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Extracts of Capparis decidua stems and flowers showed insecticidal and oviposition inhibitory activities
against Bruchus chinensis. The LCsq values of these extracts were found to increase with the increase
in the polarity of the extract at different exposure periods. For instance, after 96 h, the LCs, values
were found to be 3.619, 7.319, and 10.151 ug for CD1, CD2, and CD3, respectively. Extract CD7
was effective only at higher doses. The toxicity was found to be dose- and time-dependent. The
females laid lesser number of eggs, when exposed to sublethal doses of different extracts and pure
compounds, as compared to control. The maximum oviposition deterrence index was found for extract
CD1 followed in decreasing order by CD2, CD3, and CD7. From extract CD1, two compounds were
isolated and characterized as triacontanol (C1) and 2-carboxy-1,1-dimethylpyrrolidine (C2). When
the females were exposed to sublethal doses of these compounds, they laid lesser number of eggs
as compared to the control. C2 was found to have a slightly greater oviposition inhibition effect than
C1. From fraction CD7, one novel compound labeled as CDF1 has been isolated and identified as
6-(1-hydroxy-non-3-enyl)tetrahydropyran-2-one. CDF1 has also shown insecticidal and oviposition
inhibitory activities against B. chinensis at low concentrations.

KEYWORDS: Bruchus chinensis ; Capparis decidua ; oviposition deterrence index; triacontanol; 2-carboxy-
1,1-dimethylpyrrolidine; 6-(1-hydroxy-non-3-enyl)tetrahydropyran-2-one

INTRODUCTION its chemical constituents in the past. Several plant extracts have
shown insecticidal properties against insect pests of field crops

food grains and causes damage to cowpea, gram, soybean, an@ as well as of stored _grain§,(8). Ess_entigl olls have also
pulses. This pest is distributed worldwide and is commonly been known to play an important role in this regard and have

found in India. The grubs cause serious damage to the grainsP’oved to possess repellent, insecticidal, and developmental
by eating out the entire content of the grain, leaving behind the Inhibitory activities @—13). Besides these, toxic effects of some
empty shell or the seed coat. The overall damage, caused byndividual constituents of essential oild4 15) and many
the insect pests worldwide, is estimated to be 40% annually ~ Microbial metabolites1(6, 17) have also been reported.
(1). Various synthetic pesticides, in the form of fumigants, = We, in continuation to our phytochemical studies on various
sprays, and dusts, have been used in the past, to protect théndian medicinal plantsl@), have now come acros3apparis
field crops as well as the stored grains. Some of these methodsdecidua which belongs to the family Capparidacea8)( The
are not successful because they result in a high rate of migrationplants of this genus are reported to possess medicinal properties
of insects in the form of eggs, pupae, or adults during besides insecticidal propertied0j. C. deciduais well-known
transportation from field to warehouseg).( Moreover, the for curing a variety of ailments such as toothache, cough,
synthetic compounds can undergo bioaccumulation and mayasthma, intermittent fever, and rheumatis@i)( Its seeds
cause environmental hazards and various biochemical andshowed antibacterial activity againsibrio cholerae ogaa,
behavioral changes in animals and huma®iss). Therefore,  jnabg andettor (22), while its fruit has been used in antidiabetic
in order to develop safe alternatives that are nontarget friendly, formulations 23). The phytochemical examination of this plant
many botanical resources have been examined with respect tq, the past has led to the isolation of a wide spectrum of
physiologically active compounds, mainly spermidine alkaloids
* To whom correspondence should be addressed. ¥8L-11-27666555. (24) and glucosinolate®f). However, there is no report to date
Fa’f('Dgﬁlég;gzr?ggfgﬂiv%}gf;'.' Jainsc48@hotmail.com. with respect to the insecticidal properties of this plant, even
* University of Delhi. though it is not attacked by any insect. We, therefore, thought

The pulse beetl&ruchus chinensjss a serious pest of stored
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Table 1. LDs, Values of Different C. decidua Extracts at Different Exposure Periods to B. chinensis

