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Abstract

Biotransformation of (+)-(R)- and ()-(19-fenchone irbpodoptera liturdarvae has been investigated. (+)- arg-Fenchone were regio-
and stereo-selective hydroxylated. (+)-Fenchone was transformed to one new terpenoii4R)}3Jxo-2,2,4-trimethyl-cyclopentylacetic
acid and four known terpenoids, (+)§8S)-6-exchydroxyfenchone, (+)-&6R)-6-endehydroxyfenchone, (+)-®)-10-hydroxyfenchone
and (+)-(1S5R)-5-exahydroxyfenchone. £)-Fenchone was transformed to one new terpencid;(1S)-10-hydroxyfenchone and four
known terpenoids, €)-(1R,6R)-6-exahydroxyfenchone, €)-(1R,69-6-endchydroxyfenchone, €)-(1R,59)-5-exahydroxyfenchone and
(—)-(1R,49-3-0x0-2,2,4-trimethyl-cyclopentylacetic acid. C-6 position of (+)- and-fenchone was progressing to the carboxylic acid,
which is characteristically metabolic pathway compared with any other biocatalysts. Intestinal bacteria from the frass of larvae did not
participate in the metabolism of (+)- and )-fenchone.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The investigation in the field of biotransformation of
monoterpenoids is gaining more interest: these reactions are
Terpenoids are known as not only raw materials for flavor performed by bacteria, fungi, yeasts and even algae. However,
and fragrance but also biologically active substances. A greatthere are few reports in the literature on the biotransformation
majority of biologically active terpenoids are produced as of terpenoids by lepidoptera insects. In the present study, the
plant secondary metabolites, and these terpenoids have beehiotransformation of terpenoids was attempted by the larvae
shown to have biological activity against plants, microorgan- of common cutworm $podoptera liturq The reasons for
isms and insects. Various attempts have been made to searchsing the larvae o8. litura as a biological catalyst are as
for new biologically active terpenoids. However, itis difficult  followed: lepidopteran larvae feed on plants that contained
that these active compounds were produced by organic synterpenoids, as their diet, and therefore, possess a high level
thesis. Biotransformation is the biologically synthetic pro- of enzymatic activity against terpenoids; the worm consumes
cess, using enzymes in the living body as biocatalysts. Thea large amount of plants, making it possible to obtain more
characters of biotransformation are as follows: regio- and metabolites; and the worm is easy to rear on a laboratory
stereo-selective reaction under mild condition and produc- scale.
ing optically active compounds. These points suggested that Fenchone 1) is one of the oldest known organic com-
the biotransformation is easy method for production of the pounds[1]. Compound (+)t is obtained from fennel oil
biologically active terpenoids. (Foeniculum vulgarg and )-1 from Thuja oil (Thuja oc-
cidentalig. They are used as a food flavour and in per-
* Corresponding author. Tel.: +81 6 6721 2332; fax: +81 6 6727 4301. fumes. There are several reports on the biotransformation
E-mail addressmiyazawa@apch.kindai.ac.jp (M. Miyazawa). of 1 by microorganisms and mammals, e.g. Baeyer—Villiger
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type oxidation ofl by Corynebacteriunsp.[2], 5-exoand 6-
exohydroxylation of1 by Absidia orchidig3], 5-exq 6-exo
and C-7 glucosylation of by cultured plant cells oEuca-
lyptus perriniang4], 5-endoand 6endohydroxylation ofl
by Aspergillus nigaf5] and hydroxylation of methyl groups
of 1 by rabbits[6]. However, there is no report on the bio-
transformation ofl by the insects.

We have reported that the larvae of common cutwddm (
litura) are able to biotransform the monoterpenes, e-g.
terpinene[7], B-myrcene[8], a-terpineol[9] and (+)- and
(—)-camphor[10], into their corresponding oxidized prod-
ucts. It was interesting whether regio-selectivity of the hy-
droxylation was controlled by allylic methyl group or oxygen
functions.
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chiral column: CHROMPACK WCOAT fused silica CP-
Cyclodextring-236-M-19 (50 m length, 0.25 mmi.d.). Chro-
matographic conditions were as follows: oven temperature
was held at 140C for 60 min; injector and detector tem-
peratures were 270 and 280, respectively; split injection

of 40:1; flow rate of helium gas is at 36.0cm/s. The peak
area was integrated with a Hewlett-Packard HP3396 series
Il integrator. EI-MS measurements were obtained using gas
chromatography—mass spectrometry (GC-MS). GC-MS was
performed on a Hewlett-Packard 5972A mass selective de-
tector interfaced with a Hewlett-Packard 5890A gas chro-
matograph fitted with a capillary column (HP-5MS, 30 m
length, 0.25mm i.d.). Chromatographic condition were the
same as described above DB-5. The temperature of the ion

In the present paper, the biotransformation of (+)- and source was 23tC, and the electron energywas 70 eV. The IR

(—)-fenchone 1) by the larvae ofS. liturais being first re-

spectra were obtained with a JASCO FT/IR-470 plus Fourier

ported wherein we deal with the insects as biocatalysts, andtransform infrared spectrometer. CHGlas used as a sol-
investigate for the purpose of estimating possible metabolic vent. The NMR spectra were obtained with a JEOL FX-500

pathways and make new products in insects.

