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Abstract

Reactions of the activated clusters [Os;(CO),, ,(NCMe), ] (n=1 or 2) with
AsHMe, give the AsMe,-bridged triosmium clusters [Os;(p-HYCO),o(p-AsMe,)]
(3) and [Os;(p-H),(CO)4(p-AsMe,),] (6), 3 being formed via the novel inter-
mediate [Os,H(CO),;(p-AsMe,)] (2) by cleavage and subsequent formation of an
Os-0Os bond; the X-ray crystal structures of 2 and 6 confirm the presence of
p-AsMe, groups.

Compared with the great variety of u-PR ,-bridged carbonyl clusters, compounds
with p-AsR, ligands are surprisingly rare. The few known triosmium clusters
containing p-AsR, units have been prepared in low yields by thermolysis of
[0s;(CO),,] in the presence of tertiary arsines AsR; [1]. In this communication, we
report a high yield synthesis of u-AsMe,-bridged triosmium clusters by reaction of
the primary arsine AsHMe, with the activated clusters [Os;(CO);, ,(NCMe), ]
(n=1or2).

[0s5(CO),;(NCMe)] (1) reacts with AsHMe, at room temperature providing the
bright yellow cluster [Os;H(CO);,(p-AsMe,)] (2), which can be isolated by TLC in
greater than 60% yield (eq. 1).

[055(CO)11(NCMe)] + AsHMe, ea25[Os; H(CO)y (n-AsMe; )] + MeCN
(1) ’ (2

()

Although 2 can formally be described as a substitution product “Os;(CO),;-

* Dedicated to Professor Colin Eaborn on the occasion of his 65th birthday.
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HAsMe,”, the spectroscopic data * suggest that the arsine is not coordinated as a
terminal ligand via the arsenic lone pair. The chemical shift of & — 7.62 ppm for the
proton in 2 is indicative of a hydride ligand terminally bound to an osmium atom.
In the solid state IR spectrum of 2 [2]. an absorption at 1914 ¢m ' sharpens
significantly on cooling to 95 K. and is assigned to the Os-H stretching mode (cf.
1930 cm ' for the terminal Os-H stretch in [Os;H,(CO),, ) [3D. The degenerate
(OsH) mode is found as a pair of bands at 780 and 772 cm '+ the closeness of these
bands rules out any residual As - - - H interaction.

To establish the molecular geometry of 2, an X-ray structure analysis was
undertaken. The structure ** of 2 is shown in Fig. 1, which includes some
important bond parameters. The metals define an open triangle, the long edge of
which is bridged by the AsMe, ligand. The arsenic atom lies .72 A out of the plane
of the Os, wiangle, and the dihedral angle between the planes dehed by
Os(1)Os(2)0s(3) and Os(2)Os(3)As(1) is 29.5°, The hydride higand was not focated
directly, but the gap in the higand polyhedron indicates that it 15 termunal, and
occupies an axtal site on Os(3) rrans to C(3HYO(32). The long Os...Os edge is
somewhat longer than the AsMes-bridged edge length of 2929(3) A in
[Os H(CO) o (C H, HAsMe, )] {4]. The two unbridged Os-Os edges in 2 are signifi-
cantly longer than the average vulue of 2.877(3) A found in [Os,(COn - 1E5] and are
more in keeping with the range of values (2.917(1)-2.947(2) Ay observed in the open

* Spectroscopic and analytical data (IR in hexane; "H NMR in CDCly unless otherwise stated): 2
p(COY: 2118w, 20785, 2053m. 2047s. 2035vs. 2016m, 201Im. 1992m. 1977m cm 1 #(OsH) [CS1]
1914m cm ', 8(OsH) {Csh]: 780m. 772m em ' 'H NMR: 2,04 (s, CH.5 191 (5, CHL - 762 (s,
OsH) ppm; M7 m /2 990 (cale. (P Qsy for [OsH(CO),, AsMe, | 990, Anal: found: C. 15527 H.
0.78 (cale.: C. 15865 H, 6.72%). 3 v(COy: 2102w, 2057vs, 2050m, 20225, 2006m. 1989m. 1978w um ‘
THONMR: 2018 (s. CHL L 172 a0 CHOL - 1894 (s, OsH) ppras M- 2 962 dcale (7705 for
[Os  HICOy AsMe, ] 962, Anai: found: O 14910 Ho LG qeale, OO 15060 HL 074%) 5 0y
[toluene]: 2100w, 2025m. 2008s, 1997vs, 1958m cm 1. 6 p»(COY: 2077 2040, Z022vs, 20045, 1975m.
1962w cm Y S(OsH) [Os1] 725m (as), 715m () em” 0 P H NMR: 207 (50 CHup 191 (s CHy)L
~18.91 (s. OsH) ppm; M 23012 eale. (MO8 for [Os HLCO (AN e 1] 10120 anal
found: C, 14.13; H. 1.34 (cale. (', 1431, H, 1.40% .

