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Summary

Cancer is a general term subjected to a series of malignant tumor diseases which may affect
many different parts of the human body. These cancer diseases are characterized by a rapid and
uncontrolled formation of abnormal cells in the body. Cancer chemotherapeutic agents can often
provide the prolongation of life and occasionally cures: To date many kinds of compounds have
been obtained from plants I;ingdom as anti-neoplastic and anti-cancerous agents. However, there is
no special type of compounds for cancer therapy. In our laboratory, anti-tumor and cytotoxic
screenings on higher plants collected in Japan, China, Korea, Southeast Asia and South America
have been done by using Sarcoma 180 ascites in mice, P388 lymphocytic leukemia in mice,
Chinese hamster lung  V-79 cells, P388 cells and nasopharynx carcinoma (KB) cells.

The family, Simaroubaceae consists of about 20 genera and 120 species, mainly shrubs and
trees, distributed in tropical and subtropical country. Simaroubaceae is classified as RUTALES,
together with Rutaceae, Burseraceae, Meliaceae, Malpighiaceae and Polygalaceae. The members
differ from the Rutaceae in not containing oil glands. Bitter principles are a characteristic of the
family, Simaroubaceae. The genera include Quassia (Simarouba) (40 spp.), Picrasma (Aeschrion)
(6 spp.), Brucea (10 spp.), Soulamea (10 spp.), Ailanthus (10 spp.) and Perriera (1 spp.) etc..
Surinam quassia derived from Quassia amara growing in Guianas, north Brazil and Venezuela is
used in traditional medicines for stomachic, anti-amoebic, anti-malarial and anti-anaemic properties
Also, various parts of a number of plants of the family Simaroubaceae have been used in traditional
medicine for the treatment of a variety of diseases including cancer, amoebic, dysentery and malaria
Then, the research has established that it is the quassinoid content of these plants that is responsible
for above activities. -

In this meeting, [ will present on anti-tumor and anti-malarial activities and their active
principles of Simaroubaceae plants, EFurycoma longifolia, Ailanthus vilmoriniana, Simaba cedron
and Brucea mollis which have been studied in our laboratory.
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Quassinoids from Brucea mollis Wall,

Keywords— Brucea mollis; cytotoxicity, quassinoid; Simaroubaceae

In our investigation of antitumor substances from higher plants,l) we found that a methanolic
extract of Brucea mollis Wall. (Simaroubaceae) which is used as an antimalarial agent and
parasiticide in the folk medicine in south China2) had a potent cytotoxic activity. The present paper
deals with the isolation and structural determination of the active principles of the extract.

A methanolic extract (358 g) prepared from the bark (4 kg) of B. mollis, which was collected in
the Xi Shuang Ban Na area of Yun Nan Province and identified by Dr. Guo-da Tao, Kungming
Institute of Botany, Academia Sinica, was diluted with water and extracted first with methylene
chloride, and then with n-butanol. The methylene chloride fraction (92.6 g), having most of the
cytotoxic activity of the extract, was subjected to chromatographic separations by monitoring the
cytotoxic effect on lymphocytic leukemia P388 cells to isolate the active principles. The final
purification was made by ODS HPLC to give four known quassinoids, dehydrobruceantinol (1, 78
mg), bruceantinol (2, 58 mg), dehydrobruceantin (3, 11 mg) and bruceantin (4, 2 mg). Those
structures were confirmed by comparing their physical and spectral data with those of the
literature.3-6)

HO,
HO
)
1. R=OAC, ICSD=0'14 }Lg/m! 2. R=OAC, lC5020013 ug/ml
3: R=H 4 R=H
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QUASSINOIDS FROM AILANTHUS VILMORINIANA

Key Word Index —— Ailanthus vilmoriniana;, Simaroubaceae; quassinoid;

vilmorinine; spectroscopic analysis.

Abstract —— The new quassinoids, named vilmorinines B (1) - F (5), have been isolated from
the cortex of Ailanthus vilmoriniana (Simaroubaceae). Their structures were established by various

spectroscopic evidences.

INTRODUCTION
During our survey of new antitumour substances from higher plants [1], especially Simaroubaceae
[2 - 6], the crude extract of Ailanthus vilmoriniana (Simaroubaceac) showed cytotoxic activity
against P388 leukemia cells. In previous studies [7], a new quassinoid named vilmorinine A was
obtained from this plant. The further investigation led us to isolate five novel quassinoids,

vilmorinines B (1) - F (5). In this paper, their structural elucidation is reported.

vilmorinine B (1): Ry=p-OH, Ry=a-H, R3=Me, R;=f-Me
vilmorinine C (2): Ry=p-OH, Ry=a-H, R3=H, Ry=f-Me
vilmorinine D (3): R,=a~OH, Ry=a-H, Ry=H, R,B-Me
vilmorinine E (4): R;=B-OH, R,=-H, Ry=H, Ry=B-Me
vilmorinine F (5): R,=B-0OH, R=p-H, Ry=H, Ry=a-Me

Fig. 1 Quassinoids isolated from Ailanthus vilmoriniana

RESULTS AND DISCUSSION

The methanolic extract prepared from the cortex of A. vilmoriniana was partitioned between

CHClp and HpO. The CHpCly soluble material was subjected to silica gel column
chromatography (CH2Cly - MeOH) to give eight fractions. Further purification of each fraction
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using silica gel open column (n-hex - EtOAc), MPLC and HPLC on ODS column (MeOH - H»0)

furnished five new quassinoids, vilmorinines B (1) - F (5).

