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ARTICLE INFO ABSTRACT

Article history:

Juvenile hormone III (JH III) is a larval metamorphosis-regulating hormone present in most insect species.
JH III was first isolated from the plant, Cyperus iria L., but the presence of JH III has not been reported in
other plant species. In the present study, proof of the existence of JH III and its analogues from Cananga
latifolia was established. From an aqueous MeOH extract of C. latifolia stem bark, six compounds were iso-
lated along with nine known compounds. These were identified by using spectroscopic analyses as:
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Keywordsl" ol (2E,6E,10R)-11-butoxy-10-hydroxy-3,7,11-trimethyldodeca-2,6-dienoic acid methyl ester, (2E,6E)-
ii’;‘g;iace‘;zfo a 3,7,11-trimethyl-10-oxododeca-2,6-dienoic acid methyl ester, (2E)-3-methyl-5-[(1S,2R,6R)-1,2,6-tri-

methyl-3-oxocyclohexyl]-pent-2-enoic acid methyl ester, 1B-hydroxy-3-oxo-48, 5o,7a-H-eudesmane
11-0-a-L-rhamnopyranoside, 4-epi-aubergenone 11-0-2',3'-di-O-acetyl-a-i-rhamnopyranoside and 4-
epi-aubergenone 11-0-2',4'-di-O-acetyl-a-L-rhamnopyranoside. Three of the previously known com-
pounds, (2E,6E,10R)-10-hydroxy-3,7,11-trimethyldodeca-2,6,11-trienoaic acid methyl ester,
(2E,6E,10R)-10,11-dihydroxy-3,7,11-trimethyldodeca-2,6-dienoic acid and (2E,6S)-3-methyl-6-hydroxy-
6-[(2R,5R)-5-(2-hydroxypropan-2-yl)-2-methyltetrahydrofuran-2-yl]-hex-2-enoaic acid methyl ester
have now been found in a plant species. Ultra performance liquid chromatography-quadruple time-of-
flight mass spectroscopy (UPLC-QTOF/MS) analysis of the chemical constituents of C. latifolia showed that

Juvenile hormone III
Sesquiterpene

several were predominant in the sub-fractions of a C. latifolia stem bark extract.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Juvenile hormones (JHs) are structurally linear sesquiterpenes
that are generally synthesized via the mevalonate pathway and
may be found in most insect species (Dewick, 2009). Because JHs
play critical roles in physiological processes, such as metamorpho-
sis and reproduction, they are being spotlighted as naturally occur-
ring insecticides that are safer and more eco-friendly to plants and
humans than synthetic chemical ones (Goodman et al., 2012; Raj-
ashekar et al., 2012; Riddiford, 2012). Of the JHs, JH III (methyl
10R,11-epoxy-3,7,11-trimethyl-2E,6E-dodecadienoate) is, to date,
the first insect hormone isolated from a plant, Cyperus iria L. (Toong
et al., 1988). The insecticidal activity of JH Il analogues may form
part of a defensive strategy of plants against insect herbivores by
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preventing the development from insect larvae to insect adults
(Chaitanya et al., 2012).

Cananga latifolia (Hook.f. & Thomson) Finet & Gagnep (Annona-
ceae) is a deciduous tree native to South-East Asian countries, such
as in Cambodia, Thailand, Laos and Vietnam (Saralamp, 1996). In
Cambodian traditional medicine, the bark of C. latifolia has been
used for the treatment of dizziness and fever (Gyatso, 2000). An-
other member of the Cananga genus, C. odorata, has been used in
perfumery because of the sweet scent of its flower and in aroma-
therapy because of its action in relief of stress and depression (Hong-
ratanaworakit and Buchbauer, 2004, 2006). Some constituents
including alkaloids, monoterpenes and sesquiterpenes have been
reported as being present in C. odorata (Hsieh et al., 2001; Leboeuf
et al.,, 1975; Matsunami et al., 2010; Nagashima et al., 2010). How-
ever, the constituents of C. latifolia have not been intensively stud-
ied, except for a study on the isolation of linear acetogenins from
its stem bark (Wongsa et al., 2011). In this study, isolation of six ses-
quiterpenes (1-6), and nine other known compounds (7-15), from
the stem bark of C. latifolia is reported, together with JH III and its
analogues being abundant in C. latifolia extracts.
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2. Results and discussion

The 80% methanolic extract of C. latifolia was successively frac-
tionated with CH,Cl,, n-BuOH and H,O. The CH,Cl, and n-BuOH
fractions were subjected to repeated column chromatographic
steps to yield six compounds (1-6) and nine known compounds
(7-15), whose structures were elucidated by using 1D and 2D
NMR spectroscopic, and MS data (Fig. 1). Nine compounds (7-15)
were identified as: JH III (7) (Rodriguez and Gros, 1990; Toong
et al, 1988); (2E,6E10R)-10,11-dihydroxy-3,7,11-trimethyldo-
deca-2,6-dienoaic acid methyl ester (8) (Jacobs et al., 1987);
(2E,6E,10R)-10-hydroxy-3,7,11-trimethyldodeca-2,6,11-trienoaic
acid methyl ester (9) (Mori et al., 1975); (2E,6E,10R)-10,11-dihy-
droxy-3,7,11-trimethyldodeca-2,6-dienoic acid (10) (Findlay
et al, 2003); (2E6S)-3-methyl-6-hydroxy-6-[(2R,5R)-5-(2-
hydroxypropan-2-yl)-2-methyltetrahydrofuran-2-yl]-hex-2-eno-
aic acid methyl ester (11) (Hioki et al., 2009; Messeguer et al.,
1991); (15,2R,55)-2, 5-dihydroxymethyl-2-hydroxyethyl-cyclohex-
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anol (12) (Nagashima et al., 2010); (9S,10E,12Z,152)-9-hydroxyoc-
tadeca-10,12,15-trienoic acid (13) (McLean et al., 1996; Shimura
et al., 1983); (97,11E,13S,152)-13-hydroxyoctadeca-9,11,15-trie-
noic acid (14) (Shimura et al., 1983; Waridel et al., 2004) and kal-
asinamide (15) (Gandy and Piggott, 2008) by comparing the
spectroscopic data in the literature.

