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Abstract

The mixed-metal cluster Cp,Mo,Ir,(CO),, has been synthesized by two procedures, namely reacting CpMo(CO),;H with
IrCI(CO),( p-toluidine) under a CO atmosphere in the presence of zinc (23%), and by combining [CpMo(CO),]™ with IrCI(CO),( p-
toluidine) (78%). A structural study reveals that, in contrast to the analogous Cp,W,Ir,(CO),,, it is a rare example of a tetrahedral cluster
with all edges bridged by CO, and that it possesses an unusual ‘semi-face-capping’ carbonyl ligand. Carbonyl bridging and hence steric
crowding increase on proceeding from tungsten to molybdenum, rendering the title complex amongst the most crowded of metal clusters.

© 1997 Elsevier Science S.A.
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1. Introduction

Mixed-metal clusters have been of significant interest
recently, as their polar metal-metal bonds may give rise
to enhanced reactivity compared to that observed with
homonuclear clusters. To systematically assess the im-
pact of polar metal-metal bonds on cluster reactivity,
one requires access to a specifically substituted isostruc-
tural series of clusters in which ligated metal fragments
are sequentially replaced by isolobal fragments with
different metals. An ideal starting complex is tetrahedral
Ir,(CO),, (1), for which comprehensive reactivity data
have been reported [2]. Shapley et al. [3], and Churchill
and co-workers [4,5] have reported the syntheses and
structural characterization of the Group 6-Group 9
mixed-metal clusters CpWIr,(CO),, (2) and
Cp,W, Ir,(CO),, (3), derived (conceptually) from 1 by
stepwise replacement of Ir(CQ), vertices by CpW(CQ),
units. Introduction of the early transition metal dramati-
cally affects reactivity. For example, the chemistry of
clusters 1-3 with alkyne ligands has been probed, with
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the mixed-metal clusters showing greatly enhanced re-
activity compared to 1; the differing chemistry of 2 and
3 has been used to rationalize butane hydrogenolysis
over cluster-derived bimetallic catalysts [6-8]. More
recently, we have found that phosphine substitution at 2
and 3 proceeds in a stepwise fashion at room tempera-
ture [9-11], in contrast to 1 where similar ligand re-
placement requires refluxing toluene or halide activation
to proceed. Subsequent thermolyses of the triph-
enylphosphine derivatives of 2 afford clusters contain-
ing ligand fragments not thus far identified in the
tetrairidium system [12]. Base-assisted condensation of
3 affords a heptanuclear cluster with an unprecedented
(for transition metals) core geometry [1], whereas base-
promoted condensation of 1 afforded hexa-, octa-, nona-
and deca-iridium clusters [13-15].

The enhanced reactivity of 2 and 3 compared to 1
(and in some instances their unique behaviour) prompted
us to expand this study to embrace the molybdenum
analogues. 4d metals form weaker M—M bonds; it may
thus be possible to program the cluster core to react at a
particular site by weakening specific M—M linkages on
replacing tungsten by molybdenum. The synthesis and
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structural characterization of CpMolr,(CO),, (4) has
appeared [16]. The title cluster Cp,Mo,Ir,(CO),, (5)
has also been prepared previously but in low yield as a
minor product in the synthesis of 4 [16]; both 4 and 5
have been utilized as precursors to bimetallic catalysts
on an alumina support [17]. However, no spectroscopic
data or details on the molecular geometry of
Cp, Mo, Ir,(CO),, (5) are extant. We report herein syn-
theses of 5 in useful yields by two procedures, a
structural determination of 5, and comparison of rele-
vant spectroscopic and structural data for complexes 3
and 5.

