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Abstract

Reaction of [Ru3(CO)9(m3-CO)(m3-NOMe)] 1 with stoichiometric amounts of the hydrido complex [(h5-C5H5)Mo(CO)3H] in
THF at room temperature (r.t.) for 3 days affords the isolation of two new heterometallic trinuclear clusters namely
[Ru2Mo(m-H)(CO)8(h5-C5H5)(m3-NOMe)] 2 and [Ru2Mo(m-H)(CO)8(h5-C5H5)(m3-NH)] 3 which both consist of a triangular
Ru2Mo core capped by a NR fragment (2: R=OMe; 3: R=H). However, the reaction of 1 with the organomercurial derivative
[{(h5-C5H5)Mo(CO)3}2Hg] resulted in the formation of a pentanuclear complex [Ru3(CO)10(m-NH2)(m3-Hg){Mo(h5-C5H5)(CO)3}]
4 in which a (h5-C5H5)Mo(CO)3Hg fragment bridges the Ru3 core on the opposite side of the amido group. © 1999 Elsevier
Science S.A. All rights reserved.
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1. Introduction

Mixed-metal clusters have received considerable at-
tention and have become one of the popular research
topics in cluster chemistry over the past decade. The
Group VIII transition metal carbonyl clusters, such as
ruthenium and osmium, are important elements in these
heterometallic systems because of their good balance of
reactivity and stability. In most of the cases, the build-
ing up of these heterometallic cluster species is aided by
the presence of some main group non-metallic atoms
such as carbon, nitrogen, oxygen, sulphur or phospho-
rus [1].

The chemistry of the triruthenium carbonyl
methoxynitrido clusters such as [Ru3(CO)9(m3-CO)(m3-

NOMe)] has been described in previous papers by
ourselves and others [2–4]. It was discovered that the
reactivities of this class of methoxynitrido clusters orig-
inated from the thermolytic N–O bond cleavage to give
either the nitrido or nitrene species such as the tetranu-
clear [Ru4(CO)12(m4-N)(m-OMe)] and hexanuclear
[Ru6(CO)16(m-CO)2(m4-NH)(m-OMe)2] clusters [5]. In
these reactions, cluster expansion is always accompa-
nied with the N–O bond cleavage. It was also shown
that the presence of additional cluster species such as
[Ru3(CO)12] during the hydrogenation of the
methoxynitrido cluster [Ru3(CO)9(m3-CO)(m3-NOMe)]
resulted in the isolation of two higher nuclearity prod-
ucts [Ru5(m-H)3(CO)13(m4-NH)(m3-OMe)] and [Ru6(m-
H)(CO)16(m-CO)2(m4-NH)(m-OMe)] in addition to the
two trinuclear species, [Ru3(m-H)2(CO)9(m3-NOMe)]
and [Ru3(m-H)2(CO)9(m3-NH)] [5]. To generate some
nitrido or nitrene clusters [6] utilising the methoxyni-
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Scheme 1.
Fig. 1. The molecular structure of [Ru2Mo(m-H)(CO)8(h5-C5H5)(m3-
NOMe)] 2 with the atomic numbering scheme.

trido cluster as the building block, attempts to incorpo-
rate an external organometallic fragment are desirable.
This synthetic approach gives not only new clusters, but
also allows us to investigate the underlying mechanisms
of their formation which has not been studied in detail
so far. Herein, the reactions between the methoxyni-
trido cluster [Ru3(CO)9(m3-CO)(m3-NOMe)] and the
organo-molybdenum compounds which are described
afford two heterometallic trinuclear clusters [Ru2Mo(m-
H)(CO)8(h5-C5H5)(m3-NR)] where R=OMe and H.

2. Results and discussion

Treatment of the cluster [Ru3(CO)9(m3-CO)(m3-
NOMe)] 1 with 1 equivalent of [(h5-C5H5)Mo(CO)3H]
in THF at r.t. for 3 days gave [Ru2Mo(m-H)(CO)8(h5-
C5H5)(m3-NOMe)] 2 and [Ru2Mo(m-H)(CO)8(h5-
C5H5)(m3-NH)] 3 in fair yields (Scheme 1) together with
two known complexes, [(h5-C5H5)Mo(CO)2]2 and [(h5-
C5H5)Mo(CO)3]2 [7] after TLC purification on silica.
The spectroscopic data (IR, 1H-NMR and FAB MS)

for the two new clusters are summarised in Table 1.
The 1H-NMR and mass spectra of clusters 2 and 3 are
fully consistent with their formulations. Single crystals
of both 2 and 3, suitable for X-ray diffraction analyses,
were obtained by slow evaporation of their saturated
n-hexane and dichloromethane solution mixtures at
−20°C.

