
42 [RuC12(C5HsN)4] 

C ( 3 )  0.1566(4) 0.4040(4) -0.0771 (3) 0.059(2) 
C(4) 0.1188 (3) 0.4466 (3) -0.0154 (3) 0.050 (t) 
C(5) 0.0749 (3) 0.4016 (3) 0.0402 (3) 0.040 (1) 
H(I) 0.0993 (27) 0.2135 (27)  -0.0236 (23) 0.051 (12) 
H(2) 0.1744 (28) 0.2849 (27)  -0.1226 (25) 0.060 (t3) 
H(3) 0.1803 (33) 0.4315 (33)  -0.1138 (30) 0.079 (15) 
H(4) 0.1220 (29) 0.5080 (31)  -0.0132 (28) 0.073 (16) 
H(5) 0.0492 (24) 0.4278 (25) 0.0767 (22) 0.037 (I 2) 

Table 2. Selected geometric parameters (,~,, °) 
Ru(1)--CI(I) 2.406 (1) Ru(I)---N(I) 2.073 (3) 
N(I)----C(I) 1.341 (5) N(I)---C(5) 1.355 (5) 
C( 1 )---C(2) 1.371 (6) C(I)--H(I) 0.970(40) 
C(2)----C(3) 1.365 (7) C(2)---H(2) 0.974 (42) 
C(3)---C(4) 1.375 (7) C(3)---H(3) 0.843 (49) 
C(4)---C(5) 1.365 (6) C(4)---H(4) 0.964 (46) 
C(5)--H(5) 0.845 (36) 

N(I)--Ru(I)--CI(I) 89.6(1) C(I )---N(I )--Ru(l ) 122.1 (3) 
C(5)---N(1)---Ru(I) 121.7 (3) C(5)---N(1)--C(I) 116.3 (3) 
C(2)---C(! )---N( 1 ) 123.0(4) H(I )---C( 1 )---N(I ) 117.0(25) 
H( 1 )---C( 1 )----C(2) 120.0(25) C(3)--C(2)--C( I ) 120.0(5) 
H(2)---C(2)---C(1) 119.5 (26)  H(2)---C(2)--C(3) 120.4 (26) 
C(4)----C(3)---C(2) 118.0 (4) H(3)--C(3)--C(2) 121.5 (37) 
H(3)---C(3)--C(4) 120.3 (38)  C(5)----C(4)--C(3) 119.6 (4) 
H(4)----C(4)---C(3) 119.5 (29)  H(4)---C(4)---C(5) 120.9 (29) 
C(4)----C(5)---N( 1 ) 123.2(4) H(5)--C(5)---N( I ) 117.0(27) 
H(5)---C(5)---C(4) 119.8 (27) 

Table 3. Crystal data for trans-[MCl2(CsH5N)4] 
compounds 

[Fe(py)4Cl_, ] a [Co(py)4Cl_, ]a [Ni(py)~Cl, ]a.b [Ru(py)aCl, ]c 
a (~) 15.945 (2) 15.966 (2) 15.920 (3) 15.664 (2) 
c (,~,) 17.287 (6) 17.153 (6) 17.046 (12)  16.970 (2) 
D.~ (Mg m -~) 1.34 1.36 1.37 1.56 

(mm -I ) 0.96 1.07 1.16 0.97 
No. parameters 63 63 63 83 d 

refined 
No. observed 533 686 848 757 

reflections 
R 0.0477 0.0483 0.0489 0.0453 
wR 0.0652 0.0668 0.0748 0.0320 
M ~ I  (,~,) 2.430 (3) 2.444 (2) 2.437 (2) 2.406 ( I ) 
M - - N  (,~,) 2.229 (6) 2.183 (4) 2.133 (4) 2.073 (3) 

Notes: (a) Long & Clarke (1978); (b) crystal corresponds to the formu- 
lation Ni0.gvFeo.03(py)4C12; (c) this work; (d) H atoms refined. 

The posit ions of  all the non-H atoms were found by direct 
methods.  Iterative application of  least-squares refinement and 
difference Fourier  synthesis led to the deve lopment  of  the 
entire structure, including the H atoms. All non-H atoms 
were refined anisotropically, while the H atoms were freely 
refined using an isotropic model.  Crystal lographic calculations 
were performed using the SHELXTL-Plus program package 
(Sheldrick, 1987). 

