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Abstract—Five new cytotoxic limonoids, erythrocarpines A-E (1-5), were isolated from the bark of Chisocheton erythrocarpus
Hiern. Chemical structures, stereochemistry, and conformation were fully elucidated and characterized by 2D NMR, MS, and com-

putational methods.
© 2007 Elsevier Ltd. All rights reserved.

The plants from family Meliaceae are known to produce
various types of cytotoxic tetranortriterpenoids known
as limonoids."> Two widely known limonoids are azadi-
rachtin from Azadirachta indica and toosendanin from
Melia toosendan.>* Both are used as insecticides and
have been commercialized in US and China.

In continuation of our research on this family, we have
embarked a study on the dichloromethane extract of the
bark of Chisocheton erythrocarpus Hiern (Meliaceae)
and five new limonoids, erythrocarpines A-E (1-5),
were isolated. This paper describes the structural eluci-
dation of erythrocarpines A—C (1-3) belonging to mex-
icanolide-type limonoid and erythrocarpines D (4) and
E (5) having A, B, D-seco heptacyclic skeletons, which
showed cytotoxicity against P-388 murine leukemia
cells.

The bark was defatted with hexane and then extracted
with dichloromethane. The crude dichloromethane ex-
tract showed cytotoxic activity against P388 murine leu-
kemia cells at ICsy 18 ug/ml and was subjected to silica
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gel column chromatography, PTLC, and HPLC to yield
five new limonoids.

Erythrocarpine A (1), [«¢]p +95° (¢ 1.9, CHCls), was iso-
lated as white amorphous powder. The HRFABMS
showed a [M+H]" peak at m/z 573.2491, corresponding
to the molecular formula of C;4H3¢05. IR absorption
implied the presence of esteric ketone (1746cm™})
groups. The "H NMR spectrum showed the presence
of the characteristic H-17 singlet at d¢; 5.08, four methyl
singlets at dgg 0.95 (Me-18), 1.16 (Me-19), 0.82 (Me-28),
and 0.80 (Me-29), and a methoxy singlet (dy 3.64). The
presence of a B-furyl ring was represented by H-21 at oy
7.35 (d, J=0.8 Hz), H-22 at oy 6.40 (dd, J=0.8,
1.7 Hz), and H-23 at oy 7.35 (d, J=1.7). Two double
bond proton signals, H-15 and H-30, were detected at
og 5.93 (s) and oy 6.22 (dd, J=2.9, 6.1 Hz), respec-
tively. A benzoyl group was found by the detection of
five aromatic protons in the region dy 7.40-8.10 and a
carbon at d¢ 165.5 (C-1'). In addition, the '*C NMR
spectrum indicated the presence of two carbonyls of a
cyclohexanone at dc 214.5 (C-1) and a lactone of C-16
at oc 164.6.

Figure 1 shows selected 2D NMR correlations for ery-
throcarpine A (1). HMBC correlations of H-17 to C-
20, C-21, and C-22 indicated the presence of a B-furyl
ring at C-17. HMBC correlations of the methoxy peak
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at dy 3.64 and H,-6 to C-7 suggested that the methoxy
group was attached to C-7. The position of A*3° double
bond was confirmed by the HMBC correlations of H-2
to C-1 (¢ 214.5), C-8 (o¢ 136.2), and C-30 (oc 128.8),
and H-30 to C-9 (6¢c 54.0) and C-14 (¢ 160.3). In the
o-lactone ring (ring-D), the vinylic proton of H-15
showed the HMBC correlations to both bridgehead car-
bons of C-13 (dc 37.4) and C-14 (6 160.3). This d-lac-
tone substructure was conjugated to the A*>° double
bond to form a conjugated diene lactone system, which
was responsible for the down-field proton signals of H-
15 (6y 5.93) and H-30 (dy 6.22).° The presence of a ben-
zoyl group at C-3 was confirmed based on the HMBC
correlation of H-3 (dy 5.11) to C-1’ (6¢ 165.5). Two
methyls of C-18 and C-19 were attached to C-13 and
C-10, respectively, by HMBC correlations of H3-18 to
C-12, C-13, and C-17, and of Hs-19 to C-5, C-9, and

Figure 1. Selected 2D NMR correlations of erythrocarpine A (1).