2. Results and discussion

2.1. Syntheses and characterization of Cp, Mo, Ir,(CO),,
(5)

Cluster 5 is accessible in fair to excellent yield by
two synthetic procedures (Scheme 1). Reaction of
CpMo(CO), H with IrCCO),( p-toluidine) and zinc (as
reducing agent) affords a mixture of 4 (38%) and 5
(23%). A better yield of 5 (78%) is obtained when
[CpMo(CO),]™ is reacted with IrCI(CO),( p-toluidine),
possibly via the intermediacy of Cp(CO);Mo-
I(CO),( p-toluidine) and thence Cp(CO), Mo=ICO),,
analogous to the mechanistic pathway postulated in the
related tungsten system [16]. The solution IR spectrum
of 5 in cyclohexane indicates the presence of bridging
as well as terminal carbonyl ligands, with the number of
bands consistent with the presence of isomers. The 'H
NMR spectrum contains a sharp singlet at about 5 ppm,
indicative of two equivalent cyclopentadienyl groups,
and suggesting that the isomers observed in the IR
spectrum exchange rapidly on the NMR time frame.
The mass spectrum contains a molecular ion and con-
secutive loss of all ten carbonyl ligands; loss of one
cyclopentadienyl group becomes competitive with loss
of carbonyl upon fragmentation of [M — 5CO]".

2.2. X-ray structural study of Cp, Mo, Ir,(CO),, (5)
A single crystal X-ray diffraction study of § was

carried out and confirms the expected molecular compo-
sition. Fractional atomic coordinates are given in Table

Procedure 1

2
o Mo,

Table 1
Non-hydrogen atom coordinates and equivalent isotropic displace-
ment parameters for Cp, Mo, Ir,(CO),, (5)

Atom X y z Beq
Ir(1) 0.84490(4) 0.06322(5) 0.12758(4)  2.87(1)
Ir(2) 0.83162(4) 0.06796(5) 0.30399(4)  2.99(1)
Mo(3) 0.68472(8) 0.18694(9) 0.17561(8)  2.50(2)
Mo(4) 0.71335(8)  —0.10390(9) 0.18463(8)  2.64(2)
o(1)  0.893(1) —0.102(1) -002079)  7.3(4)
0(12)  1.0253(8) —0.016(1) 0.2617(8)  6.0(3)
o(13) 0.6717(D 0.1028(9) -0.0250(7)  4.1(3)
0(14)  0.9395(8) 0.3004(9) 0.0743(8)  5.2(3)
o@21)  0925(1) 0.310(1) 0.3779(9)  7.6(4)
0(22) 0.8773(9) —0.073(1) 04820(7)  5.5(3)
0(23)  0.6504(8) 0.1425(9) 0.3732(7)  4.8(3)
0(31) 048697 0.0628(9) 0.1617(8)  4.8(3)
0(41) 0.8911(9) ~0.280(1) 0.277(1) 7.1(4)
0(42)  0.6462(8) —0.144(1) 0.3677(7)  5.003)
c()  0.875(1) —-0.041(1) 0.037(1) 4.1(4)
C(12)  0.9475(9) 0.020(1) 0.2389(9)  3.203)
c(13)  0.704(1) 0.110(1) 0.047(1) 3.203)
c(14)  0.905(1) 0.210(1) 0.095(1) 3.6(3)
C(21)  0.894(1) 0.219(2) 0.351(1) 5.2(5)
C(22) 0.862(1) —0.020(1) 0.414(1) 3.6(3)
C(23)  0.690(1) 0.137(1) 0.318(1) 3.303)
C(31)  0.564(1) 0.095(1) 0.164(1) 3.5(3)
C(41)  0.826(1) —0.195(1) 0.244(1) 4.4(4)
C42) 0.672(1) —0.121(1) 0.301(1) 3.6(3)
C(301) 0.603(1) 0.355(1) 0.100(1) 5.0(4)
C(302) 0.701(1) 0.372(1) 0.095(1) 4.04)
C(303) 0.749(1) 0.394(1) 0.184(1) 4.6(4)
C(304) 0.685(1) 0.387(1) 0.242(1) 4.5(4)
C(305) 0.595(1) 0.363(1) 0.187(1) 5.3(5)
C(401)  0.590(1) —0.138(1) 0.057(1) 42(4)
C(402) 0.675(1) —0.179(1) 0.035(1) 4.7(4)
C(403)  0.712(1) —0.281(1) 0.092(1) 474
C(404) 0.647(1) —0.299(1) 0.150(1) 474
C(405) 0.570(1) —0.210(1) 0.129(1) 5.1(4)

