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IV.1 ABSTRACT

In the present study, Azadirachtin-A (Aza-A) was subjected to a
variety of synthetic transformations. '

Thus, Aza-A was converted into a 22,23-dihydro-11-methoxy
derivative 3 (Scheme: 1IV.1) via selective methylation (Mel-Ag,0)
followed by hydrogenation (Hz, Pd/C). This compound was then

J

transformed into a decalin derivative 5 via a base-initiated

fragmentation, which was subsequently converted into an «,3-enone
decalin derivative 8 through a series of reactions. The structures of
these compounds were confirmed by spectral as well as analytical
data.

A probable mechanism for the base-initiated fragmentation of the
diketocarbonate into a decalin fragment and a spiroketal moiety has
been proposed.

The antifeedant activity and toxicity of the azadirachtin derivatives
were assessed against the second instar larvae of polyphagous pest
Spodoptera litura on castor leaves in comparison with crude material
containing 9.14 % Aza-A as well as relatively pure 91 % Aza-A.

The present study indicates that the combination of toxicity and
antifeedant activity of Aza-A provides good crop protection.

IV.2 INTRODUCTION AND OBJECTIVES

The army worm Spodoptera litura. Fabricius is one of the most
devastating insect species, which attacks and damages almost all
important crops leading to total crop loss.(*)> Current control is
achieved by spraying infested fields with synthetic insecticides, which
has led to a number of problems such as toxicity to non target

organisms, increased insect resistance, ecological imbalance, hazard



170

to pesticide appliers and environmental contamination with the

potential of affecting the entire food chains.®*

For these reasons, discovery of target specific methods of insect

control based on plant source has been the major goal of research

world wide in the last decade.®

Plants have evolved highly elaborate chemical defenses against

insect attack and provide biologically active compounds based on

which the search for an effective insect antifeedant can be

focussed.(®®

Munakata ) has defined ‘an insect antifeedant as a substance which

inhibits feeding but does not kill the insect directly, insect often

remaining near to the treated plant and possibly dying through

starvation’. This mode of action is in direct contrast to more

traditional pesticides and insecticides, which display a rapid outright -
kil

Aza-A is one of the isomers forming a major constituent in the neem

seed extracts showing high insecticidal activity.®*% It is shown to be

insect antifeedant, antimalarial and insect growth inhibitor amongst

many other biological activities. 1%

Due to these factors Aza-A is considered to be an ideal bio-pesticide

and enjoys a prime place in integrated pest management

programmes. ®

Pradhan et al in 1962 first reported the antifeedant effect of neem

seed extracts against locusts.®*? Since then, neem extracts have

been found to affect nearly 200 insect species belonging to different

orders.®

Butterworth and Morgan in 1971 showed that the azadirachtin was a
very potent antifeedant against Schistocerca gregaria.t”) Its ability

to act as a growth inhibitor was described by Schmutterer and
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Rembold.*® Following these studies different groups have reported
the effects of azadirachtin and many of its structural analogues on
various insect species belonging to different orders and the
biological properties of the structurally simpler compounds have been
far less systematically studied.(t°-2%7

Azadirachtin shows three specific modes of action in insects as
reviewed by Mordue and Blackwell.!¥) First, it has strong antifeedant
activity due to its effects on chemoreceptors. Second, it affects
ecdystercid and juvenile hormone titers through a blockage of
morphogenetic peptide hormone release, resulting in severe growth
and molting aberrations. Third, it has direct detrimental and histo-
pathological effects on most insect tissues, for example muscles, fat
body and gut cuticular epithelial cells. Additionally, azadirachtin is
systemic in plants through translocation to the leaves and growing
parts thus providing an enhanced element of protection. The fact
that azadirachtin shows a multitude of biological activity against
insects suggests that resistance problems might also be reduced.®®

Azadirachtin as an antifeedant has potential for pest management,
however it is sensitive to sunlight. Therefore its full potential to be
realized in the field, careful formulation is required. Incorporation
into neem oil gives a degree of protection of the azadirachtin
molecule.®® Alternatively modifications of the azadirachtin molecule
may significantly increase its stability. For example, hydrogenation of
the Cz-Cyz double bond of the dihydrofuran ring yields dihydro-
azadirachtin, a more stable compound with greater potential for field
use.®® This compound is as active as azadirachtin in feeding trials
with four economically important lepidopteran species®® and with

Epilachna Varivestis and Locusta migratoria.®® It is however,

1
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significantly less active than azadirachtin against the locust
Schistocerca gregaria.*")

Yamasaki and Klocke have prepared eight derivatives of azadirachtin
and bioassayed them for their growth inhibitory and lethal activities
against the agricultural pest Heliothis vireseens. The results indicated
that the hydroxyl groups on azadirachtin are essential for the activity
and that for maximum activity, the molecule must also have a
lipophilic region possibly for transport phenomena.??

