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ABSTRACT

Transmetalation of tin-bearing cyclic imidates gave 2-azaallyllithiums that underwent [π6s + π4s] cycloadditions with cycloheptatriene to
produce tricyclic adducts, which may be useful as analogs of cocaine. The peri- and stereoselectivity of this process are discussed.

Higher-order cycloadditions, particularly [π6s+ π4s] cyclo-
additions between trienes and dienes, are useful for the
generation of complex carbocyclic frameworks from rela-
tively simple starting materials.1,2 The use of 1,3-dipoles as
4π addends in [π6s+ π4s] cycloadditions with trienes is
more rare.1a,bDipoles such as nitrile imines,3 nitrile oxides,4,5

and mesoionics6 undergo cycloadditions with tropones and
their derivatives, generally with poor periselectivity, produc-
ing mainly (or exclusively) [π4s+ π2s] cycloadducts.
Fulvenes have also been used as triene partners in cycload-
ditions with 1,3-dipoles, generally leading to [π4s + π2s]
products, although [π6s+ π4s] cycloadducts have occasion-

ally been observed.1a,b,7-11For example, Padwa and Nobs
found that a nitrile ylide reacted with a fulvene to give both
[π6s + π4s] and [π4s + π2s] products, with the former
predominating.12 Allylic anions should also participate in
[π6s + π4s] cycloadditions with trienes.13 We have been
exploring the [π4s + π2s] cycloaddition chemistry of
2-azaallyllithiums (2-azaallyl anions) with alkenes14 and now
wish to examine higher-order reactions of these species. The
only report of such a [π6s + π4s] cycloaddition is the
reaction of the semistabilized Kauffmann-type15 2-azaallyl-
lithiums 2a and2b, derived from the imines1a and1b with
cycloheptatriene to produce the [π6s+ π4s] cycloadducts3
and4 in 47 and 1.4% yields, respectively (Scheme 1).16 The
latter cycloaddition gave a mixture of diastereomers4a and
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4b. Adduct4a presumably results from either an endo or
exo cycloaddition of the sickle form of the anion with the
triene, whereas4b is proposed to arise from an exo
cycloaddition involving the W-form of the anion, although
the configuration of this compound is uncertain. Surprisingly,
no [π4s + π2s] cycloadducts were reported in either
cycloaddition, even though cycloheptatriene is known to react
with 4π addends with modest periselectivity and low
chemical yield.1a Upon repeating Bower and Howden’s work
in our laboratories to obtain authentic samples, we were not
able to isolate any4, while comparable yields of3 were
obtained.

Herein we report the reactions of less-stabilized 2-azaallyl-
lithiums with cycloheptatriene. In particular, we wished to
study the reactions ofcyclic 2-azaallyllithiums (e.g.,5,
Scheme 2) with trienes, hopefully affording the tricycles6,

which might be oxidatively cleaved to the bicycles7, analogs
of cocaine8.17

Upon addition of a mixture of the imidate918 and
cycloheptatriene ton-butyllithium, the [π6s+ π4s] and [π4s
+ π2s] adducts10 and 11, respectively, were formed in
moderate yield (eq 1). The low periselectivity is consistent
with the literature of higher-order cycloadditions2c and
contrasts with the high periselectivity observed by Bower
and Howden in Scheme 1. Both10 and11 were obtained as
single diastereomers, each a result of endo cycloaddition
(vide infra). While NOE experiments were inconclusive, the
1H NMR coupling constantsJab andJcd (both <1 Hz) were
consistent with predicted values of 2.8 and 2.4 Hz for10
and11, respectively, vs 11 and 7.5 Hz for the corresponding
exo isomers.

Reaction of the 2-azaallyllithium derived from the five-
membered ring imidate12 with cycloheptatriene gave the
[π6s + π4s] cycloadduct13 and the imidate15 in 63%
combined yield after aqueous workup (Scheme 3).19 Quench-
ing the reaction mixture with iodomethane gave a 93% yield
of a mixture of14 and 16. The higher-order cycloadducts
13 and14 were formed as single diastereomers, consistent
with the results in eq 1 above. The adducts15 and 16,
however, were formed as inseparable mixtures of diastereo-
mers.

The cycloadduct13was assigned as the endo diastereomer
on the basis of its1H NMR spectrum, where the coupling
constantJab was found to be<1 Hz, consistent with the
predicted value of 3.8 Hz. A value of 10.5 Hz is predicted
for the exo isomer. This assignment was confirmed by
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for C12H17NO (M+) 191.1310, found 191.1312.

