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BICYCLIC ENAMINES III. SIGMATROPIC REARRANGEMENTS IN A QUINUCLIDINE SYSTEM
¢
Karl-Henrik Hasselgren, Jdrgen Dolby and J.L.G, Nilsson
Faculty of Pharmacy, University of Uppsala, Box 6804, S-113 86 Stockholm and
Magnus Elander

Dept. of Organic Chemistry, University of Stockholm, Box 6801, S$-113 27 Stockholm

Recently, we observed (i) that when the quaternary quinuclidine-3-carboxylic acid ester la
is heated, it rearranges to the lactone 2 under the loss of methyl iodide. We now present
results indicating that the formation of 2 occurs via two consecutive suprafacial 1,3-sigma-

tropic rearrangements (2), This appears to be the first observation of this type of reaction.
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Several mechanisms can be formulated for the thermal conversion of la to 2. The four most
probable pathways, designatec A-D in Scheme 1, have a common last step, which involves the
loss of an alkyl halide from the reaction intermediate 3. The postulated occurrence of 3 as an
internmediate is supported by the observation that the alky) halide formed is derived from the

ester function of 1, since ethyl fodide could be isolated during the rearrangement of lb to 2,

b
Part 11: See reference 6.
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D la Sigmatropic rearrangement

The intermediate 3 may be formed from la via a radical or a carbonium ion mechanism (A or B,
respectively), or after attack by the counter ion as in C. Compound 3 may also be formed by a
sigmatropic rearrangement of la (D).

The results of two different experiments indicate that the counter ion is not involved in
the reaction. The betaine structure 4 (prepared from la (3), m.p. 260%) was smoothly rearranged
to the lactone 2 when heated to its melting point for about one minute, Similarly, the base 3
(4) was converted in 75 % yield to 2 when heated for 30 min, at 2000. In this reaction, £ may
first be formed, and the methyl group may then migrate to the nitrogen,

The conversion of the racemic C-methyl substituted quaternary compound Z_[prepared
according to Mikhlina et al. (5) m.p. 134—1350] to the lactone 8 gave positive evidence for
the sigmatropic rearrangement mechanism D. {Compound 8 was obtained in 73 % yield: M,p. S2—84°.
Vmax(KBr) 1670 and 1590 cm_l, C=C and C=0 (6). NMR: (CDCla)b = 7.55 ppm, 1W,d, IJ~2 cps, C=C-H;

4,4-4.1 ppm, 2H,m, CH,-0-; 2.96 ppm, 3H,s, N-CH, and 1.29 ppm, 3l,d, J=6,5 cps, C-CH . MS: n/e

3
+
(rel, intensity %): 181 (100) il', 166 (50, 150 (11), 137 (27), 122 (33), 08 (45) and 94 (21)].
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1f the rearrangement c¢i 7 had occurred via mechanism A or B, compound 9 would most probably
have been the main product. The unpaired electron (mechanism A) or positive charge (mechanism
B) would then be residing cnh a secondary carbon atom instead of on a primary one as in Scheme
1, However, compound 9 could not be detected in the reaction mixture, the only product isolated
being 8.

The orbital transformaiions in the sigmatropic rearrangement of 7 are depicted in Scheme
2A, The net reésult of the reaction is a suprafacial 1,5-sigmatropic rearrangement., However,
since the migrating group has to be bonded to both ends of the unsaturated system in the
transition state (7,8), such a conversion is not possible in one step in quinuclidine type
compounds, where the nitrogen and the ester function are trans to the double bond, We there-
fore propose that the reaction involves two consecutive suprafacial sigmatropic rearrangements,
One-step thermal suprafacial 1,3~sigmatropic rearrangements in bicyclic systems have recently

been reported (89-11).
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The migrating carbon of the unsubstituted bridge of 7 undergoes two consecutive inversion:
when moving from the nitrogen to the carbonyl oxygen of the ester, These reactions give an
intermediate compound analegous to 3, which is subsequently converted to ike lactone 8., If
the C-methyl substituted bridge would migrate, the size of the methyl group would effectively
prevent the overlapping of the orvital lobes (9), either in the first or the second step,
depending on the configuration of the reacting molecule (Scheme 2B)., In analogy with this
mechanism for the rearrangement of 7, we conclude that } is converted to 2 via two consecutive

suprafacial 1,3-sigmatropic rearrangments,
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