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Antifeedant Activity of Some Pentacyclic Triterpene Acids and
Their Fatty Acid Ester Analogues
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The 3-O-fatty acid ester derivatives (C;,—C;g) of two pentacyclic triterpenic acids, ursolic acid and
oleanolic acid, were synthesized under mild esterification conditions in excellent yields (80—85%)
and screened for their antifeedant activity, together with the parent acids, against the agricultural
pest tobacco caterpillar larvae (Spodoptera litura F) in a no-choice laboratory study. The Urs-12-
ene-28-carboxy-3(-octadecanoate and olean-12-ene-28-carboxy-33-hexadecanoate were found to
exhibit exceptionally potent antifeedant activities at 50 ug/cm? concentration, even after 48 h.
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INTRODUCTION can increase the selectivity and potency of a desired action, and
pentacyclic triterpenes might provide a rich natural source of

The search for natural-product-based agrochemicals has . -
lead compounds for the development of bioactive molecules

intensified recently, as they are biodegradable, eco-friendly, and - . . :
safe to the environmentl). To survive in a competitive (7). The G hydroxy functionality of these acids can be exploited

ecosystem consisting of insects, mites, microbes, and fungi,to synthesize long-chain fatty acid esters as potent antifeedants.

certain plant species develop highly sophisticated chemical [N connection with our investigation @fiospyros melanoxy-
defense mechanisms and produce secondary metabolites suclon (kendu) leaves for value-added produc®, (we have
as terpenoids, alkaloids, flavonoids, and polyacetylenes (1b)_|solated large quantities of ursolic acid (0.56%) and oleanolic
Among these classes, the terpenoids, in particular pentacyclicacid (0.1%), which prompted us to synthesize some of their
triterpenoids, are extremely useful for the development of potent ong fatty acid ester chains and screen for antifeedant activity.
agrochemicals in view of their high natural abundance and

relatively nontoxic nature. A literature search reveals that urs- MATERIALS AND METHODS

12-ene-B-palmitate, isolated from the bark 8antalum album

showed excellent insect growth-inhibiting properties and chemos- ~ General. IR spectra were obtained on a Jasco FT-IR 5300
terilant activity @), and ursolic acid, isolated froMuboisia ~ SPectrometer. NMR spectra were obtained with Gemini 200 MHy (
myoporoidedeaves, showed antifeedant activity (3). Recently, and Bruker 100 MHz ¥C) instruments in CDGlwith TMS as an
Jagdeesh et al4] synthesized some @-allyl and cinnamyl :rtlzrr;ﬁlljf: iirr%r;—;g \;\;ashpe\gi?r:nfcdmvg'thr:;;n zilir:deels'(l_'j(;@gel G
esters of the lupane class of pentacyclic triterpene acid, ynegp). grapty g g

Spe,CiTica”Y betulinic a(,:i(,j' and these Compqunds were found to Extraction and Isolation. The coppiced. melanoxylon(Family
exh|b|t_ant|fe_edant activity. It was reported in the_ literature that Ebenaceae) leaves were collected during Agviey 1994 from

the acid moiety at & and the ester functionality atzGare Beltigiri (20°35' N, 85%6' E) in the Dhenkanal area and were supplied
essential for enhanced biological activities of pentacyclic by the Forest Department, Government of Orissa. A voucher specimen
triterpenesy, 6). The representative pentacyclic triterpene acids (No. 940401) has been deposited in the Herbarium of the Forest and
of ursane and oleanane skeletons, i.e., ursolic acid and oleanolidMarine Products Division, Regional Research laboratory, Bhubaneswar,
acid, with high natural abundance and favorable structural India. The leaf material was powdered in a pulverizer and extracted
features, form useful models for the development of potent successively With hoh-hexane and ethyl acetate sol\_/ents, followed
antifeedants. Further more, structure—activity studies suggest?y concentration under reduced pressure. The resuttingxane and