LCs values at
different exposure
periods (P> 0.05)2
stimulus solubility h ug LCLb ucL® g value® tratio® slope values® heterogeneity®
CD1 CHCl3 24 14.146 8.86 74.52 0.357 3.280 1.376 0.22
48 9.546 6.39 44.80 0.440 2.953 1.112 0.32
72 6.958 5.04 16.13 0.482 2.687 0.989 0.35
96 3.619 1.92 5.13 0.419 3.027 1.103 0.43
CD2 CH30H (hot) 24 14.368 12.23 19.74 0.195 4.442 2.682 0.29
48 12.161 10.42 15.65 0.214 4.237 2.444 0.23
72 9.631 8.01 11.39 0.212 4.252 2.401 0.33
96 7.319 5.48 8.57 0.191 4.481 2.569 0.36
CD3 CH30H (hot) 24 16.246 13.57 24.05 0.197 4.419 2.788 0.23
48 14.354 11.78 23.20 0.292 3.624 2.089 0.26
72 11.834 9.84 16.36 0.229 3.582 2.020 0.23
96 10.151 8.52 12.21 0.221 4172 2.359 0.35
CD7 CHCl3 + CH30H 24 118.586 80.32 383.69 0.304 3.556 1.478 0.21
43 82.272 60.80 175.12 0.268 3.668 1.425 0.26
72 62.488 47.14 109.44 0.305 3.551 1.328 0.33
96 48.781 35.96 71.20 0.229 3.586 1.324 0.37

2| Cq values represent lethal concentrations that cause 50% mortality in the test insects.  LCL and UCL mean lower confidence limit and upper confidence limit,
respectively. ¢ g value, t ratio, slope value, and heterogeneity were significant at all probability levels (90, 95, and 99%). g value, correlation between initial and final
mortality; ¢ ratio, difference in degree of freedom at 0.5, 0.05, and 0.005 levels; slope value, shows the average between LCgy and LCy, from which LCs value is calculated;
and heterogeneity value, shows the effect of active fraction on both susceptible and tolerant insects among all of the treated insects.

of carrying out bioassay-guided fractionation of extracts of its

CompoundC1 was obtained as a white solid on crystallization with

various parts, in order to find compound(s) responsible for methanol, with a mp 8285 °C. Its'H NMR spectrum indicated it to

insecticidal activity.

MATERIALS AND METHODS

be aliphatic in nature. The absence of a molecular ion peak in the mass
spectrum and the presence of a peakméat 420 for (Mt — H,0)
indicated that it contained a hydroxyl group and was therefore analyzed
for C3oHe20O. The presence of a hydroxyl group was further supported

Insects.B. chinensisa pulse beetle, was used to examine the activity Y its **C NMR spectrum, which showed a signal@63.04 for the

of different extracts ofC. deciduaand its pure compounds. For this
purpose, adult insects &. chinensiswere collected from the stored

carbon carrying the hydroxyl group. The presence of a hydroxyl group
was further confirmed by its IR spectrum, which showed a broad

grain house and their cultures were maintained in the laboratory at 28 @0sorption band at 3398 cth Its *H NMR spectrum exhibited signals

+ 2 °C, 75+ 5 relative humidity, and a photoperiod of 12:12 (L:D) h.
The insects were reared on gram seeds at1% moisture content.
Extraction of Plant Materials. Stems and flowers of. decidua

were collected from Agra in Uttar Pradesh, India. These were separately
shaved, dried, and subsequently pulverized to obtain a fine powder.

The powdered stems (200 g) were then extracted using €MEDH

(2:1), cold MeOH, and hot MeOH sequentially to obtain dry extracts
CD1 (14 g), CD2 (5 g), and CD3 (2 g), respectively. Its flowers (40 g)

were only extracted with CHg@MeOH (1:1) to obtain dry extract CD7
(9.

Isolation and Characterization of Active Components from
Extract CD1. The solvent free extract CD1 fro. deciduastems

for the presence of a terminal methyl groupda®.88 and a chain of
methylene protons at 1.26. A triplet atd 3.63 showed the presence
of a methylene linked to the oxygen. All of these spectral data, when
coupled together, indicated compou@d to be a saturated primary
alcohol containing & carbon atoms. On the basis of the above spectral
studies, compoun@1 was characterized as triacontanol. The proposed
structure was confirmed by analyzing its acet@tea, prepared by
acetylatingC1 with Ac,O/pyridine under dry conditions.

