an Mo,Co-triangle bridged by two us-sulfur ligands and a
new structural unit, an n°-AsS ligand as bridge between two
Mo atoms. The AsS-ligand, the two S-bridges and the Co-
atom lie in a plane bisecting the molecule. The carbonyl
groups are located in the plane of the three-membered ring
of metal atoms (Fig. 1). Hence, 3 constitutes the first ex-
ample of a molecule containing complex-stabilized arsenic
monosulfide, which, in the free state, is unstable. With the
proviso that there is a 50% statistical distribution of arsenic
and sulfur at the As and S1 sites, the As—S1 distance in 3
can be said to be 2.237(3) A, a value which corresponds to
the average length of the As—S single bond in o-As,S,*.
We conclude, therefore, that the new ligand has a bond or-
der of 1 and functions as a Se-donor. Furthermore, if we
consider the p3-S atoms as 4e-donors and the remaining li-
gands as Se-donors (CsMes-moieties) and 2e-donors (CO
groups), then each metal atom acquires noble-gas configu-
ration by formation of M—M single bonds. The experi-
mentally determined metal-metal distances lend support to
this conclusion.

Remarkably, the Co(CO),-fragment is incorporated ex-
clusively in the n-S,-group of 1 and 2, even though there
are several sites open to attack in the ligand sphere of the
starting complex. The S,-bridge over the Mo atoms is
thereby enlarged to an SCoS unit, while elimination of X
from the XSX-bridge leads to formation of the bridging
XS-ligand. This apparent lability of an Mo—X bond is
confirmed by the sensitivity of 1 towards oxidation: Only
the previously reported arsenic-free  complexes
[{CsMes)>.M0,0,8,] and [(CsMe;),Mo0,08S;] can be isolated
from toluene solutions of 1 in presence of air.
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Novel MoFeS Clusters from [(CsMes),Mo,S4] and
Fe(CO)s or Fe,(CO),

By Henri Brunner, Norbert Janietz, Joachim Wachter*,
Thomas Zahn, and Manfred L. Ziegler

Thio-transition-metal clusters containing various metal
atoms serve as model compounds, both in the catalysis of
industrially important desulfurization reactions as well as
in the deciphering of bioinorganic reactions. Of particular
importance is the coupling of Mo and Fe with sulfur to
give “heterocubanes”, among which, compounds with a
Mo, Fe,S, core are still very poorly represented in the liter-
ature. The first such cluster to be prepared and spectro-
scopically characterized was [(CsMes),Mo,Fe,(NO),S )"
But “mixed” trinuclear clusters with a trigonal pyramidal
M,M’S, core and a p,,n>-di-(main group element) ligand
are also still relatively rare™.
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The three new diamagnetic MoFeS clusters 2—4 are
formed on reaction of the complex 1 with Fe,(CO)s in te-
trahydrofuran (THF) (molar ratio 1:1.3). 2 and 4 are also
formed in the photochemical reaction of 1 with Fe(CO);
(in the molar ratio 1:2) in THF®¥ The composition of
each product has been confirmed by elemental analysis
and mass spectra. The '"H-NMR and IR spectra® are con-
sistent with the results of the X-ray structure analysis.

Characteristic of the structures of 2 and 3™ (Figs. 1 and
2) is a trigonal-bipyramidal Mo,FeS, core; the
Mo,Fe(CO), moiety is perpendicular to the plane of the
sulfur ligands. As 48e-clusters, 2 and 3 each contain three
metal-metal single bonds, consistent with the observed
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Fig. 1. Molecular structure of 2 (ORTEP diagram). Selected bond lengths [/\]
and angles {°): Mol1—Mo2 2.592(0), Mo1—Fe 2.778(1), Mo1-S1 2.432(1),
Mol1-S2 2.437(1), Mo1-83 2.436(1), Mo1—S4 2.440(1), Mo2—Fe 2.776(1),
Fe—S1 2.153(1), S2—S4 2.071(1); Mo2—-Mol—-Fe 62.1(0), Fe—Mo1-S1
48.3(0), S1—-Mol—-S4 76.5(0), S2~Mo1-S54 50.3(0), S1-Mo1-S3 89.1(0),
Mol—Fe—S1 57.4(0).

