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Musidunin and Musiduol, Insect Antifeedants from Croton jatrophoides

Ken-ichi Nihei Yukihiro Asaka¥ Yoshihiro Mine$ Yoichi Yamada, Masayuki ligo! Tadashi Yanagisawaand Isao Kubo®

Department of Applied Biochemistry, Faculty of Agriculture, Utsunomiyavéhsity, Utsunomiya, Tochigi 321-0943, Japan, Department of Life
Sciences, Faculty of Science and Technology, Kinkvéisity, Higashi-osaka, Osaka 577-8502, Japan, Life Science Research Institute, Kinki
University School of Medicine, Sayama, Osaka 589-8511, Japan, Department of Chemistry, Faculty of Education, UtsunesersigyUni
Utsunomiya, Tochigi 321-0943, Japan, and Department afilenmental Science, Policy and Management, dénsity of California, Berkeley,
California 94720-31122

Receied February 12, 2006

Two novel limonoids, musiduninlj and musiduol Z), were isolated from a methanol extract@foton jatrophoides

by bioassay-guided fractionation. Their structures were established by extensive NMR experiments. Interestingly, A,B-
seco limonoidl contains a unique acetal annulation of A, and B rings. Both limonoids exhibited antifeedant activities
against two pestfectinophora gossypielland Spodoptera frugiperda

Phytochemicals acting as deterrents to insect feeding are andn-butanol, in this order. The chloroform fraction showed strong
frequently found in pest-resistant plants, which can be lead insect antifeedant activity and was fractionated using silica gel
compounds to develop environmentally friendly pest control agents. column chromatography and preparative TLC. Compounead
In our continuing search for insect-affecting phytochemiéatsa 2 were then isolated by preparative HPLC and were designated as
bitter plant,Croton jatrophoide?ax. (Euphorbiaceae), which has musidunin and musiduol, respectively, based on the Swahili name
been used as a folk medicine in East Africa, was identified to of C. jatrophoides“msinduzi”.
possess a highly pest-resistant property. Seven limonoids as insect Musidunin (L) was isolated as an amorphous solid. The molecular
antifeedant principals were isolated from a methanol extra@.of  formula was unequivocally established as;HzgO1; from the
jatrophoides and their structures, having a remarkableX ring molecular ion peak atvz 586 [M*] by HREIMS analysis. The IR
closure, were determined by X-ray crystallographic and NMR spectrum ofl showed strong absorption near 1750-énwhich
analyse$: 8 Limonoids are attractive biologically active substances indicated the presence of a carbonyl moiety. Aromatic methine
because they possess anti-HIV activigntimalarial activity:® and signals 6y 7.34, 7.20, 6.23;0c 142.6, 140.0, 110.6) and a
cytotoxicity against cancer cell linEs? in addition to insect quaternary carbon signal &t122.6 in the!H and*3C NMR spectra
antifeedant activity4Systematic investigation of phytochemicals  were assigned toa-furan ring. Hence, this compound is classified
in C. jatrophoidesvas performed using antifeeding assays against gs a limonoid.
two pests, the larvae dfectinophora gossypielland Spodoptera The COLOC experiment revealed that tfigfuran ring was

frugiperda As a result, musiduninlj and musiduol Z) were attached to a methin@ 3.04; ¢ 43.4) in the D ring (Figure S1,
|sol_ated as actlve_ constituents. Struc_tural _detgrmlnatlons and Supporting Information). The methine signal was connected to an
antifeedant potencies dfand?2 are described in this paper. oxymethine proton ab 4.80 (H-15) via diastereotopic methylene
protons at 2.27 and 1.92 (H-16) in thtH—H COSY spectrum.
These protons were correlated with a quaternary carbdord8t1
(C-13) that was bonded to theoriented methyl at H-185 1.01;
d0c 17.1) and to a quaternary olefin carbordat45.0 (C-14) in the
COLOC spectrum. The hydroxyl group at C-15 was deduced as
p-oriented due to the NOE correlation between H-15 and H-18
(Figure S2, Supporting Information). C-13 possessed a COLOC
correlation with an acetylated oxymethine (H-92;5.36;0¢ 75.3)
in the C ring. This oxymethine was coupled with an acetylated
oxymethine (H-11py 5.63;0¢ 69.1) that was further connected to
a methane (H-9)y 3.16;6¢ 39.3) in the'H—1H COSY spectrum.
H-9 and H-11 arex-oriented, as indicated by NOE correlations
with H-18. The cross-peak between H-9 and an olefin quaternary
carbon §c 127.9) in the COLOC spectrum indicated that the
tetrasubstituted olefin (C-8 and C-14) was in the C ring. The two
acetylated oxymethines in the C ring are often found in limonoids
from C. jatrophoidesand the vicinal coupling constants are usually
0.8-5.1 Hz5"8 The large coupling constant (9.8 Hz) between H-11
and H-12 ofl suggested that the vicinal acetoxy moieties possessed
pseudoequatorial relationships on this cyclohexene ring.

