, H. S.  Organometallics 1987, 6, 

(5) Adams, R. D.; Babin, J. E. Organometallics 1988, 7, 963. 
(6) Adams, R. D.; Horvath, I. T. Prog. Znorg. Chem. 1985, 33, 127. 
(7) Muetterties, E. L. Bull. SOC. Chim. Belg. 1976, 85, 451. 
(8) Deeming, A. J. Ado. Organomet. Chem. 1986,26, 1. 
(9) Honvitz, C. P.; Shiver, D. F.  Ada Organomet. Chem. 1984,33,219. 

1924. 

109, 1414. 
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of this ligand toward methyl propiolate will be described. 
A portion of these results have appeared in a preliminary 
report.1° 

Experimental Section 
General Procedures. All reactions were performed under a 

dry nitrogen atmosphere, unless otherwise specified. Reagent 

(10) Adams, R. D.; Babin, J. E. Organometallics 1987, 6,  1364. 
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Clusters Containing Carbene Ligands 

grade solvents were dried over molecular sieves and were deox- 
ygenated by purging with nitrogen prior to use. N,N,N',"- 
tetramethyldiaminomethane and methyl propiolate were pur- 
chased from Aldrich Chemical Co. and were wed without further 
purification. OS~(CO)~,,(NCM~)~ was prepared by the published 
procedure." IR spectra were recorded on a Nicolet 5-DXB FT-IR 
spectrophotometer. A Bruker AM-300 FT-NMR spectrometer 
was used to obtain 'H NMR spectra. Low-temperature spectra 
were recorded on an IBM NR-80 FT-NMR spectrometer. TLC 
separations were performed in air on plates of 0.25-mm Kieselgel 
60 F254 obtained from E. Merck, West Germany. 

Preparation of Os3(CO)lo(p-OMe)(p-H) (1). To a CH2Clz 
solution (100 mL) containing O S ~ ( C O ) ~ ~ ( N C M ~ ) ~  (300 mg, 0.322 
mmol) was added 10 mL of MeOH. The solution was allowed 
to stir at room temperature for 1 h. The solvent was removed 
in vacuo, and the residue was passed through a silica gel column 
using hexane as the eluent. A yellow band was collected and 
identified as ~ s ~ ( C O ) ~ ~ ( ~ - O M ~ ) ( ~ - H )  (1) (165 mg (55% yield)) 
by its characteristic IR and 'H NMR spectra.12 

Reaction of 1 with CHz(NMez)2. An excess of CHz(NMe2)z 
(1 mL) was added to a heptane solution of compound 1 (100 mg, 
0.113 mmol), and the mixture was then heated to reflux for 6 h. 
After cooling, the solvent was removed in vacuo. The residue was 
dissolved in a minimum quantity of CH2C12 and transferred to 
silica gel TLC plates. Elution with a 4060 CH2C12/hexane solvent 
mixture separated in order of elution: unreacted 1 (40 mg) and 
the two isomeric compounds, yellow OS,(CO)~[~~-~~-C(H)-  
NMe2](p-OMe)(p-H) (2) (15 mg (25% yield based on amount of 
1 consumed)) and yellow OS~(CO)~[C(H)NM~~](~-OM~)GL-H) (3) 
(31 mg (52% yield based on amount of 1 consumed)). IR (v(C0) 
in hexane solvent) for 2: 2095 (m), 2071 (s), 2038 (s), 2011 (s), 
1995 (vs), 1978 (m), 1970 (m), 1959 (w), 1935 (vw) cm-'. IR (v(C0) 
in hexane solvent) for 3: 2092 (m), 2051 (s), 2011 (vs), 2003 (m), 
1996 (s), 1989 (m), 1982 (w), 1964 (m), 1937 (m) cm-l. 'H NMR 
(6 in CDC13 solvent) for 2: 7.62 (d, J H - H  = 1.38 Hz, 1 H), 4.01 

1 H). 'H NMR (6 in CDCl, solvent) for 3: 10.88(s, lH), 3.99(s,3H), 
3.61 (s, 3 H), 3.57 (s, 3 H), -12.92 (s, 1 H). Anal. Calcd for 2: 
C, 17.11; H, 1.22, N, 1.54. Found: C, 17.22; H, 1.24; N, 1.55. Calcd 
for 3: C, 17.11; H, 1.22; N, 1.54. Found: C, 17.27; H, 1.24; N, 
1.59. 

Thermolysis of 2 under a CO Atmosphere. A heptane 
solution (30 mL) of 2 (20 mg, 0.022 mmol) was refluxed under 
a constant purge with CO for 4 h. The solvent was removed in 
vacuo, and the residue was transferred to silica gel TLC plates 
in a minimum quantity of CHZCl2. Elution with a 40:60 
CH2Clz/hexane solvent mixture yielded 3 (12 mg (60%)). 

Reaction of 2 with Methyl Propiolate. An excess of methyl 
propiolate (10 pL) was added to a cyclohexane solution (40 mL) 
of 2 (30 mg, 0.033 mmol). The solution was refluxed for 40 min, 
and after cooling, the solvent was removed in vacuo. The residue 
was dissolved in a minimum quantity of CH2Clz and applied to 
silica gel TLC plates. Elution with a 5050 CH2C12/hexane solvent 
mixture separated unreacted 2 (4 mg) from o ~ ~ ( c o ) ~ [ p ~ - q ~ -  
MezNCC(H)CCO2Me](p-OMe) (4) 12 mg (42%)). IR (v(C0) in 
hexane solvent) for 4: 2090 (m), 2063 (m), 2036 (vs), 2008 (m), 
1995 (m), 1980 (s), 1972 (vw), 1963 (w), 1703 (vw) cm-'. 'H NMR 
( 6  in CD2C12 solvent) for 4: 6.81 (s, 1 H), 3.82 (9, 3 H), 3.65 (br 
s, 3 H), 3.54 (br s, 3 H), 3.32 (s, 3 H). 'H NMR (6 in CD2C12 solvent 
at 80 MHz) at -45 OC for 4: 6.73 (s, 1 H), 3.78 (s, 3 H), 3.64 ( 8 ,  

3 H), 3.50 (s, 3 H), 3.29 (s, 3 H), 3.50 (s, 3 H), 3.29 (8, 3 H). Anal. 
Calcd for 4: C, 20.53; H, 1.32; N, 1.41. Found: C, 20.94; H, 1.20; 
N, 1.56. 

Reaction of 3 with Methyl Propiolate. An excess of methyl 
propiolate (10 pL) was added to a cyclohexane solution (40 mL) 
of 3 (30 mg, 0.033 mmol). The solution was refluxed for 4 h. IR 
and test TLC showed no evidence of a reaction. Similarly, in a 
refluxing heptane solution no 4 was formed; however, some de- 
composition of the starting material was observed. 

