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Introduction

Trinuclear metal carbonyl clusters containing uaphe-
nylimido ligand, [Ms(CO)oNPh] (M = Fel Ru? and O8),

have been extensively investigated over the past decade.

However, triruthenium clusters possessing triply bridging O-
alkylated nitrosyl moieties-NOMe) are relatively unexplored.
Metal clusters containing either nitréner nitrido® ligand

have been known for a long time and these species are believed

to be the key intermediates in several chemical processes such

as reduction of nitrogen oxides and the Haber protess.
previous papers? we have reported the NO bond cleavage
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of [Ruz(CO)o0NOMEe] 1 to give a series of polynuclear carbonyl
clusters containing either quadruply bridging nitréGe,-NH)

or nitrido ligands. However, clusters containing both nitrene
and nitrido moieties are very rare. The only example we are
aware of is [{>-CsMes)sM03Co(CO)s(us-NH)(ua-N)] reported

by Dahl® from photolysis of a mixture of [Co(C@YO] and
[Mo,(75-CsMes)o(CO)]. We present, in this paper, the struc-
tural characterization of an unprecedented hexaruthenium car-
bonyl cluster possessing botlugnitrene and as-nitrido ligand

from thermolysis ofl.

Results and Discussion
When an-octane solution of compouritiwas heated under
reflux, the compound [RYCO)3(u-CO)(us-NH)(us-N)(us-
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® Table 2. Selected Bond Distances (&) and Angles (deg)Jor
C() Bond Distances
GLR Ru(1)-Ru(2) 2.879(2) Ru(3}N(1) 2.000(9)
N Ru(2)-Ru(3) 2787(2)  Ru(4yN(1) 2.104(9)
& o) Ru(3)-Ru(4) 2.918(1) Ru(5yN(1) 2.005(9)
cas) \ Ru(1)-Ru(4) 3.027(2) RU(4YN(2) 2.105(9)
09 ~ AN C<13 @ Ru(2-Ru(5) 2.812(2) Ru(5}N(2) 2.071(9)
P ) Ru(3)-Ru(5) 2.787(1) Ru(6YN(2) 2.045(9)
002 0% \ 0(14) Ru(1)-0(15) 2.203(7) Ru()-Ru(5) 3.243(2)
ca) A Ru(5)-0(15) 2.151(7) Ru(4)-Ru(5) 3.181(2)
SN can [ Quefp AR Ru(6)-0(15) 2.210(7) Ru(5)-Ru(6) 3.092(2)
0(11) 0 J[rus cas Ru(5)-0(18) 2.148(8) Ru(%)-Ru(6) 3.842(2)
S / % 0(16) Ru(6)-C(18) 1.99(1) Ru(4)-Ru(6) 3.544(2)
&N oas T 2 Youol)) Ru(4)-C(16) 2.04(1) Ru(2)-C(11) 2.55(1)
SO c(s)@ “C s Ru(6)-0(16) 2.174(8) Ru(3)-C(12) 2.50(1)
\_'\ Ru) & NG <100(16) Ru(1)-N(1) 2.096(8) N(2)-H 0.88
Y ;llﬁ Ruld) Qoun £ Ru(2)-N(1) 2.047(9)
N2 §A§ o
AR S ! can Bond Angles
03 €O U R"(2>C(3)®U Ru() < Ru(l)-Ru(4-Ru(3) 86.34(4) Ru(5)N(2)—Ru(6)  97.2(4)
cof o SAL o) Ru(2-Ru(3-Ru(4) 92.92(4) Ru(BO(15-Ru(5) 96.0(3)
K) coll7) Ru(1-Ru(2-Ru(3) 91.77(4) Ru(BO(15-Ru(6) 121.1(3)
@CW “Trco) Ru(2-Ru(1-Ru(4) 88.88(4) Ru(5)O(15)-Ru(6) 90.1(3)
MO/ 00y Ru(2-Ru(3-Ru(5) 60.60(4) Ru(6}yC(18)-0(18) 121.6(9)
KD & . Ru(2-Ru(5-Ru(3) 59.70(4) Ru(6yC(18-0(19) 121.3(10)
=04) o@ Ru(3)-Ru(2-Ru(5) 59.70(5) Ru(4)C(16)-0O(17) 115.3(9)
Figure 1. ORTEP plot (50% probability) showing the molecular ~RU(1)-Ru(2}-Ru(5)  69.28(4) Ru(4yC(16)-0O(16) 124.8(9)
structure of [RYCO)a(u-CO)(uz-NH)(us-N)(us-OMe)Y uz-1>-C(O)- Ru(4-Ru(3-Ru(5) 67.67(4) Ru(5)C(11)-0(11) 158(1)
OMe} 4], 2, and the atom-numbering scheme. Ru(2)-N(1)-Ru(5)  87.9(3) Ru(5yC(12)-0(12) 157(1)
Ru(3-N(1)-Ru(5) 88.2(3) O(18YC(18-0(19) 117(1)
Table 1. Crystallographic Data for Ru(4y-N(2)—Ru(5)  99.1(4) O(16yC(16)-O(17) 119(1)
[Rug(CONa(-CO)(us-NH)(us-N) (us-OMe) uz-5>-C(O)OM& 5], 2 Ru(4y-N(2)-Ru(6) 117.3(4)

