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Organic diazoalkanes have long been used as synthons for

metal carbene complexés? It is generally assumed that an
intermediate diazoalkane complex is involved in the carbene
transfer process. Diazoalkane complexes have also been
implicated as intermediates in the metal-catalyzed cyclopropa-
nation of olefins by organic diazoalkan®%. Unfortunately,
while there are numerous examples of isolable transition metal
diazoalkane complexes, they are typically quite resistant;to N
loss24as a result there are few isolable diazoalkane complexes
known to generate metal carbene compléx@sWe report here

on the synthesis of a titanocene diazoalkane complex which
undergoes facile Nloss and on the mechanism of its reaction
with olefins to give titanacyclobutane complexes.

Treatment of a benzene solution of ‘H(C,H4)° (Cp' =
CsMes) with 1 equiv of M@SIiCHN, results in an immediate
color change from lime to forest green. Removal of the solvent
gives a green powder, which may be recrystallized from hexanes
at —50 °C to give Cp,TiN,CHSiIMe; (1) in 60—70% vyield
(Scheme 1). The modest isolated yield reflects the high
solubility of the complex rather than the formation of any
byproducts. When the reaction is performed igDg and
followed by 'H NMR spectroscopy, 1 equiv of free;8, is
produced in addition t&, which is the only observable titanium-
containing product and is formed 98% yield. Retention of
the nitrogen was confirmed by elemental analysis.

Because of the wide variety of coordination modes possible
for diazoalkane complexes, it is often difficult to predict their

structures on the basis of spectroscopic data. We therefore

undertook an X-ray diffraction study to determine the coordina-
tion mode of the diazoalkane fragment in An ORTEP
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Figure 1. ORTEP drawings of (a) and (b)6. Selected bond distances
(A) and angles (deg) for 1: FiN1, 1.979(2); TEN2, 2.012(2); Nt

N2, 1.276(3); N2-C21, 1.342(3); C2%H, 0.96 (3); C2%Si, 1.840-
(3); N1-Ti—N2, 37.27(9); N:+N2—-C21, 131.3(2); N2C21-Si,
122.6(2); Cp*E-Ti—Cp*2, 140.72(2). Selected bond distances (A) and
angles (deg) fob: Ti—C23, 2.192(4); T+C21, 2.155(4); C23C22,
1.557(5); C2+C22, 1.551(5); C23Si, 1.873(4); C23 Ti—C21, 71.2-
(1); Ti—C23-C22, 86.1(2); T+C21-C22, 87.6(2); C23C22—-C21,
109.0(3); Cp*E-Ti—Cp*2 135.78(3).

diagram and selected bond lengths and angles are shown inscheme 1

Figure 1a!! The MgSiCHN, group is bound to the titanium

in a side-on fashion through the two nitrogen atoms. Although
side-on coordination is far less common than end-on or bridging
coordination modes, it is not unprecedentéd!® The bonding
situation inlis similar to that in an olefin adduct. The relatively
long N—N bond distance (1.276(3) A) compared with that of
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Compoundl is thermally unstable in both the solid and
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the R group, and K No NOEs were observed between the

solution states. It decomposes in the solid state with a half-life ring protons and the Cpon the opposite side of the ring from

of ~12 h to give an insoluble red powder. This powder has
not been identified, but on the basis of its low solubility it is

them. This is consistent with a trans arrangement of the two
ring substituents as shown in Scheme 1.

presumed to be polymeric in nature. In benzene and toluene The stereochemical assignment has been confirmed by X-ray

solution 1 decomposes to the fulvene complex*EpTiCH,-
SiMe; (2) with a half-life of 12 h at 25C (Scheme 1). Complex

crystallography in the case & An ORTEP diagram along
with selected bond lengths and angles is shown in Figuré 1b.