Scheme 1. Bower and Howden’s Cycloadditions of
Semistabilized 2-Azaallyllithiums with Cycloheptatriene

Scheme 2. Proposed Route to Analogues (7) of Cocaine (8)
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converting13 to the crystallineN-p-toluenesulfonamide17
using Rapoport’s method20,21and a subsequent X-ray crystal-
lographic determination (Scheme 4). The assignment of the

configuration of10 (eq 1) was strengthened by comparison
to 13.

Further evidence for the structure of the minor adduct15
was gathered upon sulfonylation (Scheme 5). Ring opening
of the imidate occurred, producing the crystalline sulfona-
mide-ester18, which was also subjected to X-ray analysis.

The endo selectivity observed in the formation of10, 13,
and14 is unusual.22 Hoffmann and Woodward predicted that
thermal [π6 + π4] cycloadditions between trienes and dienes
would be all-suprafacial and would proceed with exo

selectivity, in contrast to endo-selective [π4s + π2s] cy-
cloadditions.23 Experimental results, e.g., using cyclohep-
tatriene or tropone with cyclopentadiene or cyclopentadi-
enones, verified this prediction.1a Rigby has shown that
metal-promoted [π6s+ π4s] cycloadditions (e.g., chromium
complexes of tropones or cycloheptatrienes) may afford good
endo selectivity.2c The reaction of cycloheptatriene and
cyclopentadiene has been studied theoretically by Houk and
co-workers and is illustrative of the exo selectivity in thermal
[π6s+ π4s] cycloadditions.24 In addition to a small repulsive
secondary orbital interaction in the endo transition state, the
endo pathway is disfavored by steric interactions between
the methylene groups on both partners (Scheme 6). Interest-

ingly, there is a paucity of information on the endo/exo
selectivity of the [π6+ π4] cycloadditions of dipoles with
trienes.25

To rationalize the stereoselectivity observed in the current
work, several factors must be considered (compare19 to 20(20) O’Connell, J. F.; Rapoport, H.J. Org. Chem.1992, 57, 4775-4777.
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Scheme 3. Reaction of a Five-Membered Ring
2-Azaallyllithium with Cycloheptatriene

Scheme 4. Transformation of13 into 17 and Its X-ray Crystal
Structure

Scheme 5. Transformation of15 into 18 and Its X-ray Crystal
Structure

Scheme 6
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in Scheme 7). First, secondary orbital interactions are likely
to be unimportant, since the p-orbital on the nitrogen atom
in the HOMO of the 2-azaallyl anion has a very small
coefficient. At first glance, one might predict the exo pathway
to be preferred for steric reasons, since the methylene group
of cycloheptatriene may encounter the ethano portion of the
anion, as shown in19. However, the presence of the lithium
atom (or atoms) and the associated solvent will likely be a
dominant influence. It is reasonable to expect that these
anions are aggregated species and that, locally, lithium is
associated with aπ-face of the anion as well as the nitrogen
lone pair, as shown.26 In 19, aπ-complex of lithium ion with
the cycloheptatriene may be operational. Further, a steric
repulsion between the methylene group of cycloheptatriene
and a solvated lithium ion may be influential. Of course,
these factors are based on the assumption that such cycload-
ditions are concerted, which may not be the case.15,18,26a,b,27,28

Mechanistically, it is reasonable that the [π6s + π4s]
cycloadducts10, 13, and14 as well as the [π4s + π2s]
cycloadduct11 result from a concerted cycloaddition (e.g.,
Scheme 8). The adducts15and16must arise from a stepwise
pathway involving an initial carbolithiation29 or lithium-ene

reaction30 to give the pentadienyllithium23. It is possible
that 10, 13, and14 arise from the stepwise pathway, i.e.,
that23 (or the six-membered ring imidate version) is formed
and then undergoes a 9-endo-trig cyclization. It is not likely
that 15 and 16 arise from a concerted cycloaddition to22
followed by ring opening to23, since an authentic sample
of 22, prepared from10, was found to be kinetically stable.
The absence of a [π4s + π2s] cycloadduct in the reaction
of 12 with cycloheptatriene is curious, as is the absence of
adducts analogous to15 in the reaction of9. Further studies
are planned to elucidate the mechanistic details of these
processes.

Finally, we have shown that17 is a starting point for the
further elaboration of our cycloadducts into cocaine-like
compounds (eq 2). Ozonolysis of17 followed by reduction
afforded the diol24.
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