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Here, we describe the synthesis, bioactivity screening, and structure—activity relationships of various
synthetic triterpenoids prepared from the cork processing byproducts friedelin (1) and 3-hydroxyfriedel-
3-en-2-one (2) via oxidative procedures. The synthesis of compounds 2a-trimethylsiloxyfriedelan-3-
one (17), friedelin-2,3-lactone (18), friedelin-3-oxime (19), and friedelin-3,4-lactam (20) is also
described. We have studied the insecticidal and phytotoxic potential of these compounds, their
selective cytotoxic effects on insect and mammalian cells, and their antiparasitic effects. Structural
modifications of the A-ring of friedelin (1) improved its insecticidal activity with derivatives 5, 2,3-
secofriedelan-2-al-3-oic acid (6), its acetylated derivative 6a, 33- and 3o-hydroxyfriedelane (9 and
10), 3a-hydroxyfriedel-2-one (11), 45-hydroxyfriedel-3-one (16), the acetylated 10a, 3,4-secofriedelan-
4-oxo-3-oic-acid (14), lactone 18, and the oxime 19 being stronger insecticides than the parent
compound. Methyl-3-nor-2,4-secofriedelan-4-oxo-2-oic acid (12) and its acetylated derivative 12a also
showed insecticidal activity in contrast to their inactive parent compound 2. The postingestive effects
and cytotoxicity of these compounds suggest a multifaceted insecticidal mode of action. These
structural modifications did not result in better phytotoxic agents than the parent compounds except
for lactam 20 and yielded several moderately active antiparasite derivatives (seco acids 6, 12, 14,
and 4p -hydroxyfriedel-3-one 16) with cytotoxic effects on mammalian cells.

KEYWORDS: Quercus suber ; cork smoker wash solids; triterpene friedelanes; Spodoptera littoralis
Lactuca sativa ; Trypanosoma cruzi ; Leishmania infantum ; antifeedant; phytotoxic; antiparasitic

INTRODUCTION process of making corkboard from ground cork under pressure

Biobased products derived from nature contribute to sustain- 2Y treatment with superheated steam. This black wax has no
able industrial growth in sectors such as health care, agrifood, Practical application and represents an environmental problem
forest products, chemicals, plastics, energy, and the environment(Comissa de Coor(_:it?,néam e Desenvolvimento Regional de
The cork industry comprises one of the world’s most important Lisboa e Vale do Tejo” Portuguese Environmental Department).
biobased, nontimber forest products. Natural cork is a renewable _This residue is a convenient source of friedelane triterpenes
resource harvested from the living bark of the cork qkercus ~ friedelin (1) (8%, wi/w) and 3-hydroxyfriedel-3-en-2-on@)(
suberL. (Fagaceae), with minimal environmental impact. This (5-4%, w/w). Small amounts ¢f-sitosterol (1%), campesterol
tree is native to the Mediterranean forest with Portugal and Spain (0-3%),-amyrin and sitost-4-en-3-one (0.3%), and waxes have

being among the main producers worldwide. Theercusforest also been isolated from this residu8).(Triterpenoids are
provides immeasurable ecological value to the fragile ecosys-abundant in the plant kingdom, and pharmacological (antiin-
tems of its arid native habitat(2). flammatory, antibacterial, antifungal, antiviral, cytotoxic, and

The cork processing industry generates large amounts of cork@ntiparasitic) and pesticidal (insecticidal, phytotoxic) effects have
powder and cork smoker wash solids (ca. 200 tons/year of cork P&en reported4). _ _ _
smoker wash solids in Portugal), a black wax obtained in the ~ As part of our ongoing assessment of cork-derived biobased
products, we previously prepared compouBe4.6 by structur-

* To whom correspondence should be addressed. Tel: 34-91-7452500.ally modifying the A-ring of triterpened and2 (Scheme },