Blaney et al'® assessed the antifeedant activity of azadirachtin, its
derivatives and related limonoids in choice and no-choice bioassays
against four species of lepidoptera namely Spodoptera littoralis,
Spodoptera frugiperda, Heliothis virescens and Heliothis armigera.
Azadirachtin and dihydroazadirachtin were the most potent of the
forty compounds tested. The results showed that-hydrogenation of
the C,,-C33 double bond did not decrease the antifeedant activity and
nature of the substituents at C;, C; and C;; were important.‘“) In
addition, same group has also studied the effect of azadirachtin and
twenty three other related compounds against S. littoralis, S.
frugiperda and H. virescens in three different bioassay methods, such
as oral cannulation, haemolymph injection and topical application.
Overall, azadirachtin, 22,23-dihydroazadirachtin and 1-detigloyl-
22,23-dihydroazadirachtin were the most active compounds.
Generally, larvae were less sensitive to compounds when they were
topically applied than when they were cannulated into the gut or
injected into the haemolymph.®4

Jacobson studied the importance of tiglic ester group in azadirachtin
and other steroids and found that tiglic esters of choleste-
roles/sitosterols are inactive antifeedant.®®') Jones et al reported that

the azadirachtin and its derivatives, block the development of the
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male malarial gamete in vitro in Plasmodium berghei. These findings
suggest the possibility of developing an azadirachtin-based
compound as an antimalarial.?”

Over the past few years an extensive study has been carried out by
Ley and his group towards the total synthesis of azadirachtin and
preparation of various derivatives in order to find simple analogues
that display similar biological activity.!”? In addition, a number of
authors have reported different derivatives of azadirachtin and
studied their structure activity relationships against different
pests, (14:22:25)
Thus, Butterworth et a/ and other groups of worker have reported
the formation of tertiary acetate on treatment of azadirachtin with
acetic anhydride.®® They have also prepared both bis and tris-
trimethyl silylethers of azadirachtin for molecular weight dete-
rmination.

Azadirachtin has been successfully alkylated using iodomethane,
initially reported by Yamasaki and Klocke®®® as low yielding and
difficult reaction. However, Ley et al®® have slightly modified this
procedure to allow the efficient C;;-OH methylation. In parallel with
acylation and silylation, prolonged treatment affords 11,20-
dimethoxyazadirachtin.G?

Morgan and Butterworth®® found azadirachtin to be resistant to
hydrogenation under a variety of conditions. Successful conversion
was accomplished with Adam’s catalyst (PtO;) at 50 Ib in by
Yamasaki and Klocke.?? Ley et al have found that azadirachtin is
selectively reduced using palladium on charcoal to either 22,23-
dihydroazadirachtin or 2’,3’, 22,23-tetrahydroazadirachtin depending

on the duration of the reactions. 03"
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Morgan and Butterworth®® failed to oxidize azadirachtin using
Cornforth’s reagent. Ley et a/®® suggested that the resistance of the
C7-OH group of azadirachtin towards oxidation might be attributed to
shielding of this functional group by the right hand side of the
molecule, which is heid in place by a network of hydrogen bonds.
These groups have reported a pyridinium chlorochromate mediated
oxidation of 22,23-dihydro product giving an unusual cyclic
diketocarbonate.®®3% Further treatment of the diketocarbonate with
~ sodium methoxide in methanol caused a retro-aldol reaction to take
place, giving the decalin 5 and an unusual spiro cyclic compound.®?
The structure activity studies showed that the decalin and
dihydrofuran acetal fragment of azadirachtin individually have insect
antiifeedant property.©®

Blaney et al®® found that decalin and dihydrofuran acetal fragments
exhibited antifeedant activity against larvae of S. liittrolis. These
results indicated that the compounds were more active when tested
in combinations than when tested singly. Although some of these
combinations did show significant levels of antifeedant activity, some
times coupled with a synergistic effect, they were not as active as
either azadirachtin or dihydroazadirachtin.®%

It is known that, the decalin portion of the azadirachtin itself has
some antifeedant effect and changes to the functional groups present
on the decalin fragment of the azadirachtin molecule, can alter the
antifeedant activity of the molecule.*3%

In view of these observations, we focused our attention on functional
group modification of decalin fragment and study the bioactivity of
the various products. Our studies in this area are discussed in the

following sections.
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(i) Ag20, Mel, 40%C, 84 % ; (ii) Hy, Pd/C, MeOH, 81 %, 25 min.

(in) PCC, 4K sieves, CH;Clo, 50 % ; (iv) MeONa, MeOH, 64 % ;
(v) NBS, THF,0C, 44 %

(vi) DBU, CH,Cly, 29 %,

Scheme: IV.1 Preparation of Derivatives of Aza-A
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IV.3 RESULTS AND DISCUSSION

In view of the above discussion Aza-A was converted into a decalin
fragment 5 and spiroketal derivative 6 (Scheme: 1V: 1) following the
reported method of Ley et al.®® The decalin fragment was then
converted into a-bromodecalin derivative 7, which was dehydro-
brominated using 1,8-diazabicyclo [5.4.0] undec-7-ene (DBU) to give
the corresponding «,B- enone derivative 8.