" . . o . ethyl acetate extracts were subjected to independent column chroma-
that the defined substituents on the lipophilic 5-ring backbone tography, which yielded oleanolic aci@,(0.1%, mp 272°C, M*
456.3590) and ursolic acidl{ 0.56%, mp 259C, M 456.3629),
* Corresponding author: Tel.:+91-674-2581635/36/38, Ext.-319/249.  respectively (9).
Fax: +91-674-2581637. E-mail: uvmavadani@yahoo.com. . .
T Forest and Marine Products Department, Regional Research Laboratory.  General Procedure for Synthesis of Fatty Acid EstersThe 3-O-
* Osmania University. fatty acid ester derivative§{12) were synthesized in excellent yields
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each compound, and the percent antifeedant activity with standard
deviation was calculated.:

leaf area protecteet

CHz-(CHy)-COOH initial leaf area introduced into the Petri dish
1 =10 Dodscansic acid, 3} leaf area consumed by the insect
n =12 (Tetradecanaic acid, 4) (in both the control leaf disk and the treated leaf disk)

n =14 (Hexadecanoic acid, §)
n =16 (Octadecanoic acid, 6}

% The percent leaf area protected, which is the percent antifeedant activity,
B was calculated by the method of Singh and PafB):(
R4=CHg, Ro=H, R3=CHz (Ursolic acid, 1)
Ry=H. Ry=Rq=CHy (Oleanolic acic, 2) 50 DIMAP - GICHCHACH percent protection due to treatment, i.e., % antifeedant activity
o % protection in treateek % protection in contr(’l>< 100

RT - Stiming - 12 Hrs. (
100 — % protection in control

The treatment/control consumption was calculated for each com-
pound at each dosage level. Variation within the controls was between
0.42 and 0.6%, and variation in the treated samples was between 1.5
and 4%.

RESULTS AND DISCUSSION

The two pentacyclic triterpene acids, ursolic acid énd
oleanolic acid (2), were isolated from the ethyl acetate and
n-hexane extracts @. melanoxylor{kendu) leaves in 0.56 and
0.1% vyields, respectively. In view of their high natural
abundance, interesting structural features, and relatively nontoxic

CH3-(CHp)-COO

Ry=CHj, Ry=H, R3=CHg, n =10 (Urs-1 8-carboxy-3p-O 7 . .
Ry=CHy, Ry=H, Rg=CHly, n =12 (Urs 12-en-28-carbexy-35-0 8 nature, these compounds have now been exploited to synthesize
Ry=CHy, Ry=H, Ry=CHy, 1 =14 (Urs12-ene-28-caboxy-3p-O-hexadecanoste, 9) the 3-O-fatty acid ester derivativeg{12) in excellent yields
R1=Chlg, Rp=H, Ry=Cr, 1 716 (U 12.0ne-28 carbony 30 10 as potent antifeedants. The synthesized esters were thoroughly
Ry=H, Ry=Rg=CH3, n =14 (Clean-1 8-carboxy-33-O- 11)

characterized by their diagnostic spectral featurb$—16),
specifically IR signals at 1732—+OCOCH—) and 1697

Ry=H, Ry=R3=CH3, n =16 (Olean-12-ene-28-carboxy-3p-O-octadecanocate,12)

Figure 1. Synthesis of ursolic acid and oleanolic acid esters with different (—COOH) cnt?, 'H NMR resonance ab 4.55 (30-H), and

chain lengths at C-3. 13C NMR resonances at 173.63 (—OCOCH-) and 172.53
. o . (—COOH).

(80—85%) by employing a modified Hassner reactidd)( under Urs-12-ene-28-carboxy-B-dodecanoate (7):colorless oil

