
81 

Journal of Organometallic Chemistry, 331 (1987) 81-93 

Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

X-Ray structural determination of the tetrahedral 
ruthenium-osmium carbonyl hydrides [H 2 RuOs,( CO) 13] 
and [Ph,As][H,RuOs,(CO) 12]: an examination 
of bent semi-bridging metal-carbonyl bonding 

A.L. Rheingold*, 

Department of ChemistT, University of Delaware, Newark, Delaware 197I6 (U.S.A.) 

B.C. Gates, J.P. Scott and J.R. Budge 

Center for Catalytic Science and Technology, Department of Chemical Engmeering, University of Delaware, 

Newark, Delaware I9716 (U.S.A.) 

(Received February 13th, 1987) 

Abstract 

Two group-g, mixed-metal tetrahedral clusters have been crystallographically 
characterized. For [H,RuOs,(CO),,] (I): triclinic, Pi, a 9.046(4), b 9.140(4), c 
26.560(9) A, (Y 81.88(3), /? 91.81(3), y 112.07(3)“, V 2014(6) A3, Z = 4, R, 4.91%. 
For [Ph,As][H,RuO,(CO),,] (II): monoclinic, P2,/n, a 21.580(5), b 8.165(l), c 
21.815(6) A, /I 91.16(2)“, V 3843.2(9) A3, Z = 4, R, 4.40%. The two crystallo- 
graphically independent molecules of I exhibit a wide range of bent semi-bridging 
metal carbonyl bond parameters, and all conform to the Crabtree-Lavin empirical 
equation. The structure of II contains a P-H edge-bridged basal plane of two OS 
atoms and one Ru atom positionally disordered. This plane is capped by an 
Os(CO), group. In both I and II, structural heterogeneity created by mixed-metal 
atom identities was seen and quantitatively measured by occupancy refinement. 

Introduction 

Organometallic clusters are suitable precursors for the preparation of supported 
catalysts with molecular structures [l]. Our recently communicated results char- 
acterizing RuOs, clusters on y-Al,O, supports showed that the cluster anion 

W,RuOs,(W,,l- was relatively stable on the support and an apparent precursor 
of a surface-bound molecular catalyst for alkene isomerization [2]. To provide a 
fuller understanding of the processes involved in the formation of molecular cluster 
anions on basic supports, we undertook the single-crystal structural characteriza- 
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Experimental 

A full disclosure of the synthesis and spectroscopic characterizaticm of 1 and II 
will appear elsewhere j2h]. 1 uxs obtained from the cornbin:~tion of Rtl(CO), and 
[H,Os,(CO),,,] in hexanc a~ rwm tcnrperature, 10~ 12 h, aad purified hc column 

chromatography. I was converted into [1H,RuOs,(CO),,j I9y heating an octane 
solution of I with H, buhhling. II wab obtained by treatment of [I~ljRuOs l(CO),,] 
with EtOFijKOH followed hy ,~ddition of (I% ,As/C’I. iI ‘L\;~c purified hs rt:crv\talli- 
ration from CH ,c’l; 
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Table 1 

Crystal data and data collection, reduction and refinement parameters for H,RuOs,(CO),, (I) and 

IPh,Asl[H3RuOs,(CO),*l (11) 

I II 

(a) Cystal data 
Formula 

Space group 

a, b, c, A 

o&v, deg 

v, As 

Z 

d (calcd), g cme3 

Crystal size, mm, 
Color 

C,,H@,,Os,Ru 

9.046(4), 9.140 (4) 

Pi 

26.560(9) 

81.88(3), 91.81(3), 112.07(3) 

2014.1 (10) 

4 

3.42 

0.06 x 0.20 x 0.38, 

orange 

21.580(5), 8.165(l), 

C3,H23As0,,0s3Ru 

21.815(6) 

90, 91.16(2), 90 

W/n 

3843.2 (15) 
4 

2.41 

0.20 x 0.20 x 0.41, 

orange 

(b) Data collection 
Diffractometer 

Radiation 

Temperature, o C 

p, cm-’ 

Scan method 

Scan limits, deg. 