We then examined the feeding response to crude azadirachtin
containing material as well as pure materials and its derivatives of
the polyphagous pest Spodoptera litura. ‘
We also propose herein a probable mechanism of the base-initiated
fragmentation of the diketocarbonate 4 into the decalin fragment 5
and spiroketal derivative 6.

Thus, we have methylated Aza-A 1 (500 mg, 0.69 mmol) using
methyl iodide (32 mL, excess) in presence of silver oxide (800 mg,
3.46 mmol, 5 equiv. excess), which after usual work up and
chromatography gave 11-methoxyazadirachtin 2 in 84 % vyield. All
the physical and spectral data of the compound 2 were in excellent
agreement with those reported in the literature. %32

The IR spectrum of the compound 2 showed an absorption band at
1741 cm™ diagnostic of a carbonyl group along with a strong band at
2854 cm™ for the presence of methoxy group. Among the main
features observed in the PMR spectrum of the compound 2 (Figure:
IV.1) were the signals at 84 6.93 (dqg, 1H at C5'), 5.67 (s, 1H at Cyy)
4.75 (dd, 1H at C;), whereas the signal 3.79 (s, 3H) and 3.68 (s, 3H)
for acetate methyls. The peak due to methoxy protons was observed
at 3.32 (s, 3H at Cy31).
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11-Methoxyazadirachtin 2 (400 mg, 0.542 mmol) was selectively
hydrogenated in methanol over palladium on charcoal (Pd/C, H,) for
30 minutes, furnishing 22,23-dihydro-11-methoxyazadirachtin 3 in
‘81 % yield. The physical and analytical data of the compound 3 were
also in good agreement with those reported in the literature.®%32)
The IR spectrum of the compound 3 showed a band at 3444 cm™ for
the presence of intramolecular hydrogen bond and 1648 cm™ for the
presence of olefinic linkage. It also exhibited the band at 1738 cm-?
for the ester group and 1438 cm™ for the COCH3 group.

The PMR spectrum of the compound 3 (Figure: IV.2) displayed
signals at 64°6.94 (dq, 1H at C3), 5.5 (s, 1H, at Cy;) 3.91 (m, 1H at
Cz3) and 2.10 (m, 1H at Cy3).

The hydrogenated product 3 (300 mg, 0.407 mmol) was oxidized at
C; and Cyo position using pyridinium chlorochromatic®® (PCC) (876
mg, 0.40 mmol, 10 equiv.) in dichloromethane containing molecular
sieves (4 A") (1g) for 48 hours at room temperature, to obtain the
corresponding diketocarbonate 4 in 55 % yield after usual work up
and chromatography.

The compound 4 also gave matching spectral and analytical
characteristics with those reported in the literature.%*? It showed a
strong band at 2856 cm™ for the presence of methoxy group in
addition to the characteristic carbonyl doublets at 1620 and 1570 cm”
! in the IR spectrum. Its PMR (Figure:IV.3) displayed signals at &
6.67 (dq, 1H, at C3"), 5.50 (d, 1H, at C3) 5.20 (d, 1H, at Cs), 4.80 (t,
1H, at C;) and 4.52 (ddd, 1H, at C,3). It further gave signal at 3.80
(s, 3H) and 3.72 (s, 3H) for acetate methyls, in addition 1.92 (s, 3H)
for the acetyl methyls.

When compound 4 (100 mg, 0.012 mmol) was treated with sodium
methoxide (120 uL, 0.680 mmol, 30 % w/w, 5 equiv.) in methanol (5
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mL) at room temperature for 24 hours, to give the decalin fragment
5 (64 %) along with the spiroketal derivative 6 (50.82 %) after usual
work-up and purification by column chromatography and preparative
HPLC.

The elemental as well as spectral characteristics of the compounds §
and 6 were in good agreement with those reported in the
literature, (29:30:32)

The IR spectrum of the compound 5 showed a band at 3446 cm™
diagnostic of a hydroxyl group and 1733 c¢cm™ for the presence of an
ester as well as 1716 cm™ for the presence of a carbonyl group. It
also displayed a band at 1114 cm™ for the 2 alcohol group. Its PMR
spectrum (Figure:IV.4) gave signals at &4 4.87 (dd, 1H, at Cs), 4.40-
4.46 (m, 1H, at C3), 4.04-4.14 (m, 4H, at C;, Cio and Czs), 3.80 (s,
3H) and 3.60 (s, 3H) for acetate methyls. It further gave signal 3.49
(s, 3H) for methoxy proton and 3.30 (d, 1H) for hydroxyl group.

The retro-aldol degradation sequence for the cleavage of Cg-Ci4 bond
in Aza-A is shown in Scheme 1IV.2. This transformation involves C;3-
Ci4 epoxide ring opening assisted by an abstraction of a proton on
the bridgehead carbon Cj; by the methoxide ion as shown in (4a,
Scheme: 1V.2). This is followed by the subsequent retro-aldol
cleavage of Cg-Cy4 bond to furnish the cyclopentenone derivative [6a]
along with the enol [5a], which tautomerizes to the decalin fragment
[5].

