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Summary: Isonitrile migratory insertion into substituted
titanacyclobutane complexes provides for the stereocon-
trolled synthesis of synthetically valuable organic cy-
clobutanimines. Using the sterically crowded permeth-
yltitanocene system, the intermediate iminoacyl complex
is isolable and can be diverted by carbonylation to yield
five-membered-ring enamidolate complexes.

The development of titanacyclobutane formation by
radical alkylation of (η3-allyl)titanium complexes has
raised considerable potential for generating new organic
methodology based on this reactivity pattern.1 The
conversion of titanacyclobutane complexes to organic
products can, in principle, be accomplished in a number
of ways, exploiting the polarized titanium-carbon bonds
to elaborate a range of stereochemically defined, highly
functionalized products. The most direct titanacyclobu-
tane transformations involve the migratory insertion of
unsaturated small molecules: we recently reported that
carbonylation of titanacyclobutanes can be controlled to
provide organic cyclobutanones2 and cyclopentenediolate
complexes,3,4 respectively, by single and double inser-
tions of carbon monoxide. The titanium cyclopentene-
diolate intermediates can be further converted to vari-
ous functionalized cyclopentanone derivatives.3

Isonitrile migratory insertion, complementary to the
carbonylation reaction, potentially provides for the
direct introduction of nitrogen functionality into the
derived organic products.5 Although isoelectronic with
carbon monoxide, isonitriles can be modulated both
sterically and electronically via the nitrogen substituent,

raising the possibility for greater control of post-inser-
tion reactivity. The synthesis of iminoacyl complexes by
isonitrile insertion in group 4 metal complexes is well-
precedented,5,6 including isolated examples of insertions
into the titanacyclobutane structural class.7 In this
communication, isonitrile insertion and subsequent
transformations in two series of titanacyclobutane
complexes are reported, culminating in a general syn-
thesis of stereochemically defined organic cyclobutan-
imines.

Exploratory reactions were conducted in the per-
methyltitanocene series. The addition of 1 equiv of
either tert-butyl isocyanide or cyclohexyl isocyanide to
3-isopropylbis(pentamethylcyclopentadienyl)titanacyclobu-
tane (1)1a at low temperature yields the iminoacyl
complexes 2a and 2b, respectively, in high yield (Scheme
1).8 Both complexes were isolated as thermally stable,
analytically pure brownish green cubes after recrystal-
lization from cold hexane. Although both iminoacyl
moieties are assigned as η1-coordinated on the basis of
infrared spectroscopy,9 the νCN band for the tert-butyl
complex 2a appears at 1588 cm-1, more than 20 cm-1

higher in energy than the corresponding band for the
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cyclohexyl complex 2b (νCN 1567 cm-1). In the structur-
ally similar complexes reported by Beckhaus, iminoacyl
complexes derived from both tert-butyl isocyanide and
cyclohexyl isocyanide show nearly identical infrared
absorptions (1564 and 1567 cm-1, respectively), with the
coordination mode of the cyclohexyl derivative in the
solid state definitively determined to be η1 by X-ray
crystallography.7b The large difference in infrared ab-
sorptions observed for complexes 2a and 2b is un-
usual: iminoacyl infrared absorptions are generally
insensitive to the identity of the alkyl substituent.9

Consistent with this difference in imine functionality,
thermolysis of the two complexes results in dramatically
different reactivities. Thus, heating the cyclohexyl iso-
cyanide adduct 2b to 65 °C induces reductive cycliza-
tion,10 affording the strained cyclobutanimine 58,11 as
the exclusive organic product, isolated in 72% yield.
Under these conditions, the titanium fragment largely
decomposes to intractable materials.12 In the presence
of ethylene, however, the reaction is considerably cleaner,
producing the cyclobutanimine in higher yield and
returning the titanium exclusively as the known eth-
ylene adduct Cp*2Ti(C2H4)13 (Cp* ) η5-C5Me5). In
contrast, thermolysis of the tert-butyl isocyanide adduct
2a, in either the presence or absence of added ethylene,
leads to exclusive deinsertion of the isonitrile, returning
titanacyclobutane complex 1 quantitatively. No tert-
butyl isocyanide is observed in the 1H NMR spectrum
of the crude product, suggesting that the deinsertion
may proceed by a complex decomposition mechanism.
Migratory deinsertion of isonitriles from iminoacyl
complexes is comparatively rare.14