Data collected 

Unique data 

Unique data 

F, > 3o(F,) 

Nicolet R3 

MO-K, (h 0.71073 A) 

22 

196.8 

w (full profile) 

4<28<46 

kh, kk, +I 
5397 (5532 collected) 

4576 

23 

111.9 

w (full profile) 
462eG47 

f h, + k, + I 
5059 (5475 collected) 

4312 

(c) Data reduction and refinement 
Standard reflections 3 std/197 rflns 

( i 1% decay) 

R (int) 0.019 

R,, R,, (g)> GOF 4.91, 4.85, 1.379 

! final /o(max), 0.008 0.176 

cycle 

3 stds/97 rflns 
( < 1% decay) 

0.007 

4.40, 4.57, 1.181 

0.001 0.166 

were treated as idealized contributions, C-H = 0.95 A, U = 1.2 U attached carbon 
atom. 

In both structures, a refinement of occupancies of the metal atoms revealed 
disordering of the metal atom identities, more so in II than in I. In II, OS(~) has no 
Ru contribution and was refined normally (OS scattering factors, s.o.f. = 1.00 [15*]), 
but those metal atoms in the hydrido-bridged basal plane labeled OsRu(2), OsRu(3) 
and OsRu(4) are each 2/3 OS and l/3 Ru in character. These hybrid atoms were 
treated as OS atoms of reduced occupancy, i.e., OS scattering factors with s.o.f. = 
0.88(l). The s.o.f. obtained by refinement agrees well with the value of 0.86 for 
uniform disorder (2/3 Z,, + l/3 Z,)/Zo, = 0.86. In I, The Ru atom positions 
were more clearly defined, although some OS atom character is found in Ru(2) in 
molecule B, refined s.o.f. = 1.15 reflecting only 79% Ru character; the s.o.f. for the 

* This and other references marked with asterisks indicate notes occurring in the list of references. 
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Atom coordinates (X 104) and temperature factors (A’ X 10’) for H~RuOs,(~‘O),, 

OS(l) 

(h(2) 

W(3) 

Ru(l) 
OSC4) 

Os(5 j 

OS(h) 

RU(2) 

oi I j 

O(7) 

O(3) 

O(4) 

w5j 

(x6) 
O(7) 

O(X) 
O(9) 

OilO) 

O( 1 1) 

CI(12) 

O(13) 

O(14) 

Ojl5, 

O( IfI) 

O( 17) 

O(lUj 

0(19j 
o(x) 

O(21) 

O(22) 

0(23) 

O(24) 

O( 25) 

0(2hj 

(‘(1) 
C(2) 

c’(3) 

cc4j 
C(5) 

C(6) 

(‘(7) 
C( 8) 

( ‘(9) 
C( 10) 

C(11) 

c‘i12) 

(‘(13) 

<~‘( 14) 

C(lS) 

q 16) 

C( 17) 

C(lX) 

C(lY) 

(‘(20) 

7197.1(X) 

7072.1(l) 

902X.7(10) 

56X7.9(173 

4094.3(9) 

177X.0( 10) 

1370.2(Y) 

Y36.5( 13) 

9033(2’J 

7525(23j 

4014(15) 

5X61(17) 

2137111) 

i332(1Qj 

189X(161 

74X0(24! 

541X(191 

9049(19 j 

X91Y(,lXj 

1261X(15) 

93X1(201 

5205( 19, 

729X( Ihi 

4720(1Y, 

2341(2(j) 

1197(23) 

21317) 

813(1-T) 

-2690(19) 

li92(19) 

1733(17r 

- 1662(173 

279’)(23) 

?664(20) 

X408(20, 

7390(Z) 

51X0(21 b 

5V26(21 f 

345X(22) 

5469(Z) 

5103(19) 

7358(26) 

5707(24) 

X352(23) 

8995121) 

11282(19j 

9252( 191 

4X35(26) 

6OY7(23) 

4494(22 j 

19631253 

1259( 26) 

-X65(25) 

X83(22, 

3194.0(X) 

636.6(11, 

39.X.1(10) 

2809.2(19~ 

X992.6(9) 

~707.6(10, 

816il.3(9j 

X073.7(171 

:li?l(?_i) 

61R9(~2I 

i 159(15! 