Fa)f(:|N3E4f?l_5640800' E-mail: azu@ccma.csic.es. including seco acid derivatives with antitumoral activi8y ).
#|nstituto de Ciencias Agrarias. In this work, we have obtained a mixture of compoufgs
8 Universidad Autmoma de Madrid. 6, 11, and the new derivativé7 from compound via oxidative
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Friedelane Derivatives
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procedure. We have also synthesized derivatil&s20. We
have studied the biopesticide potential (insecticidal and phyto-
toxic) of these compounds on the insect p&godoptera
littoralis and Lactuca satia seeds. We have also tested their
selective cytotoxic effects on insect Sf9 cells derived frSm
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mass spectra (EIMS) were recorded on a Kratos model MS-25 RF mass
spectrometer at 70 eV. Thin-layer chromatography was carried out using
precoated silica gel plates 60 F254, and detection was achieved by
spraying with methanolic DNP and heating to 18G. Column
chromatography was performed using silica gel 60 (0-62t063
Merck, 9385). MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide] was from Sigma-Aldrich. Cell and parasite viability were
measured in a microplate reader SLT Lab Instruments (Austria).

Material. Cork smoker wash solids were a gift from Corticeira
Amorim Algarve (Portugal).

Extraction and Isolation. Friedelin (L) and 3-hydroxyfriedel-3-en-
2-one @) were extracted from powdered cork smoker wash soBjis (

Synthesis.Details on the synthesis of compoungis16 and their
physical and spectral data have been previously repoBies).(Here,
we scaled-up the synthetic method to prepare compdandhe
synthesis of compound$7—20 is also described along with their
spectroscopic data.

Synthesis of &-Hydroxyfriedel-3-one (5). A solution of NaHCQ
(0.5 M, 70 mL) at 0°C was added to 3-trimethylsiloxyfriedel-2-ene
(3) (932 mg) dissolved in C¥Cl, (117 mL), and the mixture was
vigorously stirred at room temperature. TherCPBA (776,7 mg) was
added at 0C and the mixture was stirred at room temperature for 1 h.
The organic phase was extracted and washed with a saturated solution
of sodium sulfite, NaHC@(0.5 M), and HO, and the residue (1.20 g)
was purified by column chromatography (silica gel with a .CH:
MeOH gradient) to obtain a mixture ofo2hydroxyfriedel-3-one §)
(28.3 mg; 2.7%), 2,3-secofriedelan-2-al-3-oic ac@) (133.4 mg;
12.4%), 3r-hydroxy-friedel-2-one 1) (548 mg; 53.2%), @-trimeth-
ylsiloxyfriedelan-3-one 17) (41.7 mg; 3.5%), and friedelinl) (55.8
mg; 5.6%). Compound isomerized in the presence of silica gel to
11. Compoundl?7 was obtained for the first time in trace amounts.

2a-Trimethylsiloxyfriedelan-3-one (17).Amorphous brown solid.

'H NMR (CDCl): 0.10 (9H,s, OSiMey), 0.66 (3H,s, Me-24), 0.83
(3H, s, Me-25), 0.84 (3Hd, J = 6,4 Hz, Me-23), 0.95 (3Hs, Me-30),
1.00 (6H,s, Me-26 and Me-29), 1.07 (3, Me-27), 1.17 (3Hs, Me-

28), 1.90 (1Hm, H-10), 2.87 (1Hg, J = 6.4 Hz, H-4), 3.96 (1Ht, J

= 3.0 Hz, H-2).23C NMR (CDCL): 0 (O SiMe), 32.16 (C-1), 74.89
(C-2), 212.73 (C-3), 52.45 (C-4), 43.03 (C-5), 40.93 (C-6), 18.21 (C-
7), 52.90 (C-8), 36.72 (C-9), 51.91 (C-10), 35.28 (C-11), 30.35 (C-
12), 39.66 (C-13), 38.28 (C-14), 32.74 (C-15), 35.98 (C-16), 29.93
(C-17), 42.76 (C-18), 35.28 (C-19), 28.10 (C-20), 32.29 (C-21), 39.17
(C-22), 6.28 (C-23), 14.00 (C-24), 18.05 (C-25), 18.54 (C-26), 20.07
(C-27), 32.05 (C-28), 31.79 (C-29), 34.92 (C-30). ElNifx (%): 514
(52) [M]*, 499 (43) [M— CHg]*, 424 (4) [M — SiMe;OH]*, 409 (5)

[M — (SiMe&O + O)]*, 341 (5) [GsHad ", 273 (22) [GeH200]", 205
(40) [CrsH2g] T, 191 (20) [GsH2s—CHz] T, 159 (98), 143 (100), 137 (31),
125 (38), 123 (58) [6H1g*, 109 (73), 95 (91), 81 (71), 69 (69), 73
(89) [MesSi]*, 55 (77) [GHsO]*, 43 (45).

