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= (.49 pup/chromium atom) observed in the temperature depen-
dence of 1/x,.! Theoretical calculations® have indicated that a
poor Cr—Cr & overlap is the cause of the residual paramagnetism.
However, it is not possible, on the basis of the results reported
in this paper, to exclude the possibility that the low residual
paramagnetism might, in fact, be caused by a small amount of
cocrystallized monomer, undetected by the single-crystal X-ray
analysis and by elemental analysis (the dimer always retains
molecules of solvent in the lattice). Therefore, there is a possibility
that the pure dimer could in reality be diamagnetic.

While we did not find evidence that the same cleavage may
occur in the isostructural dimer [(TAA)Mo],,’ the existence of
the monomer/dimer equilibrium in the case of the chromium
derivative indicates that the energy of a Cr—Cr multiple bond
cannot be greater than twice the energy of a Cr—py bond.
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Mixed-Valence Nitride-Bridged Vanadium Compounds.
Synthesis and Structure of V,(N)Cls(TMEDA),

Nitride-bridged transition-metal complexes have attracted
recent attention due to the recognition that the nitride ion can
serve as a versatile ligand with which to link metal centers in new
materials. For example, we have been developing synthetic
methodology aimed at using M(N)M units as building blocks for
transition-metal-containing polymers. Using a condensation re-
action between metal silylimido and halide complexes, we have
prepared examples of solid-state vanadium nitride linear-chain
polymers,! as well as a family of nitride-bridged vanadium/
late-metal model compounds.? To date, all of the vanadium-
containing nitride-bridged derivatives that we have synthesized
possess highly asymmetric structures with strong vanadium-ni-
trogen triple bonds and relatively weak nitrogen—metal bridging
interactions. In contrast, the one previously reported example of
a nitride-bridged vanadium compound, [V,(N)(dibenzotetra-
methyltetraaza[14])annulene),]BPh,,* was formulated as con-
taining two vanadium(IV) centers, suggesting a symmetric
structure,* although this was not unambiguously determined.

An understanding of the factors which control formation of
asymmetrically versus symmetrically bridged nitrido compounds

(1) (a) Critchlow, S. C.; Lerchen, M. E.; Smith, R. C.; Doherty, N. M. J.
Am. Chem. Soc. 1988, 110, 8071-8075. (b) Critchlow, S. C.; Smith,
R. C.; Doherty, N. M. In Atomic and Molecular Processing of Elec-
tronic and Ceramic Materials. Preparation, Characterization, and
Properties; Aksay, 1. A., McVay, G. L., Stoebe, T. G., Wager, J. F.,
Eds.; Materials Research Society: Pittsburgh, PA, 1988; pp 153-158.

(2) (a) Doherty, N. M.; Critchlow, S. C. J. Am. Chem. Soc. 1987, 109,
7906-7908. (b) Hoffman, N. W.; Prokopuk, N.; Robbins, M. J.; Jones,
C. M.; Doherty, N. M. Inorg. Chem. 1991, 30, 4177-4181. (c) Jones,
C. M. Ph.D. Dissertation, University of Washington, 1990.

(3) Goedken, V. L.; Ladd, J. A. J. Chem. Soc., Chem. Commun. 1981,
910~911.

(4) (a) Wheeler, R. A.; Whangbo, M.-H.; Hughbanks, T.; Hoffmann, R.;
Burdett, J. K.; Albright, T. A. J. A4m. Chem. Soc. 1986, 108,
2222-2236. (b) Wheeler, R. A.; Hoffmann, R.; Strihle, J. J. Am.
Chem. Soc. 1986, 108, 5381-5387.
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Figure 1. orTEP drawing of V,(N)CIs(TMEDA), (2) with 40% thermal
ellipsoids for non-hydrogen atoms. Selected bond distances () and
angles (deg) not mentioned in text: V(1)-N(2), 2.238 (4); V(1)-N(3),
2.248 (5); V(2)-N(4), 2.188 (5); V(2)-N(5), 2.156 (6); V(1)=CI(1),
2.336 (2); V(1)-CI1(2), 2.329 (2); V(1)-CI(3), 2.346 (2); V(2)-CI(4),
2.235 (2); V(2)=CI(5), 2.242 (2); N(1)-V(1)-N(2), 174.0 (2); N(1)-V-
(1)-N(3), 92.8 (2); N(1)-V(1)-CI(1), 89.7 (1); N(1)-V(1)-CI(2), 87.7
(1); N(1)=-V(1)-CI(3), 92.9 (1); N(1)-V(2)-N(4), 100.7 (2); N(1)-V-
(2)-N(5), 97.8 (2); N(1)-V(2)-Cl(4), 105.8 (2); N(1)-V(2)-CI(5),
103.2 (2).

is important in order to utilize M(N)M units in metal-containing
polymers. We therefore set out to examine the reactions of va-
nadium(V) silylimido derivatives with vanadium(I1I) chlorides
with the aim of exploring whether compounds of the type
VV=N—VIl YW=N=VIV YIV=N=VIV or both would be
produced. We report herein the synthesis and characterization
of highly localized mixed-valence nitride-bridged di- and tri-
vanadium compounds by this method.