The IR spectrum ofCla showed an absorption at 1731 ¢
confirming the formation of an ester. ksl NMR showed a singlet at
0 2.04 integrating for three protons and a triplevat.05 integrating
for two protons, corresponding to the acetyl group ankydroxym-

was found to be a mixture of several components of varying polarity €thylene, respectively. Thus, on the basis of the spectral da of
on thin-layer chromatography (TLC) and, therefore, was fractioned by and its acetat€la, compoundC1 was identified as triacontanol.

column chromatography. The column was prepared in petroleum ether

Triacontanol (C1). White solid, mp 8285 °C (26). IR vmax

using silica gel (66-80) as an adsorbent and eluted with petroleum (KBr): 3398, 2918, 2849, 1463, 1360, 1061, 720 &mH NMR (9,
ether/chloroform, chloroform, and chloroform/methanol mixtures of CDCls, 300 MHz): 0.88 (t, 3H, -Ch), 1.26 (brs, 54H), 1.54 (m, 2H,
increasing polarity. Twelve fractions were obtained, and similar ones -CH2CH;OH), 3.63 (t, 2H, -CHOH). *C NMR (3, CDCl, 75.47
were combined on the basis of their TLC behavior. Two compounds, MHz): 14.01 (-CHj), 25.67-32.76 (~CHy), 63.04 (-CH,OH). EIMS

labeled a1 andC2, were isolated in pure form from these fractions
by further using column chromatography.

o H
N+

(lele} s
H,C”™ “CH,

Cc2

OH

HSC*\)Q\BCHon

1 CDF1

CompoundC1 (25 mg) was obtained from the fractions eluted with
petroleum ether/chloroform (80:20, 60:40). Compo@&{50 mg) was

m/z (%): 420 (M — 18, 36), 392 (8), 364 (5), 167 (18), 153 (20), 125
(950), 57 (100).

Triacontanol Acetate (Cla).White solid, mp 68-70 °C. IR vmax
(KBr): 2917, 2849, 1731, 1473, 1463, 1367, 1239, 1043, 756, 729,
719 cntt. *H NMR (6, CDCls, 300 MHz): 0.88 (t, 3H,~CHjy), 1.27
(brs, 54H), 1.61 (m, 2H, H-2), 2.04 (s, 3H;COCHg), 4.05 (t, 2H,
—CH,0).

CompoundC2 was isolated from chloroform/methanol fraction (80:
20) of the extracCD1 and purified by column chromatography as a
white solid, with a mp of 268C. It was hygroscopic in nature. It gave
an orange color with Dragendroff's reagent, which is a positive test

obtained from chloroform/methanol (80:20) eluates and purified by for the presence of an alkaloid. Its IR spectrum showed a characteristic

column chromatography. It gave an orange color with Dragendroff
reagent, thereby showing its alkaloidic nature.

absorption at 1621 cm, indicating the presence of a carboxyl group.
It did not give acetate when treated with acetic anhydride and pyridine,
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Table 2. LDs, Values of Compounds Isolated from Extracts CD1 and CD7 at Different Exposure Periods to B. chinensis

LCs values at

different exposure
periods (P> 0.05) 2
compound h ug LCLb ucL? g value® tratio® slope values® heterogeneity®
C1 24 17.314 11.07 86.53 0.229 3.646 2.382 0.26
48 12.662 9.57 56.35 0.243 3.458 2.683 0.21
72 9.049 7.49 24.92 0.265 4.174 2.252 0.23
96 6.913 4.37 10.21 0.214 3.593 2.925 0.22
C2 24 19.783 15.66 25.97 0.395 3.831 3321 0.39
48 15.664 12.84 20.39 0.274 4.668 2.424 0.23
72 12.731 10.32 15.44 0.312 3.784 2.643 0.37
96 9.619 7.96 12.29 0.291 4.395 2.265 0.33
CDF1 24 16.124 24.92 13.61 0.239 3.749 2.398 0.32
48 12.096 19.03 8.76 0.263 3.979 2.871 0.27
72 9.445 12.99 6.71 0.295 3.574 2.657 0.33
96 8.022 11.22 471 0.342 4.293 3.198 0.37

