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Summary 

The activation of the CN triple bond of benzonitrile in the presence of acetic acid 
and of Os,(CO),, or H,Os,(CO),, has been studied. When Os,(CO),, reacts with 
PhCN and acetic acid in refluxing n-octane the three main products are (EL- 

H)OS,(CO),,(/.L-0,CCHs) (I), (~-H)Os3(CO),0(~-N=CHPh) (II) and (cl- 
H)Os,(CO),,(p-NHCH,Ph) (III); II and III are analogues of ()A-H)Ru,(CO),,(p- 
N=CHPh) and (CL-H)Ru,(CO),,(p-NHCH,Ph) obtained from PhCN, Ru,(CO),, or 
H,Ru,(CO),,, and acetic acid. In contrast to the reaction with ruthenium clusters, 
Os,(CO),, and H,Os,(CO),, also give the adduct Os,(CO),,(CH,COOH) (I). The 
structure of I has been fully elucidated by X-ray diffraction. Crystals of I are 
monoclinic, space group P2,/m, with unit cell parameters a 7.858(6), b 12.542(8), c 
9.867(6) A, /3 109.92(2)“, Z = 2. In I an edge of the triangular cluster of osmium 
atoms is doubly bridged by a hydride and an acetate ligand. Ten terminal carbonyl 
groups are bonded to the metal atoms. 

Introduction 

Recently Ru,(CO),, has been shown to activate the CN triple bond of benzo- 
nitrile (PhCN), leading to formation of (CL-H)Ru,(CO),,( p-N=CHPh) in the pres- 
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ence of either molecular hydrogen [1,2] or acetic acid [l]. Further hydrogenation of 
the nitrile to give (p-H)Ru3(CO),,,(p-NHCH2Ph) has been achieved only by use of 
acetic acid, which seems to be essential, under mild conditions [3]. 

With the aim of further investigating the role of the acetic acid in the activation of 
organic nitriles with metal clusters, we have studied the compounds formed. when 

Os,(CO& or H,Os,(CO),,, are treated with benzonitrile and acetic acid under 

various conditions. Previously the hydrogenation of the CN triple bond by osmium 
clusters had been reported only for the case of the formally electronically un- 
saturated H,OS,(CO),~~ with the activated nitrile CF,CN [4--61, and no hydrogen 
transfer to benzonitrile in the presence of HZOs,(CO),,, had been reported [7]. 

Results and discussion 

As reported in Schemes 1 and 2, both Os,(CO),, and H,Os,(CO),,,, in refluxing 
n-octane. give complexes which contain PhCN (L) as ligand, hydrogenated to 

various extents. 
In the presence of acetic acid the major products are three complexes of 

molecular formula Os,(CO),,,(CH,COOH) (I). Os,(CO),,,(L + 2H) (II) and 
Os,(CO),,,(L + 4H) (III), in addition to hydrides such as H20s,(CO),,. Infrared 
and proton nuclear magnetic resonance data for these compounds are shown in 
Table 1. 

The ‘H NMR spectrum of compound I exhibits a one proton hydride singlet at r 
20.48 and a three proton singlet at r 8.06 (CH,) and its mass spectrum shows the 
molecular ion at m/z 916 and stepwise loss of ten carbonyl groups. 

The ‘H NMR spectrum of complex II shows a hydride signal at T 24.68 as a 
doublet (J 0.9 Hz); decoupling shows that the signal is long-range coupled with a 
one proton doublet at r 1.62 (not exchangeable with D,O) which can be assigned to 
the =CH proton. A multiplet at r 2.38-2.66 can be assigned to the five benzene 

protons. The mass spectrum shows the molecular ion at m/z 961 and fragment ions 
due to the progressive loss of ten carbonyl groups. 

Compound III gives a proton NMR spectrum showing a hydride signal at 7 24.29 
as a doublet (J 2.7 Hz), a two proton doublet at r 5.99 (J 7.8 Hz) assigned to the 
benzylic CH,, a one proton broad signal at T 5.42 due to NH (exchangeable with 

TABLE 1 

IR AND ‘H NMR DATA 

Complex 

I 

II 

III 

v(C0) “(cm- ‘) 

2113~. 2076vs, 2064s, 

2029~s. 2014s. 1989,. 

1986~ 

2105w, 2067vs, 2056s, 
2021vs, 2012s. 1997s. 

1982~ 

2104~. 2067vs, 2051s, 
2021~s. 2003s. 1991s. 