5V31( 1’7) 

1096(21) 

34F2(25 j 

16X2(15) 
~- 1?‘3(211 

?72(21, 

312(1X) 

?350(2U) 

4754( 16) 

‘!.369( I”) 

X493(20) 

9567(20) 

ilZX(l9) 

7233191 

11138i20~ 

6092(21)) 

11247(16) 

655’)(21) 

V453(22) 

5X91(17) 

32X6(1:) 

3334(2(I) 

453S(lV) 

2654(23j 

5072(20) 

I X94(22) 

469 I( 201 
1:22(2-q 

3X41(26) 

X771 I’!) 

XOV( 24) 

llw20) 

122(23j 

3594(‘1) 

4411(1X) 

6097(21 I 
877328) 

9340( 23) 

17 1X1(23) 

7514(2Sj 

10027122) 
6X53(27) 

9%5(21J) 
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Table 2 (continued) 

Atom x Y t lJ” 

C(21) - 1328(22) 7102(27) 4217(9) 63(10) 

C(22) 1209(24) 8995(27) 4777(g) 60(10) 

c(23) 1510(19) 6383(19) 4597(g) 44(8) 

c(24) - 385(27) 4171(23) 3814(7) 56(10) 

c(25) 2404(26) 4176(26) 4288(g) 63(10) 

C(26) 2340(25) 5022(24) 3228(g) 58(9) 

a Equivalent isotropic U defined as one third of the trace of the orthogonalized l.J, tensor. 

OS atoms in molecule B averaged 0.97 reflecting 93% OS character. The s.o.f.‘s for 
molecule A did not deviate significantly from unity on refinement. 

All non-hydrogen atoms were refined with anisotropic temperature factors except 
for the AsPh,+ carbon atoms in II. In both structures, the final difference maps 
showed somewhat noisy backgrounds in the vicinity of the metal atoms (1.1 to 0.8 e 
A-’ at distances of 0.4 to 1.1 A; a typical C atom was scaled at 3.6 e Ap3). 

The atomic coordinates for I and II are given in Tables 2 and 4, respectively. 
Selected bond distances and angles are given in Table 3 for I, and Table 5 for II. 
Additionally, observed and calculated structure factors, anisotropic temperature 
factors, complete lists of bond distances and angles, and hydrogen atom coordinates 
are available from the authors. 

Results and discussion 

The structure of H,RuOs,(CO),, (I). The triclinic form of I crystallizes as 
discrete molecules with two independent molecules forming the crystallographic 
asymmetric unit [4*]. Both molecules (A and B) are shown in Fig. 1. The major 
features of the structure resemble closely the structures of the monoclinic form of I 
[3], and also those of H,FeRu,(CO),, [5], H,FeOs,(CO),, [6], and H,Ru,(CO),, 
[7]. A tetrahedral metal atom frame is bridged on adjacent edges by bent semi-bridg- 
ing carbonyl groups. In all of the heterometallic cases, the angle formed by the 
carbonyl-bridged edges is centered at the single lighter metal atom. The two p-H 
ligands form edge bridges to the metal atom not involved in the p-CO bridges. The 
charge distribution factors involved in the locations of the bridges have been 
thoroughly discussed previously [6]. 

A rare, if not unique, opportunity exists in the four independent molecules of the 
two polymorphs of I (combining our data with that of Shore et al. for the 
monoclinic form [3]) to examine some of the very recent thoughts about the 
structural forms of bent semibridging carbonyl bonding [8]. The two polymorphs 
contain eight semibridging CO groups in identical chemical environments. Table 6 
provides the Crabtree-Lavin parameters for all eight. While the eight independent 
p-CO structures show a wide range of distances and angles (e.g., B varies from 
146(l) to 163(l)” and b varies from 2.28(2) to 2.74(2) A), all eight are, within 
experimental error, linearly related by the empirical expression, 8 = nlC/ + m. These 
data give n = 1.52 and m = 64.6, in remarkable agreement with 35 data from iron 
carbonyl bent semi-bridging structures, n = 1.51 and m = 64.5 [8]. Because the 
differences among the individual bond distances and angles must arise from lattice 
energy factors alone, the wide range seen provides a clear warning against drawing 

(Continued on p. 88) 



Table 3 

Selected hond distances and angles for [HzRuOs~(C‘O),~ j (I) 

mol. A 

(a) Bond dirtunces IA) 

Oh(l )--OS(?) 

