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A SIMPLIFIED ISOLATION PROCEDURE FOR AZADIRACHTIN
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The Indian neem tree, Azadirachta in-
dica A. Juss (Meliaceae) has long been
recognized for its unique properties. Of
primary importance are potent insectici-
dal properties. Studies (1-15) have re-
vealed an array of bioactive limonoids
(16), the seeds being especially well en-
dowed. Further revelation that the ac-
tion is systemic, the compounds non-
toxic, non-mutagenic, and biodegrada-
ble, and the wide range of insect species
affected (17, 18), has made the neem tree
the focus of worldwide attention, in-
cluding three international neem confer-
ences.

Azadirachtin {1], the most active
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component, continues to be studied in-
tensively (17,19,20). The initially pro-
posed 1975 structure (6,7) also has been
under scrutiny for several years without
success. However, its structure has
finally been established (21) including
X-ray crystallography of its derivative
(22); structure 1 represents the revised
structure of this complex limonoid (21-
23).

Several procedures have been pub-
lished for the isolation of azadirachtin
(4-7,12,24). Purification was accom-
plished by successive partitionings and/
or a variety of chromatographic steps in-

cluding preparative layer chromatog-
raphy (4-7), open-column reversed-
phase chromatography (12) and hplc
(24). In spite of these reports, there has
been a perennial lack of pure material for
research purposes. The great demand for
pure azadirachtin has prompted us to
publish an improved preparative isola-
tion procedure.

It has been found to be advantageous
to exhaustively defat the ground neem
seeds with hexane prior to extraction
with 95% EtOH (see Figure 1). The
ethanolic extract is then subjected to two
quick, efficient partitionings: between
petroleum ether and 95% aqueous

MeOH to remove any remaining oils and
other non-polar materials, followed by
partitioning between H,0O and EtOAc
to remove what appears to be water solu-
ble proteins' and sugars. The EtOAc

'If the MeOH/H,0 layer from the first parti-
tioning is evaporated to complete dryness (azeo-
tropically with absolute EtOH), a dark, dough-
like residue results that is insoluble in absolute
EtOH, CHCl;, and EtOAc. The residue is solu-
ble in H,O or aqueous EtOH. Apparently water
soluble proteins have occluded organics.
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FIGURE 1. Flow diagram for the isolation of azadirachtin from the seed of Azadirachta indica.

layer is vacuum filtered? through a plug
of Si gel (sintered glass funnel) and the
filtrate concentrated.

A method was devised to accomplish a
large-scale preliminary purification of
azadirachtin from the remaining matrix
(52 g). A 600-ml sintered-glass funnel
packed one-half full with lc grade Si gel
(1 cm sand layer) was equilibrated
(hexane-EtOAc, 1:3) by applying a vac-
uum to a filter flask beneath it. The 52 g

2Azadirachtin has an Rf=0.7 on Si gel with
EtOAc. Attempts to tone down the solvent sys-
tem with even small amounts of hexane or Et,0
caused precipitation of polar materials, including
some azadirachtin. Filtering the EtOAc layer
through Si gel at this point removes the interfer-
ing polar compounds and renders the filtrate solu-
ble in hexane/EtOAc mixtures for further
chromatography.

of material was chromatographed in four
portions, and ten 250-ml fractions were
collected for each portion.

The first two fractions consisted of a
complex mixture of the least polar com-
pounds, presumably other tetranor-
triterpenoids, by 'H nmr (ca. 20 g). The
third fraction was nearly pure salannin
(3) in total overall yields comparable to
azadirachtin. After a small gap,
azadirachtin eluted in fractions 5-8 and
could be obtained 70-80% pure at this
stage in the main fractions, 13 g total
(Figure 1).

Because the remaining impurities
were of like polarity and not easily separ-
able on the preparative scale, a crystalli-
zation of azadirachtin was carried out.
The partially purified material was dis-
solved in CCly with heating on a steam
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bath, suction filtered warm, and stored
in the freezer. The solution clouded soon
after filtering and did not clear for nearly
12 h. An off-white microcrystalline ma-
terial was collected by suction filtration.
Very little, if any, azadirachtin re-
mained in the mother liquor. Analysis of
the precipitate revealed that some other
more polar materials had co-crystallized,
but none of the troublesome compounds
of closest polarity were present.