1981w, 1978(sh)w 

Chemical shift h( 7) 

8.06s(3H). 20.48s( 1 H) 

1.62d(lH), 2.3%2.66m(5H) 
24.68d( 1 H) 

2.6-2.8m(5H), 5.42br(lH) 
5.99d(2H). 24.29d(l H) 

a Solvent n-hexane. h Solvent CDCI,. 
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(1 ) 

1 PhCN, CH;COOH ) 
I, II, III (2) 

I 6h 

PhCNp CH3Cs2_ I, II, III (low yield) 

Zh 

(3) 

PhCN, CH COOH, 

t--= 

H 
3- 2--t I (low yield), II, III (high yield) (4) 

1 PhCN, H 
z---------t II, III (traces) 

6h 

SCHEME 1. Conditions for the synthesis of I, II and III from Os,(CO),,. 

(5) 

D,O), and a multiplet at r 2.6-2.8 due to the five benzene protons. Upon 
decoupling of the NH proton both doublets collapse to singlets, showing the 
presence of a CH,-NH-OS-H linkage. The mass spectrum shows the molecular ion 
at m/z 963 and stepwise loss of ten carbonyl groups. 

On the basis of the spectroscopic data, II and III must have analogous structures 
to (CL-H)Ru,(CO),,(p-N=CHPh) and ( P-H)Ru,(CO),,(p-NH-CH,-Ph), previously 
described [1,3]. Compound I, the analogue of which was not found as a stable 
product from the reactions of Ru,(CO),,, PhCN and acetic acid, has been char- 

acterized by X-ray diffraction analysis. 
The structure of I is shown in Fig. 1 together with the atomic numbering scheme. 

Selected bond distances and angles in it are listed in Table 2. The complex consists 
of a (nearly equilateral) isosceles triangle of osmium atoms (the OS-OS bonds are 
2.857(2) and 2.875(3) A) with the slightly longer side symmetrically bridged diequa- 

torially by a hydride ligand (the OS-H distances are 1.80 A) and diaxially by an 
acetate anion. The complex has crystallographic imposed C,-m symmetry, with the 
mirror perpendicular to the plane of the metal atoms and passing through the OS(~) 
atom and the mjdpoint of the OS(~)-Os(1’) edge. The hydride ligand is slightly 
displaced (0.24 A) from the osmium plane, in a direction away from the acetate 

PhCN 

r------ I1 

(6) 

PhCN, H 
2-------t II, III (b-aces) (7) 

3--------_) I, II, III (8) 

L-_A!YcCHBCSH2~ I, II, III (9) 

SCHEME 2. Conditions for the synthesis of I, II and III from H,Os,(CO),,. 
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O(3) 

H (81) H(82) 

Fig. 1. View of the complex (~-H)Os,(CO),,,(~-OZCCH), with the atomic numbering scheme 

group. The dihedral angle between the OS(~)-H(l)-Os(1’) and the metal triangle 
planes is 167”. Four terminal carbonyl groups are bonded to the OS atom non 
involved in the bridges (two of them are approximately equatorial with respect to the 
cluster plane, and two occupy approximately axial positions). while three terminal 
carbonyl groups are bonded to the other two OS atoms (two are equatorial and one 
is axial). The acetate ligand interacts with the OS atoms through the two oxygen 
atoms of the carboxylate group (the OS-O bonds are 2.13(l) A) and shows an 
expected geometry, with a O-C-O angle of 127.6(7)” and C-O bonds of 1.25(2) A, 
in the normal range for delocalized carboxylate anions. The C(7), C(8), O(7). 0(7’) 
atoms of the acetate anion are coplanar, with the OS(I) and Os( I’) atoms deviating 
from that plane by 0.17 A. The mean plane through OS(~), Os(l’), C(7), O(7) and 
0(7’), bent by 7.3” from the acetate plane, is almost perpendicular to the plane of 
the metal atoms, the dihedral angle between them being 97.0”. 

The structure of I is closely comparable, as expected, with that of (,u- 
H)Os,(CO),,(p-0,CH) [S], in which a formate ligand is present. The located hydride 
ligand in I confirms the assignment of a nearly equatorial position, bridging the 
slightly longer side of the cluster in the formate derivative (average OS-OS bond in 
two independent complexes 2.909(10) A, compared with 2.875(5) A for the non 
bridged OS-OS bonds). The bonding and the orientation of the formate ligand with 
respect to the cluster are very similar (the OS-O bonds in the range 2.152(9)-2.175(9) 
A are a little longer than in I, while the average O-C-O angle and C-O bonds, 
127.8(14)” and 1.251(14) A, are equal). 

