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Diterpenes from seeds of Jatropha curcas
LIN Yan', WANG Aiqin®, LU Huawei’, ZHANG Hongjian""

( 1. Department of Pharmacy, Tongde Hospital of Zhejiang Province, Hangzhou 310012, China; 2. Department of Pharmacy, Hangzhou Hospital
of Traditional Chinese Medical, Hangzhou 310007, China; 3. College of Pharmaceutical Science, Zhejiang University of Technology , Hangzhou
310014, China; 4. Center for Medicinal Resources Research, Zhejiang Academy of Traditional Chinese Medicine, Hangzhou 310007, China )

Abstract ; In order to learn more about the chemical composition of Jatropha curcas seeds, the diterpenes from J. curcas
seeds and their protein kinase C (PKC) inhibition activities was necessary to study. The compounds were isolated by
silica gel, ODS and preparation HPLC. Six diterpenes were isolated from ethanol extraction of J. curcas seeds. The
structures were identified as 3B-acetoxy-12-methoxy-13-methyl-podocarpa-8, 11, 13-trien-7-one (1), 4-epi-
dehydroabietic acid (2) , 38-hydroxy-19-0-acetyl-pimara-8(9) , 15-dien-7-one (3) , Jatrophodione A (4), 14-0-acetyl-
5,6-epoxy-( 14E) -jatrogrossidentadion (5), 2-Hydroxy jatrophone (6) by physicochemical properties, MS, NMR and
some reported data. Compounds 2, 3 and 6 were isolated from J. curcas for the first time, and compound 2 showed
inhibitory effect on PKCB.
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WK P W ( Jatropha curcas ) h K E B
( Euphorbiaceae ) JSRIKH J& ( Jatropha ) FL ¥, 4Bk 7T
A2 EZE T ARSI 25 (hn 5G 1 #6 s | B ok
FEFINRIZ A ) (VLB BE 245 B ,2003) o JBRIKUR 78
FRE IRV s AR ML AT A3 A AR ORI i
177 K A9 N TR0 AR AR W fig R & 1 B 5
(RTEAFIRZE,2016) . BRK A AR ZE 5L
Ao Lo BT M 26 o B A R R E 5 i dE
(Igbinosa et al.,2011; Liu et al.,2015; Othman et
al.,2015) o Horb BRSO & A B R e,
PR T S | B RR S R T A T b A 2 P S AR
() 0 Ak B W AT 2 IR LD B A TS R T R G ] T
RERFE K H G (Abdelgadir et al.,2013) . AR5
TR KA AF 9 1) BRI B B B ( Theoduloz et al.
2009) . Curcusone B( Muangman et al.,2005) | JFRIK
W =T B2 AH 26 fi7 4= 9 ( Torrance et al., 1976) 555G
Je B g A0 R % D e A0 AN I o 0 i S5
22 i Is 20 MBS A AR G i A R T, Rt A B
ARRIKUR Hh i BB 22 HAT v R0 19 e 98 1l o
KA UEY) .

JRIRCRRS Ao it mT 1 15 25 FR 97 Bk, 3 AR
WF5E K I HLA 1 3 i o 6 Ve DL e A W g
P5 AN 5 B A A5 7 T AR B W e R N AN (AL,
ZF AT 1Z 1 ( Openshaw ,2000) . H AT, £F
Xof RIS it ) 1k 2 i3 T 98 2 S AR v 7R % R
PERCSY , L HE IR W R | 8 11 5 2% (WROGHE ST, 2006 ;
BRI 2, 2007 ; 5 #E%E,2010; HIPE ,2011)  fHJEX}
JERIKUAR ot = e Sl 22 2 M 18003, e ol B AR G
P %) 0 A3 B A 5E A2 L 3 ( Roach et al.
2012) . BRI, IR T M RR OB A 1 Ak 27 B
g3,k DAE A W) 0 25 TN, A 6 ZETT SRR
R R Sl = W S A R 7/ R Rt ey e e o
W5

A5 1 FHIRR BB e 1= 0 A R % v g —
il B3 EAT IR, 23 B N4 A M e DN HE 2 T 4 iR
P s E T 6 Mk ey, bk s
Y236 ¥ hE Nz oy AR, G i
ST PKCB 1) 551 e 38 1 07 08 452 700 %o S5 o i b &
Y kAT PKCB 10 6 3% R W 3k, & AL A 2 Xt
PKCB HA — & My VE M, #5725 iz il W) B AT VB e
MIPCIIRETEME , ABFIE S R — 20 T RO
509427 o3, % IR s 22 i) T & 5 R TR
ft T BRI