2| Csp values represent lethal concentrations that cause 50% mortality in the test insects. LCL and UCL mean lower confidence limit and upper confidence limit,
respectively. ¢ g value, t ratio, slope value, and heterogeneity were significant at all probability levels (90, 95, and 99%). g value, correlation between initial and final
mortality; ¢ ratio, difference in degree of freedom at 0.5, 0.05, and 0.005 levels; slope value, shows the average between LCgy and LCy, from which LCs value is calculated;
and heterogeneity value, shows the effect of active fraction on both susceptible and tolerant insects among all of the treated insects.

Table 3. Effect of Different C. decidua Extracts on Oviposition Table 4. Effect of Compounds Isolated from Extracts CD1 and CD7
Behavior of B. chinensis on Oviposition Behavior of B. chinensis
dose no. of eggs % eggs laid Fvalue® dose no. of eggs % eggs laid Fvalue®
used laid perinsect  perinsect %0DI? atdf3 used laid per insect per insect % ODIb atdf3
stimulus®  («Q) mean = SE mean+SE  mean+SE  and 20 compd?  (uQ) mean = SE mean = SE mean = SE and 20
CD1 0875 835x022 76.60+2.08 1334+133 183.62 C1 30 892%0.25 7034+214 1321137 166.79
1750 6.85+021 62.83+201 2292+1.48 6.0 7.22+0.30 48.44 +2.59 23.49+1.98
2625 410021 39.13+191 4511+192 9.0 435+0.18 36.58 + 1.57 45.56 + 1.65
CD2 1.0 880+0.16 7272+137 16.69+114 193.70 C2 30 830020 7686+ 1.67  17.48+118 224.61
3.0 720+020 5949+169 2547+131 6.0 572+0.19 62.21 +1.60 34.82 +1.48
5.0 495+029 4049+241 41.18+243 9.0 432+0.29 37.50+2.48 46.73+2.73
CD3 1.0 9.05+024  7357+217 1456+132 165.08 CDF1 1.8 123+0.345 67.30+1.885 46.27+1.085 159.08
30 798+£022 6489+186 21.37+137 24 9.9+0.608 5455+3.325 5452+2208
5.0 536+022 4362+186 39.98+1.78 3.0 5940257 32.69+1407 69.73+1.103
Ccb7 6.0 9.70£020 8318+174 923+1.03 108.98

12.0 883+£022 7549+188 14.99+133

2The chemical stimul n the Whatmann filter rstri 1
18.0 620£024 5207+211 3088+ 182 e chemical stimulus was coated on the Whatmann filter paper stripes (

cm?) in the oviposition inhibition test. ® The %0ODI was calculated as 100(A — B)/
(A + B), where A and B represent the number of eggs laid in the control and in

“The chemical stimulus was coated on the Whatmann filter paper stripes (1 the test, respectively. ¢ F values were significant at all probability levels (90, 95,
cm?) in the oviposition inhibition test. » The %O0DI was calculated as 100(A - B)/ and 99%).

(A + B), where A and B represent the number of eggs laid in the control and in

the test, respectively. ¢ F values were significant at all probability levels (90, 95,
and 99%). (m, 1H, H-B), 4.01 (t, 1H, H-2)13C NMR (6, CD;OD, 75.47 MHz):

20.22 (C-4), 27.23 (C-3), 46.80 (\CHs), 53.17 (N-CH), 68.43 (C-
5), 78.17 (C-2)13C NMR DEPT 135 §, CD;0D, 75.47 MHz): 20.21
(—CHy), 27.02 (-CHy), 46.73 (~CH), 53.09 (-CHy), 68.42 (-CHy),
78.14 (-CH). EIMS m/z (%): 144 (M, 2), 117 (7), 115 (6), 101 (5),
99 (3), 85 (7), 59 (100), 55 (13), 45 (42), 43 (70).

