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Trichilin B (2), a limonoid having an unprecedented highly rearranged ring system, along with biosyn-
thetically correlated trichilin A (1), was isolated from Trichilia connaroides. The structures were elucidated
by spectroscopic analysis. Compound 2 features a unique 9,17-oxygen bridge, while two unprecedented
d-lactone rings fused to rings A and B at C-5, C-9 and ring C at C-8, C-14. Their cytotoxic activities were
also evaluated.

� 2009 Elsevier Ltd. All rights reserved.
Limonoids from the Meliaceae family have attracted continuous
attention due to their diverse structures and significant biological
activites.1 Trichilia connaroides is a treelet mainly distributed in In-
dia, Indonesia, and South of China, whose roots are used as primitive
Chinese medicine for treating arthritis, pharyngitis, tonsillitis, and
other ailments.2,3 The extract of its bark also shows activities against
lepidopteran larvae.4 Previous phytochemical investigations on this
species have led to 12 limonoids including five novel ring C con-
tracted trijugin-type limonoids and four rearranged 30-nortriju-
gin-type limonoids, a mexicanolide-type, a methyl-angolensate-
type limonoids, and two degraded limonoids.5 As a continuing
search for structurally novel limonoids from Meliaceae family, we
investigated twigs and leaves of T. connaroides collected from Xishu-
angbanna, Yunnan Province of China, which led to a novel highly
rearranged limonoid Trichilins B (2), together with biosynthetically
correlated trichilin A (1). Trichilin B (2) has an unprecedented com-
plex ring system featuring a unique 9,17-oxygen bridge, a 7,9-d-lac-
tone ring, and a 16,30-d-lactone ring. Herein we describe the
isolation and structural elucidation of these two compounds.
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The air-dried powder of the twigs and leaves (4.8 kg) of T. con-
naroides was extracted with 95% EtOH at room temperature to give
a crude extract, which was further extracted with petroleum ether,
EtOAc, and n-BuOH, respectively. The EtOAc-soluble fraction was
fractionated via an MCI gel column eluted with MeOH–H2O (4:6
to 9:1) in gradient to obtain five fractions. Fraction 3 (5.5 g) was
extensively chromatographed over columns of silica gel and C-18
reversed-phase silica gel, and finally purified by semipreparative
HPLC to give trichilin A (1, 55 mg), and trichilin B (2, 5 mg).

Trichilin A (1) was obtained as a white amorphous powder.6 The
molecular formula of C27H32O10 was determined by the [M+Na]+

ion peak at m/z 539.1896 (calcd 539.1893) in HRESIMS due to 12
degrees of unsaturation. The IR absorption bands showed the pres-
ence of hydroxyl group (3450 cm�1) and ketone groups (1747,
1734, 1699 cm�1). The 1D NMR spectra of 1 showed that two car-
bon-carbon double bonds and three carbonyls accounted for 5 out
of 12 degrees of unsaturation, suggesting compound 1 to be hepta-
cyclic. The 13C spectrum (Table 1) showed the presence of 27 car-
bon signals. Apart from one carbon of methoxyl of methyl ester [dH
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Table 1
1H and 13C NMR assignments of trichilin A (1) (in CDCl3) and trichilin B (2) (in DMSO)