formula: GgH1oN2019RUs

Ru metal bond found in [RiCO) 2], indicating that there is

fw =1176.7 A o ;
space grc?upPlen (No.14, nonstandard setting) no significant metatmetal bond between them. Itis interesting
a=9.338(6) A to note that thermolysis of a related sulfur containing ruthenium

b= 33.415(7) A
c=10.516(7) A

cluster, [Ry(CO)(u-H)(uz-17>-PhNCSNHPh)] gives as-sulfido
complex [R@(CO)e(u-H)(us-S)(uz-n>-PhNCSNHPh)! The

{‘/féggg’%@ dihedral angle between the planes Ru{Ru(3)—Ru(5) and
yZ 3283 Ru(1)-Ru(2)-Ru(3)-Ru(4) is found to be 63% The nitrido

Deac= 2.421 g cm®
u(Mo Ko) = 28.16 cmt

ligand occupies an interstitial position 0.200 A above the base
of the square-pyramid and is almost equidistant apart from the

T=298K five Ru vertices with an average RN distance of 2.05(9) A
4=0.71073 A which is similar to that observed in PPN[RN(CO)4]%
Eib_ :0(')98’; [average RerN distance of 2.05(2) Al.

Moreover, the Ru(tyRu(4)>-Ru(5) triruthenium face is
“capped” by the sixth ruthenium carbonyl fragment in a similar
way to that observed in [PtB{CO)3(u-PhGPh){us-PhGPh)-
(us-C)]*2 but with us-nitrene uz-methoxy, and twai-172-C(O)-
OMe ligands as bridging groups. These triply bridging nitrene
and methoxy group which act as a 4e and 5e donors respectively
are bridged over the triruthenium groupings Ru{®u(5)—
Ru(6) and Ru(L)yRu(5)-Ru(6). The coordination geometry
of Ru(6) can be described as a distorted octahedron with two
carbonyls, nitrene, and methoxy fragments occupying an
equatorial plane accompanied by O-bound and C-boingh-

The molecular structure d as revealed by X-ray crystal-  c(0)OMe groups coordinated int@nsmanner. The coordina-
lographic analysis is depicted in Figure 1. All solution tjon sphere is completed by terminal and bridging carbonyls to
spectroscopic data are consistent with the solid state structuregive a CVE count of 96. Six metaimetal bonds ir2 would
The geometry oR consists of a distorted square-pyramidal of pe expected by the EAN rule, and this is observed.

Rus(us-N) metal core with an additional Ru atom capped on
one of the triruthenium planes by means of some bridging Experimental Section

organic moieties. The basal tetraruthenium plane, Ru(1) General Procedures All operations were carried out under argon
Ru(2)-Ru(3)-Ru(4) adopts a trapezoidal geometry with a sing standard Schlenk techniqu&sSolvents were dried according
maximum deviation of 0.032 A from the least square plane. to standard procedures and distilled prior to use. All chemicals, unless
The Ru-Ru bond distances within the basal plane span a wideotherwise stated, were purchased from commercial sources and used
range [2.787(2¥3.027(2) A] with an apical Ru atom capped
asymmetrically such that only two Ru(basaRu(apex) bonds
[RU(3)-Ru(5) 2.787(1) A and Ru(Ru(5) 2.812(2) A] are
formed while the opposite edges [Ru¢tRu(5) 3.243(2) A and
Ru(4)--Ru(5) 3.181(2) A] are significantly longer than the-Ru