Crystallographic Analyses. Yellow crystals of 2 and 4 were 
grown by slow evaporation of solvent from CH2C12/hexane so- 

(9, 3 H), 3.65 (9, 3 H), 3.03 (5, 3 H), -11.37 (d, J H - H  = 1.38 Hz, 
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lutions at -25 "C. Yellow crystals of 3 were grown by slow 
evaporation of solvent from CH2C12/hexane solutions at 25 OC. 
The data crystals were mounted in thin-walled glass capillaries. 
Diffraction measurements were made on a Rigaku AFCG auto- 
matic diffractometer by using Mo Ka radiation. Unit cells were 
determined and refined from 25 randomly selected reflections 
obtained by using the AFCG automatic search, center, index and 
least-squares routines. Crystal data, data collection parameters, 
and results of the analyses are listed in Table I. All data pro- 
cessing was performed on a Digital Equipment Corp. MICRO- 
VAX I1 computer by using the TEXSAN structure solving pro- 
gram library obtained from Molecular Structure Corp., College 
Station, TX. Absorption corrections of a Gaussian integration 
type were performed for all structures. Neutral atom scattering 
factors were obtained from the standard sources.13a Anomalous 
dispersion corrections were applied to all non-hydrogen atoms.13b 
Full-matrix least-squares refinements minimized the function 

(11) Johnson, B. F. G.; Lewis, J.; Pippard, D. J .  Organomet. Chem. 

(12) Johnson, B. F. G.; Lewis, J.; Kilty, P. A. J .  Chem. SOC. A 1968, 
1977, 124, C19. 

2859. 

Compound 2 crys&zed in the monoclinic crystal system. The 
space group P2Jn was determined from systematic absences 
observed during the data collection. The positions of the metal 
atoms were determined by direct methods (MITHRIL). The 
remaining non-hydrogen atoms were located in a series of dif- 
ference Fourier syntheses. All non-hydrogen atoms were refined 
by using anisotropic thermal parameters. The position of the 
bridging hydride ligand was obtained from a difference Fourier 
synthesis and was successfully refined. The carbenoid hydrogen 
atom was also locatd from a difference Fourier map, but its 
position was not refined. All other hydrogen atom positions were 
calculated by assuming idealized tetrahedral geometry. The 
contributions of these hydrogen atoms were added to the structure 
factor calculations, but their positions were not refined. 

Compound 3 crystallized in the triclinic crystal system. The 
space group Pi was assumed and confirmed by the successful 
solution and refinement of the structure. The structure was solved 
by a combination of Patterson and difference Fourier techniques. 
All non-hydrogen atoms were refined with anisotropic thermal 
parameters. The bridging hydride ligand was located from a 
difference map, and its position was successfully refined. The 
hydrogen atom of the carbene ligand was also located but was 
not refined. Methyl hydrogen atom positions were calculated by 
assuming idealized geometry. The positions of these atoms were 
not refined. 

Compound 4 crystallized in the monoclinic crystal system, and 
the space group R 1 / c  was determined from systematic absences 
observed in the data. The structure was solved by a combination 
of direct methods and difference Fourier techniques. Only atoms 
larger than oxygen were refined anisotropically. Hydrogen atom 
positions were calculated by assuming idealized tetrahedral ge- 
ometry. The contributions of these atoms were added to the 
structure factor calculations, but their positions were not refined. 
In the final stages of refinement 1 mol of CH2C12 was found to 
have cocrystallized with the 2 mol of 4 observed in the asymmetric 
unit. It was refined without difficulty. 

Error analyses for each structure were calculated from the 
inverse matrix obtained on the final cycle of refinement. See 
supplementary material for the tables of structure factor am- 
plitudes and the values of the anisotropic thermal parameters for 
compound 4. For compounds 2 and 3 this information was 
published previously.'0 

Results 
Reaction of the cluster O S ~ ( C O ) ~ ~ ( ~ - O M ~ ) ( ~ - H )  (1) with 

an excess of N,N,N',N'-tetramethyldiaminomethane in 
refluxing heptane yielded the two isomeric products Os3- 
(CO),[p3-s2-C(H)NMe2](p-0Me)(p-H) (2) and O S ~ ( C O ) ~ -  
[C(H)NMe2](p-OMe)(p-H) (3) in 25% and 52% yields, 
respectively. When a heptane solution of 2 was heated to 
reflux under a CO atmosphere for 4 h, it was converted 
to compound 3 in 60% yield. Both compounds were 

(13) International Tables for X-ray Crystallography; Kynoch Bir- 
mingham, England, 1975; Vol. I V  (a) Table 2.2B, pp 99-101, and (b) 
Table 2.3.1, pp 149-150. 
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Table I. Crystallographic Data for Diffraction Studies 
2 3 4 

radiatn 
monochromator 
detector aperture, mm 

horizontal 
vertical 

cryst faces 
cryst size, mm 
crystal orientation direction; deg from @ axis 
reflctns measd 
max 28, deg 
w-scan width, deg 
scan type 
bkgd (count time a t  each end of scan) 
w-scan rate: deg/min 
no. of reflctns measd 
no. of data used ( F 2  > ~.OU(F)~) 

abs corr 
abs coeff, cm-' 
grid 
transmissns coeff 

max 
min 

P factor 
final residuals 

RF 
R W F  

esd of unit wt observn 
largest shift/error value of final cycle 
largest peak in final diff Fourier 
no. of variables 

(A) Crystal Data 

26 
0S3010NC13Hll 0S3010NC13Hll 

ml/n, No. 
8.878 (2) 
26.287 (8) 
9.243 (2) 
90.0 
115.19 (1) 
90.0 
1951.9 (8) 
911.6 
4 
3.09 

14 Fj, No. 2 
8.782 (1) 
16.042 (3) 
7.731 (1) 
100.00 (1) 
109.79 (1) 
93.43 (1) 
998.2 (6) 
911.6 
2 
3.02 

P21 /~ ,  NO. 14 
30.681 (9) 
9.638 (2) 
16.659 (4) 
90.0 
91.56 (2) 
90.0 
4924 (2) 
2076.7 
8 
2.80 

(B) Measurement of Intensity Data 
Mo K a  (0.71073 A-1) 
graphite 

2.0 
2.0 

oio, 010, loo, 211, 001, 001 010, oio, 100, Too, 001, ioi ,  oZi 

[110]; 0.5 [120]; 2.7 [loo]; 0.2 
+h,+k,*l + h , f k , f l  +h,+k,fl  
48 48 43 

ooi,ooi, 100, loo, 210, oio 
0.07, 0.15, 0.17 0.03, 0.25, 0.22 0.05, 0.12, 0.40 

1.1 
moving crystal-stationary counter 

4.0 
scan 

3382 3381 6419 
2226 2556 4030 

(C) Treatment of Data 
analytical numerical 
206.9 202.3 

12 x 4 x 20 

0.269 
0.129 
0.02 

0.0381 
0.0387 
1.487 
0.705 
1.81 
247 

0.512 
0.022 
0.02 

0.0344 
0.0341 
1.792 
0.11 
1.58 
252 

analytical 
165.3 

0.44 
0.17 
0.02 

0.0353 
0.0347 
1.371 
0.02 
1.32 
307 

"Rigaku software uses a multiple-scan technique. If the I/&) ratio is less than 10.0, a second scan is made and the results are added to 
the first scan etc. A maximum of three scans was permitted per reflection. 