VY 2y and 3y correlation
M coupling correlation (J/Hz) Fig.3 NOE correlationof vilmorinine B(1)

Fig. 2 Partial structurc of vilmorininc B {)

Vilmorinine B (1) was colourless and showed partial structures of an «,3-unsaturated carbonyl
group, two lactone and one ester carbonyl groups in IR, UV and 13C-NMR. Further, the proton
signals of 19-Me, 21-Me, 18-Me, OMe, 3-olefinic H and 20-H) were observed. From above data,

and the !H-1H and 1H-13C long range coupling correlations in Fig. 2, 1 was characterized as a
C11-Cyp bond-cleaved quassinoid shown in Fig. 1. Also, stereochemistry of 1 was established as
shown in Fig. 3 by the correlations of NOESY spectrum.

Vilmorinine C (2) was characterized as colourless needles. The IR, UV, MS and NMR spectral
data of 2 were similar to those of 1, but no OMe signal was observed in the NMR spectrum of 2 and
the molecular ion peak was 14 mass unit less than that of 1. These findings show that vilmorinine C
(2) is characterized as shown in Fig. 1.

Vilmorinine D (3) was characterized as colourless needles and the molecular ion peak was
same to that of 2. The IR, UV, MS and NMR spectral data of 3 were similar to those of 2, but the C.
1 chemical shift of 3 was shifted more upfield to 8.6 ppm than that of 2. Consequently, vilmorinine
D (3) was determined to be an 1-epimer of 2 as shown in Fig. 1.

Vilmorinine E (4) was characterized as colourless needles and the molecular ion peak was
same to that of 2. The IR, UV, MS and NMR spectral data of 4 were similar to those of 2, but the
NOE correlations between 19-Me and 5-H, 19-Me and 6B-H, 1-H and 6a-H, 1-H and 14-H, and

14-H and 6a-H as shown in Fig. 4 suggested that vilmorinine E (4) was a S-epimer of 2.
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12.3
N\ coupling correlation (J/Hz)

HOOC

Fig. 5 Partial NOE correlation of vilmorinine F ( §)

Wwa; Fractiona! NOE relationships
from NOESY spectrum

Fig 4 H-'H Coupling and NOE correlation of vilmorinine E (4)

Vilmorinine F (5) was characterized as colourless needles and the molecular ion peak was
same to that of 2. The IR, UV, MS and NMR spectral data of 5 were similar to those of 4, but the
NOESY spectrum of § did not show the NOE correlations between 21-Me and 13p-H, and Zi-H
and 20-Hb which were observed in vilmorinines B (1) - E (4). Then, vilmorinine F (5) is confirmed
to be a 15-epimer of 4 by the NOE correlations as shown in Fig. 5

Vilmorinines A (1) - F (5) isolated from 4. vilmoriniana would be biosynthesized by

lactonization between 7-OH and 12-COOH of a quassinoid as vilmorinine A [7] which is formed by

an oxidative cleavage of the Cy 1-C12 bond of a quassinoid as chapparine [8].

EXPERIMENTAL
General. Mps: uncorr; 1H and 13C NMR: pyridine-ds with TMS as int. standard, Bruker

AM400 or AM500. 13C Multiplicities were determined by the DEPT pulse sequence. 2D-NMR

(NOESY, HMQC, HMBC). EI-MS (70 eV) and FAB-MS (8 kV, glycerol), VG AutoSpec E or
Finnigan MAT TSQ-700; IR (KBr or CHCI3), Perkin-Elmer 1710 or JASCO A-302; UV (MeOH),

Hitachi 557. Prep. HPLC: 10 um ODS column; MPLC: 20 pm ODS column; Kieselgel 60; Anal.
TLC: silica gel 60Fp54 and RP-18 Fps4 (0.25 mm) precoated plates. Spot detection: UV light at

254 nm and-or spraying with 10% HSOy4.

Plant material.  The cortices of Ailanthus vilmoriniana were collected at Emeishan, Sichuan
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Province, People’s Republic of China, in 1994. The botanical identification was made by Dr.
Zhi-Sheng Qiao, Department of Pharmacognosy, College of Pharmacy, Second Military Medical
University, Shanghai, China. A voucher specimen has been deposited in the herbarium of Tokyo

University of Pharmacy & Life Science.

Tablc 1 3¢ and " NMR chemica shifts(ppm) for vilmarizines B (1) - F (5)
vilmoriniae B (1) vibmorinine C (2) vilmosinine D (3) imorinine E (4) vitmerisine F (5)

No. 8¢ &y mult(/Hz) & sy mullg/Hz 8¢ &y muit(JHz) s by muty/Hz) sc Sy mult( Hz)

1 84.654 4.73s 84.58d 4.78s 76.00d 4.57s 75224 4.98s 74.82d 5.03s

3 19749 197.505 19692 198.095 198.28s

3 126384 6.15bm 126824 6.13brs 125554 6.10brs 124.884 6.00s 124.824 6.033

4 160.30s 160.49s 159.93 160.87s 161.03s

5 40.87d 3.01br(12.5) 40964 3.08wd(12.6) 34.624 335bri(13.7) 47,354 2.6340(12.63.9) 47.33d 2.6148(12.6,4.2)