Synthesis of Friedelin-2,3-lactone (18)riedelin (L, 65.8 mg) was
dissolved in CHGJ (1.3 mL), and thenm-CPBA (98 mg) was added.
The mixture was stirred continuously at G for 17 h. A NaHCQ
saturated solution was added to the ice-cooled mixture, the pH was

frugiperdapupal ovarian tissue and mammalian chinese hamsteradjusted to 7, and the organic phase was extracted with CHGe

ovary (CHO) cells. Additionally, we studied their antiparasitic
effects againstrypanososma cruznd Leishmania infantum

which are associated with diseases responsible for high morbid-

ity and mortality in developing countries. In both cases, the

residue was purified by preparative liquid chromatography [silica gel,
CHCl,:(CHs).CO, 98:2] to obtain friedelin-2,3-lactone (48 mg, 71%
yield).

Friedelin-2,3-lactone (18) White crystals; mp 288290°C [lit. (8)
247-248°C]. IV vmax (KBr) (cm™): 2944, 1734 (€=0), 1073 (C-

etiologic agent is a flagellated protozoa and the chemotherapiesy) 755 14 NMR (CDCL): 0.83 (3H,s, Me-25), 0.89 (3Hs, Me-24)

used are not effective in all phases of the infection.

MATERIAL AND METHODS

General Experimental ProceduresMelting points were determined

using a Reichert microscopic Thermovar model and are uncorrected.

IR spectra were recorded on a Perkin-Elmer FT-IR 1725X spectro-
photometerH and'*C NMR spectra were recorded on a Bruker AMX
300 MHz spectrometer using CDGlolutions with SiMeg as an internal
standard. Multiplicities of3C signals were determined by distortionless
enhancement of polarization transfer experiments. All NMR experi-

0.95 (3H,s, Me-26), 0.99 (6Hs, Me-27 and Me-30), 1.00 (3H;, Me-

29), 1.17 (3Hs, Me-28), 1.20 (3Hd, J = 6,3 Hz, Me-23), 1.94 (1H,

m, H-1.), 2.52 (1H,td, J = 1.5, 13.0, 13.0 Hz, H+2), 2.63 (1H,ddd
J=1.5,7.0,13.0 Hz, H-®), 4.22 (1H,q, J = 6,3 Hz, H-4).%C NMR
(CDCL): 18.55 (C-1), 34.35 (C-2), 175.64 4€D), 84.91(C-4), 40.76
(C-5), 38.44 (C-6), 18.03 (C-7), 52.72 (C-8), 38.18 (C-9), 63.94 (C-
10), 35.29 (C-11), 30.59 (C-12), 39.33 (C-13), 38.37 (C-14), 32.35
(C-15), 35.40 (C-16), 29.98 (C-17), 42.71 (C-18), 35.95 (C-19), 28.16
(C-20), 32.73 (C-21), 39.22 (C-22), 13.45 (C-23), 16.22 (C-24), 17.90
(C-25), 18.59 (C-26), 20.20 (C-27), 32.05 (C-28), 31.75 (C-29), 35.03
(C-30). EIMSmz 442 (9) [M]*, 427 (3) [M — CHa]*, 398 (17) [M