Compound 1 was obtained as a colorless syrup and its molecu-
lar formula was concluded to be C;oH3504 by a quasi-molecular ion
peak at m/z 341.2690 [M+H]" (calcd. for 341.2692) from a positive
mode high-resolution FABMS. The 'H and '*C NMR spectra of 1
were similar to those of methyl 10R,11-dihydroxy-3,7,11-tri-
methyl-2E,6E-dodecadienoate (8) with the exception of the signals
at dp/oc 3.32 (1H, dd, J= 2.2, 6.5 Hz, H-1")/60.7 (C-1"), 1.46 (2H, m,
H-2")/32.6 (C-2"), 1.33 (1H, m, H-3')/19.4 (C-3’) and 0.89 (3H, t,
J=7.4Hz, H-4')/13.9 (C-4). The substituent was deduced to be an
n-butyl chain and its attachment location was determined to be
an oxygen moiety at C-11 on the basis of the correlation peak from
oy 3.32 (H-1") to 6¢c 76.6 (C-11) (Fig. 2). With the exception of the
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Fig. 1. The structures of compounds 1-15.
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Fig. 2. The key correlations of compounds 1-6.

butyl substituent, the spectroscopic signals of 1 were identical to
those of 8. The optical rotation value of 1 was [a]?°, +16.7, a value
that is consistent with the value ([a]*°p +18.9) of 8 (Nkunya et al.,
2000). On the basis of this result, the absolute configuration of the
hydroxyl moiety at C-10 was assigned as R. Butylated compounds
are rare in natural products and can be produced through extrac-
tion, fractionation, and isolation (Deng et al., 2008; Liang et al.,
2008). However, compound 1 was obtained from the EtOAc frac-
tion without the use of n-BuOH. Moreover, compound 1 was not
produced by the reaction of 8 with n-BuOH under normal experi-
mental conditions. Consequently, the structure of 1, as a natural
product derived from C. latifolia, was named as (2E,6E,10R)-11-but-
oxy-10-hydroxy-3,7,11-trimethyldodeca-2,6-dienoic acid methyl
ester.

Compound 2 showed a quasi-molecular ion peak at m/z
253.1791 [M+H]" (calcd. for 253.1798) in its positive mode high
resolution ESI-MS, consistent with a molecular formula of
Cy5H2505. The 'H, '3C and HSQC NMR spectral data of 2 clearly
showed a ketone carbon at éc 214.5 (C-10), a carboxylic group at
dc 171.5 (C-1), two olefinic protons at dy/déc 5.65 (1H, s, H-2)/
115.1 (C-2) and 5.06 (1H, m, H-6)/123.2 (C-6), and four methyl
groups at éy 2.16 (3H, s, H-15)/19.1 (C-15), 1.60 (6H, d, J = 7.0 Hz,
H-12 and H-13)/18.2 (C-12 and C-13) and 1.58 (3H, s, H-14)/16.1
(C-14). On the basis of a 'H-'H COSY spectoscopic experiment,
the correlations from H-11 (1H, m, éy 2.58) to H-12 and H-13
and from H-8 (1H, t, J=7.8 Hz, éy 2.21) to H-9 (1H, t-like,
J=7.8Hz, oy 2.51) indicated the linkage of H-11/(H-12 and H-13)
and H-8/H-9. In the HMBC spectrum, the signals at 6y 1.06 (H-12
and H-13), 2.51 (H-9) and 2.21 (H-8) had cross-peaks with &c
214.5 (C-10) (Fig. 2). These results suggested that an isopropyl ke-
tone was present in 2. The remaining spectroscopic data were con-
sistent with the data of a 3,7-dimethyl-2E, 6E-heptadienoate in the
structure of 10. On the basis of these data, 2 was assigned as
(2E,6E)-3,7,11-trimethyl-10-oxododeca-2,6-dienoic acid methyl
ester.

Compound 3 was isolated as a yellow syrup and high resolution
ESI-MS (positive ion mode, m/z 267.1948 [M+H]" (calcd. for
267.1955)) data indicated that the molecular formula of 3 was
Cy6H2603. In the 1D NMR, HMQC and DEPT spectra, the structure
of 3 consisted of five methyl groups (dy/dc 3.67 (3H, s, OCHs)/
50.9 (OCH3), 2.17 (3H, s, H-6)/19.1 (C-6), 0.91 (3H, d, J=8.4 Hz,
H-7')/7.6 (C-7'), 0.88 (3H, d, J = 8.5 Hz, H-9')/15.0 (C-9’) and 0.58
(3H, s, H-8)/15.3 (C-8'), four methylene groups (dy/éc 2.34 (2H,
m, H-6')/41.5 (C-6'), 2.14 and 1.99 (2H, m, H-4)/34.1 (C-4), 1.83
and 1.62 (2H, m, H-5")/30.8 (C-5'), and 1.44 (2H, m, H-5)/35.2 (C-
5)) three methyl groups (éu/dc 5.67 (1H, m, H-2)/115.3 (C-2),
245 (1H, q, J=8.4 Hz, H-2")/50.4 (C-2') and 1.98 (1H, m, H-4')/
36.2 (C-4')), and four quaternary carbons (5c 213.2 (C-1'), 167.1
(C-1), 160.2 (C-3) and 43.4 (C-3’)). Among these signals, the char-
acteristic values at 6c 213.2 (C-1’), 167.1 (C-1), 160.2 (C-3), 115.3
(C-2) and 50.9 (OCH3) showed the presence of a ketone, a methyl
ester, an olefin and a methoxyl group, respectively. The connectiv-
ity of the protonated carbons including C-4/C-5, C-9'/C-4'/C-5'|C-6
and C-2'/C-7" was determined by the "H-"H COSY experiment. The
HMBC analysis indicated the key correlation peaks from Jy 2.34
(H-6') and 0.91 (H-7’) to 213.2 (C-1’), from 0.58 (H-8') to 36.2
(C-4'), and from 0.88 (H-9') to 43.4 (C-3') (Fig. 2). These results sug-
gested that 3 included a 2’,3',4'-trimethyl-1'-cyclohexanone deriv-
ative in its structure. The relative stereochemistry was determined
by the cross-linked peaks of H-7'/H-8 and H-8/H-9’ in the NOESY
spectrum (Fig. 3). This assignment indicated that methyl groups at
C-3’ and C-4' were, respectively, axial and equatorial configura-
tions. The absolute configuration was identified as 2'R, 3'S, 4'R by
comparison with the rotation value ([o]?°, +3.86, ¢ 0.50, MeOH)
in the literature (Zhang et al., 2009). The spectroscopic data for
the other parts of 3 were similar to those for 1 and 7-9 which all
contain a methyl 3-methyl-2E-pentenoate moiety. The linkage of
the two units was determined by the cross-peak from &y 1.44
(H-5) to ¢ 36.2 (C-4’), 43.4 (C-4) and 50.4 (C-2’) in the HMBC spec-
trum. Consequently, compound 3 was named (2E)-3-methyl-5-
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Fig. 3. The NOESY correlations of compounds 3-6.