Crystal data for 2. C HoASGHOs . M = 98471, monochnic, space group #£2, /¢ (Noo 140«
14.02003). 6 9.219(1). ¢ 15.803(2) AL 8 96.55(1)°. 1 20292 A%, D 3222 gem 2 =4 FOOD) =
1726, AM(Mo-K ) 0.71069 A, M=K ) 20398 om U yellow multif
0,10 0.20 0.22 mm. 2980 data measured on a Stoe-Siemens four-aircle diffractometer (5.0 5 20 <
450, corrected for absorption, 2102 unique ohserved reflecticns with /7 ~4de¢ /) Stracture

* *

eted blocks, crvstal dimensions:

solved by a combination of direct methods and Pouner difference echnigues, and refined by

full-matrix least squares with aii non-hydrogen atoms assigned amisotropic thermal parameters. The

weighting scheme emploved was L1136 F )+ 0.001F2] The final residuals were K = 0036 and
R.. = 0055 Cristal dara for 6. CaH AsO00s .0 M =1006.67 triclinic, space group P1{No In a
8777000 A 97241, ¢ 141471 AL o TO6I(L), # 76741 v 66.99(1:%, b iodid A 3 )
cm . Z =2, FO00) = 888, A(Mo-K ) 0.71069 A piMo-& 3 21438 ¢m Py
dimensiony: 0.14 X019 0.26 mm, 3220 data measured on a Stoe-Siemens fo

(5.0 26 =47.5°), corrected [or absorption. 2683 unigue observed reflections with  f71 o da(#

@
i

w placelets, orvstal

~aircke diffractometer

Structure solved by a combination of direct methods and Fourter difference wehnigues, and refined
by full-matnx least squares, with Os, As. and O atoms assigned anisotropic thermal parameters. The
weighting scheme employed was 2.164,/[a”(F)+0.001£2] The final residualy were R = 0,050 und
R, = 0053, The atomic coordinates for this work are available on request from the Duector of the
Cambridge Crystallographic Data Centre, University Chemical Laboratery, Lensfield Road, Cam-
bridge CB2 1EW (Great Britain). Any request should be accompanied by o full Ierature ciaion for
this communication.
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triangular framework in [Os;(CO),;(C3H,)] [6]. The Os(3)-0s(1)-Os(2) angle is
also similar to that of 82(1)° found for the equivalent parameter in
[0s5(C0O)1,(C3H,)] [6]. The bridging AsMe, group shows some asymmetry, with the
shorter Os—As distance associated with the osmium atom which is also coordinated
to the terminal hydride ligand. This shorter bond lengths is similar to the average
value of 2.483(4) A for the symmetric AsMe, bridging group in [Os;H(CO),-
(C¢H,)(AsMe,)] [4]. The Os(3)-As(1)-Os(2) angle in 2 corresponds more closely to
the idealised tetrahedral angle than does the equivalent angle of 104.6(2)° in the
benzyne complex.

When the opened cluster (2) is adsorbed onto silica TLC plates and exposed to
light, it is readily converted in greater than 90% yield with loss of CO, to the
hydrido-arsenido-bridged compound [Os,(p-HYCO),o(p-AsMe,)] (3), which is
characterised by its spectroscopic and analytical data:

The v(CO) bands in the IR spectrum of 3 are very similar to those observed for
the corresponding phosphido cluster [Os;(u-H)(CO),,(u-PR)] [7].

(CO), (CO)4
Os Os
H
, H
silica N
(CO)40s Os(CO)a —> (CO)30s ~ Os(CO)3
\As/ 8h,-co \As
Me2 Me2
(2) (3)

The reaction of [0s;(CO),,(NCMe),] (4) with AsHMe, in CH,Cl, affords in a
first step the cluster [Os;(CO),,(AsHMe,),] (5), which has not been isolated. Its IR
spectrum indicates the presence of a simple substitution product of the type
[0s5(CO),5L,], and rules out a structure similar to that of 2 with a cleaved Os-Os
bond. Thermolysis of (5) in boiling octane gives the doubly-AsMe,-bridged cluster
[Os;(p-H),(CO)s(u-AsMe, ),] (6) in 35% yield and the singly-AsMe,-bridged com-
pound [Os;(p-H)Y(CO),,(p-AsMe,)] (3) as a minor product (8% yield) (Scheme 1).