ments were carried out at constant temperature (298 K). Electron impact— CO;]*, 383 (6) [M— (CO, + CHy)]*, 274 (10), 245 (15), 218 (24),
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205 (44), 191 (23), 179 (16), 163 (20), 149 (23), 135 (27), 123 (53)
109 (67), 69 (100), 95 (95).
Synthesis of Friedelin-3-oxime (19).Friedelin (, 80 mg) and
hydroxylamine hydrochloride (59 mg) were dissolved gHéN (1 mL)
and absolute ¢4sOH (1 mL), and the mixture was refluxed for 3 h
and 30 m. The solvents were evaporated, a solution of HCI (10%) was
added, and the organic phase was extracted with EtOAc and washed
with a solution of NaHC® The residue was purified by column
chromatography (silica gel, GBI,) to obtain friedelin-3-oxime (70
mg, 85% yield). Figure 1. Natural fridelane triterpenes isolated from cork smoker wash
Friedelin-3-oxime (19). White crystals; mp 280282 °C [lit. (9) solids.
289-292°C]. IV vmax (KBr) (cm™): 3293 (OH), 2928, 1686 (€EN),
1458 (C-0), 945 (N-0); 'H NMR (CDCl): 0.74 (3H,s, Me-24),

0.84 (3H,s, Me-25), 0.94 (3Hd, J = 6.9 Hz, Me-23), 1.00 (3Hs, Phytotoxicity Tests. These experiments were conducted wlith
Me-30), 1.03 (6H,s, Me-27 and Me-29), 1.17 (3Hs, Me-28), 1.21 sativa var. Carrascoy seeds placed on paper disks (Whatman no. 1,
(3H, s, Me-26), 1.77 (1Hm, H-2eq), 2.02 (1Hg, J = 6.9 Hz, H-4), 2.0 cnf) treated with 5Qug/cn? of the test compound or solvent for

3.43 (1H,ddd J= 2.4, 4.5, 13.0 Hz, H-g). 3C NMR (CDCk): 20.58 the control. The disks were placed in lidded clear plastic boxes (2
(C-1), 36.03 (C-2), 162.39 (EN), 50.96 (C-4), 41.15 (C-5) 39.67 (C- 2 cn?) lined with 4 g ofsterilized sand soil humidified with 2QeL of

6), 18.35 (C-7), 53.10 (C-8), 37.29 (C-9), 60.00 (C-10), 35.34 (C-11), deionized water and then placed in a plant growth chambeeH(25
30.54 (C-12), 40.30 (C-13), 38.30 (C-14), 32.40 (C-15), 35.57 (C-16), °C,>70% relative humidity, with a photoperiod of 16:8 h L:D) for 6
30.02 (C-17), 42.79 (C-18), 35.90 (C-19), 28.18 (C-20), 32.79 (C-21), days. A total of 100 seeds were used (20 seeds/box, five boxes). The
39.27 (C-22), 8.37 (C-23), 14.21 (C-24), 17.97 (C-25), 18.67 (C-26), germination was monitored daily, and the radicle length was measured
20.24 (C-27), 32.09 (C-28), 31.79 (C-29), 35.04 (C-30). EIM&: at the end of the experiment (20 digitalized radicles randomly selected
441 (11) [M]", 426 (37) [M — CHg]™, 410 (48) [M — NOH]*, 272 for each experiment) with the application Scion Image for Windows
(11), 220 (10), 218 (18), 205 (19), 179 (16), 149 (20), 137 (28), 125 release Alpha 4.0.3.2 (www.scioncorp.com). An analysis of variance

(21), 109 (58), 95 (81), 81 (77), 69 (97), 55 (27). (ANOVA) was performed on germination and radicle length data.
Synthesis of Friedelin-3,4-lactam (20)Friedelin-3-oxime {9, 60 ~ Cytotoxicity. Sf9 cells derived fronS. frugiperdapupal ovarian
mg) andp-toluenesulfonyl chloride (19.6 mg) were dissolved iHEN tissue (European Collection of Cell Cultures, ECCC) and mammalian

(1.14 mL), and the mixture was refluxed for 5 h. The reaction was CHO cells (a gift from Dr. Pajares, I. C. Biculieas, CSIC) were grown
cooled and diluted with b, and the product was extracted with CHCI @S previously described); Cell viability was analyzed by an adaptation
The CHC} phase was washed with HCI (10%), NaCl (saturated Of the MTT colorimetric assay method)( The active compounds were
solution), and HO to afford pure friedelin-3,4-lactam (59.9 mg, 99.8% tested in a doseresponse experiment to calculate their relative potency