[(1’S,2'R,6'R)-1',2",6'-trimethyl-3’-oxocyclohexyl]-pent-2-enoic
acid methyl ester.

Compound 4 was a brownish syrup with the molecular for-
mula, C,;H3607, as determined by the quasi-molecular ion peak
at m/z 423.2343 [M + Na]" (calcd. for 423.2353) obtained by HRE-
SIMS. In the 'H, *C NMR and HSQC spectra, 4 has characteristic
signals of a ketone group at §c 213.2 (C-3), five oxygenated
methine groups at éy/dc 3.41 (1H, dd, J=5.0, 12.0 Hz, H-1)/79.7
(C-1), 3.65 (2H, m, H-3’ and 5')/74.5 (C-3’) and 70.9 (C-5'), 3.60
(1H, dd, J=3.2, 9.4 Hz, H-2')/73.4 (H-2’) and 3.34 (1H, m, H-4')/
74.8 (C-4'), five methyl groups at éy/dc 1.28 (3H, s, H-13)/27.1
(C-13), 1.26 (3H, s, H-12)/25.8 (C-12), 1.18 (3H, d, J=6.3 Hz, H-
6')/18.7 (C-6'), 1.07 (3H, s, H-14)/12.6 (C-14) and 0.98 (3H, d,
J=6.5Hz, H-15)/12.6 (C-15), and an anomeric carbon at Jy/dc
4.96 (3H, s, H-1")/97.1 (C-1’) of a sugar residue. The connectivity
of H-1/H-2 and H-15/H-4/H-5/H-6/H-7/H-8/H-9 was determined
from a "H-'H COSY spectrum. The HMBC spectrum indicated that
the structure of 4 consisted of the aglycone of a eudesmane ses-
quiterpenoid and a sugar residue (Fig. 2). The correlation peaks
from H-2 at 6y 2.59 (1H, t, J=13.4Hz) and 2.46 (1H, dd, J=5.2,
13.4 Hz), and H-14 at 5y 1.07 (3H, s) to C-1 at ¢ 79.7, and from
H-2 and H-15 at 64 0.98 (1H, d, J= 6.5 Hz) to C-3 at Jc 213.2 sug-
gested that a hydroxyl moiety and a ketone group were present at
C-1 and C-3, respectively. The anomeric proton at éy 4.96 (H-1')
had a cross-peak with the signal of C-11 at ¢ 82.4 and this result
indicated the sugar residue was at C-11. The type and configura-
tion of the sugar moiety were a-rhamnose as determined by com-
parison of the coupling constants and chemical shifts with
previously reported data (Agrawal, 1992). After acid hydrolysis
of 4, it was unequivocal, based on UPLC-QTOF/MS analysis that
the type of sugar residue was L-rhamnose. The NOESY analysis
established the relative stereochemistry of 4 by the presence of
the correlation peaks of H-2B/H-4/H-6B/H-14, H-6a/H-11 and H-
1/H-5/H-7 (Fig. 3). The splitting pattern (dd) and the coupling
constants of H-1 (J=5.0, 12.0 Hz) indicated that the hydroxyl
moiety at C-1 is B-equatorial, not o-axial, based on a comparison
with those of stereoisomers that are o~ or B-side oriented (Yama-
kawa and Nishitani, 1976; Zhu et al., 2010). Based on the above
spectroscopic data, compound 4 was identified as 1p-hydroxy-3-
0Xx0-4B,50,70-H-eudesmane 11-0-o-L.-rhamnopyranoside.

Compound 5 was obtained as a pale yellow syrup. The molecu-
lar formula C;5H330g was established by the positive HRFABMS (m/
z 467.2650 [M+H]*, calcd. for 467.2645). The 'H and 3C NMR, and
HSQC spectra suggested the presence of a ketone at §c 205.4 (C-3),
an olefinic carbon at /¢ 6.81 (1H, d, J=9.9 Hz, H-1)/164.9 (C-1)
and 5.72 (1H, d,J = 9.9 Hz, H-2)/127.1 (C-2), two acetoxy carbons at
6¢c 172.7 (C-1") and 172.6 (C-1"), five tertiary methyl carbons at Jy/
5c 1.14 (3H, s, H-14)/18.5 (C-14), 1.13 (3H, d, ] = 6.3 Hz, H-15)/12.8