2. Experimental
2.1. Rearing of larvae
S litura used in this study were obtained from Nissan

Kagaku. The larvae o8. liturawere reared in plastic cases
(200 mmx 300 mm wide, 100 mm high, 100 larvae/case)

(500.00 MHz,*H; 125.65 MHz,13C) spectrometer. Tetram-
ethylsilane (TMS) was used as the internal standard in GDCI
Multiplicities were determined by the DEPT pulse sequence.
The specific rotations were measured on a JASCO DIP-1000
digital polarimeter.

2.4. Administration of substrate

The artificial diet without the agar was mixed with a
blender. Substrate (3000 mg) was then added directly into

covered with a nylon mesh screen. The rearing conditions the blender. Agar was dissolved in water, boiled and then

were as follows: 258C, 70% relative humidity, and 16 h
light:8 h dark photoperiod. A commercial diet (Insecta LFS;

added into the blender. The diet was then mixed and cooled
in a stainless steel tray (220 ma8310 mm wide, 30 mm

Nihon Nosan Kogyo) was given to the larvae from the first high). The diet containing (+)-was stored in a refrigera-
instar. From the fourth instar, the diet was changed to an arti- tor until the time of administration. The fourth to fifth instar
ficial diet composed of kidney beans (100 g), agar (12 g) and larvae (average weight=0.5g) were moved into new cases

water (600 mL)11].

2.2. Chemical compounds

(100 larvae/case), and the diet was fed to the larvae in limited
amounts. Groups of 800 larvae were fed the diet containing
(+)-1 (actually 1.6 g, about 2.0 mg for a body) for 2 days, and
then the artificial diet not containing (H)was fed to the lar-

The substrates used for the biotransformation experimentsvae for additional 2 days. Frass was collected every 5 h (total

were (+)-(R)-fenchone (Wako) and —)-(19-fenchone
(Wako).

2.3. General experimental procedures

4 days) and stored in a solution of diethylether (300 mk)-(

1 was administered to 800 larvae in the same manner. The
diet and frass was separated. The fresh frass was extracted as
soon as the fourth to fifth instar larvae excreted.

Gas chromatography (GC) was performed on a Hewlett- 2.5. Isolation and identification of metabolites from frass

Packard 5890A gas chromatograph equipped with a flame

ionization detector (FID). The column was a fused sil-
ica capillary column (DB-5, 30m length, 0.25mm i.d.).

The frass were extracted with diethylethex(200 mL)
and then ethylacetate ¥2300 mL). Diethylether and ethy-

Chromatographic conditions were as follows: oven tem- lacetate extracts were mixed, the solvent was evaporated

perature was programmed from 80 to 2&Dat 4°C/min;
injector and detector temperatures were 270 and°280
respectively; split injection of 25:1; flow rate of he-

under reduced pressure, and 2970mg of extract was ob-
tained (from about 300g of frass, a larva excreted about
300-400mg of frass). The extract was dissolved in ethy-

lium gas is at 30.0cm/s. Enantiomeric excess (e.e.%) lacetate, and then was added to the 5% NaklGQution.

of (—)-(1R,69-6-endchydroxyfenchone 3), (+)-(1S5R)-
5-exchydroxyfenchonef) and )-(1R,49-methyl-3-oxo-
2,2 ,4-trimethyl-cyclo pentylacetatéNle) were detected by

After shaking, neutral fraction (1644 mg) was obtained from
the ethylacetate layer. The aqueous layer was separated, then
acidified with 1N HCI (acidic fraction), and extracted with
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ethylacetate. After shaking, acidic fraction (1061 mg) was

obtained from the aqueous layer. Both of these two frac-

tions were analyzed by GC-MS; metabolites §+)+)-3,

(+)-4 and (+)5 existed in neutral fraction and metabolite
(+)-6 existed in acidic fraction. The acidic fraction was re-
acted with ethereal CHN, overnight and subsequently an-

alyzed by GC-MS, results indicates the existence of (+)-

6Me. The neutral and acidic fraction were subjected to sil-
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4.09 (1H, dddJ=1.7, 3.7, 9.6 Hz, H-§0); 13C NMR (see
Table 2.

