New Lignans from Jatropha curcas Linn.
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Four new lignans, curcasinlignan A (1), curcasinlignan B (2), curcasinlignan C (3),
and curcasinlignan D (4), together with eight known compounds, (&+)-rel-2o,3)-7-O-
methylcedrusin  (5), (&£)-7Rx*,85*-5-methoxydihydrodehydroconiferyl alcohol (6), dehydrodi-
isoeugenol (7), (threo)-1-(4-hydroxy-3-methoxyphenyl)-2-(4-formyl-2-methoxy-phenoxy)-prop-
ane-1,3-diol (8), (&)-machilin D (9), (+)-pinoresinol (10), 5'-methoxypropacin (11), and
hemidesmin-2 (12), were isolated from the aerial parts of Jatropha curcas. Their structures were
established on the basis of extensive spectroscopic analysis.
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Introduction

The plant of Jatropha curcas Linn., growing natu-

Table 1. 3C NMR data of compounds 1-4 (100 MHz, in
CDCls; multiplicities in parentheses).

C 1 2 3 4
rally in tropical and subtropical areas in many coun- 7 1322(s)  131.9(s)  131.4(s)  132.1(s)
tries, including southern regions of China, belongs 2 119.4 (d) 1195 120.0(d)  109.1 (d)
to the family of Euphorbiaceae, which is widely i }‘I‘ZZ 8)) }‘1*22 EZI)) }‘1*2; Efi)) }izi Egi
used.a's a tradm.onal medlclne to treat malarial fever, 5 145.9 (s) 146.0 (s) 146.1 (s) 114.4 (d)
arthritis, gout, jaundice, wounds, ulcers etc. [1-4]. ¢ 1087 (d)  1087(d)  1088(d)  119.6 (d)
Previous chemical investigations on the constituents 7 89.0 (d) 89.5 (s) 95.0 (s) 83.0 (d)
of this plant have revealed the presence of diter- 8 53.0(d) 52.7(d) 44.8 (d) 50.1 (d)
. . 9 63.9 (t) 63.8 (1) 17.7 (q) 64.3 (1)
penes, phorbol esters, cyglopeptldes, and courmarino v 1281 (s)  131.4(s)  131.0(s)  129.5(s)
lignans [3-13]. In continuation of our search for 121 1120 1116  119.1(d)
metablites from aerial parts of this plant, four new 3 144.8 (s) 145.3 (s) 144.9 (s) 146.6 (s)
lignans, curcasinlignan A (1), curcasinlignan B (2), 4; I51.5(s)  153.7(s)  1532(s)  114.2(d)
curcasinlignan C (3), and curcasinlignan D (4), 5, 1290(s)  1286(s)  133.6(s)  145.0(s)
h ith eight known compounds, (d&)-rel- 6 118.1 (d) 120.9 (d) 120.1 (d) 108.6 (d)
together wi g \ p ’ 7 153.1(d)  190.6(d)  190.7(d)  81.0(d)
(2a,3B)-7-O-methylcedrusin (5) [14,15], (£)-7TR*, g 126.4 (d) 45.4 (d)
8Sx*-5-methoxydihydrodehydroconiferyl alcohol (6) ¢ 193.7 (d) 64.6 (1)
[16], dehydrodiisoeugenol (7) [17, 18], (threo)-1-(4- 2/‘%%11; 22(1) Eq; 22’(1) qu ;2’(1) qu .
hydroxy-3-methoxyphepyl)-2-(4-f0rmyl-2-meth0?(y- ;L-OCH; - - - 559 (3)
phenoxy)-propane-1,3-diol (8) [19], (&)-machilin 9.0cocH; 170.9 (s)
D (9) [20], (+)-pinoresinol (10) [21], 5'-methoxyprop- ~ 9'-OCOCH3 170.7 (s)
acin (11) [22,23], and hemidesmin-2 (12) [24], were 9-OCOCH; 20.9 (@)
9'-0COCH; 20.7 (9)

obtained (Fig. 1). The isolation and structure elucida-
tion of the new compounds are reported in this paper.