Ob( I)--Os( 3) 

oq2)~-os(?) 

Os( I)-- Ru( 1) 

OS(~)-Ru(l) 

(k(3)-- RI](l) 

O<(ll-i(l) 

os( 1 j-c(2) 

Oh( 1 )-- C( 3 i 

OS(l)--C(4) 

OS(?)-C(7) 

OS(2)~~CT(ii) 

Os(21 -C‘(9) 

OS(2)-c‘( IO) 

OS(3)~C(11) 

OS(3)--C( 12) 

OS(3j-C(13) 

Ru( 1 ,-C(4) 

Ru(l)-(‘(5) 

Ru( 1 ,--C’(h) 

Rutlj- C(Y) 

c’(1 )-O(li 

C(2)-O(7) 

c’(3)-<)(3) 

C(4)--O(4) 

<‘(5)-O(5) 

C‘(6)- O(6) 

C(7)-O(7) 

C(8)-O(P, 

C’(9)-O(9, 

C(lO,- O(,lcl) 

C(ll)-O(llj 

C(12)-O(12) 

C(U)-O(13j 

(h) Bond angles Ides?) 

Os( 2)-Os( l)-Os(3) 

OS(~)-OS(~)-Ru(1) 

OS(~)--OS(~)-Ru(lj 

OS(~)-OS(~)-OS(~) 

Oh( 1 )-OS(~)- Ru( 1) 

OS(~)-OS(~)-Ru(1) 

OS( I)-(k(3)-OS(3) 

OS(~)-OS(~)-Ru(l) 

OS(~)--OS(~)- Ru(l j 

OS(~)-Ru(l)-OS(~) 

O\(l)-Ru(l)bOs(3) 

Os(Zj-Ku(l)-OS(?) 

os(2)~-os(l)-c‘(1) 

O<(3)-OS(l)-C’(I) 

Ru(ljb(k(l)-C‘(1) 

OS(Z)-Ml j-C(2) 

OS(~)-OS(~)-C(2) 

2,8X1( I ) 

2.96% I) 

2.945(i) 

2xv(,) 

2.803f 2) 

z.x(n(:j 

1.R91.1) 

l.YO(2) 

l.Y2(.11 

2.54(:) 

1.92(?; 

1.921’, 

? 3X(“; 

1.92(‘1 

1.92(21 

1.92(?! 

1.92t2i 

1.93(‘1 

l.U,(“J 
l.ET(T. 

1.91(Z) 

l.l.?(?l 

l.liC.3i 

1.1 Ii’) 

1.17(?) 

1.14(2, 

l.l4(3i 

l.l?(‘! 

l.lS(?i 

1.19tZi 

l.l3(3! 

1.13(21 

1.13(.‘.1 

1.13(Q 

hO.X(O) 

59.6(O) 

5X.3((J) 

61.5(O) 

W.l(O) 

58.3((l) 

57.7(0; 

57.7(O) 

58.3(O) 

61.3(0! 

54.tl(ti) 

63.4(O) 

93.5(6) 

l(!Ysl(S1 

153.116) 

1?2.6(6i 

117.0(5) 

mol. I3 

Oa(5)--0s(h)-Os(4) 

0\(5)-Os(6j-Ru(21 

OS(~)-OS(~) mRu(?‘i 

Oa(4)-Os(5)-Os(6) 

OS(~)-OS(~)-Ru(?) 

OS(~)--(Is(S)- Ru(2) 

c)s(5)mOs(4) -OS(h! 

OS(~)-(is(J)-Ru(Zi 

O\(S) O\(4) - Ru(2) 

Os(i)-Ru(2i-Os(6r 

Os(4)-Ru(Z)-Os(6j 

C&(4)- Rn(2) OsL) 

os(s)-~o\ih). (‘( :, 1 

OS(?)- O\(h)--c ‘( 171 

RLI(?)-os(6;-C( 17) 

