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Abstract
A microorganism identified as Nocardia Sp.capable of converting azadirachtin 1 into three metabolites, viz. 3-

deacetylazadirachtin 2, 1-detigloyl-3-deacetyl-azadirachtin-1-ene-3-one 3 and 1-detigloyl-3-deacetyl-11,19-
deoxa-12,19-oxa-11-oxo-azadirachtin-1-ene-3-one 4, has been isolated. This is the first report on the
functionalization of azadirachtin using biocatalysts wherein two novel, hitherto unknown metabolites have
been isolated and characterized. © 1999 Elsevier Science Ltd. All rights reserved.
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Azadirachtin, the tetranortriterpene from Azadirachta indica A. Juss (neem tree) has
generated wide academic and industrial interest because of its powerful antifeedant and
hormonal activity towards many species of insects. In fact a considerable amount of work has
already been carried out on structure-activity relationships [1-4]. Although there are several
reports on skeletal and functional group conversions of azadirachtin and related compounds
using synthetic reagents [5,6], transformations mediated by biocatalysts have not been reported
so far.

Our quest for developing biologically active and stable derivatives of azadirachtin and
related compounds using biocatalysts, led to the isolation of a gram positive bacterium
identified as Nocardia Sp. which utilizes azadirachtin as the sole source of carbon. This
organism has been shown to bring about efficient transformation in salannin, a
tetranortriterpene [7]. In the present studies we have shown that the organism is capable of
converting azadirachtin 1 into 3-deacetylazadirachtin 2, 1-detigloyl-3-deacetyl-azadirachtin-1-
ene-3-one 3 and l-detigloyl-3-deacetyl-l1,19-dcoxa-12,19-oxa-ll-oxo-audirachtin-l-ene-3-
one 4. The metabolites 3 and 4 are found to be more stable than the parent compound 1. These
novel hitherto unknown metabolites (3,4) having an o,B-unsaturated ketone moiety in ring A
with or without a lactone functionality between C-12 and C-19, could prove to be better
antifeedants and cytotoxic agents than azadirachtin 1. In fact earlier it was demonstrated that
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gedunin, one of the minor constituents of neem, with an o,B-unsaturated ketone as part of the
ring A and a 3-lactone moiety in its structure, has significant antifungal and antimalarial
activities [8].

Nocardia cells were grown for 36 h in a mineral salts medium (pH 7.2) containing
glucose (0.2%) and yeast extract (0.05%) following standard procedures [7]. Azadirachtin 1
(500 mg, 0.7 mmol) was incubated with the re”sting"dells of Nocardia sp.! (~ 4g wet weight in
125 ml of phosphate buffer, 0.01M, pH 7.2) on a rotary shaker at 29-30°C for 2-8 h. At the end
of the incubation period, the cell suspension was centrifuged, the supernatent acidified to pH
6-6.5 and extracted with ethyl acetate. The ethyl acetate layer was dried and subjected to
column chromatography (silica gel) using hexane-EtOAc as the solvent system to separate the
metabolites. The ratio of metabolites formed depends upon the duration of incubation. During
the early stages of incubation (2h), the major metabolite (60%) formed was characterized as 3-
deacetylazadirachtin 2. The 'H NMR of this metabolite clearly showed the absence of the peak
at & 1.95 indicating that deacetylation of 1 had occurred. This was further confirmed from the

mass spectrum of 2 [9].

Prolonging the period of incubation (6h) results in the formation of metabolite 3. The IR
spectrum of this metabolite showed peaks at 1735 cm™ and 1692 cm™. The 'H NMR spectrum
of this compound was similar to that of azadirachtin 1 in the following spin systems,

i) the three spin system of H-5, H-6, and H-7;

it) the three spin system of H-15, 16a., and H-17;
iti) H-22, H-23 of dihydrofuran ring,

iv) the AB systems H-19a,p and H-28c.,8

*Details of the incubation conditions and separation of the metabolites will be described in a full paper
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v) Methyls at H-18 and H-30,
vi) the two carbomethoxyl groups at C-4 and C-1

Unlike the spectrum of azadirachtin, the metabolite exhibited additional signals at § 5.97
and 8 6.90. Also it was seen from the 'H-'H COSY spectrum that these two signals were
coupled to each other. The slight variation in the chemical shifts of the AB systems H-19 and
H-28 combined with the missing signals for tigloyl as well as the acetate strongly suggested that
the changes had taken place in the ‘A’ ring of the azadirachtin skeleton. This was also evident
from the signals at & 153 and § 128.3 in the *C NMR, corresponding to the p and a carbons
(olefinic) of an a,B-unsaturated ketone. The signal at § 192.7 was assigned to the carbonyl at C-
3. The multiplicities were established by SEFT experiments. The M was found to be 576 from
FAB and electrospray mass spectral data. As rest of the signals were similar to that of 1, the
o,B-unsaturated ketone can only be accommodated in the ‘A’ ring of azadirachtin, the
metabolite 3 was assigned as 1-detigloyl-3-deacetyl-azadirachtin-1-ene-3-one [10].

When the period of incubation was further increased (8h) the levels of metabolites 2 and
3 were significantly decreased with the appearance of a new metabolite 4.

The IR spectrum of metabolite 4, showed the peaks at 1741 cm™ and 1693 cm™. The 'H
NMR of this metabolite differs from azadirachtin 1 in the following signals;
i) signals corresponding to the tigloyl moiety at C-1, the acetate group at C-3 and the
methylene at C-2 were missing;
ii) the presence of two doublets which appear far downfield and are coupled to edch other
('H-'H COSY), suggests the presence of an o, B-unsaturated ketone;
iii) the absence of one of the two carbomethoxyl groups (the methyl signal in the COOMe)
suggests the possible rearrangement at either C-4 or C-11
The absence of the signal corresponding to C-11 in the ’C NMR of 4, clearly indicated that the
changes have taken place around this carbon. The signals at 8 189.40 and 5 192.53 in the °C
NMR, indicated the presence of two carbonyl functionalities in addition to the one. present in
the ester group. Furthermore it was also observed from the '"H NMR spectrum that some of the
signals had a considerable change in their chemical shifts (for eg. H-6 and H-19). This clearly
points out that the rearrangement has taken place around C-11 in the five membered lactol
system. Thus the newly formed carbonyl functions of the a-keto-8- lactone system can exert an
anisotropic effect over the nearby protons, thereby explaining the abnormal upfield shifts for H-
6 [5 4.08-4.14 (m); 5 4.60 in 1], H-30 [5 1.68 (s); 1.74 in 1] and the downfield shift for H-19 [5
5.31(d), H-19b; & 4.15 (d) in 1] observed in the 'H NMR spectrum. FABMS studies showed the
M’ to be at 567 and the C,H,N analysis of the compound indicated the formula to be Cy7H209,
Based on the spectral analyses, metabolite 4 was identified as 1-detigloyl-3-deacetyl-11,19-
deoxa-12,19-0xa-11-0xo0-azadirachtin-1-ene-3-one [11}.
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