We thank Johnson Matthey PLC for generous loans of 
ruthenium trichioride and the SERC for financial support 
(MRJE) and for provision of the X-ray equipment. 
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Abstract 
The title compound, decacarbonyl-lK4C,2x3C,3x3C- 
/z-hydrido-2:3 x2H-/z- hydroxy-2:3 x20-trisosmium - 
(30s - -Os) ,  consists of an Os triangle, doubly 
bridged on one side by a hydrido and a hydroxy 
group. The coordination around the Os atoms was 
found to be octahedral. 

Lists of structure factors, anisotropic displacement parameters and 
complete geometry have been deposited with the IUCr (Reference: 
HU1072). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 

_ . _  

© 1995 International Union of  Crystallography 
Printed in Great Britain - all rights reserved 

Comment 
The triosmium complex (/x-H)(/z-OH)Os3(CO)~o, (I), 
was first reported in 1968 as the product of the 
reduction of Os3(CO)~2 by Na~.BH4 - (Johnson, 
Lewis & Kilty, 1968). Since then two other synthetic 
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procedures have been reported (Arce, Deeming, 
Donovan-Mtunzi & Kabir, 1985; Dossi, Fusi, 
Pizzotti & Psaro, 1990). However, the molecular 
structure of the complex has not yet been reported. 
Recently we obtained (,u,-H)(/z-OH)Os3(CO)I o in a 
small yield (approximately 10%) through the reac- 
tion of (/z-H)2Os3(CO)io with ONMe3 at 353 K in 
toluene. We report here the molecular structure of 
this complex. 

CO CO 

(I) 

The structure is shown in Fig. 1. The three Os 
atoms define an approximate isosceles triangle 
[Osl---Os2 = 2.8295 (5), Osl--Os3 = 2.8196 (5), 
Os2--Os3 = 2.8061 (5)A]. The ten carbonyl groups 
are in terminal positions with four bonded to Osl 
and three bonded to each of Os2 and Os3. The O 
atom of the ~-hydroxy ligand was located; this 
ligand bridges Os2 and Os3 symmetrically. The H 
atoms were not located but iN NMR, IR and mass 
spectroscopy show that the crystals we obtained are 
of the title complex, reported previously by Ditzel, 
Gomez-Sal, Johnson, Lewis & Raithby (1987). The 
(//.-O)Os3(CO)l 0 unit in the title compound is similar 
to those in (/,L-H)0z-OMe)Os3(CO)~o (Churchill & 
Wasserman, 1980) and (/x-H)(#-OSiEt3)Os3(CO)]o 
(D'Ornelas, Choplin. Basset, Hsu & Shore, 1985). 

oil t ~  

O21 ~ OI3 

0 2 3  ~ //11 \ ~  i ~  I \\  

"----1 033 
Fig. 1. ORTEP (Johnson. 1965) drawing of (#-H)(#-OH)Os~- 

ICO),,, showing displacement ellipsoids at the 50% probability 
level for non-H atoms and the atomic labeling scheme (H 
represents possible H-atom positions as estimated by the 
authors). 

The ruthenium cluster (/z-H)(/.~-OSiEt3)Ru3(CO)~o 
(Puga, Fehlner, Gates, Braga & Grepioni, 1990) 
contains a (# -O)Ru3(CO) j  o unit similar to those 
observed in these osmium complexes. 

While the hydrido ligand was not observed in the 
title compound, it is expected to bridge Os2 and Os3 
on the opposite side of the Os3 plane to the O atom 
of the OH group. This type of multiple bridging has 
also been observed in the related clusters (#-H)(#- 
OMe)Os3(CO)io (Churchill & Wasserman, 1980), (#- 
H)(/z-OSiEt3)Os3(CO) io t (D'Ornelas, Choplin, 
Basset, Hsu & Shore, 1985) and (#-H)(#- 
OSiEt3)Ru3(CO))o (Puga, Fehlner, Gates, Braga & 
Grepioni, 1990), thus giving each Os atom pseudo- 
octahedral coordination geometry. 