Figure 1. An ORTEP diagram of O S ~ ( C O ) ~ [ ~ ~ - ~ ~ ~ - C ( H ) N M ~ ~ ] ( ~ -  
OMe)(pH)  (2) showing 50% probability thermal ellipsoids. 

characterized by IR and 'H NMR spectroscopies and by 
single-crystal X-ray diffraction analyses. 

An ORTEP drawing of compound 2 is shown in Figure 1. 
Interatomic distances and angles are listed in Tables I1 and 
111, respectively. The structure consists of a triangular 
cluster of three osmium atoms with only two metal-metal 
bonds. The Os(l)-Os(3) bond at  2.873 (1) A is similar to 

Os(l)-C(ll) 
O~(l)-C(13) 
OS(l)-C(12) 
OS(l)-C 
OS( 1)-H 
Os(l)-Os(2) 
0 ~ ( 1 ) - 0 ~ ( 3 )  
Os(2)-C(22) 
0~(2)-C(23) 
OS(2)-C(21) 
Os(2)-0 
Os(2)-N 

1.85 (2) 
1.91 (2) 
1.94 (2) 
2.11 (2) 
1.8 (1) 
2.793 (1) 
2.873 (1) 
1.81 (3) 
1.88 (2) 
1.95 (2) 
2.10 (1) 
2.15 (1) 

0~(3)-C(31) 
0~(3)-C(32) 
0~(3)-C(33) 
O~(3 ) -0  
0~(3)-C 
Os(3)-H 
0-C(1) 
N-C(3) 
N-C(2) 
N-C 
0-C(av) 

1.89 (2) 
1.91 (2) 
1.97 (2) 
2.07 (1) 
2.14 (2) 
2.0 (1) 
1.44 (2) 
1.47 (2) 
1.49 (2) 
1.54 (2) 
1.14 (2) 

a Estimated standard deviations in the least significant figure are 
given in parentheses. 

that  in Os3(CO)12, 2.877 (3) AI4 The Os(l)-Os(2) bond 
distance, 2.793 (1) A, is significantly shorter. The non- 
bonding osmium-osmium distance, os(2)--os(3) = 3.492 
(1) A, is bridged by a methoxide ligand. The osmium- 

(14) Churchill, M. R.; DeBoer, B. G. Inorg. Chem. 1977, 16, 878. 
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Clusters Containing Carbene Ligands Organometallics, Vol. 7, No. 11, 1988 2303 

Table 111. Intramolecular Bond Angles (deg) for Os3(CO)9[fi3-q2-C(H)NMe2](fi-OMe)(p-H) (2)" 
c ~ l l ~ - o s ~ l ~ - c ~ l 3 ~  94 (1) C(23)-0s(2)-C(21) 92.4 (8) C(33)-0~(3)-0 90.1 (6) 
c ~ l l ~ - o s ( l ) - c ( l 2 )  90.9 (9) C (23) -0~ (2)-0 174.7 (6) 
C(11)-0s(l)-C 99.0 (8) C(23)-0~(2)-N 97.3 (7) 
C(ll)-OS(l)-OS(2) 93.9 (6) C(23)-0s(2)-Os(l) 91.8 (5) 
C ( l l ) - O ~ ( l ) - 0 ~ ( 3 )  147.0 (6) C(21)-Os(2)-0 91.7 (7) 
C(13)-0s(l)-C(12) 100 (1) C(21)-0~(2)-N 97.5 (7) 
C(13)-0s(l)-C 160.2 (7) C(21)-0~(2)-0~(1) 170.8 (6) 
C(13)-0s(l)-Os(2) 96.1 (6) 0-Os(21-N 78.8 (5) 
c(13)-os(l)-Os(3) 117.9 (7) 0-0s(2)-0s(l) 83.7 (3) 
C(12)-0s(l)-C 94.9 (8) N-Os( 2 ) - 0 ~ (  1) 73.8 (3) 
C(12)-0~(1)-0~(2) 163.1 (7) C(31)-0s(3)-C(32) 88.0 (8) 
c(12)-0~(1)-0~(3)  91.2 (6) C(31)-0s(3)-C(33) 90.8 (8) 
C-OS(l)-OS(2) 68.4 (4) C(31)-0~(3)-0 174.8 (6) 
C-Os(l)-Os(3) 48.0 (4) C(31)-0s(3)-C 96.1 (7) 
Os(2)-0~(1)-0~(3) 76.08 (3) C(31)-Os(3)-Os(l) 93.0 (5) 
C(22)-0s(2)-C(23) 89.5 (9) C(32)-0~(3)-C(33) 95.7 (8) 
C(22)-0s(2)-C(21) 95.5 (9) C(32)-0~(3)-0 97.0 (6) 
C(22)-0S(2)-0 93.5 (7) C(32)-0~(3)-C 96.5 (7) 

c (22) -0~(2) -0~(1)  92.7 (6) 
C(22)-0~(2)-N 165.0 (7) C(32)-0~(3)-0~(1) 143.3 (5) 

' Estimated standard deviations in the least significant figure are given in parentheses. 