The intra molecular Michael-type addition in [6a], then furnishes the
spiro compound [6b], which after isomerization to [6c] followed by
an intra molecular elimination perhaps via a six-membered transition
state gives the spiro ketal [6], via [6d].

The decalin fragment 5 was initially brominated using pyridine hypo

bromide per bromide®®7?® to give the a-bromodecalin derivative 7.
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Scheme: IV.2 Probable Mechanism for the Formation of 8-hydroxy-9-
methyl-1-oxa-spiro [4,4]non-8-en-4,7-dione [ 6d7]
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However this reaction resulted in furnishing in low yield (19 %) of
the compound 7.

Hence, it was thought to employ N-bromo succinimide (NBS) for this
purpose. Thus, the treatment of 5 (25 mg, 60.3 pmol) with NBS®®
(10.74 mg, 0.060 mmol, 1:1) in dry THF for 30 minutes (0-5C)
furnished the a-bromodecalin derivative 7 in (44 %) vield.

All the physical and spectral characteristics of the compound 7 were
found in good agreement with those reported in literature.®*® The IR
spectrum of the compound 7 showed a band at 3409, 2947, 1735,
1651, 1029 and 653 cm™. Its PMR spectrum (Figure': 1V. 5) showed
peaks at 84 4.96 (dd, 1H, at Cg), 4.76 (m, 1H, C3), 4.15 (dd, 1H, Cy),
4.0 (d, 1H, CHz at Cz), 3.79 (d, 1H, CH, at Cig), 3.71 (s, 3H,
COOCH3), 3.67 (d, 1H, CH; at Czs), 3.62 (s, 3H, COOCHs), 3.60 (d,
1H, CH; at Cig), 3.38 (br s, OH), 3.21 (s, 3H, OCHs at Cy31), 3.21 (s,
3H, OCHs at Cy1), 3.20 (s, 1H, Co), 2.22 (m, 1H, CH; at C3), 1.95 (s,
3H, CHs at Cg) and 1.81 (dd, 1H, CH; at C).

The compound 7 (20 mg 0.04 mmol) was then treated with DBU®%(8
ul,0.048 mmol) in dichloromethane (10 mL) for 2 hours. The
reaction mixture was washed with water to remove hypobromide
salts and then combined organic extracts were washed with aqueous
HCL (1 %, 5 mL) to remove the un-reacted DBU. The combined
organic extracts were washed further with water and brine solution
and dried over anhydrous sodium sulphate. The solvent was removed
under vacuum and the residue was purified by the chromatography
gave the o,B-enone decalin derivative 8 as white solid (29 %).

A stretch at 1683 cm™ in IR (Figure: IV.6) and the disappearance of
the signal due to Cg proton in PMR spectrum (Figure: IV.7) indicated

the formation of 8.

{
i

)
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PMR spectrum of the compound 8 displayed peaks at 81 5.01 (d, 1H,
Ce), 4.72 (m, 1H, C3), 4.59 (dd, 1H, Cy), 4.21 (d, 1H, CH; at Cyg),
4.03 (d, 1H, CH; at Cye), 3.81 (s, 3H, COOCH3), 3.74 (d, 1H, CH; at
Cas), 3.68 (s, 3H, COOCH3), 3.57 (d, 1H, CH; at Cy9), 3.32 (br s, 1H,
OH), 3.23 (s, 3H, OCHs at Cy1), 2.22 (m, 1H, CH; at C3), 2.01 (ddd,
1H, CHy at C;) and 1.98 (s, 3H, olefinic CHs).

Results of the Biological Studies

Azadiradhtin is a classic example of a natural plant defense chemical
affecting feeding, primarily through chemoreception, but also
through a reduction in food intake, due to toxic effects if consumed.
Attempts were now focused on checking the biological activities (in
terms of antifeedant index and insect toxicity (LCsq value) of the
crude material containing 9.14 % Aza-A, 91 % pure Aza-A and each
of the derivatives (2-5, 7, 8, Scheme:IV.1) against polyphaous pest.
For obtaining these data, second instar larvae of Spodoptera litura
were used to assess the antifeedant activity and toxicity of our
compounds.

The antifeedent activity of crude and pure materials and the
derivatives (2-5, 7, 8) were evaluated by leaf discs bioassays. The
data on antifeedent index at different concentrations (in ppm) of
these materials are presented in Table:IV.1.

Azadirachtin and its derivatives generated a linear dose response
curve (Figure: 1IV.8) with respect to percentage protection of leaves
against feeding by second instar larvae of S, /itura, with the increase
in concentration of different materials under examination. There was
a corresponding increase in antifeedent index up to 100 ppm, which

remains almost constant thereafter.
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From the antifeedent data obtained (Table:1V.1) it is possible to draw
some general conclusions concerning the structure activity relation-
ship in these materials.