yield). (EGso values, the effective dose to give 50% cell viability), which was
Friedelin-3,4-lactame (20) Amorphous yellowish solid: mp 266 determined from linear regression analysis (% cell viability on log dose).
268°C. IV Um‘ax (KBr) (cm™): 2928, 2867, 1672 (€0), 1'458 (N- Trypanocidal _Activity._ This activit_y was assayed_ on epimastigote
H), 1362 (C-N), 734 (N-H). 'H NMR (CDCl): 0.81 (3H,s, Me- forms of T. cruzi, Y strain, as descrlb_ed7x. The active compound;
24), 0.82 (3H,s, Me-25), 0.95 (3Hs,Me-30), 0.98 (3H,s, Me-27), were tested in a dosgesponse _experlment tp calculate the_lr relative
0.99 (3H,s, Me-29), 1.00 (3Hs, Me-26), 1.04 (3Hd, J = 6.9 Hz, potenc_y (EGo v_alues, the effeqtlve dose t_o give 50% p_araS|te grqwth
Me-23), 1.17 (3Hs, Me-28), 1.88 (1HM, H-1.), 2.40 (2H,m, H-2ax reduc_tlon), which was determined from linear regression analysis (%
and H-2¢, 3.27 (1H,quint, J = 6.4 Hz, H-4), 5.30 (1Hbrs, N—H). cell viability on log dose).
13C NMR (CDCk): 18.24 (C-1), 36.39 (C-2), 177.01 (C-3), 58.91 (C- Leishmanicidal Activity. The leishmanicidal activity was assayed

4), 39.14 (C-5), 39.14 (C-6), 18.33 (C-7), 52.63 (C-8), 38.30 (C-9), ©on promastigote forms df. infantum PB75 strain, cultured at 28
65.09 (C-10), 35.16 (C-11), 30.57 (C-12), 39.72 (C-13), 38.37 (C-14), in RPMI medium supplemented with fetal calf serum. Parasites in
32.27 (C-15), 35.37 (C-16), 29.87 (C-17), 42.60 (C-18), 35.89 (C-19), logarithmic growth phase were distributed in 96-well flat bottom plates.
28.03 (C-20), 32.64 (C-21), 39.12 (C-22), 15.82 (C-23), 13.75 (C-24), The compounds to be tested were dissolved in DMSO and added to
17.81 (C-25), 18.45 (C-26), 20.07 (C-27), 31.91 (C-28), 31.63 (C-29), the cultures at several concentrations (100, 50, 25, 10, 5, amf 1
34.89 (C-30). EIMSWz (%) 441 (9) [M]", 426 (3) [M— CH3]*, 398 mL; except for1, assayed at 100, 10, and gg/mL) for 72 h.

(2) [M — (CHs + CO)J*, 273 (2) [GeHziN] ™, 205 (8) [GisHag T, 191 Amphotericin B was used as a reference drug, and parasite viability
(5) [205— CH,]*, 179 (2), 163 (4), 137 (7), 125 (3), 123 (11)fGe]*, was analyzed by a modified MTT col_orimetric assdy. (The activity

109 (18), 95 (22), 81 (23), 69 (21), 55 §&:0]* (27), 42 (100). was calculated as described fbr cruzi

Insect BioassaysS. littoralis and Leptinotarsa decemlineataere
reared on artificial diet @ and potato foliage, respectively, and RESULTS AND DISCUSSION
maintained at 22 1 °C, >70% relative humidity, with a photoperiod
of 16:8 h (L:D) in a growth chamber. The triterpene derivatives studied here were obtained through
Choice Feeding Assay3hese experiments were conducted with Simple chemical modifications of natural triterperiesind 2
newly emerged sixth-inst& littoralis larvae and adult. decemlineata (Figure 1). These reactions are suitable for possible large-scale
The percent feeding inhibition (%FI) was calculated as previously applications $cheme ). The conversions focused mainly on
described §). Compounds with an F+ 70% were tested in a dose the modification of the carbonyl function at C-3 of friedelin
response experiment to calculate their relative potencys{Eélues, via controlled silyl enol ether8 and4, which were modified
the effective dose for 50% feeding reduction), which was determined g hydroxyl ketonesH and 16) to obtain seco acid§ and 14,
from linear regression analysis (% FI on log dose). respectively. Seco acitli2 was prepared by oxidation & in
Oral Cannu|ati0r] ThIS eXperiment was performed W|th preWe|ghed the presence Of a phase transfer Catalyst and potaSS“Jm per_

