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Recently we reported the first example of an intramolecular addition of a nitrenium
ion to a carbon-carbon double bmd.2 As part of our investigation of the scope and mecha-
nistic aspects of this reaction and in line with our interest in utilizing nitrenium ions
in the synthesis of biologically important ring systems3 we have investigated the solvo-
lytic behavior of L-(N-chloro-N-methylamincmethyl)cyclohexene (1).

When 4 -(N-methylaminomethyl )cyclohexene (2) was treated with commercial sodium hypo-
chlorite solution the N-chloramine, 1, was obtained in essentially quantitative yield.
Refluxing a methanolic solution of 1 until the solution gave a negative test for active chio-
rine (6 hr) resulted in the recovery of 40§ of 2 and the formation of three cyclization pro-
ducts. These n-route products were identified as 3 (15%), 4 (2%), and 5 (13 )4 by & com-

bination of degradation and independemt synthesis.
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Solvolysis of 1 in tetrahydrofuran-water with silver ion catalysis gave a more complex

mixture of products consisting of 2 (1h-1T%), 6 (13-18%), 5 (9-12%), T (11-14%), 8 (16-19%),
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and 9 (13-16%). Compounds 3 and T were interrelated through conversion of 7 to the methio-
dide of 3 by treatment of 7 with sodium hydride followed by excess methyl iodide. In the

5
same marmer Q could be converted to the methiodide of {t_ which was synthesized independently.

Compounds 5, T, and 9 were coarrelated as shown below. Oxidation of the hydrochloride of ié
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with Jones' reagent gave 10 in 8% yield. Conversion of 10 into 11 was readily accomplished
with ethanedithiol and boron trifluoride etherate. Raney nickel reduction of 11 gave 2.6 Re-
duction of 2 with sodium-tetrahydrofuran-t -butyl alcohol also gave 2

The stereochemistry of the hydroxyl functions of 1 and § (and hence of the methoxyl
functions of 3 and %) was established through hydrogen bonding studies. Reduction of 10 with

potassium borochydride gave }g Oxidation of the hydrochloride of §3_ with Jones' reagent
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followed by potassium borchydride reduction gave predominately ‘1& Infrared studies of di-
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lute solutions of the four alcohols 7, 8, 12, and 14 in hexane showed that the m-route pro-
ducts 7 and 8 had C-H stretching absorptions at 3628 cm=! and 3623 cm™l, respectively, in-
dicative of a free hydroxyl and therefore requiring the anti stereochemistry shown. In con-
trast 12 and 14 gave absorptions at 3539 em™ and 3490 em™, respectively, characteristic of
a hydrogen-bonded O-H stretch. This demonstrated that the hydroxyl functions of 12 and yi
mist be intramolecularly hydrogen bonded to the ring nitrogen and therefore must have the
syn stereochemistry indicated. The stereochemistry of the chlorine atom in 5 was assigned
on the basis of the similarity of the nmr spectrum of 5 with that of 12.

Mechanistically, five of the six products obtained from 1 in THF-wa.‘ceJ:'-Ag+ are readily

rationalized in terms of nitrenium ion reactions. Initial ionization of 1 would give the
}ni
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singlet nitrenium ion 1.2 A 1,2-proton shift would give é which on hydrolysis would pro-
duce §_ Intramolecular addition of the singlet nitrenium ion to the double bond would give
}1.7 Attack of nucleophilic solvent at point a would produce §_ vwhile a similar attack at b
would yield 7. Spin inversion of 15 would result in formation of the triplet nitrenium ien
LB;S Hydrogen abstraction from solvent would give the protonated form of 2 while intramole-
cular addition to the double bond could produce the 1,3~-triplet diradical 19. Hydrogen ab-
straction by 19 would yield the protonated form of 2.9

It is interesting to note that 6, T, and 8 could also be derived from 18. A 1,2-
hydrogen shift would give 6 via 16. Spin inversion and closure of 19 could conceivably yield
}l as a discrete aziridinium salt which would eventually yield Z_ and §_ The formation of 2
is best represented by a cis addition of the N-C1l moiety across the double bond.

This study firmly establishes that the n-route to azabicyclies via nitrenium ions for-
mally involves a trans addition to the double bond. It also demonstrates that a variety of

azabicyclics can be produced through the intramolecular s-route.
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