2.5.4. ()-(1S)-10-Hydroxyfenchond)(

Colorless oil, §]p%°°—30.3 (CHCl3, ¢ 0.82); HR-EI-
MS, m/z168.1167 M]*, calcd. for GoH1602, 168.1151; EI-
MS, vz (rel. intensity) 168 M]* (16), 153 M—CHs]" (2),
150 M-H,O]* (2), 135 [153-H,0]" (0.5), 109 (22), 107

ica gel open-column chromatography (silica gel 60, 230-400 (23), 97 (71), 81 (71), 79 (61), 70 (58), 69 (100), 55 (24),

mesh, Merck) with a 9:1 hexane/diethylether solvent sys-

tem, and three metabolites (2)(604 mg), (+)3 (155mg)
and (+)4 (53 mg) were isolated from neutral fraction and
(+)-6Me (134 mg) was isolated from acidic fraction. More-
over, minor metabolite (+p>was estimated by GC-MS and
retention time in the GC chromatogram (used chiral col-

umn) from neutral fraction. On the other hand, substrate

(-)-1 was transformed to mainly—)-2 (230 mg), ¢)-4
(509 mg) and {)-5 (184 mg). Minor metabolites<)-3 and
(—)-6 were identified from GC-MS and retention time in
the GC chromatogram (used chiral column). Amount of

minor metabolites were calculated from the peak area in

the GC chromatogram of the extract of frass (total extract;
3074 mg).

2.5.1. (+)-(1S,6S)-6-exo-Hydroxyfenchog@g (

White crystal, f{]p2%-0+ 28.1° (CHCls, ¢ 1.00); HR-EI-
MS, m/z168.1155M]*, calcd. for GoH160,, 168.1151; El-
MS, mVz (rel. intensity) 168 [M]* (18), 153 M—CHg]" (3),
140 (3), 124 (41), 109 (16), 107 (11), 97 (55), 96 (35), 88
(34), 81 (100), 70 (37), 69 (30), 55 (12), 53 (10), 43 (12), 41
(33); IR (KB, ymayx, cm1) 3455, 2965, 1736, 10634 NMR
(CDCl3) 6 0.96 (3H, s, H-9), 1.06 (3H, s, H-8), 1.14 (3H, s,
H-10), 1.55 (1H, ddd)=3.5, 4.5, 13.8 Hz, H-&¢), 1.76 (1H,
dddd,J=1.2,1.5,2.9,10.9Hz, k}7; nearly C-2,3 position),
1.90 (1H, ddJ=1.7, 10.9Hz, KH-7; nearly C-5,6 position),
2.18-2.20 (1H, m, H-4), 2.40 (1H, dd#l= 2.9, 6.9, 13.8 Hz,
H-5endd), 3.62 (1H, dddJ=1.5, 3.5, 6.9 Hz, H-§q0; 1°C
NMR (seeTable 2.

2.5.2. ()-(1R,6R)-6-exo-Hydroxyfenchor (

White crystal, ] p2%-°—26.6" (CHCls, ¢ 1.01); the spec-
tral data of the enantiomer{-2 were identical to those of
(+)-2.

2.5.3. (+)-(1S,6R)-6-endo-HydroxyfenchoBg (

White crystal, ]p%2+60.5 (CHCls, ¢ 0.38); HR-EI-
MS, mvz 168.1144 M]*, calcd. for GoH160», 168.1151;
EI-MS, mvz (rel. intensity) 168 M]* (2), 153 M-CHs]*
(1), 140 (1), 124 (8), 109 (4), 107 (5), 97 (9), 88 (35), 81
(100), 69 (21), 55 (7), 53 (6), 43 (6), 41 (19); IR (KB,
Vmax, CM 1) 3448, 2965, 1724, 1052H NMR (CDCk) §
1.10 (3H, s, H-8), 1.12 (3H, s, H-9), 1.16 (3H, s, H-10),
1.62 (1H,ddJ=1.7, 11.0Hz, K-7; nearly C-5,6 position),
1.74 (1H, ddd,)=2.6, 3.7, 13.8 Hz, H-§,q9, 1.85 (1H, ddd,
J=1.7,2.6,11.0Hz, W{-7; nearly C-2,3 position), 2.10-2.12
(1H, m, H-4), 2.15 (1H, ddd)=4.3, 9.6, 13.8 Hz, H-&0),

53 (18), 43 (29), 41 (86); IR (KBWymax, cm~1) 3447, 2968,
1736, 10401H NMR (CDCl) § 1.05 (3H, s, H-9), 1.07 (3H,
s, H-8), 1.47 (1H, dddd]=1.9, 5.5, 9.1, 12.5Hz, Hefqo.
1.49 (1H, ddJ=1.7, 10.6 Hz, K-7; nearly C-5,6 position),
1.67 (1H,dddJ)=3.2,11.8,12.5Hz, H&¢), 1.74 (1H, dddd,
J=4.0,5.5,11.8, 12.2 Hz, Hgk), 1.84 (1H, ddddJ=2.0,
3.2,9.1,12.2Hz, H-&4o, 2.01 (1H, ddddJ=1.9, 1.9, 2.0,
10.6 Hz, Hh-7; nearly C-2,3 position), 2.20-2.23 (1H, m, H-
4),3.78 (1H, dJ=11.8 Hz, H-10), 3.86 (1H, dl=11.8 Hz,
H’-10); 13C NMR (seeTable 2.