1 M5 7 &

1.1 w8} K FI R B

1.1.1 A8 FHRF 2016 4F 10 AR BT,
W TLAR B2 25091 5 e W 5 I 5% 5 4 1 R BRI
B ( Jatropha curcas) BT, bR A< (bR A% 45 S8 ZH]-
20161001 ) FRAF-F W 1144 b 25 3 25 0F & &2 05 50 50
o BRI AT 20 ok e i 20 B i, 15 R
1.1.2 KA HEAME C & (e KB EY
TAARZA )  DMSO MgCl, | CaCl, ( [ 2454 A1 fk
FAFAEBRA ) Ak TR g S B
S (o3 B A 35 20) L S0 (0 B 0 (3%
P .95% T (AT RHE L2 A BRA R ) 5
1.1.3 LE NMR j%H Bruker AV-500MHz % i
PRO6 3% AW 52, LA TMS 1E R N A5 ; ESI-MS H
Waters 5T 35 13 I % 5 =5 %0 W AH €835 R Agilent
1260 R 4: ([ Agilent 23 F]) ; il 4 0O (635 %
Waters 2245 ( £ E Waters 23 7l ) ; £E B A1 )2 (441
FERE (5 S A T ) s RAHM Bl YMS RP-18
( A YMS A #) ; Epoch fl(FL AR 43 %% B it (3%
EA AL A R A D) 5 el & 2% ( £ H Vortex-
Genie 2) ; T 43 Z — HL F K F (18 6 38 2 F #i
Al) A0 96 FLAR (SEEFEER KA F]) ;5810R ik
R ES DML (B E SCARTEAE]) .

1.2 Ak

1.2.1 BEBRE5 585 W5 kg WIEE &R,
95% 1 L IE 20 L IRl HRE 3 Uk, 9 3L U, W 4 g
AR IR (326 g) |, DA (0 il IR TR
A INZER KR, K Ak R 2 BE H
BEAEI, 45 21 43 7 Bt A7 (220 g) LR S FRFHB AL
(38 g) HIEEERA (60 g) . LR L PRFRALH —
SR BE R, PEAT IE AR B A 2 AT oy, A
Je—HEE (100 : 0,100 : 1,10 : 1,5 :1,2: 1)K
T A B VR, e R A A A IR A R A, Wk
Aif3E) A-D WA sy, Hh C 4l (6.3 )&
ODS HHEHE 5,3 (15% ~ 60% 2. i5/7K ) 1% C1-C4
5y, C2 H 43 2 & WA (32% LI /K ) 4 B 1%
FMEAEY 1(15 mg) ;C3 746 & WA (32% &
H/7K) 3 BB &Y 2(8 mg) M 3(13 mg) . D
43 (10.0 g) Z& ODS H A A (15% ~ 50% <.
&/K)18D1-D5 44y, D3 2H 50 2851 4 W AH (30%
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5/ 7K) 4y B3 34L& 4 4(12 mg) 5(10 mg) Al
6(13 mg),
1.2.2 PKC & W 5 it AR 4 ol 0) & 06 ) Jr ik 1 B
FISCHRAR I8 (Z41,2009) , B PKCB il 16 pg - pL”
2 wL,ATP 20 wmol, PKC JE# 0.2 pmol 54 [ i
LAY 1-6(4.8.16 .32 64,128 pumol - L)
TR G, [R5 X BR A 52 AR R 2R R 50 L,
WEER N 90 ming B 50wl B2 W 2% 1E I A 5 ik
FRAR R 21k SN, # AL T AR IR G 345, %5 ek
o6, EIRBEE 1 h, RO 483 nm AL 510G 536
nm P K25 LAY R 4R 1B (mp)
PKCB il (%) = (259 AL #ELH mp — TGl X