The data revealed that crude material containing 9.14 % Aza-A was
found to be more effective than 91 % pure Aza-A and other
derivatives. This could be due to the synergistic effect of the other
terpenoids present in the crude material.

The data further showed that methylation of the Ci; hydroxy group
in 1 and hydrogenation of the C,,~Cz3 enol-ether double bond in 2 did
not significantly alter the activity of Aza-A. Our resuits would support
those of Morgan’s(?® results who showed that hydrogenation of the
dihydrofuran ring did not decrease activity. The result showed that
hydrogenation of the C,,-C,3 double bond in azadirachtin does not
significantly influence antifeedant activity. This is an important
chemical feature as hydrogenation results in more stable compounds.
A comparison of the activities of the diketocarbonate 4, the decalin
fragment 5, a-bromodecalin derivative 7 and o,3-enone derivative 8
with azadirachtin 1 and 22,23-dihydro-11-methoxy derivative 3
showed a significant decrease in the activity, which indicates that the
hydroxyl groups at C; and Cyo positions are important for maximum
activity.

The insect toxicity of crude material containing 9.14 % Aza-A, 91 %
Aza-A and its derivatives (2-5, 7, 8) against S. litura was determined
by surface contamination bio assay method and the data thus
obtained were subjected to probit analysis to work out the LCso
values, which are presented in Table IV.2.

The results indicated that crude material containing 9.14 % Aza-A
showed strong toxicity effect in the polyphagous insect. Further

observation indicated that compounds 4, 5, 7 and 8 have lower
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insect toxicity, whereas compounds 1, 2 and 3 have relatively higher
insect toxicity against the armyworm. These results are in close
agreement with those obtained for the antifeedant activity (vide
supra).

These results and those of Blaney et alf®*® and Yamasaki et a/t*®
suggested that the hydrogenation of C;»-Cy3 double bond did not
decrease antifeedant activity and the hydroxyl groups on
azadirachtin are essential for biological activity. In addition our
results also indicated that the crude material containing 9.14 %
azadirachtin shows more activities than the other compounds tested,
which could be due to the synergistic effect of the other terpenoid
compounds present in the crude material.

Observations described here also indicated that crude material
containing 9.14 % Aza-A, 91 % Aza-A, 11-methoxyazadirachtin and
22,23-dihydro derivative possess a combination of antifeedant
activity and insect toxic properties. Further it appears that
antifeedancy may be insufficient for chemical defense of neem tree
and the combination of insect toxicity and antifeedancy of Aza-A

provides better crop protection.



IV.4 EXPERIMENTAL

Melting point were determined by the open capillary method and are
uncorrected. IR spectra were recorded on a Perkin-Elmer PC-16-FTIR
spectrophotometer. PMR spectra (200 MHz) were recorded on a
Bruker 200-FT NMR using CDCIs as solvent containing tetramethyl
silane as an internal standard and chemical shift values are reported
in 8, ppm downfield with respect to TMS. Microanalyses were
performed on a Perkin-Elmer 2400 series II instrument.

Thin layer chromatographic (TLC) analyses were accomplished on
0.25 mm thick (20 x 20 cm) pre-coated layer of silica gel 60 F-254
(Merck). The plates were developed in solvent system, as described
in chapter II (section: 1I.6). The developed plates were air-dried,
sprayed with 3 % (w/v) vanillin i absolute alcohol (100 mL)
containing 1 % (v/v) conc. H,SO4 and gentle heating. Products were
detected by characteristic green colour of the spot. The reactions
were monitored using TLC with suitable solvent system for
separation.

Aza-A was purified and isolated from neem seed kernels by
preparative HPLC method and determination of its purity by
analytical HPLC method, were done by following the procedure
described in chapter II (section: 11.6). Aza-A derivatives for example,
11-methoxyazadirachtin, dihydro derivative, diketocarbonate, decalin
fragment and spiro ketal derivative were prepared by following
reported method of Ley and hié group.®?

All solvents and reagents were purified by standard procedures as
necessary. The experimental procedures are described in the order

the compounds appear in scheme: IV.1.



Preparation of 11-methoxyazadirachtin (2)
To a stirred solution of Aza-A (1, 500 mg., 0.69 mmol) in
iodomethane (32 mL, excess) was added silver oxide (800 mg, 3.46
mmol, 5 equiv.) in portions over a period of 1 hour in the dark.
Stirring was continued for further 3 hours at 40-43°C temperature.
After completion of the reaction (TLC), reaction mixture was cooled,
filtered through Nylon-66 filter media (0.45 micron removal rating,
0.13 dia) and solvent was removed under reduced pressure. The
residue was purified by flash chromatography (80 % ethyl acetate/
light petrol) to give 11-methoxy azadirachtin 2 as a colourless solid
(430 mg, 84 %), m.p. 152-157°C.
IR vmax : 3446, 2956, 2854, 1741, 1649, 1620, and 1045 cm™
PMR &4 : 6.93 (dqg, 1H at C3’), 6.43 (d, 1H at Cz3), 5.67 (s, 1H at
C21), 5.05 (d, 1H at Cy), 4.60 (dd, 1H at Cg), 4.58 (br, s,
1H at C7), 4.08 (d, 1H at Czs), 3.79 (s, 3H, at CO2CHs),
3.72 (d, 1H at Cus), 3.68 (s, 3H at CO,CHs), 3.32 (s, 3H
OCHs at Ci1), 2.38 (dd, 1H at Cy7), 2.33 (ddd, 1H at Cz2)
1.96 (s, 3H, OAC at C3) and 1.64 (s, 3H, CH3 at Czp)
Analysis : Found C; 58.87 %, H; 6.61 %
Requires C; 58.85, % H; 6.26 % for C3gH46016.