V(NSiMe,)Cl,'25 (1) reacts immediately with VCI,(THF),®
in benzene solution in the presence of =2 equiv of tetramethyl-
ethylenediamine (TMEDA) to produce V,(N)CI;(TMEDA), (2)
(Scheme I). CISiMe,; and THF are detected in the 'H NMR
spectra of reactions performed in C4Dg in sealed NMR tubes.
Paramagnetic 2 precipitates from benzene as an orange solid in
greater than 80% yield and can be crystallized as orange prisms
from dichloromethane.

An X-ray structural determination indicates that 2 contains
two distinct vanadium centers (Figure 1).” V(2) clearly forms
a multiple bond to the bridging nitride: the short V(2)-N(1)
distance (1.588 (4) A) is typical of the triple bonds in vanadium(V)
nitrido complexes,'®?*% and the distorted square pyramidal

(5) Schweda, E.; Scherfise, K. D.; Dehnicke, K. Z. 4norg. Allg. Chem.
1988, 528, 117-124.

(6) Manzer, L. E. Inorg. Synth. 1982, 21, 135-140.

(7) Crystallographic data for C;,H;,CIsNsV, (fw = 525.6): orthorhombic,
Pbca (No. 61),a = 10.7921 (9) A, b = 15.5364 gl4) ,¢= 27,031 (3)
A V=45323(7) A%, Z =8, Doy = 1.54 g cm™, T = ~100 °C, A(Mo
Ka) = 0.71073 A, x4 = 1.401 mm-!, transmission coefficient =
0.4327-0.4699, R(F,) = 0.052 = 3_||F,] - 'FJI/?:IF,I, R,(F,) = 0.067
= [Tw(|FJ| - |F)?/ T wiF,|?]1/2 where w™! = ¢*(|F;]) + 0.0005(jF,))%.
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structure has the equatorial chlorides and TMEDA nitrogens bent
away from the axial multiply-bonded nitride, as expected.’ V(1)
resides in an approximately octahedral environment defined by
three chlorides, two TMEDA nitrogens, and the bridging nitride.
The V(1)-N(1) distance (2.092 (4) A) is consistent with a single
bond, although shortened compared to other vanadium(I1I)-ni-
trogen donor distances'®!! (also compare V(1)-N(2) and V-
(1)-N(3), Figure 1) as might be expected'?!? due to the sp hy-
bridization of the nitride ion (V(1)-N(1)-V(2) = 172.0 (3)°).
A closely related asymmetrically bridged VIV(N) V! derivative
has recently been reported.'

The structure indicates that 2 is best viewed as consisting of
a neutral vanadium(V) nitride, V(N)Cl,(TMEDA) (3), coordi-
nated to a vanadium(III) center via a dative interaction,
VV=N:—-V!Il5>  The magnetic properties of this compound
further support this picture. Molar susceptibilities for 2 measured
between 6 and 300 K on a SQUID susceptometer show Curie-
Weiss behavior consistent with an isolated d2 vanadium(III) center
(g = 1.81, ur = 2.54 ug at 300 K).!* We can prepare 3 inde-
pendently by the fast reaction of 1 with TMEDA in benzene and
find that it reacts immediately with VCI;(THF), plus TMEDA,
producing 2 (Scheme I). This suggests that formation of 2 from
1, VCI3(THF);, and TMEDA proceeds via 3 rather than by a
condensation reaction between the silylimido ligand of 1 and a
chloride ligand of a VCI, derivative.

In the absence of TMEDA, 1 and VCI; THF; react in a 2:1
ratio, producing a black crystalline solid, V3(N),Cl,(THF),xTHF
(4-xTHF) (x = 0.33-0.50, on the basis of elemental analyses).
Compound 4 is very labile in solution, decomposing on attempts
to purify by recrystallization and reacting rapidly with TMEDA
to form 2 plus 3 (Scheme I) and with pyridine to form [V(N)-
Cly(py),).'7 together with VCly(py);.!'! On the basis of this
reactivity and by analogy to 2, we propose that 4 consists of two
vanadium(V) nitrido complexes coordinated to a vanadium(III)
center (Scheme I) in a structure reminiscent of that observed for
VCl1;(NMe,),.1°

For the variety of vanadium-containing nitride-bridged com-
pounds that we have studied, the propensity of vanadium(V) to
form strong short triple bonds to the nitride ion dominates the
observed chemistry. This is again the case for the mixed-valence
vanadium nitrido compounds described here. We now need to
explore whether these asymmetrically substituted, asymmetrically
bridged metallonitrides can be converted to symmetrically sub-
stituted, symmetrically bridged species via manipulation of the
vanadium coordination environment.
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Isomerism in Coordinatively Unsaturated
Fe(CO)(n*-ethene) Complexes

Despite continuing experimental'~S and theoretical>®-® interest
in the structure and reactivity of Fe(CO);L complexes, the ge-
ometry of Fe(CO),(n?-ethene) remains uncertain. Hayes and
Weitz recently reported evidence that Fe(CO);(n2-ethene) pos-
sesses a triplet ground state, but they could not address the issue
of molecular geometry.2 We now report direct observation of
geometric isomerism in coordinatively unsaturated Fe(CO);-
(n*-ethene) complexes (2 and 3) using matrix-isolation spec-
troscopy.

Photolysis (260 % 10 nm, 30 min) of Fe(CO),(n*-C,H,) (1),>1°
matrix-isolated in either argon or methylcyclohexane at 10 K,!!

dark, 10K
co co /_-\
OCiii1pe co 260 nm OCiyy
— —_— LFe + (CO), Fe—
= MCH, 10K < 3ol
co co
1 2 3
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