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thiolane becomes evident from the separation of 3.59 A between
the terminal atoms in the curled chain.!® The successful isolation
of 1, 2, and 3 suggests that the introduction of group 14 metals
with tetrahedral environment and the longer M-S bonds compared
to the S-S bond in orthorhombic sulfur (2.037 (5) A)!6 eases the
ring strain of these unprecedented tetrathiametallolane ring
systems.!”

Further investigation of the formation mechanism and reactivity
of the novel 1,2,3,4,5-tetrathiametallolanes is currently in progress.

Acknowledgment. This work was supported by Grant-in-Aid
for Scientific Research on Priority Areas (No. 02231101) from
the Ministry of Education, Science and Culture, Japan. We are
grateful to Dr. Yukio Furukawa and Mr. Akira Sakamoto, The
University of Tokyo, for collecting the Raman spectra of the new
metallolanes. We also thank Shin-etsu Chemical Co. Ltd. for the
generous gift of chlorosilanes.

Material Available: Spectral data of 1-6, ORTEP
drawings of 2 and 3 along with the selected bond lengths and
angles, and crystallographic data with tables of thermal and
positional parameters for 1, 2, and 3 (25 pages). Ordering in-
formation is given on any current masthead page.

(15) Meyer, B, Chem. Rev. 1976, 76, 367.

(16) Abrahams, S. C. Acta Crystallogr. 1955, 8, 661.

(17) No 1,2,3,4-tetrathiolane derivative (R,CS,) has been isolated so far
as we know,

An Unusual 17-Electron Organometallic Radical,
CpCr(NO)(PPh;)(CH,SiMe;)!

F. Geoffrey Herring, Peter Legzdins,* W. Stephen McNeil,
and Michael J. Shaw

Department of Chemistry
The University of British Columbia
Vancouver, British Columbia, Canada V6T 1Z1

Raymond J. Batchelor and Frederick W. B. Einstein*

Department of Chemistry, Simon Fraser University
Burnaby, British Columbia, Canada V5A 156

Received April 16, 1991

Paramagnetic organometallic complexes of the transition metals
have recently been the focus of considerable attention primarily
because of their demonstrated involvement as reaction interme-
diates and their importance in various catalytic processes.>™
Despite the relatively large number of organotransition-metal
radicals that have been identified to date, few have also been
structurally characterized in the solid state.>®> We wish to report
the synthesis, characterization, and some unusual chemical
properties of the thermally stable 17-electron radical CpCr-
(NO)(PPh;)(CH,SiMe;) [Cp = n°-CsH].%7 This radical is a
convenient precursor to previously unknown chromium nitrosyl
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Figure 1. X-band ESR spectrum of CpCr(NO)(PPh,)(CH,SiMe,) in
hexanes at 25 °C; acy,cn, = 12.0 G, dey,cm, = 1.0 G, ap = 26.0 G, ay
=5.0G, and ac, = 0.6 G; gipo = 1.9979.
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complexes such as neutral hydrides and cationic dinitrosyl
phosphine species.

In a typical experiment, treatment of a green suspension of
CpCr(NO)(PPh,)I® (1.00 g, 1.86 mmol) in THF (20 mL) with
Me;SiCH,MgCl (2 mL of 1.0 M solution in Et,0, 2.0 mmol)
resulted in the formation of a red-brown solution which became
dark green and deposited a white precipitate over 24 h. The solvent
was removed in vacuo. The residues were extracted with Et,0,
and the extracts were filtered through alumina. Addition of
hexanes and cooling to =20 °C afforded analytically pure
CpCr(NO)(PPh;)(CH,SiMe;) (1) as clusters of needles (0.61 g,
66% yield).” Dark green 1 is a paramagnetic solid (u = 1.47 ug)!0
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(9) Anal. Calcd for Cp3H3oNOSIPCr: C, 51.51; H, 3.76; N, 2.61. Found:
C, 51.22; H, 3.77; N, 2.65. IR (KBr) UNo 1611 cm*!, IR (hexanes) wyg 1631
cm™. FAB-MS m/z 498 [P*], 409 [P* - CH,SiMe;].
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which is soluble in common organic solvents to produce dark green
solutions. Chlorinated solvents, such as CH,Cl,, convert 1 cleanly
to CpCr(NO)(PPh;)Cl within 1 week at ambient temperatures.
As a solid, 1is moderately stable in air at room temperature for
short periods of time and is stable indefinitely under an inert
atmosphere.

