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We have disclosed recently a total synthesis approach to
(*)-huperzine A and its analogues.! Since both in vitro and in
vivo pharmacological assays show that the racemate is half as
potent as natural (~)-huperzine A, a result which would suggest
that the (+)-isomer is poorly active as an inhibitor of acetyl-
cholinesterase (AChE), we believed it important to develop an
enantioselective approach to this valuable molecule.

On the basis of the route established to (&)-huperzine A, we
chose to introduce absolute stereochemistry at the stage of the
Michael/aldol (M-A) reaction which is used to create the bridging
ring of huperzine A. Through the simple expedient of affixing
a chiral auxiliary at the ester group of 1a, we believed that an
enantioselective approach to (-)-huperzine A could be found.?
Prior to undertaking the laboratory work, molecular modeling
studies were carried out in which the possible stereodirecting effects
of different chiral auxiliaries were examined. The 8-phenylmenthol
ester derivative 1b emerged as an attractive candidate. In the
molecular modeling study of 1b, the global minimum energy
conformation (gmec) and the low-lying minimum energy con-
formations (llmec) with either bottom-face shielding (bfs) or
top-face shielding (tfs) were obtained by using the global searching
method in MacroModel.? Assigning the gmec a relative popu-
lation of 1.0, the relative populations of other llmecs were cal-
culated according to the Boltzmann distribution law. A prediction
of the ratio of the (-)- to (+)-isomers was then obtained from
the ratio of the summed bfs populations to the summed tfs pop-
ulations. At room temperature, a 4:1 ratio of (~)-isomer to
(+)-isomer is predicted (Rpreicied = 21/ 214 = 4/1), assuming
that the transition state for the chirogenic step mimics the ge-
ometries of the gmec or llmecs and that a reasonable level of
“chirality preservation” occurs.® At lower temperatures (~20 °C),
the ratio of (~)-huperzine A to (+)-huperzine A is expected to
increase based upon the fact that the gmec yields (-)-huperzine
A. A quantitative prediction of relative populations at lower
temperatures cannot be made by the Boltzmann distribution law
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1b-1-(+), limec leading lo (+)-huperzine A
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since it remains valid only if a fast exchange rate among the
conformers exists.

With this favorable prediction from the molecular modeling
studies, 1a was transesterified with (-)-8-phenylmenthol (benzene,
reflux, 3 days, 91%), and 1b reacted with methacrolein in the
presence of tetramethylguanidine at room temperature over 2 days.
A 90% yield of the mixture 2 was isolated. Mixture 2 was
transformed to olefin 3 employing conditions identical with those
reported previously.'® While yields for the elimination step are
modest, the ratio of chromatographically separable olefinic dia-
stereomers was readily assigned by !H NMR analysis and found
to be 4:1, a ratio identical with that predicted above. If the M-A

© 1991 American Chemical Society



4696 J. Am. Chem. Soc. 1991, 113, 4696-4698

reaction is run at —20 °C, the ratio of olefin isomers secured upon
dehydration is improved to 9:1.4 For the major olefin isomer 3,
further steps in its transformation to huperzine A were similar
to those reported previously. In the present work, however, the
PhSH/AIBN catalyzed isomerization of the 10:1 Z/E mixture
of olefin isomers 4 proved less efficient.’ After two repetitions
of the isomerization reaction, the 10:1 mixture was converted to
but a 1:1.4 Z/E mixture. After chromatographic separation, the
E isomer was reacted with LAH (THF, room temperature, 7 h,
84%) to give alcohol § which was oxidized to acid 6 by Jones
reagent (room temperature, | h, 90%). Subsequent Curtius re-
arrangement of the acid 6 (SOCIl,, PhCH,, 75-80 °C, 1.5 h;
NaNj,, PhCH,, 75-80 °C, 8 h; MeOH, reflux, 14 h, 80% overall)
then led to huperzine A which exhibited an [a],, of —147°, a
value nearly identical with that measured for natural (-)-huperzine
A [[@]®p -150° (c 0.12, CHCI,)].6

On taking the minor diastereomer 3’ through the same sequence
of reactions, small amounts of (+)-huperzine A could be obtained.
To obtain larger quantities of (+)-huperzine A, it was more
efficient to react (£)-7 with (S)-MTPA-CI (Et;N, CH,Cl,, room
temperature, 2 h) and to separate the resulting diastereomers by
column chromatography. The resulting optically pure ester was
reduced with LAH/Et,0 to provide optically active 7. Jones
oxidation (acetone, 27 °C, 1.5 h) followed by esterification with
methyl iodide (DBU, CH,;CN, room temperature, 2 h, 46%
overall) provided ester 8. Next, 8 was isomerized to the (E)-olefin
with thiophenol/AIBN in toluene, and the ester hydrolyzed to
acid 9 with 20% aqueous NaOH in MeOH-THF at reflux (73%
overall). Acid 9 was transformed to the carbamate 10
[(PhO),P(O)N;,, Et;N, PhCH;, reflux, 2.5 h; MeOH, reflux, 18
h, 63% overall) which was deprotected in the standard way (TMSI;
MeOH, 85%) to furnish (+)-huperzine A of [a]®p +147° (¢ 0.72,
CHCl,y).?

To examine the in vitro biological activity of (+)-huperzine A,
the compound was tested over a concentration range of 10-1000
nM for its ability to inhibit AChE from rat cortex.! The ICy,
for (+)-huperzine A was found to be 1448 = 62.4 nM (n = 5),
which is 33-fold larger than that of (—)-huperzine A (ICs, = 44.5
£ 2.9 nM (n = 3)). Racemic huperzine A has an IC4; of 71.5
£24n0M (n=17).

The difference in IC54's of the pure enantiomers demonstrates
a reasonably large stereoselectivity of action for huperzine A.
Nonetheless, this difference is not as great as that reported for
physostigmine wherein the (+)-isomer is over 700 times less potent
than its (—)-isomer in inhibiting AChE from the cortex.® Such
differences probably reflect the more critical positioning required
of the physostigmine molecule as a consequence of its inhibitory
action being due to its ability to carbamoylate the enzyme, a
feature not exhibited by the huperzine molecule.'°

The present work has important implications for the use of
huperzine A in the palliative treatment of Alzheimer’s disease.
Further applications of the chemistry described herein to the
preparation of optically pure analogues of huperzine A for
evaluation as cognition enhancers are being explored.
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Noncovalent interactions that are selective, directional, and
strongly attractive can induce the self-assembly of predictable
supramolecular aggregates. We have shown that the tendency
of 2-pyridones to form hydrogen-bonded dimers allows them to
be used as sticky sites that compel molecules to associate, thereby
driving the self-assembly of aggregates joined by extensive net-
works of hydrogen bonds.!? This work suggested that the creative
incorporation of multiple sticky sites in rigid frameworks might
induce the self-assembly of three-dimensional networks with in-
ternal chambers. For example, hypothetical compound 1 should
be forced by its tetrahedral geometry and the presence of four
sticky sites (-) to form the cubic diamondoid network 2 or a related
hexagonal lonsdaleite lattice. In this communication, we show
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that the self-assembly of such structures is possible; under suitable
conditions, self-association of rigid tetrapyridone 3 produces an
organic diamondoid network 2 with large internal chambers that
seleg:aively enclathrate molecules present during the self-assem-
bly.>
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