essentially neutral conditions. In a typical experiment, a mixture of . .CY-
triterpene acid (0.5 g, 0.109 mmol, 1 Equiv), Igng-chain fatty acid (2 (0573 g, ?2%)’ TLCR; 0.82 (hexane/ethyl acetate., 95:5); IR
equiv), N,Ndicyclohexylcarbodiimide (5 equiv), and 4-(dimethylami- (€34 cmT?) 1732, 1699, 1649, 1458, 987, 723 NMR
no)pyridine (5 equiv) in 1,2-dichloroethane (15 mL) was stirred at room (CDCls, 200 MHZ)0 5.31 (1H, s, 12-H), 4.5 (1H, § = 8 Hz,
temperature for 12 h. The reaction mixture was filtered to remove the 3@-H), 2.29 (2H, tJ = 8 Hz, 2-H), 2.17 (1H, dJ = 11 Hz,
precipitated dicyclohexyl urea. The filtrate was evaporated under 18-H), 1.25 (20H, br s;-CHy), 1.09 (3H, s, 27-H), 0.9 (3H, s,
reduced pressure, and the residue was purified by silica gel column 23-H), 0.86 (12H, s, 24,25,26-H), 0.82 (6H, s, 29,30-H{
chromatography witi-hexane as an eluent to afford the corresponding NMR (CDCls, 75 MHz) ¢ 173.63 (—OCO—), 172.53 (C-28),
fatty acid estery—12 (Figure 1). 137.92 (C-13), 126.17 (C-12), 80.61 (C-3), 56.39 (C-5), 52.65
Bioassay.The antifeedant activity of the compounds was assessed (C-18), 49.82 (C-17), 47.98 (C-9), 42.21 (C-14), 39.74 (C-8,
on tobacco caterpillarSpodoptera Ii_turaF). The tobgcco caterpillars C-19), 39.02 (C-20), 37.77 (C-4, C-1), 36.93 (C-10), 34.87 (C-
pere f?afsd_on f_ft';sh CastOVLe%VEBE(n;S az_grlhjgumsl)tgrown Qg_tt;e 22), 31.92 (C-7), 29.59 (C-21), 29.20 (C-15), 28.16(C-23), 27.80
smania University campus, Hyderabad, , relative humidi i i _ _ _
65 + 5%, and 14:10 light:dark photoperiod. Freshly molted fourth- (1(;52) (28_2)1, (57%79)(%?259‘)1,((1:61862) (202-2667),(?5141,23 (ZégZ)Fcif%)EB

instar larvae were used in the assays. The assays were conducted a .
described by Ascher and Ronddj. To study the antifeedant activity (SC'ZS)’ 29.59-29.26 (—CHlof fatty chain), 17.06 £CHs of

of the test compound, a large circular leaf disk of 10 cm diameter was fatty chain). Anal. Calcd for ¢H7004: C, 78.94; H, 11.07.
cut from fresh castor leaf and dipped in acetone solution of the test Found: C, 78.62; H, 11.12.
compound containing 5% Triton-X-100 as sticker. The leaf disk was ~ Urs-12-ene-28-carboxy-B-tetradecanoate (8):colorless oil
dried and placed on a moist filter paper in a Petri dish of 15 cm diameter (0.620 g, 85%); TLCRs 0.83 (hexane/ethyl acetate, 95:5); IR
(12). (neat, cnmil) 1732, 1697, 1647, 1464, 987, 758 NMR

A circular leaf disk of 10 cm diameter from fresh castor leaf was (CDCls, 200 MHz) 6 5.31(1H, s, 12-H), 4.5(1H, ] = 8 Hz,
cut and dipped in acetone containing 5% Triton-X-100 as sticker. The 3a-H), 2.29 (2H, t,J = 8 Hz, 2-H), 2.17 (1H, dJ = 11 Hz,
leaf disk was placed in another Petri dish of 15 cm diameter, and this 18-H) 1.25 (24H, br s CH;), 1.09 (3H, s, 27-H) 0.9 (3H, s,
setup was used as control. In each Petri dish, a prestarved fourth-instar23_H), 0.86 (12H, s, 24,25,26-H), 0.82 (6H, s, 29,30-”93
larva of S. lituraF was introduced for assessing the antifeedant activity. NMR (75 MHz, CDCh) 6 173.64 (—OCO—), 172.53 (C-28)
Progress of the consumption of the leaf area by the insect after 6, 12,137 92 (C-13) 1126 17 (C-12). 80.61 (C-3) ’55 43' (C-5) 52’82

24, and 48 h was recorded in both treated and control leaf disks; the
time period of the experiment was 48 h. The leaf area consumed (C-18), 49.82 (C-17), 47.58 (C-9), 42.21 (C-14), 39.74 (C-8,

(damaged) was measured with the help of a planimeter, and the C-19), 39.08 (C-20), 38.45 (C-4), 37.80 (C-1), 36.93 (C-10),
percentage of protection, which is the antifeedant activity, was 34.87 (C-22), 31.92 (C-7), 30.70 (C-21), 29.20 (C-15), 28.16
calculated. (C-23), 25.18 (C-2), 25.00 (C-27), 23.54 (C-16), 22.70 (C-11),
For each concentration, 10 experimental sets were assayed. Eact21.09 (C-30), 18.31 (C-6), 17.39 (C-29), 16.85 (C-26), 15.48
test was replicated three times. The mean of the 10 sets was taken for(C-24), 14.08 (C-25), 29.6529.26 (—CH, of fatty chain), 17.06
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Figure 2. Antifeedant activity of ursolic acid, oleanolic acid, and their analogues.