indicating the absence of freeNH— or —OH groups in the molecule.
It gave a molecular ion peak atz 144 in its mass spectrum and, hence,
has been assigned the molecular formula @#4:NO,. Its *H NMR
spectrum displayed two singlets @3.14 andd3.31, each integrating

for three protons, and was assigned for two methyl groups present on Extracts CD2 and CD3 when examined on TLC were found to
nitrogen atom. This was further supported by the peaks&t80 and contain a mixture of highly polar inseparable components and therefore

053.17 in its’*C NMR spectrum. Because these N-methyls appeared could not be further fractionated with respect to their active constituents.
in the downfield region, nitrogen is of quaternary nature and bears a ~ Solvent free extract CD7 froi@. decidudlowers was also subjected
positive charge. Furthermore, itsl NMR spectrum showed a triplet ~ to column chromatography using silica gel (680) as an adsorbent,
for one proton aty4.01 and was assigned for the protanto the and the column was eluted with petroleum ether/chloroform, chloro-
carboxylic group and quaternary N-methyl group. Remaining methyl- form, and chloroform/methanol mixtures of increasing polarity. One
enes were observed &8.67 andy3.71 and were assigned for H-5 and ~ major compound CDF1 (15 mg) was isolated from the chloroform
H-5' and others ad2.49 and 2.32 for H-3 and H-Jespectively, along fraction of the extract.

with a multiplet at62.13 for H-4 protons!3C DEPT 135 andH—'H Compound CDF1 was obtained as a colorless oil. Its IR spectrum
COSY spectra were also recorded to completely identify its structure. showed a characteristic absorption of a six-membered lactone at 1744
On the basis of the above-mentioned spectral data, compb2neas cm ! along with a peak of a hydroxyl group at 3427 ¢mit did not
identified as 2-carboxy-1,1-dimethylpyrrolidine. form any acetate under normal conditions {Bfpyridine) indicating
2-Carboxy-1,1-dimethylpyrrolidine (C2). White solid, mp 268C thereby that the hydroxyl group was either secondary or tertiary. It

(26). It gave a single spot on TL®&: = 0.5 using chloroform/methanol gave a molecular ion peakiaiz 240 that corresponded to the molecular
(60:40) as the developing solvent. IRax (KBr): 3401, 1621, 1531, formula G4H240s. Two characteristic peaks atz 213 and 111 were
1479, 1400, 1368, 1326, 1002, 961 ¢m'H NMR (9, CDsOD, 300 observed in its EIMS, as a result of fragmentationddactones and
MHz): 2.13 (m, 2H, H-4), 2.32 (m, 1H, H*B8 2.49 (m, 1H, H-3), allylic cleavage, respectively. ItH NMR spectrum displayed two
3.14 (s, 3H, N-CHj), 3.31 (s, 3H, N-CH3), 3.67 (m, 1H, H-5), 3.71 multiplets atd4.13 andd4.28, each integrating for one proton, with a
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coupling constant of 12 Hz, and were assinged to two methines adjacentsignificance of potency estimatiog,value, indicated that the
to oxygen in the molecule. The carbons carrying oxygen were observed mean value is within the limits at all probabilities (90, 95, and

at063.39 and 70.19 in thEC NMR spectrum. Also, there was a triplet
at 62.33 integrating for two protons and was assigned-toethylene
protons to the carbonyl group. Itsl NMR also displayed a multiplet
at 65.34 for the two olefinic protons. Also, there was a multiplet at

01.29 integrating for six protons and it corresponded to three methylenes

in the molecule. All of this spectral data showed compound CDF1 to

99%) as it is less than 0.5. Values of the t ratio greater than
1.96 indicated that the regression was significant. The steep
slope values indicated that even small increase in the dose causes
high mortality. Values of the heterogeneity factor less than 1.0
denoted that in the replicate test of random samples, the doses

contain an unsaturated six-membered lactone ring and was therefore"€Sponse lines would fall within 95% confidence limits and thus

assigned constitution as 6-(1-hydroxy-non-3-enyl)tetrahydropyran-
2-one.