C-10. Thus, the gross structure of erythrocarpine A (1)
was suggested to possess mexicanolide-type skeleton
with a B-furyl ring, a conjugated d-lactone, and a benzo-
ate as shown in Figure 1.

The relative stereostructure of 1 was elucidated by
NOESY cross-peaks as depicted in the computer-gener-
ated 3D drawing, which was consistent with the calcu-
lated energy minima as shown in Figure 2. Cross-peak
between H-5 and H-11p suggested that the former was
at P orientation and ring C was in conformation of skew
boat form. In addition, the NOESY spectrum also
showed a correlation between H-9 and H-11aq, thus sug-
gesting an o orientation for H-9. The relative configura-
tions at C-2 and C-3 were deduced by the NOESY
correlation between H-2 and H-3 together with their
3J coupling constant (J=10.5 Hz). Thus, the relative
stereostructure of erythrocarpine A (1) was depicted as
in Figure 2.

The conformational space for 1 was searched using
MMFF force field® implemented in the Macromodel
program,’ and the results of the NMR study described
above were considered in terms of these calculations.
Each of the lowest energy conformers belonging to four
separate clusters is represented as A (471.9 kJ/mol), B
(470.9 kJ/mol), C (474.8 kJ/mol), and D (481.6 kJ/mol).
The ring A of conformers A and C possessed a twist
boat form in the bicyclo[3.3.1]Jnonane part, while con-
formers B and D adopted a twist chair form (Fig. 3).
The populations calculated for these four clusters im-
plied that A and B were abundant. This result was con-
sistent with the presence of the NOESY correlation
between H-17 and H-11p, whereas there was no NOESY
correlation between Me-28 and H,-11 in conformer A.
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Figure 2. Selected NOESY correlations of erythrocarpine A (1).

These NMR data indicated that erythrocarpine A (1)
took a most probable conformer A in solution.?

Erythrocarpine B (2), [¢]p —139° (¢ 1.9, CHCls), re-
vealed a [M+H]" peak at m/z 591.2600 in the
HRFABMS, corresponding to the molecular formula

of C34H3300. The 'H and '*C NMR spectra were similar
to those of 1, except for the absence of A'*'> double
bond. Without the conjugative effect as in 1, H-30 was
significantly shifted upfield to dy 5.69. The C-14 bridge-
head carbon bearing a hydroxyl group was observed at
dc 73.3, which was correlated with H-17, H-9, and H-30
in the HMBC spectrum. Therefore, 2 was actually a
derivative of 1 through hydroxylation at A"'5 double
bond. The relative stereochemistry and o orientation
of the hydroxyl at C-14 were elucidated by NOESY cor-
relations in Figure 4.

Erythrocarpine C (3), [¢]p —251° (¢ 0.9, CHCIl;), has a
molecular formula of C3;sH4009, determined from the
{M+H]+ eak at m/z 617.2759 in the HRFABMS. The
H and '?C NMR spectra were almost the same as those
of 2, which suggested that 2 and 3 possessed the same
basic skeleton and stereochemistry. However, a cinna-
moyl group was detected instead of a benzoyl group at
C-3. This was confirmed by the presence of five aromatic
protons in the region dy 7.20-7.60, and the characteris-
tic doublet signals of H-2' and H-3’ at oy 6.39 (d,
J =16.0 Hz) and 6y 7.68 (d, J = 16.0 Hz), respectively.’

Erythrocarpine D (4), [¢]p —98° (¢ 1.9, CHCl3), showed
a [M+H]" peak at m/z 615.2594 in the HRFABMS,
suggesting a molecular formula of C3sHs509. The 'H
and *C NMR spectra showed the presence of functional-
ities such as a B-furyl ring, a methoxy group, a conjugated
J-lactone ring, and a cinnamoyl group. The Me-29 was
suggested to be oxidized and cyclized with C-1 to form

474.8 kd/mol

481.6 kd/mol

Figure 3. Four representative stable conformers (A-D) of erythrocarpine A (1) analyzed by Monte Carlo simulation followed by minimization and
clustering analysis. Benzoate and methoxy carbonyl functions at C-3 and C-6, respectively, were omitted for clarity.
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Figure 4. Selected 2D NMR correlations of erythrocarpine B (2).