A slight increase of the OS-OS bond length in the side bridged by a hydride 
ligand and by a O,C-R moiety has been noted also in the triosmium fragment of the 
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TABLE 2 

SELECTED BOND DISTANCES (A) AND ANGLES (“) 

OS(l)-Os(1’) 
OS(l)-Os(2) 
OS(l)-C(1) 
OS(l)-C(2) 
OS(l)-C(3) 
OS(l)-O(7) 
OS(~)-C(4) 
OS(~)-C)5) 
OS(~)-C(6) 

2.875(3) 
2.857(2) 
1.83(2) 
1.88(2) 
1.97(2) 
2.13(l) 
1.90(3) 
1.90(4) 
1.85(2) 

C(7)-O(7) 1.25(2) 

C(7)-C(8) 1.52(4) 

0(1)-C(l) 1.16(2) 

0(2)-C(2) 1.18(2) 

0(3)-C(3) 1.06(2) 

0(4)-C(4) 1.18(4) 

0(5)-C(5) 1.18(4) 

0(6)-C(6) 1.18(3) 

OS(l)-Os(2)-Os(1’) 
Os(2)-OS(l)-Os(1’) 
C(l)-OS(l)-C(2) 
C(l)-OS(l)-C(3) 
C(2)-OS(~)-C(3) 
c(1)-os(l)-os(2) 
c(1)-os(l)-os(l’) 
c(2)-os(l)-os(2) 
c(2)-os(l)-os(l’) 
C(3)-OS(~)-OS(~) 
c(3)-os(l)-os(l’) 
C(4)-OS(~)-C(5) 

60.4(l) 
59.8(l) 
93.0(7) 
90.9(8) 
94.3(7) 
89.7(5) 
97.5(4) 
87.2(5) 

145.1(5) 
178.4(5) 
118.6(5) 
177.2(13) 

89.8(6) 
91.9(6) 
90.6(l) 
87.0(l) 

C(6)-OS(~)-OS(~) 
O(7)-OS(l)-Os(1’) 
O(7)-OS(~)-C(2) 
O(7)-OS(l)-C(3) 
o(7)-os(l)-c(1) 
O(7)-OS(l)-Os(2) 
OS(l)-0(7)-C(7) 
O(7)-C(7)-O(7’) 
O(7)-C(7)-C(8) 
os(l)-c(1)-os(l) 
OS(l)-C(2)-O(2) 
OS(l)-C(3)-O(3) 

97.5(7) 
81.4(3) 
89.0(6) 
88.0(6) 

177.8(6) 
91.4(4) 

124.5(7) 
127.6(7) 
116.1(5) 
176 (1) 
178 (1) 
177 (2) 

175 (2) 
173 (3) 
177 (2) 

LI The primed atoms are related to the unprimed ones by the transformation: x, l - y, z. 

[(CL-H)0s,(C0),,(0,C)0s6(C0),,]- anion [9], the only other example reported to 
our knowledge of a O&-R group bonded to a hydridotriosmium cluster (OS-OS 
distance in the bridged side 2.895(7) A, OS-OS distances in the other two sides 
2.864(7) and 2.875(7) A). 

It is relevant to take note of two dinuclear osmium complexes containing a double 
acetate bridge: in Os,(CO),(p-O,CCH,), [lo] there is a short OS-OS distance 
(2.731(2) A, average value for two independent molecules) with average OS-O bonds 
of 2.076(6) A; in Os,(p-O)(p-O,CCH,),Cl,(PPh,), [ll], the OS-OS distance is very 
long, even though it is bridged by two acetate groups and by an oxide ligand (OS-OS 
distance: 3.440(2) A, with OS-O bonds of 2.083(9) and 2.118(9) A). 

The structure determined for I confirms the suggested structure for (II- 
H)Os,(CO),,(p-O,CCH,), previously obtained through reactions of acetic acid and 

Os,(CO),,(C,H,) WI. 
From Scheme 1 it can be seen that reaction of Os,(CO),, and PhCN alone (eq. 1) 

does not lead to the formation of II and III, but gives very small amounts of other 
unidentified compounds. If the reaction is carried out in the presence of acetic acid 
(eq. 2) the main product is I, but II and III are also formed. The yields of II and III 
are increased when the reaction between Os,(CO),,, PhCN and acetic acid is carried 

out in a stream of hydrogen (eq. 3 and 4). Under these experimental conditions the 
amount of I decreases with time and that of III increases. This suggests that III is 
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formed through 1. However I does not react with PhCN, in the presence of acetic 
acid and/or H,, to give III, but instead decomposes. 