1 and selected bond lengths and angles displayed in
Table 2. Fig. 1 contains an ORTEP plot of 5 showing the
molecular structure and atomic labelling scheme.
Cluster 5 possesses an Mo, Ir, pseudotetrahedral core
geometry with each molybdenum ligated by one cy-
clopentadienyl group, each iridium bearing two terminal
carbonyl ligands, and six carbonyl ligands in bridging
sites completing the coordination geometry; the cluster
is thus electron precise with 60 CVE. The Ir(1)-Ir(2)
distance (2.6972(9) A) is similar to those found in clus-
ters 2—4 (2.697(1)-2. 72(1)A) and the Mo-Ir parame-
ters (2.838(1)-2.871(1) A) within the range of those

Procedure 2

CPMO(CO)3H 40 psig CO O CH,Cl, Na[Cpl\;lLo(CO)g,]
+
IrfCI(CO)y(p-toluidine)  CH,Cl,/Zn paass _\ RT/2h  [rCl(CO),(p-toluidine)
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o N

5

Scheme 1. Syntheses of Cp, Mo, Ir,(CO),, (5).
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observed in 4 (2.835(2)-2.902(2) A). The Mo-Mo link-
age in § is long (3.111(1) A), but not exceptionally so;
unsupported Mo—-Mo vectors as long as 3.28 A have
been crystallographically confirmed [18]. Four of the
carbonyl ligands attached to the iridium atoms (CO11,
CO014, C0O21, C0O22) are ‘normal’ terminal carbonyls
(Ir—-CO 1.86(2)-1.90(2) A, £Ir-C-0 176(2)-178(1)°),
but all other carbonyl groups interact with more than
one metal. Three carbonyl ligands (CO12, CO13, CO23)
adopt true bridging geometries about the metal-metal
vectors in the Ir(1)I(2)Mo(3) plane, the first-mentioned
being somewhat asymmetrically disposed (I(1)-C(12)
2.06(1) A, Ir(2)-C(12) 2.14(1) A), unlike the other two.
The final three carbonyl ligands, all bound to molybde-
num, adopt semi-bridging geometries. Curtis and co-
workers have defined an asymmetry parameter a to
evaluate semi-bridging character [19,20], with values of

Table 2 .

Selected bond lengths (A) and angles (deg) for Cp, Mo, Ir,(CO),, (5)
I(1)-1n(2) 2.6972(9) Mo(4)-C(402) 2.36(1)
I(1)-Mo(3) 2.855(1) Mo(4)-C(403) 2.33(1)
I(1)-Mo(4) 2.838(1) Mo(4)-C(404) 2.29(1)
I(2)-Mo(3) 2.860(1) Mo(4)-C(405) 2.34(2)
I(2)-Mo(4) 2.871(1) can-o(11) 1.16(2)
Mo(3)-Mo(4) 3.111(1) Cc(19)-0(14) 1.14(2)
I(1)-C(11) 1.86(2) c2D-0221) 1.11(2)
I(1)-C(14) 1.89(2) C(22)-0(22) 1.15(2)
If(2)-C(21) 1.90(2) c3N-0(31) 1.15(2)
Ir(2)-C(22) 1.88(2) C(41)-041) 1.18(2)
Mo(3)-C(31) 1.97(1) C(42)-0(42) 1.16(2)
Mo(4)-C(41) 1.95(2) C(12)-0(12) 1.17Q2)
Mo(4)-C(42) 1.96(2) C(13)-0(13) 1.09(1)
I(1)-C(12) 2.06(1) C(23)-0(23) 1.09(2)
I(2)-C(12) 2.14(1) C(301)-C(302) 1.43(2)
I(1)-C(13) 2.20(1) C(302)-C(303) 1.412)
Mo(3)-C(13) 2.17(2) C(303)-C(304) 1.39(2)
In(2)-C(23) 221(2) C(304)-C(305) 1.41(2)
Mo(3)-C(23) 2.2002) C(305)-C(301) 1.35(2)
Mo(3)-C(301) 2.31(1) C(401)-C(402) 1.35(2)
Mo(3)-C(302) 2.35(2) C(402)—-C(403) 1.42(2)
Mo(3)-C(303) 237(2) C(403)-C(404) 1.40(2)
Mo(3)-C(304) 2.34(1) C(404)-C(405) 1.44(2)
Mo(3)-C(305) 2.29(1) C(405)-C(401) 1.40(2)
Mo(4)-C(401) 2.37(1)