Fig. 2. Molecular structure of 3 (ORTEP diagram). Most important bond
lengths [A] and angles [°]: Mol—~Mo2 2.574(0), Mo1—Fe 2.830(1), Mo1-S1
2.467(1), Mol1-52 2.470(1), Mo1—S3 2.448(1), Mo1—S4 2.467(1), Mo2—Fe
2.819(1), Fe—S1 2.130(1), S2~C3 1.800(4), $4—C3 1.817(4), C3—03 1.196(5);
Mo2—Mol—Fe 62.7(0), Mo2—-Mol-S1 58.1{0), S1-Mol-S2 69.8(0),
S1-Mol1-83 87.1(0), S2—Mol—-S4 682(0), Mol-S54-C3 89.2(1),
S2-C3-03 130.7(3).

M-—M distances. Thus, in both cases the relatively short
Mo—Mo distance is ascribable to a “‘bracketing effect” of
the bridge ligands. 2 can be regarded as an Fe(CO),-ad-
duct of 1], whereas 3 unexpectedly contains a dithiocar-
bonato-ligand as structural element bridging the two Mo
atoms.

The X-ray structure analysis of 4" confirms the pres-
ence of a Mo,Fe,S,-cubane with relatively small differ-
ences (up to 0.09 A) between the Mo—$ and Fe—S bond
lengths. In 2 and 3, however, these differences are up 1o
0.44 A. There are five metal-metal bonds of equal length
(on average 2.803 A) as opposed to one Fe~Fe distance of
3.334 A (Fig. 3). A qualitative confirmation of this finding
is obtained from the distribution of the 62 valence elec-
trons over the cluster. A similar situation is found in the
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Fig. 3. Molecular structure of 4 (ORTEP diagram). Selected bond lengths [A]
and angles [°]: Mo1—-Mo2 2.761(1), Mol—Fel 2.832(4), Mo1—Fe2 2.792(3),
Mo1-S81 2.357(2), Mo1--52 2.333(2), Mo1—S4 2.320(2), Mo2—Fel 2.813(3),
Mo2—-Fe2 2.815(4), Mo2—S1 2.342(2), M02—S3 2.282(2), Mo2-54 2.303(2),
Fel-S1 2.214(3), Fel-S2 2.271(5), Fel—S3 2.330(4), Fel---Fe2 3.334;
Mo2-Mol-Fel 60.4(1), Mo2—Mol-Fe2 60.9(1), Fe1—Mo1-Fe2 72.7(1).

complex 5, which is isoelectronic with 4 and is accessible
from 6 and Ni(CO),"®. However, in contrast to 1, 5 is only
able to incorporate Fe(CO)s or Fe,(CQO)s in a 66e-cluster 7
with planar metal framework!”. The 62e-complex 8 ob-
tainable from 1 and Mo(CO)s in boiling toluene should,
on the other hand, be isostructural with 4.

[{C5Hg)sMo3Nip(CO)2S4] [(MeCgHy)M 0g(SH),S,]

5 6
[(MeCsHy)sMogFey(CO)gS,) [{CsMeg)sMoy{CO) Syl

7 8
[(MeC5H,)oV2S,] Hg[Fe(NO)(CO)3l,

9 10

The clusters 2 —4 are formed in different ways: 2 and 3
can be synthesized by stepwise substitution of CO in the
carbonyliron complexes by the two u-S bridges in 1,
whereas transformation of the 1n2-S,-ligand into two u;-S-
bridges requires a redox reaction with participation of the
carbonyliron compounds. This reaction behavior essen-
tially conforms with that of the vanadium complex 9,
which gives a similar reaction sequence with the iron com-
plex 10, resulting in a 58e-cluster with a V,Fe,S, corel?®,
However, the extraordinarily mild carbonyl transfer from
Fe,(CO), to the 1>-S,-ligand warrants further investiga-
tion.
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Diamminebis(1,5-cyclooctadiene)(p-1,4,10,13-tetra-
oxa-7,16-diazacyclooctadecane-N’,N')dirhodiumbis-
(hexafluorophosphate): An Example of Simultaneous
First and Second Sphere Coordination**