oxygen bonding distances, Os(2)-0 = 2.10 (1) A and Os- 
(3)-0 = 2.07 (1) A,, are similar to the corresponding dis- 
tances in the clusters O S ~ ( C O ) ~ ~ ( ~ - O M ~ ) ( ~ - H ) ' ~  and Os3- 
(CO),o(p-OMe)2 (5).16 The most interesting ligand in the 
cluster is a T~ triply bridging secondary (dimethyl- 
aminoharbene ligand, C(H)NMe2. The carbene carbon 
atom bridges the Os(l)-Os(3) distance in a symmetric 
fashion, Os(1)-C = 2.11 (2) A and Os(3)-C = 2.15 (2) A. 
These distances are similar to the Os-C distance, 2.20 (4) 
and 2.16 (4) A, observed for the triply bridging (di- 
methy1amino)carbene ligand found in the complex Os3(C- 
O), [ P ~ - ~ ~ - C ( H ) N M ~ ~ ] ( ~ - H ) ~  (6h5 The nitrogen atom of 
the carbene ligand is coordinated to the third metal atom, 
Os(2)-N = 2.15(1) A. An interesting feature of this ligand 
is the unusually long carbon-nitrogen bonding distance, 
C-N = 1.54 (2) A. It is significantly longer than the typical 
bonding distance of a terminal aminocarbene ligand, C-N 
= 1.30 A,2,17 and even longer than the C-N single bond 
lengths to the methyl groups, C(2)-N = 1.49 (2) 8, and 
C(3)-N = 1.47 (2) A. The carbene C-N distance observed 
in 6 was 1.46 (5) A. The reason for the excessive bond 
lengthening must be related to the polynuclear coordina- 
tion of the ligand and possibly to the fact that 2 contains 
an open cluster while the cluster in 6 was closed. The 
carbene hydrogen atom was located crystallographically, 
C-H = 1.02 A, but its position was not refined. Its signal 
in the 'H NMR spectrum appears at  7.62 ppm, a value 
typical of previously observed doubly bridging secondary 
carbene l igandP and similar to the value of 6.64 ppm 
found for the hydrogen atom of the triply bridging carbene 
ligand in 6. The hydride ligand, also located crystallo- 
graphically, bridges the Os(l)-Os(3) bond, Os(1)-H = 1.8 
(1) A and Os(3)-H = 2.0 (1) A. It shows a characteristically 
high-field shift, 6 -11.37, in the 'H NMR spectrum. 

An ORTEP drawing of compound 3 is shown in Figure 2. 
Interatomic distances and angles are listed in Tables IV 
and V, respectively. The molecular structure of compound 
3 is similar to that of the analogous benzenethiolato cluster 
complex Os3(CO),[C(H)NMe2] (p-SPh)(p-H) (7).2 The 

(15) Churchill, M. R.; Wasserman, H. J. Inorg. Chem. 1980,19, 2391. 
(16) Allen, V. F.; Mason, R.; Hitchcock, P. B. J. Organomet. Chem. 

1977, 140, 297. 
(17) Adams, R. D.; Kim, H. S.; Wang, S. J. Am. Chem. SOC. 1985,107, 

6107. 
(18) (a)Fischer, E. 0.; Kiener, V.; Fischer, R. D. J.  Organomet. Chem. 

1969,16, C60. (b)Herrmann, W. A.; Kroger, C.; Goddard, R.; Bernal, I. 
J. Organomet. Chem. 1977, 140, 73. (c)Herrmann, W. A.; Bruer, C.; 
Plank, J.; Kalcher, W.; Speth, D.; Ziegler, M. L. Angew. Chem., Int. Ed.  
Engl. 1981,20, 193. 

OZ2& 

ci33j-osi3j-c 
C(33)-0~(3)-0~(1) 
0-Os(3)-C 
0 - 0 ~ ( 3 ) - 0 ~ ( 1 )  
C-Os(3)-0s(l) 
C(1)-0-0~(3) 
C(l)-O-Os(2) 
0 ~ ( 3 ) - 0 - 0 ~ ( 2 )  
C (3)-N-C (2) 
C(3)-N-C 
C(3)-N-0~(2) 
C (2)-N-C 
C(2)-N-0~(2) 
C-N-0~42) 
N-C-Os(l) 
N-C-OS (3) 
Os(l)-C-0~(3) 
0-C(av)-Os 

166.2 i7j 
121.0 (5) 
82.0 (5) 
82.1 (3) 
46.9 (4) 

123 (1) 
121 (1) 
113.7 (5) 
105 (1) 
114 (1) 
116 (1) 
110 (1) 
114 (1) 

110 (1) 
116 (1) 

177 (2) 

97.7 (9) 

85.0 (6) 

Figure 2. An ORTEP diagram of Os,(CO),[C(H)NMe,](~- 
OMe)(p-H) (3) showing 50% probability thermal ellipsoids. 

Table 1V. Intramolecular Distances (A) for 
Os3(CO)9[C(H)NMe,l(r-OMe)(r-H) (3)' 

Os(l)-C(ll) 1.91 (2) Os(2)-H 1.9 (1) 
Os(l)-C(13) 1.93 (2) 0~(3)-C(32) 1.86 (2) 
Os(l)-C(14) 1.94 (1) 0~(3)-C(31) 1.88 (1) 
Os(l)-C(12) 1.96 (1) 0~(3)-C 2.02 (1) 
0 ~ ( 1 ) - 0 ~ ( 2 )  2.8343 (9) 0 ~ ( 3 ) - 0  2.113 (8) 
0 ~ ( 1 ) - 0 ~ ( 3 )  2.8423 (8) Os(3)-H 2.0 (1) 
0~(2)-C(23) 1.88 (1) O-C(l) 1.44 (1) 

1.29 (2) 0~(2)-C(22) 1.92 (2) N-C 
0~(2)-C(21) 1.93 (1) N-C(3) 1.46 (2) 
Os(2)-0 2.102 (6) N-C(2) 1.48 (2) 
Os(2)-Os(3) 2.7880 (9) 0-C(av) 1.13 (2) 

'Estimated standard deviations in the least significant figure are 
given in parentheses. 

structure consists of a triangle of three osmium atoms with 
three metal-metal bonds, Os(l)-Os(2) = 2.8343 (9) A, 

A. All of these are significantly shorter than the corre- 
sponding distances found in 7 at 2.8711 (9), 2.877 ( l ) ,  and 
2.8640 (9) A2. A terminal (dimethy1amino)carbene ligand 
is coordinated to atom Os(3), Os(3)-C = 2.02 (1) A. The 
dimensions of this ligand are similar to those found in 7 
and other terminally coordinated (dimethy1amino)carbene 
l i g a n d ~ . ~ J ~  The carbene hydrogen atom was located in a 
chemically reasonable position, C-H(l) = 1.00 A. A 
bridging hydride ligand was observed across the 042)- 
0 4 3 )  bond, Os(2)-H = 1.9 (1) A and Os(3)-H = 2.0 (1) 
A, and in the 'H NMR spectrum at 6 -12.92. 