Results and Discussion

Compound 1 has the molecular formula C,9H»¢Og¢
as inferred from HR-ESI-MS data at m/z = 357.1335
[M+H]" (caled. 357.1338). The *C NMR spectrum

(Table 1) revealed the signals of a conjugated aldehyde
carbon atom [8c = 193.7 (d, C-9')], fourteen olefinic
carbons including seven quaternary ones, a hydroxy-
methyl group [6c = 63.9 (t, C-9)], two oxygenated
methyls [8c = 56.0 (q, 3-OCH3), 56.1 (g, 3’-OCH3)],
two methines [0¢c = 89.0 (d, C-7), 53.0 (d, C-8)] indica-
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H 1 2 3 4

2 6.89 (s) 6.91 (s) 6.90 (s) 7.00 (d, 1.7)

4 6.89 (s) 6.91 (s) 7.34 (s)

5 6.93(d, 8.1)

6 6.89 (s) 6.91 (s) 6.93 (s) 6.97 (dd, 1.7, 8.1)
7 5.64(d,7.1) 570(d,7.2) 5.24(d,9.2) 4.62(d,8.3)

8 3.68 (m) 3.73 (m) 3.55 (m) 2.39 (m)

9 3.97 (m) 4.03 (m) 1.44 (d,6.9) 4.26 (m)

2 7.04 (s) 7.41 (s) 7.37 (s) 6.89 (s)

4 6.91 (s)

6 7.14 (s) 7.44 (s) 6.90 (s) 6.90 (s)

7 7.42 (d, 15.8) 9.85(s) 9.84 (s) 5.10(d, 7.2)

8 6.60 (dd, 7.8, 15.8) 2.69 (m)

9 9.64 (d, 7.8) 3.84 (m), 3.77 (m)
3-OCH3 3.87 (s) 3.89 (s) 3.88(s)

3'-OCH3; 3.93 (s) 3.96 (s) 3.94 (s) 3.94 (s)

4-OCH3 3.89 (s)
9-OCOCH3 2.02 (s)
9’-OCOCHj3 1.89 (s)

tive of a dihydrobenzofuran lignan [25]. The '"H NMR
data (Table 2) showed two sets of isolated aromatic

12

Table 2. '"H NMR data of compounds 1-4
(400 MHz, in CDCl3; multiplicities and J val-
ues in Hz in parentheses).

Fig. 1. Structures of compounds
1-12.

protons [0y = 6.89 (1H, s, H-2), 6.89 (1H, s, H-4), 6.89
(1H, s, H-6)] and [6y = 7.04 (1H, s, H-2), 7.14 (1H,
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Fig. 2. Key 'H-'H COSY (mmm) and HMBC (H — C) corre-
lations of compounds 1-4.

s, H-6)] arising from 1,3,5-trisubstituted and 1,3,4,5-
tetrasubstituted aromatic ring systems, respectively, an
aldehyde proton at oy = 9.64 (1H, d, J = 7.8 Hz,
H-9'), a pair of olefinic protons [6yg = 7.42 (1H, d, J =
15.8 Hz, H-7"), 6.60 (1H, dd, J = 7.8, 15.8 Hz, H-8')]
suggesting the presence of an (E)-double bond. In the
COSY spectrum, two spin systems corresponding to
CH(7)/CH(8)/CH3(9) and CH(7')/CH(8")/CH(9’) were
observed (Fig. 2). The methoxy groups were posi-
tioned at the aromatic rings as shown via HMBC corre-
lations between the methoxyl protons at ég = 3.87 (3H,
s, 3-OCH3) and 3.93 (3H, s, 3’-OCHj3) with aromatic
carbons at 8c = 146.7 (s, C-3) and 144.8 (s, C-3'), re-
spectively (Fig. 2). A coupling constant of 7.1 Hz be-
tween H-7 with H-8, along with the observed NOE
correlation between H-9 with H-7, suggested a trans
configuration of H-7 and H-8 (Fig. 3). Therefore, the
structure of 1 was determined as shown in Fig. 1.

Compound 2 was obtained as a pale-yellow oil, and
the NMR data were similar to those of 1. The most
prominent differences in 'H and '3C NMR spectra
were the absence of the double bond signals in 2. The
NOE correlations between H-7' with H-2 and H-6'
(Fig. 3) suggested that C-1" was linked to an aldehyde
group.

A detailed comparison of the NMR spectroscopic
data of 3 to those of 2 indicated that they were analogs.
The main difference between them was that the hy-
droxymethyl was replaced by a methyl group in 3,
which led to upfield shifts of H-9 [y = 1.44 (3H, d,
J =6.9 Hz)], H-8 [0y = 3.55 (1H, m)] and H-7 [6y =

Fig. 3. Key NOESY correlations for compounds 1—4.

5.24 (1H, d, J = 9.2 Hz)] in 3. Thus, compound 2
and 3 were also dihydrobenzofuran lignans with the
same trans configuration between C-7 and C-8, as con-
firmed by HSQC, 'H-'H COSY, HMBC, ROESY ex-
periments (Figs. 2 and 3) and the coupling constant of
H-7/H-8.

