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Reaction of [Os,H,(CO),,] with Hg(C=CPh), afforded the novel mixed-metal clusters cis-[Os(CO),-
{(n-Hg)0s,(CO),,(1-12-CH=CHPh)},] 1 and [{O0s,(CO),,(n-n*-CH=CHPh)},(pn,-Hg)] 2 in moderate
vield, the crystal structures of which have been determined; 1 converts into 2 via Hg-Os bond

cleavage under ambient conditions.

Organomercury fragments which readily attach to a variety of
transition metals have been used as building blocks in
heterometallic clusters as well as in the synthesis of high-
nuclearity clusters.!® Recently, with the help of the !3C NMR
technique, the fluxional behaviour of mercury-containing
clusters in solution has been investigated extensively. One
remarkable conclusion drawn from these studies is that a p-Hg
moiety has about the same mobility in these clusters as has a
p-hydride ligand.” Furthermore, the photochemical reactivity
of some high-nuclearity clusters has also revealed that it is
possible to open up new synthetic routes to chemical species and
metal-framework structures which are inaccessible under
thermal conditions.®-® Herein, we report some preliminary
work on triosmium-mercury metal clusters containing a new
mixed-metal framework.

We have found that treatment of the highly reactive cluster
[Os3H,(CO), ] with 1 equivalent of the organomercury species
Hg(C=CPh), at room temperature for 3 h afforded two new
osmium-mercury clusters: red-orange cis-[Os(CO),{(n-Hg)-
0s3(CO), o(p-n2-CH=CHPh)},] 1 and reddish violet [{Os;-
(CO), o(u-n*-CH=CHPh)},(n,-Hg)] 2 in 30 and 20% yield
respectively. A small amount of the known non-mercury cluster
[Os3(u-H)(CO), o(t-n2-C=CPh)] 1° (5%) and metallic mercury
have also been isolated (confirmed by IR and 'H NMR
spectroscopy). Both clusters 1 and 2 were isolated as air-stable
solidst resulting from Hg-C bond cleavage in Hg(C=CPh),.
Compound 1 undergoes Hg-Os bond cleavage and is converted
into 2 with extrusion of a HgOs(CO), fragment under ambient
conditions over a period of 3 d (Scheme 1). However, the
conversion rate can be much reduced by lowering the
temperature to —20°C. As shown by IR and 'H NMR
spectroscopy, both of the C=C bonds of the ligand moieties
have been partially hydrogenated to become C=C bonds by
rearrangement of the two bridging hydrides of [Os;H,(CO), ]
To establish the geometries of 1 and 2, their crystal structures
have been determined.}

The molecular structure of compound 1 is depicted in Fig. 1.
The molecule possesses a C, idealized symmetry and comprises

t Spectroscopic data: 1, IR v(CO) (CH,Cl,) 2095s, 2072m, 2047vs,
2011s, 1997s, 1980m and 1950w cm™; *H NMR [(CD,),CO] & 8.40 (d,
2H,J = 14, vinyl H), 7.46 (m, 10 H, phenyl H) and 5.68 (d,2H,J = 14
Hz, vinyl H); FAB mass m/z 2612 (calc. 2612); 2, IR W(CO) 2104m,
2091s, 2050vs, 2008s and 1974m cm™; 'H NMR 68.33(d, J = 14,2 H,
vinyl H), 7.47 (m, 10 H, phenyl H) and 5.85 (d, 2 H, J = 14 Hz, vinyl
H); FAB mass m/z 2108 (calc. 2108).