When compound 2 was treated with an excess of methyl 
propiolate in refluxing cyclohexane solvent, the addition 
product OS~(CO)~[~~-~~-M~~NCC(H)CCO~M~] (p-OMe) (4) 
was obtained in 42 % yield. Compound 4 was characterized 
by IR, 'H NMR, and a single-crystal X-ray diffraction 
analysis. Interatomic distances and angles are listed in 

0 ~ ( 1 ) - 0 ~ ( 3 )  = 2.8423 (9) A, and 0 ~ ( 2 ) - 0 ~ ( 3 )  = 2.7880 (9) 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 2
8,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

10
1a

00
9



2304 Organometallics, Vol. 7, No. 11, 1988 Adams and Babin 

Table V. Intramolecular Bond Angles (deg) for Os3(CO),[C(H)NMe&p-OMe)(p-H) ( 3 ) O  

c(ll)-os(l)-c(l4) 92.5 (6) C(23)-0~(2)-0~(1) 91.1 (4) C(31)-0s(3)-Os(2) 
C(31)-0s(3)-Os(l) 

c ( l l ) - o ~ ( l ) - O ~ ( 2 )  100.7 (5) C(22)-Os(2)-0 95.1 (4) C-0~(3)-0 
C( l l ) -O~( l ) -0~(3)  159.5 (5) C(22)-0~(2)-0~(3) 133.3 (4) C-Os(3)-0s(2) 
C(13)-0s(l)-C(14) 95.0 (6) C(22)-OS(2)-OS( 1) 88.9 (5) C-Os(3)-0s(l) 
C(13)-0s(l)-C(12) 92.5 (6) C(21)-Os(2)-0 95.1 (4) 0 -0~(3 ) -0~(2 )  
c(13)-0~(1)-0~(2) 154.6 (4) c(21)-0~(2)-0~(3) 112.6 (4) 0 - 0 ~ ( 3 ) - 0 ~ (  1) 
C(13)-0s(l)-Os(3) 95.8 (4) c(21)-0~(2)-0~(1) 173.3 (4) 0 ~ ( 2 ) - 0 ~ ( 3 ) - 0 ~ (  1) 
c(14)-0~(l)-C(12) 167.7 (6) 0 -0~(2 ) -0~(3 )  48.7 (2) c (l)-O-Os( 2) 
c(14)-0s( Q-042) 83.4 (4) 0-0s(2)-0s(l) 80.9 (2) C(1)-0-0~(3) 
C(14)-0s(l)-Os(3) 85.0 (4) 0s(3)-0s(2)-0s(1) 60.73 (2) OS( 2)-0-0~(3) 
c(12)-oS( 1) -0~(2)  85.7 (4) C(32)-0s(3)-C(31) 89.5 (6) C-N-C(3) 
c(12)-os( 1)-0~(3) 84.6 (4) C(32)-0s(3)-C 100.0 (6) C-N-C (2) 
0s(2)-0s(1)-0s(3) 58.83 (2) C(32)-0~(3)-0 169.4 (4) C(3)-N-C(2) 
C(23)-0s(2)-C(22) 90.8 (6) C(32)-0~(3)-0~(2) 121.6 (4) N-C-Os(3) 

C(ll)-O~(l)-C(l3) 104.7 (6) c(23)-0~(2)-0~(3) 121.8 (4) C(31)-0~(3)-0 

c ~ l l ~ - o s ( l ) - c ( l 2 )  95.0 (6) C(22)-0s(2)-C(21) 96.8 (6) 

C(23)-0s(2)-C(21) 92.3 (5) C(32)-0s(3)-Os(l) 91.0 (4) 0-C(av)-Os 
C(23)-0~(2)-0 170.0 (5) C(31)-0~(3)-C 95.8 (5) 

Estimated standard deviations in the least significant figure are given in parentheses. 

W 

Figure 3. An ORTEP diagram of O S ~ ( C O . ) ? [ ~ ~ - ~ ~ - M ~ ~ N C C ( H ) -  
CC02Me] (p-OMe) (4) showing 50% probabdity thermal ellipsoids. 

Tables VI and VII, respectively. The crystal contains two 
independent, but structurally similar, molecules in the 
asymmetric unit. An ORTEP drawing of one of these is 
shown in Figure 3. The structure consists of an open 
triangular cluster of three osmium atoms with two met- 
al-metal bonds, Os(l)-Os(2) = 2.834 (1) A [2.817 (1) A] 
and Os(l)-Os(3) = 2.861 (1) A [2.855 (1) A]. These dis- 
tances are similar to those found in 2 and 5.16 A methoxide 
ligand bridges the open osmium-osmium distance, Os- 

(1) A [2.09 (1) A], and Os(3)-0(1) = 2.07 (1) A [2.10 (1) 
A]. The most interesting ligand on the cluster is a di- 
metallaally1 ligand, (NMe2)CC(H)C(Me02C), which bridges 
all three metal atoms. Carbon C(4) contains the carbo- 
methoxy group, C(4)-C(5) = 1.47 (2) 8, [1.49 (2) A], and 
carbon C(2) contains a dimethylamino group, C(2)-N(1) 
= 1.35 (2) A [1.34 (2) A]. C(4) bridges the Os(l)-Os(2) 
bond, Os(2)-C(4) = 2.09 (2) A [2.07 (2) A]. C(3) is coor- 
dinated only to Os(l), Os(l)-C(3) = 2.27 (2) A [2.31 (2) A]. 
Examples of triply bridging dimetallaallyl ligands have 
been reported previously (e.g. 0s3(CO),[p3-rl3-HCC(H)C- 
(OMe)] G-H) l9 and Ru3( CO)9 [p3-q3-MeCC(H) CEt] (p-HI2O), 
but the ligand coordination in these differs from that in 
4 because the carbon atoms on each end of the ligand 
bridge two metal atoms. In 4, however, C(2) is coordinated 
only to Os(3), Os(3)-C(2) = 2.06 (2) A [2.09 (1) A] and 
Os(l)-C(2) = 2.75 (2) A [2.73 (2) A]. This lack of met- 
al-carbon bonding is probably due to a competitive and 
more efficient a-bonding between the nitrogen atom and 

(2)--0~(3) = 3.404 (1) A[3.429 (1) A], 0~(2)-0(1) = 2.10 

(19) Hanson, B. E.; Johnson, B. F. G.; Lewis, J.; Raithby, P. R. J .  

(20) Evans, M.; Hursthouse, M.; Randall, E. W.; Rosenberg, E.; Mi- 
Chem. SOC., Dalton Trans. 1980, 1852. 

lone, L.; Vallee, M. J.  Chem. Soc., Chem. Commun. 1972, 545. 