It must be pointed out that in all the experiments in which hydrogen is bubbled 
through the solution (eq. 3-S). Os,(CO) ,? is partially converted into H,Os,(CO),,,. 
well known to be a very reactive compound j7.121. This hydride is one of the 
products of the reaction of C)sl(CO),, and PhCN in the presence of H,, and it also 
leads to II and trace amounts of III (eq. 7, Scheme 2). It was therefore of interest to 
investigate the reactions of H20~1(CO),o with PhCN under various experimental 
conditions (Scheme 2). 

Only II is formed from H,Os,(CO),, and PhCN alone (eq. 6). whilst I. II and III 
are obtained when acetic acid is also present (eq. 8). Besides II. traces of III are also 
formed when H20s,(CO),,, is treated with benz,onitrile in the presence of H, (eq. 7). 
this behaviour being analogous to that of Os,(CO),, with PhCN and H,. In both 
cases extensive breakdown of the clusters takes place. 

The isolation of I has allowed us to prove that it is not an intermediate leading to 
II and III. However, its stability is one of the drawbacks of the use of acetic acid 
with triosmium clusters. because the formation of (p-H)Os,((‘O),,,( +>,CCH,) (I) 
represents a side reaction which lowers the yields of II and III. A corresponding 
stable compound was not isolated from the systems containing Ru_;(CO),,. PhCN 
and acetic acid [1,3]. So far no other acid has been found to promote the hydrogena- 
tion of the CN triple bond of PhCN in the presence of OS,(U)),, or Rui(CO),,. 

Even though acetic acid plays an important r6le in the hydrogenation of the CN 

triple bond of PhCN in the presence of Os,(CO),,, the results do not show that it is 
essential as has been shown to be the case for Ru,(CO),~ [1,3]. The reactivity of 

H,Os?(CO),,,, which is always one of the reaction products in the presence of H,. is 

much higher than that of H,Ru,(CO),,, and it is likely that II and traces of 111 
resulting from reaction 5 (Scheme 1) are produced as a consequence of the conver- 
sion of Os,(CO),, to H,Os,(CO),,,. 

It must be emphasized that the use of the acetic acid in activation of the CN triple 
bond of organic nitriles. in the presence of Ru,(CO),, [1.3] and Os,(CO),,, provides 
an interesting alternative to previously available syntheses of substituted cluster>. 
which can be time consuming and give low yields. 

Experimental 

Os,(CO),, was purchased from Strem, H,Os,(CO),,, was prepared from 
OS,(CO),~ and H, in refluxing n-octane [13-151. Kieselgel PF (254-366). glacial 
acetic acid and benzonitrile (analytical grade) were from Merck. Hydrogen and 
nitrogen, from SIAD. were dried before use. Solvents (analytical grade from C. 
Erba) were redistilled, and dried over molecular sieves. 

Mass spectra were recorded on a double focusing Kratos MS X0 operating with 
direct inlet system. IR spectra were recorded on a Perkin--Elmer 5XOB bpectropho- 
tometer. ‘H NMR spectra were recorded with CDCI, solutions on a Varian XL-200 
spectrometer at 200.057 MHz. A 5000 Hz sweep width was used with a digital 
resolution of 0.156 Hz/point. The internal reference was TMS. 

(u) Reuction qf PhCN crnd glcrc~iul acetic uc,icl ti’ith O.s.,(C‘O),,. In a typical 
experiment a mixture of 0.132 mmol of OS~(CO),,. 0.96 mmol of PhCN and 1.74 
mmol of glacial acetic acid in 100 ml of n-octane under a stream of N. was stirred 
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for 15 min. The solution was heated under reflux for 6 h (except when otherwise 
specified) and then cooled under N,. Separation of the products was by TLC on 
Kieselgel plates using a 19/l light petroleum/diethyl ether mixture as eluent. Under 
these conditions II and III were not resolved, but they gave separate bands upon 
rechromatography on Kieselgel with light petroleum as eluent. Compounds I, II and 
III were crystallised from n-hexane at - 10°C. 

(b) Reaction of PhCN and glacial acetic acid with OS.~(CO),~ under a stream of 

hydrogen. Experimental conditions were as described in (a) except that H, was 
bubbled through the refluxing solution. 

(c) Reaction of PhCN with Os,(CO),,. The reaction was carried out as described 
in (a) except that glacial acetic acid was omitted. 

(d) Reaction of PhCN with OS,(CO),~ under a stream of H,. Experimental 
conditions were as in (c) except that H, was bubbled through the refluxing solution. 