Preparation of 22,23-dihydro-11-methoxyazadirachtin (3)

A stirred solution of 11-methoxyazadirachtin (2, 400 mg, 0.542
mmol) in anhydrous methanol (25 mL) containing 10 % palladium on
charcoal (30 mg) was hydrogenated at 1 atm for 25 minutes at room
temperature. The mixture was then filtered through Nylon-66 filter
media and solvent was removed under reduced pressure. The

residue was purified by flash column chromatography (gradient
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elution 60-100 % ethyl acetate/petrol) to give 22,23-dihydro product
3 as a colour less solid (325.27 mg, 81.04 %), m.p. (157-160 C).

IR vmax : 3444, 2926, 1738, 1648, 1438, 1044 and 734 cm™
PMR 84 : 6.94 (dq, 1H at C3’), 5.51 (s, 1H at C21), 3.91 (m, 1H at
Ca3), 3.31 (s, 3H OCHs at Cy3) and 2.10 (m, 1H at Cy2).
Analysis : Found C; 58.54 %, H; 6.39 %
Requires C; 58.69, % H; 6.52 % for C3sHas016.

Preparation of Diketocarbonate (4)

To stirred solution of 22,23-dihydro-11-methoxy azadirachtin (3, 300
mg, 0.407 mmol) in dichloromethane (10 mL) was added PCC (876
mg, 0.40 mol, 10 equiv.) and activated 4 R molecular sieves (1 g)
portion wise. The reaction mixture was further stirred at room
temperature for 48 hours, after which time ethyl acetate (10 mL)
was added and stirred continued for another 10 minutes. The
mixture was filtered through Nylon-66 filter media and the filtrate
was evaporated in vacuum. Purification by flash chromatography
(gradient elution 70-100 % ethyl acetate/petrol) gave the
diketocarbonate as a solid 4 (170.54 mg, 55.93 %), m. p. 150-152
°C (dec.).

IR vmax @ 2958, 2856, 1738, 1610, 1570 and 1380 cm™

PMR &y : 6.67 (dg, 1H at C3"), 5.50 (d, 1H at C3), 5.20 (d, 1H at
Ce), 4.52 (ddd, 1H at Cz3), 3.80 (s, 3H, at COCH3), 3.72
(s, 3H at CO,CHs), 3.31 (s, 3H, OCHs at Ci1), 1.92 (s,
3H, OAc at C3) and 1.64 (s, 3H, CH; at Cag)

Analysis : Found C; 57.10 %, H; 6.93 %
Requires C; 57.75 % H; 5.92 % for C3sH44047.
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Preparation of Decallin fragment (5) and Spiro ketal derivative (6)
A solution of diketocarbonate (4, 100 mg, 0.012 mmol) in anhydrous
methanol (15 mL) was stirred at room temperature for 40 minutes.
Afterwards solution was cooled to 0° C and sodium methoxide (120
uk, 0.680 mmol, 30 % w/w, 5 equiv.) was added via syringe. The
solution turned pale yellow and stirred further for 24 hours. In this
solution acetic acid (CH;COOH) was added and some of the colour
discharge. The solution was stirred for 5 minutes, poured into
saturated solution of NaHCOs3 (30 mL) and extracted with
dichloromethane (4 x 20 mL). The combined extracts were further
washed with NaHCO; (10 mL) and water (10 mL). Organic layer was
dried over sodium sulphate and solvent removed under reduced
pressure to give crude residue, which was purified by
chromatography (gradient elution of 70-100 % ethyl acetate /petrol)
gave decalin fragment 5 (30.51 mg, 64.85 %).
IR vmax : 3446, 2929, 1733, 1716, 1435, 1240 and 1111 cm™
PMR 84 : 4.87 ( dd, 1H at C¢), 4.40-4.46 (m, 1H at C3), 4.04-4.14

(m, 4H at C;, Cyo or Czs), 3.80 (s, 3H, at COCH3s), 3.60

(s, 3H at CO,CH3), 3.49 (s, 3H, OCH; at Cy3), 3.30 (d,1H,

OH), 2.73 (d, 1H, Cs) and 2.20-2.31 (d, 1H, C3).
Analysis : Found C; 58.54 %, H; 6.39 %