I(2)-Ir(1)-Mo(3) 61.93(3) I(2)-C(23)-Mo(3)  80.8(5)

I(2)-I(1)-Mo(4) 62.41(3)
Mo(3)-Ir(1)-Mo(4)66.23(3)
I(1)-I(2)-Mo(3) 61.75(3)
I(1)-I(2)-Mo(4) 61.20(3)
Mo(3)-Ir(2)-Mo(4)65.75(3)
I(1)-Mo(3)-Ir(2) 56.32(3)
Ir(1)-Mo(3)-Mo(4) 56.62(3)
r(2)-Mo(3)-Mo(4)57.29(3)
I(1)-Mo(4)-1(2) 56.38(3)
Ir(1)-Mo(4)-Mo(3)57.15(3)
Ir(2)-Mo(4)-Mo(3)56.96(3)
I(D-C(12)-1Ir(2)  79.9(5)
Ir(1)-C(13)-Mo(3) 81.5(5)

I()-Ccan-o0(11)  178(1)
I(1)-c(14)-0(14)  178(1)
I(2)-CQD-021)  176(2)
I(2)-C(22)-0(22)  178(1)
Mo(3)-C(31)-0(31) 16%(1)
Mo(4)-C(41)-0(41)  174(1)
Mo(4)-C(42)-0(42)  173(1)
I(1)-C(12)-0(12) 144(1)
I(2)-C(12)-0(12)  136(1)
I(1)-C(13)-0(13) 135(1)
Mo(3)-C(13)-0(13)  143(1)
I(2)-C(23)-0(23) 136(1)
Mo(3)-C(23)-0(23)  143(1)
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Fig. 1.

a between 0.1 and 0.6 corresponding to semi-bridging.
For these carbonyl groups, Mo(3)-C(31) - - - Mo(4) has
a=0.51, Mo(4)-C(41) - --Ir(2) has a=0.50, and
Mo(4)-C(42) - - - Ir(2) has a = 0.55, all well within the
semi-bridging domain. In addition, CO13 is tilted to-
ward Mo(4) (the dihedral angle of Mo(3)C(13)Ir(1) with
the Mo(3)Ir(1)Ir(2) plane is 21.40°, whereas the corre-
sponding dihedral angles for the other bridging car-
bonyls (Mo(3)C(23)Ir(2) 12.96°, Ir(1)C(12)Ir(2) 13.28°)
are significantly smaller); the Mo(4) - - - C(13) distance
of 3.06(1) A affords asymmetry parameters of a = 0.39
with I(1) and @ =0.41 with Mo(3), suggesting that
CO(13) is an unusual ‘semi-face-capping’ carbonyl lig-
and (other molybdenum-containing examples are extant:
see Refs. [21,22]). Because of these semi-bridging inter-
actions, all metal-metal bonds in 5 have bridging car-
bonyls. Very few clusters have been structurally charac-
terized with six or more bridging carbonyls [22-30] and
of these only Ni,(CO),(PMe,), [23,24],
Ni (CO)([P(CH,CH,CN);], [30] and Pd,(CO)((PBu3),
[25] possess tetrahedral core geometries.

2.3. Discussion

It was pointed out by Churchill et al. that 3 is
amongst the most crowded of tetranuclear clusters [5];
assuming that Cp occupies 2.5 coordination sites, it is
an example of an M,(CO);; cluster (with no examples
of M,(CO),, thus far structurally confirmed). A com-
parison of spectroscopic and crystallographic data from
3 with those from § is therefore of obvious interest, and
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is presented in Table 3, with atoms in 3 relabelled for
consistency.

Fig. 2 shows the molecular structure and atomic
labelling scheme for Cp,Mo,Ir,(CO),, (5). Thermal
envelopes of 50% probability are shown for the non-hy-
drogen atoms; hydrogen atoms have arbitrary radii of
0.1A.