The feature of interest in (/.L-H)(/,L-OH)Os3(CO)to 
is the g-hydroxy ligand, which symmetrically spans 
the Os2--Os3 edge. The metal-oxygen bond 
distances and angle associated with the bridging OH 
unit [Os2--O 2.146 (7), Os3--O 2.136 (7)A, Os2-- 
O--Os3 81.9 (2) °] are comparable to those found in 
(p~-H)(g,-OMe)Os3(CO)~0 (Os--O 2.112-2.093 A, 
Os--O--Os 83.9°; Churchill & Wasserman, 1980) 
and those found for the --OSiEt3 unit in (g-H)(g- 
OSiEt3)Os3(CO)~o (Os--O 2.110-2.126 A, 
Os--O---Os 81.9°; D'Ornelas, Choplin, Bassett, Hsu 
& Shore, 1985) or in (/z-H)(/z-OSiEta)Ru3(CO)~0 
(Ru--O 2.106-2.107 A, Ru---O---Ru angle not 
reported; Puga, Fehlner, Gates, Braga & Grepioni, 
1990). The slightly longer bond lengths observed in 
the hydroxy-bridged osmium cluster compared to 
those in the analogous methoxy-bridged complex 
(Churchill & Wasserman, 1980) are as expected, and 
can be explained by the fact that the hydroxyl group 
is not as strong an electron donor as the methoxy 
group, resulting in weaker tr bonds to the Os atoms. 
The OH bridging ligand in the title compound is also 
similar to that in the hydroxide cluster (/.~-OH)(/z- 
dppm)Osa(CO)sH, where dppm bridges the same Os 
atoms as the OH bridging ligands [Os--O 2.157- 
2.167 A, Os--O O s =  79.8 ° (angle calculated based 
on the O Os--Os angles given in the literature); 
Hodge, Johnson, Lewis & Raithby, 1987] as well as 
that in (/z-OH)HOsa(CO)9PM%Ph (Os--O 2.135- 
2.118A, Os--O--Os 82.4°; Deeming, Manning, 
Rothwell, Hursthouse & Walker, 1984). 

t At the time of publication the hydrido ligand had not been 
successfully located, but was discovered in a subsequent X-ray 
structure determination. 

Experimental 
Crystal data 

[Os3H(OH)(CO)Io] Mo Kt~ radiation 
Mr = 868.7 A = 0.71073 ~, 
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M o n o c l i n i c  

P21/n 
a = 7 .347  (1) ,4, 

b = 24 .849  (6) ~, 
c = 9.001 (1) ,~ 

= 107.14 (1) ° 

V = 1570.5 ,~3 
Z = 4  
Dx = 3 .674  M g  m -3  

Data collection 
E n r a f - N o n i u s  C A D - 4  

d i f f r a c t o m e t e r  

w-20 scans  

A b s o r p t i o n  co r rec t ion :  
//)-scans 

Train = 0 .633,  Tm~x = 
0 .998  

5606  m e a s u r e d  re f lec t ions  

2714  i n d e p e n d e n t  re f lec t ions  

2165 o b s e r v e d  re f lec t ions  

[I > 3o'(/)]  

Refinement 

R e f i n e m e n t  on  F 
R = 0 .026  
wR = 0.031 

S = 0 .947  

2165 re f lec t ions  
218 pa r ame te r s  

H a toms  no t  loca ted  
w = [o.2(/) + 0.03(02]-,/2 

Cell  pa r a m e t e r s  f r o m  25 

ref lec t ions  

0 = 1 2 - 1 5  ° 

# = 24.3 m m  - I  
T = 213 K 
C u b e  
0.25 × 0 .23 x 0.21 m m  

O r a n g e  

Crys ta l  source:  CH2C12 at 

298 K 

Rim = 0 .034  

0max = 25 ° 
h = 0---* 8 

k = - 2 9  ~ 29 
l = - 1 0  ~ 10 

4 s tandard  re f lec t ions  
f r equency :  180 min  

in tens i ty  var ia t ion:  - 2 . 2 %  

(A/a)max = 0.02 
mpmax = 1.726 e ,~-3  

mpmin = - 2 . 4 6 1  e ~ - 3  

A t o m i c  sca t te r ing  fac tors  

f r o m  International Tables 
for X-ray Crystallography 
(1974 ,  Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) 