6 2597t 2.35(0)ddd(15.6,2.4,2.4) 2599  2.36(c)brd(15.0) 26.12t 2.40(c)ddd(15.0,27.27)  30.82t 2.04(a)ddd(13.7,12.612.3) 3151t 2.10(cx)ddki(13.5,12.7,12.7)
2.09(B)ddd(15.6,12.5,2.4) 2.10(B)ddX15.0,12.6,2.4) 2.10(B)d34(15.0,13.7.29) 2.33(B)ddd(13.7,4.6,3.9) 2.34(B)ddd(13.7,6.4,4.2

7 75.644 4.90bs 75.754 4.9Tbrs 76.384 4.98brs 79.51d 4.80d4(12.3,4.6) 79.09d 4.78d4(12.2,4.4)

8 45.73s 45.80s 44.92s 46.24s 30.00s B

9 54.25d 3.62s 54.26¢ 3.82s 48.30d 4.23s 45,664 3.88brs 46.22d 4.01s

10 44.995 44.99s 4234 4295 42.82

11 172728 176.01s 176.69s 174.698 175.15s

12 17551 174835 174.945 174.37 170.008

13 3134t 2.99a)d(17.1,4.5) 3198t 3.02(2)dK17.24.7) 3216 3.77(2)k(16.9,4.7) 3144t 3.84a)m 3451 3.62(2)m
2.67(b)4d(17.1,5.6) 2.78(b)dd(17.1,5.0) 3.03(b)4(16.9,4.6) 2.96(b)dd(16.4,12.4) 2.76(b)dd(12.5,8.8)

1 40.57d 2.81ddd(5.6,4.5,4.3) 40564 2.95m 41614 3.03m 3217 3.80m 35054 3.58m

15 36.90d 3.4269(6.5,4.3) 3134d 347m 36.94d 3.42dq(6.8,3.9) 36.66d 3.71m 40.75d 2.72m

16 17223 172,49 17234 172.35¢ 17147

¢ 3 2215 L.77s Ni6g VL7 22364 174 22.31q 1.84s 22.38q t.Ras

134 10.70q 1.18s 10.66q 1.1¥s 14829 1.17s 1¥.14q 1.68s 17.98q 1.67s

X 69.41t  4.28(2)d(10.6) 69.67t  4.32(a)d(10.5) 7281t 4.37(a)(10.4} 67.45t  4.53(a)d(9.0) 67.27t  4.63(ax(9.1)
4.68(b)d(10.6) .83(b)(10.5) 4.90(b)K(10.4) 4.41(b)d(9.0) 4.3300)(9.1)

21 13.70q 1.30(6.5) 13.86q 1.424(6.8) 13.74q 1.384(6.8) 14.90q 1.414(7.9) 15.17q 1.644(6.8)

OMc  54.25q 3.75

Measuromants wore porformed in pyridine-ds at 400MEHz
13¢ \fultiplicities were established by cach DEPT pulse soquence.

Extract and isolation.  The cortices of A. vilmoriniana (7.0 kg) were extracted with MeOH
(30 /) three times. The MeOH extract (864 g) was partitioned between CHyCly and HyO. 95 g of

CHCly soluble fraction (170 g) was subjected to si gel column chromatography using a CH»Cl> -

MeOH (1:0 - 0:1) gradient system to give 8 fractions.

The fourth fraction (78 g) was further applied to si gel column chromatography using a n-Hex
- EtOAc (20:1 - 1:1) gradient system to furnish 7 fractions. The last fraction was applied to ODS
MPLC and HPLC (MeOH - HpO or MeCN - HpO solvent system) to give vilmorinines C (2, 22.1
mg), D (3,7.7 mg), E (4,26.1 mg)and F (5, 2.3 mg).

The fifth fraction (23 g) was subjected to ODS MPLC using a MeOH - HyO (9:11) solvent
system to give 6 fractions. The first fraction was applied to si gel MPLC using a n-Hex - EtOAc
(20:1 - 1:1) gradient system to give vilmorinine B (1, 45.8 mg).

Vilmorinine B (1).  Colourless amorphous powder; mp 178 - 181°. [a]p +40° (¢ 0.35,
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MeOH); UV Amay (MeOH) nm (log &): 238 (3.6); IR vCHCI3 em-1: 3465, 1770, 1741, 1682, 1263,
1024; FAB-MS m/z: 407 ([M+H]*, Caled. for CyHp70g: 407.1705, Found: 407.1709); 1H and
13C NMR (pyridine-ds): Table 1.

Vilmorinine C (2).  Colourless needles; mp 222 - 224°, [a]p +14° (¢ 0.25, MeOH), UV
Amax (MeOH) nm (log €): 238 (3.7); IR vKBT ¢m=1: 3400, 1740, 1680, 1260, 1200; FAB-MS m/z:
393 ([M+H]*, Caled. for CpgHpsOg: 393.1549, Found: 393.1520); 1H and 13C NMR
(pyridine-ds): Table 1.

Vilmorinine D (3).  Colourless needles; mp 238 - 240°. [alp -51° {(c 0.25, MeOH);, UV
Amax (MeOH) nm (log €): 240 (3.8); IR vKBr cm-l: 3450, 1740, 1730, 1680, 1260, 1220;
FAB-MS m/z: 393 ([M+HJ*, Caled. for CogHysOg: 393.1549, Found: 393.1535); 1H and 13C
NMR (pyridine-ds): Table 1.

