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summary 

The crystal and molecular structures of the complexes (~-H)(c(-S&H)OS~(CO)~~, 
III and (~-H)(@,CH)OS,(CO)~[P(CH~)~C~H~], IV, are reported. For III: Space 
group = PZJc, No. 14, [C&l, at -35”C, a = 8.452(2), b = 25.435(12), c = 
16.818(5) a, p = 91.75(3), 2 = 8, pcalc = 3.43 g/cc. For IV: Space group = 
Pi, NO. 2, at -35”C, u = 8.375(3), b = 12.960(4), c = 15.106(4) Ai, (Y = 64.50(2)“, 
p = 70.22(3)“, y = 79.20(3)“, 2 = 2, pcalc = 2.48 g/cc. Both compounds contain 
triangular clusters of osmium atoms and have dithioformato ligands bridging 
edges of the clusters in axial coordination sites. The dimethylphenylphosphine 
ligand is bonded to the unique osmium atom in IV in an equatorial coordination 
site. The hydride ligands were not observed directly but their positions are 
strongly inferred on the basis of geometrical considerations. In III the hydride 
and the dithioformato ligands bridge the same metal-metal bond. The OS-OS 
internuclear distance is 2.973(l) & In IV the hydride ligand bridges a metal- 
metal bond which is adjacent to the one bridged by the dithioformato ligand. 
The OS-OS distance of the dithioformato bridged bond in IV is only 2.854(l) 
& The much longer dithioformato bridged metal-metal bond in III is thus 
attributed principally to the presence of the bridging hydride ligand. 

Introduction 

The nature of metal-metal bonding in the presence of a bridging hydride 
ligand has been a subject of considerable interest and study El-33 _ Examples 

L 
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now range from those where the metal-metal distance is large (e.g. [(p-H)- 
~~(c0),h1-, [4]) to th ose where it is unusually short (e.g. (P-H)~OS~(CO)~~, 
[5,6]). In all known cases, the addition of a single bridging hydride ligand to 
an unsupported metal-metal bond, I, causes an increase in the metal-metal 
internuclear distance [7,8]. The metal-metal distance in systems which con- 
tain a supplementary bridging ligand L, II, may be longer than, shorter than 
or equivalent to a normal metal-metal bond distance [ 9]_ However, anal- 
ysis of these latter systems is fraught with the difficulties of assigning values 
for the “normal” internuclear distances and trying to unravel the indepen- 
dent effects of L and H. Churchill has made a thorough study of the doubly 
bridged bond, II, in triosmium cluster compounds by varying the ligand L 
[9,10] _ He has shown that for those molecules the M-M distance is directly 
influenced by the size of the bridging ligand, L, and he suggested that the effect 
of the hydride ligand was more important than that of the L ligand in determin- 
ing the OS-OS distance [9] _ 

It seems like a very straightforward way of analyzing the independent effects 
of the bridging hydride ligand on the doubly bridged metal-metal bond would 
be simply to compare the two cases in which the hydride is present and absent. 
To date very few reports of this comparison have been made. Petersen et al. 
have compared the structures of the two molecules (CSH5)2Mo,(CO),(~-H)- 
[~.r-P(CH&], [ll] and (C5Hs)zMo2(CO),[~-P(CH3)21-, 1121. It was shown that 
the protonation of the MO-MO bond of the anion resulted in an increase in 
the MO-MO internuclear distance by 0.11 A [12]. 

In the course of our recent studies on the reactions of triosmium cluster 
compounds with CS* t13,14] we have prepared the complexes (p-H)(Y-S,CH)Os,- 
(CO)l,, III, and (I.~-H)(~-S&H)OS~(CO)~[P(CH&C~H~], IV. Crystal structure 
analyses of both complexes have been performed and are reported here. Each 
complex contains a bridging dithioformato ligand and a bridging hydride ligand 
but the hydrides bridge different metal-metal bonds in the different clusters_ 

Experimental 

The compound (p-H)(J&,CH)OS,(CO) 10 was prepared by the reaction of 
(C6H8)O~3(C0)10 [15a] with KS&H [15b] followed by acidification_ (p-H)- 
(~-S2CH)Os3(C0)9[P(CH3)2C6H5] was prepared by the reaction of CS1 with 
(EL-H)~OS~(CO)~[P(CH~)&~H~], 1141. Details of both preparations will be 
reported in a forthcoming publication. Orange crystals of both complexes 
were prepared by cooling hexane solutions to -20°C. 