Final purification was accomplished
by flash chromatography (CHCl;-
MeCN, 3:1), azadirachtin eluting first,
essentially pure. 'H-nmr analysis (250
MHz) revealed no detectable impurities.
Solvent removal yielded azadirachtinasa
clear, colotless glass, or upon further re-
crystallization from CClg as a white,
microcrystalline material (mp 149°).
The toral yield was in excess of 5 g.2

Some further comments are war-
ranted. The exhaustive hexane extrac-
tion greatly simplifies subsequent opera-
tions. This defatting process might also
result in a more efficient ethanolic ex-
traction, thus accounting for the high
yields realized in this procedure. Varia-
tions in seed content probably exist, but
to our knowledge this has not been sys-
tematically investigated.

Vacuum liquid chromatography is
rapid, reproducible, and offers the ad-
vantage that it can easily be scaled up.
Another advantage is simplified loading
of material and eluting solvents. A simi-
lar system has been described elsewhere
(25) as “dry-column” flash chromatog-
raphy, where the funnel is sucked dry
after each predetermined volume of elut-
ing solvent. It was also our experience
that the separation was not adversely af-
fected, if the glass funnel was sucked

3This yield could actually be substantially
higher. Only part of the material was purified ini-
tially for derivatizations and nmr studies (23).
Considerable degradation of azadirachtin in the
remaining material occurred upon standing in the
solid state in flasks at room temperature. (half-
life, ca. 4 months).
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dry, as long as the sintered glass funnel
was correctly packed and equilibrated
initially to prevent channeling. Likewise
the flow rate did not noticeably affect the
separation. Solvent could be pulled
through at an appreciable rate or left to
gravity, which was still 20 ml/min.

The key crystallization step from
CCly is not an exacting process. In the
course of developmental work it was re-
peated many times. The process was al-
ways efficient; the precipitate always
microcrystalline. Even material contain-
ing 30-40% azadirachtin could be pur-
ified in this manner. This time saving
step should help provide the large
amounts of pure azadirachtin needed for
physiological studies.

EXPERIMENTAL

GENERAL METHODS.—Melting points were
obtained on a Thomas capillary melting point ap-
paratus and are uncorrected. Tlc was accom-
plished on 0.25 mm precoated plates of Si gel 60
F-254 (Merck). Visualization was with 3% (w/v)
vanillin in absolute EtOH containing 1% (v/v)
H,SO,4 and gentle heating (Rf=0.25, green,
CHCIl3-MeCN, 3:1). Flash chromatography re-
fets to the low pressure system described by Still
(26). Vacuum liquid chromatography (Figure 1)
is a modification of the preparative system des-
cribed by Harwood(25). All preparative separa-
tions were on grade 60 Si gel, 230-40 mesh, 60A
(Merck).

EXTRACTION.—Seed kernels from A. indica
(2.0 kg) were placed in a Waring commercial
blender with hexane (2.0 liters) and ground to a
fine powder (10 min). After standing 1 h, the
mixture was briefly agitated again, and the result-
ing suspension poured into a large Buchner fun-
nel (16 cm) under vacuum. After solvent removal
(discarded), the resulting seed cake was returned
to the blender? with fresh hexane (2 liters) and the
above process repeated a total of four times.

The seed cake was extracted in the same man-
ner with five 2-liter volumes of 95% EtOH. Per-
colation was again carried out within the blender,
except for periods of 8-12 h. The combined EtOH
extracts yielded 185 g of a dark, viscous extract
after solvent removal in vacuo. Subsequent steps
for the extraction of azadirachtin are described
above and in Figure 1.

4An explosion-proof blender should be used
because of the possible fire hazard.