The molecular structure of 2 is illustrated in Fig. 1
and the selected bond lengths and angles are depicted in
Table 2. The molecule contains a heterometallic Ru2Mo
triangular metal core [Ru(1)–Ru(2) 2.831(1), Ru(1)–
Mo(1) 2.836(1) and Ru(2)–Mo(1) 2.834(1) Å] slightly
asymmetrically capped by a methoxynitrido ligand
through the coordination of nitrogen atom [Ru(1)–
N(1) 2.025(7), Ru(2)–N(1) 2.014(7) and Mo(1)–N(1)
2.075(7) Å]. The N–O bond length was found to be
1.435(9) Å comparable to the parent cluster 1 [1.433(6)
Å] [2,3]. The molybdenum atom is coordinated by a
cyclopentadienyl ring in a h5-fashion in accordance
with the observation of a singlet at 5.5 ppm in the

Table 1
Spectroscopic data for clusters 2–4

MSd (m/z)1H-NMRc (ppm)Cluster IR(yCO)a (cm−1)

2091w, 2072vs, 2026s, 2008s, 1883br, 1831br 5.55 [s, 5H, C5H5], 3.67 [s, 3H, OMe], −17.55 [s, 1H, Ru–H] 633 (633)2
2093m, 2072vs, 2020vs, 1850w3 6.05 [br, 1H, NH], 5.50 [s, 5H, C5H5], −17.79 [s, 1H, Ru–H] 603 (603)
b2091w, 2049vs, 2041sh, 2004s, 1993m, 1974w,4 5.42 [s, 5H, C5H5], 3.34 [br, 1H, NH], 2.24 [br, 1H, NH] 1045 (1045)
1869w

a Recorded in n-hexane.
b Recorded in CH2Cl2.
c Recorded in CDCl3.
d Calculated value in parentheses.
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1H-NMR spectrum. The remaining coordination site in
the Mo centre is bonded to two carbonyl ligands which
can be considered to be semi-bridging as evidenced
from the deviation from linearity in the bond angles of
Mo(1)–C(7)–O(7) 167.3(9) and Mo(1)–C(8)–O(8)
165.9(9)° as well as the relatively short separation of
Ru(1)···C(8) and Ru(2)···C(7) equal to 2.679(8) and
2.698(5) Å, respectively. A similar observation was
found in the analogous compound [Ru2W(m-H)(h5-
C5H5)(CO)6(m-CO)2(m3-NPh)] [8]. Solution IR spectrum
of 2 also supports this argument as two carbonyl
stretching bands at 1883 and 1831 cm−1 were observed.
Each Ru atom was bonded to two equatorial and one
axial terminal carbonyls while the hydrido ligand pre-
sumably bridges the Ru(1)–Ru(2) edge since the
metal–metal bond distance is comparable to hydride-
bridged Ru–Ru separations in [Ru3(m-H)2(CO)9(m3-
NOMe)] [2.824(2) Å] and [Ru3(m-H)2(CO)9(m3-NH)]
[2.818(1) Å] [5], and is significantly longer than that in
1 [2.755(1) Å]. The methoxy group exhibits a singlet
proton resonance at d 3.67 which is essentially similar
to that of 1 (d 3.46) and [Ru3(m-H)2(CO)9(m3-NOMe)]
(d 3.46) but relatively upfield (d 5.46) to that in
the [CpMnFe2Cp%2(m-CO)2(m-NO)(m3-NOMe)]+ (Cp%=
MeC5H4) cation [9].

The molecular structure of 3 is depicted in Fig. 2 and
some selected structural parameters are presented in
Table 2. The molecular geometry of 3 resembled 2

Fig. 2. The molecular structure of [Ru2Mo(m-H)(CO)8(h5-C5H5)(m3-
NH)] 3 with the atomic numbering scheme.