2 R=JIFol — IFell/3|Fol, ® Ry = [SW(IFo| — |Fcl)¥¥w(Fo)?]*
wherew = [03(Fo)] %

OMe) u-n2-C(0O)OM& 7], 2, was isolated together with [Ru
(CO)2(ua-N)(u-OMe)], 3, as a minor product. Compoursi
was prepared previously by thermolysisiait 90°C in toluene
and was accompanied by [RGO)e(u-CO)(ua-NH)(u-OMe),],
4.8 On the other hand, vacuum pyrolysislin the solid state
at 150°C afforded4 and [Ru(CO)g(u-CO(ua-NH)(u-OMe)-
(u-NCOQO)], 5, in moderate yields (Scheme 1).
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as received. Thin layer chromatography (TLC) was prepared in air a Rigaku-AFC7R diffractometer using graphite-monochromated Mo
with plates coated with Silica (Merck Kieselgel 60 £&4. Compound Ko radiation ¢ = 0.71073 A) for unit-cell determination and data
1 was prepared by literature procedute® Elemental analyses were  collection. A summary of the crystallographic data, structure, solution
performed by Butterworth Laboratories Ltd., U.K. Infrared spectra were and refinement is given in Table 1. Lorentz-polarization dhdcan
recorded on a Bio-Rad FTS-7 IR spectrometer using 0.5 mmy CaF absorption correctiohwere applied to all intensity data. The positions
solution cells.'H NMR spectra were taken on a Bruker DPX-300 NMR  of ruthenium atoms were determined by direct methods (SIRSB)e
spectrometer using deuteriated solvents as lock and TMS as referencemolecular structure was determined by subsequent Fourier and differ-
Fast-atom bombardment (FAB) mass spectra were recorded on aence Fourier techniques.
Finnigan MAT 95 mass spectrometer.

Thermolysis of [Ru3(CO)10NOMe], 1. [Rus(CO)NOMe], 1 (126
mg, 0.2 mmol), was dissolved in 60 mL ofoctane. The yellow
solution was then heated under reflux for 30 min to give a dark brown
suspension. The solvent was remowedacuoand the residue was

Atomic coordinates and thermal parameters were refined by full-
matrix least-squares analysis with the ruthenium atoms and non-
hydrogen atoms refined anisotropically. The hydrogen atom of the
nitrene moiety was located by difference Fourier synthesis while

chromatographed on TLC plates usimgiexane/dichloromethane (75: hydrogen atoms of the organic moieties were generated in their ideal

25) as eluent. The first few yellow bands were identified, in order of positio_ns (C-H,0.95 A): Al calculations were performed on a Silicon-
elution, as [R(COY, [Ru(CONAwaN)(u-OMe)] @), [Rus(u-H)(COMo- Graphics computer using the program package TEXSAI$elected

NH.],"6and a trace of. A dark green band witR ~ 0.5 was isolated, ~ °0nd parameters are given in Table 2.
which was characterized &(15mg, 0.013 mmol). Anal. Calcd for
CioH1oN:01RUs: C, 19.37; H, 0.85: N, 2.38. Found: C, 19.41: H, Acknowledgment. We thank the Hong Kong Research

0.84; N, 2.39. IR (-hexane)p(CO): 2078 (m), 2058 (vs), 2037 (sh), ~ Grants Council and the University of Hong Kong for financial
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(w), 1950 (w), 1831 cmt (m). H NMR (CDCl, 295 K, 300 MHz):

4.31 (s, 3H), 3.72 (s, 3H), 3.17 (s, 3H) anr®.33 (br, 1H). FAB- Supporting Information Available: Tables of crystal data, atomic

MS: m/z1177 M (caled 1177). coordinates, anisotropic thermal parameters, and complete bond
X-ray Crystal Structure Determination. Dark green crystals of distances and angles (7 pages). Ordering information is given on any

2 were obtained by slow evaporation ofniehexane/dichloromethane  current masthead page.

solution at—20°C. Crystals suitable for X-ray diffraction study were

glued on top of a glass fiber by means of epoxy resin and mounted on 1C960161X
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