(C-15), 1.32 (3H, s, H-12)/25.9 (C-12), 1.33 (3H, s, H-13)/27.3 (C-
13), 1.08 (3H, d, ] = 6.3 Hz, H-6")/18.4 (C-6') and an anomeric car-
bon at §c 96.8 (C-1’). The long chain of H-4/H-5/H-6/H-7/H-8/H-9
was identified by using the '"H-"H COSY experiment. According to
the HMBC analysis, the correlation peaks from 6y 1.14 (H-14) to
dc 164.9 (C-1), 37.8 (C-10) and 36.6 (C-9), and from dy 1.13 (H-
15) to é¢ 205.4 (C-3), 45.5 (C-5) and 44.8 (C-4) indicated the two
methyl carbons attached to C-10 and C-4, respectively. The pres-
ence of an o, B-unsaturated ketone was deduced from the charac-
teristic chemical shifts of éc 205.4 (C-3), 164.9 (C-1) and 127.1
(C-2), and their cross-peaks from H-1 to C-3. In addition, the HMBC
data showed that two methyl carbons at C-12 and C-13 attached to
an oxygenated quaternary carbon at éc 83.4 (C-11), were correlated
with a methine carbon at §c 44.2(C-7) (Fig. 2). These results indi-
cated that an isopropyl alcohol moiety was located at C-7. In the
NOESY spectrum, the correlations of H-4/H-14 and H-5/H-7/H-15
indicated the relative configuration of 5 (Fig. 3). The absolute con-
figuration of the aglycone of 5 was assumed to have the structure
of 4-epi-aubergenone (Kelly et al., 1978; Murai et al., 1982; Uegaki
et al., 1988). Location of the sugar residue was deduced to be at C-
11, on the basis of the long range correlation from Jy 5.00 (H-1") to
dc 83.4 (C-11). The coupling constant of an anomeric proton at dy
5.00 (1H, s, H-1’) indicated the sugar had an o-orientation (Barrero,
1997). By the responses at dy/dc 1.08 (1H, d, J=1.1 Hz, H-6)/18.4
(C-6") which was connected to C-5’, the type of sugar residue was
determined to be an L-rhamnose. Additionally, the characteristic
signals at dy/dc 2.00 (3H, s, H-2")/21.6 (C-2”) and 1.99 (3H, s,
H-2")/21.5 (C-2"), and at §c 172.7 (C-1") and 172.6 (C-1") indi-
cated the presence of two acetoxy moieties. It was confirmed that
they were unequivocally located at C-2" and C-3’ in a sugar residue,
based on the cross-peaks from Jy 3.82 (H-2') to §c 172.7 (C-1"), and
from 6y 4.95 (H-3') to ¢ 172.6 (C-1"), respectively. These results
confirmed that the sugar residue was 2,3-di-O-acetyl-o-L.-rhamno-
pyranose (Pozsgay and Neszmélyi, 1980). Consequently, the
structure of 5 was determined as 4-epi-aubergenone 11-0-2/,
3’-di-0-acetyl-o-L.-rhamnopyranoside.

Compound 6 was obtained as a pale yellow syrup. Its molecular
formula of CsH3g0g was established on the basis of the positive
HRFABMS (m/z 467.2644 [M+H]", calcd. for 467.2645). In a com-
parison of the 'H, *C NMR, and HSQC spectra of 6 with those of
5, the formed appeared to have an identical structure apart from
the sugar residue. Structure 6 differed from that of 5 in the signals
of a sugar residue attached to two acetoxy groups. According to the
HMBC data, the sugar residue was identified as 2, 4-di-O-acetyl-o-
L-rhamnopyranose by the correlation peaks from 6y 4.78 (H-2) to
172.7 (C-1") and from Jy 4.85 (H-4') to ¢ 172.6 (C-1") (Fig. 2).
Compound 6 was named 4-epi-aubergenone 11-0-2',4’-di-O-acet-
yl-a-L-rhamnopyranoside.
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UPLC-QTOF/MS analysis was performed to determine the iden-
tity of the components in the CH,Cl, and n-BuOH fractions (see
Supplementary data). The retention times and MS spectra of the
peaks detected in the chromatograms were compared to those of
the isolated compounds in order to identify the components pres-
ent in the extract of C. latifolia. Interestingly, UV and MS analyses
showed that JH III (7), (2E,6E,10R)-10,11-dihydroxy-3,7,11-trim-
ethyldodeca-2,6-dienoaic acid methyl ester (8) and (2E,6E,10R)-
10-hydroxy-3,7,11-trimethyldodeca-2,6,11-trienoaic acid methyl
ester (9) were present in relatively large amounts in the extract
of C. latifolia stem bark.

3. Concluding remarks

There are many examples of the presence of insect hormone
analogues, such as phytoecdysteroids, in plants. However, JH III
(7), which is secreted by the corpora allata behind the brain in
insects, has only been reported to be present in Cyperus species.
In the present study, we succeeded in isolating it from the stem
bark of C. latifolia. In addition, six new compounds including two
linear sesquiterpenes (1-2) and four cyclic sesquiterpenes (3-6)
were isolated, it was also ascertained, by using HPLC-UVD-ESI/
MS analysis, that it analogues were abundant in an 80% MeOH
extract of the stem bark of C latifolia. Since JH Il analogues
are relatively harmless to non-arthropods but are selectively
effective on insects, they have been used in the development of
natural insecticides, such as Gentrol® and Precor®. Our results
strongly suggest the potential of using extracts of C. latifolia, or
its isolated active compounds, in the development of natural
insecticides.

4. Experimental
4.1. General experimental procedure

Column chromatography (CC) was accomplished by Kiesgel 60
silica gel (40-60 pm, 230-400 mesh, Merck, USA), YMC-GEL
ODS-A (5-150 pum, YMC) and Sephadex LH-20 (25-100 puM, Phar-
macia, NJ, USA), and TLC was carried out on Kiesslgel 60 F;s4 coated
normal silica gel and RP-18 F,5,4 coated reverse-phase silica gel. The
HPLC system consisted of a G-321 pump (Gilson Co. Ltd., USA), a G-
151 UV detector (Gilson Co. Ltd., USA) and a Kromacil C;g column
(250 mm x 21.2 mm id.; 5pm), and all chromatograms were
monitored at 210 nm. HPLC grade solvents (Fisher Scientific,
USA) were used in the CH;CN-H,0 system. 1D and 2D NMR spectra
were recorded on Bruker AMX 400 or 500 spectrometers. FT-IR
spectra were measured with a JASCO FT/IR-300 spectrophotome-
ter. High-resolution and low-resolution FABMS were obtained on
a JEOL JMS-AX505WA. HPLC/ESI-MS mass spectrometry analyses
were performed using a Finnigan Surveyor MS Pump Plus and
Finnigan LCQ Advantage Max connected to an Ascenti C;g column
(150 mm x 4.6 mm i.d.; 3 pm).

