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13C NMR spectra of the cluster complexes HOs3 (CO),, (CH=CHR) establish 
that the (T and x bonds binding the bridging vinylic group are rapidly inter- 
changed between the bridged osmium atoms. 

Although the scram bling processes exhibited by carbonyl ligands bound to 
metal cluster units are receiving considerable attention, reports of rapid intra- 
cluster r earrangements for hydrocarbon ligands are relatively rare [l-4]. We [ 5 ] 
(and others [S, 73 ) have prepared a set of osmium cluster complexes of the 
formula HOS,(CO)~~(CH=CHR) and proposed a structure with the vinyl group 
bound unsymmetrically to one edge of the metal triangle via a (T bond to one 
osmium atom and a rr bond to the second osmium atom. We now report on 13C 
NMR spectra of these complexes that reveal the operation of a fluxional process 
wherein the v and R bonds are interchanged (see Fig. 1). 

The 13C-{1H} NMR spectra (carbonyl regionj obtained for HOSS~(CO)~~- 
(CH=CH,) at various temperatures are shown in Fig. 2_ Limiting spectral data 
are summarized in Table 1. As the temperature is raised from -67 “C 

Fig. 1. Fhxxfonal process proposed for the complexes HOs,<CO),,<dH=CHR). 



- 67” 

Xg. 2. % N?dR~&ectm <carbony region) for HOs,<CO>,<CH=CH,>. 



TABLE 1 

LIMITZNG ‘% NMR DATA FOR HOS,<CO),~<CH=CH~)~ 

-67 “c +28 “C 

sbift5 @pm) rd. wt. Peak eb @pm> r& wt. J(C-H) (Hz) = 

1 184.5 1 I 135.2 1 -0 
2 181.0 1 2 181.5 1 1 
3a 179.7 1 

3 178.5 2 2.5 
3b 176.6 1 

4 1739 4 174.2 2 -0 
3 

5a 173.9 

5 173.4 2 2 
5b 172.2 1 

6a 172.6 1 

6 169.8 2 12 
6b 165.6 1 

OObtained in CD&l, on a Varian XL-100 instrument. ’ Downfield from TMS. referenced to CD&l, = 
54.0. cSpectnun obtained in CDCI,. proton decoupler off. 

resonances arising f?om six individual carbons (3a, 3b; 5a, 5b; 6b; 5a 
overlaps 4) broaden and coalesce pair-wise to form three two-carbon singlets 
at 28 “C. The signals (1,2,4) for the the remaining four carbonyl carbons do 
not change significantly over this temperature range. 

The spectrum observed at -6’7 OC for HOsB (CO),,(CH=CH, ) is entirely 
consistent with the nonsymmetric structure diagrammed in Fig. 1 (R = II)- 
The single carbon peaks (1,2), which are unchanged with temperature, are i 
assigned to the axial carbonyls of the Os(CO), moiety (E,F); the two-carbon 
portion (4) of the resonance at 173.9 ppm is assumed to be a coincidentally 
isocbronous pair of signals from the e+atorial carbonyls (D/D’). The signals. 
that undergo coalescence are assigned to the three pairs of carbonyls flanking 
the edge bridged by the hydride ligand and the vinyl group (A/A’, B/B’, C/C’). 
Support fir this assignment comes from the hydridecarbonyl coupling constants 
(measured at room temperature, see Table l), which are uniformly larger for 
the set of coalesced signals. 

Inspection of the spectra in Fig. 2 at temperatures between -67 “C and 
28 “C suggests that the pairs of signals 3a/3b, 5a/5b, and 6a/6b are averaged by 
the same dynamic process. In support of this point, free energies of activation 
derived from each pair of signals are indistinguishable (AGZ = 10.3 kcal mol-I)*. 
The fhxional process diagrammed in Fig. 1 is completely consistent with the 
spectral behavior. Interchange of the vinyl bonding mode (U-W, n+o) between 
the bridged metal atoms would equilibrate the carbonyl environments pairwise 
between the two remaining edges of the triangle (A/A’, B/B’, C/C’, D/D!). but 
would not equilibrate a carbonyl site above the plane of the triangle with one 
below (E,F). The rearran gement may be pictured as proceeding via an inter- 
mediate configuration in which the plane of the vinyl group is perpendicular to 
the bridged osmium-osmium bond. Conceptually, the process may be viewed 

*AGz calculated from the relations k, = nAv\Jz and k, = <kbTcm)erp(-AG~/RT,). 



. 

a. the prototype for other hydrocarbon I&and rearran gements that involve infer- 
change of formal u and s bonds 13, S-103_ 

The complexes HOs,(CO),,(CH=CHR) (R-= C2H,, t&H,) each display a 
carbonyl =C NMR spectrum at room temperature completely anaIogous to that 
observed for HOs,(CO),(CH=CH,) (TabIe 1). Hence, the fluxional cr,n-inter- 
change process is inferred to be a generaI property of such bridging vinylic 
groups. Interestingly, aIthough the prochiral groups in the complexes 
HOs3(CO)&CH=CHR) [R = CH&H, , CH(CH&] would be diastereotopic in 
the static structure, no evidence for anisochronicity in the methylene or methyl 
‘H (100 MHz) NMR sign& could be established down to -90 “C. Therefore, 
‘JC NMR is uniqueIy suited to reveaf the dynamic behavior of these compounds. 
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