a central Os(CO), fragment with two cis-co-ordinated
(¢-Hg)0s;(CO),; o(u-n?-CH=CHPh)  units. The central
Hg(1)-0s(1) and Hg(1*)-Os(1) bond distances [2.683(1) A] are
significantly shorter than the two asymmetric mercury—osmium
bonds, Hg(1)-Os(2) 2.856(1) A and Hg(1)-Os(3) 2.803(1) A.
The Hg(1)-Os(1)-Hg(1*) angle [87.09(6)°] and the intra-
molecular Hg - - - Hg distance (3.70 A) both indicate very weak
interaction between the two cis-(u-Hg)Os;(CO), o(p-n2-CH=
CHPh) fragments. A similar observation was made in cis-
[Ru(CO), {(n-Hg)Ru3(CO)o(1;-C=CCMe,)},]'* (Hg-Ru-Hg
84°, Hg - - - Hg 3.55 A). The geometry around the Hg(l) or
Hg(1*) atoms is triangular, involving three osmium atoms.
Atoms Os(1), Hg(1), Os(2) and Os(3) are almost coplanar
(maximum deviation of 0.004 A from their least-squares plane).
Within the osmium triangle, the variation in metal-metal bond
distances is significant: Os(2)-Os(3) 2.901(1), Os(2)-Os(4)
2.842(1) and Os(3)-Os(4) 2.927(1) A. Also, the unsupported
Os(3)-0s(4) bonding edge is substantially elongated being even
longer than the mercury-bridged Os(2)-Os(3) edge. This
elongation can be explained in terms of electronic effects since
electron counting at each osmium atoms suggests that Os(3) is
the most electron rich.

The molecular structure of compound 2 is depicted in Fig. 2.
The complex consists of a C, axis passing through the central
Hg atom with two butterfly osmium-mercury clusters sharing a
common wingtip. In the butterflies the dihedral angles between
the wings are 125.8 and 124.2° which are slightly larger than

t Crystal data: 1, C,,H;,Hg,0,,0s,2H,0, M = 2647.14,
monoclinic, space group C2/¢ (no. 15), a = 13.612(1), b = 13.766(1),
¢ =29.73413) A, B = 93.25(2)°, U = 5562.9(7) A%, Z = 4, D, = 3.162
gem™3, F(000) = 4632, Mo-K« radiation (A = 0.710 73 A), n(Mo-Kx)-
= 215.19 cm™, dimensions 0.24 x 0.42 x 0.44 mm, 2493 observed
diffractometer data [/ > 30(/)], ¥ scan absorption correction,
structure solved by direct methods (SIR 88)!! and Fourier-difference
techniques, refined by full-matrix least-squares analysis (Os and Hg
anisotropic) to R = 0.041, R’ = 0.051, w = 4F,%/c*(F,2); 2, C3¢H,,-
0,0,0s¢Hg, M = 2108.28, triclinic space group PT (no. 2), a =
13.988(2), b =16.864(7), ¢ = 9.735(1) A, « = 96.56(2), B = 105.93(1),
¥ =92.21(2)°, U = 2188(1) A%, Z = 2, D, = 3.201 g cm™®, F{000) =
1852, Mo-Ka radiation (A = 0.710 73 A), p(Mo-Ka) = 209.48 cm™?,
dimensions 0.28 x 0.33 x 0.41 mm, 4262 observed diffractometer data
[1 > 3o(I)], ¥ scan absorption correction, structure solved and refined
as for 1 to R =0.034, R = 0.039. Atomic coordinates, thermal
parameters and bond lengths and angles have been deposited at
the Cambridge Crystallographic Data Centre. See Instructions for
Authors, J. Chem. Soc., Dalton Trans., 1995, Issue 1, pp. XXv—Xxx.