No. 1 2

dH (multi, J, Hz)a dC
b dH (multi, J, Hz)a dC

c

1 4.62 (dd, 7.0, 3.0) 74.0 3.99 (m) 75.2
2a 2.95 (dd, 17.0, 7.0) 43.7 t 2.43 (dd, 11.0, 7.0) 41.2
2b 2.49 (dd, 17.0, 3.0) 3.47 (t, 11.0)
3 211.6 213.6
4 46.6 46.0
5 3.18 (d, 8.0) 55.1 3.29 (d, 10.0) 43.4
6 4.80 (d, 8.0) 76.4 4.27 (dd, 10.0, 4.5) 69.3
7 175.6 173.9
8 64.1 79.6
9 110.0 101.8
10 54.2 41.4
11 2.73 (dd, 10.0, 4.5) 48.9 2.53 (d, 5.0) 36.9
12a 1.79 (dd, 13.5, 10.0) 35.7 1.93 (d, 13.5) 32.4
12b 2.20 (dd, 13.5, 4.5) 1.79 (dd, 13.5, 5.0)
13 43.6 47.3
14 83.7 81.1
15a 2.58 (d, 17.8) 32.2 2.84 (d, 15.0) 38.5
15b 2.49 (d, 17.8) 2.26 (d, 15.0)
16 168.2 171.2
17 5.88 (s) 79.7 4.83 (s) 77.2
18 0.90 (s) 17.2 0.89 (s) 15.8
19 1.27 (s) 17.8 0.89 (s) 18.5
20 121.4 124.1
21 7.42 (s) 139.8 7.51 (s) 140.9
22 6.29 (s) 108.1 6.54 (s) 111.6
23 7.40 (s) 143.6 7.70 (s) 141.6
28 1.10 (s) 20.0 1.09 (s) 18.7
29 1.30 (s) 27.8 1.22 (s) 30.2
30a 2.88 (d, 4.4) 51.4 4.07 (d, 13.0) 67.5
30b 2.83 (d, 4.4) 4.57 (d, 13.0)
OMe 3.78 (s) 52.9
6-OH 6.15 (d, 4.5)
8-OH 3.7 (s)

a Recorded at 500 MHz.
b Recorded at 100 MHz.
c Recorded at 125 MHz.
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3.78 (s), dC 52.9], the remaining 26 carbons including a b-substi-
tuted furan ring [dH 7.42 (s, H-21), 6.29 (s, H-22), 7.40 (s, H-23);
dC 121.4, 139.8, 108.1, 143.6] suggested a limonoid for compound
1.7

An extensive comparison of 1H and 13C NMR data of trichilin A
(1) with those of trijugin A (3),5a the limonoid isolated from the
same species, shows they have nearly identical chemical shifts,
which suggests they share the same skeleton. The only differences
were the absence of the C-12 acetoxyl group and the 8,30 vinyl
group being replaced by the 8,30 epoxide ring in 1, which were
supported by the absence of the signal of aforementioned group
and by the presence of an additional methylene signal [dH 1.79
(dd, 13.5, 10.0), 2.20 (dd, 13.5, 4.5), dC 35.7] and a oxygenated
methylene signal [dH 2.88 (d, 4.4), 2.83 (d, 4.4), dC 51.4]. HMBC cor-
relations of the H2-12/C-8, C-9, C-11, and Me-18, and H2-30/C-8, C-
11, and C-14 confirmed this proposition. A detailed 2D NMR anal-
ysis further established the planar structure of 1 as shown in Figure
1, suggesting 1 was derived from 3. Thus a hydroxyl group was lo-
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Figure 1. Selected HMBC (?) and key ROESY (M) correlations of 1.
cated in C-9 as supported by its chemical shift [d 110.0] and the
molecular formula of 1, though no hydroxyl signal was observed
in 1H NMR spectrum. The relative configuration of 1 was assumed
to be the same as those of 3 by the biogenetic point of view, there-
fore the configuration of 9-OH was assigned as a-oriented. The
ROESY key correlations also confirmed the assigned relative config-
urations as shown in Figure 1.

Trichilin B (2), a white amorphous powder, showed the HREIMS
ion at m/z 501.1765 [M�H]� corresponding to the molecular for-
mula of C26H29O10 (calcd 501.1760) with 12 degrees of unsatura-
tion.8 The IR spectrum showed absorption bands at 3436, 1753,
and 1715 cm�1, suggesting the presence of hydroxyl and carbonyls,
respectively. The 1D NMR spectra revealed that 12 double-bond
equivalents were occupied by two carbon-carbon double bonds
and three carbonyls and thus indicated 2 to be heptacyclic. The
13C spectrum (Table 1) resolved 26 carbon resonances including a
b-furyl [dH 7.51 (s, H-21), 6.54 (s, H-22), 7.70 (s, H-23); dC 124.1,
140.9, 111.6, 141.6], suggesting a limonoid for compound 2.