HEZH mp) /(TR XT BEZH mp—JCEEXT R4 mp) x
100,
2 /n /Jnk

L&Y 1 H @k K, ESI-MS m/z; 343.2

[M-H] ", 47X C,H,0,, '"H-NMR (500 MHz,
CDCl,) 87.81 (1H, s, H-14), 6.68 (1H, s, H-
11), 4.57 (1H, dd, J = 11.5, 4.0 Hz, H-3),
3.88 (3H, s, OMe), 2.86 (1H, m, H-6), 2.43
(1H, m, H-1), 2.19 (1H, s, H-15), 2.08 (3H,
s, OAc), 1.96 (1H, m, H-2), 1.94 (1H, dd,
J = 11.5, 4.0 Hz, H-5), 1.84 (1H, m, H-2),
1.81 (1H, m, H-1), 1.26 (3H, s, H-20), 1.04
(3H, s, H-18), 0.94 (3H, s, H-19) . C-NMR
(125 MHz, CDCl,) 8201.2 (C, C-7), 166.2 (C,
C-12), 160.6 (C, C-13), 133.5 (CH, C-14),
128.0 (C, C-8), 124.5 (C, C-9), 104.4 (CH, C-
11), 83.4 (CH, C-3), 58.8 (CH,, OMe), 52.9
(CH, C-5), 42.4 (C, C-10), 39.9 (C, C-4),
39.7 (CH,, C-1), 38.7 (CH,, C-6), 32.4 (CH,,
C-18), 24.4 (CH,, C-2), 25.0 (CH,, C-20),
23.1 (CH,, OAc), 17.4 (CH,, C-19) , 17.3
(CHy, C-15), &% EHEGW 1 K 3B-acetoxy-12-
methoxy-13-methyl-podocarpa-8, 11,
(Devappa et al., 2011) ,

&Y 2 TEMRY, ESI-MS m/z: 301.1
[M+H]*, 4T3 C,yH 0,  H-NMR (500 MHz,
CDCl,) 6 7.16 (1H, d, J = 8.2 Hz, H-11), 7.00
(1H, dd, J = 8.2, 1.5 Hz, H-12), 6.88 (1H, d,
J = 1.5 Hz, H-14), 2.91 (1H, m, H-7), 2.80

13-trien-7-one

(1H, m, H-15), 2.31 (1H, d, J = 13.0 Hz, H-
1), 2.24 (1H, d, J = 13.0 Hz, H-5), 1.86 (1H,
m, H-6), 1.76 (1H, m, H-3), 1.75 (1H, m, H-
2), 1.54 (1H, dd, J = 12.0, 6.0 Hz, H-6), 1.29
(3H, s, H-19), 1.26 (3H, s, H-20), 1.22 (3H,
d, J =7.0Hz, H-16), 1.22 (3H, d, J = 7.0 Hz,
H-17) ,”C-NMR (125 MHz, CDCI,) & 186.4 (C,
COOH), 149.7 (C, C-9), 147.4 (C, C-13),
137.5 (C, C-8), 130.3 (CH, C-14), 127.1 (CH,
C-11), 126.0 (CH, C-12), 50.9 (C, C-4), 45.2
(CH, C-5), 39.9 (CH,, C-1), 38.0 (C, C-10),
37.6 (CH, C-15), 37.2 (CH,, C-3), 33.2 (CH,,
C-7), 25.2 (CH,, C-20), 26.4 (CH,, C-16),
28.0 (CH,, C-17), 25.4 (CH,, C-6), 19.6
(CH,, C-2), 17.6 (CH,, C-19), &% EEY
2 N 4-epi-dehydroabietic acid( Chamy et al.,1987) ,
REW 3 TEBRY, ESI-MS m/z: 359.4
[M-H]", ¥ C,H,0,.,' H-NMR (500 MHz,
CDCl,) 6 5.66 (1H, m, H-15), 4.93 (1H, dd,
J =11.0, 1.5 Hz, H-16), 4.83 (1H, dd, J =
11.0, 1.5 Hz, H-16), 4.41 (1H, d, J = 12.0 Hz,
H-19), 4.23 (1H, d, J = 12.0 Hz, H-19), 3.35
(1H, m, H-3), 2.63 (1H, m, H-6), 2.53 (1H,
m, H-6), 2.38 (1H, m, H-14), 2.18 (1H, m,
H-11), 2.08 (3H, s, OMe), 2.00 (1H, m, H-
11), 2.00 (1H, m, H-14), 1.92 (1H, m, H-1),
1.85 (1H, m, H-2), 1.73 (1H, dd, J = 14.0,
4.0 Hz, H-5), 1.62 (3H, s, H-12), 1.36 (3H,
m, H-2), 1.28 (3H, m, H-12), 1.15 (3H, s, H-
18), 1.11 (3H, s, H-20), 1.02 (3H, s, H-
17) ,"C-NMR (125 MHz, CDCl,) 6 203.3 (C, C-
7), 173.8 (C, OAc), 165.9 (C, C-9), 146.2
(CH, C-15), 131.3 (C, C-8), 113.9 (CH,, C-
16), 79.6 (CH, C-3), 66.4 (CH,, C-19), 53.1
(CH, C-5), 44.0 (C, C-10), 43.9 (C, C-4),
39.5 (CH,, C-6), 37.2 (CH,, C-1), 37.1 (CH,,
C-12), 37.1 (CH,, C-14), 36.2 (C, C-13), 32.6
(CH,, C-17), 30.0 (CH,, C-2), 23.4 (CH,, C-
11), 22.7 (CH,, C-18), 22.9 (CH,, OAc), &
Y EAL AW 3 K 3B-hydroxy-19-0-acetyl-pimara-8
(9),15-dien-7-one( Sutthivaiyakit et al.,2001) ,
G 4 TTEMRY, ESI-MS m/z: 353.2
[M-H]", 45 ¥ 30 C,yHy O, ' H-NMR (500 MHz,
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CDCL,) §7.20 (1H, brs, H-1), 6.52 (1H, s, H-
5),2.61 (1H, d, J = 6.5 Hz, H-12) , 1.94~2.05
(1H, m, H-8), 1.62~1.70 (1H, m, H-8), 1.92
(3H, s, H-16), 1.58 (3H, s, H-20) , 1.35~1.45
(1H, m, H-7), 0.98 ~ 1.08 (1H, m, H-7),
1.13~1.17 (1H, m, H-11), 1.11 (3H, s, H-
17), 1.11 (3H, s, H-19), 0.95 (3H, s, H-18),
0.74~0.78 (1H, m, H-9) " C-NMR (125 MHz,
CDCl;) 6 209.4 (C, C-14), 195.3 (C,C-3),
155.8 (CH, C-1), 151.4 (CH, C-5), 145.9 (C,
C-2), 131.5 (C, C-4), 86.6 (C, C-13), 82.7
(C, C-15), 45.9 (CH, C-12), 42.3 (CH,, C-7),
40.2 (C, C-6), 32.7 (CH,, C-20), 29.2 (CH,,
C-19), 23.5 (CH, C-11), 22.4 (CH,, C-17),
21.5 (CH, C-9), 20.3 (CH,, C-8), 18.4 (C, C-
10), 17.9 (CH,, C-18), 13.6 (CH,, C-16). %
YEALAY) 4 A Jatrophodione A( Xu et al.,2011)