Compound 4 has the molecular formula Cy4H309
(HR-ESI-MS). The 'H and '3C NMR data of 4 re-
vealed a tetrahydrofuran lignan derivative [26]. The
'H NMR data showed two sets of aromatic proton
signals [6g = 7.00 (1H, d, J = 1.7 Hz, H-2), 6.93
(1H, d, J = 8.1 Hz, H-5), 6.97 (1H, dd, J = 1.7,
8.1 Hz, H-6)] and [y = 6.89 (1H, s, H-2'), 6.91
(1H, s, H-4"), 6.90 (1H, s, H-6')], attributing to 1,3,4-
trisubstituted and 1,3,5-trisubstituted aromatic rings.
From the 'H-'H COSY spectrum, the protons res-
onating at oy = 4.62 (1H, d, J = 8.3 Hz, H-7),
2.39 (1H, m, H-8), 4.26 (2H, m, H-9), 5.10 (1H, d,
J =7.2 Hz, H-7"), 2.69 (1H, m, H-8'), 3.84 (1H, m,
H-9'a), and 3.77 (1H, m, H-9’b) were assigned to moi-
eties CH(7)/CH(8)/CH,(9), CH(7’)/CH(8')/CH,(9)
and CH(8)/CH(8). The location of two acetoxy groups
on C-9 and C-9' was confirmed by HMBC correla-
tions between H-9 and H-9' with the carbonyl car-
bons at 8¢ = 170.9 and 170.7, respectively. In addi-
tion, the methoxy groups were positioned on C-4 and
C-3’ based on NOE correlations between H-5 with the
methoxy proton at 6y = 3.89 (3H, s, 4-OCH3) and
H-4' with the methoxy proton at éy = 3.94 (3H, s, 3'-
OCHj3). Moreover, the NOE cross peaks between H-7
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with H-7" and H-9, H-9' with H-8 suggested a rela-
tive 7,8-trans-8,8'-trans-7',8'-cis configuration. Thus,
compound 4 was established as shown in Fig. 1.

Experimental Section

General

Column chromatography (CC) was performed on sil-
ica gel (SiO, 100-200 or 200-300 mesh, Qingdao Ma-
rine Chemical Ltd. Co., China), Lichroprep RP-18 gel (40—
63 uMm, Merck, Germany) and MCI gel CHP20P (75-150
um, Mitsubishi Chemical Co. Japan). TLC was performed
on silica gel GF254 (Qingdao Marine Chemical Ltd. Co.,
China). Semiprep. reverse-phase (RP) HPLC was performed
on an Agilent 1100 liquid chromatograph with a Zorbax SB-
Cjg column. NMR spectra were taken on a Bruker AM-400
instrument with TMS as internal standard. IR Spectra were
recorded on a Bio-Rad FTS-135 spectrometer from KBr pel-
lets. UV spectra were measured on a Shimadzu 210A double-
beam spectrophotometer. Optical rotations were recorded on
a Jasco DIP-370 digital polarimeter. ESI and HR-ESI-MS
were carried out on an API Qstar Pulsar instrument.

Plant material

The aerial parts of Jatropha curcas were collected from
Luquan county of Kunming, Yunnan province, People’s Re-
public of China, in November 2008, and identified by Prof.
Chun-Lin Long of Kunming Institute of Botany, Chinese
Academy of Sciences, where a voucher specimen (number
593204) was deposited.

Extraction and isolation

The dried and powdered plant material (35 kg) was ex-
tracted with methanol under reflux for 8 h (3 x 30 L). The re-
sulting residue was partitioned between AcOEt and H,O, and
then between BuOH and H;O. The AcOEt extract (220 g)
was subjected to CC (silica gel, CHCl3-Me,CO 9:1-1:1,
and MCI, MeOH-H;0 85:15) to yield 7 fractions (Fr. 1—
7). Fr. 1 (25 g) was subjected to CC (RP-18, MeOH-H,0O
2:8—1:0) to afford 5 subfractions (Fr. 1.1-1.5). Fr. 1.4 was
further purified by CC (silica gel, petroleum ether-acetone
4:1) to yield 7 (3 mg). Fr. 3 (15 g) was subjected to CC
(RP-18, MeOH-H,0 15:85-1:0) to afford 4 subfractions
(Fr. 3.1-3.4). Fr. 3.1 was further purified by CC (silica
gel, petroleum ether-acetone 4 : 1) and HPLC (CH3CN-H;0
38:62) to yield 3 (50 mg). Fr. 4 (23 g) was subjected to
CC (RP-18, MeOH-H,0 2:8-1:0) to afford 6 subfractions
(Fr. 4.1-4.6). Fr. 4.1 was further purified by CC (silica gel,
petroleum ether-AcOEt 1: 1) and HPLC (MeOH-H,O0 4:6)
to yield 10 (7 mg). Fr. 5 (9 g) was subjected to CC (RP-18,
MeOH-H,0 2:8-1:0) to afford 5 subfractions (Fr. 5.1—