newly emergeds. littoralis L6 larvae. Each experiment consisted of manganate§cheme }, a convenient method for the preparation
20 larvae orally dosed with 4@g of the test compoundy. An analysis of the seco acids

of covariance (ANCOVA1) on biomass gains with initial biomass as o ) . )
the covariate (covariate > 0.05) showed that initial insect weights Oxidation of3 with m-chloroperbenzoic acid under buffered

were similar among all treatments. A second analysis (ANCOVA2) PH conditions produced quantitativeBy(3). However, the scale-
was performed on biomass gains with food consumption as the covariateup of this reaction based on the procedure described above and
to test for postingestive effects)( the subsequent purification with silica gel gave a mixtur® of
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Table 1. Consumption (A/) and Biomass Gain (AB) of Orally Injected
S. littoralis L6 Larvae, Expressed as Percent of the Control and
Cytotoxic Effects on Spodoptera frugiperda Sf9 and Mammalian CHO

Cells?
ECso (,ug/mL)
compd AB Al pANCOVA2b Sf9 CHO
1 73 77 >0.05 >100 >100
2 97 105 ~100 >100
2a 102 115 23.10(17.77,30.02)  >100
5 35 80 0.0001  47.6(24.31,93.25) 41.92 (26.52, 66.27)
6 51* 89 0.007 7.26 (12.63, 23.60) 9.32(7.08, 12.27)
6a 34 T3¢ 0.008 >100 >100
7 6.99 (4.62, 10.58) 27.70 (20.89, 36.72)
Ta 73.46 (56.36, 95.76)  52.35 (38.63, 70.94)
8 79 93 >100 >100
9 53 73 >0.05 >100 >100
9a 79.56 (41.87,151.21) >100
10 36* 62 >0.05 >100 >100
10a 58* 74 >0.05 >100 >100
11 57 71*  >0.05 8.32 (6.25, 11.07) 50> ECso >25
12 65* 77 >0.05 20.23 (14.28, 28.65)  34.33(29.41, 40.07)
12a 75% 79 >0.05 >100 >100
14 61*  73*  >0.05 23.84(18.78,30.27)  20.11(17.98, 22.50)
l4a 33.40(28.17,39.61)  19.88 (8.30, 47.57)
16 53* 65  >0.05 >100 >100
17 7 65* >100 >100
18 44 46*  >0.05 >100 ~100
19 47 49 >0.05 62.55 (27.05, 144.62) ~100
20 73 77 >0.05 ~100 >100

a*p < 0,05 and **p < 0.0005, ANCOVAL (initial larval weight as covariate). ? p
Level, ANCOVA2 (Al as covariate).

(2.7%),11 (53.2%), seco acié (12.4%), and the new reaction
product17 (3.5%). The purification of the mixture on silica
gel gave the hydroxy ketonkl by epimerization ob, which
was formed via an epoxide intermediate.

The selective reduction of the carbonyl function of hydroxyl
ketones5 and 1 by a mild treatment with NaBldproduced
alcohols7 and9. Additionally, the reduction of with sodium
produced alcoholQ. Alcohols7, 9, and10 were subjected to
acetylation (with acetic anhydride and pyridine). Thep-
unsaturated carbonglderivative was prepared directly froin
by phenylselenenyl chloride (PhSeCl) oxidation in 93% yield,
by contrast DDQ oxidation via sylil enol eth&iprocedure (76%
yield) (3).

The preparation of the 3,4-lactondg| and 3-oxime of
friedelin (19) was carried out as a modification of a previously
reported protocol & 9). Subsequent reaction af9 with
p-toluenesulfonyl chloride yielded the 3,4-lact®@ (99.8%).
These compounds were identified by their spectroscopic data
(see Experimental Procedures). The NMR data of oxi@ie
showed signals associated with a single product.