Vilmorinine E (4).  Colourless needles, mp 184 - 186°. [a]p -34° (c 0.06, MeOH), UV
Amax (MeOH) nm (log &): 237 (3.8); IR vKBT em-1: 3450, 1750, 1680, 1220; FAB-MS m/=: 393
(IM+H]", Calcd. for CygHpsOg: 393.1549, Found: 393.1554); 1H and 13C NMR (pyridine-ds):
Table 1.

Vilmorinine F (5).  Colourless needles; mp 251 - 254°. [a]p +67° (¢ 0.02, MeOH);, UV
Amax (MeOH) nm (log €): 238 (3.7); IR vKBI cm-1: 3400, 1740, 1680, 1260, 1200; FAB-MS n/=:
393 ([M+H]*, Caled. for CogHpsOg: 393.1549, Found: 393.1547); 1H and 13C NMR
(pyridine-ds): Table 1.
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Cytotoxic Quassinoids from Simaba cedron

Four new quassinoids, cedronolactones A-D (1-4), together with nine known compounds,
simalikalactone D (5), chaparrinone (6), chaparrin (7), glaucarubolone (8), glaucarubol (9),
samaderine Z (10), guanepolide (11), ailanquassin A (12), and polyandrol (13), were isolated from
the wood of Simaba cedron. The chemical structures of 1 - 4 were elucidatéd on the basis of their

chemical and spectral properties. Cedronolactone A (1) was shown to exhibit a significant in vitro
cytotoxicity (1Csq 0.0074 pg/mb) against P388 cells.

During a survey of new antitumdr substances from higher plants,! especially those belonging
to the Simaroubaceae,2® we have fdund that the crude extract of Simaba cedron Planchon
(Simaroubaceae) showed cytotoxic activity against P388 leukemia cells. Activity-guided
chromatographic purification using P388 cells led to the isolation of four novel quassinoids,
cedronolactones A-D (1-4) and nine known quassinoids, simalikalactone D (5),° chaparrinon
(6),10.11 chaparrine (7),12 glaucarubolone (8),!0:13 glaucarubol (9),14.15 samaderine Z (10'),16
guanepolide (11),!7 ailanquassin A (12),!3 and polyandrol (13).1° In this paper, the structural

elucidation of 1 -4 and the cytotoxic activity of 1 - 13 are reported.

4

H
i8
R=j\J\ cedronolactone A 1) R=H cedronotactone B( 2) R-H ailanquassin A( 12)

R~0OH cedronofactone C( 3)

/ﬁ\/\ R=OH polysndrol{ 13)
R=
simalikalactone D ( §)

H
£

R=H samaderine Z ( 10 oH
HOWDA
H
R rR?
H
. o
H w©
R' =0, R" =H chaparrinone ( 6)
R =a-OH, 8-H;R’=H chapamin( 7)
R' =0, R’ =0H glaucarubolone ( 8)
cedronolactone D (4) R =a-OH, B-H; R’=OH glaucarubol { 9) guancpolide { 11)
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Results and Discussion

The methanolic extract prepared from the wood of S. cedron was partitioned between CHCl;
and H,O, and then n-BuOH and H,O. The CHCl;-soluble material was subjected to silica gel
column chromatography (CHCl;-MeOH) to give eight fractions. Further purification of the fourth
fraction using medium-pressure liquid chromatography (MPLC) (silica gel) and HPLC {ODS silica
gel) furnished two new quassinoids, cedronolactones A (1) and B (2), and five known ones,
simalikalactone D (5), chaparrinone (6), glaucarubolone (8), guanepolide (11), and ailanquassin
(12). The n-BuOH soluble material was applied to Diaion HP-20 column chromatography
(H,0-MeOH). The fraction eluted with 20-60% MeOH was further chromatographed using MPLC
and then HPLC to give the new quassinoids, cedronolactones C (3) and D (4), and known
compounds, chaparrin (7), glaucarubolone (8), glaucarubol (9), samaderine Z (10), and polyandrol
(13).

Cedronolactone A (1) was obtained as colorless needles, and its molecular formula was
determined to be C,5sH3409 by HREIMS. Its IR, UV and 13C-NMR spectra showed the presence
of an a,B-unsaturated ketone, a 8-lactone, and an ester carbonyl group. The 'H- and I3CNMR
spectra of 1 were very similar to those of simalikalactone D (5)° except for ‘the ester side chain
moiety at the C-15. Analysis of the H-H COSY, HMBC and HMQC spectra revealed that
compound 1 possesses a 3-methylbutanoyloxy group at C-15 position. From these data and NOESY

spectra, the structure of cedronolactone A (1) was established as shown.

Figure 2. NOESY correlations of4.

Figure 1. NOESY correlations of 2.

Cedronolactone B (2) was characterized as colorless needles, whose molecular formula of
Cy9H3407, as determined by HREIMS. The IR, UV and NMR spectral data showed the presence of
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an a,B-unsaturated-y-lactone and a 8-lactone, and were very similar to those of ailanquassin A
(12).18 However, the proton resonances of Me-18, H-6a and H-5 were observed at 0.44, 0.39 and
0.12 ppm more upfield, respectively, than analogous data for compound 12. Furthermore, NOESY
correlations were observed between H-5 and H-6¢, H-5 and H-9, and H-6a and Me-18 as shown in
Figure 1. These observations indicated that cedronolactone B (2) is the 5S epimer of 12. This
structure was confirmed by direct comparison with the authentic compound obtained by selective
epimerization of 12 at the C-5 stereocenter.