At low temperature, both iminoacyl complexes 2a and
2b evidence similar reactivities. Carbonylation proceeds
cleanly in both cases, affording titanium cyclopentena-
midolates 6a and 6b in high yield as exclusive products
(Scheme 1).8 Although each complex is obtained in
crystalline form, neither provides consistent combustion
analysis. High-resolution mass spectrometry, however,
was used to confirm the elemental composition; spec-
troscopic analysis was consistent both with the assigned
structures and with known examples of this structural
class.15 The insertion of a second isonitrile equivalent
into iminoacyl complexes 2a and 2b proved to be
illuminating, if ultimately less successful. While the
reactions of titanacyclobutane complex 1 and cyclohexyl
iminoacyl complex 2b with excess cyclohexyl isocyanide
return only intractable mixtures, the corresponding
reactions in the tert-butyl isocyanide series indeed
produce an enediamidate complex by double isonitrile
insertion (eq 1).15,16 In the event, however, the perm-

ethyltitanocene complex undergoes an unprecedented
fragmentation, ejecting one pentamethylcyclopentadi-
enyl ligand and one tert-butyl fragment, producing the
half-sandwich enediamidate complex 78 bearing an
ancillary cyanide ligand!17 This product is obtained as
a 1:1 mixture of diastereomers; the structure was
confirmed by X-ray crystallography (Figure 1) of the syn
isomer obtained by recrystallization from cold hexane.18

While the sterically crowded coordination sphere clearly
plays a role in this unique transformation, the mecha-
nism remains entirely obscure.

The synthesis of substituted cyclobutanimines can be
generalized using the bis(2-(dimethylamino)indenyl)-
titanium template, which tolerates the synthesis of
stereochemically pure disubstituted titanacyclobutane
complexes by free radical alkylation.1d Thus, addition
of 2,6-dimethylphenyl isocyanide19 (3 equiv) to titana-
cyclobutane complexes 8 at low temperature leads to
clean production of 2,3-disubstituted cyclobutanimines
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Scheme 1a

a Conditions: (i) RNtC, toluene, -78 °C f room temper-
ature, 1 h, yield 92% (2a), 90% (2b); (ii) 65 °C, toluene, 23 h,
quantitative; (iii) C2H4 (10 psi), 65 °C, toluene, 12 h, yield 90%
(4), 94% (5); (iv) CO (60 psig), toluene, -78 °C f room
temperature, 10 h, yield 93% (6a), 85% (6b).
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9 and, importantly, recovery of the titanium as the bis-
(isonitrile) complex 10 in high yield (Table 1).8 The latter
is separated from the cyclobutanimine by crystallization
from pentane at low temperature; isolation of the
cyclobutanimine is accomplished after exposure to air
and filtration of any insoluble titanium-derived resi-
dues.20 In this system, however, we have been unable
to isolate (or intercept) the putative iminoacyl interme-
diates, even upon reaction at low temperature in the
presence of 1 equiv of isonitrile.

Isonitrile insertion into titanacyclobutane complexes
thus provides a rich and potentially exploitable reactiv-
ity manifold, sensitive to both the nature of the isonitrile

substituent21 and the titanocene ancillary ligands. The
efficient synthesis of strained, functionalized, and highly
substituted four-membered rings by migratory cycliza-
tion is particularly noteworthy; current efforts are
underway to extend and generalize this interesting
reactivity pattern.
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Figure 1. ORTEP drawing of complex 7. Selected bond
distances (Å) and angles (deg): Ti-N2, 1.915(2); Ti-N3,
1.922(3), Ti-C1, 2.177(4); Ti-C2, 2.361(3); Ti-C3, 2.361-
(3); N1-C1, 1.141(4); N2-C2, 1.384(4); N3-C3, 1.381(4);
C2-C3, 1.389(4), Ti-C1-N1, 177.3(3); N2-Ti-N3, 91.4-
(1); Ti-N2-C2, 89.2(2); Ti-N2-C10, 145.8(2); C2-N2-
C10, 124.2(3).

Table 1. Cyclobutanimine Synthesis by Isonitrile
Insertion into Complex 8a

complex R R′
isonitrile
complex

yield
(%) product

yield
(%)

E:Z
ratio

8a CH3 Bn 10 quant 9a quant 6:1
8b CH3

iPr 10 84 9b 90 >99:<1
8c Ph Bn 10 83 9c quant 6:1
8d Ph iPr 10 78 9d 86 10:1
a Conditions: 3 equiv of 2,6-dimethylphenyl isocyanide, -35 °C

f room temperature, THF, 3 h.
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