except that the methoxy group is replaced by proton.
The molecule consists of a trinuclear heterometallic
Ru2Mo(m3-NH) nitrene metal core. The three metal
atoms form an equilateral triangle with Ru(1)–Ru(2)
2.831(1), Ru(1)–Mo(1) 2.824(1) and Ru(2)–Mo(1)
2.829(1) Å in which the nitrene, N–H fragment triply
bridged the triangular plane [Ru(1)–N(1) 2.023(8),
Ru(2)–N(1) 2.052(8) and Mo(1)–N(1) 2.051(8) Å] simi-
lar to the geometry of the central core in [(h5-
C5H4Me)Mo(m3-NH)(m-NO)(m-CO)Fe2(CO)6] [10] and
[Fe2Co(m3-NH)(CO)9] [11]. The remaining coordinated
ligands such as h5-C5H5 ring, carbonyls and bridging
hydride within the metal framework are arranged in a
similar manner to 2 including the semi-bridging car-
bonyls [Mo(1)–C(7)–O(7) 163(1) and Mo(1)–C(8)–
O(8) 164(1)°] between the two heterometallic Ru–Mo
edges [Ru(1)–C(8) 2.576(3) and Ru(2)–C(7) 2.617(6)
Å]. The 1H-NMR properties of cluster 3 are very
similar to 2 in respect of the cyclopentadienyl group (d
5.50) and metal hydride (d −17.79). The nitrene pro-
ton, on the other hand, is located at 6.05 ppm as a
broad peak that is similar to many previously identified
nitrene-containing clusters [4,5].

Although the conversion of methoxynitrido to ni-
trene moiety can be effected under an atmosphere of
molecular hydrogen which has been demonstrated ear-
lier from the hydrogenation of [Ru3(m-H)2(CO)9(m3-
NOMe)] to form [Ru3(m-H)2(CO)9(m3-NH)], the
isolation of both 2 and 3 is unexpected as one of the
ruthenium vertex is replaced by an isoelectronic (h5-
C5H5)Mo(CO)2H fragment via a metal-exchange reac-
tion rather than the incorporation of an extra
heterometallic fragment to the triruthenium core. The

Table 2
Selected bond distances (Å) and angles (°) of clusters 2 and 3, with
the estimated S.D. in parentheses

Bond distances (Å)
Ru(1)–Ru(2) 2.831(1) 2.831(1)

2.824(1)2.836(1)Ru(1)–Mo(1)
2.834(1)Ru(2)–Mo(1) 2.829(1)

Ru(1)–N(1) 2.025(7) 2.023(8)
Ru(2)–N(1) 2.014(7) 2.052(8)

2.051(8)Mo(1)–N(1) 2.075(7)
Ru(1)–H 1.72 1.86

1.89Ru(2)–H 1.84
1.435(9)N(1)–O(9) –

O(9)–C(9) 1.40(1) –
N(1)–H(1) – 1.01

1.92(1)–1.97(1)Ru–CO 1.86(1)–1.91(1)
1.97(1)–1.98(1)Mo–CO 1.92(1)–1.94(1)

1.14 (1)–1.18(1)1.10(1)–1.15(1)C–O (carbonyl)

Bond angles (°)
60.08(3)Ru(1)–Ru(2)–Mo(1) 59.86(3)
60.00(3)Ru(2)–Ru(1)–Mo(1) 60.04(3)

60.10(3)59.91(3)Ru(1)–Mo(1)–Ru(2)
89.0(3)Ru(1)–N(1)–Ru(2) 88.0(3)

87.8(3)87.5(3)Ru(1)–N(1)–Mo(1)
87.7(3)Ru(2)–N(1)–Mo(1) 87.2(3)

Ru(1)–Ru(2)–C(4) 99.6(3) 95.7(3)
119.9(3)121.0(3)Ru(1)–Ru(2)–C(5)

120.9(3)Ru(2)–Ru(1)–C(2) 119.2(4)
97.5(3)Ru(2)–Ru(1)–C(3) 97.4(4)
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occurrence of metal-exchange reaction is known but
not common in cluster reactions. The first example was
reported in an attempt to generate an external Co–M
bond by CO elimination through the thermolysis of
[Co3(m3-CR)(CO)8AsMe2MCo(CO)3] which afforded in-
stead of a tetranuclear complex, a trinuclear het-
erometallic cluster, [CpMCo2(m3-CR)(CO)8] (R=alkyl;
M=Cr, Mo and W) [12]. On the other hand, Geoffory
and co-workers have reported the formation of a het-
eronuclear nitrene cluster, [Ru2Co(m-H)(m3-NPh)(CO)9]
via the metal-exchange reaction [13] between the nitrene
cluster, [Ru3(CO)9(m3-CO)(m3-NPh)] and [Co(CO)4]−

anion followed by protonation. Later, [Ru2W(m-H)(h5-
C5H5)(CO)6(m-CO)2(m3-NPh)], the structural analogs of
clusters 2 and 3, were also isolated and characterized
from the reaction of [Ru3(CO)9(m3-CO)(m3-NPh)] with
[(h5-C5H5)W(CO)3H] [8]. Nonetheless, the mechanistic
details for the formation of 2 and 3 remains uncertain
as the metal-exchange reaction is an unpredictable and
complicated process.