Cedronolactone C (3) was characterized as colorless needles, and its molecular formula
was determined by HREIMS as CygH,403. Although the IR, UV, MS, and NMR spectral data of 3
were similar to those of 2, the presence of an additional hydroxyl group was suggested by its
molecular formula and NMR spectra. The position of the hydroxyl group was determined by the
shifts of H-15 (A3 2.12) and C-15 (A3 38.0) NMR resonances compared to those of 2. Consequently,
cedronolactone C (3) was deduced to be the 5S epimer of polyandrol (13).19 The structure of 3 was
confirmed by direct comparison with the authentic compound obtained by selective epimerization
of 13 at C-5. 4

Cedronolactone D (4) was an characterized as amorphous solid, with its molecular formula
determined as C,gHps0g by HREIMS. Although its spectral data were similar to those of
samaderine Z (10),16 the C-7 and C-12 resonances of 4 were observed at 8 83.5 and & 75.9,
respectively, while those of 10 were observed at § 72.8 and & 87.0, respectively, in the 13C-NMR
spectrum. A long-range coupling was observed between H-12 and C-16 in the HMBC spectrum,
which indicated that a lactone linkage exists between C-12 and C-16 in compound 4. Furthermore,
the NOESY correlation between H-9 and H-15a, as shown in Figure 2, suggested that the
configuration of the hydroxyl group at the C-15 was in the B-configuration. From the above
findings, structure 4 was deduced for cedronolactone D.

Compounds 5-13 were identified as simalikalactone D (5), chaparrinone (6), chaparrin (7),
glaucarubolone (8), glaucarubol (9), samaderine Z (10), guanepolide (11), ailanquassin A (12), and
polyandrol (13) respectively, by comparing their phyvsical and spectral data with those reported in
literature.9-19

The ICsy values (ug/mL) of compounds 1-13 against P388 lymphocytic leukemia cells

were 0.0074, 6.5, 49, 38, 0.0055, 0.92, >100, 1.4, >100, 2.4, 70, 39 and 17, respectively.
-73 -



Table 1. Be. 20d 'H-NMR  Chericat Stifts (5) for Codr A(l)-D(4), Si D (5), mnd All in A (12).3°
cedronolactone A (1) cedronalactone B (2) ce) D4 simatikalactone D (5) allanquassin A (12)

posiion  5C  SH b U/H) ¢ SH mul@/Hz) & OH mut(/Hz) & OH muh (/M) OC OH mub (/Hz  OC  OH  mult (J /Hz)

1 8294 4158 $3d 422420 114 4125

219845 1725 17258 19878 19665 17268

312514 6138 120.5d 5885 12064 539t (L4)  1247d 613q(L3) 1824 6128 119.0d 5935

416295 16825 1680's 16485 1611 16995

s 437d 291bd (12) 9IRd 4855 9174 487« 4364 3470 (12) 4204 290bd (12)  922d 4976

6 2831 221dt (4,147) 4711 254d(157) 461t 25140157 3131 2134t (22,134) 265t 22045 (27,146) 4651 2.93d (I6.1)
LT2dt (147,24 231440157, 5.7 2274d(15.7,5.2) 16741 (13.4,22) LT1a (146,27 2324d(161,4.7)

7 843d 487t (24) 8374 472457 834d 4764(52) 728d 427bes $2.44 187t QT 80.5d 466d(4.T)

8 4663 $5.63 5675 5033 4653 5708

9 4304 2724044 504 338s 4634 3495 46d 25444 4134 271445 4“41d 3348

10 483s 4615 4585 ®7s “ss 4658

1 7554 SAlt (44) 1175 11205 729d 55344(22,41) 783d 540t (45  1IL3s

12 80.0d 431d(4.4) 80.2d 397t (3.6) 81.0d £124(.8) 87.0d 467t (22) 7374 431445 83.8d 3951 (4.3)

13 8126 3334 235m 3464 264m %698 79.58 3344 238m

14 $31d 283brd(13) 3894 21lm 47.0¢ 25244(104,61) $8.1d 284d(25) 51.4d 281brd(13) 3868 21944 (125, 63)

15 689d 495d(62) 305 326dd(18213))  68.5d 538d4(10.4) 66.5d 5953 67.1d 49340127 305t 3.284d(18.4, 12.5)

276 dd (18.2, 5.8) 2.82d4(18.4, 6.3)

16 16875 16965 171395 17375 16685 17005

18 21q L1728 165q 2058 1659 201s 25q 1765 22q 1715 161q 2495

19 1l4q 14ls 208q 1.59s 206q 1.58s 119q 1.50s 100q L41s 1849 1513

20 7231 5.014(7.4) 21t 3944@87) 723t 3902 Tt 4974(1.8) 705t 500d(7.4) 7201 3944387
3.724(7.4) 3.834(8.7) 352 3744008 3724(00.4) 3824(3.7)

2 239q 1795 129q 108d(7.2) 159q 1.69d(1.3) 28q 178s 150q 178 127q L114(02)

' 1716 171335

2 4341 241dd(15,48) 39.7d 260m

3 2594 227m 2651 188m

4 24q L00dG6Y) 03q 104t (7.4)

s 2249 1.01d(63) 969 1264 (1.0)

* Measuremenis were perormed in pyridine-d at 400 MHz for 'H and 100 Mi for 3¢, ® 13¢ Multipheiies wore establistied by DEPT pulse sequences.

