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Metal nitride complexes are receiving increasing attention in
reactions which form bonds to nitrogen. Reactions of electrophilic
nitrido groups with reagents such as phosphines,1 amine-N-
oxides,2 amines,3 azide,4 main group organometallics,5 and
isobenzofurans6 have all been reported recently. Nitride com-
pounds have also been used as starting materials for reactions
with less nucleophilic reagents such as alkenes.7 However, these
reactions invariably take place only after activation of the nitride
with a strong electrophile such as trifluoroacetic anhydride to form
a reactive imido complex. Here I describe the direct reaction of
the cationic nitrido complexcis-[(terpy)OsNCl2]PF6

8 with a variety
of aryl-substituted alkenes to formη2-azaallenium complexes. In
these reactions, the alkene carbon-carbon double bond is
completely ruptured, forming two new carbon-nitrogen bonds
and a new metal-carbon bond. The asymmetrically bonded
azaallenium adducts are formed with a high degree of regiose-
lectivity and can be further functionalized under either oxidative
or reductive conditions.

The cationic osmium(VI) nitrido complexcis-[(terpy)OsNCl2]-
PF6 (1; terpy) 2,2′:6′,2′′-terpyridine) reacts withcis-stilbene in
acetonitrile overnight at 60°C to give the blood-red air-stable
azaallenium complexcis-[(terpy)OsCl2(1,2-η2-PhCHdNdCHPh)]-
PF6 (2a, eq 1).9 trans-Stilbene gives the same product2a, albeit
more slowly. Thetrans isomer of [(terpy)OsNCl2]PF6 also reacts
with eithercis- or trans-stilbene to give the samecis product2a,

apparently by initialtrans f cis isomerization of the nitride
complex8 followed by reaction of thecis nitride.

A variety of other aryl-substituted alkenes also react with1 to
give analogous products (eq 1).p-Methoxy substitution of the
phenyl groups increases the rate of the reaction, with dimeth-
oxystilbene reacting∼20 times faster than stilbene.trans-â-
Methylstyrene is the most reactive alkene, with its reaction going
to completion overnight at room temperature. Trisubstituted
alkenes such as 1-(4-methoxyphenyl)-2-methylpropene form
analogous products at rates only modestly slower than their
disubstituted counterparts. Styrene and other alkenes such as
norbornene ortrans-5-decene that lack aryl substituents all react
with 1 but have so far failed to yield tractable products.

The bonding in these complexes is clarified by the X-ray crystal
structure of2d, derived from 1,6-diphenyl-1,3,5-hexatriene (Figure
1).10 In compounds2, the osmium-nitrogen triple bond has in-
serted into one carbon-carbon double bond of the organic sub-
strate. One carbon in the ruptured alkene in2d is bonded to
osmium (dOs-C ) 2.182 (5) Å), while the other carbon forms a
double bond to the coordinated nitrogen (dCdN ) 1.293 (7) Å).
The original alkene has been completely cleaved; there is no sign
of residual bonding between the carbon atoms (dC‚‚‚C ) 2.484
Å). The osmium is bonded in anη2-(C,N) fashion to the new
organic fragment in what may be regarded as an osmium(II) aza-
allenium complex or an osmium(IV) azametallacyclopropane. The
metrical data of the organic fragment (C1-N1 ) 1.374 Å, C1-
N1-C2 ) 137.5°) lie between these two extreme forms.11 One
prior example of a structurally characterizedη2-azaallenium
complex, CpMo(CO)2(η2-Tol2CdNdCTol2), has been reported.12

Though details are not available, the preliminary data for this
complex indicate that its structure is shifted more toward the
azametallacyclopropane canonical form (C-N ) 1.43 Å, C-N-C
) 128.3°),13 consistent with weaker back-bonding by Os(II) than
by Mo(0).

The NMR spectra of the diamagnetic complexes2 are
consistent with retention of the crystallographically determined
structure in solution. The two termini of the original double bond
are in very different chemical environments, as judged by1H (δ
6.62 vs 8.21 ppm for2a) and 13C (δ 44.75 vs 163.12 ppm for
2a) NMR spectroscopy. These differences are consistent withη2-
(C,N) coordination, with the metal-bonded CH group showing
upfield shifts and the iminium-like methine group shifting
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downfield. The presence of two sharp sets of signals indicates
that the two ends of the azaallenium group do not exchange on
the NMR time scale. As in free allenes,14 long-range proton-
proton couplings are observed through the unsaturated framework
(4JHH ) 2 Hz and5JHH ) 1-2 Hz in 2a-f). All compounds2
show eleven separate resonances in the1H NMR and fifteen in
the 13C{1H} NMR due to the terpyridine ligands, indicating that
they haveC1 symmetry in solution, consistent with static binding
to one face of the CdN double bond.