Assessment of these derivatives involved their screening for
insecticidal, phytotoxic, and antiparasitic effects. None of the
triterpene derivatives had antifeedant effectsSorittoralis or
L. decemlineata(data not shown). However, most of the
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ranking as follows6a, 10 > 18,19 > 9, 10a 11, 16 > 12,14

> 1, 123 17, and 20 (Table 1). Treatment effects om\B
disappeared with covariance adjustment excep6&iThere-

fore, these compounds acted as postingestive antifeedants with
varying potencies, whil&a had additional toxic action. Com-
pounds5 and 6 reducedAB but notAl. Treatment effects of
these compounds oAB did not disappear with covariance
adjustment, indicating that they acted as strong postingestive
toxins without antifeedant effects.

A lower number of derivatives had cytotoxic effects to insect-
derived Sf9 and mammalian CHO cells (45 and 40%, respec-
tively). Compoundb had the strongest cytotoxic effect followed
by 7,11, 12, 14, 144 5, and7a, while 2a, 9a, and19 showed
selective and moderate-low cytotoxic effects to Sralgle 1).
Similarly, compound has been reported as a potent inhibitor
of human lymphocyte and cancer cell proliferation, followed
by 5, 7, 12, and14 (3, 5). Other friedelane, oleanane, lupane,
and ursane triterpenes have also been reported as tumoral cell
growth inhibitors (0—12), but this is the first report on this
class of compounds acting on insect-derived cells.

The lack of short-term feeding behavior modulating the
effects of these terpenes d. littoralis indicates that the
noncytotoxic insect growth regulator6g 10, 18, 19, 9, 16, 1,
12a and17) could be digestive toxins, while the cytotoxic ones
(5, 6, 11, 12, and14) could act unspecifically on cell membranes
in addition to being digestive toxins. Therefore, the growth
regulation effects observed here could be the result of a
multifaceted biological action. Triterpenes such as oleanolic and
ursolic acid have fluidity-modulating effects on liposomal
membranes 1(3). Asiatic acid reduced the consumption and
growth of the rice grasshopp&xya fusceita and inhibited
the digestive enzymes amylase and invertade @ngiotensin
blockers induced ecdisteroid secretion in the lepidopteran
Lymantria disparn(15), and triterpene acids including oleanolic
and S-glycyrrhetinic blocked agiotensin |l receptord 6],
suggesting that these triterpenes could interfere with the insect’s
ecdysteriod levels.

Compoundsl, 6 > 18 > 17, 19, 20 > 9, 10a 11, and16
inhibited L. sativa germination during the first 2448 h of the
experiment (able 2). All of the compounds tested inhibitéd
sativa radicule elongatior\-derivativel9 being the most active,
followed by 1, 10, 18, 12, 16, and17. Therefore, modification
of the A-ring of parent terpene$ and 2 did not result in
improved phytotoxic effects except for the oxirh@ The lack
of molecular selectivity observed suggests a nonspecific phy-
totoxic effect for these compounds bnsativa. Previous reports
have shown that affected the radicule growth &chinochloa
crusgalli (17). The phytotoxic effects of these type of molecules
have been attributed to their membrane-modifying properties
(13, 19).

The triterpene derivatives tested did not show relevant
antiparasite effects. Seco ac®land12 were moderately active

compounds tested (84%) had negative postingestive effects onagainst both parasite species ggalues of 37.6 and 44 &g/

S. littoralis larvae {Table 1). A covariance analysis (AN-
COVALl) of food consumptionAl) and biomass gainsA@)
with initial larval weight (BI) as the covariate (covarige>
0.05) was performed to test for significant effects of the test
compounds on these variables. An additional ANOVA analysis
and covariate adjustment oAB with Al as the covariate
(ANCOVA2) was performed for those compounds that signifi-
cantly reducedAB to understand their postingestive mode of
action (antifeedant and/or toxicg)(

The following compounds reduced biomass gaitB)(and
food consumption Al) of orally injectedS. littoralis larvae,

mL, respectively, againdt. infantumand 46.3 and 50.4g/
mL againstT. cruz). CompoundL6 and its seco acid derivative
14 had selective antiparasite affects agalnsinfantum(ECso
of 19.2ug/mL) andT. cruzi(ECso of 49.3ug/mL). There are
previous reports on the leishmanicidal and trypanocidal effects
of some pentacyclic triterpenes with being inactive 19).
Furthermore, the presence of a carboxyl moiety in these types
of compounds was found to be important for their antileish-
manial activity @0).