Experimental Section

General Experimental Procedures.
on a Hitachi 557 spectrophotometer. IR spectra were run on a Perkin-Eilmer 1710 or a JASCO
A-302 spectrophotometer. 1H-, 13C- and 2D (COSY, NOESY, HMBC and HMQC) NMR spectra
were measured by a Bruker AM 400 or a AM 500 spectrometer. 1H-NMR chemical shifts are
referenced in pyridine-ds to residual CsD4HN (7.21 ppm); 13C-NMR chemical shifts are referenced
to the solvent (135.5 ppm). Mass spectra were taken with a VG AutoSpec E or a Finnigan MAT

TSQ-700 spectrometer.
Wakosil-IT 5Cyg HG Prep (20 x 250 mm) column with UV detector. Medium-pressure liquid

Melting points are uncorrected. UV spectra were taken

Preparative HPLC was carried out on a Shimadzu HPLC system using a

chromatography (MPLC) was carried out using a Kusano C.1.G. system (Kusano, Tokyo, Japan).
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Plant Material. The wood of Simaba cedron Planchon (Simaroubaceae) was purchased at
Sio Paulo, Brazil in 1991. The botanical identification was made by Dr. S. De M. Alves. A voucher
specimen has been deposited in the herbarium of Tokyo University of Pharmacy & Life Science.

Extraction and Isolation. The wood of S. cedron (2.0 kg) was extracted with MeOH (3 x
4 L). The MeOH extract [120 g, IC5o value (ug/mL) against P388 cells: 0.7] was partitioned
between CHCl; and H,0, and then between #-BuOH and H,0. The CHCl3-soluble fraction (30 g,
ICsq 0.22 pg/mL) was subjected to column chromatography over silica gel using a CHCl3-MeOH
(1:0-0:1) gradient system to give eight fractions. The fourth fraction (IC5q <0.1 pg/mL) was further
applied to MPLC (silica gel) using n-hexane-EtOAc-MeOH (5:3:1) as solvent system and then to
HPLC (ODS silica gel, with mixture of MeOH-H,0 and MeCN-H,O as solvent systems) to give
cedronolactone A (1, 79 mg) and simalikalactone D (5, 93 mg). The fifth fraction (ICsy 0.17
pg/mL) was subjected to MPLC (silica gel) using n-hexane-EtOAc-MeOH (5:4:1) and then to
HPLC (ODS silica gel) using either a MeOH-H,0 or a MeCN-H,O (20:1-1:1) gradient system to
give cedronolactone B (2, 25 mg), chaparrinone (6, 134 .mg), glaucarubolone (8, 186 mg), and
ailanquassin A (12, 40 mg). Repeated MPLC (ODS silica gel) of the sixth fraction usiﬂg a
MeOH-H,0 gradient system (ICso 4.0 ug/mL) furnished guanepolide (11, 7.5 mg).

The n-BuOH soluble fraction (41 g, ICsy 6 pg/mL) was applied to HP-20 column
chromatography using a HyO-MeOH (1:0-0:1) gradient system to give seven fractions (A-QG).
Fraction C (ICso 21 pg/mL) was purified by MPLC (silica gel) using CHCI3-MeOH (9:1) and then
HPLC (ODS silica gel), using H,O-MeOH (17:3), to give cedronolactone C (3, 257 mg),
polyandrol (13, 261 mg), and samaderine Z (10, 375 mg). Fraction D (ICsp 16 pg/mL) was

crystallized from MeOH to give a crude crystal, which was then subjected to HPLC (ODS silica
gel) to afford chaparrin (7, 78 mg), glaucarubolone (8, 1.043 g), and glaucarubol (9, 1.139 g).

Cedronolactone D (4, 10 mg) was obtained from the mother liquid by using HPLC (ODS silica gel).
Cedronolactone A (1):  Colorless needles, mp 185-188 °C; [a]25D —40° (¢ 0.11, pyridine);

UV (EtOH) A,y (log €) 240 (4.02) nm; IR (KBr) v,y 3436, 1752, 1666, 1377, 1346, 1262, 1158,
1118 cm~1; 1H- and 13C-NMR data, see Table 1; EIMS m/z 478 [M]* (13), 3460 (7), 376 (6), 358

(19), 340 (17), 301 (15), 255 (18), 236 (22), 195 (36), 152 (22), 135 (24), 111 (29), 84 (51), 55
(100); HREIMS 'z 4782219 (caled. for CosHz40, 478.2203).
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Cedronolactone B (2):  Colorless needles, mp 194-196 °C. [a]25D —38° (¢ 0.19, pyridine);
UV (MeOH) Apqy (log €) 213 (3.98) nm; IR (KBr) v,y 3392, 1742, 1709, 1637, 1322, 1256, 1194,
1119 cm1; 1H- and 13C-NMR data, see Table 1; EIMS m/z 364 [M]* (49), 346 (11), 333 (8), 318
(20), 305 (65), 292 (13), 267 (29), 231 (17), 207 (23), 191 (25), 173 (27), 145 (33), 125 (41), 97
(82), 68 (100), 53 (91); HREIMS m/z 364.1513 (calcd. for C1gH,407, 364.1522).

Cedronolactone C (3);  Colorless needles, mp 99-105 °C. [a]25D +75° (c 0.44, pyridine);
UV (MeOH) A, (log €) 213 (4.04) nm; IR (KBr) vy, 3510, 1736, 1631, 1316, 1231, 1191, 1104
cm~1; 1H- and 13C-NMR data, see Table 1; EIMS m’z 380 [M]* (6), 362 (22), 321 (37), 305
(12), 265 (18), 217 (41), 189 (33), 145 (41), 137 (100), 98 (46), 97 (83), 77 (44); HREIMS m/z
380.1468 (calcd. for CygH,40g, 380.1471).