The phenyl group on C-1 is held close to the terpyridine ligand,
on average 3.49 Å from its least-squares plane in2d. As a result,
exactly one aryl group in each compound2 cannot rotate freely
about the Cipso-COs bond and shows inequivalentorthoandmeta
hydrogens in the1H NMR (e.g.,δ 5.48 and 6.72ortho, 6.49 and
7.02metafor 2a). Slight broadening of theortho andmeta(but
not para) resonances indicates that rotation is not quite frozen
out on the NMR time scale at room temperature, with the rotation
rates inversely related to the size of the substituent on the imine
carbon (krot < 3 s-1 for 2a-b, ≈ 18 s-1 for 2c-d, ≈ 23 s-1 for
2e). The upfield shifts suggest that this phenyl group is being
held in the shielding cone of the terpyridine, consistent with reten-
tion of the crystallographically observed orientation in solution.

Remarkably, one upfield-shifted, nonrotating aryl group is
observed in every compound2, indicating that the insertion
reaction is completely regioselective, with an aryl group always
bonded to C-1. No sign of alternate isomers with alkenyl or alkyl
groups in this position can be detected when the reaction mixtures
are monitored by NMR, nor is there any sign of reaction with
the internal alkene of 1,6-diphenyl-1,3,5-hexatriene rather than
the terminal one. The regioselectivity is clearly counter-steric,
since the aryl substituent is larger than methyl or vinyl and is
placed in the most crowded position in the molecule. When two
different aryl groups are available, mixtures result. For example,
4-methoxystilbene gives a 4:1 mixture of the 1,2- and 2,3-isomers
of cis-[(terpy)OsCl2(PhCHdNdCHC6H4OMe)]PF6. Neither 2a
nor 2b is formed in the reaction of the monomethoxystilbene,

confirming that formation of the azaallenium fragment is in-
tramolecular.

The azaallenium fragments bonded to osmium retain consider-
able electrophilicity and can be synthetically modified by a variety
of nucleophilic reagents (Scheme 1). For example, the diphenyl
compound2a reacts with trimethylamine-N-oxide to split off 1
equiv of benzaldehyde (detected by1H NMR) and form the dark
purple, insoluble benzonitrile complexcis-(terpy)OsCl2(NCPh)
(3, νCN ) 2181 cm-1; cf. νCN ) 2204 cm-1 in thetransisomer4).15

Presumably the nitrile in3 arises by deprotonation of a cationic
azavinylidene complex16 formed after loss of benzaldehyde and
trimethylamine. Curiously, the complete regioselectivity in azaal-
lenium formation does not translate into complete regioselectivity
in this reaction: the diphenylbutadiene-derived productcis-
[(terpy)OsCl2(1,2-η2-PhCHdNdCHCHdCHPh)]PF6 (2c) gives
a 2:1 mixture of cinnamaldehyde and benzaldehyde on treatment
with Me3NO at room temperature. The azaallenium complexes
can also be reduced. Complex2a reacts instantly with sodium
borohydride in acetonitrile to give primarily dark bluecis-(terpy)-
OsCl2(η1-PhCHdNCH2Ph) (4) and traces of the doubly reduced
violet dibenzylamine complexcis-(terpy)OsCl2(NH[CH2Ph]2) (5).
The 1H NMR spectrum of4 indicates that it has a mirror plane,
implying that the imine is bonded only through nitrogen.

Reactions that cleave carbon-carbon double bonds are rare,
due to the strength and nonpolar nature of the alkene linkage.
Other reactions involving CdC bond cleavage, such as ozonoly-
sis17 and olefin metathesis,18 have proven exceptionally useful in
organic synthesis. Studies are in progress to further develop the
reactivity of the azaallenium fragment, as well as to probe the
mechanism of this remarkable transformation.
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Figure 1. Thermal ellipsoid plot of the cation ofcis-[(terpy)OsCl2(1,2-
η2-PhCHdNdCHCHdCHCHdCHPh)]PF6‚(CD3)2CdO (2d‚(CD3)2-
CdO). Selected bond lengths (Å) and angles (deg): Os-N1, 2.006 (4);
Os-C1, 2.182 (5); C1-N1, 1.374 (7); C2-N1, 1.293 (7); N1-Os-C1,
38.0 (2); C1-N1-C2, 137.3 (5).
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