5.5). Fr. 5.1 was further purified by CC (silica gel, petroleum
ether-Me,CO 2: 1) and HPLC (CH3CN-H,0 2: 8) to yield 1
(3 mg). Fr. 5.3 was subjected to CC (silica gel, CH3Cl-AcOEt
2:1) and then purified by HPLC (MeOH-H,O 35:65 and
CH3CN-H,0 2: 8) to yield 2 (3 mg), 9 (7 mg), and 12 (4 mg).
Fr. 6 (30 g) was subjected to CC (RP-18, MeOH-H,0 2: 8-
1:0) to afford 6 subfractions (Fr. 6.1 -6.6). Fr. 6.1 was pu-
rified by CC (silica gel, petroleum ether-Me,CO 1:1) and
HPLC (CH3CN-H,0 25:75) to yield 11 (4 mg), 6 (4 mg).
Fr. 6.2 was subjected to CC (silica gel, CH3CI-AcOEt 1:1)
and further purified by HPLC (MeOH-H,0 3:7) to yield 4
(3 mg), 5 (3 mg), and 8 (5 mg).

Curcasinlignan A (I). Colorless oil. — [a]Z° = —4.30
(c = 0.38, MeOH). — UV (MeOH): A(g) = 340.2 (4.21),
289.4 (3.89), 226.6 (4.26), 203.6 (4.59), 193.2 nm (4.28). —
IR (KBr): v = 3423, 1661, 1596, 1135 cm~!. — 'H and
13C NMR spectral data: see Tables 1 and 2. — HRMS
((+)-ESI):m/z = 357.1335 (caled. 357.1338 for CyoHp Og,
[M+H]™).

Curcasinlignan B (2). Pale-yellow oil. — [a]3+® = —13.13
(¢ = 0.16, MeOH). — UV (MeOH): A(g) = 303.4 (3.83),
288.4 (3.85), 231.4 (4.04), 203.8 (4.36), 193.8 nm (4.08). —
IR (KBr): v = 3430, 1675, 1615, 1138 cm~!. — 'H and
13C NMR spectral data: see Tables 1 and 2. — HRMS ((+)-
ESI):m/z = 353.0986 (calcd. 353.1001 for C;gH;gO¢Na,
[M+Na] ™).

Curcasinlignan C (3). Pale-yellow oil. — [of] 13- = —4.69
(¢ = 0.20, CHCl3). — UV (MeOH): A(g) = 300.6 (3.90),
289.4 (3.93), 234.2 (4.13), 207.0 (4.33), 196.6 nm (4.12). —
IR (KBr): v = 3423, 2932, 1678, 1592, 1325, 1137 cm™!. -
'H and 13C NMR spectral data see Tables 1 and 2. — HRMS
((+)-ESD):m/z = 315.1234 (caled. 315.1232 for C gH;9Os,
[M+H] ™).

Curcasinlignan D (4). Yellow gum. — [a]18 = —4.47
(¢ = 0.20, CHCl3). — UV (MeOH): A(g) = 281.0 (3.87),
231.0 (4.19), 204.0 nm (4.76). — IR (KBr): v = 3431, 1737,
1611, 1517, 1270, 1240 cm~!. — 'H and 13C NMR spectral
data: see Tables 1 and 2. — HRMS ((+)-ESI):m/z = 483.1638
(caled. 483.1631 for Co4HygO9Na, [M+Na] ™).

Acknowledgements

This work was supported by the National Natural Sci-
ence Foundation of China (30725048, 91013002, 31000159,
U1032602), the National Basic Research Program of China
(2009CB522300), the Fund of the Chinese Academy of Sci-
ences (KSCX2-YW-R-177), the National New Drug Innova-
tion Major Project of China (2011ZX09307-002-002), and
the Fund of the Yunnan Provincial Department of Educa-
tion (2010Y337). The authors are grateful to the staff of the
analytical group at the State Key Laboratory of Phytochem-
istry and Plant Resources in West China, Kunming Institute
of Botany, Chinese Academy of Sciences, for the spectral
data.



180

J.J. Xu — N. H. Tan - New Lignans from Jatropha curcas Linn.