CH,CL, , 4 h
—_——
25°C
(4) (5)

[055(CO)p(NCMe ), ] [055(CONlAsHMe;); ]

+ AsHMe;,

octane| 2 h ,125°C

Me,
/As H\

(CO)3OS—\—/—OS(CO)3 +  (p~H)Os;3(COWA P-AsMe,)
e
NGO

Me,
(6)

Scheme 1.
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Fig. 1. The molecular structure of [Os;H(CO); (p-AsMe,)] (2). Selected bond parameters are:
Os(2)~0s(1), 2.982(1). Os(3)-0s(1). 2.951(1% Os(3)... 0s(2). 40721y As(1)-Os(2). 25232y
As(1)-0s(3), 2.480(3) A; Os(3)~Os(1)-Os(2y. 86.7(1): As(1)~Os(23-Os(1y, 784 As(11-Os(3)-Os(1y.
79.6(1): Os(3)-As(1)-0s(2), 109.0(13°.

In order to confirm the spectroscopic assignment, an X-ray analysis of 6 was
carried out, and the structure is shown in Fig. 2, together with some important bond
parameters. The molecule is isostructural with the phosphido-bridged analogues
[M;(pu-H),(CO)¢(u-PPh, ). ] (Me = Fe, Ru or Os) [8], with two edges of the closed-
Os, triangle bridged by both hydride and AsMe, ligands, and with the two AsMe,
groups lying on opposite sides of the trimetal plane. The dihedral angles between
the Os(1)Os(2)0s(3) plane and the Os(1)Os(2)As(1) and the Os(2)0s(3)As(2) planes
are 67.8° and 112.4°, respectively. In the case of 6, the bridging hvdrides were not
located directly, but the distribution of carbonyl ligands is consistent with them
bridging the Os(1)-0s(2) and Os(2)-0s(3) edges. As with the phosphido cluster
[Os;H,(CO)g(p-PPh, ), (8] the unbndgcd Os(1)-0s(3) edge in 6 i« significant
longer than the average value of 2.923(2) A for the two bridged gdgps However, a
detailed comparison shows that the Os(1)-Os{3) distance is ca. 0.02 A shorter than
the value of 2.960(1) A in the phosphzdo cluster and the bridged Os(1)-0s(2) and
0s(2)-0s(3) edges are ca. 0.03 A longer than the : average distance of 2.890(3) A in
the lighter analogue [8]. This presumably reflects the fact that while for each
“Os,HP” and “Os,HAs” unit electrons are entering molecular orbitals which are
metal--metal bonding in character, the larger steric requirement of the bridgehead
arsenic atom prevents a shorter Os-Os contact. In 6. the Os -As-Os bridges show
asymmetry, with the shorter Os-As distance associated with Os(23. which s
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Fig. 2. The molecular structure of [Os3(p-H),(CO)g(p-AsMe;);] (6). Selected bond parameters are:
05(2)-0s(1), 2.920(1); Os(3)-0s(1), 2.943(1); Os(3)-0s(2), 2.926(1); As(1)-0s(1), 2.502(2); As(1)-Os(2),
2.428(2); As(2)-0s(2), 2.428(2); As(2)-0s(3), 2.501(2) A; Os(3)-0s(1)-0s(2), 59.9(1); Os(3)-0s(2)-0s(1),
60.4(1); Os(2)-0s(3)-0s(1), 59.7(1); Os(2)-As(1)-0s(1), 72.6(1); Os(3)-As(2)-0s(2), 72.8(1)°.

coordinated to both hydrides and both AsMe, groups. The range of Os-As
distances in 6 (2.428(2)-2.502(1) A) is greater than that observed in 2
(2.480(3)-2.532(2) A), but a range of 0.07 A is also observed for the Os—P distances
(2.341(3)-2.413(2) A) in [Os;H,(CO)4(p-PPh,),] [8].

We thank the Deutscher Akademischer Austauschdienst for a N.A.T.O. grant
(for K.G.).
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