2.5.5. (+)-(1R)-10-Hydroxyfenchond)(
Colorless oil, {f]p29-9+ 32.6° (CHCls, ¢ 0.88); the spec-
tral data of the enantiomer (¥)were identical to those of

()4,

2.5.6. ()-(1R,5S)-5-exo-Hydroxyfenchor® (

White powder, §]p?10 —15.2 (CHCls, ¢ 0.39); HR-EI-
MS, mvz 168.1155 M]*, calcd. for GoH160», 168.1151;
EI-MS, vz (rel. intensity) 168 M]* (11), 153 M-CHs]*
(0.5), 150 M—H,0]* (4), 135 [150-CHs]* (0.5), 122 (4),
121 (15), 109 (2), 107 (3), 97 (18), 85 (100), 81 (7), 79 (7),
72 (5), 69 (7), 55 (7), 53 (5), 43 (7), 41 (20); IR (KBfnax,
cm1) 3447, 2963, 1738, 1078H NMR (CDCl) § 1.03
(3H, s, H-9), 1.06 (3H, s, H-8), 1.15 (3H, s, H-10), 1.46 (1H,
ddd,J=1.4, 1.8, 14.3Hz, H-&¢), 1.74 (1H, dddd,J=1.5,
1.7, 2.3, 10.9Hz, W-7; nearly C-2,3 position), 1.89 (1H,
ddd, J=2.3, 6.3, 14.3Hz, H-&q9, 2.07 (1H, dd,J=2.0,
10.9 Hz, K-7; nearly C-5,6 position), 2.13-2.16 (1H, m, H-
4), 4.38 (1H, dddJ=1.7, 1.8, 6.3Hz, H-&d9; 13C NMR
(seeTable 2.

2.5.7. (+)-(1S,4R)-Methyl-3-0x0-2,2,4-
trimethyl-cyclopentylacetat&ie)

Colorless oil, {]p?°2+35.6 (CHCl, ¢ 0.43); HR-EI-
MS,mz198.1242 M]*, calcd. for G1H1803, 198.1256; ElI-
MS, m/z (rel. intensity) 198 M]* (65), 183 M-CHg]* (41),
167 M-OCHg]* (21), 128 (100), 124 (36), 109 (15), 96 (63),
69 (95), 68 (51), 55 (21), 41 (39); IR (KB#nax, cm~1) 2965,
1738, 1458, 1383, 1219, 116H NMR (CDCl3) § 0.82, 1.06
(each 3H, s, H-6, 7), 1.15 (1H, d= 7.2 Hz, H-8), 1.20 (1H,
dd,J=10.9, 12.6 Hz, H-5), 2.17-2.24 (2H, m, H-1, 4), 2.25
(1H, dd,J=9.5, 13.4Hz, H-9), 2.34 (1H, ddd=5.2, 8.6,
12.6 Hz, H-5),2.48 (1H, dd}= 3.7, 13.4 Hz, H-9)13C NMR
(seeTable 3.

Methyl ester6Me (12 mg) was dissolved in 1IN NaOH
(10 mL), and the solution was stirred for 3 h at room temp
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Table 1
Metabolites of (+)- and-¢)-fenchone {) by the Slitura larvaé
Substrate Yieldl (%)
1 2 3 4 5 6 Unidentified metabolités
(+)-Fenchone (1) 0.5+0.3 615 0.9 15.6+ 2.9 45+ 14 25+ 22 11.9+ 1.8 35
(—)-Fenchone (1) 0.3+0.3 19521 135+ 1.4 42.1+ 0.8 15.6+ 3.8 29+ 27 61

2 Metabolites were obtained from the frassSofitura. One group contains 15 larvae. The data represent me&nis. of five determinationsi= 5).
b percentage was calculated from the peak area in the gas chromatogram of the extract of frass.

¢ Recovered substrate.

d Analyzed by GC-MS.

Table 2

13C NMR spectral data for metabolite35) (125.00 MHz, CDCY)

Carbon Compounds

2 3 4 5

1 608 (s) 601 (s) 600 (s) 536 (s)
2 2227 (s) 2208 (s) 2240 (s) 2221 (s)
3 469 (s) 480 (s) 480 (s) 453 (s)
4 440 (d) 439 (d) 452 (d) 532 (d)
5 373 (1) 346 (1) 241 (1) 707 (d)
6 720 (d) 774 (d) 271 (1) 432 (t)
7 372 (1) 410 (1) 374 (1) 374 (1)
8 236 (q) 239 (q) 231 (q) 236 (q)
9 212 (q) 208 (q) 214 (q) 213 (q)

10 105 (q) 126 () 626 (t) 142 (q)

(25°C). The product was isolated in the usual manner and H-9), 2.41 (1H, dddJ=5.9, 8.6, 11.8 Hz, H-5), 2.54 (1H, dd,
obtained metabolité (10 mg). J=4.3, 14.7 Hz, H-9)13C NMR (se€Table 3.