Cedronolactone D (4):  Amorphous solid. [a]25p —55° (¢ 0.10, pyridine); UV (MeOH)
Amax (log €) 241 (3.86) nm; IR (KBr) vy, 3539, 3400, 1724, 1697, 1677, 1262, 1113 cm™!; 1H-
and 13C-NMR data, see Table 1; EIMS m/z 394 [M]* (53), 376 (57), 343 (15), 279 (16), 271
(24), 253 (43), 225 (57), 207 (100), 169 (69), 149 (63), 105 (52), 91 (83), 69 (61); HREIMS m/z
394.1621 (caled. for CooHps0g, 394.1628). '

Selective Epimerization of 12. A solution of 12 (22.2 mg) in pyridine (0.5 mL) was stirred
at 150 °C for 24 h under an Ar atmosphere. The solution was evaporated in vacuo. The residue was
separated by HPLC (ODS silica gel) using H;O-MeOH (25:3) to give 2 (6.7 mg) and recovered 12
(11.1 mg).

Selective Epimerization of 13. A solution of 13 (20.5 mg) in pyridine (0.5 mL) was
stirred at 150 °C for 24 h under an Ar atmosphere. The solution was evaporated in vacuo. The
residue was separated by HPLC (ODS silica gel) using HyO-MeOH (25:2) to give 3 (4.5 mg) and
recovered 13 (12.0 mg).

Cytotoxic  Activity = against  P388  Cells.20.2! An  MIT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) colorimetric assay was performed
in 96-well plates. The assay is based on the reduction of MTT by the mitochondrial dehydrogenase
of viable cells to give a blue formazan product which can be measured spectrophotometrically.
Murine P388 leukemia cells (3 x 104 cell/mL) were inoculated in each well with 100 ul/mL of
RPMI-1640 medium (Nissui Pharmaceutical Company, Ltd., Tokyo, Japan) supplemented with 5%

fetal calf serum (Mitsubishi Chemical Industry Co., Ltd., Tokyo, Japan) and kanamycin (100
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pg/mL) at 37 °C in a humidified atmosphere of 5% CO,. Various drug concentrations (10 mL) were

added to the cultures at day 1 after transplantation. At day 3, 20 uL of MTT solution (5 mg/mL) per

well was added to éach cultured medium. After a further 4 h of incubation, 100 pL of 10% sodium

dodecylsulfate-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

microplate reader (Tosoh MPR-A4i) at two wavelengths (550 and 700 nm). In all these experiments,

three replicate wells were used to determine each data point.
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Eurycolactones A—C, novel quassinoids from Eurycoma
longifolia

Abstract. Three novel quassinoids, eurycolactones A-C (1-3), were isolated from the roots of
Lurycoma longifolia Jack. Their structures were elucidated by interpretation of the spectroscopic

data.

The Simaroubaceae family is a large family comprising 30 genera and 200 species, of
which 8 genera and 10 species are found in Malaysia.l Kurycoma longifolia Jack is a Malaysian
plant of this family known for its diverse biological activities, such as antimalarial,2 antiulcer,3
antipyretict and cytotoxicS activities. In our present study, from this plant, we isolated three novel
Cy9 and C,g quassinoids, eurycolactones A~C (1-3),% having unique structural features along with
several known quassinoids including 5,6-dehydroeurvcomalactone (4)7 and laurycolactone B (5)%
and elucidated the structures of these novel quassinoids.

The methanol extract obtained from the dried roots of E. longifolia (50 kg) was partitioned
between chloroform and water. The chloroform-soluble portion was subjected to silica gel and
Diaion HP-20 column chromatography, and finally to reversed-phase HPLC to afford

eurycolactones A—C (1-3).
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2: Eurycolactone B (X = Cl)
5: Laurycolactone B (X = H)

3: Eurycolactone C 4: 5,6-Dehydroeurycomalactone

Fig. 1.

O g
e

HMBC:H—>C

Fig. 2. Selected HMBC correlations Fig. 3. Key NOESY correlations for 1
for the A ring moiety of 1

Eurycolactone A (1)° (13.3 mg, 2.7 x 10-3% yield), [a]p26 +141° (c 0.13, MeOH), was
obtained as colorless plates, mp 228-233 °C (decomp.). The molecular formula was established as
CyoH,407 by HREIMS (m= 376.1522, M*, A +0 mmu). Comparison of the 'H and 13C NMR
spectra of 1 (Tables 1 and 2) with those of 5!° indicated that 1 had the same B and C rings as 5 and
that, accordingly, the structural differences between the two quassinoids resided only in the A ring.
The NMR spectra showed the presence of an extra hydroxyl group (8 7.78) and a methoxycarbonyl
group (8y 3.79; 8¢ 52.68 and 174.51) in 1 and the HMBC correlations observed between 1-OH and
C-1, C-2 and C-10 (Fig. 2) implied that the two groups were both attached to C-1. The
stereochemistry of C-1 was confirmed by the analysis of its NOESY spectfum. Correlations were

observed between 1-OH and 10-Me, and between 2-OMe and 9-H, which indicated that the
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hydroxyl group and the methoxycarbonyl group were in the B- and a-orientations, respectively (Fig.
3). Thus, eurycolactone A (1) was shown to be a quassinoid of a novel carbon framework as shown
in Figure 1.