(—CHjs of fatty chain). Anal Calcd for G4H7404: C, 79.22; H,
11.18. Found: C, 79.31; H, 11.05.
Urs-12-ene-28-carboxy-B-hexadecanoate (9)colorless oil
(0.624 g, 82%); TLCR; 0.82 (hexane/ethyl acetate, 95:5); IR
(neat, cm?) 1732, 1697, 1642, 1464, 987, 7581 NMR
(CDCl;, 200 MHz)6 5.31 (1H, s, 12-H), 4.5 (1H, 1 = 8 Hz,
3a-H), 2.29 (2H, t,J = 8 Hz, 2-H), 2.17 (1H, dJ = 11 Hz,
18-H), 1.25 (28H, br s;-CHy), 1.09 (3H, s, 27-H), 0.9 (3H, s,
23-H), 0.86 (12H, s, 24,25,26-H), 0.82 (6H, s, 29,30-H%
NMR (CDCls, 75 MHz) 6 173.64 (—OCO—), 172.51 (C-28),
137.83 (C-13), 126.11 (C-12), 80.52 (C-3), 55.33 (C-5), 52.57
(C-18), 49.74 (C-17), 47.48 (C-9), 42.14 (C-14), 39.64 (C-8),
39.05 (C-19), 38.97 (C-20), 38.32 (C-4), 37.71 (C-1), 36.86 (C-
10), 34.82 (C-22), 31.89 (C-7), 30.50 (C-21), 29.15 (C-15),
28.08 (C-23), 27.81 (C-2), 25.14 (C-27), 23.46 (C-16), 22.65
(C-11), 21.06 (C-30), 18.18 (C-6), 17.31 (C-29), 16.80 (C-26),
15.43 (C-24), 14.08 (C-25), 29.649.16 (-CH, of fatty chain),
17.02 (CHjs of fatty chain). Anal Calcd for GeH7g04: C,
79.47; H, 11.23. Found: C, 79.12; H, 11.42.
Urs-12-ene-28-carboxy-B8-octadecanoate (10)colorless oil
(0.633 g, 80%); TLCR: 0.84 (hexane/ethyl acetate, 95:5); IR
(neat, cmt) 1732, 1698, 1645, 1464, 987, 7381 NMR
(CDCls, 200 MHz)6 5.31 (1H, s, 12-H), 4.50 (1H, §, = 8 Hz,
3a-H), 2.29 (2H, t,J = 8 Hz, 2-H), 2.17 (1H, dJ = 11 Hz,
18-H), 1.25 (32H, br s;-CHy), 1.09 (3H, s, 27-H), 0.9 (3H, s,
23-H), 0.86 (12H, s, 24,25,26-H), 0.82 (6H, s, 29,30-H¢
NMR (CDCls, 75 MHz): 6 173.60 (—OCO-), 172.49 (C-28),
137.85 (C-13), 126.11 (C-12), 80.53 (C-3), 55.36 (C-5), 52.60
(C-18), 49.76 (C-17), 47.51 (C-9), 42.16 (C-14), 39.66 (C-8),
39.07 (C-19), 38.98 (C-20), 38.34 (C-4), 37.72 (C-1), 36.87 (C-
10), 34.83 (C-22), 31.91 (C-7), 30.54 (C-21), 29.17 (C-15),
28.10 (C-23), 27.83 (C-2), 25.15 (C-27), 23.49 (C-16), 22.67
(C-11), 21.07 (C-30), 18.20 (C-6), 17.33 (C-29), 16.81 (C-26),
15.45 (C-24), 14.09 (C-25), 29.6@9.17 (-CH, of fatty chain),
17.03 CHjs of fatty chain). Anal Calcd for GgHg:04: C,
79.72; H, 11.43. Found: C, 79.41; H, 11.56.
Olean-12-ene-28-carboxy{3-hexadecanoate (11)colorless
oil (0.632 g, 83%); TLCRs 0.82 (hexane/ethyl acetate, 95:5);
IR (neat, cn?) 1732, 1697, 1642, 1520, 1464, 987, 758;
NMR (CDCl;, 200 MHz)6 5.32 (1H, s, 12-H), 4.5 (1H, 1 =

