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The transition meta cluster hydride complex H20s3(C0)10 reacts with 

aryl isocyanates and isothiocyanates to yield products containing N-aryl- 

formamido and -thioformamidg -.Ggands. The compound(u-p-CH3C6H4NC(H)O) 

(u-H)OS~(CO)~~ has been analyzed by x-ray crystallographic methods and is 

shown to contain a formamido ligand bridging the edge of the triosmium 

cluster. 

The activation of small molecules by transition metal cluster compounds 

is presently an area of intense study [l-3]. A particularly important 

interest is their potential use as catalysts for new and unusual types of 

chemical reactions [4-61. As part of a project focusing on the overall 

hydrogenation of the X=C=Y molecules with cluster-hydride catalysts, we 

wish to report that we have found that the.complex H20s3(C0)10 readily 

reacts with aryl isocyanides and isothiocyanates to incorporate one 

molecule into the coordination sphere of the cluster, transfer one hydrogen 

atom to the carbon atom of the isocyanate. and produce an N-aryl-formamido 

or -thioformamido ligand which bridges the edge of a triosmium cluster. 
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In a typical reaction a solution of-O.1 g of H20s3(C0),0 and 0.6 ml of 

p-CH3C6H4NCO in 25 m7 of hexanes so'lvent was ref7uxed 3 hrs. The solution 

turned yellow and the solvent was removed in vacua. The residue was 

chromatographed over A1,0,.6%H,O with l/7; hexanes/benzene solvent. The 

yellow product was crystallized from hexanes solution by cooling to -20". 

Yield: O.O66g, 62%; m-p. 128-130°; IR (hexanes); ZllOm, 2075s, 2060s. 

204Ow,sh, 203Os, 207Os, 2005s,sh, 1987m, 1980mcm-'. The 'H nmr spectrum showed 

resonances at 6 = -11.35(l), (-u-H); 7.65(l), (C-H); 7.01(4), C6Hq; 2.34(3), 

(CH )opm. 
3. We have isolated each of the compounds (I.I-RNC(H)X)(n-H)OS,(CO),~; 

I, R = C6H5, X = 0, II, R = p-CH3C6H4, X = 0, and III, R = C6H5, X = S. Low 

fie7d resonance shifts at6 = 7.74, 7.65, and 8.12 ppm for I, II, and III, 

respectively, lie in the region known to be characteristic of the hydrogen 

atom of thioformamido ligands [7]. 

Compound II has also been characterized by x-ray crystallographic methods. 

The compound crystallizes in the triclinic space group Pi, 

b = 11_705(3), c = 13.928(4):, a = 66.71(2), 6 = 80.17(2), 

2 = 2-. Diffraction data were collected on an Enraf-Nonius 

The data were corrected for absorption. The structure was 

a = 7.925(2), 

y = 79.78(2)'=, 

CAD-4 diffractometer. 

solved by a combination 

of Patterson, difference Fourier , and least squares refinement techniques using 

the Enraf-Nonius SOP program library on a Digital POP 11/45 computer_ The 

final R value was 0.052 for 3902 reflections having Fo' 1. 3a(Fo2) obtained 

in the range 28 = O-54". 

The molecular structure of II is shown in the figure. Pertinent bond 

distances and angles are listed in Tables I and II. The hydrogen atoms were 

not observed crystallographically, and the atom H(1) shown in the figure 

was placed in an idealized position_ Ten linear carbonyl ligands are bonded 

to three osmium atoms which are arranged in a triangle. The most interesting 

feature is a formamido ligand which bridges the OS(~)-OS(~) bond. The 

nitrogen atom is bonded solely to OS(~), OS(~)-N = 2.156(6)~, while the 

oxygen atom is bonded solely to OS(~), OS(~)-O(11) = 2.745(6)~. The carbon- 
0 

nitrogen and carbon-oxygen distances are short, C(l7)-N = 7.33(1)A and 

C(l7)-O(71) = 1.27(l): and indicative of partial multip7e bonding across 



-v 
. 
.c 

An ORTEP diagram of 

probability ellipsoids. 

position. 

(,-p-CH,C,H4NC(H)O)(v-H)OsS(C0)70 showing 50% 

The hydrogen atom H(1) is shown in an idealized 

the ligand. The O(ll)-C(17)-N angle is 124_8(8)O. The plane of the ligand 

is nearly perpendicular to the plane of the osmium triangle. The dihedral 

angle is 74”. 