The geminal dimethylsdy 1.44, 1.300¢ 31.9, 26.1) identified
by the 13C—1H COSY experiment were placed at C-28 and C-29

The methanol extract of the root bark Gf jatrophoideswas
partitioned between #0 andn-hexane, chloroform, ethyl acetate,

* To whom correspondence should be addressed. F&k510-643-6303. in the A’ ring as in dumnir.In the COLOC experiment, H-28 was
Fax: +1-510-643-0215. E-mail: ikubo@uclink.berkeley.edu. correlated to a methine)§ 2.81; ¢ 54.7) that was coupled with
" Faculty of Agriculture, Utsunomiya University. methylene protons ai 2.59 and 2.31. This proton sequence was

#Kinki University.

$Kinki University School of Medicine assigned to H-5 and H-6. However, from inspection of the COLOC
U Faculty of Education, Utsunomiya University. correlations, C-6 was adjacent to a carboxymethyl moi&fy3(70;
I'University of California, Berkeley. d¢c 52.1, 172.6) at C-7, indicating that the B ringirwas absent.
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Diastereotopic methylene protonsia2.97 and 2.12 were connected
to methylene protons &t2.57 in the'H—'H COSY spectrum. The

Notes

EYELA LPG-1000 instrument and an EYELA UV7000 detector (Tokyo
Rikakikai Co. Ltd., Tokyo, Japan), on a 10 mr 250 mm i.d., 10

signals of H-5, H-9, and its diastereotopic methylene (H-1) #«m, Alltech Econosil Gs column (Deerfield, IL). Initially, 40% MeCN/

possessed cross-peaks to a quaternary carbon (& 53;8). Also,
COLOC correlations between the vicinal methylene signals (H-1
and H-2) and a carbonyl carbon210.7) and an oxygenated
guaternary carbord¢ 108.8) confirmed the presence of the A ring.
Thus, compound contained the A and ‘Aings as in other dumsin-
type limonoids’” and the B ring was absent. The remaining NMR
signals were due to an oxymethyledg @.81, 4.319¢c 64.3). These
methylene protons were correlated to olefin carbons (C-8 and C-14),
the oxygenated quaternary carbon (C-19), and the methylene carbo
(C-9). Thus, the oxymethylene was included in thé rihg.
Annulation of the A, A, and B rings of1 was supported by several
key NOE correlations.

Musiduol ) was isolated as an amorphous solid, and the
molecular formula was established agts50,0 by HRFABMS.

An absorption at 1757 cm in the IR spectrum indicated the
presence of a carbonyl moiety. THe and3C NMR spectra oR
were similar to those of dumnihexcept for absence of signals
originating from a phenylacetoxy moiety in the C ring and the
trisubstituted epoxide in the D ring. Instead, carbonyl carkian (
219.9), isolated mething{ 2.85; dc 57.9), and oxymethined(
3.98; ¢ 71.3) signals were identified b{¥C NMR, DEPT, and
13C—1H COSY experiments.