244 Journal of Natural Products [Vol. 50, No. 2
ACKNOWLEDGMENTS 14. W. Kraus and R. Cramer, Chem. Ber.,
. . 114, 2375 (1981).
We would like to thank Dr. R.R. Izac, Philip ’
Morris, U.S.A. for providing the neem seeds. 5. L f‘ﬂﬁ’ %Mztsu';::;;;;m}'{a:;m Zt8°9’
This wotk was supported by NIH grant Al ?‘119 8—6]) - Rlocke, ’ ’
10187. 16. D.A.H. Taylor, in: “Progress in the
LITERATURE CITED Chemistry of Organic Natural Products,”
Cyqe s . Ed. by W. Herz, H. Grisebach, and G. W.
1. 8. Siddiqui, Cwrr. Sci., 11, 278 (1942). Kirby, Springer-Verlag, 1984, New York,
2. C.R. Narayanan, R.V. Pachapurkar, 8.K. Vol. 45, pp. 1-102.
Pradhan, V.R. Shah, and N.S. Narayanan, 17. J.D. Warthen, Jt., “Agric. Reviews and
J. Ind. Chem. Su., 2, 10,8(1964)‘ Manuals (Northeastern Ser.)”, Vol. 4,
3. R. Henderson, R. McCrindle, K.H. Over- 1979. USDA, Sci.+Educ. Adm.
ton, and A. Melera, Tetrabedron Lett., 3969 Belesville, MD ’ ’
(1964). 18. Chemical and Engineering News, May 27
4. ].H Butterworth and E.D. Morgan, J. In- ’ 1985x‘;p.“46-5 ;l.gmxrmg ews, May 27,
sect Physiol., 17, 969 (1971). 19. R.E. Redfern, D.K. Hayes, J.D.
5. J.H. Butterworth, E.D. Morgan, and Warthen, A.B. DeMilo, and T.P.
G.R. Percy, J. Chem. Soc., Perk Trans., 1, McGovern, Ann. Rev. Chrongpharmacol.., 1,
2445 (1972). | 239 (1984).
6. P.R. Zanno, I. Miura, K. Nakanishi, an
! ’ ’ . . Koul, Entomol. Exp. Appl., , 85
D.L. Elder, J. Am. Chem. Sec., 97, 1975 20 8984;’ miomol. Exp. Appl., 36
(1975). 21. W. Kraus, M. Bokel, A. Klenk, and H.
7. K. Nakanishi, in: “Recenc Ad"“‘“’l:l in Pohnl, Tetrabedron Lett., 26, 6435 (1985).
Phytochemistry,” Ed. by V.C. Runeckles, 22. H.B. Broughton, S.V. Ley, A.M.Z. Sla-
Plenum Press, New York, 1975. Vol. 9, win, D.J. Williams, and E.D. Morgan, J.
Chapter 11, and references cited therein. Cbe;n. .S:oc.. Chem. C;mmm. 46 (1986).,
8. D. Lavie, M.K. Jain, and S.R. Schpan- 23. C.J. Turner, M.S. Tempesta, R.B. Taylor,
Gabrielith, Chem. Commun., 910 (1967). M. Zagorski, J.S. Termini, D.R.
9. R. Henderson, R. McCrindle, A. Melera, Schroeder K.’N kanishi subm,irt ed for
and K.H. Overton, Tetrabedron., 24, 1525 publicatio,n ’
(1968). 24, R.B. Yamasaki, J.A. Klocke, S.M. Lee
10. J.D. Connolly, K.C. Haads, and R. G.A. Stone, and M.V. Darlington, J.
McCrindle, Tetrabedron Letz., 437 (1968). Chromatogr., 356, 220 (1986).
1. DE.U. Ekong, C.O. Fakunle, A.K. 25. L.M. Harwood, Aldrichimica Acta, 18, 25
Fasina, and J.I. Okogun, Chem. Commun., (1985)
1166 (1969). W.C . M d A Mi
12. E.C. Uebel, J.D. Warthen, Jr., and M. 26. ors 'C;:”’ 43'2’9:“123“‘(’1;'7‘8) - Mieza, J.
Jacobson, J. Liguid Chrom., 2, 875 (1979). ’ e )
13. W. Kraus and R. Cramer, Liehigs Ann. Received 31 March 1986

Chem., 181 (1981).