4.2. Plant material

C. latifolia identity was confirmed by Prof. Thoa Sokunthea,
Head, Department of Biology, Faculty of Science, Royal University
of Phnom Penh, Cambodia. It was first purchased in January
2011, and then was collected in September 2010 in Kompong Speu
province, Cambodia. Voucher specimen (SNUPH-0426) is deposited
at the Herbarium in the Medicinal Plant Garden, Seoul National
University.

4.3. Extraction and isolation procedure

A dried sample of C. latifolia (960 g) was extracted with MeOH-
H,0 (4L x 3, 4:1, v/v) using an ultrasonic apparatus (3 h x 3). The
total extract (125 g) which was evaporated in vacuo was fraction-
ated with CH,Cl, (15g) and n-BuOH (20 g), sequentially. The
CH,Cl, fraction was subjected to reversed phase silica CC eluting
with a gradient of MeOH:H,0 (1:9, 5:5, 7:3, 9:1, 10:0, each 11L)
to give five sub-fractions (C1-C5). Of these, C2 was further sepa-
rated into nine fractions (C2-1-9, each 500 mL) on MPLC using
mixtures of CHCI;-MeOH of increasing polarity (CHCl3-
MeOH = 1:9, 5:5, 5 L). Compounds 13 (26.1 mg) and 14 (56.3 mg)
were isolated from C2-5 fraction using a MPLC system eluting with
mixtures of H,O-MeOH (5:5, 2:8, each 100 mL). Compound 4
(13.4 mg) in C2-8 fraction was crystallized from MeOH in the dark.
C3 was subjected to HPLC (H,O-CH3CN =5:5, 1:9, 10 mL/min,
40 min) and yielded compound 11 (5.7 mg, tg 19.1 min). By MPLC
(H20-CH3CN = 5:5, 3:7, 6 L), fraction C4 was further separated into
13 sub-fractions (C4-1-13). From these sub-fractions, an HPLC sys-
tem eluted with the mixtures of HO-CH3CN yielded compounds 7
(20.1 mg, 25:75, 10 mL/min, tg 10.9 min from C4-1), 1 (3.7 mg, 3:7,
10 mL/min, tg 21.3 min from C4-2), 3 (3.9 mg, 2:8, 10 mL/min, tg
17.2 min from C4-3), 9 (13.9 mg, 3:7, 10 mL/min, tg 8.2 min from
C4-4), 2 (2.0mg, 3:7, 10 mL/min, tg 18.4 min from C4-7), 5
(9.9 mg, 1.5:8.5, 10 mL/min, tg 12.5min from C4-8), and 6
(20.9 mg, 1.5:8.5, 10 mL/min, tg 14.1 min from C4-8), respectively.
Compound 15 was recrystallized with MeOH from the C4-13 frac-
tion. The n-BuOH fraction was divided into nine sub-fractions
(Bu1-9) by normal silica CC using mixtures of CHCl;-MeOH of
increasing polarity (100:1, 50:1, 10:1, 5:1, 0:1, each 1 L). Bu2 frac-
tion was subjected to MPLC equipped with a reversed phase silica
CC (H,0-MeOH = 8:2, 1:9, each 400 mL) and yielded compound 8
(482.0 mg). Compounds 10 (6.1 mg, H,O0-MeOH = 8:2, 1:9, each
200 mL) and 12 (8.8 mg, H,0-MeOH =9:1, 0:10, each 200 mL)
were obtained from Bu3 and Bu9 fractions using an MPLC system,
respectively.

4.4. (2E,6E,10R)-11-butoxy-10-hydroxy-3, 7,11-trimethyldodeca-2,6-
dienoic acid methyl ester (1)

Colorless syrup; [o]*°p +16.7 (¢ 0.2, MeOH); IR (KBr) Viax: 3450,
2948, 2931, 2857, 1719, 1648, 1436, 1383 1358 cm™; for 'H NMR
(CD50D, 500 MHz) and '3C NMR (CD50D, 125 MHz) spectroscopic
data, see Table 1; FABMS (positive ion mode) m/z 341 [M+H]";
HRFABMS (positive ion mode) m/z 341.2690 [M+H]" (calcd. for
CooH3704, 341.2692).

4.5. (2E,6E)-3,7,11-trimethyl-10-oxododeca-2,6-dienoic acid methyl
ester (2)

Pale yellow syrup; [a]*°p +1.2 (c =0.5, MeOH); IR (KBr) viax:
2970, 2935, 1710, 1693, 1438, 1383 cm™!; for 'H NMR (CD;0D,
500 MHz) and '3C NMR (CDsOD, 125 MHz) spectroscopic data,
see Table 1; FABMS (positive ion mode) m/z 253 [M+H]*; HRESIMS
(positive ion mode) m/z 253.1791 [M+H]" (calcd. for Cy5H,603,
253.1798).

4.6. (2E)-3-methyl-5-[(1S,2R,6R)-1,2,6-trimethyl-3-oxocyclohexyl]-
pent-2-enoic acid methy! ester (3)

Pale yellow syrup; [a]*°p +16.2 (¢ 0.7, MeOH); IR (KBr) Vmax:
2967, 2950, 1714, 1648 1435, 1379, 1357 cm™'; for 'H NMR
(CDCl3, 400 MHz): 5 5.67 (1H, m, H-2), 3.67 (3H, s, OCHs), 2.45
(1H, q, ] = 3.9 Hz, H-2'), 2.34 (2H, m, H-6), 2.17 (3H, s, H-6), 2.14
(1H, m, H-4a), 1.99 (1H, m, H-4b), 1.98 (1H, m, H-4), 1.83 (1H,
m, H-5'a), 1.62 (1H, m, H-5'b), 1.44 (2H, m, H-5), 0.91 (3H, d,
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Table 1
TH and '3C NMR spectroscopic data for compounds 1-2.
Position 1 2
oy (J in Hz) dc Sy (J in Hz) dc

1 167.3 171.5
2 5.64s 115.2 5.66 s 1151
3 160.1 162.7
4 214 m 40.9 215 m 25.8
5 214 m 25.9 214 m 41.0
6 512 m 123.1 5.06 s 123.2
7 136.2 1353
8 2.27 m, 2.00 m 36.8 221t (7.4) 334
9 145 m 29.6 2.51t(7.4) 39.0

10 3.36 dd (1.8, 10.2) 76.5 2145

1 77.0 2.58 septet (7.0)  40.9

12 1.06 s 19.2 1.06 d (7.0) 18.2

13 1.09 s 21.4 1.06 d (7.0) 18.2

14 1.59 s 16.1 1.58 s 16.1

15 214 m 18.8 2.14s 19.1

OCH3 3.66 s 50.8

1 333 td (2.2, 6.5) 60.7

2 1.48 m 32.6

3 133 m 19.4

& 0.89 t (7.4) 139

H and '3C NMR data were measured at 500 and 125 MHz in CD;0D, respectively.