Requires C; 55.07 % H; 6.20 % for CyoH26010.
Further elution of the column furnished compound 6 (10.51 mg.,
50.82 %), m.p. 125-130°C
Analysis : Found C; 59.78 %, H; 5.83 %

Requires C; 59.34 % H; 5.49 % for CoH100a4.
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Preparation of a-Bromodecalin derivative (7)
To a stirred solution of NBS (10.74 mg, 0.060 mmol) in dry
tetrahydrofuran (10 mL) was added the decalin compound (5, 25
mg, 0.0603 mmol) in two portions. The reaction mixture was stirred
for 30 minutes while maintaining the temperature between 0-5°C.
After which it was poured into a saturated solution of sodium
bicarbonate (5 mL) followed by extraction of the aqueous layer with
dichloromethane (3 x 10 mL). The combined organic extracts were
washed with water (5 mL), brine (5 mL) and dried over anhydrous
sodium sulphate. The solvent was removed under reduced pressure
to furnish a residue, which was purified by flash column
chromatography over silica gel (230-400 mesh size). Elution of the
column with ethyl acetate and light petrol (40 : 60 v/v) gave the a-
"bromodecalin derivative 7 as a yellowish white solid (13.2 mg, 44 %)
mp. 149-151°C (dec.)
IR vmax : 3409, 2947, 1735, 1718, 1651, 1029, and 653 cm™
PMR &y : 4.96 (dd, 1H, Cg), 4.76 (m, 1H, C3), 4.15 (dd, 1H, C,),
4.0 (d, 1H, CH3 at Czg), 3.79 (d, 1H, CH; at Cys), 3.71 (s,
3H, COOCHs), 3.67 (d, 1H, CH; at Cz), 3.62 (s, 3H,
COOCH;3), 3.60 (d, 1H, CH, at Cy9), 3.38 (br s, OH), 3.21
(s, 3H, OCHs at Cy1), 3.20 (s, 1H, Cg), 2.22 (m, 1H, CH>
at Cz), 1.95 (s, 3H, CHs at Cg), 1.81 (dd, 1H, CHy at C3),
Analysis :  Found C; 44.99 %, H; 5.97 %
Requires C; 46.24 %, H; 5.07 %; for CisH25010Br.

Preparation of a,f~-Enone decalin derivative (8)
To a solution of the a-bromodecalin derivative (7, 20 mg, 0.04
mmol) prepared as above, in dichloromethane (10 mL) was added

DBU (8 pL, 0.048 mmol) using a 10 uL Hamilton syringe. The
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reaction mixture became turbid immediately. It was then stirred for
two hours (TLC) while maintaining the temperature between 0-5°C,
after which it was washed with water (3 x 5 mL) and aqueous HCI (1
%, 5 mL). The organic layer was further washed with water (10 mL),
brine (5 mL) and dried over anhydrous sodium sulphate. The solvent
was removed under vacuum and the residue was purified by flash
column chromatography over silica gel (230-400 mesh size). Elution
of the column with ethyl acetate and light petrol (30: 70 v/v) gave
the a,B-enone derivative 8 as a white solid (4.9 mg, 29 %), mp. 153-
157°C (dec.)
IR vimax @ 3421, 2962, 2856, 1747, 1683 (u,p-enone), 1624, 1379,
1260 and 1043 cm™.
PMR 84 : 5.01 (d, 1H, GCg), 4.72 (m, 1H, C3), 4.59 (dd, 1H, Cy),
4.21 (d, 1H, CH> at Czs), 4.03 (d, 1H, CH> at Cy9), 3.81
(s, 3H, COOCH3s), 3.74 (d, 1H, CHz at Czg), 3.32 (br s,
1H, OH), 2.22 (m, 1H, CH; at Cz), 2.01 (ddd, 1H, CH, at
C;) and 1.98 (s, 3H, olefinic CH3)
Analysis : Found C; 51.11 %, H; 5.87 %
Requires C; 55.33 %, H; 5.82 %; for CigH24010

Testing Biological Activity:

Insects

The adult insects of Spodoptera litura were collected from the field
and confined in a cage (insectary) and were supplied with freshly cut
castor twigs on which females after copulation laid eggs. The eggs
were collected every day with the help of a moist hairbrush and kept
separately. The larvae were reared on castor leaves and maintained
at 27°C + 2°C and 16: 8 (Light: Dark) photoperiod and 60 % relative
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humidity. Three to four days old (second instar) larvae were used for
the present bioassay work.

Plants

Fresh leaves of castor (Ricinus Communis L.) were obtained for
bicassay from the plants grown in a model farm developed at
Gujarat State Fertilizers & Chemicals Ltd. (Vadodara, India).

Bioassay studies were conducted ~on second instar larvae of
Spodoptera litura obtained from a colony maintained on a common
lepidopteran diet.“%*?) The bioassay trays and “PULL-N-PILL" TAB
designed by (M/s. Patco Chem. Pvt. Ltd., Vadodara, India) were
used. Each tray was bearing 128 wells of 225 sq. mm diameters.