However, the reaction of an organometallic reagent
which also possesses the (h5-C5H5)Mo(CO)3 fragment,
such as [{(h5-C5H5)Mo(CO)3}2Hg] with 1 does not lead
to the formation of clusters 2 and 3. Reaction of a THF
solution of cluster 1 with [{(h5-C5H5)Mo(CO)3}2Hg] in
stoichiometric quantities at r.t. does not give an observ-
able change while the reaction occurs at refluxing
condition for 2 h and affords a new red hetero-
nuclear cluster [Ru3(CO)10(m-NH2)(m3-Hg){Mo(h5-
C5H5)(CO)3}] 4 as shown in Scheme 1. Cluster 4 has
been fully characterised by IR, 1H-NMR and MS with
the spectroscopic data presented in Table 1. The posi-
tive FAB mass spectrum of 4 shows a parent envelope
at m/z 1045 with an isotopic distribution consistent
with the presence of three ruthenium, one molybdenum
and one mercury atom. The IR spectrum shows the
activities of terminal carbonyl. The occurrence of
molybdenum is further supported by the appearance of
a cyclopentadienyl ligand at d 5.42. In addition, two
broad peaks assigned to the bridging amido group were
also noted in the 1H-NMR spectrum of 4.

In order to elucidate the structure of cluster 4, red
crystals of 4 were grown in a saturated solution mixture
of n-hexane and dichloromethane after slow evapora-
tion at −20°C. The molecular structure of 4, estab-
lished by X-ray diffraction analysis, is given in Fig. 3
and the bond parameters are tabulated in Table 3. The
structure of 4 is comprised of a triangular Ru3(CO)10(m-
NH2) core and a (h5-C5H5)Mo(CO)3 fragment bridged
by a Hg atom in a m3-coordination mode similar to the
metal skeleton of [(m3-h2-C2But)(CO)9Ru3(m3-Hg)Mo-
(h5-C5H5)(CO)3] [14] and [(m3-H)(CO)9Mn3(m3-Hg)Mo-
(h5-C5H5)(CO)3] [15]. The triruthenium core [Ru(1)–
Ru(2) 2.831(1), Ru(1)–Ru(3) 2.836(1) and Ru(2)–
Ru(3) 2.845(1) Å] is symmetrically bridged by an amido
ligand with Ru(2)–N(1) and Ru(3)–N(1) of 2.111(7)

Fig. 3. The molecular structure of [Ru3(CO)10(m-NH2)(m3-
Hg){Mo(h5-C5H5)(CO)3}] 4 with the atomic numbering scheme.

and 2.084(8) Å, respectively. The Ru3 core is bonded by
ten terminal carbonyls [four for Ru(1), three for Ru(2)
and Ru(3)] such that the geometry of this Ru3(CO)10(m-
NH2) core is similar to that in [Ru3(m-H)(CO)10(m-
NH2)] [16,17]. However, the Ru(2)–Ru(3) edge in
[Ru3(m-H)(CO)10(m-NH2)] is bridged by a hydride lig-
and with a relatively short [2.773(2) Å] distance in
comparison to 4 [2.845(1) Å] which is bridged symmet-
rically by a [Mo(h5-C5H5)(CO)3Hg] fragment with an
average Hg–Ru distance of 2.793(8) Å. The Ru(2)–
Hg(1)–Ru(3) angle is 61.24(2)° and is comparable to
the value of 61.4(1)° found in [(m3-h2-C2But)(CO)9-
Ru3(m3-Hg)Mo(h5-C5H5)(CO)3] [14]. The atom-defining
planes Ru(2)–Hg(1)–Ru(3) and Ru(2)–N(1)–Ru(3)
give dihedral angles of 124.4 and 113.8° with respect
to the triruthenium plane, respectively. The Hg(1)–Mo(1)

Table 3
Selected bond distances (Å) and angles (°) of cluster 4, with the
estimated S.D. in parentheses

Bond distances (Å)
2.831(1)Ru(1)–Ru(2)

Ru(2)–Ru(3) 2.845(1)
Ru(1)–Ru(3) 2.836(1)
Ru(2)–Hg(1) 2.8035(8)
Ru(3)–Hg(1) 2.7814(8)
Mo(1)–Hg(1) 2.7681(8)
Ru(2)–N(1) 2.111(7)
Ru(3)–N(1) 2.084(8)
Ru–CO 1.85(1)–1.94(1)
Mo–CO 1.944(10)–1.97(1)