(k(5)-Ok,(h) ci 18, 

(k(4)-~Oa(hj--C‘( 1 X! 
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Table 3 (continued) 

mol. A mol. B 

Ru(l)-OS(~)-C(2) 115.7(7) Ru(2)-OS(~)-C(18) 111.3(7) 
OS(~)-0$1)-C(3) 
Os(3)-0$1)-C(3) 
Ru(l)-OS(~)-C(3) 
OS(~)-OS(~)-C(4) 
os(3)-os(l)-c(4) 
Ru(l)-OS(~)-C(4) 
OS(~)-OS(~)-C(7) 
OS(~)-OS(~)-C(7) 
Ru(l)-OS(~)-C(7) 
OS(~)-OS(~)-C(8) 
OS(~)-OS(~)-C(8) 
Ru(l)-OS(~)-C(8) 
OS(~)-OS(~)-C(9) 
OS(~)-OS(~)-C(9) 
Ru(l)-OS(~)-C(9) 
os(l)-os(2)-c(1o) 
OS(~)-OS(~)-C(10) 
Ru(l)-OS(~)-C(10) 
os(l)-os(3)-c(ll) 
OS(~)-OS(~)-C(l1) 
Ru(l)-OS(~)-C(ll) 
OS(~)-OS(~)-C(12) 
OS(~)-OS(~)-C(12) 
Ru(l)-OS(~)-C(12) 
os(l)-os(3)-c(13) 
OS(~)-OS(~)-C(13) 
Ru(l)-OS(~)-C(13) 
OS(~)-Ru(l)-C(4) 
OS(~)-Ru(l)-C(4) 
OS(~)-Ru(l)-C(4) 
OS(~)-Ru(l)-C(5) 
OS(~)-Ru(l)-C(5) 
OS(~)-Ru(l)-C(S) 
OS(l)-Ru(l)-C(6) 
OS(~)-Ru(l)-C(6) 
OS(~)-Ru(l)-C(6) 
OS(l)-Ru(l)-C(9) 
OS(~)-Ru(l)-C(9) 
OS(~)-Ru(l)-C(9) 
C(l)-OS(l)-C(2) 
C(l)-OS(l)-C(3) 
C(2)-OS(~)-C(3) 
C(l)-OS(l)-C(4) 
C(2)-OS(~)-C(4) 
C(3)-OS(l)-C(4) 
C(7)-OS(~)-C(8) 
C(7)-OS(~)-C(9) 
C(8)-OS(~)-C(9) 
C(7)-OS(~)-C(10) 
C(8)-OS(~)-C(10) 
C(9)-OS(~)-C(10) 
C(ll)-OS(~)-C(12) 
c(ll)-os(3)-c(13) 
C(12)-OS(~)-C(13) 
C(4)-Ru(l)-C(5) 
C(4)-Ru(l)-C(6) 

90.3(6) 
143.q6) 
88.5(6) 

101.5(4) 
73.6(5) 
42.1(4) 
96.q5) 

149.9(6) 
93.3(6) 

169.3(5) 
108.6(6) 
120.5(8) 
101.4(5) 
75.9(4) 
42.4(5) 
86.5(6) 

104.2(5) 
145.5(6) 
146.8(5) 
98.7(5) 
90.7(5) 

116.8(6) 
113.5(5) 
171.5(6) 
99.4(6) 

149/t(5) 
93.1(5) 
62.0(7) 

123.0(7) 
86.9(5) 

105.3(7) 
104.4(8) 
166.2(8) 
145.1(6) 
137.4(7) 
96.1(6) 

118.1(7) 
56.8(7) 
86.7(6) 
90.8(9) 
93.9(8) 
95.4(8) 

163.6(7) 
73.6(8) 
92.q8) 
94.2(7) 
90.1(7) 
78.7(9) 
93.9(8) 
92.6(10) 

170.6(8) 
93.2(8) 
91.7(8) 
94.4(7) 
95.4(9) 
90.0(10) 

89.9(7) 
144.3(6) 
89.9(6) 

100.0(6) 
72.1(7) 
40.4(7) 
97.2(7) 

151.4(8) 
95.2(8) 

171.5(6) 
111.7(6) 
122.5(8) 
104.1(5) 
74.4(4) 
45.0(5) 
84.5(7) 

104.2(5) 
143.8(7) 
147.6(6) 
98.0(6) 
91.9(7) 

114.2(6) 
112.8(6) 
170.2(6) 
99.2(7) 

149.0(6) 
92.q6) 
67.2(7) 

127.4(7) 
87.9(6) 