All diffraction measurements were made on an Enraf-Nonius CAD-4 fully 
automated four-circle diffractometer using graphite monochromatized MO-K, 
radiation. Unit cells were determined and refined from 25 randomly selected 
reflections o’3tained using the CAD-4 automatic search, center, index and least 
squares routines. 

All calculations were performed on a Digital PDP 11/45 computer using the 
Enraf-Nonius SDP program library. Anomalous dispersion corrections [16a] 
were aclded to the neutral atom scattering factors [16b] used for all nonhydrogen 
atoms. Full-matrix least-squares refinements minimized the function u(F,,~~ - 
Fcalc)’ where the weighting factor w = l/o(F)*, o(F) = o(F&,)/2F,,, and 



225 

TABLE 1 

CRYSTALLOGRAPHIC DATA FOR X-RAY DIFFRACTION STUDIES OF ~-H)~-S~CH)OS~(CO)IO. 

III. AND ~-H)~.~-S~CH)OS~(CO)~CP(CH)~C&~), IV 

III IV 

A) Crysfal pammeters 
Temperature (“C, 

space group 

a (A) 
b (A) 
c CA) 
Q (7 
4 (9 
7 (9 
v (A3) 
2 

_Mol_wt. 
talc WCC) 

B) Measurement of intensity data 
Radiation 

Monochromator 

Detector aperture (mm) 

Horizontal: A f Btan6 

Vertical: 

Reflections measured 
Max 20 (O) 

Scan type 
w Scan width 

Background 
Scan rate (“/mm) (variable) 

Max 

ivlin 
No. reflections measured 

Data used (F2 > 3.00(F2)) 

C) Treotmen t of data 
.4bsorption coefficient p(cm-l ) 

Grid 
Transmission coefficient 

hIax 

Min 
p-factor 

Final residuals 

R 
R 

Esd z unit weight 
Largest shift/error on final cscle 

-35 -35 

P2,/c_CC,,51 . No. 14 Pi.lCij. No. 2 

8.452(Z) 8.375(3) 

25.345(12) 12.960(4) 
16.818(5) l&106(4) 
- 64.50(2) 

91.75(3) 70.22(3) 
- 79_20(3) 
3601.1 1390.8 

8 2 
928.86 1039.00 
3.43 2.48 

MO-K, (0.71073 A) 

Graphite 

A = 3.0 3.0 
B = 1.0 1.0 

4.0 4.0 
+h. +k, *I +h. kk. rl 
46 52 
moving crystal-stationary counter 
0.8 0.75 
l/4 additional scan at each end of scan 

10 10 
1.25 1.18 
5449 5368 
2607 4282 

227.3 147.8 

14X8X6 14X8X6 

0.260 0.360 
0.019 0.035 
0.02 0.01 

0.043 0.050 
0.045 0.067 

2.07 6.78 
0.34 0.08 

G(F&) = [0(1,,,~)* + (pF&)2]1’2/LP_ Crystal data and d&a collection parameters 
are listed in Table 1. 

(/.L-H)(~-S&H)OS~(CO) lo, III 
A crystal shaped like an octahedron extended along one of its 2-fold ases 

having approximate dimensions 0.21 X 0.09 X 0.07 mm was selected and mounted 
in a thin-walled glass capillary. w-scan peak widths at half height were in the 
range 0.20-0.25”. Because crystals of this compound are unstable at room 

(Continued on p_ 228) 
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temperature, data were collected at -35 + 5°C using an Enraf-Nonius model 
FR-524H low temperature device. Crystal faces were subsequently identified 
as (O%l), (Oli), (Oil), (On), (l%O), (i20), (120), and (EO). The systematic 
absences OhO, k = 2n + 1, and h01, I = 2n + 1 unambiguously identified the 
space group PZr/c, No. 14. 5449 reflections (including absences) were collected 
in the scan range 28 = O-46”. From these, 2607 unique data conforming to the 
relation p > 3.00(P) were obtained and used in the subsequent solution and 
refinement of the structure. Three standard reflections monitored periodically 
during the course of data collection showed a 16% decrease in their original 
intensity_ A linear rescale correction was applied to the data. The linear absorp- 
tion coefficient for III is 227.3 cm-‘. An absorption correction was applied 
using the Gaussian integration method and a grid of 14 X 8 X 6. 