8 Hz, 3n-H), 2.85 (1H, m, 19-H), 2.29 (2H, | = 8 Hz, 2-H),
1.25 (28H, br s,-CHy), 1.14 (3H, s, 27-H), 0.93 (3H, s, 23-
H), 0.93 (3H, s, 24-H), 0.88 (3H, s, 25-H), 0.86 (6H, s, 26,29-
H), 0.82 (3H, s, 30-H)*C NMR (CDCk, 75 MHz) 6 173.64
(—0CO-), 172.51 (C-28), 143.33 (C-13), 122.86 (C-12), 80.52
(C-3), 55.33 (C-5), 52.57 (C-18), 49.74 (C-17), 47.48 (C-9),
42.14 (C-14), 39.64 (C-8), 39.05 (C-19), 38.97 (C-20), 38.32
(C-4), 37.71 (C-1), 36.86 (C-10), 34.82 (C-22), 31.89 (C-7),
30.50 (C-21), 29.15 (C-15), 28.08 (C-23), 27.81 (C-2), 25.14
(C-27), 23.46 (C-16), 22.65 (C-11), 21.06 (C-30), 18.18 (C-6),
17.31 (C-29), 16.80 (C-26), 15.43 (C-24), 14.08 (C-25), 29.64
29.16 (—CH; of fatty chain), 17.02+CHj of fatty chain). Anal
Calcd for GegH7g04: C, 79.47; H, 11.23. Found: C, 79.28; H,
11.31.

Olean-12-ene-28-carboxy{3-octadecanoate (12)colorless
oil (0.664 g, 84%); TLCR: 0.84 (hexane/ethyl acetate, 95:5);
IR (neat, cmil) 1732, 1698, 1645, 1464, 987, 7383 NMR
(CDCls, 200 MHz)¢6 5.32 (1H, s, 12-H), 4.51 (1H, §,= 8 Hz,
3a-H), 2.85 (1H, m, 19-H), 2.31 (2H, § = 8 Hz, 2-H), 1.27
(32H, br s,—CH_), 1.16 (3H, s, 27-H), 0.94 (3H, s, 23-H), 0.93
(3H, s, 24-H), 0.89 (3H, s, 25-H), 0.88 (6H, s, 26,29-H), 0.84
(3H, s, 30-H);13C NMR (CDCh, 75 MHz) 6 173.69 (—OCO—
), 172.89 (C-28), 143.17 (C-13), 122.93 (C-12), 80.50 (C-3),
55.28 (C-5), 52.49 (C-18), 49.79 (C-17), 47.49 (C-9), 42.09 (C-
14), 39.59 (C-8), 39.39 (C-19), 39.00 (C-20), 38.20 (C-4), 37.69
(C-1), 36.87 (C-10), 34.83 (C-22), 31.90 (C-7), 30.62 (C-21),
29.15 (C-15), 28.03 (C-23), 27.42 (C-2), 25.15 (C-27), 23.52
(C-16), 22.67 (C-11), 21.03 (C-30), 18.16 (C-6), 17.27 (C-29),
16.74 (C-26), 15.30 (C-24), 14.12 (C-25), 29-62P.24 (-CH;,
of fatty chain), 17.12 (—CHlof fatty chain). Anal.Calcd for
CagHg204: C, 79.72; H, 11.43. Found: C, 79.81; H, 11.24.

The two parent acids, ursolic acid (1) and oleanolic acid (2),
and their 3-O-fatty acid ester analogues (7—12), along with
standard azardirachtinl8), were screened for antifeedant
activity against the agricultural pest tobacco caterp8lalitura
larvae, in a no-choice laboratory study at the dosages of 150,
100, and 5Qcg/cn?. The antifeedant activities were determined
after 6, 12, 24, and 48 h. In general, all of the compounds
showed antifeedant activity. It is very interesting to note that
significant activity was retained even after 48 Figure 2).
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