While the molecules, C02, RNCS, and CS2. are well-known to react with 

mononuclear transition metal hydrides to form chelating format0 [S], 

thioformamido [7], and dithioformato [9] ligands, studies of similar reactions 

employing transition metal cluster hydrides are exceedingly rare. We believe 

that hydrogen transfer and the formation of bridging chelates may be a 

characteristic feature of the reaction of this class of molecule with poly- 
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Table I 

Bond Distances with Errors for (u-p-CH3C6H4NC(H)O)(u-tl)Os3(CO)lo 

Atoms 

Os(1 )-OS(Z) 

Os(l.)-Os(3) 

OS(Z)-Os(3) 

Os(1 )-C(5) 

OS(?)-C(6) 

Os(1 )-C(7) 

05(1)-N 

Os(2)-C(1) 

OS(Z)-C(2) 

OS(~)-C(3) 

OS(~)-C(4) 

OS(~)-C(8) 

Os(3)-C(9) 

os(3)-c(1o) 

Os(3)-O(l1) 

C(l7)-O(l1) 

C(l7)-N 

N-C(l1) 

Distances (i) 

2.9r?3(1) 

2.909(l) 

2.888(l) 

l-912(9) 

l-898(9) 

l-910(8) 

2.156(6) 

l-963(8) 

l-948(9) 

1.901(8) 

1.924(10) 

1.902(10) 

l-889(9) 

l-903(11) 

2.145(6) 

1.27(l) 

1.33(l) 

1.45(l) 

Atoms 

C(ll)-C(12) 

C(l2)-C(13) 

C(13)-C(14) 

C(l4)-C(15) 

C(15)-C(16) 

C(l6)-C(l1) 

C(14)-C(18) 

C(1 )-O(l) 

C(2)-O(2) 

C(3)-O(3) 

C(4)-O(4) 

C(5)-O(5) 

C(6)-O(6) 

C(7)-O(7) 

C(8)-O(8) 

C(9)-O(9) 

C(lO)-O(l0) 

Distances (i) 

1.40(l) 

1.39(l) 

l-36(2) 

l-39(2) 

1.41(l) 

1.39(l) 

l-56(2) 

1.13(l) 

1.15(l) 

1.15(l) 

1.17(l) 

1.13(l) 

1.17(l) 

l-14(1 ) 

1.18(l) 

1.16(l) 

1.16(l) 

nuclear metal-hydride groupings. Indeed this reaction may have mechanistic 

implications in some aspects of surface catalysis. It has been &posed 

that the catalytic hydrogenation of CO2 on metal surfaces proceeds through 

CO1’, H,C(OH),“, and C(OH)212 intermediates13. Our results would tend to 

support the formation of intermediate species having carbon-bound hydrogen 

atoms and metal bound oxygen atoms. 



Table 11 

Selected Bond Angles with Errors for (~-P-CH~C~H~NC(H)~)(~-H)OS~(CO)~~ 

Atoms 

OS(l)-OS(Z)-OsC3) 

Os(2~-Osll>-Os~3) 

OS{? )-Os(3)-Os(2) 

OS(Z)-Os~~)-~ 

0s(2)-qs(3)-0(37) 

OS(l)-Os(3)-O(l1) 

~s(3}-~s(?)-N 

C%(l)-N-C(11) 

OS(~)-N-C(77) 

Os~3)-O(~J)-C(77) 

O(ll)-C(17)-N 

C(l?)-N-C(llf 

N-C(11)-Cfl2) 

N-C(ll)-C(l6) 

C(l6)-C(tl)-C(lP) 

&(~l)-C(~Z~-C{73} 

C(lZ)-C(l3)-C(14f 

Ang7e_o 

60.31(l) 

59.60(l) 

6~_~9~~) 

92.8(Z) 

89.8(l) 

81.712) 

82-O(2) 

119.0(5) 

124.2(5) 

726.1(6) 

124.8(8) 

115.2(7) 

121.8(8) 

118.8(8) 

119.319) 

720.1(9f 

720.9(‘11) 

Atoms 

c(73)-c(l4)-c(75) 

CfJ4)-C(fS)-C(16) 

C{15)-C(?6)-G(ll) 

C(73f-C(?4f-C(78) 

G(15)-C{14)-C(18) 

OS(l)-C(5)-O(5) 

Os(~)-C{6~-~~6) 

OS(l)-C(7)-O(7) 

Os(2)-C(1)-O(7) 

~s(2~-c~z)-o~z) 

OS(~)-C(3)-O(3) 

US(~)-C(4)-O(4) 

OS(~)-C(8)-O(8) 

Os(3)-c(9)-O(9) 

0s~3~-c~10)-0{~0) 

Angle (deg) 

118.8(12) 

121.5(12) 

178.9(10) 

179.7(73) 

121.4(13) 

178.6(8) 

t75.9(8) 

177-l(8) 

l72.8(7) 

‘175.5(8) 

176.8(8) 

177.8(8) 

177.3(8) 

173.8(8) 

177.5(9) 
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