The structure was solved by direct methods using the program MULTAN 
and phases of 205 reflections for which E,i, > 1.66. The crystal contains two 
independent molecules in the asymmetric unit. An E-map based on these data 
provided the coordinates of the six osmium atoms of the two clusters. A11 
remaining nonhydrogen atoms were obtained by a series of least-squares refrne- 
ments and difference Fourier syntheses. The dithioformato hydrogen atoms 
were not located crystallographically. Their positions were calculated using 
idealized geometry. Their contributions were added to the structure factor 
calculations but their positions were not refined. The hydride ligands were 
not observed crystallographically and no attempts to place them artificially 
were made. 

Refinement using anisotropic thermal parameters for the osmium and sulfur 
atoms and isotropic thermal parameters for the remaining nonhydrogen atoms 
converted to final residuals R = 0.043 and R, = 0.045. The e.s.d. in an obser- 
vation of unit weight was 2.07. On the final cycle the largest parameter shift 
was 0.34 times its e.s.d. The largest residual peaks in a final Fourier synthesis 
were 2.2-2.4 e/x” and were clustered about the osmium atoms. They are 
believed to be structurally insignificant_ Final fractional atomic coordinates 
and thermal parameters are listed in Table 2. Final bond distances and angles 
with errors obtained from the inverse matrix calculated on the final cycle of 
least-squares refinement are listed in Tables 3 and 4. A table of final structure 
factor amplitudes is available.* 

(~r-w)(cr-~;!CN)Os3(CO)~~P(CHs)~C6E-lsl, IV 
A thick rectangular plate of dimensions 0.08 X 0.14 X 0.40 mm v~as 

mounted in a thin-walled glass capillary. o-scan peak widths at half-height 
were in the range 0.10-0.15”. Crystals of this compound also shattered at 
room temperature, so data were collected at -35 + 5°C. A triclinic cell contain- 
ing two molecules was selected. The space group Pi was assumed and confirmed 
by the successful solutionand refinement of the structure. The crystal faces --- 
were identified a~ (Oil), (0xX), (OOi), (OOl), (212) and (212). 5368 reflections 
were collected in the scan range 20 = O-52”, from which 4282 unique data 

* See NAPS document no. 03678 for 31 pages of supplementary material. Order from NAPS c/o 
Microfiche Publications, P-0. Box 3513. Grand Central Station. New York. N.Y. 10017. Remit in 
advance. in U.S. funds only $ 7.75 for photocopies or $ 3.00 for microfiche. Outside the U.S. and 

Canada add postage of $3.00 for photocopy arzd $1.00 for microfiche- 



TABLE3 

INTERATOMIC DISTANCES WITH E.S.D_'S FOR @-H)(P-S~CH) Os3<CO)1+III 

Molecule A MolecuIeB 

Atoms Distance(X) Atoms Distance<A) 

0s<1)--0s(2) 
OS(l)_OS<3) 
Os<2)--os(3) 
OS(l)_S<l) 
Os(l)--c<l) 

OS(l)--c(2) 
05<1P-C(3) 
0%2)--S(2) 
Os(O)--C<a) 

OS(2Pcx5) 
Os(2)--c(6) 
Os(3J-C(7) 
0%3)--C(8) 
OS(3Pa9) 
Os(3)-C(lO) 
sw-C(21) 
S<2)-a21) 
cut-O<l) 
C(2)-0<2) 
C(3+0<3) 
C<4PO(4) 
C(5)--0<5) 
C(6)-0(6) 
C(7PO(7) 
C<8k-O<8) 
C(9)-O(9) 
c(10k-0(10) 

2.978(l) 
2.909(l) 
2.903(l) 
2.445(7) 
l-83(2) 
1.94(3) 
1.99(2) 
2.454(7) 
1.91<2) 

1.97<2) 
l-88(2) 
l-95(3) 
1.85(-i!) 
l-89(2) 
1.95(2) 
l-71(3) 
l-62(3) 
1.24<2) 
1.15<3) 
1.07<2) 
1.17<2) 
1_08<2) 
l-19(2) 
1.18<3) 
l-10(2) 
1.10(3) 
1.15(2) 

Os(4jOs<6) 
Os(4j-Os(5) 
Os(5k-Os(6) 
Os<4)-S(3) 
Os(4bC(ll~ 
Os(4)--c<12) 
OS<4)-C(13) 
05(6)-S(4) 

Os(6Pal8) 