The relatively large number of bioactive derivatives allowed
us to draw some structur@ctivity relationships for these
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Table 2. Effects of the Test Compounds on Germination and Radicle cytotoxic effects on mammalian CHO cells. Therefore, the cork
Length of L. sativa processing byproduct friedelin is a convenient model for the
design of insect growth regulators with phytotoxic effects.

germination (% control)

radicle length ACKNOWLEDGMENT
compd 24h 48h 72h  96h 120h  144h (% control)?
1 3 76+ 100 100 100 100 375 We gratefully acknowledge S. Carlin for language revision.
2 97 96 100 100 100 100 49.3
2xbb 94 91 98 100 100 100 65.0 LITERATURE CITED
5 81 97 100 100 100 100 57.8
6 34* 93 94 94 94 94 51.2 (1) FAO. Programme d’action forestier diterrarien: Cadre de
6a 97 93 99 99 99 929 79.6 référence des plans d'action forestiers nationaux des pays
7 89 100 100 100 100 100 56.5 méaditerrariens. Committee on Mediterranean Forestry Questions,
/a 89 100 100 100 ~ 100 100 68.0 Sylva mediterranea, Rome, Italy, 1993.
8 94 100 100 100 100 100 s (2) FAO. Evaluation des ressources foragtse 1990. Pays non
9 78* 95 99 100 100 100 52.2 K . . L . R
%a 100 100 100 100 100 100 677 tropicaux en deeloppement. Rgon maliterradenne. FO: Misc/
10 9% 100 100 100 100 100 356 94/3, 1994.
10a 70% 94 100 100 100 100 515 (3) Moiteiro, C.; Justino, F.; Tavares, R.; Marcelo Curto, M. J.;
11 77* 100 100 100 100 100 55.6 Florencio, M. H.; Nascimento, M. S. J.; Pedro, M.; Cerqueira,
12 81 98 100 100 100 100 42.9 F.; Pinto, M. M. M. Synthetic seco-friedelane and friedelane
12a 97 100 100 100 100 100 51.0 derivatives as inhibitors of human lymphocyte proliferation and
14 99 100 100 100 100 100 72.0 growth of human cancer cell lines in vitrd. Nat. Prod 2001,
l4a 94 100 100 100 100 100 - 64 1273-1277.
16 z 99 99 99 99 99 40.01 4) C(Snnolly J. D.; Hill, R. A. Triterpenoidd\Nat. Prod. Rep2005
17 67* 100 100 100 100 100 44.26 L T ' '
18 50 87 98 100 100 100 38.43 22, 487-503. ,
19 66+ 86+ % 97 97 97 25.82 (5) Moiteiro, C.; Manta, C.; Justino, F.; Tavares, R.;. Marcelo Curto,
20 68* 100 100 100 100 100 56.5 M. J.; S JoseNascimento, M. M.; Pedro, M.; Pinto, M. M.
Hemisynthetic secofriedelane triterpenes with inhibitory activity
ap < 0,05 in all cases. *p < 0.005, LSD test. against the growth of human tumor cell lines in vitd.Nat.
Prod. 2004 67, 1193-1196.

triterpenes. The presence of a hydroxyl group at G)2of a (6) Reina, M.; Gonzez-Coloma, A.; Gufigez, C.; Cabrera, R.;

] . . . Rodrguez, M. L.; Fajardo, V.; Villarroel, L. Defensive chemistry
lactone/hydroxyl at C-41(g, 16) gave rise to a strong insecticidal of Senecio miser Hook. Nat Prod. 2001 64, 6-11.

effect with respect td. The presence of a bulky substituent at (7) GonZéez-Coloma, A.; Guadan A.: de I, C.: Martnez-Daz,

C-2 (17) and the substitution of the C-4 lactoneldfby a lactam R.; Cortes, D. Selective action of acetogenin mitochondrial
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