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The Reaction of Methyl Azidoformate with Norbornene.
Evidence for the Mechanism of Triazoline Cleavage

By A. C. OEHLSCHLAGER, P. TiLLmaN, and L. H. ZaLgkow*
(Department of Chemistry, Oklahoma State University, Stillwater, Oklahoma, U.S.A.)

RECENT investigations!.? have shown that when are unstable and aziridines (V) and imines (VI) are
azides containing strong electron-withdrawing usually isolated directly. Thus while electron-
groups (I; R = CN, PhCO, PhSO,, picryl) react withdrawing groups, R, appear to facilitate the
with strained olefins, the intermediate triazolines 1,3-dipolar addition of azides to strained olefins?
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the evidence!.2:4 suggests that the ability of R to
stabilize a negative charge on N-1 of (III) facili-
tates loss of molecular nitrogen from the incipient
triazolines. This phenomenon has been inter-
preted in terms of intermediates such as (IV)12.21.4

The reaction of ethyl azidoformate with nor-
bornene (VIII) has recently been reported® to yield
a triazoline adduct but little definitive evidence
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a process known® to lead exclusively to aziridine
products. The imide (XI) was characterized by
the absence of N-H absorption in its infrared
spectrum and by its facile hydrolysis to nor-
bornanone in nearly quantitative yield. The
structure of (XII) was indicated by the presence
of two equivalent vinylic protons (§5-94) and one
proton exchangeable with deuterium oxide
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was offered for its existence. We have found that
the reaction of methyl azidoformate with (VIII)
proceeds via a 1,3-dipolar cycloaddition [ASt =
—31 e.un. compared with ASt = — 29 e.u. for the
reaction of phenyl azide with (VIII) which yields
(IXb)]® to yield an unstable adduct whose n.m.r.
spectrum shows the characteristics required of
structure (IXa).

Thermal decomposition of (IXa) in toluene
resulted in the loss of the theoretical amount of
nitrogen and the formation of the aziridine (Xa)
(40%,), the imide (XI) (559%,), and syn-norborn-2-
ene 7-methylcarbamate (XII) (5%). - Periodic
n.m.r. analysis showed that the ratio of products
remained constant over a period of thirty hours of
heating and (Xa) was stable for at least three days
under the reaction conditions.

Evidence for the structure of (Xa) was provided
by its n.m.r. spectrum and from the fact that it
was produced upon ultraviolet photolysis of (IXa),

(N-H, 85:06) in its n.m.r. spectrum and by N-H
absorption at 3300 cm.-! in its infrared spectrum.
Hydrogenation of (XII) gave (XIIla) (m.p.
79—80-5°) which on alkaline hydrolysis gave an
amine whose acetate was identical with T-acet-
amidonorbornane (XIIIb) and different from
2-¢x0- and 2-emdo-acetamidonorbornane by gas
chromatography.®

The formation of the diazonium-betaine inter-
mediate (IV) (R = MeO,C) in the decomposition
of (IXa) is supported by (a) the fact that the rate
of nitrogen evolution increases threefold when
triglyme and 20-fold when dimethyl sulphoxide
are substituted for 1,1-diphenylethane as solvents
and (b) the formation of (XII) by Wagner-Meer-
wein rearrangement. The large amount of (XI)
formed is likewise evidence for an intermediate of
type (IV). Although the shift of the C-4 hydrogen
of (IV) (R = MeO,C) to C-5 is conceptually the
simplest mechanism for the formation of (XI),
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this type of rearrangement has been shown to be a
slow? and an extremely unlikely® process compared
to Wagner-Meerwein rearrangement in the nor-
borny! system. An attractive alternative is
proton transfer from C-4 to the nitrogen anion of
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(IV) to give an enamine type structure (VII).
Alder and Stein® have demonstrated the existence
of enamine-ketimine (VI = VII) equilibria in
similar systems.
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