Sample preparation

A 400 ppm stock solution of the crude (9.14 % Aza-A), pure Aza-A
(91 %) and each of the derivatives [2-5, 7,8 (Scheme: IV. 1)], was
prepared in 20 % ethanol in water (4 mg / 10 mL) with 0.05 per
cent Triton X-100 as an emulsifier and stored between 0-4°C.
Aliquots of the solutions were diluted with distilled water to give
working solutions of 6.25 to 200 ppm.

Study of antifeedant activity

The test compounds were examined for antifeedant activity by leaf
disc feeding bioassay.*3#2®) Fresh leaves of castor were cut into 17
mm diameter leaf discs with a cork borer. The leaf discs were placed
individually on the sterile moist sand, in each well. Solutions of 50 pL
having different concentrations of each compound were applied
uniformly on either side of castor ieaf discs using a Gilson pipette.
The discs were exposed under an electric fan for five minutes to

allow drying of the solution and then weighed. Second instar larvae
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of S. litura were starved for eight hours in order to equilibrate their
level of hunger, released on surface of the leaf discs (one larva was
released per leaf disc) treated with different concentrations of the
each test compound. Seven concentrations were tested for each
compound. Sixteen larvae were exposed individually to each
concentration of each compound. The wells were covered with
adhesive plastic lids, which had provision of micro fine holes for
adequate ventilation and to prevent the escape of larvae. Similarly,
in control, leaf discs were treated only with distilled water containing
the emulsifier and larvae were released on leaf discs (one larva was
released per leaf disc). The bioassays were terminated after 50 % of
either disc was eaten or after 48 hours in control as well as in
treated. The larvae were removed from the leaf discs in each well
and then leaf discs were reweighed accurately. The Antifeedant
Index (AFI) was calculated by the formula as adopted by Abivardi

and Benz.#447)

AF] = C“(”:T x 100

where C and T represent the masses eaten of the control and treated
leaf discs respectively. The antifeedant indices are presented in Table
IV 1.

Insect Toxicity (LCso Value) studies

The test compounds were determined for insect toxicity (Mortality)
by an artificial diet feeding bioassay. The bioassay was run as a
surface contamination method. The diet was prepared on the day of
test, poured into wells, allowed to solidify and 50 uL of different
concentrations of each compound was applied on the diet surface
using a Gilson pipette to form a dry film. One-second instar larva,

starved for eight hours was released in each well with the help of a
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fine hairbrush. Sixteen larvae were exposed individually in each
concentration of each test compound. The adhesive plastic lids were
placed over the wells, which had a provision of micro fine holes for
adequate ventilation. Parallel control was also run. The trays were
incubated at 27 + 2 °C and photoperiod of 16: 8 (L: D). Mortality was
scored after seven days. The data on number of larvae responded in
different concentrations of each test compounds and control were
recorded and subjected to probit analysis using a computerized
program developed by Dulmage, et al."*® The LCsy values of each

compound to Spodoptera litura are presented in Table: IV. 2.
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Table: IV.1 Antifeedant Index (AFI) of Test Compounds against Spodoptera
litura by Leaf disc Bioassay Method

Concentration applied 6.25 12. 5 25 50 100 200 400
to leaf disc (in ppm)
Sr. Compound Test Antifeeding index
No  No. Compound
1 - Crude (9.14% ) 87 89 91 93 95 g5 97
Aza-A containing
material
2 1 Aza-A (91 % 82 84 88 90 92 94 95
approx.)
3 2 11-Methoxy- 81 82 87 90 91 94 94
-azadirachtin
4 3 22,23-Dihydro- 81 83 87 90 93 93 94
11-Methoxy-
-azadirachtin
Diketocarbonate 44 58 67 69 73 79 85
5 Decalin 42 54 63 67 70 75 - 80
7 7 a-Bromodecalin 40 51 59 62 66 71 78
8 8 o,B-enone decalin 37 51 57 60 63 68 77

derivative
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TABLE: IV.2 Insect Toxicity (Lcsg value) of Test Compounds against

Spodoptera litura by Surface Contamination Method

Sr. Compound Test Compound Insect toxicity®
No No
LCso value®
Crude(9.14% 43,19 (25.30-67.42)°
approx.}Aza-A
containing
material
2 1 Aza-A(90-95% 65.83 (41.91-100.48)
approx)
3 2 11-Methoxy 59.50 (31.97-104.18)
azadirachtin
4 3 22,23-Dihydro-11- 54.12 (32.50 - 87.60)
methoxyazadirachtin
5 4 Diketocarbonate 95.37 (52.45- 206.65)
6 5 Decalin derivative 110.53(55.98- 215.32)
7 7 a-Bromodecalin 145.35(70.82- 227.01)
7 8 a,B-Enone decalin 199.67(96.95-006.34)
derivative
a
ng/well

®The probit analysis method was used to estimate LCso, which
represents the concentration required for causing 50 % mortality
“‘Number in parentheses are the 95 % confidence intervals
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