2.5.8. (+)-(1S,4R)-3-0x0-2,2,4-Trimethyl-cyclopen-
tylacetic acid 6)

Colorless oil, fi]pl’4+36.7 (CHCl, ¢ 0.50); HR-EI-
MS, m/z184.1095M]*, calcd. for GoH1603, 184.1100; ElI-
MS, mvz (rel. intensity) 184 M]* (37), 169 M—CHs]* (22),

156 (3), 151 M—H,0]* (2), 137 (3), 124 (11), 114 (77),
96 (15), 81 (14), 69 (100), 55 (29), 41 (51); IR (KB#nax,
cm~1) 3300-2500, 2965, 1738, 1459, 1303, 1240, 1170, 900;
'H NMR (CDCl) 5 0.83, 1.09 (each 3H, s, H-6, 7), 1.14 2 .6. Incubation of Intestinal Bacteria
(1H,d,J=7.2Hz, H-8), 1.22 (1H, dd]=9.9, 11.8 Hz, H-5),
2.19-2.29 (2H, m, H-1, 4), 2.29 (1H, dd=10.1, 14.7 Hz,

2.5.9. ()-(1R,6S)-6-endo-Hydroxyfenchors, (
(+)-(1S,5R)-5-exo-hydroxyfenchoris),(
(—)-(1R,4S)-3-0x0-2,2,4-trimethyl-pentylacetic ad)l (

These samples were estimated by GC-MS and gas chro-
matography (used chiral column). The fragmentation pattern
was consistent with each enantiomer. The retention time was
different from each enantiomer.

This experiment was intentionally carried out under ster-
ile conditions. Petri dishes, pipettes, and solutions were au-
toclaved. A GAM Broth (Nissui Pharmaceutical) was ad-

Table 3 . . ..
13 , justed to pH 8.9 and placed in Petri dishes at 10 mL per
C NMR spectral data for metabolite® gnd6Me) (125.00 MHz, CDG) Petri dish. The fresh frass (5g) of the fourth to fifth in-
Carbon Compounds star larvae were suspended in physiological saline (100 mL),

6 6Me and the suspension (1 mL) was pipetted in the medium. The
1 418 (d) 421 (d) medium without frass was also prepared for a blank ex-
2 474 (s) 473 (s) periment. These media were incubated 120 darkness, 2
3 2237 (s) 2238 () days) under aerobic and anaerobic conditions. After growth
g gi‘g E?)) gi’g E?)) of bacteria, (+) (0.3mg/mL) was added to the medium
6or7 186 (q), 23.3 (q) 18 (q), 23.2 (q) and the incubation was continued. The medium was dis-
8 150 (q) 150 (q) tributed between ethylacetate and saturated solution of NaCl.
9 345 (1) 346 (1) The ethylacetate layer was evaporated under reduced pres-
10 1786 (s) 1732 (s) sure, and the extract was obtained. For the quantitative
COOMe 517 (q)

analysis of metabolites, the GC analysis was used as an
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internal standard with (+): (—)-1 was tested as well
as (+)41.

(2.40 and 3.62 ppm, respectively) and one methyl signal at
0.96 ppm (H-9), H-7 (1.76 ppm) and the other methyl sig-
nal at 1.06 ppm (H-8). Moreover, it confirmed by COSY and
HMQC, so that configuration of the hydroxyl group at C-
6 wasexa The specific rotation shows the (+)-form. From
these data, it was concluded that the structure oR(is)¢+)-
(1S,69-6-exahydroxyfenchone. About—)-(1R,6R)-6-exc
hydroxyfenchone, these spectral data were identified com-
parison with enantiomer (+3-

Biotransformation by the larvae & liturawas observed About metabolite3, the 'H- and'3C NMR spectra were
as follows: substrate was administered to the larvae throughsimilar to that of the substrate, except for the existence of
their diet; metabolite was then detected and isolated from new methine group and the disappearance of a methylene
the frass of larvae. The larvae fed with artificial diet without group, which has been reported in the literati4]. It had
substrate were used as control, and the extract of frass was ana molecular formula of gH160, that was estimated by its
alyzed by GC. Compounds-6 and unidentified metabolites HR-EI-MS spectral and the IR spectrum contained a new hy-
were not observed in the frass of controls. droxyl band at 3448 cm'. Assignment of the three methyl

In the biotransformation of (+); the four ma- signals was achieved by HMBC and NOESY. In the char-
jor metabolites isolated from the frass were identified acteristic HMBC spectrum, some correlation cross-peaks
as (+)-(1569-6-exchydroxyfenchone 23), (+)-(1S6R)-6- were observed of C-7 (41.0 ppm) with one methyl group
endoehydroxyfenchone 3), (+)-(1R)-10-hydroxyfenchone  (1.16 ppm; H-10), C-10 (12.6 ppm) with new methine pro-
(4) and (+)-(1S54R)-3-0x0-2,2,4-trimethyl-cyclopentylacetic  ton (4.09 ppm; H-6), two methyl groups with the other qua-
acid @) ((+)-6 is a new compound), and minor metabo- ternary carbon (48.0 ppm; C-3). NOESY spectrum indicates
lites exists. One of the minor metabolite had led to its es- the structure established with some correlation cross-peaks
timate as (+)-($,5R)-5-exahydroxyfenchone&), with sup- that were observed betweeH (1.62 ppm) and H-&,and
porting structural evidence provided by the mass spectral H-5¢40(4.09 and 2.15 ppm, respectively), lngo(1.74 ppm)
fragmentation pattern and retention time in the GC chro- and one methyl signal at 1.12 ppm (H-9). Moreover, it was
matogram (used chiral column). In the biotransformation of confirmed by COSY and HMQC, so that configuration of
(—)-1, the three major metabolites isolated from the frass the hydroxyl group at C-6 wasnda The specific rotation