1.14(1)–1.18(1)C–O (carbonyl)

Bond angles (°)
Ru(1)–Ru(2)–Ru(3) 59.96(3)
Ru(2)–Ru(1)–Ru(3) 60.26(3)
Ru(1)–Ru(3)–Ru(2) 59.78(3)
Ru(2)–Hg(1)–Ru(3) 61.24(2)

148.54(3)Ru(2)–Hg(1)–Mo(1)
Ru(2)–N(1)–Ru(3) 85.4(3)
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bond length in 4 [2.7681(8) Å] is longer than the
corresponding separation in the dimeric starting com-
plex, [{(h5-C5H5)Mo(CO)3}2Hg] [2.685(3) Å] [18]. The
orientation of the h5-cyclopentadienyl moiety is pointed
at the side of the Ru3 plane opposite to the amido
ligand since the non-bonded interactions are minimised
with the two axial carbonyl groups [C(6)–O(6) and
C(8)–O(8)] bonded to Ru(2) and Ru(3) atoms, respec-
tively.

Although [{(h5-C5H5)Mo(CO)3}2Hg] and [(h5-
C5H5)Mo(CO)3H] possess the same isolobal (h5-
C5H5)Mo(CO)3 fragment, the reaction with 1 afforded
the new pentanuclear cluster 4 in addition to the known
di-molybdenum complex. This external metal fragment
only bridged across a Ru–Ru edge of a Ru3 core
similar to an isolobal metal–metal bridge hydride in
[Ru3(m-H)(CO)10(m-NH2)]. Moreover, the methoxyni-
trido ligand has been converted to an amido group
other than the previously observed nitrido, nitrene or
carbamate ligand. Nevertheless, the investigation of
cluster building up ultilizing the methodology involving
the methoxynitrido precursor is still in progress.

3. Experimental

3.1. General procedures

All manipulations were carried out under an inert
atmosphere of argon with standard Schlenk technique,
unless stated otherwise. Commercially available chemi-
cals were used as received. Solvents were dried by
appropriate drying agents and distilled prior to use.
Preparative thin-layer chromatographic (TLC) plates
were prepared from silica (Merck Kieselgel 60 GF254).
IR spectra were recorded on a Bio-rad FTS-165 FT-IR
spectrometer using 0.5 mm CaF2 solution cells. 1H-
NMR spectra were obtained on a Bruker DPX-300
NMR spectrometer using deuteriated solvents as lock
and reference. Fast-atom bombardment (FAB) mass
spectra were recorded on a Finnigan MAT 95 mass
spectrometer. Elemental analyses were performed by
the Butterworth Laboratories Ltd., UK.

3.2. Reaction of [Ru3(CO)9(m3-CO)(m3-NOMe)] 1 with
[(h5-C5H5)Mo(CO)3H]

Solids of 1 (125 mg, 0.2 mmol) and [(h5-
C5H5)Mo(CO)3H] (49 mg, 0.2 mmol) were mixed and
dried in vacuo for a few minutes. Then, 50 cm3 of
freshly distilled THF was added into the solid mixture.
The yellow solution was stirred for 3 days with a colour
change to orange. The solvent was removed under
reduced pressure and the orange oily residue was chro-
matographed on silica gel plate. Elution with n-hexane/
dichloromethane (4:1, v/v) yielded unreacted 1 (25 mg,

20%, Rf ca. 0.7), red [(h5-C5H5)Mo(CO)2]2 (13 mg, 15%,
Rf ca. 0.6) orange [(h5-C5H5)Mo(CO)3]2 (10 mg, 10%,
Rf ca. 0.5), orange [Ru2Mo(m-H)(CO)8(h5-C5H5)(m3-
NOMe)] 2 (13 mg, 10%, Rf ca. 0.4) and orange
[Ru2Mo(m-H)(CO)8((h5-C5H5)(m3-NH)] 3 (12 mg, 10%,
Rf ca. 0.3).