Os(6)--c(19) 
Os<6PC(20) 
Os(5)-C(14) 
OS(5)-G(15) 

Os(5)--c(16) 
OS(5)-C(17) 

S(3)--C(22) 
S<4)-C<22) 
C<11)--0<11) 
C<l2)--0(12) 
C(13~0(13) 
C(14)-0(14) 
c(15)--oa5~ 
C(16)--O(16) 

ca7)--0<17) 
C<18)_0<18) 

C(19)--0(19) 
C(20)-O(20) 

2.968(l) 

2.918(l) 
2.902(l) 
2.448(7) 
i.92(2) 

1.92<2) 
1.96(2) 
2.454<7) 

1.92(2) 
l-94(2) 
1.83<2) 
1.94(2) 
1.8-i(Z) 
l-92(2) 
1.89(2) 
l-64(3) 
X64(3) 
1_11<2) 
l-13(2) 

1.10(2) 
X15(2) 
1.18(2) 
1.18(2) 

1.17<2) 
l-14(2) 
1.13(2) 
1.21(2) 

conforming to the relation F’ > 3_Oo(P2) were used in the structure solution 
and refinement. Three standard reflections monitored periodically during data 
collection showed only random fluctuations_ The linear absorption coefficient 
for IV is 147.8 cm-‘. An absorption correction was applied using the Gaussian 
integration method and a grid of 14 X 8 X 6. 

The structure was solved by the heavy atom method. The hydrogen atoms 
were not located crystallographicaliy. All hydrogen atom positions, except the 
hydride ligand, were calculated assuming idealized geometry with three-fold 
rotational geometry and staggered conformations for the methyl groups. Contri- 
butions from hydrogen atom scattering were added to structure factor calcula- 
tions but the hydrogen atom positions were not refined. Refinement using 
anisotropic thermal parameters for the osmium, sulfur, and phosphorus atoms 
and isotropic thermal parameters for the remaining nonhydrogen atoms con- 
verged to values for the residuals of R = 0.050 and R, = 0.067. The es-d. in an 
observation of unit weight was 6.78. On the final cycle the largest shift was 
0.08 times its e.s.d. The largest residual peaks in a final difference Fourier 
synthesis were 3.9-4.2 e/A3 and were cIustered closely around the osmium 
atoms. They are believed to be structurally insignificant. Final fractional 
atomic coordinates and thermal parameters are listed in Table 5. Final bond 
distances and angles with errors obtained from the inverse matrix obtained on 

(Continuedonp.233) 
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TABLE 4 

BOND _4NGLES WITH E_S.D.‘S FOR (ir-H)~-SzCH)Oss(CO;~~. III 

Molecule A 

Atoms Angle ('1 

Molecule B = 

Atoms Angle(%) 

59.27<3) 

59.08(3) 
6X.65(3) 

90.5(2) 
144.3(S) 

118.4(6) 

91-O(6) 

94.9(2) 
85.4(S) 

177.4(6) 

89.5<6) 
89-l(8) 
85.5(i) 

175.5<6) 
97.2(10) 

92.2(9) 
90.0(9) 

90.9(2) 
146-O(6) 
92.0(6) 

116.3<7) 
93.9(2) 
86.9(6) 
90.5(6) 

175.5(i) 

87.7(6) 
175.5(6) 
85.-Z<?) 

91.8(8) 
97.6<9) 
89.9(9) 
90.1(i) 
99.4<8) 

160.2(7) 

90.7(6) 
89.0(i) 

161-O(8) 

98.6(7) 
89.7(6) 

90.5(10) 
88.1(10) 

178-O(9) 

100.4(10) 
91.3(9) 
90.6(g) 

112.8(g) 
1X3.2(10) 
132.0(16) 
173(2) 
178(2) 
176(2) 
179<2) 
iii(2) 
178(2) 

169(2) 
178(2) 
176<2) 
173(2) 

59.62(3) 

59.07<3) 

61.31(3) 
90.7(2) 

142_8(6) 
115.8(7) 
91.6(6) 
95.9(2) 

83.7(6) 
174.4(7) 
89.4(6) 
87.5(i) 

87.1(7) 
174.7(6) 
101.2<9) 
93.6(S) 
S-7.6(9) 

90.8(2) 
148.2(i) 

91.3(7) 
115.7(6) 
94.3(2) 
89.4(i) 
89_4(7) 

174.7(6) 
86.7(7) 