Table 1. Cytotoxicity of erythrocarpines A-E (1-5) against P388

murine leukemia cells

- COSY
~~ HMBC

Compound

ICs (ng/ml)

Erythrocarpine A (1)
Erythrocarpine B (2)
Erythrocarpine C (3)
Erythrocarpine D (4)
Erythrocarpine E (5)
MMC (mitomycin C)

2.0
6.0
9.9
10.0
16.0
0.15
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an oxygen-bridge in the ring A.'° It was opposed to the
typical 4,29,1-carbon-bridge sequence found in the
phragmalin skeleton which was biogenetically and struc-
turally closely related to mexicanolide skeleton. The
connectivity was established through HMBC correla-
tions of H,-29 to C-1 (d¢ 96.4), C-3 (oc 76.1), C-4 (o¢
36.3), and C-5 (o¢ 33.7).

Erythrocarpine E (5), [o¢]p —128° (¢ 0.8, CHCI;), has a
molecular formula of C;¢H400;o, established from a

Table 2. '"H NMR data [dy (J, Hz)] of erythrocarpines A—E (1-5) in CDCl;

1 2 3 4 5
2 3.78 dd (6.1, 10.5) 3.53m 3.53 m 3.18 dd (2.7, 10.0) 2.95dd (7.1, 10.0)
3 5.11d (10.5) 5.14d (9.9) 5.03d (9.5 5.00 d (10.0) 491 d (10.2)
5 3.39dd (1.7, 9.5) 3.50 m 3.50 m 2.80 d (10.5) 292 m
6 2.26 dd (1.7, 16.8) 2.41 br d (8.7) 2.40 m 232 m 231 m
6 2.31 dd (9.8, 16.9) 243 m 2.45 m 2.44 m 241 m
9 2.19 brd (12.4) 2.74 m 2.73 dd (5.6, 12.5) 237 m 2.34 dd (3.2, 10.2)
11a 1.70 m 2.07 m 211 m 1.72 m 1.54 m
11b 1.49 m 1.55m 1.67 m 1.34 m 1.68 m
12a 1.18 m 1.33 br d (13.8) 1.35br d (14.1) 1.39 m 1.17 m
12b 1.86 m 1.96 m 1.98 td (4.7, 14.1) 1.81 m 1.89 m
15 593s 2.76 d (18.3) 2.85d (17.9) 6.13 s 2.76 d (18.3)
15 2.87 d (18.3) 2.96 d (17.9) 2.86 d (17.8)
17 5.08 s 5.69 s 5.76 s 5.06 s 546 s
18 095s 1.03 s 1.04 s 1.07 s 0.88 s
19 1.16 s 1.19 s 1.18s 1.13s 1.02s
21 7.35d (0.8) 791 brs 7.84 br s 745s 7.64 s
22 6.40 dd (0.8, 1.7) 6.51 br's 6.49 br s 6.45 s 6.29 br s
23 7.35d (1.7) 745brs 743 brs 739 m 7.30 d (1.5)
28 0.82s 0.89 s 095s 0.68 s 0.62s
29 0.80 s 0.86 s 0.82s 3.49 dd (1.4, 9.5) 3.46 d (8.8)
29 3.97d (9.8) 3.88 d (9.8)
30 6.22 dd (2.9, 6.1) 5.69d (9.1) 5.73 dd (1.5, 6.8) 6.30 dd (2.7, 6.1) 5.53dd (1.7, 7.1)
7-OMe 3.64 s 373 s 3.72s 3.69 s 3.65s
2 6.39 d (16.0) 6.49 d (16.1) 6.25 d (15.5)
3/ 8.01d (8.3) 7.98 m 7.68 d (16.0) 7.80 d (16.1) 7.58 d (15.9)
4/ 7.44 m 7.38 m
5 7.56 m 7.52 m 7.52 m 7.57 m 7.19 m
6’ 7.44 m 7.38 m 7.29 m 741 m 7.18 m
7 8.01d (8.3) 7.98 m 7.28 m 7.41 m 7.19 m
8’ 7.29 m 7.41 m 7.18 m
9’ 7.52 m 7.57 m 7.19 m
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[M+H]" peak at m/z 633.2703 in the HRFABMS. Com-
parison of NMR data with those of 1-4 established the
substitution pattern of 5 to have a similar tricyclodecane
system as in 4, allyl alcohol sequence as in 2 and 3, and
3-cinnamoyl moiety as in 3 and 4.