3. Results and discussion

3.1. Biotransformation of (+)-(1R)- and
(—)-(1S)-fenchone by the larvae of Spodoptera litura

were identified as-{)-(1R,6R)-6-exchydroxyfenchoneZ2),
(—)-(19-10-hydroxyfenchone 4) and ()-(1R59-5-exc
hydroxyfenchoneg) ((—)-4 is a new compound), and mi-

shows the (+)-form. From these data, it was concluded that the
structure oBis (+)-(1S,6R)-6-endehydroxyfenchone. About
(—)-(1R,69-6-endehydroxyfenchone, it was estimated from

nor metabolites exists. One of the minor metabolite had led mass spectral fragmentation pattern and retention time in the

to its estimate asH)-(1R,6S)-6-endehydroxyfenchone3),
and other one as«)-(1R,49-methyl-3-ox0-2,2,4-trimethyl-
cyclopentylacetate6Me), with supporting structural evi-

GC chromatogram (used chiral column). The fragmentation
pattern was consistent with enantiomer gtWMoreover, re-
tention time was different between (+)- and)(3.

dence provided by the mass spectral fragmentation pattern The metabolitet had a molecular formula of gH1602
and retention time in the GC chromatogram (used chiral col- that was estimated by its HR-EI-MS spectral. The IR spec-
umn). Furthermore, about all metabolites, enantiomeric ex- trum contained a new hydroxyl band at 3447 dnmiThelH-
cess (e.e.%) was identified by GC (used chiral column). The and*3C NMR spectra were similar to that of the substrate,
result indicates that these are enantiomerically pure com-except for the existence of new methylene group and the dis-
pounds (e.e.100%). appearance of a methyl group. About the proton NMB;H
The structures of following metabolites were confirmed (1.49 ppm) has characteristic coupling constdnt10.6 Hz)
by assignment of the NMR spectra using two-dimensional with Ha-7 (2.01 ppm). COSY spectrum indicates the struc-
techniques (COSY, HMQC, HMBC and NOESY). ture established with some correlation cross-peaks that were
The metabolite had a molecular formula of gH1g02 observed between H-4 (2.23-2.20 ppm), angH H-5x0
that was estimated by its HR-EI-MS spectral. The IR spec- and Hs-7 (2.01, 1.74 and 1.49 ppm, respectively). Then, the
trum contained a new hydroxyl band at 3455¢min the IH NMR spectrum showed two methyl groups located at
IH- and 13C NMR spectra were assigned by comparison 1.07 and 1.05 ppm and the two doublets located at 3.86 and
with the substratel and the previous papdi2,13] In 3.78 ppm §=11.8Hz), latter spectra are characteristic of a
the characteristic HMBC spectrum, some correlation cross- new methylene group. In the characteristic HMBC spectrum,
peaks were observed of C-7 (37.2 ppm) with one methyl some correlation cross-peaks were observed of two methyl
group (1.14ppm; H-10), C-10 (10.5ppm) with new me- groups (1.07 and 1.05ppm) with one quaternary carbon
thine proton (3.62 ppm; H-6), two methyl groups with the (48.0 ppm; C-3), new methylene group (3.86 and 3.78 ppm)
other quaternary carbon (46.9 ppm; C-3). NOESY spectrum with the other quaternary carbon (60.0 ppm; C-1). Therefore,
indicates the structure established with some correlation metabolited was produced by hydroxylation at the C-10 posi-
cross-peaks that were observed betweenefde H-6endo tion of 1. Furthermore, to determine the complete assignment
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of metabolite4, NOESY was measured. The spectrum indi- relation cross-peaks were observed of two methyl groups
cates the structure established with some correlation crosswith quaternary carbon (47.3 ppm; C-2). One methyl sin-
peaks that were observed betweenddq§ H-6endo(1.84 and glet changed into doublet compared withand the cou-
1.47 ppm, respectively) and one methyl signal at 1.05 ppm pling between methine proton observed at 2.17-2.24 ppm
(H-9), Ha-7 (2.01 ppm) and other methyl signal at 1.07 ppm (H-4) were made clear by the analysis of COSY spectrum,
(H-8). The specific rotation shows the)-form. From these  so that the metaboliteMe was cleavage of carbocyclic ring.
data, it was concluded that the structuredois (—)-(19)- The configuration of metabolité was produced by oxida-
10-hydroxyfenchone, which is a new compound. About (+)- tion at the C-6 position ofl. The carboxylic acidb had a
(1R)-10-hydroxyfenchone, these spectral data were identified molecular formula of @H103 that was estimated by its