(1]

(2]

(3]

(4]

(3]

(6]

(7]
(8]

(9]

(10]

[11]

[12]

Delectis Florae Reipularis Agendae Academiae Sini-
cae Edita, Flora Reipublicae Popularis Sinicae, Sci-
ence Press, Beijing, 1998, 44, 148.

Insitute Botanicum Kunmingense Academiae Sinicae
Edita, Flora Yunnancia, Science Press, Beijing, 2006,
10, 228.

C. Auvin, C. Baraguey, A. Blond, F. Lezenven, J. L.
Pousset, B. Bodo, Tetrahedron Lett. 1997, 38, 2845 —
2848.

A.J.J. van den Berg, S.F. A.J. Horsten, J.J. Kettenes-
van den Bosch, B.H. Kroes, C.J. Beukelman, B.R.
Leeflang, R. P. Labadie, FEBS Lett. 1995, 358, 215—
218.

M.J. Chen, L.L. Hou, G.W. Zhang, Zhiwu Xuebao
1988, 30, 308 —311.

J. Li, F. Yan, W. X. He, M. Xiao, Y. Y. Chen, F. Chen,
Chinese Journal of Pesticide Science 2005, 7, 29 —34.
L.Y. Kong, Z.D. Min, J. X. Shi, Zhiwu Xuebao 1996,
38, 161 —166.

W. Naengchomnong, Y. Thebtaranonth, P. Wiriyachi-
tra, K. T. Okamoto, J. Clardy, Tetrahedron Lett. 1986,
27,5675 -5678.

W. Naengchomnong, Y. Thebtaranonth, P. Wiriyachi-
tra, K. T. Okamoto, J. Clardy, Tetrahedron Lett. 1986,
27,2439 -2442.

N. Ravindranath, M. R. Reddy, C. Ramesh, R. Ramu,
A. Prabhakar, B. Jagadeesh, B. Das, Chem. Pharm.
Bull. 2004, 52, 608 -611.

N. Ravindranath, C. Ramesh, B. Das, Biochem. Syst.
Ecol. 2003, 31,431 -432.

W. Haas, H. Sterk, M. Mittelbach, J. Nat. Prod. 2002,
65, 1434 — 1440.

[13]
[14]
[15]
[16]
(171
[18]

[19]

[20]
[21]
[22]
[23]

[24]

[25]

[26]

J.J. Xu, J.T. Fan, G.Z. Zeng, N.H. Tan, Helv. Chim.
Acta 2011, 94, 842 —846.

J.S. Jiang, Z. M. Feng, Y. H. Wang, P. C. Zhang, Chem.
Pharm. Bull. 2005, 53, 110-113.

V. Seidel, F. Bailleul, P. G. Waterman, J. Nat. Prod.
2000, 63, 6-11.

Y. W. Chin, H.B. Chai, W.J. Keller, A.D. Kinghorn,
J. Agric. Food Chem. 2008, 56, 7759 —7764.

X.F. Li, L.J. Wu, T.Z. Jia, Z.M. Yuan, H.Y. Gao,
Shenyang Yaokedaxue Xuebao 2006, 23, 698 —701.
R.G. Enriquez, M. A. Chavez, W.F. Reynolds, J. Nat.
Prod. 1984, 47, 896 —899.

X.C. Chen, X.F. Ren, K. Peng, T.X. Wu, X.F. Pan,
Gaodeng Xuexiao Huaxue Xuebao 2003, 24, 1811 —
1814.

H. Shimomura, Y. Sashida, M. Oohara, Phytochemistry
1987, 26, 1513 -1515.

Q. Zhang, L.R. Sun, Zhongcaoyao 2006, 37, 672 —
673.

R. Patnam, S. S. Kadali, K. H. Koumaglo, R. Roy, Phy-
tochemistry 2005, 66, 683 —686.

B.S. Yun, I. K. Lee, I.J. Ryoo, 1. D. Yoo, J. Nat. Prod.
2001, 64, 1238 — 1240.

P.C. Das, P.C. Joshi, S. Mandal, A. Das, A. Chatterjee,
A. Banerji, Indian J. Chem., Sect. B: Org. Chem. Incl.
Med. Chem. 1992, 31B, 342 —-345.

X.H. Zhao, D. H. Chen, J. Y. Si, R.L. Pan, L. G. Shen,
Acta Pharmaceutica Sinica 2002, 37, 535-538.

S. Xu, N. Li, M. M. Ning, C.H. Zhou, Q.R. Yang,
M. W. Wang, J. Nat. Prod. 2006, 69, 247 —250.