The 1H and 13C NMR data of 2 showed that the most significant
feature of 2 was the absence of the methoxyl at C-7 characteristic
of B-seco-type limonoid.9 Taken together with the obviously upfiel-
ded 13C chemical shifts of C-5, C-6, C-9, and C-10 compared with
those of 1, it should be a reasonable conclusion that the occurrence
of hydrolysis of methyl ester of C-7 and the hemiketal (6,9-tetra-
hydrofuryl ring) was followed by the formation of 7,9-d-lactone
ring (ring-B). Although there was no direct HMBC correlation be-
tween C-7 and C-9, the observed 6-OH signal indicated by 1H-1H
COSY correlation of 6-OH/H-6 and HMBC cross-peaks between 6-
OH and C-5, C-6 strongly supported the hypothesis. The downfield
13C signal of C-8 and C-30, and the assignment of 8-OH by HMBC
correlation of 8-OH/C-8 suggested the break of 8, 30 epoxide ring.
The absence of subsequent 30-OH proton and the HMBC cross sig-
nal of H2-30/C-16 indicated the formation of 30, 16-d-lactone ring.
However, there was no corresponding proton resonance signal of
17-OH, and occurrence of typical upfield 13C shifts of C-17 [d
77.2] for ring-D hydrolyzed limonoid, implying C-17 be incorpo-
rated into a new ring.10 Regarding to the disappearance of 9-OH
signal, and the upfielded 1H and 13C signal of C-11 [dH 2.53 (d,
5.0), dC 36.9] and C-12 [dH 1.93 (d, 13.5), 1.79 (dd, 13.5, 5.0), dC

32.4], it was possible that a unique tetrahydropyranyl ring was
formed between C-17 and C-9, which was confirmed by the HMBC
correlation of H-17/C-9. Comprehensive analysis of 2D NMR data
established the remaining structural fragments as shown in Figure
2, which were the same as those of 1. The planar structure of 2 was
thus figured out.

The relative configuration of 2 was achieved by analysis of its
ROESY spectra (Fig. 2). The ROESY correlations of H-1/H-11 and
H3-19 indicated that H-1, H-11, and Me-19 were cofacial, arbi-
trarily assigned as the a-oriented. The ROESY cross-peaks from
H-5 to H-2b and H3-29 assigned the b-orientation of H-5 and
Me-29, and accordingly the a-assignment of Me-28, in which H-
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Figure 2. 1H–1H COSY (—) and selected HMBC (?) and key ROESY (M) correlations
of 2.
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Scheme 1. Hypothetical biosynthetic pathways of 1 and 2.
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2b was determined from H-2a as indicated by NOE cross-peak of
H-1/H-2a. The orientation of H-6 was therefore assigned as a by
NOE correlation of H-6/H3-28, which was supported by the large
coupling constants of J5,6 = 10.0 Hz. Similarly, the correlations of
H-17/H-12b and H-11/H-12a suggested H-17 was b-oriented.
Meanwhile, Me-18 and 8-OH were assigned as a-oriented by
NOE cross-peaks of H3-18 and 8-OH with H-22. This also allowed
the cis configuration of ring E and ring D. Therefore, the structure
of 2 was elucidated as shown in Figure 2.

A possible biosynthetic pathway from trijugin A (3) to trichilin
A (1) and trichilin B (2) was proposed as shown in Scheme 1, which
was supported by the nearly identical configurations of all chiral
centers in 1–3.

The experiment of the in vitro cytotoxicity of 1 and 2 against
four tumor cell lines, HL-60, BEL7402, Hela, and MCF-7, were eval-
uated.11 However, none of the compounds showed activity against
the tumor cells (50% effective dose for clonal inhibition,
ED50 > 5 lg/mL).
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