98.1 (5) 
113.3 (4) 
172.7 (4) 
86.6 (5) 

127.6 (4) 
91.3 (4) 
48.4 (2) 
80.6 (2) 
60.44 (2) 

120.3 (7) 
122.5 (8) 
82.8 (3) 

124 (1) 
122 (1) 
113 (1) 
137 (1) 
178 (1) 

Table VI. Intramolecular Distances (A) for 
Os3(CO),[p3-q3-Me2NCC(H)C(C02Me)](p-OMe) ( 4 ) O  

OdlA)-C(13A) 1.86 (2) Od3A)-O(lA) 2.07 (1) 
OsilAj-CillAj 
Os(lA)-C(12A) 
OS( lA)-C(4A) 
Os(lA)-C( 3A) 
Os(lA)-0~(2A) 
OS( lA)-0~(3A) 
Os(lB)-C(13B) 
Os(lB)-C(llB) 
Os(lB)-C( 12B) 
Os(lB)-C(4B) 
OS( lB)-C( 3B) 
Os(lB)-Os(2B) 
Os(lB)-0~(3B) 
0~(2A)-C(23A) 
OS (2A)-C (21A) 
0~(2A)-C(22A) 
Os(2A)-C(4A) 
Os(2A)-O(lA) 
Os(2B)-C(23B) 
Os(2B)-C(21B) 
0~(2B)-C(22B) 
OS (2B)-C (4B) 
Os(2B)-O( 1B) 
Os(3A)-C(31A) 
0~(3A)-C(33A) 
Os(3A)-C(32A) 
Os(3A)-C(2A) 

1.87 i2 j  
1.90 (2) 
2.21 (2) 
2.27 (2) 
2.834 (1) 
2.861 (1) 
1.84 (2) 
1.88 (2) 
1.89 (2) 
2.21 (2) 
2.31 (2) 
2.817 (1) 
2.855 (1) 
1.84 (2) 
1.88 (2) 
1.91 (2) 
2.09 (2) 
2.10 (1) 
1.84 (2) 
1.90 (2) 
1.92 (2) 
2.07 (2) 
2.09 (1) 
1.85 (2) 
1.87 (2) 
1.93 (2) 
2.06 (2) 

Osi3Bj-Ci31B) 
Os(3B)-C(33B) 
Os(3B)-C(32B) 
Os(3B)-C(2B) 
Os(3B)-O(lB) 
O(lA)-C( 1A) 
O(lB)-C( 1B) 
0(2A)-C(5A) 
0(2B)-C(5B) 
0(3A)-C(5A) 
0 (3A)-C (6A) 
0(3B)-C(5B) 
0(3B)-C(6B) 
N(lA)-C(BA) 
N(lA)-C(7A) 
N(lA)-C(8A) 
N( lB)-C(PB) 
N(lB)-C(7B) 
N(lB)-C(8B) 
C (2A)-C( 3A) 
C(2B)-C(3B) 
C (3A)-C(4A) 
C(3B)-C(4B) 
C (4A)-C( 5A) 
C(4B)-C(5B) 
0-C (A) (av) 
0-C (B) (av) 

1.83 i2j 
1.87 (2) 
1.92 (2) 
2.09 (1) 
2.10 (1) 
1.40 (2) 
1.42 (2) 
1.21 (2) 
1.21 (2) 
1.34 (2) 
1.41 (3) 
1.31 (2) 
1.43 (2) 
1.35 (2) 
1.44 (2) 
1.48 (2) 
1.34 (2) 
1.45 (2) 
1.49 (2) 
1.50 (2) 
1.49 (2) 
1.45 (2) 
1.44 (2) 
1.47 (2) 
1.49 (2) 
1.17 (2) 
1.17 (2) 

Estimated standard deviations in the least significant figure are 
given in parentheses. 

C(2). The a-character of the carbon-nitrogen bond is 
indicated by the short C-N distance (see above) and by 
the observed planarity of the nitrogen atom. Additional 
support was obtained from the 'H NMR spectrum. At -45 
"C the inequivalent N-methyl groups appear as two sharp 
singlets at 3.64 and 3.50 ppm. As the temperature is raised, 
these peaks broaden and coalesce, indicating the onset of 
rapid rotation about the C(2)-N(1) bond. At 25 "C a single 
sharp resonance is observed at  3.60 ppm. The hindered 
rotation about the C(2)-N(1) bond is an expected conse- 
quence of the pa-bonding interaction. Similar dynamic 
processes have been observed for (dialky1amino)carbene 
ligands.21,22 Indeed, atom C(2) could also be viewed as the 
center of a substituted (dimethy1amino)carbene ligand. 

Attempts were made to obtain compound 4 from a re- 
action of 3 with methyl propiolate. However, at  80 "C no 
reaction was observed, while at  98 "C compound 3 un- 

(21) Cotton, F. A,; Lukehart, C. M. Bog.  Inorg. Chem. 1972,16,487. 
(22) Adams, R. D.; Babin, J. E. New J. Chem., in press. 
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C(13A)-Os(lA)-C(4A) 
C(13A)-Os(lA)-C(3A) 
C(13A)-Os( lA)-Os(2A) 
C(13A)-Os(lA)-0~(3A) 
C(llA)-Os(lA)-C(4A) 
C(llA)-Os(lA)-C(3A) 
C(llA)-Os(lA)-Os(2A) 
C(llA)-Os(lA)-0~(3A) 
C (12A)-Os( lA)-C (4A) 
C (12A)-Os( lA)-C(BA) 
C (12A)-Os( lA)-Os( 2A) 
C(12A)-Os( lA)-Os( 3A) 
C(4A)-Os( lA)-C (3A) 
C(4A)-Os(lA)-Os(2A) 
C(~A)-OS(~A)-OS(~A) 
C(3A)-Os( iA)-Os(2A) 
C(3A)-Os(lA)-Os(3A) 
Os(2A)-Os(lA)-0~(3A) 
C( 13B)-Os( 1B)-C(4B) 
C(13B)-Os(lB)-C(3B) 
C(13B)-Os(lB)-0~(2B) 
C(13B)-Os(lB)-Os(3B) 
C(llB)-Os(lB)-C(4B) 
C(llB)-Os(lB)-C(3B) 
C(llB)-Os(lB)-Os(2B) 
C(llB)-Os(lB)-0~(3B) 
C(12B)-Os(lB)-C(4B) 
C(12B)-Os( 1B)-C(3B) 
C(12B)-Os( iB)-Os(2B) 
C(12B)-Os(lB)-Os(3B) 
C (4B)-Os( lB)-C (3B) 
C(4B)-Os(lB)-Os(2B) 
C(4B)-Os(lB)-Os(3B) 
C(3B)-Os(lB)-Os(2B) 
C(3B)-Os(lB)-Os(3B) 
0~(2B)-Os(lB)-0~(3B) 
C(23A)-Os( 2A)-C(4A) 
C(23A)-Os(2A)-O(lA) 
C(23A)-Os(2A)-Os(lA) 
C(21A)-0~(2A)-C(22A) 
C(21A)-Os(2A)-C(4A) 
C(21A)-Os(2A)-O(lA) 
C (21A)-Os( 2A)-Os( 1A) 
C (22A)-Os( 2A)-C (4A) 