2 was identified on the basis of its NMR spectral data, elemental As expected from the NMR experiments, the two substituents

analysist! and independent synthesis from *EpTiCI” and
MesSiICHMgCI. This reaction is assumed to proceédlinitial

N2 loss to give a transient carbene compl@& which then
undergoes hydrogen transfer from the"@gand. The forma-
tion of a carbene complex intermediate during thermolysis of

are on adjacent carbons, and are trans to one another. Fi@& Ti
and C-C distances are similar to those observed in other
titanacyclobutane complexés. The ring is puckered with a
dihedral angle of 28 between the &TiCy3 and G1C.Cos
planes. Although the vast majority of structurally characterized

is strongly suggested by a mechanistic study of the reaction of titanacyclobutanes are plarfapuckering of the ring has been

1 with alkenes ¢ide infra). In related work, Bercaw and co-
workers have described the thermolysis of TjiMe; to give

the fulvene complex CiFvTiMe (eq 1)!¥ A detailed labeling
study showed that methylidene compl@was the likely
intermediate, although it could not be trapped at the high
temperature needed for its generati®n.

Me

105 °C
Cp*,Ti
Me

A, Cp*,Ti=CH,

—_—

3

Compoundl reacts witha-olefins HLC=CHR (R= H, Ph,
Me, Et) over a period o2 d at rt to give the deep red
metallacyclobutane complexés-7 (Scheme 1) in excellent
yield!* The 'H NMR spectra of these materials show the
expected features, including inequivalent”@igands. In the

observed previously in aa,S-disubstituted titanacyclobutane
derived from Tebbe’s reagent and a norbornene diéstdhe
distortion in this case is probably a result of the extreme steric
congestion between the metal center and the two ring substit-
uents.

The metallacyclobutane complexes are thermally stable up
to 75 °C in solution. Heating benzene solutions 4f7 at
temperatures at or above P& gives complicated product
mixtures. The major organometallic productZssuggesting
that cycloreversion of the metallacycle to the transient (tri-
methylsilyl)methylidene complex is the principal thermal de-
composition route. Curiouslyg—7 are far more thermally stable
than thea,8-disubstituted metallacycles reported by Grubbs in
the parent Cp systei. This greater stability is clearly
electronic in nature, since the Cgystem is far more sterically
encumbered than the parent system.

The kinetics of the reaction df with styrene in toluenels

cific, NMR experiments indicate that only the trang-
disubstituted diastereomer is formed (Scheme 1). *Fhand
13C{1H} NMR spectra of these materials were fully assigned
using a combination of COSY and HMQC experimefitsin
addition to the resonances for the Cp*, R, andsSlegroups,
the 13C{H} NMR spectra of these compounds display a
methylene signal at70 ppm, as well as methine peaks-at0

temperatures and styrene concentratidrnEhese studies show
that the reaction is first order in metal complex and the rate is
independent of styrene concentration. From an Eyring plot (30
60 °C) we have measurefH* = 22.54 0.3 kcal/mol, AS =
—3.14+ 1.0 eu, andAG* = 23.44 0.4 kcal/mol (calculated at

25 °C). Since we observe no rate dependence on alkene
concentration, any mechanism that involves initial attack or

and~30 ppm. The downfield resonances are characteristic of precoordination of the alkene may be ruled out. We have also

the a-carbons of titanacyclobutan&s?4 indicating that the
complexes aren,S-disubstituted. The stereochemistry was
determined by 2D NOESY experimenifs.Cross peaks were
observed (see Scheme 1 for substituent labeling) betwegn Cp
and the MeSi group, H, and H. Cp*, showed NOEs to H
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found that at 45°C 1 rearranges to fulvene compl@xwith a
Kobs (5.17 x 107* £ 0.10 x 107 s71) identical to that for the
reaction with ofl with styrene at 45C (5.02x 1074 & 0.04

x 107 s71) Our data are consistent with a mechanism in which
the rate-determining step i Mss to give carbene intermediate
8 (Scheme 1).
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