Beq = ( 4 / 3 ) Ei ~j flijai.aj. 
x y z Beq 

Osl 0.18135 (4) 0.34516 (1) 0.10752 (4) 1.454 (7) 
Os2 0.37618 (4) 0.38640 (2) -0.09610 (4) 1.467 (7) 
Os3 0.50486 (4) 0.41106 (1) 0.22203 (4) 1.424 (7) 
O 0.3730 (8) 0.4605 (3) 0.0257 (7) 1.9 (1) 
O11 -0.0526 (9) 0.4481 (3) 0.024 (1) 3.6 (2) 
O12 0.122(I) 0.3314(4) 0.4289(8) 4.4(2) 
O13 -0.160 (1) 0.2798 (4) -0.082 (1) 4.5 (2) 
O14 0.470 (1) 0.2517 (3) 0.1446 (9) 3.4 (2) 
O21 0.0001 (9) 0.4024 (3) -0.3472 (8) 3.3 (2) 
022 0.404 (1) 0.2747 (3) -0.2219 (9) 3.4 (2) 
023 0.632 (1) 0.4283 (9) -0.2823 (9) 4.4 (2) 
O31 0.309 (I) 0.4620 (3) 0.4417 (8) 3.4 (2) 
032 0.669 (1) 0.3259 (3) 0.4611 (9) 3.9 (2) 
033 0.8719 (9) 0.4773 (3) 0.3306 (9) 3.4 (2) 
Cll  0.036 (1) 0.41 I0 (4) 0.060 (1) 2.3 (2) 
C12 0.138 (1) 0.3362 (4) 0.307 (1) 2.7 (2) 
C13 -0.032 (1) 0.3024 (4) -0.016 (1) 2.5 (2) 
C 14 0.365 (1) 0.2868 (4) 0.132 ( 1 ) 2.0 (2) 
C21 0.141 (1) 0.3955 (4) -0.256 (1) 2.2 (2) 
C22 0.393 (1) 0.3165 (4) -0.174 (1) 1.8 (2) 
C23 0.536(1) 0.4153(4) -0.211 (1) 2.4(2) 
C31 0.386 (1) 0.4423 (4) 0.360 (1) 1.9 (2) 
C32 0.611 (1) 0.3570 (5) 0.370 (1) 2.7 (2) 
C33 0.736 (1) 0.4542 (4) 0.282 (1) 2.2 (2) 

[Os3H(OH)(CO)10] 

Table 2. Selected bond distances (~,) and angles (°) 

Metal distances 
Os I---Os2 2.8295 (5) 
Os 1-----Os3 2.8196 (5) 

Os2--Os3 2.8061 (5) 

Bridge distances 
Os2---O 2.146 (7) Os3--4) 2.136 (7) 

Metal-carbon distances 
Osl---Cl 1 !.93 (I) Os2---C22 1.89 (I) 
Osl--Cl2 1.92 (1) Os2---C23 1.92 (1) 
Osl--Cl3 1.949 (9) Os3--C31 1.88 (1) 
Osl---Cl4 1.95 (1) Os3---C32 1.89 (1) 
Os2---C21 1.906 (9) Os3---C33 1.95 (1) 

Carbonyl distances 
Cl 1--O11 1.12 (I) C22--O22 1.13 (1) 
C12--4)12 1.15 (1) C23---O23 1.13 (1) 
C13---O13 1.10(1) C31--O31 1.16(1) 
C14--Oi4 !.15 (1) C32---O32 1.12 (1) 
c21---021 !.13 (I) c33--033 1.12 (1) 

Metal angles 
Os2---Osl--4)s3 59.57 (1) Osl--Os3----Os2 60.39 (1) 
Os l-----Os2-----g)s3 60.04 ( 1 ) 

Bridge angles 
Os i--Os2--O 84.0 (2) O---Os2----C22 171.6 (3) 
Os l--Os3--O 84.5 (2) O--49s2--C23 93.2 (4) 
Os3--Os2--.O 48.9 (2) O--43s3--C31 97.1 (4) 
Os2---Os3--<) 49.2 (2) O--Os3--C32 169.7 (4) 
Os2----O---Os3 81.9 (2) O---Os3----C33 93.3 (4) 
O--Os2--C21 98.0 (4) 

Metal-carbonyl angles 
Os 1 ------C 11---O 11 176 ( 1 ) Os2--C22---O22 179 ( 1 ) 
Osl---C12---O12 176 (!) Os2--C23--O23 175 (1) 
Osl---C13-----O13 175 (1) Os3----C31--O31 178.2 (8) 
Osl--C14--O14 178.8 (9) Os3---C32--O32 177 (1) 
Os2----C21----4)2 ! 177 ( 1 ) Os3----C33---O33 173.1 (9) 

Metal-metal-carbon angles 
Os2--Osl--C11 84.3 (3) Osl--Os2----C23 172.7 (3) 
Os2--Osl--C12 154.2 (3) Os3---Os2--C21 134.5 (3) 
Os2---Osl---Cl3 107.5 (3) Os3--Os2---C22 122.7 (3) 
Os2---Osl--Cl4 82.9 (3) Os3--Os2---C23 il3.1 (3) 
Os3----4)s l------C I I 86.6 (3) Os 1--Os3----C31 88.6 (3) 
Os3--Osl--Cl 2 94.6 (3) Os I--Os3----C32 88.4 (3) 
Os3---Osl--Cl3 167.1 (3) Os 1----Os3----C33 173.8 (3) 
Os3--Os I---C14 84.9 (3) Os2----Os3----c31 132.9 (3) 
Osl--Os2---C21 90.7 (3) Os2---Os3--C32 120.6 (3) 
Osl--Os2--C22 90.5 (3) Os2---4)s3----C33 113.9 (3) 

T h e  data  were  co r r ec t ed  for  L o r e n t z - p o l a r i z a t i o n  factors .  T h e  

s t ruc ture  was  so lved  by  a c o m b i n a t i o n  o f  d i rec t  m e t h o d s  
(MULTANll/82; Main,  Fiske ,  Hull ,  Less inger ,  G e r m a i n ,  De-  

c le rcq  & Wool f son ,  1982) and d i f f e r ence  Four i e r  t echn iques .  