Erythrocarpines A-E (1-5) are A, B, D-seco heptacy-
clic limonoids having mexicanolide-type skeleton with
either benzoyl or cinnamoyl group as side chains at
C-3. All of them showed cytotoxicity against P388
murine leukemia cells as shown in Table 1. It was
noted that erythrocarpines A (1) and B (2) with a ben-
zoyl side chain exhibited more potent activities than
erythrocarpines C (3)-E (5) with a cinnamoyl side
chain (Table 1).

1. Experimental
1.1. General methods

Merck silica gel 60 (230-400 mesh) and GF,54 were used
for column chromatography separations, silica gel 60
F»s4 for TLC, silica gel 604 F,s4 for PTLC, and CAP-
CELL PAK C18 Type AQ 5 pm, 4.6 mm X 250 mm for
HPLC separation. NMR spectra were recorded on JEOL
JNM-FX100 (400 MHz) using CDCl;. The IR spectra
were measured using Perkin-Elmer 1600 Double Beam.

1.2. Material

The barks of C. erythrocarpus Hiern were collected at
Hutan Simpan Terenas, Malaysia. The botanical identi-
fication was made by Mr. Teo Leong Eng, Faculty of
Science, University of Malaya. Voucher specimens are
deposited in the Herbarium of Chemistry Department,
University of Malaya.

1.3. Extraction and isolation

Dried ground barks (1.3 kg) were extracted successively
with hexane, dichloromethane, and methanol. The
dichloromethane extract (4.0 g) was repeatedly sub-
jected to silica gel column chromatography (CC) using
solvent mixture of hexane: ethyl acetate (85:15) to yield
1 (26.1 mg). The fraction eluted with hexane/ethyl
acetate (7:3) was furthermore purified by HPLC using
MeOH/H,O (4:1) to yield 2 (3.6 mg) and 3 (7.2 mg),
and by repeated CC and PTLC using hexane: ethyl
acetate solvent system to afford 4 (14.0 mg) and 5
(4.7 mg).

Erythrocarpine A (1). Amorphous powder, [o]p +95° (¢
1.9, CHCl3); HRFABMS m/z 573.2491 [M+H]" (caled
for C34H3,05, 573.2488); UV (MeOH) Apax: 300 nm (g
4000); CD (MeOH) [0]0 —2000, [0]»33 +4000, and
[0]300 +10300; IR (CHCl3) em™': 2951, 1746, 1598, and
1264; 'H and '>*C NMR: Tables 2 and 3.
Erythrocarpine B (2). Amorphous powder, [o«]p —139° (¢
1.9, CHCl3); HRFABMS m/z 591.2600 (calcd for
C34H3909, 591.2594); UV (MeOH) Apa: 300 nm; IR
(CHCly) em™': 3423, 1714, 1620, and 1231; 'H and
13C NMR: Tables 2 and 3.

Table 3. '*C NMR data [0¢] of erythrocarpines A-E (1-5) in CDCl;