100.0(7) 
102.7(8) 
161.7(8) 
154.2(6) 
134.8(8) 
102.6(6) 
113.8(6) 
53.3(6) 
81.5(5) 
92.1(10) 
93.1(9) 
96.1(9) 

161.8(9) 
70.9(8) 
95.0(8) 
91.9(9) 
95.0(7) 
77.4(9) 
91.2(9) 
93.0(10) 

168.7(9) 
94.1(10) 
93.4(11) 
95.0(9) 
92.8(9) 
91.8(10) 
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Tablr 3 (continued) 

C‘(S)--Ru(lj-C(6) 9; 3( Iii; C‘(21). Ku(21-Ci’Z) 

C‘(4)--Ru(l )-c‘(Y) 

C(S)-Ru(l)-(‘(9) 

c‘(h)-Ru(1 j~~C(9) 

OS(l)-C‘(l)-O(I) 

Os(l ,My2,- (I(21 

nsc 1) S( 3).- O( 3 ) 

OS( 1 )m~c(4)--c>(4) 

Ru(l )-C(4)---O(4) 

Ru(l)-C(.i)--O(S) 

Ku(l)-C(6j-O(6) 

Oq2)-C(7)-0(7) 

(h(2) -(‘(8)--O(X) 

OS(?)-C’(9)-O(9) 

Rili I ,-C(9) q’r1 

OS(~)- (‘(10) -O(lO) 

0s(?~-(‘(11)--0(11) 

os(3~-~C(12)--0(12) 

OS(i~~C(13, O(13) 

detailed conclusions about intramolecular stzric and ekctromc c:jic”r.;\ i’:i~m solid- 
state p-CO bond parameteri. 

Refinement of the crystallographic site occupancie:, for the I~C’LI~ .ttc~~ in I 
revealed that the sites designated for Ku differed in their hits: pur~t>; in mol. A. 
Ru(1) is 100% Ku within L”xp~rimentai error. but in rrto;. B. i<~.r(?j i\ oui!* 79’: u ith 

the residual 21% Ru evenly distributed among the three 0s siti‘s. 

As in I, disordering ot’ metal identity is seen in II. U’h~le the ap~c,rl OS atom. 
OS(~), was found to he pure 0~ the three basal plane metal atoms are c,lch 1’3 Ru 
and 2/3 OS in character and are labeled as ” OsRu” atoms. I‘ht: accrape Ck( 1 )- -0bRrr 
distance, 2.X03(1) A. and the average bridged OsRu~-c-)sliu distance. Z.Q-lli i j .k, arc 
both very similar to those found m 1. and not significantP\ differen iron? those 
found in the. all-0s anaiogue (Z.798 and 2.948 A) 1 IO] and thc‘ail-Ku analogue (2.787 
and 2.937 A). The similarir~ oi all three structures huggchts rhar the f h fSt.1 disorder 
in II creates no structural artifacts;. In II, the hydride hridgt, 1\ f;l\tJr ,itt;~c~hrTwll 10 



Table 4 

Atom coordinates (X 104) and temperature factors (A’ X103) and (Ph,As][H,RuOs,(CO)t,1 

atom x Y Z uiso 

OS(l) 2913.0(3) 
OsRu(2) a 2395.1(3) 
OsRu(3) a 1699.2(3) 
OsRu(4) a 1985.0(3) 
As 36.3(6) 

O(1) 2995(5) 

O(2) 1962(5) 

O(3) 872(5) 

O(4) 3549(5) 

O(5) 3038(5) 

O(6) 1721(5) 

O(7) 4062(5) 

O(8) 3005(6) 

O(9) 3608(5) 

O(l0) 2235(5) 

O(l1) 1659(6) 

O(l2) 36q4) 
C(1) 2615(6) 

C(2) 1983(7) 

C(3) 1308(7) 

C(4) 3110(7) 

C(5) 2792(6) 

C(6) 1947(6) 

C(7) 3594(S) 

C(8) 2915(S) 

C(9) 3334(7) 

C(l0) 2043(7) 

C(l1) 1715(7) 

C(l2) 861(7) 

C(21) - 1213(7) 

C(22) - 1747(10) 

~(23) - 1714(9) 

C(24) -1185(S) 

C(25) - 627(7) 

C(26) - 678(7) 

C(31) 728(S) 