comparison with the previous pagdér15—18] HR-EI-MS spectral. The IR spectrum contained a widely
The metabolitec had a molecular formula of gH1602 band at 3300-2500 cnd. From these data, it was concluded

that was estimated by its HR-EI-MS spectral. The IR spec- that the structure o8 is (+)-(1S4R)-3-0x0-2,2,4-trimethyl-

trum contained a new hydroxyl band at 3447 ¢dmThelH- cyclopentylacetic acid, which is also a new compound. About

and13C NMR spectra were similar to that of the substrate, (—)-(1R,49)-3-0x0-2,2,4-trimethyl-cyclopentylacetic acid, it

except for the existence of new methine group and the dis-was estimated from mass spectral fragmentation pattern and

appearance of a methylene group, which has been reportedetention time in the GC chromatogram (used chiral column).

in the literaturg13]. About the'H NMR, Hg-7 (2.07 ppm) The fragmentation pattern was consistent with enantiomer

has characteristic coupling constadt=(10.9 Hz) with H- (+)-6. Moreover, retention time was different between (+)-

7 (2.01 ppm). COSY spectrum indicates correlation cross- and ()-6.

peaks that were observed between H-4 (2.16—-2.13 ppm), and On the other hand, there are unidentified metabolites. One

Ha-7 and H-7 (1.74 and 2.07 ppm, respectively)at? of the metabolites has molecular formula was estimated as

(2.74 ppm), and H-&do and H-Gngo (4.38 and 1.89ppm,  CioH1602, based on its HR-EI-MS spectrum. Therefore, hy-

respectively; a long distan&&-coupling). In the characteris-  droxyl group was supposed to have been introduced in sub-

tic HMBC spectrum, some correlation cross-peaks were ob- strate.

served of C-7 (37.4 ppm) with one methyl group (1.15 ppm;

H-10), C-6 (43.2ppm) with quaternary carbon (53.6 ppm; 3.2. Biotransformation of metabolit@sand3

C-1), two methyl groups with the other quaternary carbon

(45.3 ppm; C-3). NOESY spectrum indicates the structure A small amount of metabolit® (40 mg) was dissolved

established with some correlation cross-peaks that were ob-n ethanol (10 mL), and the solution was painted on the sur-

served between Hghgo H-6endo (4.38 and 1.89 ppm, re- face of the artificial diet. The diet was fed to larvae (fourth

spectively) and one methyl signal at 1.03ppm (H-9)-H to fifth instar). The frass was collected and extracted with

7 (1.74ppm) and the other methyl signal at 1.06 ppm (H- diethylether and then ethylacetate. Metabditeas identi-

8). Moreover, it confirmed by HMQC, so that configuration fied from the retention time in the GC chromatogram of the

of the hydroxyl group at C-5 wasxa The specific rota-  extractfrom the frass. On the other hand, metab8kitas ad-

tion shows the {)-form. From these data, it was concluded ministered to larvae in the same manner. The result indicated

thatthe structure dis (—)-(1R,59)-5-exa-hydroxyfenchone. metabolite was identified.

About (+)-(1S5R)-5-exa-hydroxyfenchone, it was estimated

from mass spectral fragmentation pattern and retention 3.3. Study of the difference among the individuals of

time in the GC chromatogram (used chiral column). The larvae

fragmentation pattern was consistent with enantiomer (+)-

5. Moreover, retention time was different between (+)- The diet which was prepared in the same manner, was

and ()-5. fed to 15 larvae (fourth to fifth instar). The frass was col-
The methyl ester6Me had a molecular formula of lected and extracted with diethylether and then ethylacetate.

C11H1803 that was estimated by its HR-EI-MS spectral. Metabolites were identified from the retention time and cal-

The specific rotation shows the (+)-form. It had four methyl culated from the peak area in the GC chromatogram of the

(including a esterified methyl observed at 51.7 ppm), two extract of frass. This experiment was done to five groups.

methylene, two methine and three quaternary carbons (in-However, there were few differences of each grolgb(e J).

cluding a ketone carbon and a carboxyl carbon observed atThese results suggested that the biotransformation of (+)- and

223.8 and 173.2 ppm, respectively), one methyl and one me-(—)-fenchone by the larvae &. liturahas reappearance.

thine carbon more and one methylene less thafhe 1H-

and 13C NMR spectra were assigned by comparison with 3.4. Biotransformation of (+)- and<)-fenchone by the

the substratd and the previous papgi9-22] However, intestinal bacteria of Spodoptera litura

they have not been isolated and published about comple-

tion assigned of structure and absolute configuration. Assign- A previous paper described the participation of aero-

ment of the three quaternary carbon signals was achieved bybically and anaerobically active intestinal bacteria in the

HMBC. In the characteristic HMBC spectrum, some cor- metabolism ofa-terpineng[7]. In the present study, the in
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vitro metabolism of (+)- and«)-1 by intestinal bacteria was
also examined in a manner similar to that of the previous pa-
per[7-10]. However, (+)- and-¢)-1 were not metabolized at

129

litura. The results of the biotransformation ©f2 and3 re-
vealed that in the biotransformation bby the larvae oS
litura, the metabolite&s was formed by two metabolic path-

all (no reaction) both aerobic and anaerobic condition. Theseways (L — 2— 6 and1— 3 — 6) (Scheme L

results suggested that the intestinal bacteria did not partici-
pate in the metabolism of (+)- and-}-1.