The oxymethine was assigned to H-7, as it was correlated to a
methine (H-594 2.61;0¢ 48.9) through a methylene (H-6; 2.22,
1.70;0¢ 28.2) in the!H—'H COSY spectrum. The NOE correlation
between H-7 and H-30 and the small coupling constant of H-7 (3.3
Hz) indicated that the OH group was-oriented (Figure S83,
Supporting Information). The isolated methine possessed COLOC
cross-peaks with C-8, H-30, and H-18, indicating that the methine
was in the D ring (C-14). The remaining carbonyl carbon was
assigned to C-15. The-orientation of H-14 was deduced from
the NOE between H-14 and H-9 and H-18.

Ring D, having a carbonyl moiety, has been found in other
limonoidsi®1” As in 2, and in other dumsin- and zumsin-type
limonoids fromC. jatrophoidesthe D ring is resistant to oxidation.
Moreover, C-30 and the B ring df appear to be preferentially
oxidized before A ring oxidation. Although many B ring oxidized
limonoids have been reporté2° compoundl is classified as one
of a very few examples with respect to this type of acetal annulation
of A, A’, and B rings. One possibility of biogenesis affrom
dumsenir is illustrated in Figure S4 (Supporting Information).

Both limonoids1 and 2 exhibited insect antifeedant activities
(PGso = 3 ug/mL, PGs = 10ug/mL; PGo= 4 ug/mL, PGs = 20
ug/mL, respectively) against the second-instar larvaé ofjos-
sypiellain a leaf disk assa§t Compound2 also possessed insect
antifeedant activity again$. frugiperdawith PGso = 2.0 ug/mL
and PGs = 36 ug/mL. Insect antifeedant activity df was also
observed, although could not be isolated in sufficient quantity
for a detailed assay. The two peBtsgossypiellandsS. frugiperda

H.O was used as the HPLC solvent. The gradient elution was started
at 5 min and proceeded from 40% to 80% MeCMHn 30 min. For

the isolation of1, isocratic elution with 45% MeCN/AD was then
performed. The flow rate and detected wavelength were adjusted to 5
mL/min and 210 nm, respectively.

Plant Material. Root bark of the East African medicinal plant locally
known as “msinduzi” was collected near Mombasa, Kenya, and the
plant was identified a<C. jatrophoides(Euphorbiacea€’. A plant
specimen (AC 76-134) was deposited in the Department of Botany

"herbarium at the University of Nairobi.

Extraction and Isolation. The root bark was removed at the
collection site. The air-dried root bark (500 g) was cut into small pieces
and extracted with MeOH (500 mk 3) at ambient temperature for 2
weeks. The solvent was evaporated in vacuo, and the resulting residue
(40 g) was partitioned between® (800 mL) andh-hexane (200 mL
x 3), CHCE (200 mL x 3), and EtOAc (200 mLx 3), respectively.

A leaf disk assay against second-instar larva.@fossypielladentified

the CHC} fraction (4.5 g) as containing the antifeedant activity. This
fraction was further divided into six fractions (I: 0.2 g, Il: 0.7 g, Il
0.8¢9,I1V: 0.4¢,V: 1.1 g, and VI: 0.5 g) using chromatography on
silica gel (76-230 mesh, 250 g) eluted with—-20% MeOH/CHCA.
Subsequent bioassays showed moderate activity in the 20% MeOH/
CHCl; eluted fraction (V). This fraction was subjected to preparative
TLC with 20% MeOH/CHC{ and then further purification by prepara-
tive HPLC to give 1.8 mg ofl (tr = 15.0 min by the isocratic mode)
and 2.5 mg of2 (tg = 17.0 min).

Musidunin (1): colorless solid; §]%% —40.6 € 0.09, CHC}); IR
(CHCl) vmax 1747, 1371, 1245 cnt; *H NMR (CDCls, 400 MHz) &
7.34 (1H, m, H-23), 7.20 (1H, bs, H-21), 6.23 (1H, m, H-22), 5.63
(1H, dd,J = 9.8, 7.3 Hz, H-11), 5.36 (1H, d, = 9.8 Hz, H-12), 4.81
(1H, d,J = 15.0 Hz, H-30a), 4.80 (1H, d] = 7.8 Hz, H-15), 4.31
(1H, d,J = 15.0 Hz, H-30b), 3.70 (3H, s, COQ4), 3.16 (1H, dJ =
7.3 Hz, H-9), 3.04 (1H, dd) = 12.4, 6.8 Hz, H-17), 2.97 (1H, ddd,
=13.7,9.3,4.4 Hz, H-1a), 2.81 (1H, ddl= 11.7, 3.4 Hz, H-5), 2.59
(1H, m, H-6a), 2.57 (2H, m, H-2), 2.31 (1H, dd,= 16.1, 3.4 Hz,
H-6b), 2.27 (1H, dddJ = 14.6, 12.4, 7.8 Hz, H-16a), 2.12 (1H, dt,
=13.7, 9.8 Hz, H-1b), 2.05 (3H, s, OC®g), 1.92 (1H, dd,) = 14.6,