~(32) 1249(9) 

C(33) 1719(9) 

C(34) 1743(9) 

C(35) 1244(7) 

C(36) 746(7) 

C(41) 370(8) 

~(42) 357(10) 

C(43) -51(S) 

C(44) -399(S) 

C(45) - 376(7) 

C(46) 17(7) 
C(51) - 315(7) 

C(52) -338(S) 

C(53) - 2(g) 
C(54) 352(S) 

C(55) 375(S) 

C(56) 37(7) 
Hb(1) ’ 2071 

Hb(2) 2393 

Hb(3) 1614 

7691.7(7) 
6036.8(7) 
8542.5(7) 
5404.1(8) 
3757.8(7) 
2930(13) 
6704(14) 
3125(14) 
3895(13) 
8360(13) 
4115(13) 
5686(13) 
9437(14) 

10255(13) 
11334(11) 
10366(14) 

9153(14) 
3897(16) 
6249(18) 
3994(18) 
4675(15) 
7490(17) 
4858(16) 
6431(15) 
8777(17) 
9316(16) 

10288(15) 
9675(17) 
8891(16) 
2839(18) 
1862(23) 
471(22) 

- 25(22) 
963(18) 

2396(17) 
lOll(19) 
- 62(25) 
258(22) 

1537(22) 
2627(20) 
2350(18) 
4956(21) 
6117(25) 
7489(23) 
7704(21) 
6578(17) 
5231(17) 
4609(18) 
5518(22) 
6896(22) 
7446(22) 
6482(18) 
5026( 17) 
8046 
4552 
7369 

157.4(3) 
- 855.9(3) 
- 203.9(3) 

405.3(3) 
2632.9(3) 
686(5) 

1697(5) 
552(6) 

- 752(5) 
- 1717(5) 
- 1860(4) 

393(5) 
1380(5) 

- 556(5) 
- 920(5) 

982(5) 
- 600(5) 

595(6) 
1218(7) 
482(7) 

- 788(6) 
- 1384(6) 
- 1476(6) 

290(7) 
908(6) 

- 310(6) 
- 656(6) 

540(6) 
- 465(6) 
2848(6) 
2763(9) 
2420(S) 
2187(7) 
2248(7) 
2597(6) 
3055(7) 
3049(S) 
2698(7) 
2843(8) 
2314(7) 
2673(7) 
3816(7) 
4297(10) 
4228(9) 
3740(S) 
3266(7) 
3299(6) 
1415(6) 
896(S) 
885(S) 

1359(S) 
1901(7) 
1907(6) 

- 946 
- 238 

492 

51(l) b 
42(l) b 
48(l) b 
47(l) b 
49(l) * 
83(5) b 
76(4) * 
83(5) b 
80(4) b 
72(4) b 
78(4) b 
82(5) b 
90(5) b 
80(4) b 
70(4) b 
97(5) b 
80(4) ’ 
53(5) b 
55(5) !’ 
62(6) ” 
51(5) b 
55(5) ” 
51(5) ” 
63(6) ’ 
67(6) ’ 
58(5) ’ 
54(5) b 
62(5) ’ 
53(5) b 

57(4) 
80(6) 
72(5) 
80(5) 
67(4) 
45(3) 
75(5) 
91(6) 
81(5) 
92(6) 
71(4) 
50(4) 
74(5) 
93(7) 
92(6) 
81(5) 
62(4) 
55(4) 
53(4) 
87(5) 
84(5) 
83(5) 
71(4) 
54(4) 
80 
80 
80 

D s.o.f. =0.88, each 2/3 OS, l/3 Ru. b Equivalent isotropic U defined as one third of the trace of the 
orthogonalized U,, tensor. ’ The hydrido ligands were not refined in the final cycles. 
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Table 5 

Selected bond distances and angle\ for [Pi~,As][H,KuOs,~CO),, ] (1I) 

iu) Bond drsrunces (/ii 
Os( 1 )-OsRu(2) 
Os( 1 j~~OsRu( 3) 
Os( 1 )--OsRu(4) 
OsRu(L)---OsKu(3) 
OsRu(%)-OsKu(4j 
OsRu(3)- OsRu(4) 
OS(l)-(‘(7) 
Os(l)~-c‘(8) 
Os(l)m--C(9) 
OsRu(2)-C(4) 
OSRU(l)- C(5 1 
OsRu(:!)~-C(6) 
OsRu(3).-C( IO) 
OsRu( ?I- Cc 11) 
OsRu(?)-C(12) 
OsRu(4)-C( II 
OsRu(4~~(‘(2) 
OSRIII~)--C(?) 