176.3<7) 
86.5(6) 
93.1<10) 
95.8(g) 
89.8(9) 

88.1(7) 
102.9(7) 
157.7(7) 

88.8(6) 
93.6(7) 

164.2(7) 
96.4(i) 
89.2(6) 

85.9(9) 
92.7(9) 

174.3<10) 

99.4(10) 

90.1(9) 
92.0(S) 

111.5(9) 
111.8<10) 
131.1<17) 

177(2) 
174(2) 
174(2) 
176(2) 
178(2) 
175(2) 
172(2) 
176(2) 

174(2) 
172<2) 

o The listing of angles for molecule B has been arranged so that they are directly comparable to the cor- 
respond&g angles for molecule A. 
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T_4BLE 6 

INTERATOMIC DISTANCES WITH E.S.D.‘S FOR ~-H)(IL-S~CH)OS~<CO)~IP(CH~)~C~H~~. Iv 

Atoms 

OS(l)_Os(2) 
Os(l)_Os(3) 

Os(2)_Os<3) 
OS(l)-S(1) 

Os<~)--cU) 

Osw--Q2) 
Os<lk-f=<3) 
Os(2)_S(2) 
Os(2k-C<4) 
Os(2F--a5) 
Os<2k-c<6) 
os<3)-P 

Os(3)--c(7) 
Os(3)--cC8) 
Os<3)--c<9) 
S<1)--c<lO) 

S<2)--c(lO) 

Distance (A) 

2.854(l) 
2.928(l) 
3.043(l) 
2.424<2) 

l-922(8) 
1.817(g) 
1_909(7) 
2.442(2) 
l-838(9) 
1.893(T) 
l-919(7) 
2.356(2) 
l-943(8) 

1.944<7) 

1.909<7) 
1X61(7) 

l-666(7) 

Atoms 

P-C(l7) 
P-C<18) 
P-all) 
C(llF-c<12) 

C(12bCX13) 
C(l3wa4) 
C(l4)-c(15) 

C(l5I--C(16) 
C(16)--c(ll) 
C(l)--o(1) 
C(2)_0(2) 
C(3)_0(3) 
C(4)--O(4) 
C(6)-+(5) 

C(6)_0(6) 
C(7)-O(7) 
C(8)-O(8) 
C(9)--O(9) 

Distance (i%) 

l-827(9) 
l-807(8) 
l-803(7) 
1.41(l) 
l-41(1) 
1.42(l) 
1.37(l) 
1.44(l) 
1.37(l) 
1.15(l) 
1.23(l) 
1.15(l) 
1.15(l) 
1.16(l) 
1.15(l) 
1.15(l) 
1.15(l) 
1.15(l) 

TABLE7 

INTERATOMIC ANGLES WITH E.S.D.5 FOR ~-H)Q.bS2CH)Os3(CO),CP<CH3)2CgH53. IV 

Angle(O) Atoms 

63.48(l) 
59.43(l) 
57.08(l) 
91.60(4) 

156.5(2) 
103.8(3) 
89.6(2) 

93.83(5) 
93.2<2) 

167.3(3) 

90.3(2) 

86.7(2) 
87.7(3) 

175.8(2) 
99.5<4) 
93.7(3) 
88-l(4) 
92.16(4) 

80.2(2) 

94-l(2) 
174.8<2) 

93.51<5) 
139.6(2) 
90.5(2) 

119-B(2) 
89.3(2) 

173.7<2) 
82_7(2) 
90.8(3) 

100_5(3) 

91-O(3) 
168.33(s) 
92_7(2) 
87.1(2) 
91.9(2) 

Os(2)--Os(3)_P 
OS(~F-OS(~)-C<~) 

os(2)_0s(3)--c(8) 
Os(2)-Os(3)--C(9) 
P-0s(3)-c(7) 
P-Os(3jC(8) 
P--osc3w<9) 

C(7)--os(3)--c(8) 
c<7)_os<3)--c(9) 
C(8)-Os<3)--c(9) 

os(lb-s(~)--cwJ) 

os(2)_s(2t-c(1o) 
S(lFC(lO)_S(2) 
OS(3)_P--c(l7) 
OS(~)_P-X(18) 
os<3F-P-C(ll) 

C(l7)_P-C(i8) 
c(l7t-P-c(11) 
C(18h-P-C(ll) 
P--c(11)--C(l2) 

P-C<ll)-C(l6) 
C(12)-C(ll)-C(l6) 