J=6.7 Hz, H-7’), 0.88 (3H, d, ] = 6.8 Hz, H-9'), 0.58 (3H, s, H-8'); '3C
NMR (CDCl3, 100 MHz): 6 213.2 (C-1'), 167.1 (C-1), 160.2 (C-3),
115.3 (C-2), 50.9 (OCHs), 50.4 (C-2'), 43.4 (C-3'), 41.5 (C-6'), 36.2
(C-4"), 35.2 (C-5), 34.1 (C-4), 30.8 (C-5'), 19.1 (C-6), 15.3 (C-8’),
15.0 (C-9"), 7.6 (C-7'); ESIMS (positive ion mode) m/z 267
[M+H]"; HRESIMS (positive ion mode) m/z 267.1948 [M+H]" (calcd.
for 267.1955).

4.7. 1B-Hydroxy-3-0x0-4p, 50, 70-H-eudesmane 11-0-o-L-
rhamnopyranoside (4)

Brownish syrup; [a]*°p +4.3 (c 1.0, MeOH); IR (KBr) Viax: 3404,
2972, 2934, 1702, 1601, 1514, 1454, 1386 cm™'; for 'H NMR
(CD30D, 400 MHz) and '3C NMR (CD50D, 100 MHz) spectroscopic
data, see Table 2; ESIMS (positive ion mode) m/z 423 [M+Na]";
HRESIMS (positive ion mode) m/z 423.2343 [M+Na]* (calcd. for
423.2353).

4.8. 4-Epi-aubergenone 11-0-2',3'-di-0-acetyl-o-L-rhamnopyranoside
(5)

Pale yellow syrup; [a]*°p +4.8 (c 1.0, MeOH); IR (KBr) Vmax:
3471, 2978, 2938, 1744, 1675, 1455, 1372cm™"; For 'H NMR
(CD50D, 400 MHz) and '*C NMR (CD50D, 100 MHz) spectroscopic
data, see Table 2; FABMS (positive ion mode) m/z 467 [M+H]";
HRFABMS (positive ion mode) m/z 467.2650 [M+H]" (calcd. for
467.2645).

4.9. 4-Epi-aubergenone 11-0-2',4'-di-0-acetyl-o-1-rhamnopyranoside
(6)

Pale yellow syrup; [a]*°p +2.7 (c 1.0, MeOH); IR (KBr) Vmax:
3471, 2978, 2938, 1744, 1675, 1455, 1373 cm™!; for 'H NMR
(CD30D, 400 MHz) and '3C NMR (CD50D, 100 MHz) spectroscopic
data, see Table 2; FABMS (positive ion mode) m/z 467 [M+H]";
HRFABMS (positive ion mode) m/z 467.2644 [M+H]" (calcd. for
467.2645).

4.10. General acid hydrolysis

Compound 4 (2 mg) was reacted with 1 N HCl (dioxane-H,0,
1:1, 1 mL) and deposited in a dry oven (60 °C). After 2 h, the solu-

Table 2
H and 'C NMR spectroscopic data for compounds 4-6.
Position 4 5 6
oy (J in Hz) dc oy (Jin dc oy (J in dc
Hz) Hz)
1 3.41 dd (5.0, 6.81d 1649 6.81d 164.3
12.0) (9.9) (9.9)
2 2.59 t (13.4), 48.7 5.72d 127.1 5.80d 127.3
246 dd (5.0, (9.9) (9.9)
13.4)
3 2132 205.4 205.2
4 2.15m 47.5 226 m 448 225 m 449
5 144 m 441 231 m 45.5 225 m 45.4
6 1.99m, 143 m 273 221 m, 26.8 2.05 m, 26.8

1.50 m 1.50 m

173 m 443 167m 442 170m 438

8 1.80-1.61 m 224  192m, 227 190m, 227
1.78 m 1.80 m

9 1.63m 365 197m, 366 1.80m, 369
141 m 1.50 m

10 40.1 37.8 37.7

11 82.4 83.4 83.7

12 126's 258 132 259 129s 26

13 128's 271 133s 273 129s 27

14 1.07 s 126  1.14s 185 1.15s 188

15 0.98 d (6.5) 126  1.13d 128  1.11d 128
(6.3) (6.2)

1 496 s 971  5.00s 968 5105 94.1

2 360dd(32,94) 734 382m 716 478m  76.1

3 3.65 m 745 495dd 744 390dd 692
(3.0, (44,
10.0) 12.1)

4 334m 748 503t 733  485m 764
(9.9)

5 3.65 m 709 390m 688 380m 687

6 1.18 d (6.3) 187 1.08d 184 1.00d 185
(6.3) (6.3)

17 1727 172.7

1 172.6 172.6

2 2.00 s 216 2155 216

2 1.99s 215  205s 215

"H and 3C NMR data were measured at 400 and 100 MHz in CDs0D, respectively.
2 Assignment may be interchanged, though it given here is preferred.

tion was evaporated to dryness under N, and fractionated with
CHCl5 and H,0. The aqueous layer was concentrated to dryness.
The type of sugar in 4 was compared with a L-rhamnose standard
(Sigma Aldrich, St. Louis, USA) by UPLC-QTOF/MS analysis (Xevo-
G2 + QTOF system; Waters Acquity BEH Amide, 100 x 2.1 mm
1.7 pm; Waters Corp., Milford, MA, USA). The sample and standard
were separated using a by the gradient solvent condition consist-
ing of 30% CH3N (A) and 80% CHsN (B) (0% (A, 0 min), 100% (A,
8 min)). The retention time of L-rhamnose standard was 3.84 min.