3.3. Reaction of [Ru3(CO)9(m3-CO)(m3-NOMe)] 1 with
[{(h5-C5H5)Mo(CO)3}2Hg]

A sample of 1 (125 mg, 0.2 mmol) and [{(h5-
C5H5)Mo(CO)3}2Hg] (138 mg, 0.2 mmol) were dis-
solved in 50 cm3 of THF. The yellow solution was
refluxed for 2 h to give a dark brown mixture. The
solvent was then removed in vacuo and the residue was
taken up in a minimum amount of CH2Cl2. Purification
by preparative TLC using n-hexane/CH2Cl2 (3:1, v/v)
yielded in order of elution, yellow [Ru3(CO)12] (7 mg,
5.5%, Rf ca. 0.8), unreacted 1 (10 mg, 8%, Rf ca. 0.6),
orange [(h5-C5H5)Mo(CO)3]2 (5 mg, 5%, Rf ca. 0.5) and
orange–red [Ru3(CO)10(m-NH2)(m3-Hg){Mo(h5-C5H5)-
(CO)3}] 4 (21 mg, 10%, Rf ca. 0.4).

4. X-Ray crystal structure determination

Single crystals of 2–4 for X-ray analyses were ob-
tained as described above and mounted on top of a
glass fiber by means of epoxy resin. Intensity data were
collected on either a Rigaku-AFC7R or a MAR re-
search image-plate scanner using graphite-monochro-
mated Mo–Ka radiation (l=0.71073 Å) for unit-cell
determination and data collection. A summary of the
crystallographic data, structure solution and refinement
is given in Table 4. The v–2u scan mode with a speed
16.0 deg min−1 was used for clusters 2 and 3. For
cluster 4, 65 3° frames with an exposure time of 5 min
per frame were used. Lorentz-polarisation and C-scan
absorption corrections [19] were applied to all the inten-
sity data collected on a Rigaku-AFC7R diffractometer.
However, an approximation to absorption correction
by inter-image scaling was applied for 4. Scattering
factors were taken from Ref. ([20]a) and anomalous
dispersion effects were included in Fc ([20]b). The posi-
tions of ruthenium atoms were determined by direct
methods (SIR92) [21]. The remaining non-hydrogen
atoms were determined by subsequent Fourier and
difference Fourier techniques. The structures were
refined by full-matrix least-squares analysis on F with
all non-hydrogen atoms refined anisotropically until
convergence was reached. The hydrides and hydrogen
atoms of the nitrene and amido moieties were located
by difference fourier synthesis using low angle data
while hydrogen atoms of the organic moieties were
generated in their ideal positions (C–H, 0.95 Å). They
are included in the structure factors calculations but
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Table 4
Summary of crystallographic parameters for clusters 2–4

2 43

C13H7NO8Ru2Mo C18H7NO13Ru3MoHgEmpirical formula C14H9NO9Ru2Mo
1044.99603.28Formula weight 633.31

Triclinic TriclinicCrystal system Triclinic
P1 (no. 2) P1 (no. 2)Space group P1 (no. 2)

Unit cell dimensions
8.627(1) 9.165(1)a (Å) 8.334(1)

16.012(2) 9.579(1)b (Å) 14.894(2)
17.387(2)6.2907(9)c (Å) 7.372(1)

96.58(1) 95.98(1)a (°) 89.59(2)
98.55(1) 108.90(1)b (°) 83.19(2)

69.75(2)91.30(1)g (°) 88.64(1)
867.0(2) 1292.2(3)V (Å3) 930.4(2)

2 2Z 2
2.311 2.6862.260Dcalc. (g cm−3)

604 572F(000) 960
24.71 81.84m(Mo–Ka) 23.12

Rigaku-AFC7R Rigaku-AFC7RDiffractometer MAR research Image Plate Scanner
–452u range (°) 45

v–2u v–2u –Scan type
–16.0Scan speed (in v) (deg min−1) 16.0

0.68+0.35 tan u 1.68+0.35 tan uScan width (°) –
2617 2435No. of reflections measured 28878

44302261No. of unique reflections 2425
2080 1734No. of reflections with I\3s(I) 3411

204141No. of variables 244
0.039 0.039Ra 0.034
0.039 0.048Rw

b 0.045
2.28 2.43Goodness-of-fit 1.41
0.07 0.03Largest D/s 0.06
0.44 to −0.79 0.91 to −0.66 1.29 to −1.52Residual electron density (e−3)

a R=S��Fo�−�Fc��/S�Fo�.
b Rw= [Sw(�Fo�−�Fc�)2/Sw(Fo)2]1/2 where w= [s2(Fo)]−1.

were not refined. All calculations were performed on a
Silicon-Graphics computer using the program package
TEXSAN [22].

Atomic coordinates, thermal parameters, and bond
lengths and angles have been deposited at the Cam-
bridge Crystallographic Data Centre (CCDC).
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