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A Concise Synthesis of Monoterpene Pyridine Alkaloid Aucubinine B'
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Aucubinine B (4), a monoterpene alkaloid obtained from the
metabolites of aucubin in the presence of human intestinal bac-
teria, has been synthesized from 3-bromo-4-pyridinecarbox-
aldehyde (5) in four steps with 39% overall yield. The con-
struction of the cyclopenta[ ¢ ]pyridine intermediate (7) was re-
alized by an intramelecular Heck reaction.
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A number of monoterpene alkaloids possessing the cy-
clopenta| ¢ |pyridine ring system has been proved to be bi-
ologically significant, as exemplified by ( ~ )-oxerine! (1)
and ( - )-actinidine? (2) (Chart 1). (R)-Aucubinine A
(3) and ( - )-aucubinine B (4), representing another two
pyridine alkaloids containing this framework , were first ob-
tained from the metabolites of aucubin in the presence of
human intestinal bacteria.? Aucubinine B can also be ob-
tained by either metabolic or chemical conversion of
harpagide, harpagoside and 8- 0-p-coumaroylharpagide.*
The unique structural characteristics and significant biolog-
ical activities of cyclopenta[ ¢ ]pyridine alkaloid family of
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natural products have stimulated considerable interest for
their syntheses .!'% Herein we wish to disclose our total syn-
thesis of ( * )-aucubinine B via cyclopenta[c ]pyridine in-
termediate (7) formed by an intramolecular Heck reaction
(Scheme 1).

The cyclopenta[ ¢ |pyridine ring system was previously
built by either a free radical cyclization'®'! or an in-
tramolecular oxazole-olefin Diels-Alder reaction . '® The for-
mer approach involves the use of a radical initiator such as
tributyltin hydride, while the latter requires the synthesis
of a suitable oxazole precursor. We envisioned that the
framework could be efficiently constructed by an in-
tramolecular Heck reaction. To explore the feasibility of
this novel strategy, an appropriate precursor 6 should be
prepared first. This intermediate was reportedly!®:!¢ syn-
thesized in 73% yield by Barbier reaction of 3-bromo-4-
pyridinecarboxaldehyde® (5) with allyl bromide and acti-
vated zinc in THF for 2 h. In our case, allylation of alde-
hyde 5 with allyl bromide and unactivated zinc in DMF for
30 min afforded homoallylic alcohol 6 in excellent yield
(98% ). With alcohol 6 in hand, its intramolecular Heck
reaction was then investigated. Gratifyingly, under the
typical Heck conditions’ (5 mol% Pd(0Ac),, 10 mol%
PPhs, 300 mol% Et;N, CH3CN, 70 °C, 3.5 h), the cy-
clization of 6 was effected to give the desired cyclopenta
[ ¢ lpyridine intermediate (7) (81%) along with a small
amount of 4, produced presumably as a result of the rear-
rangement of the initially formed 7. The observed direct
formation of 4 from 6 (though in low yield) led us to exam-
ine the possibilities of (i) modifying the standard Heck
conditions to favor the rearrangement product 4, and (ii)
realizing a one-step conversion of 7 to 4 via base or pre-
cious metal-promoted rearrangement. The fact that the
above efforts turned out to be unfruitful prompted us to re-
sort to a circuitous but practical strategy to obtain the target
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compound. Catalytic hydrogenation® of 7 with 10% Pd/C
in ethanol at room temperature for 8 h gave 8 as a mixture
of two inseparable stereomers'd"® in a combined yield of
81% . The diastereomeric ratio of 14:1 favoring the cis-i-
somer was deduced from the line integrals of 'H NMR
spectrum. Each isomer displays its distinct NMR spectral
characteristics. !¢ This is a case where the haptophilicity
consideration is not the predominate factor to determine the
stereoselectivity. Finally, upon Swern oxidation,!® 8 was
converted to ( + )-aucubinine B (4)!! in a moderate yield
of 60% (unoptimized). The material obtained from this
sequence gave '"H NMR and 1*C NMR spectral data in ac-
cord with those reported previously .4

In summary, ( + )-aucubinine B (4) has been syn-
thesized from 3-bromo-4-pyridinecarboxaldehyde (5) in
four steps with 39% overall yield. The construction of the
cyclopenta[ ¢ ] pyridine intermediate (7), realized by an
intramolecular Heck reaction, is the core of our current
work and should be adaptable for the synthesis of oxerine, !
which is ongoing in our laboratory and will be reported in
due course.
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