6.8 Hz, H-16b), 1.75 (3H, s, OCQ%), 1.61 (1H, bs, ®), 1.44 (3H,

s, H-28), 1.30 (3H, s, H-29), 1.01 (3H, s, H-18JC NMR (CDCk,
100 MHz) 6 210.7 (C, C-3), 172.6 (C, C-7), 171.43 (CCOCH),
171.39 (C, @OCH), 145.0 (C, C-14), 142.6 (CH, C-23), 140.0 (CH,
C-21), 127.9 (C, C-8), 122.6 (C, C-20), 110.6 (CH, C-22), 108.8 (C,
C-19), 89.9 (C, C-4), 75.3 (CH, C-12), 69.1 (CH, C-11), 68.5 (CH,
C-15), 64.3 (CH, C-30), 57.8 (C, C-10), 54.7 (CH, C-5), 52.1 (g¢H
COQCHj3), 49.1 (C, C-13), 43.4 (CH, C-17), 41.0 (gHC-16), 39.3
(CH, C-9), 34.4 (CH, C-6), 34.3 (CH, C-2), 31.9 (CH, C-28), 30.1
(CH,, C-1), 26.1 (CH, C-29), 21.0 (CH, OCCCHg), 20.5 (CH,
OCQCHj), 17.1 (CH, C-18); HREIMSmM/z 586.2394 [M] (calcd for
Cs1H3g011, 586.2414).

Musiduol (2): colorless solid; ¢]?%5 —24.2 € 0.12, CHC}); IR
(CHCly) vmax 1757, 1734, 1371, 1230 crh H NMR (CDCls, 400
MHz) 6 7.38 (1H, m, H-23), 7.17 (1H, bs, H-21), 6.20 (1H, m, H-22),
5.40 (1H, d,J = 2.8 Hz, H-12), 4.91 (1H, t) = 2.8 Hz, H-11), 3.98
(1H, d,J = 3.3 Hz, H-7), 3.67 (1H, tJ = 9.2 Hz, H-17), 3.56 (1H, bs,

damage cottonseed, corn, and other commercial crops produced inoH) 2 85 (1H, bs, H-14), 2.66 (1H, m, H-2a), 2.64 (1H, des 11.2

countries such as the United States, India, China, and Austtéfia.
Therefore, unique limonoids such Asnd2 may be useful as pest
control agents due to their potent insect antifeedant activities.

Experimental Section

General Experimental Procedures Specific rotations were recorded
in MeOH on a JASCO DIP-370 digital polarimeter (Tokyo, Japan). IR
spectra were recorded in CHGbn a Horiba FT-720 spectrometer
(Kyoto, Japan)H and**C NMR spectra were recorded in CQ®ith
TMS as internal reference on JEOL JNM-GX-400 and EX-400
spectrometers (Akishima, Japan). HREIMS and HRFABMS were
measured in the positive-ion mode on a JEOL JMS-700TKM spec-
trometer. Preparative TLC plates were purchased from Analtech, Inc.
(Newark, DE). All solvents were purchased from Aldrich Chemical
Co. (Milwaukee, WI). Preparative HPLC was performed with an

