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ABSTRACT

The synthesis of five natural products (3, 6, 7, 10, and 14), isolated from the Indian neem tree Azadirachta indica , is reported from a common
intermediate (2). The judicious choice of transacetalization conditions allows efficient access to both the azadirachtinin (9 and 10) and the
azadirachtin (3, 6, 7, and 14) skeletons.

The neem tree,Azadirachta indica, is a large, fast-growing
evergreen, prevalent in arid regions of the Indian sub-
continent. The remarkable properties of this tree have been
exploited for centuries, both to protect crops from insect pests
and to treat ailments including hypertension, leprosy, and
malaria.1,2 The activity of neem extract3 against insect pests
can be primarily ascribed to the presence of azadirachtin6,
which possesses powerful antifeedant4 and growth disruptant
properties.5

Although azadirachtin was first isolated in 1968,4 its
precise chemical structure was not elucidated until many
years later.6-8 More than 100 related compounds have since
been isolated from the neem tree, and these can be assigned

to one of three groups: azadirachtols, azadirachtins, and
meliacarpins (Figure 1).2 Compounds belonging to the
azadirachtol or meliacarpin families lack the 11-OH or
4-CO2Me groups, respectively, both of which are charac-
teristic of the azadirachtins.

The first synthesis of azadirachtin (6) has recently been
disclosed following 22 years of research within our labora-
tories.9,10Using the flexible route developed for this purpose,
it was envisaged that other members of the azadirachtin
family should be accessible from a common intermediate,
namely epoxide2.11

In order to prepare2, tetrasubstituted olefin110 was first
subjected to magnesium monoperoxyphthalate (MMPP),12
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which effected the desired epoxidation reaction.13 Following
a modified workup procedure, employing NaOH in place of
NaHCO3, silyl ether cleavage was also achieved to provide
2 in an optimized yield of 80% over the two steps (Scheme
1). Subsequent steps9,14 afforded vepaol3, identical in all

respects to the natural product.15,16

We have also reported the conversion of3 to azadirachtin
(6), which was accomplished in a modest yield of 47% over
two steps (X ) S, Scheme 2).9,14 This low yield was
attributed to the high temperatures required to install the
double bond in6 via syn elimination of the intermediate
sulfoxide (derived from4). Consequently, we anticipated that
the use of benzene selenol to form the analogous selenoacetal
(5) would circumvent this problem.

Indeed, we were pleased to find that the yield of6 could
be increased to 85% over two steps under these optimized
conditions. Thus, treatment of3 with benzene selenol and
pyridinium p-toluenesulfonate effected clean conversion to
the selenoacetal (5) which, upon oxidation, led to spontane-
ous elimination of benzeneselenenic acid to yield azadirachtin
(6).4

Isovepaol17 (7), the C-23 epimer of vepaol, was then
prepared from azadirachtin via a methoxybromination/
reduction sequence employingN-bromosuccinimide in metha-
nol followed by azo-bisisobutyronitrile and tributyltin hydride
in toluene. The resulting mixture of7 and3 was separated,
and theR-epimer proved to be identical to the natural product
(7) (Scheme 3).18

During studies of the C-23 trans-acetalization (3 to 4) en
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Figure 1. Three groups of natural products isolated from the neem tree.2

Scheme 1. Synthesis of Vepaol

Scheme 2. Synthesis of Azadirachtin from Vepaol
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to exploit this rearrangement in the preparation of the natural
product 1-tigloyl-3-acetyl-azadirachtinin9 (Scheme 4).20

Although9 had been prepared previously within our group
by semisynthesis,19 at that time it was not reported as a
natural product. In 1996, Kumar20 reported the isolation of
9 from neem extract, and we therefore examined an improved
synthesis from3. Treatment of3 with benzene selenol and
sulfonic acid resin cleanly effected rearrangement of the
azadirachtin skeleton and concomitant acetal exchange. The
resulting epimeric selenides were immediately reacted with
hydrogen peroxide/pyridine and underwent oxidation fol-
lowed by syn elimination within 5 min at 0°C to give
1-tigloyl-3-acetylazadirachtinin as a 3:1 epimeric mixture at
C-11 (9). While we are confident in the assignment of
synthetic material prepared, the NMR data differs substan-
tially from that reported previously.20 We can only therefore
conclude that the natural product these authors isolated was
not 1-tigloyl-3-acetylazadirachtinin but a closely related
compound whose identity is currently unknown.21

It was envisaged that another natural product, 1-tigloyl-
3-acetyl-11-methoxyazadirachtinin8 10, could be prepared via
an analogous approach. Installation of the requisite methyl
acetal at C-11 was followed by selective C-23 acetal
exchange and skeletal rearrangement (Scheme 4). Finally,
oxidation/elimination proceeded smoothly to furnish10 in
excellent yield for the first time,22 with spectral data identical
to that of the natural compound isolated by Kraus.8 Alterna-
tive strategies to prepare this natural product from either
azadirachtin (6) or 1-tigloyl-3-acetylazadirachtinin (9) proved
unsuccessful.23

Efforts were now directed toward the synthesis of 3-de-
sacetylazadirachtin (14).24 Accordingly, our common inter-
mediate (2) was first converted to diol11 (Schemes 1 and
5). It was then necessary to temporarily protect the more
reactive C-3 hydroxyl group in11 as the corresponding
acetate, thereby permitting installation of the C-1 tiglate
group. The C-3 acetate could then be cleanly and selectively
removed via methanolysis.

During the synthesis of 3-desacetylazadirachtin (14), it was
necessary to effect a diastereoselective reduction of the C-7
carbonyl group in12 to provide the axial alcohol required
for the natural product (14). In the case of azadirachtin (6),
which differs only by the presence of a tigloyl ester at C-1,
the inherent reactivity of the system provides a 1:1 dr,
employing cerium trichloride and sodium borohydride in
methanol.14 We were therefore surprised to find that under
identical conditions, ketone12underwent selective reduction
to the desired axial alcohol13 in excellent yield (91%) with
exclusive diastereoselectivity.

Cleavage of the benzyl ether of13 proceeded without
incident, and all that remained was the introduction of the
enol ether present in the natural product. Acetal exchange
followed by an oxidation/elimination protocol completed the
synthesis of 3-desacetylazadirachtin (14), which was identical
in all respects to the natural product.24,25

In summary, we have successfully prepared five natural
products isolated from the Indian neem tree from a common
precursor (2).26 The use of a selenoacetal to install the
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Scheme 3. Synthesis of Isovepaol

Scheme 4. Synthesis of Azadirachtinins9 and10
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reactive enol ether, prevalent throughout the neem natural
products, offers several benefits including an increased yield
and the possibility to access the azadirachtinin skeleton. With
the exception of azadirachtin, these natural products are only
isolated in trace amounts from neem extract,8 and thus, by
semisynthesis we have access to significant amounts of
material for further biological evaluation. This clearly
demonstrates the flexibility of our route developed for the
synthesis of azadirachtin.
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Scheme 5. Synthesis of 3-Desacetylazadirachtin
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