Eurycolactone B (2)° (13.3 mg, 2.7 x 10-5% yield), [a]p26 +82° (¢ 0.13, MeOH), was
obtained as pale yellow prisms, mp 259 °C. Its molecular formula was determined as CygH;9ClOs
by HREIMS (m/z 350.0902, M*, A +1.9 mmu). The presence of a chlorine atom was also
demonstrated by an isotope peak, [M+2]*, at m/z 352 of one third of the intensity of the molecular
ion peak (M™*). Its 1H and 13C NMR spectra were quite similar to those of 510 except that 2 had no
3-H resonance, and that the C-3 resonance of 2 was observed as a quaternary carbon at 8 136.43,
which was 3.07 ppm downfield from the corresponding resonance of §, as expected for a
chlorine-bearing carbon resonance. On the basis of these observations and the molecular formula
demonstrated by HREIMS, we determined that eurycolactone B (2) has a structure in which 3-H of
5 is substituted by a chlorine atom, as shown in Figure 1. Compound 2 is the first halogenated

quassinoid separated from plant sources.

Eurycolactone B (2) l

Eurycolactone A (1)

Eurycolactone C (3)

Scheme 1. A possible biogenetic pathway for eurycolactones A™ ( 1-3) and laurycolactone B ( §) from
5,6-dehydroeurycomalactone ( 4)

Eurycolactone C (3)° (5.9 mg, 1.2 x 105% yield), [a]p?® —119° (¢ 0.06, MeOH), was

obtained as colorless plates, mp 259-263 °C (decomp.). Its molecular formula was determined to be

Cy3H,006 by HREIMS (m-z 332.1251, M*, A +0.9 mmu), which showed that 3 had the molecular

formula of 5 with one more oxygen atom. The 'H NMR spectra of 3 and § were very similar, and in

the 13C NMR spectrum the upfield shift (A5 43.49) of the C-1 resonance relative to that of 5! and
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the resonance of C-10 at 8 81.38 suggested that a lactone linkage existed between C-1 and C-10 of
3. From these data and NOESY spectra, eurycolactone C (3) was shown to be a quassinoid of an

unusual structure having lactone A ring as shown in Figure 1.

Table 1 'HNMR chemical shifts assignments for eurycolactones A-C (1-3) in CsDsN@

position 1 2 3
3 6.18(d,1.4) — 6.17 (brs)
6 6.04 (s) 6.13 (s) 6.19 (s)
9 2.79(d,29) 2.63(d,3.3) 2.88(d,3.2)
1 5.05 (m) 5.47 (m) 5.13 (m)
12 441(dd,5.0,1.1) 4.48 (dd, 4.9, 1.0) 4.50 (brd, 4.2)
13 3.34(q,7.0) 3.32(q,7.0) 3.27(q, 7.0)
14 343(d, 1.1) 334(d, 1.0) 3.30(d4,0.9)
4-Me 1.85(d, 1.4) 2.04 (s) 1.94(d, 1.3)
8-Me 1.83 (s) 1.77 (s) 1.60 (s)
10-Me 2.12(s) 1.85(s) 2.08 (s)
13-Me 1.02(d, 7.0) 1.06 (d,7.0) 1.07 (d,7.0)
1-OH 7.78 (s) —
11-OH 7.62(d, 5.6) 7.95(d,5.9) 7.94 (d,59)
2-OMe 3.79 (s) — —

9 The spectra were obtained at 500 MHz. Chemical shifts are reported in ppm relative to CsD4AN resonance at 7.21
ppm. J-Values are given in parentheses in Hz.

Table 2 13C NMR chemical shifts assignments for eurycolactones A~C (1-3) in CsDsN¢

position 1 2 3
1 90.29 197.50 161.70
2 174.51 — —
3 142.01 136.43 122.06
4 142,32 158.17 148.34
5 173.52 162.86 153.63
6 114.02 116.44 123.72
7 198.48 197.80 197.42
8 4738 48.47 47.69
9 4193 40.51 46.41
10 56.66 4893 81.38
11 68.27 67.10 65.40
i2 84.50 84.72 84.20
13 32.73 32,49 3224
14 54.16 53.67 52.79
15 177.49 176.97 176.64
4-Me 12.31 11.64 17.96
8-Me 23.25 23.13 20.91
10-Me 21.26 21.36 2427
13-Me 17.04 16.87 16.68
2-OMe 52.68 — —

2 The spectra were obtained at 125 MHz. Chemical shifts are reported in ppm relative to the solvent resonance at 135.5
ppm.
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In the present study, compounds 1-5 whose structures were very similar to each other were

isolated from the same plant source suggesting some biosynthetic relations among them. Of

particular interest is the isolation of eurycolactone A (1) which has apparently an intermediate key

structure between Cyg quassinoids and C;g quassinoids. Therefore, a possible biogenetic pathway

for laurycolactone B (5) and eurycolactones A-C (1-3) from 5,6-dehydroeurycomalactone (4) is

proposed in Scheme 1. Compound 4 is oxidized to triketone X, which is then converted into

intermediate Y via a benzilic acid-type rearrangement, which via oxidative decarboxylation

produces laurycolactone B (5). Methylation of Y produces eurycolactone A (1), chlorination of 5

affords eurycolactone B (2), and oxidation of S involving a Baeyer-Villiger-type reaction produces

eurycolactone C (3).
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