Acknowledgment

This work was supported by the Global Leading Technology
Program of the Office of Strategic R&D Planning (OSP grant
10039303) funded by the Ministry of Knowledge Economy, Repub-
lic of Korea.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.phytochem.2013.
06.010.

References

Agrawal, P.K., 1992. NMR spectroscopy in the structural elucidation of
oligosaccharides and glycosides. Phytochemistry 31, 3307-3330.


http://dx.doi.org/10.1016/j.phytochem.2013.06.010
http://dx.doi.org/10.1016/j.phytochem.2013.06.010
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0005
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0005

H. Yang et al./ Phytochemistry 94 (2013) 277-283 283

Barrero, A.F., 1997. Sesquiterpene glycosides and phenylpropanoid esters from
Phonus arborescens (Carthamus arborescens). J. Nat. Prod. 60, 1026-1030.

Chaitanya, RK., Sridevi, P., Senthilkumaran, B., Dutta Gupta, A., 2012. Effect of
juvenile hormone analog, methoprene on H-fibroin regulation during the last
instar larval development of Corcyra cephalonica. Gen. Comp. Endocrinol. 181,
10-17.

Deng, F., Tang, N., Xu, J., Shi, Y., Zhao, M., Zhang, J., 2008. New a-pyrrolidinonoids
and glycosides from Euphorbia humifusa. ]. Asian Nat. Prod. Res. 10, 531-539.

Dewick, P.M., 2009. Medicinal Natural Products: a biosynthetic approach. John
Wiley & Sons Ltd.

Findlay, J.A., Li, G.Q., Miller, ].D., Womiloju, T.O., 2003. Insect toxins from spruce
endophytes. Can. J. Chem. 81, 284-292.

Gandy, M.N,, Piggott, M.J., 2008. Synthesis of kalasinamide, a putative plant defense
phototoxin. J. Nat. Prod. 71, 866-868.

Goodman, M.H., Potter, M.F., Haynes, K.F., 2012. Effects of juvenile hormone analog
formulations on development and reproduction in the bed bug Cimex lectularius
(Hemiptera: Cimicidae). Pest Manage. Sci. 69, 240-244.

Gyatso, G., 2000. Dictionary of Plants used in Cambodia. Dy Phon Pauline.

Hioki, H., Motosue, M., Mizutani, Y., Noda, A., Shimoda, T., Kubo, M., Harada, K.,
Fukuyama, Y., Kodama, M., 2009. Total synthesis of pseudodehydrothyrsiferol.
Org. Lett. 11, 579-582.

Hongratanaworakit, T., Buchbauer, G., 2004. Evaluation of the harmonizing effect of
ylang-ylang oil on humans after inhalation. Planta Med. 70, 632-636.

Hongratanaworakit, T., Buchbauer, G., 2006. Relaxing effect of ylang ylang oil on
humans after transdermal absorption. Phytother. Res. 20, 758-763.

Hsieh, T.J., Chang, F.R., Chia, Y.C,, Chen, C.Y., Chiu, H.F,, Wu, Y.C,, 2001. Cytotoxic
constituents of the fruits of Cananga odorata. J. Nat. Prod. 64, 616-619.

Jacobs, H., Ramadayal, F., Mclean, S., Perpickdumont, M., Puzzuoli, F., Reynolds, W.F.,
1987. Constituents of Hortia-Regia: 6,7-dimethoxycoumarin, rutaecarpine,
skimmianine, and (+)-methyl (E,E)-10,11-dihydroxy-3,7,11-trimethyl-2,6-
dodecadienoate. J. Nat. Prod. 50, 507-509.

Kelly, RB., Alward, SJ., Murty, K.S., Stothers, J.B., 1978. Revised structure for
aubergenone, a sesquiterpenoid related to eudesmane - synthesis of 4-epi-
aubergenone. Can. J. Chem. 56, 2508-2512.

Leboeuf, M., Streith, J., Cave, A., 1975. Alkaloids of Annonaceae: alkaloids of the bark
of Cananga odorata Hook. f. and Thomson. Ann. Pharm. Fr. 33, 43-47.

Liang, S., Shen, Y., Tian, J., Wu, Z,, Jin, H., Zhang, W., Yan, S., 2008. Phenylpropanoids
from Daphne feddei and their inhibitory activities against NO production. J. Nat.
Prod. 71, 1902-1905.

Matsunami, K., Nagashima, J., Sugimoto, S., Otsuka, H., Takeda, Y., Lhieochaiphant,
D., Lhieochaiphant, S. 2010. Megastigmane glucosides and an unusual
monoterpene from the leaves of Cananga odorata var. odorata, and absolute
structures of megastigmane glucosides isolated from C. odorata var. odorata and
Breynia officinalis. J. Nat. Med. 64, 460-467.

McLean, S., Reynolds, W.F., Tinto, W.F., Chan, W.R,, Shepherd, V., 1996. Complete C-
13 and H-1 spectral assignments of prenylated flavonoids and a hydroxy fatty
acid from the leaves of Caribbean Artocarpus communis. Mag. Reson. Chem. 34,
719-722.

Messeguer, A., Sanchezbaeza, F., Casas, J.,, Hammock, B.D., 1991. Use of
dimethyldioxirane in the preparation of epoxy derivatives related to insect
juvenile hormones. Tetrahedron 47, 1291-1302.

Mori, K., Takigawa, T., Manabe, Y., Tominaga, M., Matsui, M., Kiguchi, K., Akai, H.,
Ohtaki, T., 1975. Effect of molecular chain-length on biological-activity of
juvenile-hormone analogs. Agric. Biol. Chem. Tokyo 39, 259-265.