The bridging carbonyl bands in the IR spectra in-
crease in number and decrease in energy in proceeding
from 3 to 5 (ie. to the lighter metal). Both 3 and 5
fragment similarly in the MS, with a less intense molec-

Table 3
Selected spectroscopic and crystallographic data for Cp,W, Ir,(CO),,
(3) and Cp, Mo, Ir,(CO),, (5)

Cp,W,Ir,(CO),, 3) Cp,Mo,Ir,(CO),, (5)

IR (C(H,,)
v(CO)(cm™") 2067 s 2063 m
2032 vs 2046 w
2010 vs 2034 vs
2000 s 1998 w
1987 m 1990 w
1968 w 1977 w
1926 m 1940 w
1896 w 1927 w
1833 w 1887 w
1866 w
1768 w
"H NMR (5 CDCl,)
(s, 10H, Cp) 5.33 498
MS m / z (rel. intensity)
mMI* 1162 (25) 986 (13)
[M—-CO]* 1134 (17) 958 (31)
[M-2Co]* 1106 (62) 930 (78)
[M-3CO]* 1078 (100) 902 (81)
[M—4co}* 1050 (88) 874 (48)
[M—sco)* 1022 (78) 846 (100)
[M—6CO}* 994 (75) 818 (89)
[M-7C0]* 966 (63) 790 (75)
[M-5CO~Cp]* 957 (13) 781 (37)
[M—8Col* 938 (37) 762 (68)
[M—6CO~Cp]* 929 (17) 753 (52)
{M-9co]* 910 (29) 734 (63)
[M—7CO~Cpl* 901 (15) 725 (44)
[M—10COJ* 882 (27) 706 (50)
Metal-metal bond lengths
M=W M = Mo
I(1)-Ix(2) 2.722(1) 2.6972(9)
I(1)-M(3) 2.833(1) 2.855(1)
I(1)-M(4) 2.847(1) 2.838(1)
I(2)-M(3) 2.796(1) 2.860(1)
r(2)-M(4) 2.863(1) 2.871(1)
M(@3)-M(4) 2.991(1) 3.111(1)
Short metal-carbonyl carbon contacts
I(2) - - - C(41) 2.93(1)
I(2) - - - C42) 2.835(14) 3.04(1)
M(4) - - - C(13) 3.06(1)
M(4) - - - C(31) 2.794(14) 2.98(1)

Fig. 2. Shows the molecular structure and atomic labelling scheme
for Cp, Mo, Ir,(CO),, (5). Thermal envelopes of 50% probability are
shown for the non-hydrogen atoms; hydrogen atoms have arbitrary
radii of 0.1 A.

ular ion and more intense fragment ions [M — nCO}*,
n > 4, being observed for the cluster with the lighter
metal, possibly indicative of enhanced reactivity. Core
bond distances for 3 and S are comparable with the
exception of Ir(2)-M(3) and M(3)-M(4), both substan-
tially longer for §. It is in the carbonyl disposition about
the cluster cores where the greatest disparity between 3
and $ lies. The presence of bridging carbonyls about the
I(1)I(2)M(3) plane in 5, but not 3, does not lead to a
decrease in metal-metal bond lengths for § compared
with 3 (in fact there is a substantial elongation of the
Ir(2)-Mo(3) vector). Semi-bridging interactions
Ir(2) - - - C(42) and M(4) - - - C(31) are both 0.2 A longer
in § than in 3, consistent with 5§ being the more steri-
cally encumbered cluster. Angle In(2) - - - C(42)-M(4)
is significantly more acute in 5§ than in 3, but this
carbonyl is semi-bridging in 3 and semi-face-capping in
$. Ignoring all semi-bridging and semi-face-capping
interactions, all cluster metal atoms have 18 electron
counts. Semi-bridging CO(31) redirects electron density
from Mo(3) to Mo(4), and semi-face-capping CO(13)
transfers charge from Mo(3) and Ir(1) to Mo(4). Simi-
larly, semi-bridging CO(41) and CO(42) transfers elec-
tron density from Mo(4) to I(2). The net effect is to
make Mo(3) slightly electron deficient and Ir(2) slightly
electron rich. In 3, semi-bridging W(3)-C(31) - - - W(4)
and W(4)-C(42) - - - Ir(2) were compensated by a short
Ir(2)-W(3) linkage presumed to result from direct elec-
tron transfer from If2) to W(3). This effect is not
observed in §, with any charge asymmetry resulting
from bridging carbonyls uncompensated by Ir(2) —
Mo(3) electron transfer. As all metals have 18 valence
electron counts, the semi-bridging interactions in 3 and
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5 serve only to relieve steric stress in the clusters; the
larger number of semi-bridging interactions and uncom-
pensated charge asymmetry in 5 suggest that steric
pressure is significantly greater for 5.