C 1 2 3 4 5

1 214.5 216.7 216.7 96.4 97.3
2 49.0 48.9 48.7 45.4 44.8
3 78.6 71.0 71.0 76.1 74.9
4 39.0 38.8 39.1 36.3 36.2
5 40.3 41.3 41.6 33.7 349
6 32.8 32.9 33.0 31.9 31.7
7 174.3 174.1 174.1 173.7 174.0
8 136.2 141.5 140.8 135.3 140.5
9 54.0 52.3 52.3 44.4 43.6
10 51.9 50.0 50.1 42.0 41.4
11 21.7 20.2 20.0 19.8 19.0
12 32.8 28.6 28.4 324 28.2
13 37.4 41.1 41.2 37.4 41.2
14 160.3 73.3 73.2 161.9 78.9
15 112.4 38.8 38.6 110.8 39.4
16 164.6 167.6 168.0 165.2 168.8
17 79.5 71.3 77.2 79.8 76.9
18 22.4 15.6 15.8 21.5 14.8
19 15.6 15.9 159 14.4 14.7
20 120.2 120.2 120.3 120.3 120.3
21 141.4 142.3 142.1 141.3 146.2
22 110.2 110.0 110.1 110.2 109.8
23 143.1 142.9 142.8 143.0 142.6
28 21.0 20.3 20.3 14.7 15.5
29 22.1 22.5 22.4 68.1 67.9
30 128.8 124.4 124.9 127.0 122.1
7-OMe 52.0 53.0 52.8 52.1 52.1
U 165.5 165.8 166.3 166.5 166.4
2/ 129.6 128.8 116.9 116.7 117.0
3’ 128.9 129.7 146.5 146.7 146.2
4’ 128.9 128.8 130.2 134.0 134.4
5’ 133.9 1335 128.7 128.4 128.3
6 128.9 128.8 128.6 128.9 128.5
7 129.6 129.7 134.4 130.7 129.9
8 128.6 128.9 128.5
9’ 128.7 128.4 128.3

Erythrocarpine C (3). Amorphous powder, [«]p —251° (¢
0.9, CHCl3;); HRFABMS m/z 617.2759 (caled for
C36H4109, 617.2751); UV (MeOH) Apac 300 nm; IR
(CHCly) em™': 3421, 1712, 1626, and 1231; 'H and
13C NMR: Tables 2 and 3.

Erythrocarpine D (4). Amorphous powder, [a]p —98° (¢
1.9, CHCl3); HRFABMS m/z 615.2594 [M+H]" (caled
for C36H3909, 615.2594); UV (MeOH) Apax: 296 nm;
IR (CHCls) cm™': 3009, 1706, 1611, and 1241; 'H and
13C NMR: Tables 2 and 3.

Erythrocarpine E (5). Amorphous powder, [a]p —128° (¢
0.8, CHCl;); HRFABMS m/z 633.2703 (caled for
C3(,H41010, 6332700), uv (MCOH) j-max: 297 nm; IR
(CHCl3) em™': 3413, 2928, 1700, and 1201; 'H and
'3C NMR: Tables 2 and 3.

1.4. Cytotoxic assays

P-388 murine leukemia cells were maintained in RPMI-
1640 medium supplemented with 5% fetal calf serum
and kanamycin (100 pg/ml). The cells (3 x 10* cells/well)
were cultured in Corning disposable 96-well plates con-
taining 100 pl of growth medium per well and were incu-
bated at 37 °C in a humidified atmosphere of 5% CO,.
Various drug concentrations (10 pl) were added to the
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cultures at day one after the transplantation. At day
three, 20 pl MTT solution (5 mg/ml) per well was added
to each cultured medium. After a further 4 hours of
incubation, 100 ml of 10% SDS-0.01 N HCI solution
was added to each well and the formazan crystals in
each well were dissolved by stirring with a pipette. The
optical density measurements were made using a micro-
pipette reader (Tohso MPR-A4i) with a two wavelength
system (550 and 700 nm). In all experiments, three rep-
licate wells were used to determine each point.

1.5. Computational methods

Conformational searching was carried out using Monte
Carlo simulation in Macromodel program for erythro-
carpine A (1).” The closure bonds for the skeleton of 1
were chosen at C-5-C-10, C-2-C-30, C-9-C-11, and
C-13-C-17 with the closure limit from 1 to 4 A. Three
thousand Monte Carlo steps were performed, yielding
144 unique conformations in the energy region of
0-10 kcal/mol, which could be classified into four clus-
ters. Each conformer was finally minimized by molecu-
lar mechanics calculation of MMFF force field.® The
lowest energy conformation of each cluster is depicted
in Figure 1.
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