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An Unexpected Reversal in the Stereochemistry of Transannular Cyclizations. A
Stereoselective Synthesis of (+)-Epilupinine.
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Abstract: The transannular cyclizations of N-benzylhexahydroazec-5-en-2-one and N-benzylhexahydroazon—5-en—2-one using iodine or
phenylselenenyl bromide affords substituted quinolizidines and indolizidines, respectively. In the case of the ten-membered ring lactams an
unexpected reversal in stereochemistry was observed. These results were confirmed by elaboration of the iodo cycloadduct 4a into
(+)—epilupinine.

‘We have recently reported! a new strategy for the synthesis of indolizidine and quinolizidine ring systems
involving a zwitterionic variant of the aza—Claisen rearrangement? followed by transannular cyclization3 from the
intermediate macrocyclic lactams (eq 1). It was shown that these transannular cyclization events proceeded with
complete regio— and stereocontrol in systems having geminal dichloride substituents at C-3. Thus, a net anti-addition
across the E-double bond afforded cycloadducts having either an equatorial iodo- or phenylseleno-substituent. In the
present study transannualar cyclizations of the unsubstituted macrocyclic lactams 2a,b were explored in order to
further define the stereochemical aspects of this process and to demonstrate the utility of our methodology in
synthesis.
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The requisite macrocyclic lactams 2a,b4 were obtained from the previously prepared dichloro adducts 1a,b by
reductive dechlorination using Zn—Ag alloy5 (eq 2). Whereas the ten—membered ring lactam 2b was readily isolated in
86% yield, the nine-membered compound 2a was afforded in 45% yield along with 23% of a mixture of the o, and
B,y double bond isomers 3.6
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Transannular cylizations of 2a,b were carried out in acetonitrile at room temperature for 1-2 h using either 2.0
equivalents of iodine or 1.1 equivalents of phenylselenyl bromide.? The resulting cycloadducts were isolated as a
single species in generally good yields with complete regio— and stereoselectivity. In the case of the indolizidines

5709



5710

Ja,b* the iodo- and phenylseleno-substituents were equatorial as indicated by the trans—diaxial coupling observed
between the bridgehead and the adjacent methine protons (3a, J = 10.4 Hz; 3b, J = 10.6 Hz). These results are
consistent with the anti—addition of the electrophile and the nitrogen lone pair across the E-double bond in precursor
2a.8 On the other hand, quinolizidines 4a,b4 were found to have axial iodo— or phenylseleno-substituents as
suggested by the axial-equatorial coupling detected between the hydrogens at C—5 and C—6 (4a, J = 5.9 Hz; 4b, J =
7.3Hz).? An explanation for the complete reversal in stereochemistry resulting from the transannular cylizations of
1b versus 2b is given in Scheme 1 below.
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The bridged ion 5, derived from attack of the electrophilic species X’-Y upon 1b or 2b, undergoes two different
reaction pathways!0 dependant upon the substitution at C-3 (Scheme 1).11 In the case of 2b this species should be
sufﬁciently long lived, due to the sluggish reactivity of the tertiary amide nitrogen, to undergo a reversible attack by
the external halide in solution giving adduct 6.12 A macrocyclic ring inversion would then provide conformer 7 now
having an equatorial like leaving group at C-6 suitably aligned for displacement by the transannular nitrogen which
gives rise to the observed stereochemistry in 4a,b. This conformation would likely be disfavored in the case of 1b
due to 1,3-diaxial type interactions between the axial chlorine substituent at C—3 and the iodo~ or phenylseleno group
at C-5. Therefore, the bridged ion 5 (X = CI) derived from 1b prefers to react directly with the transannular nitrogen
affording cycloadduct 8 having an equatorial substituent at C—5.
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Confirmation of the stereochemistry observed in quinolizidine 4a was provided by its expeditious conversion in
the simple lupinus alkaloid () ~epilupinine (11) of known configuration.13 Thus, copper catalyzed addition of
vinylmagnesium bromide to 4a afforded the substitution adduct 94 in 83% yield with clean inversion of
stereochemistry at C-5. The vinyl adduct 9 was reacted with ozone at ~78 oC and then directly converted into the
alcohol 10 by quenching the cold reaction mixture with methanolic sodium borohydride. The amide function in 10
was then reduced (A1H3/THF)14 thus affording 1115 in 59% overall yield from 9.
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The stereochemical course of transannular cyclizations involving unsubstituted macrocyclic nine— and
ten—membered ring lactams has been determined. In the case of the ten~membered ring systems the stereochemical
outcome was dictated by the substitution at C-3. This consequence is of importance in future applications of this
methodology for the synthesis of various indolizidine and quinolizidine alkaloids. Efforts to probe the intriguing
conformational properties of these unusual medium ring systems using a combination of substituent effects and
molecular modeling are currently underway.
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