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SYNTHESIS OF 3-AZABICYCLO (4.1.0.) HEPTANES VIA RADICAL CYCLISATION
OF N-CHLORO B~METHYLENECYCLOPROPYL AMINE
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Summnary : The N-chlono B-methylenecyclopropyl amine Leads to 1-aza 3-chloro bicyclo (4.1.0)
heptane by an unusual regcoselective radecal cyclisation.

The use of N-chloroamines in the synthesis of azaheterocyclic compounds related to
alkaloids (pyrrolizidine, indolizidine, benzomorphane) (1) has been described in recent years.
The key step, the intramolecular addition of an aminyl radical to an olefinic double bond, is

highly regioselective towards the ex¢o-product. Such a regioselectivity 1s in agreement with

Baldwin's rules (2) and with the general behaviour of oxygen- and unstabilized carbon-centered

radicals, which add irreversibly (3).
We wish to report now an example of intramolecular addition to a methylenecyclopropyl

group leading exclusively, by endo-cyclisation, to bicyclic (4.1.0) products 3.

CH3 cH3 H3
CHj3- CH3 _ CH3- X
CH, > CH, >
3
la x=H 2a X=H H, 3a X=H
1b X = Tosyl 2b X =Cl 3b X =cCl1

(4) (5)

The tosylate 1b
(6)

of the B-methylenecyclopropanic alcohol la is converted into

the secondary amine 2a on standing for 4 days at 100° in a methanolic solution of methyl-
amine {60&, bp 64°/15 Torr, 6(CDC13) 0.76 ppm (s, 1, NH), 1.08 ppm (s, 3, CH3), 1.16 ppm (s, 3,
CH3), 0.9~1.25 ppm (m, 1), 1.3-1.7 ppm (m, 2), 2.34 ppm (s, 3, NCH3), 2.60 ppm (t, 2, NCHZ),
5.20 ppm (s, 2, =CH2)} . N-chlorination ™ gives gg.{QB%, bp 26°/0.15 Torr, Amax (C6H1 )

275 nm} .

2

Slow addition of 15% aqueous titanium trichloride solution (9 mmole, -5°, nitrogen
stream) to a 1:1 acetic acid-water solution of N-chloroamine 2b (46 mmole) leads to a mixture
of amine 2a (8%) and l-aza 3-chloro bicyclo (4.1.0) heptane 3b resulting from intramolecular
addition of the metal-complexed aminyl radical (8) {(553, m/e 173, 5(CDC13) 0.9-1.3 ppm (m, 1)
1.30 ppm (s, 6, 2CH3), 2.16 ppm (s, 3, NCH3), 2-2.17 ppm (m, 2), 2.3-2.5 ppm {m, 2), 2.48 ppm

(d, 1, 11.5 Hz), 3.2 ppm (4, 1, 11.5 Hz)} .
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When treated with tributyl-tin hydride in boiling benzene containing catalytic
amounts of azo-bis-isobutyronitrile, the chloride 3b is smoothly reduced into 3a {(m/e 139,
6(CDC13) 0.5-0.7 ppm (m, 2), 0.96 ppm (s, 3, CH3), 1.14 ppm (s, 3, CH3), 1.5-1.9 ppm (m, 2),
2.05 ppm (s, 3, NCH,), 2.15-2.4 ppm (m, 3), 2.76 ppm (d, 1, 11.5 Bz)} .

Similarly, photolysis of the N-chloroamine 2b in methanolic solution (UV lamp HANAU
TQ 81, 85W, 180 min., -6°) leads, via the neutral aminyl radical &2
(26%) and bacyclic compounds 3a (5.5%) and 3b (18%).

(9), protonated (10)

s to a mixture of amine 2a

Normally, neutral ®)

or metal-complexed aminyl radicals located
in the 4-position relative to an olefinic double bond lead to pyrrolidinic systems. In the
present case, molecular models show clearly that the five-membered ring transition state is
disfavoured by the rigid dimethyl-cyclopropane bridge. Although steric effects are known to

(11) (3)

alter the regioselectivity , such a complete change seems to be quite unusual

These results may be contrasted with the intramolecular addition of cyclopropyl

(12). Since

radicals which leads by the expected exo-cyclization to bicyclic (3.1.0) systems
onic addition to methylene cyclopropane might lead to rearrangement reactions, this radical
ring closure appears to be useful for the synthesis of various substituted azabicyclic (4.1.0)

compounds.
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