9.2 Hz, H-16a), 2.61 (1H, dd, = 9.6, 5.4 Hz, H-5), 2.50 (1H, dl =

2.8 Hz, H-9), 2.48 (1H, ddJ = 11.2, 9.2 Hz, H-16b), 2.35 (1H, m,
H-2b), 2.30 (1H, m, H-1a), 2.22 (1H, dd,= 13.0, 9.6 Hz, H-6a),
2.06 (3H, s, OCOEl), 2.05 (3H, s, OCOH5), 1.75 (1H, dddJ =
14.0, 10.4, 2.0 Hz, H-1b), 1.70 (1H, ddd= 13.0, 5.4, 3.3 Hz, H-6b),
1.61 (1H, bs, ®l), 1.45 (3H, s, H-29), 1.40 (3H, s, H-30), 1.36 (3H,
s, H-28), 0.78 (3H, s, H-18}3C NMR (CDCl, 100 MHz)4 219.9 (C,
C-15), 210.0 (C, C-3), 171.0 (C,@DCHy), 169.5 (C, GCOCH), 143.6
(CH, C-23), 139.9 (CH, C-21), 122.9 (C, C-20), 110.4 (CH, C-22),
104.9 (C, C-19), 85.3 (C, C-4), 71.5 (CH, C-11), 71.3 (CH, C-7), 71.2
(CH, C-12), 57.9 (CH, C-14), 55.7 (C, C-10), 48.9 (CH, C-5), 44.5
(C, C-13), 43.5 (CH, C-9), 43.1 (GHC-16), 39.5 (C, C-8), 37.9 (CH,
C-17), 35.2 (CH, C-1), 32.0 (CH, C-29), 31.5 (CH, C-2), 28.2 (CH,
C-6), 28.1 (CH, C-28), 21.9 (CH, OCOCH3), 21.5 (CH, C-18), 20.9
(CHas, OCCCHy), 19.4 (CH, C-30); HRFABMSH/z 559.2545 [M-+
H]+ (calcd for QOH39010, 5592543)
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(7) Nihei, K.; Asaka, Y.; Mine, Y.; Ito, C.; Furukawa, H.; Ju-ichi, M.;
Kubo, I. J. Agric. Food Chem2004 52, 3325-3328.

(8) Nihei, K.; Asaka, Y.; Mine, Y.; Kubo, 1J. Nat. Prod 2005 68,
244-247.

(9) Sunthitikawinsakul, A.; Kongkathip, N.; Kongkathip, B.; Phonnakhu,
S.; Daly, J. W.; Spande T. F.; Nimit, Y.; Napaswat, C.; Kasisit, J.;
Yoosook, C.Phytother. Res2005 17, 1101-1103.

(10) Omar, S.; Zhang, J.; MacKinnon, S.; Leaman, D.; Durst, T;

Insect Antifeedant Assay.Second-instar larvae d®. gossypiella
andS. frugiperdawere used as test organisms, and a leaf disk assay
was performed by the method reported previodsBriefly, leaf disks
(1 cn?) were punched out from a glandless cotton cultivar, randomized,
and arranged (12 disks/dish) concentrically on moistened filter paper
within polyethylene foam grids inside glass Petri dishes (100 mim
15 mm). Alternate disks were treated on their upper surface with either
25 uL of acetone or 6:100ug of the sample dissolved in 28. of Philogene, B. J.; Arnason, J. T.; Sanchez-Vindas, P. E.; Poveda, L.;

acetone applied with a microliter syringe. Three larvae were then placed .
in the dishes at 22C in a dark incubator. After 48 h, the larvae were Tagnez' P. A Pezzuto, J. Mburr. Top. Med. Cher2003 3, 133~

removed and disks were examined visually. Percent area of the leaf 1) 122;’]0'11 H.: Hamazaki. A.: Fontana. J. D. Takahashi. H.: Wandscheer
disk consumed versus control was recordedsoR@d PGs values are C. B.; Fukuyama, YChem. Pharm. Bull2005 53, 1362-1365. ’
the concentrations at which the test compounds afforded ca. 50% and (12 Miller, E. G.; Porter, J. L.; Binnie, W. H.; Guo, I. Y.; Hasegawa, S.

95% protection of the host plant substrate, respectively. The assays

J. Agric. Food Chem2004 52, 4908-4912.

were performed in triplicate, on separate occasions, and their range of (13) Nakatani, M.; Abdelgaleil, S. A.; Kassem, S. M.; Takezaki, K.;

error was within 0.5«g/mL.
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