3.5. Study of the metabolic pathways

In the present study of biotransformation of (+)- arg+
1, the larvae transformed (H)to mainly (+)2 (61.5+ 0.9%),
(+)-3(15.64 2.9%), (+)4 (4.5+ 1.4%), (+)6 (11.94 1.8%)
and a minor compound (+5{2.5+ 2.2%); on the other hand,
the larvae transformed-)-1 to mainly (~)-4 (42.1+ 0.8%),
(—)-2 (19.5+ 2.1%), )-5 (15.6+ 3.8%) and minor com-
pounds ¢)-3 (13.5+ 1.4%), ()-6 (2.9+ 2.7%) Scheme 1
Table 7). Compound® and4 are remarkably different per-
centage between (+)- and-J-1. In the biotransformation
of (+)-1, it was predominantly hydroxylated at Gxg on
the other hand, in the biotransformation ef)¢1, predom-
inantly hydroxylated at C-10. These results indicate that (i)
each enantiomer was preferentially hydroxylation at differ-
ent position and (ii) stereoselective oxidation at C-6 position
was progressed in the metabolismloby the larvae ofS.

()-2

(—rs

CompoundLis the mostimportantand widespread terpene
known; metabolism af in mammals and microorganisms has
been published. It seems natural to obtain different metabo-
lites with different species of organisifis-6]. In Corynebac-
terium sp., Baeyer-Villiger type oxidation was progressed
and obtained 1,2- and 2,3-fencholid@3. The mycelium
of A. orchidis produced %exc and 6exahydroxyfenchone
both enantiomef3]. The cultured cells oE. perrinianapro-
duced hydroxyfenchone glycosides at g&mC-6exoand C-7
position, the first step of the biotransformation was supposed
to be hydroxylation of fenchorfd]. Literature identified the
hydroxyfenchones obtained from the bioconversion of (+)-
fenchoneirA. nigaras 5ende and 6endehydroxyfenchone
[5]. Literature identified the hydroxyfenchones obtained from
the hydrolyzed urine of rabbits that had been fed (+)-fenchone
as 8-, 9- and 10-hydroxyfenchof@. In the present study,
the larvae ofS. lituraemploy a metabolic pathway similar to
that used by the rabbit and mycelium &f orchidis Com-
poundl is hydroxylated at C-6, C-10 and Gs& position. In
particular, about C-6 position, the reaction was cleavage of

et ek

(93 *)-5
+)-6 :R=H
(+)6Me : R=Me
OH
+
I H

-)-4 (]

Scheme 1. Possible metabolic pathway of (+)-

an@ifenchone 1) by the larvae oB. litura.
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carbocyclic ling and progressing to the carboxylic acid. There [7] M. Miyazawa, T. Wada, H. Kameoka, J. Agric. Food Chem. 44
are two metabolic pathways for metabolismiofl herefore, (1996) 2889. _

characteristic reaction is C-6 positionbby the larvae o8. [8] M. Miyazawa, T. Murata, J. Oleo Sci. 50 (2001) 921.

litura compared with other organisms. Moreover, the regio- [ '\4/|9'12/.| 'azawa, M. Ohsawa, J. Agric. Food Chem. 50 (2002)
and stereo-selective hydroxylation of fenchone is different [10] m. Miyazawa, Y. Miyamoto, J. Mol. Catal. B 27 (2004) 83.

main metabolite. It is the first reaction compared with previ- [11] K. Yushima, S. Kamano, Y. Tamaki, Rearing Methods of Insects,
ous papef7—10]. The present study is first report on obtaining Japan Plant Protection Association, Tokyo, Japan, 1991, p. 214.
a CarbOXy“C acid from (+)]: as the biotransformation prOd' [12] H. Schmidt, M. Muehlstaedt, P. Son, Chem. Ber. 99 (1966) 2736.

. L. . . [13] B. Pfrunder, Ch. Tamm, Helv. Chim. Acta 52 (1969) 1643.
uct with the C-10 position Of—()-l be|ng hydrOXylated with [14] M. Miyazawa, K. Yamamoto, Y. Noma, H. Kameoka, Chem. Express

high degree of efficiency. 5 (1990) 237.
[15] F.C. Brown, D.G. Morris, J. Chem. Soc., Perkin Trans. Il 1 (1977)
125.
[16] L.A. Paquette, C.A. Teleha, R.T. Taylos, G.D. Maynard, R.D. Rogers,
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