http://dx.doi.org/10.1039/DT9950001389

1390

Cf N/
Os—__
" D N SHg
\ H P
~ R0 ’ \//
/ H \ 0%
/I \
Ph

Fig. 1 Molecular structure of compound 1 showing the atomic
numbering scheme. Selected bond distances (A) and angles (°):
Hg(1)-Os(1) 2.683(1), Hg(1)-Os(2) 2.856(1), Hg(1)-Os(3) 2.803(1),
Os(2)-0s(3) 2.901(1), Os(2)-Os(4) 2.842(1), Os(3)-Os(d) 2.927(1),
Os(2)-C(13) 2.09(2), Os(3)-C(13) 2.29(2), Os(3)-C(14) 2.41(2) and
C(13)-C(14) 1.43(3); Hg(1)-Os(1)-Hg(1*) 87.09(6), Os(1)-Hg(1)-Os(2)
134.09(4), Os(1)-Hg(1)-0s(3) 164.23(5), Os(2)-Hg(1)-0s(3) 61.63(3),
Os(2)-0s(3)-0s(4) 58.38(3), Os(2)-0s(4)-0s(3) 60.37(3), Os(3)-Os(2)-
Os(4) 61.25(3), Hg(1)-0s(2)-Os(3) 58.27(30), Hg(1)-Os(3)-Os(2)
60.05(3), Os(3-C(13)-C(14) 76(1) and Os(3)-C(14)-C(13) 67(1)

the average value in [{Os;(p-H)(CO)o(13-S)} (ns-Hg)] (114°)7
and similar to that in [{Ru3(CO)e(p;-C=CCMe,)}(u,-Hg)]
(125°).'3 The geometry around the central mercury atom is
tetrahedrally distorted with a dihedral angle of 52.3° between
the Hg-Os(2)-0s(3) and Hg—Os(4)-Os(5) planes. As in 1, the
unsupported Os(1)-0s(3) 2.922(1) A and Os(4)-Os(6) 2.915(1)
A edges are substantially elongated.

The organic moieties CH=CHPh in compounds 1 and 2 are
co-ordinated to the trinuclear framework in the usual p-n?
bonding mode. This is also reflected in the rather large differ-
ences in the chemical shifts (2.72 ppm) of the two trans-vinyl
protons in their 'H NMR spectra.'® The trans configuration of
the two vinyl protons is reflected in their coupling constants,
~14 Hz. All the bond distances and angles in the ligand
moieties in 1 and 2 are similar to those in [Os,(p-H)(p-n2-
CH=CHEL)].'* The formation of 1 is not well understood. The
origin of the central Os(CO), fragment most probably results
from degradation of the Os;(CO),, metal core of the starting
cluster, [Os;H,(CO),,]. The formation of 2 from 1, which
involves Hg—-Os bond cleavage, extrusion of a HgOs(CO), frag-
ment and rotation of each Os; unit, is also not clear. Neverthe-
less, 1 represents a previously unobserved mercury—osmium
mixed-metal framework. Further investigations concerning the
above questions, the fluxional behaviour of 1 and 2 and the fate
of the extruded HgOs(CO), fragment are in progress.
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Fig. 2 Molecular structure of compound 2 showing the atomic
numbering scheme. Selected bond distances (A) and angles (°):
Hg-Os(2) 2.895(1), Hg—Os(3) 2.823(1), Hg-Os(5) 2.887(1), Hg-Os(6)
2.824(1), Os(2)-Os(3) 2.888(1), Os(5)-0s(6) 2.89(1), Os(1)-Os(2)
2.866(1), Os(1)-Os(3) 2.922(1), Os(4)-Os(5) 2.860(1), Os(4)-Os(6)
2.915(1), Os(2)-C(21) 2.10(2), Os(3)-C(21) 2.28(2), Os(3)-C(22) 2.48(2),
Os(5)-C(29) 2.10(2), Os(6)-C(29) 2.24(2) and Os(6)-C(30) 2.48(2);
Os(2)-Hg—0s(3) 60.66(3), Os(5-Hg-0s(6) 60.81(3), Hg—Os(2)-0s(3)
58.43(2), Hg—Os(3)-0s(2) 60.91(3), Hg—Os(5-0s(6) 58.51(3), Hg-
Os(6)-0s(5) 60.68(3), Os(1)-0s(2)-0s(3) 61.04(3), Os(1)-0s(3)-0s(2)
59.11(3), Os(2)-Os(1)-0s(3) 59.86(3), Os(4)-Os(5)-0s(6) 60.90(3),
Os(4)-0s(6)-0s(5) 59.02(3) and Os(5)-0s(4)-0Os(6) 60.08(3)
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