Murai, A., Abiko, A., Ono, M., Masamune, T., 1982. Studies on the phytoalexins. 31.
Synthetic studies of rishitin and related-compounds. 11. Synthesis of
aubergenone, a sesquiterpenoid phytoalexin from diseased eggplants. Bull.
Chem. Soc. Jpn. 55, 1191-1194.

Nagashima, J., Matsunami, K., Otsuka, H., Lhieochaiphant, D., Lhieochaiphant, S.,
2010. The unusual canangafruticosides A-E: five monoterpene glucosides, two
monoterpenes and a monoterpene  glucoside diester of the
aryldihydronaphthalene lignan dicarboxylic acid from leaves of Cananga
odorata var. fruticosa. Phytochemistry 71, 1564-1572.

Nkunya, M.H., Jonker, S.A., Makangara, ].J., Waibel, R., Achenbach, H., 2000.
Aporphinoid alkaloids and other constituents from Lettowianthus stellatus.
Phytochemistry 53, 1067-1073.

Pozsgay, V., Neszmélyi, A., 1980. Carbon-13 n.m.r.-spectral study of L-rhamnose
acetates. Carbohydr. Res. 80, 196-202.

Rajashekar, Y., Rao, LJ., Shivanandappa, T., 2012. Decaleside: a new class of natural
insecticide targeting tarsal gustatory sites. Naturwissenschaften 99, 843-852.

Riddiford, L.M., 2012. How does juvenile hormone regulate insect metamorphosis
and reproduction? Integr. Comp. Biol. 52, E146.

Rodriguez, ].B., Gros, E.G., 1990. A convenient method for the preparation of (+/—)
juvenile hormone-III. Z. Naturforsch. B. 45, 93-95.

Saralamp, P., 1996. Medicinal plants in Thiland. Dep. of Pharmaceutical Botany
Faculty of Pharmacy, Mahidol University, Nakhon Pathom.

Shimura, M., Mase, S., Iwata, M., Suzuki, A., Watanabe, T., Sekizawa, Y., Sasaki, T.,
Furihata, K., Seto, H., Otake, N., 1983. Anti-conidial germination factors induced
in the presence of probenazole in infected host Leaves. 3. structural elucidation
of substance-a and substance-C. Agric. Biol. Chem. Tokyo 47, 1983-1989.

Toong, Y.C., Schooley, D.A., Baker, F.C., 1988. Isolation of insect juvenile hormone-III
from a plant. Nature 333, 170-171.

Uegaki, R., Kubo, S., Fujimori, T., 1988. Stress compounds in the leaves of Nicotiana
undulata induced by TMV inoculation. Phytochemistry 27, 365-368.

Waridel, P., Wolfender, J.L., Lachavanne, J.B., Hostettmann, K., 2004. Ent-labdane
glycosides from the aquatic plant Potamogeton lucens and analytical evaluation
of the lipophilic extract constituents of various Potamogeton species.
Phytochemistry 65, 945-954.

Wongsa, N., Kanokmedhakul, S., Kanokmedhakul, K., 2011. Cananginones A-I, linear
acetogenins from the stem bark of Cananga latifolia. Phytochemistry 72, 1859-
1864.

Yamakawa, K., Nishitani, K., 1976. Studies on terpenoids and related alicyclic
compounds. 8. chemical transformation of alpha-santonin into arsantin and
arsanin. Chem. Pharm. Bull. 24, 2810-2817.

Zhang, P., Bao, B., Dang, H.T., Hong, ]., Lee, H]., Yoo, E.S., Bae, K.S., Jung, J.H., 2009.
Anti-inflammatory  sesquiterpenoids from a sponge-derived Fungus
Acremonium sp. J. Nat. Prod. 72, 270-275.

Zhu, Y., Zhang, L., Zhao, Y., Huang, H., 2010. Unusual sesquiterpene lactones with a
new carbon skeleton and new acetylenes from Ajania przewalskii. Food Chem.
118, 228-238.


http://refhub.elsevier.com/S0031-9422(13)00237-9/h0195
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0195
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0010
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0010
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0010
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0010
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0015
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0015
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0020
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0020
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0025
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0025
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0030
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0030
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0200
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0200
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0200
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0045
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0045
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0045
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0050
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0050
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0055
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0055
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0060
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0060
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0065
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0065
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0065
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0065
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0075
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0075
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0075
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0080
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0080
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0085
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0085
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0085
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0090
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0090
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0090
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0090
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0090
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0095
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0095
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0095
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0095
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0100
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0100
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0100
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0105
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0105
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0105
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0110
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0110
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0110
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0110
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0115
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0115
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0115
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0115
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0115
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0120
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0120
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0120
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0125
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0125
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0125
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0125
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0130
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0130
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0135
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0135
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0140
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0140
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0140
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0150
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0150
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0150
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0150
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0155
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0155
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0160
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0160
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0165
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0165
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0165
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0165
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0170
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0170
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0170
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0175
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0175
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0175
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0180
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0180
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0180
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0185
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0185
http://refhub.elsevier.com/S0031-9422(13)00237-9/h0185

	Plant-derived juvenile hormone III analogues and other sesquiterpenes from the stem bark of Cananga latifolia
	1 Introduction
	2 Results and discussion
	3 Concluding remarks
	4 Experimental
	4.1 General experimental procedure
	4.2 Plant material
	4.3 Extraction and isolation procedure
	4.4 (2E,6E,10R)-11-butoxy-10-hydroxy-3, 7,11-trimethyldodeca-2,6-dienoic acid methyl ester (1)
	4.5 (2E,6E)-3,7,11-trimethyl-10-oxododeca-2,6-dienoic acid methyl ester (2)
	4.6 (2E)-3-methyl-5-[(1S,2R,6R)-1,2,6-trimethyl-3-oxocyclohexyl]-pent-2-enoic acid methyl ester (3)
	4.7 1β-Hydroxy-3-oxo-4β, 5α,7α-H-eudesmane 11-O-
	4.8 4-Epi-aubergenone 11-O-2',3'-di-O-acetyl-α-l
	4.9 4-Epi-aubergenone 11-O-2',4'-di-O-acetyl-α-l
	4.10 General acid hydrolysis

	Acknowledgment
	Appendix A Supplementary data
	References