129.5 (7, 
155.1 (7) 
83.4 (6) 
87.1 (5) 

133.2 (7) 
97.6 (7) 

164.7 (5) 
91.3 (6) 
87.5 (7) 

101.8 (7) 
103.1 (5) 
173.7 (5) 
37.6 (5) 
46.9 (4) 
86.3 (4) 
77.4 (4) 
72.4 (4) 
73.43 (3) 

128.1 (7) 
153.5 (7) 
81.9 (5) 
86.3 (5) 

133.3 (8) 
98.9 (8) 

168.9 (6) 
94.6 (6) 
91.0 (7) 

106.2 (6) 
101.7 (5) 
176.0 (5) 
37.0 (5) 
46.6 (4) 
85.8 (4) 
77.3 (4) 
72.5 (4) 
74.39 (3) 
93.9 (7) 

175.0 (7) 
89.5 (6) 
95.5 (8) 

102.3 (8) 
94.4 (7) 

152.9 (6) 
161.9 (7) 

~ 

C(lB)-O(lB)-Os(2B) 
C(lB)-O(lB)-Os(3B) 
Os(2B)-O(lB)-Os(3B) 
C(5A)-0(3A)-C(6A) 
C (5B)-0(3B)-C (6B) 
C(BA)-N(lA)-C(7A) 
C(ZA)-N(lA)-C(8A) 
C(7A)-N(lA)-C(8A) 
C(BB)-N(lB)-C(7B) 
C(ZB)-N(lB)-C(8B) 
C(7B)-N(lB)-C(8B) 
N(lA)-C(BA)-C(BA) 
N(lA)-C(2A)-05(3A) 
C (3A)-C (2A)-Os(3A) 
N(lB)-C(ZB)-C(3B) 
N(lB)-C(2B)-Os(3B) 
C(~B)-C(~B)-OS(~B)  
C(4A)-C(3A)-C(2A) 
C(4A)-C(3A)-Os( 1A) 
C(2A)-C(3A)-Os(lA) 
C(4B)-C(3B)-C(2B) 
C(4B)-C(3B)-Os( 1B) 
C(2B)-C(3B)-Os(lB) 
C(3A)-C (4A)-C (5A) 
C(~A)-C(~A)-OS(~A) 
C(3A)-C(4A)-Os( 1A) 
C(~A)-C(~A)-OS(~A) 
C(5A)-C(4A)-Os( 1A) 
OS(~A)-C(~A)-OS( 1A) 
C(3B)-C(4B)-C( 5B) 
C(~B)-C(~B)-OS(~B) 
C(3B)-C(4B)-Os(lB) 
C(~B)-C(~B)-OS(~B) 
C(5B)-C(4B)-Os( 1B) 
Os(2B)-C(4B)-Os( 1B) 
0(2A)-C(5A)-0(3A) 
0 (2A)-C (5A)-C (4A) 
0(3A)-C(5A)-C(4A) 
0(2B)-C(5B)-0(3B) 
0 (2B)-C (5B)-C (4B) 
0(3B)-C(5B)-C(4B) 
0-C(av)-Os(A) 
0-C(av)-Os(B) 

119 (1) 
120 (1) 
110.1 (5) 
118 (2) 
116 (1) 
126 (2) 
123 (2) 
111 (2) 
125 (1) 
122 (1) 
113 (1) 
112 (2) 
130 (1) 
118 (1) 
112 (1) 
128 (1) 
118 (1) 
128 (2) 
69.0 (9) 
91 (1) 

128 (1) 
68 (1) 
89 (1) 

109 (2) 
131 (1) 
73 (1) 

120 (1) 
119 (1) 
82.5 (6) 

111 (1) 

75 (1) 

82.3 (5) 

133 (1) 

116 (1) 
125 (1) 

118 (2) 
126 (2) 
115 (2) 
122 (2) 
127 (2) 
111 (2) 
176 (2) 
176 (2) 

Table VII. Intramolecular Bond Angles (deg) for Os,(CO)9[p3-~S-MezNCC(H)C(CO~Me)](p-OMe) (4)" 

C(22A)-Os(2A)-O(lA) 89.9 (6) 
C(22A)-Os(2A)-Os(lA) 
C(4A)-0~(2A)-0( 1A) 
C(4A)-Os(2A)-Os( 1A) 
0(1A)-Os(2A)-Os( 1A) 
C(~B)-OS(~B)-C(~B) 
C(23B)-Os(2B)-O( 1B) 
C(23B)-Os(2B)-Os(lB) 
C(21B)-Os(2B)-C(4B) 
C(21B)-Os(2B)-O( 1B) 
C(21B)-Os(2B)-Os(lB) 
C(22Bb0~(2B)-C(4B) 
C(22B)-Os(2B)-O(lB) 
C(22B)-Os(2B)-Os( 1B) 
C(4B)-0~(2B)-0( 1B) 
C(4B)-Os(2B)-Os(lB) 
O(lB)-Os(2B)-Os( 1B) 
C(31A)-Os(3A)-C(2A) 
C(31A)-Os(3A)-O(lA) 
C(31A)-0~(3A)-Os(lA) 
C(33A)-Os(3A)-C( 2A) 
C(33A)-Os(3A)-O( 1A) 
C(33A)-Os(3A)-Os( 1A) 
C(32Ak0~(3A)-C(2A) 
C(32A)-Os(A)-O( 1A) 
C (32A)-Os(3A)-Os( 1A) 
C(2A)-Os(3A)-O (1A) 
C(2A)-Os(3A)-Os(lA) 
O(lA)-Os(3A)-Os( 1A) 
C(31B)-Os(3B)-C(2B) 
C(31B)-Os(3B)-O( 1B) 
C (3 lB)-Os (3B)-Os (1 B) 
C(33B)-Os(3B)-C(2B) 
C(33B)-Os(3B)-O( 1B) 
C(33B)-Os(3B)-Os( 1B) 
C(32B)-Os(3B)-C( 2B) 
C(32B)-Os(3B)-O( 1B) 
C(32B)-Os(3B)-Os(lB) 
C(2B)-0~(3B)-0( 1B) 
C(2B)-Os(3B)-Os( 1B) 
O(lB)-Os(3B)-Os(lB) 
C(lA)-O(lA)-Os(3A) 
C(lA)-O(lA)-Os(2A) 
Os(3A)-O(lA)-Os(2A) 

111.6 (6) 
85.8 (5) 
50.7 (4) 
86.5 (3) 
94.7 (7) 

175.5 (6) 
89.8 (5) 

105.9 (7) 
92.7 (6) 

157.0 (5) 
158.2 (7) 
91.3 (6) 

107.3 (6) 
84.5 (5) 
51.1 (5) 
86.2 (3) 
95.1 (8) 

175.6 (6) 
89.9 (6) 

100.6 (7) 
92.0 (6) 

166.4 (6) 
166.2 (7) 
88.5 (6) 

101.7 (5) 
85.2 (6) 
65.8 (4) 
86.2 (3) 
94.1 (7) 

176.3 (7) 
91.7 (6) 

102.2 (7) 
91.7 (6) 

166.8 (5) 
165.0 (7) 
89.8 (6) 

100.4 (5) 
86.2 (5) 
64.9 (4) 
85.0 (3) 

123 (1) 
121 (1) 
109.4 (4) 

Estimated standard deviations in the least significant figure are given in parentheses. 