The proclivity of carbonyls to adopt bridging geome-
tries in clusters of the lighter metals leads then in the
present case to an example even more crowded than 3,
reflected in compensating bond lengthening. Cluster
Cp,Mo,Co,( u-C0O),(CO),, related to 5 by replacement
of Ir by the smaller Co, may have been expected to be
even more sterically hindered than §, but no semi-bridg-
ing interactions have been found [31]. With respect to
the plane of bridging carbonyls, the cyclopentadienyl
ligands occupy apical, radial sites in the cobalt example,
unlike in 5§ where an apical, axial geometry is observed.
It is well-established that the radial substitution sites are
less sterically hindered than the axial sites [10]. It seems
therefore that the title cluster 5 is the most sterically
encumbered example from this mixed-metal system, but
the reason for the differing site preference of the cy-
clopentadienyl ligand is not clear at this stage.

The role of steric factors in mixed-metal tetranuclear
clusters is of current interest [32]. The steric congestion
at the title cluster may be expected to influence its
chemistry significantly, an aspect we are currently prob-
ing. For example, 3 adds two equivalents of PPh,
whereas 5 adds one only [33], a result readily explicable
on steric grounds. Further comparative reactivity studies
are currently under way.

3. Experimental details
3.1. General conditions

Reactions were performed under either an atmo-
sphere of argon (high-purity, CIG) or carbon monoxide
(high-purity, CIG) although no special precautions were
taken to exclude air during work-up. The reaction sol-
vent CH,Cl, was dried by distillation over CaH, under
a nitrogen atmosphere. Petroleum spirit refers to a
petroleum fraction of boiling range 60—80 °C. The prod-
ucts were purified by thin-layer chromatography on
20 X 20cm? glass plates coated with Merck GE,; 4 silica
gel (0.5mm). Literature procedures were used to syn-
thesize CpMo(CO),H [34], IrCI(CO),( p-toluidine) [35]
and Na[CpMo(CO),] [36].

3.2. Instruments

Infrared spectra were recorded on a Perkin-Elmer
System 2000 FT-IR with CaF, optics. '"H NMR spectra
were recorded in CDCl; using a Varian Gemini-300 (at
300MHz) and are referenced to residual CHCI,
(7.24ppm). Mass spectra were recorded using a VG
ZAB 2SEQ instrument (30kV Cs* ions, current 1 mA,

accelerating potential 8kV, 3-nitrobenzyl alcohol ma-
trix) at the Research School of Chemistry, Australian
National University. Microanalyses were carried out by
the Microanalysis Service Unit in the Research School
of Chemistry, Australian National University.

