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AbstractÐThree 5-isosteres of huperzine A (2±4) were ®rst synthesized. The key intermediate 10 was prepared by the reaction of
acid 13 with LTA. The compounds 2 and 3 had 50% inhibition by 35 and 47mM, respectively, which still retained anti-
acetylcholinesterase activity. # 2000 Elsevier Science Ltd. All rights reserved.

Huperzine A (1),1,2 a Lycopodium alkaloid isolated
from Chinese folk remedy Huperzia serrata, is a noo-
tropic agent which has been found to be a potent and
reversible acetylcholinesterase (AChE) inhibitor and is
capable of ameliorating the memory de®cits in patients
su�ering from neurodegenerative diseases such as
Alzheimer's and improving cognitive function in AD by
enhancement of central cholinergic tone in the CNS.3ÿ6

It has attracted widespread attention because of its
considerable duration of action, its potency and lack
of side e�ects.5,7 In the course of studies of structure±
activity relationship and potent analogues of 1, many
derivatives and analogues of 1 have been synthesized
but most of them do not have comparable AChE inhi-
bitory activity to that of (ÿ)-1.8,9

We report herein our investigations on the synthesis of
5-substituted analogues of huperzine A (2±4). The
hydroxyl group, ¯uoro group and amino group have the
same number of electrons (isosteres) and the hydroxyl
group and amino group also are similar in polarity but
the hydroxyl group has much lower basicity than the
amino group, so we feel that the 5-hydroxyl analogue of
1 (2) can not only retain the properties of particular
interaction of AChE with 1 but also is easier to pene-

trate the blood±brain barrier than 1 because it has a
much lower potency to ionization. We envisaged that 2
and perhaps 5-¯uoro and 5-acetoxyl substituted analo-
gues of 1 (3 and 4) have comparable and even better
AChE inhibitory potency than 1.

First, ester 5,8,9 after LiAlH4 reduction, Swern oxida-
tion,10 Grignard reaction and PCC oxidation, gave
methyl ketone (9). In methodology, we explored
Baeyer±Villiger rearrangement of 9 selectively to an
acetate ester (10). Unfortunately, no desired product 10
was formed and only the epoxide compound 11 was
formed under the condition of mCPBA/NaHCO3 which
was a successful method in ref 11. Then, we investigated
application of the Dakin method (NaOH/H2O2) for this
aim,12,13 but no reaction took place to provide com-
pound 10 and/or compound 12 (see Scheme 1).

After initial attempts failed, we had to change our
strategy to employ lead tetraacetate (LTA) oxidation
reaction14 to pursue the synthesis of the compound 10
(Scheme 2). Reaction of acid 138,9 with LTA in benzene
under bubbles of argon to remove ensuing carbon
dioxide successfully led to acetate ester 10. Deprotection
of acetate ester 10 with TMSI/CHCl3 only yielded
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deprotected acetate ester 415 which did not ester
exchange with MeOH but could be hydrolyzed to the
product 216 by 20%NaOH in MeOH. Also, hydrolysis of
acetate ester 10 provided alcohol 14 and then deprotection
of alcohol 14 with TMSI/CHCl3 gave the product 2.

After treatment with diethylaminosulfur tri¯uoride
(DAST),17 14 could be transformed into 15. Finally,
deprotection of 15 with TMSI gave rise to another target
compound 318 (Scheme 2).

With the accomplishment of the synthesis, in vitro
AChE inhibitory activity of the analogues was assessed
according to the method of Ellman et al.19 The results
listed in Table 1 disclosed that the activity of these ana-
logues is inferior to that of (ÿ)-1. These ®ndings suggest
that the C-5 amino group plays an important role in
holding signi®cant AChE inhibitory activity.

The important reason that the substitution of amino
group by hydroxy group makes the activity decrease
sharply is that in the physiological condition, the amino
group can form quaternary ammonium to imitate the
function of acetylcholine and combine the active site of
AChE, but the hydroxy group can not act in this way. On
the other hand, 2 and 3 exhibit comparable activity indi-
cating that except for the tendency to form the cation, the
polarity has less in¯uence on inhibitory activity. Com-
pound 4 has no tendency to form the cation and large
hindrance, so has almost no activity.

Further exploratory work on this topic is being con-
ducted in our laboratory.
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