(h) Bond m&~ (deg.) 

(>sRu,Z)-Os( I)-OsRu(3) 
0sRu(3)-0~(1)--OsRu(4) 
OsRu(3)-Wlj--C(7) 
OsRu,2)--0s(lj-C’(8) 
OsRu(4j-Os( 1)-C(X) 
OaRu,2)-OS(~)-C(Y) 
OnRu(4)- Os( 1)-C(9) 
C(8) -C)s(l I-mC(Y) 
Os( 1 j- ORu,2)--OsRu(4) 
OS(~)-~OsRu(?)-C(4) 
OsRu(4).~OsRu,2)-C(4) 
OsRu(3)-0sRu(2~~~C!S) 
C(4)-C)sRu(2)-C(5) 
OsRu,3)-OsRu(‘)-C’(6) 
C‘(4)-OsRu(2).-C(6) 
Oa( 1 )-OsRu( 3)-OsRu(4) 
Os( 1 j-CkRu(3)-C’ilOi 
Os(4)- OS(3).-C‘( 18) 
OS(Z)--OS( 3)-Q 11) 
C(lOj-OsRu(3)-C(11) 
OsRu(2)--OsRu(3)-C,l21 
C(10)-OsRu(3)-C(!2) 
OS, I)-OsRu(4)~0sRu(3) 
Os( 1 )-OsRu(4).--C, 1) 
(>sRu(3)--OsRu(4)--C(l) 
OsKu(?)-OsRu(4)-C(2) 
(‘(1 j--OsKu(4)-C’(2) 
OsRu(Zj-OsRu(4)-C’(3) 
OsRu(Z)-(I)s(l)-OsRu(4) 
OsKu(2)-OS(l)-C(7) 
OsRu(4j-Os(l )-X(7) 
OsRu(3)- Os(l I-08) 
C(7)--OS(l j--C(X) 

OSKU(?j-OS, I)- C(Y) 
C, 7)- OS( 1)-C(9) 
Os( I)-OsRu@- OsRu(3) 
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(B) 

\ 
@ii5 OH51 

01141 

Fig. 1. The molecular structure and labeling scheme for the two crystallographically independent 
molecules of I. 



the Ru-rich basal edges in r.ontrast to both I and H~FcOs~(c”C~~~~ [8] in which the 
bydrido bridges involve oni>- O:, 0s edges. 

Formal electron counts for the metal atoms of H3RuOs j(C‘O)~: provide 1Se for 

each basal plane atom. and 1’7~ for thtb apical Os(CO): grl~p. suggesting signifi= 

cant localization of the anionic charge at this position. ‘Thr-cc nrutrn1 Weltxtron 

Fig. 2. The molecular structure and labeling scheme for II 
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clusters that are isolobal analogues have been structurally characterized, ($- 
C,H,CH,)R~[OS,(CO)~H,], [ll] CpNi[Os,(CO),H,] [12*] and (CO),Co[Os,- 
(CO),H,] [13*]; all contain OS, basal plane p-H bridging analogous to II. The a!. 
OS-OS distances in the (arene)Rh complex, 2.888 A, in the CpNi complex, 2.871 A, 
and in the Co(CO), complex, 2.901 A, are all significantly shorter than in II and the 
all-Ru and all-OS anion complexes. It is difficult, however, to provide a detailed 
rationale for these differences except to suggest that the localization of charge on 
the Os(CO),- apex lengthens the OS-H-OS bridges. Electron “deficiency” at the 
apex as in the 59-electron complex CpCo[Os,(CO),H,] does not significantly affect 
the OS-OS distance, av. 2.897 A [12*]. Calculations of charge distribution in a 
different, but clearly related analogue, CH,C[Fe,(CO),H,], indicate a very substan- 
tial negative charge localization at the apical carbon atom [14*]. Apparently, further 
increase in the electron density at the apical position leads to redistribution to basal 
plane antibonding levels. 
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