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CHEMISTRY OF INSECT ANTIFEEDANTS FROM AZADIRACHTA INDICA
(PART 7)1: PREPARATION OF AN OPTICALLY PURE
HYDROXYACETAL EPOXIDE RELATED TO AZADIRACHTIN.

James C. Anderson and Steven V. Ley.*

Department of Chemistry, Imperial College of Science, Technology and Medicine, London, SW7 2AY, UK.

Summary: Pr.cfpamtion of an optically pure hydroxyacetal epoxide (2) as a model compound of
the potent antifeedant azadirachtin (1) is reported.

‘We wish to report new synthetic studies towards key structural fragments of the potent antifeedant and
growth regulator agent azadirachtin (1)2 isolated from the neem tree Azadirachta Indica A. Juss (Meliaceae).

In preliminary studies towards the total synthesis of (1) we have developed synthetic sequences to
various components of this novel molecule including the substituted decalin unit3 and a dihydrofuranyl acetal
fragment.14 Furthermore, we have shown that simple skeletal structures can mimic the antifeedant activity of
the natural product.4 These insect behavioural control substances have some advantages over conventional
methods and may well find future applications as part of integrated pest management control programmes,

Here we discuss the preparation of a hydroxytetracyclicacetal epoxide (2) as a species encompassing
many of the structural elements found in (1). Additionally, preparation of this fragment defines synthetic
procedures which may eventually be employed in the total synthesis of (1). The new sequence was developed
as a necessary improvement to our previously described route! for the preparation of key fragments of (1) to
provide multigramme quantities of suitable coupling material.
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Reaction of the homochiral hydroxy bicyclic ketone (3)6 with benzyl bromide followed by Baeyer
Villiger oxidation with m-CPBA gave (4) in excellent overall yield (Scheme 1). Deprotonation and reaction
with the new hydroxylating agent MoOs.Py. DMPU (MoOFD)? gave the product (5). Following protection of
(5) as its t-butyldimethylsilyl ether (81% overall), the enolate was prepared using KDA and stereoselectively
quenched with allyl bromide to afford (6) (77%).
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Beagents: (1) NaH, BnBr, "BuyNI, THF, 0°C to RT. 3h. 98%; (Il) m-CPBA, TsOH cat., DCM, RT. 3h, 91%;
(iif) LDA, THF, -78°C then MoOPD, -78°C to RT.; (iv) 'BuMe,SiCl, imidazole, DMF, RT. 14h. 81% overall;
(v) KDA, THF, -78°C; HMPA; CH2=CHCHoBr, -78°C to 0°C. 77%; (Vi) DIBAL, toluene, -78°C; (vil) Oz, DCM,
-78°C then PhgP, RT. 14h. 75%. overall, o:f 1:4; (vill) Amberlyst 15, MeOH, 3 A mol. sieves, MeCN, RT.
15min. 83%, o:p 1:3; (ix) Hz2,10% Pd/C, HCl cat., MeOH, RT. 98%.

This lactone, upon reduction with di-isobutylaluminiumhydride and ozonolysis, gave the hemiacetal
(7). Protection of the hemiacetal (7), via anomeric exchange with methanol, afforded a crystalline compound
(8), the structure of which was confirmed by X-ray crystallography.8 Compound (8) was then readily
converted to a pivotal intermediate (9)% by debenzylation with 10% Pd/C and hydrogen. This intermediate (9)
will also be useful in the preparation of novel analogues difficult to obtain by other sequences.10

Dehydration of (9), via its mesylate with DBU, gave (10) in 95% overall yield. Stereoselective
epoxidation of (10) with m-CPBA afforded the epoxide (11) (Scheme 2). The selectivity of this reaction was
determined by detailed n.m.r. measurements including selected n.O.e. difference experiments. Irradiation of
H3 (85.26, s) induced an enhancement of H9 (83.80, d, J 2.9 Hz; +1.9%) and H11 (83.50, br.d, J 2.5 Hz;
+3.1%). The respective irradiation of H9 and H11 gave corresponding enhancements of H3 (+2.3% and
+3.4%).
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Beagents: (i) MsCl, EtsN, DCM, RT. 10 min.; {§) DBU, toluene, 120°C, 38h. 95% overall; (iil) m-CPBA,
DCM/satd. ag. NaHCOg, 1:1, RT. 40h. 68%; (iv) Amberlyst 15, PhSH, 4A sieves, RT. 21%; (v) m-CPBA,
DCM, RT. 2 min.; (vl) EtaN, toluene, 120°C, 10 min.; (vil) TBAF, THF, RT. 5 min. 73% overall.

The final stages in the synthesis followed our previously established route for the introduction of the

enol cther double bond. Thus, treatment of (11) with benzene thiol in the presence of Amberlyst 15 ion
exchange resin, followed by oxidation and syn-elimination, gave (12). Deprotection of (12) with tetra-n-
butylammonium fluoride in the normal way gave (2).11

The above synthesis constitutes a new route to these interesting molecules which will be useful for the

total synthesis of (1). This route will also provide a source of novel compounds for future biological evaluation
as antifeedant materials. 12
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