A single-crystal X-ray crystallographic analysis of 1! confirmed
its monomeric nature and revealed its “three-legged piano-stool”
molecular structure (Scheme I). The most interesting feature
of this structure is that there are no unusual bond distances or
angles, the intramolecular dimensions!? being comparable to those
exhibited by related 18-electron cyclopentadienylchromium nitrosyl
complexes.*17 This feature contrasts with that exhibited by most
other structurally characterized 17-electron, metal-centered or-
ganometallic radicals which generally display distortions in the
metal’s coordination-sphere geometry consistent with the unpaired
electron being localized primarily at one site.® The relatively
complicated ESR spectrum of 1 in hexanes (Figure 1) also in-
dicates that there is considerable delocalization of the unpaired
electron throughout the molecule. Thus, the spectrum exhibits
signals manifesting couplings of the unpaired electron to the five
Cp ring protons, to the 3'P nucleus, to the '*N nucleus,!® to both
of the diastereotopic methylene protons, and to *3Cr. This
spectrum contrasts with the ESR spectra exhibited by the
CpCr(NO)(PPh;)X (X = Cl, Br, I) precursor complexes, all of
which display features indicative of more localization of their
unpaired electrons.®

Complex 1, like most odd-electron metal complexes, is sub-
stitutionally labile.®® However, unlike these other complexes, its
lability is not restricted solely to the replacement of two-electron
ligands. Hence, with the sagacious choice of reagents, this property
of 1 can be exploited to produce novel diamagnetic complexes
(Scheme I). For instance, reaction of 1 with the NO radical results
in replacement of PPh, to produce the known alkyl dinitrosyl
complex CpCr(NO),(CH,SiMe;) (2)!° in good yield. In contrast,
exposure of 1 to NOPF, in CH,Cl, results in the loss of the alkyl
ligand as Me,Si (established by GC) and the formation of
[CpCr(NO),(PPh;)]PF, (3),%° a previously inaccessible salt.?!
Both of these conversions could conceivably proceed through an
intermediate dinitrosyl species. Finally, treatment of 1 with 2 equiv
of HSnPh; results in loss of the alkyl group as Me,Si and sub-
sequent addition of the Sn—-H bond to the Cr center, thereby
producing CpCr(NO)(PPh;)(H)(SnPh;) (4),% and Sn,Ph.
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Significantly, the synthesis of complex 3 means that it should
be possible to incorporate other, more useful, ligands onto the
electrophilic chromium dinitrosyl center. Furthermore, complex
4 is the first hydrido nitrosyl complex of chromium to have been
isolated,”® and its chemistry remains to be explored. Nevertheless,
its manner of formation suggests that this reactivity of CpCr-
(NO)(PPh;)(CH,SiMe;) could be exploited for the activation of
other main group—element bonds. Efforts to realize both of these
synthetic goals are currently underway.
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Much of the current interest in the chemistry of the heavier
group 13 and 15 elements has been spurred on by the desire to
develop alternative compound semiconductor precursors.! In the
context of single source precursors, most of the emphasis has been
placed on the chemistry of compounds of empirical formula
R,MER’, (M = Ga, In; E = P, As, Sb).!? Information con-
cerning less ligated species of the general type (RMER’),, is much
more sparse and base-free examples are confined to the cubanes
[-BuAl(u;-PSiPh3)], and [t-BuGa(u;-PSiPh;)],.># In principle,
less aggregated species should be obtainable by increasing the steric
demands of the M and/or E substituents. We report (i) the
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