Scheme I 

Me Me 
I Me 

I 

2 A 3 

denvent only decomposition. No amount of 4 was observed 
in either case. 

Discussion 
The two new carbene-containing cluster complexes, 

O S ~ ( C O ) ~ [ ~ ~ - ~ ~ - C ( H ) N M ~ ~ ]  (p-OMe)(p-H) (2) and Os3- 
(CO),[ C(H)NMe2] (p-OMe)(p-H) (3), were synthesized by 
the reaction of Os3(C0),,(p-OMe)(p-H) (1) with CHZ- 

cluster complexes containing triply bridging alkoxy-23 and 
p h o s p h i n ~ - ~ ~ - ~ ~  carbene ligands have been observed pre- 
viously. 

Compounds 2 and 3 are isomers, and 2 may be converted 
to 3 thermally in refluxing heptane solutions under a 
carbon monoxide atmosphere. Although the mechanism 
of this transformation has not been established, the process 

( N M ~ z ) ~ .  
Compound 2 contains a $-triply bridging (dimethyl- 

aminobarbene ligand. Only one cluster, O S ~ ( C O ) ~ [ ~ ~ -  

(23) Boyar, E.; Deeming, A. J.; Arce, A. J.; DeSanctis, Y. J. Organomet. 

(24) Lavigne, G.; Bonnett, J. J. Inorg. Chem. 1981, 20, 2713. 
(25) Deeming, A. J. J. Organomet. Chem. 1977,128,63. 
(26) Deeming. A. J.: Underhill. M. J. Chem. SOC.. Dalton Trans. 1973, 

Chem. 1984,276, c45. 

$-C(H)NMe2] ( P - H ) ~  (S), containing a triply bridging di- 
alkylaminocarbene ligand has been r e p ~ r t e d ; ~  however, 2727. 
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carbene ligand. The reactivity of 2 toward the alkyne 
HC2C02Me was also studied. When 2 was treated with 
an excess of methyl propiolate, the compound OS~(CO)~-  
[p3-q3-Me2NCC(H)CC02Me] (4) was obtained. The for- 
mation of 4 has involved the formation of a carbon-carbon 
bond and the elimination of 1 equiv of HB One mechanism 
for such a process is shown in Scheme 11. 

An initial cleavage of the metal-nitrogen bond and co- 
ordination of an acetylene unit could yield the intermediate 
B. This could bring the carbene carbon atom reasonably 
close to the alkyne carbon atom and allow carbon-carbon 
bond formation to occur (e.g. intermediate C). Coupling 
reactions between alkynes and metal-coordinated carbene 
ligands are well-known.28 A metal-induced C-H activation 
a t  the Me2N-substituted carbon atom followed by elimi- 
nation of H2 would lead directly to compound 4. 

Keister has reported the formation of dimetallaallyl 
ligands from the reaction of the aminocarbyne-containing 
clusters R u ~ ( C O ) ~ ~ ( ~ - C X ) ( ~ - H )  (X = OMe, Me, Ph, or 
(CH2),CMe3) with alkynes.29 We have observed the ac- 
tivation of the C-H bonds of secondary aminocarbene 
ligands to yield complexes containing aminocarbyne lig- 
ands.2 Thus, we have considered the possibility that the 
formation of 4 may have involved intermediates containing 
(dimethy1amino)carbyne ligands. However, thermolysis 
of 2 a t  98 “C yielded only the aminocarbene-containing 
cluster 3, and attempts to obtain 4 from the reaction of 
3 with methyl propiolate were unsuccessful. Thus, i t  is 
believed that the formation of 4 has involved a direct 
reaction of 2 with the alkyne as described in Scheme 11. 
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of anisotropic thermal parameters and structure factor amplitudes 
were published previously for compounds 2 and 3.1° Ordering 
information is given on any current masthead page. 

Scheme I1 
- 

shown in Scheme I is considered to be very plausible. It 
is believed that the driving force of the reaction is the bond 
formation that leads to a closing of the Os(2)-.Os(3) dis- 
tance. This would be accompanied by a cleavage of the 
metal-nitrogen bond and lead to intermediate A, which 
contains an edge bridging (dimethy1amino)carbene ligand. 
To date no examples of edge-bridging (dimethylamino)- 
carbene ligands have been reported in cluster complexes. 
This may be due to the importance of the a-bonding be- 
tween the nitrogen atom and the carbene carbon atom 
which is more effective in a terminal coordination mode.5 
Thus, the bridging carbene ligand in A will be transformed 
to the terminal coordination mode, 3, so that the C-N 
a-bonding may occur. The transformation of A to 3 must 
also be accompanied by carbonyl and hydride ligand shifts. 
The mobility of carbonyl and hydride ligands in transi- 
tion-metal cluster has been well e~tablished.~’ 

The transformation of 2 to 3 indicates that triply bridged 
aminocarbene ligands could be important intermediates 
in the formation of the terminal aminocarbene ligands 
from tetraalkyldiaminomethanes, in general. This is 
supported by our recent observation of the transformation 
of the dimethyliminium ligand in O S ~ ( C O ) ~ ~ ( ~ ~ - ) ~ ~ -  
H2CNMe2)(p-H) to the triply bridging carbene ligand in 
compound 8.5 In that case, however, the triply bridged 
carbene ligand could not be transformed to a terminal 

(27) (a) Band, E.; Muetterties, E. L. Chem. Rev. 1978, 78, 39. (b) 
Johnson, B. F. G.; Benfield, R. E. In Transition Metal Clusters, Johnson, 
B. F .  G., Ed.; Wiley: New York, 1980; Chapter 7, p 471. 

(28) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G., Prin- 
ciples and Applications of Orgunotransition Metal Chemistry; Univer- 
sity Science Books: Mill Valley, CA, 1987; Chapter 16. 

(29) Beanan, L. R.; Keister, J. B. Organometallics 1985, 4, 1713. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 2
8,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

10
1a

00
9