3.3. Preparation of Cp,Mo,Ir,(CO),, (1)

3.3.1. Procedure 1

A dichloromethane solution (150ml) of freshly pre-
pared CpMo(CO),H (380 mg, 1.54 mmol) was added to
IrCI(CO) ( p-toluidine) (210 mg, 0.54 mmol) and acid-
washed granular zinc (ca. 1.0 g) in an argon-filled 250 ml
glass pressure bottle. After attaching the pressure head,
the bottle was pressured to 40 psig with carbon monox-
ide and placed in an oil bath at 60°C for 16h, over
which period the reaction mixture was stirred. The oil
bath was cooled to room temperature, the glass pressure
bottle vented, and Sml of CCl, added to the reaction
mixture to convert the remaining CpMo(CO),H to
CpMo(CO),Cl for easier work-up. The reaction mixture
was stirred for 15min under an argon atmosphere, and
then filtered and evaporated to dryness on a rotary
evaporator. The red solid residue was extracted with
dichloromethane (8—10ml) and the resultant solution
applied to preparative TLC plates. Elution with
dichloromethane—petroleum spirit (2:5) gave bands of
pink [CpMo(CO);], (R, = 0.54, trace), orange
CpMolr,(CO),; (R;=0.38), brown Cp,Mo,Ir,(CO),,
(R;=0.14) and orange CpMo(CO),Cl (R, = 0.08). The
material in the orange band (R, = 0.38) of
CpMolr,(CO),, (4) was crystallized from
dichloromethane—methanol by liquid diffusion at 3°C
(53 mg, 38%) and identified by comparison of its IR
and '"H NMR spectra with literature values [16]. The
brown band was extracted with dichloromethane and the
resultant solution evaporated to dryness. The crude
product was recrystallized from dichloromethane—
methanol by liquid diffusion at 3 °C over 24 h to afford
red-brown crystalline Cp,Mo, Ir,(CO),, (5) (60mg,
0.061 mmol, 23%). Anal. Found: C, 24.02; H, 0.91%.
CyoH,oIr,M0,0,, calcd: C, 24.35; H, 1.02%. The
orange band (R,=0.08) of CpMo(CO);Cl (100 mg,
0.36 mmol, 23%) was identified by comparison of its IR
and 'H NMR with literature values [37].

3.3.2. Procedure 2

Using the procedure of Manning et al. [36],
Na[CpMo(CO),] was prepared from Na (86 mg,
3.7 mmol), cyclopentadiene (0.85 ml, 802 mg,
12.1 mmol) and Mo(CO), (983 mg, 3.7 mmol).
IrCI(CO),( p-toluidine) (130mg, 0.33mmol) and dry
dichloromethane (30 ml) were added in situ to the crude
solid Na[CpMo(CO),] and the mixture stirred at room
temperature for 2h. The solvent was removed from the
reaction mixture by rotary evaporation, and the red-
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brown residue dissolved in dichloromethane (3—4ml)
and applied to preparative TLC plates. Elution with
dichloromethane—petroleum spirit (2:5) gave two bands.
The contents of the first band were identified by solu-
tion IR as CpMolr;(CO),, (4) (trace). The second band
contalned the major product which was identified by IR,
'H NMR and MS as Cp,Mo,Ir,(CO),, (5) (128 mg,
0.13 mmol, 78%).

3.4. X-ray structure determination

3.4.1. General conditions

Crystals of § suitable for diffraction analyses were
grown by slow diffusion of ethanol into dichloromethane
at 3°C. Data were collected on a Rigaku AFC6R
diffractometer with a 12kW rotating anode generator
utilizing graphite monochromated CuKo radiation (A
= 1.54178A; @26 scan mode, 20, 120.1°. A
unique diffractometer data set (T=296K) was ob-
tained, yielding 3543 independent reflections, 2807 of
these with 7> 30(1) being considered ‘observed’ and
used in the full matrix least squares refinement after
application of a face indexed analytical absorption cor-
rection. The data were also corrected for Lorentz and
polarization effects, and secondary extinction. The
structure was solved by direct methods and expanded
using Fourier techniques. The non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were included
at calculated positions but not refined. Conventional
residuals R, R, on |F| at convergence were 0.038,
0.043, the weighting function w = 1/0%(F,) =
[a2(F) + (p*/DF1™' (d*(F,) =esd. based on
counting statistics, p = 0.0080 determined experimen-
tally from standard reflections) being employed. Com-
putation used the teXsan package [38]. Pertinent results
are given in the figures and tables. Tables of hydrogen
atom coordinates and thermal parameters and complete
lists of bond lengths and angles for non-hydrogen atoms
have been deposited at the Cambridge Crystallographic
Data Centre.

3.4.2. Crystal data

CyH(Ir,Mo,0,,, M =986.61. Monoclinic, space
group P2,/c (No. 14), a = 14.330(4), b= 10. 604(2)
c=15. 041(4)A B =101.15(2)°, V=2242.6(8) A’
=4. D, =2922gcm™*; F(000) = 1792. ., =
313.65cm™"'; specimen: 0.36 X 0.04 X 0.01 mm?;
T oo max = 0.245, 0.732.

min,max
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