C(ll)--c(12)+Xl3) 
C(12)--c(13F-CU4) 
C(13)--c<l4)-w15) 
C(l4F-C(15~(16) 

C(l5k-C(16)--c(ll) 
osa)--c(l)_O(l) 
0sa-C(2)--0(2) 
05m--C(3)_0(3) 

0s(2t-c(4)--0(4) 
0~(2k-c(5)--0(5) 
Os(2bC(6FO(6) 
05(3kC(7~0(7) 
Os(3)--cw-O(8) 
0s(3)--c(9)--0(9) 

112.35(4) 
91.9(2) 

89.6(2) 
148.9(2) 
92.6(2) 
88.0<2) 
98.7(2) 

178.1(3) 
87.3(3) 
90.8(3) 

l13.7(3) 

112.4(3) 
129.9(4) 
X13.5(3) 
114.5(3) 
114.3<2) 
103.4(4) 
104.7(4) 
lO5.3(4) 

121.3(6) 
119.8(6) 
l17.5(7) 
122.8<8) 

120.0<8) 
118.2(g) 
120.8(10) 
121.2(8) 
177.9(7) 
171.9(8) 

177.1(7) 
177.4(7) 
176.7<6) 
174.2<6) 
173.8<7) 
177.5<6) 
177.3(7) 
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the final cycle of refinement are listed in Tables 6 and 7. A table of final struc- 
ture factor amplitudes is available *. 

Results 

Structural analysis of (~-H)(~-S,CH)OS~(CO)~,,, III 
The crystal structure of (y-H)(p-S,CH)Os,(CO) 10 contains two crystallo- 

graphically independent molecules in the asymmetric unit. Figures 1 and 2 
show ORTEP diagrams of these molecules [17]. Both molecules have the same 
basic structural arrangement. This includes a triangular cluster of three osmium 
atoms, a bridging dithioformato ligand, a bridging hydride ligand and ten linear 
&erminal carbonyl ligands. Bond distances and angles are listed in Tables 3 and 
4. 

Each cluster forms an isosceles triangle of osmium atoms with one relatively 
long and two shorter and roughly equivalent osmium-osmium bonds. The 
shorter bonds range from 2.902-2.918 & averaging 2.908(l). This average is 
slightly longer than the average osmium-osmium bond distances of 2.877(3) 8, 
and 2.897(10) ,& found in OSAKA [IS] and OS~(CO)~~[P(OCH~)~], 1191 
respectively. The longer bonds are Os( l)-Os(2) = 2.978(l) A and Os( 4)-Os(6) = 
2.968(l) A., averaging 2.973(l) .k 

We are unaware of any other structural characterizations of the dithioformato 
ligand in a cluster complex. Here we find that the dithioformato ligand bridges 
an edge of the cluster in each molecule_ The sulfur atoms occupy coordination 
sites perpendicular to the planes of the Oss triangles in what could be called 
a “diaxial” coordination. The OS-S bond distances average 2.450(7) a. The 
carbonsulfur distances range from 1.62 to 1.71 8, but the average, l-65(3) 
A, is quite similar to that found for chelating dithioformato ligands in the 
mononuclear metal complexes Ru(S~CH)~[P(CJ&)~]~, C-S, 1.64-1.68 .& 
[20] and Re(S2CH)(C0)2[P(C6H5)3]2, C-S, l-64(2) and 1.68(l) A, [21]. 
However, the S-C-S angles at 132.0(16)” and 131.1(17)” are significantly 
larger than those of 115.3(11)” and 113.9(S)” found in the mononuclear 
ruthenium complex [ZO] and that of 116-7(l)” found in the mononuclear 
rhenium complex 1211. This opening of the S-C-S angle in the cluster com- 
plex could be due to a decrease in strain relative to the four membered ring 
which exists when both sulfur atoms are bonded to a single metal atom. 