By Howard M. Colquhoun, Simon M. Doughty,
Alexandra M. Z. Slawin, J. Fraser Stoddart*, and
David J. Williams

Previously, we have observed several examples!!! of sec-
ond sphere coordination of transition-metal complexes
by crown ethers. Although numerous cases of first sphere
coordination of transition metals to macrocyclic polyether
ligands containing nitrogen atoms have been described,
we now report a remarkable example of simultaneous first
and second sphere coordination of rhodium by 1,4,10,13-
tetraoxa-7,16-diazacyclooctadecane 1%

cyclo-{(0—-CH,CH,),NH~-CH,CH;], 1
{Rh(cod}(NHa),l[PFs] 2
[{Rh(cod)(NH;)},- 1][PFel; 3

The fortuitous discovery™ of [{Rh(cod)(NHj3)}, - 1][PFel
(cod =1,5-cyclooctadiene) 3 followed an unsuccessful at-
tempt to isolate a crystalline adduct between
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{Rh(cod)(NH;),][PF,] 2! and 1. Elemental analysis™ indi-
cated the formation of a 2 : 1 covalent complex with loss of
2 NH,!". X-Ray analysis® not only confirmed the constitu-
tion of the complex 3 but also revealed several interesting
conformational features (Fig. 1). The complex contains a

Fig. 1. Structure of 3 in the crystal. 3 is monoclinic, 2=11.445(3),
b=11.329(3), e =15.192(5) A, B=90.45(2)°, ¥=1970 A>, space group P2,/n,
Z=2,p=171 gecm 3, pCuy, =86 cm~', 2213 independent reflections with
[1Fol > 30(IFol), 6 £55°), R=0.101. Torsional angles {°] associated with the 18-
membered ring are shown beside the relevant bonds. Selected bond iengths
{Al: Rh—=N(1) 2.17(1); Rh—N(2) 2.14(1). Selected bond angles [°]:
Rh—N(1)—-C(2) 117(1); Rh~N(1)—C(9") 116(1); C(2)—N(1)—C(9") 111(1). In-
tramolecular contact distances from N(2) to 0O(4), 04", O, O(7"), F(1),
F(3): 3.22, 3.50, 3.45, 3.45, 3.22, 3.13 A. Distance of N(2) from the mean
plane of the ring heteroatoms: 1.92 A. N(2)--N(27) distance: 3.97 A. The
PF 5 ions have two orientations of estimated occupancies 0.65 and 0.35. Only
the orientation of the major occupancy is illustrated.

crystallographic center of symmetry at the center of the 18-
membered ring!®. Despite the torsional freedom around
the N(1)~Rh bonds, the ammine ligands [N(2)] are
oriented directly over the faces of the macrocycle. There is
also an appreciable flattening of the expected tetrahedral ge-
ometry at N(1), which is confined to the Rh—N—C angles
(117 and 116°), enabling a closer approach of the am-
mine ligands to the faces of the macrocycle. However, the
resulting N(2)- - - O distances are still rather long with only
N(2)---0(4) 3.22 A) lying within what would convention-
ally be considered a hydrogen bonding distance. In this in-
stance, the contact is to an oxygen atom [O(4)] on the op-
posite face of the macrocycle, i.e., a nesting arrangement!'®
analogous to that observed in [(PhsPMe),-[18]crown-
6][PFcl,!'". The associated H,---O(4) distance and
N(@2)—H,- - -O(4) angle are 2.41 A and 142°, respectively.
The other H- - -O distances are 2.60 A for H,---O(7) and
2.59 A for H.- - - O(4"). The associated N(2)- - -O distances
are given in the Figure caption!'?,
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