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Communications to the Editor 

HOs3(CO)10CH3: 
NMR Evidence for a C"H-Os Interaction1 

Sir: 

Compounds involving methyl groups apparently bridging 
two transition metals are rare, but are becoming less so.2 De
finitive structural data are very scarce,3 but structural pro
posals commonly have assumed a symmetrically bridging 
methyl group, as in 1. This structural element is now accepted 
for Al2(CH3)6,4 in contrast to the briefly controversial, un-
symmetrical alternative II.5 For lack of evidence to the con-
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trary, we2a previously suggested a symmetrically bridging 
position for the methyl group in the cluster compound 
HOs3(CO)ioCH3. However, we now report novel NMR ob
servations that support a significant C-H-Os interaction for 
this compound. 

Treatment of D20s3(CO)io with CH2N2 at room temper
ature provides "Os3(CO)ioCH2D2", which in solution is an 
equilibrium mixture of partially deuterated methyl and 
methylene tautomers.2a'6 We2a previously noted that the 
methyl 1H NMR signal occurs at unusually high field. How
ever, the spectrum of the deuterated material shows separate 
CH2D and CHD2 signals7 displaced significantly to even 
higher field from the CH3 signal (see Figure 1). The separa
tions A1 '= T(CH2D) - T(CH3) and A2 = T (CHD 2 ) -
T(CH 2 D) vary strongly with temperature, increasing from 0.34 
and 0.39 ppm at 35 0C to 0.55 and 0.68 ppm at -76 0C. These 
large, temperature-dependent values of Ai and A2 are in
consistent with the relatively small effect commonly observed 
upon geminal substitution of H by D (~0.01 ppm)8 and 
therefore require a different explanation. 

A model involving a C-H-Os interaction rationalizes the 
observed effect. For the case in which the methyl group is 
CH2D, three structures are possible as shown (X = H or D). 
An isotope effect on this equilibrium is to be expected, since 
the interacting (bridging) C-H or C-D bond should have a 
lower stretching force constant than the analogous noninter-
acting (terminal) bond. This implies a lower frequency,9 and 
hence a lower zero-point energy, leading to a preference for 
the lighter nucleus in the bridging site.6 Thus, each of the 
H-bridged forms (HI-H) will be slightly more abundant than 
the D-bridged form (III-D). Since the bridging hydrogen atom 
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also should resonate at higher field than the terminal hydrogen 
atom, the nonrandom distribution results in a net upfield shift 
for the CH2D signal relative to the CH3 signal. As the tem
perature is lowered, the equilibrium shifts toward the lower 
energy H-bridged form, increasing the net shift. 

The positions of the CH3, CH2D, and CHD2 resonances can 
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of Figure 1. A portion of the 1H NMR spectrum (35 CC) for a sample 0 
"Os3(CO)ioCH2D2", with some "Os3(CO)ioCH4" added as a refer 
ence. 

be expressed quantitatively in terms of three parameters: rb 
and T1, the chemical shifts for the bridging and terminal methyl 
hydrogen atoms, respectively, and AE, the energy difference 
between the D-bridged and H-bridged forms.10 Defining A = 
exp(—AE/RT), the expressions resulting are the following: 

T(CH3) = (2r, + Tb)/3 (D 

T(CH2D) = (T1 + AT1 + Ti)/(A + 2) (2) 

T(CHD2) = (IATX + Tb)/(2A + 1) (3) 

Equations 1-3 may be solved at each temperature for the three 
parameters, the mean results of which are T13 = 25 ± 1, rt = 
8 ± l.and A£ = 130 ± lOcal/mol. 

An abnormally large and temperature-dependent isotope 
effect is also apparent for the methyl C-H coupling constant. 
The average value of 1J(13C-1H) observed for each type of 
methyl group at 27 0C is 121.1 (CH3), 118.9 (CH2D), and 
116.4 Hz (CHD2), whereas at -80 0C it is 121.1 (CH3), 116.7 
(CH2D), and 112.3 Hz (CHD2).13 These trends are qualita
tively in accord with the interaction model as illustrated by 
HI-H -*-*• IH-D. Quantitative analysis with a set of equations 
analogous to eq 1 -3 leads to the values / t = 150 ± 10Hz and 
Jb = 60 ± 20 Hz. 

Certain other models can be eliminated by further consid
eration of the NMR data. Thus, both the methyl and the 
methylene 13C NMR signals show normal chemical shift iso
tope effects, i.e., ~0.2 ppm upfield per D atom.7 This result 
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rules out the possibility that the methyl signal could arise from 
two different carbon sites in rapid equilibrium,14 since an order 
of magnitude larger effect would be predicted. Furthermore, 
eq 1-3 predict that A2 > A|, as observed. A model involving 
two interactions per methyl group, as in IV, leads to closely 
related equations, which however predict that A2 < Ai. Thus, 
the A2/A] ratio allows configurations II and IV to be differ
entiated. 

ET 
Cotton and co-workers15 have shown that [EtB(pz)2]-

Mo(CO)2(?73-2-phenylallyl) has a C-H-Mo interaction in
volving an a-C-H bond of one ethyl group. The strength of the 
interaction was estimated to be ~19 kcal/mol from DNMR 
studies, but the barrier to exchange between the interacting 
and noninteracting methylene hydrogens was somewhat lower, 
~ 14 kcal/mol.'5a We have attempted to determine the barrier 
to bridge-terminal exchange in HOs3(CO) 10CH3, but the 
methyl 1H NMR signal does not broaden relative to internal 
SiMe4 down to -100 0C. From this result an upper limit to 
AG* of ~5 kcal/mol can be estimated.16 However, since 
bridge-terminal exchange could proceed via a doubly bridged 
configuration such as IV, the exchange barrier may represent 
only a lower bound for the strength of the C-H-Os interac
tion. 

The general significance of our conclusion that the methyl 
ligand in HOs3(CO)IoCH3 adopts configuration II instead of 
I is not clear at this time. Neither the Os-Os separation, ex
pected to be ~2.8 A6 in comparison with 2.61 A for Al2Me6,

4a 

2.72 A for (MgMe2)„,l7 3.06 A for (^-C5Hs)2YAlMe4,
18 and 

~3.5 A for [(7)5-C5H5)2YbMe]2,
2c nor steric crowding, which 

was proposed as determining the formation of Si-H-W bridges 
in W2(CO)s(SiHEt2)2,

19 appears to be a rational basis for the 
preference. Nevertheless, the new structural model for 
HOs3(CO) 10CH3 leads to a revised and clarified picture 
(shown) of the hydrogen transfer from carbon to osmium in
volved in the formation of H2Os3(CO) 10CH2. Spin saturation 
transfer experiments confirm the selective exchange between 
the methyl group in HOs3(CO)I0CH3 and one hydride site in 
H2Os3(CO)I0CH2.

20 

Partial deuteration should be a useful probe for C-H-M 
interactions in other cases.21'22 It is noteworthy that the 
number of H bridges per ligand can be determined even with 
rapid bridge-terminal exchange. Extension of the method to 
borohydride-metal complexes should complement the IR 
technique23 for determining whether the BH4 ligand is mono-, 
bi-, or tridentate. 
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