T h e  fu l l -mat r ix  leas t - squares  re f inement ,  wh ich  m i n i m i z e d  

w(IFo  I - IFcl) 2, was c a r d e d  out  us ing an i so t rop ic  d i s p l a c e m e n t  
pa r ame te r s  fo r  all n o n - H  a toms.  O the r  p r o g r a m s  used  inc luded  

SDP (B. A. F renz  & Assoc ia tes ,  Inc.,  1982).  All  ca lcu la t ions  
were  p e r f o r m e d  on a D E C  VAXsta t ion  3100  compute r .  

We thank the National Science Foundation for support 
of this work through grant CHE91-04035. 

Lists of  structure factors and anisotropic displacement parameters 
have been deposited with the IUCr (Reference: GR1012). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CHi 2HI J, England. 
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N,N,N',N" )-T etramethylethylenediamine ) 
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Abstract 
The crystal structures of salts arising from the re- 
action of HCo(CO)4 with pyridine and tetra- 
methylethylenediamine, respectively, have been 
determined. The former, bis(pyridine) hydrogen 
tetracarbonylcobaltate(1 - ), consists of a 
[(CsHsN)2H] + cation, with a symmetrical (within 
experimental error) N...H...N hydrogen bond, and a 
C0(CO)4 anion which is distorted towards C2v 
symmetry. The latter, dimethyl[2-(dimethylamino)- 

© 1995 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

ethyl]ammonium tetracarbonylcobaltate(1 - ), 
involves protonated tetramethylethylenediamine, 
[(C6H~6N2)H] +, which forms an intramolecular 
N--H.. .N hydrogen bond, and a Co(CO)4- anion of 
Cs symmetry. No unusual interactions between 
anions and cations are observed. In each structure 
the cation exhibits the shortest N-..N separation 
observed to date for this hydrogen-bonded cation: 
2.634 (4) A for [(CsHsN)2H] + and 2.711 (5) A for the 
(tmen)H + cation. 

Comment 
We have recently synthesized and structurally 
characterized a number of salts formed from the 
reaction of HCo(CO)4 with amines or diamines 
(Brammer, McCann, Bullock, McMullan & 
Sherwood, 1992; Brammer, Zhao & Ladipo, 1994; 
Brammer & Zhao, 1994). In some cases the resulting 
salts exhibit unusual N--H.. .Co hydrogen bonds; in 
others, particularly when an excess of the (di)amine 
is used, the resulting salt consists of N--H.. .N 
hydrogen-bonded cations and non-interacting 
Co(CO)4 anions. The salts reported here, 
[(C6HsN)2H] + [Co(CO)4] - (1) and [(tmen)H] + 
[Co(CO)4]- (2), were prepared in the manner pre- 
viously reported for the preparation of 
( E t 3 N H ) + [ C o ( C O ) 4 ]  - (Brammer, McCann, Bullock, 
McMullan & Sherwood, 1992 ;  Calderazzo, 
Fachinetti, Marchetti & Zanazzi, 1981)  and 
[(DABCO)H]+[Co(CO)4] - (Brammer, Zhao & 
Ladipo, 1994) using HCo(CO)4 to (di)amine ratios of 
1:10 and 1:2.3 for (1) and (2), respectively. Thus, 
both salts exhibit N--H...N rather than N--H-..Co 
hydrogen-bonding interactions. 

OC 
\ oc,,, co-co 

OC 

(l) 

OC 
Me_ ~ .  Me ,~ 
Me-'q~H. -N ~Me o --CO 

"" OC'" 
OC 

(2) 

The structures oI (1) and (2) are shown in Figs. 1 
and 2. respectively. Both ions in (2) have exact C, 
symmetry: methylene C(12) and C(13) of the anions 
are disordered about the mirror plane at y -- 3. The 
N...N separation in compound (1) is smaller than 
that previously reported for other salts which include 
the same or similar N--H..-N bonded cations (e.g. 
see Table 5). The N--.N separation in (2) is also 
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