(e) Reaction of PhCN, glacial acetic acid and (p-H)Os,(CO),,(p-02CCH,). A 
mixture of 0.130 mmol of (p-H)Os,(CO),,(p-O,CCH,), 1.74 mmol of glacial acetic 
acid and 0.96 mmol of PhCN in 100 ml of n-octane was stirred under a stream of N, 
for 15 min. The solution was then refluxed for 6 h under a stream of H,. TLC 
showed that neither II nor III was formed, and that extensive decomposition of 

(p-H)Os,(CO),,(p-02CCH,) had taken place. 
(fl Reactions of PhCN with H,Os,(CO),,. Reactions of PhCN with H,Os,(CO),, 

were carried out as described for the corresponding reactions with Os,(CO),, in (a), 
(b), (c) and (d), except that solutions were refluxed for 2 h. 

X-Ray data collection, structure determination and refinement of I 
A yellow prismatic crystal of approximate dimensions 0.23 X 0.33 X 0.40 mm was 

selected and mounted on a Siemens AED single-crystal diffractometer. Unit cell 
parameters were obtained by least-squares refinement of the 8 values of 25 carefully 
centered reflections chosen from diverse regions of the reciprocal space. Intensity 
data were collected at 295 K with 8 in the range 3-28” (e/219 scan) using the 
niobium-filtered MO-K, radiation. Of 2290 independent measured reflections, 1484, 
having Z > 28 (I), were used for the analysis. Corrections were applied for Lorentz, 
polarization, and absorption effects (for the absorption effect the maximum and 
minimum transmission factor values were 1.2612 and 0.7680) [16]. 

Crystal data: C,,H,O,,Os,, M = 910.76, monoclinic, a 7.858(6), b 12.542(8), c 
9.867(6) A, p 109.92(2)‘, V 914(l) A3, Z = 2, DC 3.308 g cme3, F(OO0) = 800, space 
group P2,/m, ~(Mo-K,) 208.86 cm-‘. 

The structure was solved by Patterson and Fourier methods and refined by 
full-matrix least-squares using the SHELX system of computer programs [17] with 
first isotropic and then anisotropic thermal parameters for all the non hydrogen 
atoms. The hydrogen atoms were clearly located in a AF map, not refined, but 
introduced in the final structure factor calculations. The atomic scattering factors 
used, corrected for the anomalous dispersion of the OS atoms, were taken from 
literature [18]. The function minimized in the least-squares calculations was 

Cw[AF]*; unit weights were chosen in the first stages of the refinement, then 
weights were applied according to w = K [ a*( F,) + gFo2] with K = 0.867 and g = 
0.005. Final R and R, values O.O& and 0.053, respectively. Final atomic coordi- 
nates for the non hydrogen and hydrogen atoms are given in Table 3 and 4 
respectively. Thermal parameters and a list of observed and calculated structure 
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TABLE 3 

FRACTIONAL ATOMIC COORDINATES (x 10”) WITH e.s.d.‘a IN PARENTHESES FOR THE 

NON HYDROGEN ATOMS 

Atom x/u r/h Z,‘< 

Os( 1) 670( 1) 1354(l) 2243( 1) 

O(2) 3998(l) 2500 3377( 1) 

O(l) 602( 19) 1099(9) 5236(12) 

O(2) 2992( 19) - 632( 10) 2420( 16) 

O(3) -2942(18) 21X(14) 1038( 18) 

O(4) 38 12(27) 2500 6444( 18) 

O(S) 4334(26) 2500 362(21) 

O(6) 6564(21) 621( 14) 4112(1X) 

O(7) 602( 18) 1608(9) 89(11) 

C( 1) 648(22) 1164(11) 4079( 18) 
C(2) 2073( 20) 124(13) 2327(17) 

C(3) - 1665(27) 601(14) 1436( 18) 
C(4) 3791(27) 2500 52X( 30) 

C(5) 4078(40) 2500 1475(38) 

C(6) 5524t23) 1334(18) 3889(21) 

C(7) 485(31) 2500 - 494(23) 

C(8) 329(49) 2500 - 2071(30) 

TABLE 4 

FRACTIONAL COORDINATES (X 104) FOR THE HYDROGEN ATOMS 

H(1) - 789 2500 1993 

H(81) - 948 2500 -- 2778 

H(82) 1005 1779 - 2266 

factors may be obtained from the authors on request. 
All calculations were carried out on the CYBER 76 computer of the Centro di 

Calcolo Elettronico dell’Italia Nord-Orientale, Bologna, with financial support from 
the University of Parma. 
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