There are ten linear terminal carbonyl groups in each cluster with each 
unique osmium atom having four carbonyl ligands. The coordination geometry 
about the osmium atoms is roughly octahedral_ Overall, six carbonyl ligands 
lie in the plane of each Oss triangle while the remaining four are essentially 

perpendicular to it. 
The hydride ligand ** was not observed crystallographically, but a significant 

distortion in the distribution of carbonyl ligands in the equatorial plane cf the 
cluster strongly suggests its true location_ For example, the bond angles 

* See footnote on p_ 228. 
** The presence of bridging metal hydrides and dithioformate hydrogens in III and IV is supported 

by their IH NMR spectra. For III (CDC13): 6(0sH) = -14.925s. 6(HCS2) = 12.15s Ppm; for IV 
(CDC13): 6(0sH) = -16.07d (J(PH) = 12.21 Hz). 6(HCS2) = 13.17s ppm. The phosphorus-hydro- 
gen coupling observed in IV suggests that the phosptdne and hydride Iigands are on the same 

osmium atom. 
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Fig. 1, An ORTEP diagram of one of the two independent molecules of (c~-H)CI_~-SICH)OS~(CO)~~ in the 
asymmetric crystal unit. Shown with 50% probability ellipsoids. 

Fig. 2. An ORTEP diagram of the second molecule of (~-H)(L~~~CH)~S~<C~)I~~ the asymmetric crY.stal 
unit. Shown with 50% probability ellipsoids. 
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Os(2)---Os(1)-C(2) and Os(l)--Os(2)-C(6) at 118.4(6) and 116.3(7), respec- 
tively, are much larger than the analogous angles Os(3)-Os(l)---C(1~ and 
Os(3)--Os(2)---C(4) angles of 85.4(S)” and 86,9(6)“. We attribute this effect to 
the presence of a bridging hydride ligand which is symmetrically bonded to 
OS(~) and OS(~) and hes essentially in the equatorial plane of the cluster. A 
similar distortion was found in the other, symmetry independent molecule in 
this crystal. Similar distortions have been observed in numerous other cluster 
complexes containing hydride ligands and these have generally been used as 
a means of assigning the location of “unobserved” hydride ‘iigands in X-ray 
~~st~lo~phi~ studies ElO] _ That this effect is not due to some intrinsic 
property of the dithioformato ligand is confirmed by the. absence of such a 
distortion at that site in the corresponding complex (~-~)(~-~~CH)Os~~CO)~- 
[P(CH3)&H5], IV (vide infra). 

In the crystal there were no unusually short intermolecular contacts. The 
shortest contacts were between carbonyl oxygen atoms and were in the range 
Z-88--2-97 .&. 

Structural analysis of (~-~)(~~~~CH)US~(CO),[P(CH,),C~~], IV 
An ORTEP diagram of the molecular structure of IV is shown in Figure 3 

c6 

Fig. 3. An ORTEP diagram of (~-H)(c~-~~CH)~S~(CO)~~P(CB~)~C~HS] shown with 50% probability 

ellipsoids. 



[17]. Bond distances and angles are listed in Tables 6 and 7. 
The triangular cluster of three metal atoms contains three significantly dif- 

ferent metal-metal separations. The dithioformato ligand bridges the OS(~)- 
OS(~) bond in a diaxial coordination position. However, unlike III where this 
metal--met& separation was substantially longer than the others (e.g. 2.973(l) 
A), in IV it is substantially shorter, being only 2.854(l) A. The Os(l)--Os(3) 
bond is of intermediate length at 2.928(l) A, which is slightly longer than the 
corresponding distances in III. This increase could be attributed to the substitu- 
tion of the phosphine ligand for a car-bony1 ligand. A similar increase in the 
metal-metal bond distances was observed when a trimethylphosphite ligand 
was substituted for a carbonyl ligand in Os,(CO) 12 [ 19]_ The Os(2)-Os(3) 
bond distance is 3.043(l) A, substantially longer than the metal-metal bonds 
found in OSCAR, 2.877(3) A, [IS], OS,(CO)~,[P(OCH,)~], 2_897(10) A [19J 
and ah unbridged metal-metal bonds reported here. 

The dithioformato ligand is structurally similar to those found in III. The 
carbonsulfur bond distances are l-661(7) and l-666(7) A, and the S-C-S 
angle is 129.9(4)“. A normal dimethylphenylphosphine ligand is bonded to 
atom OS(~) in an equatorial coordination site essentially frans to the Os(l)-Os(3) 
bond. The OS(~)-P distance at 2.356(2) A is similar to that found in other 
osmium cluster complexes [ 143. Nine linear terminal carbonyl ligands are 
arranged such that each osmium atom contains three. Overall, five lie in the 
plane of the OS, triangle while four are essentially perpendicular to it. The 
hydride ligand was not observed crystallographically, but we feel its location 
can be safely inferred from obvious distortions in the molecular structure_ We 
believe the hydride Iigand bridges OS(~) and OS(~) in this molecule. The two 
features which support this are: 1) the long Os(2)-Os(3) separation and 2) 
the large bond angles Os(3)-Os(2)-C(6) = 119.9(2)” and Os(2)-Os(3)-P = 
112.35(4)“. This structural feature of IV contrasts markedly with that of III 
where the large bond angles were observed along the OS-II-OS bond bridged 
by the dithioformato ligand. 