The proposed structure was also biogenetically feasible as it could
have been possibly derived frord,BZ-tetradecadienoic acid, commonly
known as goshuyic acid. Selective epoxidation of the double bond at
the C-5 position of the acid, followed by epoxide ring opening and

subsequent lactonization with the loss of a water molecule, can lead to

the model fits the data adequately.

When the newly emerged adult insectsBofchinensisvere
exposed to sublethal doses of different extracts and compounds,
they laid a lesser number of eggs, as comparison to the control,

i.e., when no extract or compound was usédhles 3and4).
The maximum percent oviposition deterrence index (%@DI

the formation of CDF1. Thus, from correlating spectral studies and SE) at highest sublethal doses was observed in the case of CD1
plausible biogenesis pathways, the structure of CDF1 was proposed ag45.11+ 1.92) followed in decreasing order by CD2 (4148

6-(1-hydroxy-non-3-enyl)tetrahydropyran-2-one.
6-(1-Hydroxy-non-3-enyl)tetrahydropyran-2-one (CDF1).Color-
less oil; gave a single spot on TL& = 0.7 in chloroform. IRvmax
(KBr): 3427, 2920, 2852, 1744, 1463, 1377, 1164, 1099, 721'cm
H NMR (6, CDCk, 300 MHz): 0.96 (t, 3H, H-19, 1.29-1.33 (6H,
-CHy), 1.96 (m, 2H, allylic—CHy), 2.33 (t, 2H, -CHCO-), 2.77 (m,
2H, H-3), 4.13 (dd, 1HJ = 4.3 and 12 Hz, H-2, 4.28 (dd, 1HJ =
6.2 and 12 Hz, H-, 5.34 (m, 2H=CH). *C NMR (9, CDCk, 75.47
MHz): 14.45, 23.05, 25.23, 29.50, 29.64, 30.06, 31.94, 32.29, 34.43,
63.39, 70.19, 129.37, 131.51, 176.24. EIMfxz (%): 240 (M, 14),
213 (10), 202 (14), 186 (20), 170 (15), 158 (22), 141 (30), 127 (18),
111 (32), 99 (44), 97 (56), 85 (64), 71 (100), 43 (30).

Bioassay ProtocolThe toxicity of different extracts and compounds
isolated from it was tested agairitchinensisTen adult insects were
taken from laboratory culture and placed in glass culture tubes (10 cm
ht. x 4 cm diameter) along with ten grains of gram. Filter paper strips
(1 cn¥) treated with different doses of extracts/pure compounds,

2.43), CD3 (39.98+ 1.78), and CD7 (30.8& 1.82), respec-
tively. When the insects were exposed to sublethal doses of
pure compounds obtained from the extract CD1, the maximum
oviposition deterrence index was observed for C2 (46:2373)
followed by C1 (45.56t 1.65).F values at df 3 and 20 were
highly significant for all stimuluses at all probability levels (90,
95, and 99%) indicating that all stimuli affected the oviposition
behavior of the pes€DF1 has also shown oviposition inhibition

in B. chinensisThe maximum %0ODI (69.73 1.103) has been
recorded forCDF1 (Table 4).

The above study showed clearly that different extracts as well
as the compounds isolated froth deciduacan significantly
kill or influence the egg delivery response®fchinensisThis
also indicated that insects have susceptibility and oviposition
deterrency to biochemical extracts and compoundsCof

dissolved in their concerned solvents, were then placed at the bottomdeCi_dUa which can be .Used for the disruption of egg lying i!"
of the culture tubes, and the open end was closed by the cotton sheetthe field and stored grain godowns to reduce the pest population.

The coated filter paper strip with either the extract or the compound
was air-dried before application. In control, the filter paper strip was

Furthermore, isolation and characterization of some other
minor components of the rest of extracts ©f deciduawill

treated only with the solvent used for dissolving extract/pure compound. certainly provide complete insight into the total pesticidal

For each fraction and compound, four different doses were used, and

for each dose, six replicates were set. Mortality was recorded after 24,
48, 72, and 96 h.
The oviposition inhibition assay was studied by repeating the above

activity of C. deciduaand will help in the preparation of
formulations against the pulse beeBe chinensign future.

procedure. For each chemical stimulus, three different doses were used} ITERATURE CITED
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