In the crystal there were no unusually short intermolecular contacts. The 
shortest distances were between carbonyl oxygen atoms and were in the range 
2.98-3.00 A. 

Discussion 

The gross molecular structures of III and IV are very similar. The principal 
difference is the relative position of the bridging hydride ligand. In III the 

P 

H 

/OS\ /OS7 
OS OS OS OS 

Yl H I I 
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OS-H-OS bond contains the bridging dithioformato ligand while in IV it does 
not. 
The exact reason why the hydride changes position in the different clusters is 
not clear at this time. However, the bonding of bridging hydride ligands is of 
a 3-center-2-electron type similar to that of the “electron deficient” boron 
hydride compounds [ 11. Thus, the hydride ligand may prefer to be near a 
center of higher electron density. The relatively high electron donor ability of 
the phosphine ligand may serve this purpose. The scope of this phenomenon 
remains to be seen, but it may be possible to use phosphine ligands to direct 
a hydride ligand to a specific stereochemical location in a cluster compound. 

Because the hydride ligands bridge different edges of the central OS, triangle 
in these clusters, we may by comparison be able to examine the influence of 
the hydride ligand on the metal-metal interaction_ For example, as expected, 
placement of a hydride ligand along one of the unsupported metal-metal 
bonds in IV leads to a substantial increase in the length of that bond (e.g., the 
Os(2)-Os(3) separation is 0.115 A longer than the Os(l)-Os(3) distance in IV 
and 0.134 A longer than the corresponding unbridged bonds in III)_ Comparison 
of the dithioformato bridged bonds of III and IV allows a direct assessment of 
the effect of a bridging hydride ligand on the supported metal-metal bond. 
In the absence of the hydride ligand, the Os(l)-Os(2) separation in IV is 
2.854 A, whereas in its presence the corresponding separation in III is 2.973(l) 
A, an increase of 0.12 A. This increase is similar to that found when hydrides 
are added to unsupported metal-metal bonds in clusters_ It is also very similar 
to that observed by Peterson et al. for the (C~H~)zMo2(CO)4(,u-H)~~-P(CH~)~] / 
[(CSH5)ZM~Z(C0)4{~-P(CH3)2}]- system (11,121. 

The accumulation of results suggests that the addition of a hydride ligand 
to a metal-metal bond causes the bond length to increase regardless of whether 
the bond is supported, II, or unsupported, I. Nevertheless, Churchill [9] has 
reported several examples where supported metal-metal bonds containing 
hydride ligands are shorter than “normal” metal-metal bonds. We believe a 
structural analysis if one of these bonds in the absence of a bridging hydride 
ligand would be most valuable_ 

Inspection of the osmium-sulfur bond distances suggests that the hydride 
ligand can also produce a lengthening effect, albeit a much smalier one, on 
bonds cis to it. For example, the osmium--sulfur bonds in III are cis to the 
hydride bridged osmium-osmium bond. The four independent osmiumsulfur 
bond distances in III range from 2.445-2.454 A, with the average 2.450(7) A. 
In IV, the OS(~)-S(2) bond is cis to the hydride bridged metal-metal bond, 
and the distance is 2.442(2) ,&. This is 0.018 A longer than the OS(~)-S(1) 
bond (2.424(2) A) which is not adjacent to the hydride bridged metal-metal 
bond. Admittedly, the lengthening effect is small and it is desirable to have 
more examples to confirm it, but this evidence suggests there may be a real 
effect_ Due to the much larger errors in the osmium-carbon bond distances, 
no systematic influences of the bridging hydride ligand on other bonds could 
be detected. A large structural trans effect of hydride ligands has been thoroughly 
demonstrated in mononuclear transition metal hydride complexes [ 22]_ These 
cluster compounds may be providing us with the first opportunity to document 
a much smaller but significant structural cis effect. Of course the cis effect of a 
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bridging hydride ligand should be significantly different from a cis effect in a 
mononuclear complex where the hydride ligand would occupy one full coor- 
dination site. 
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