& 5 LA RRY), ESI-MS m/z: 359.3
[M+H]+,4rF C,H,0,.' H-NMR (500 MHz,
CDCl,) 6 7.35 (1H, brs, H-1), 2.90 (1H, d,
J = 12.5 Hz, H-5), 2.79 (1H, d, J = 12.5 Hz,
H-4), 2.50 (1H, m, H-13), 2.29 (2H, m, H-
7), 2.24 (3H, s, OAc), 1.90 (1H, s, H-16),
1.75 (1H, m, H-12), 1.73 (1H, m, H-8), 1.41
(3H, s, H-17), 1.19 (2H, m, H-7), 1.08 (1H,
m, H-12), 1.02 (3H, d, J = 7.0 Hz, H-20),
1.00 (3H, s, H-18), 0.98 (1H, m, H-8), 0.87
(3H, s, H-19), 0.52 (1H, m, H-11), 0.11
(1H, m, H-9)." C-NMR (125 MHz, CDCL,) &
204.9 (C, C-3), 150.6 (CH, C-1), 150.2 (C, C-
14), 145.2 (C, C2), 125.9 (C, C-15), 65.7
(CH, C-5), 61.1 (C, C-6), 45.1 (CH, C-4),
40.8 (CH,, C-7), 39.5 (CH, C-13), 29.0 (CH,,
C-18), 33.2 (CH,, C-12), 32.1 (CH, C-9),
28.6 (CH,, C-17), 22.6 (CH,, OAc), 21.6
(CH,, C-8), 21.1 (CH, C-11), 20.7 (C, C-10),
19.6 (CH,, C-20), 19.3 (CH,, C-19), 12.1
(CH,, C-16) ., &% EABY 5 4 14-0-acetyl-5,
6-epoxy-( 14E) -jatrogrossidentadion ( Ravindranath et
al.,2004) ,

&Y 6 JTERARY), ESI-MS m/z: 329.2
[M+H]", 4T3 C, H,,0,,' H-NMR (500 MHz,
CDCL,) 6 6.44 (1H, d, J = 16.0 Hz, H9) , 5.98

(1H, d, J = 16.0 Hz, H-8), 5.82 (1H, m, H-
3),5.72 (1H, m, H-5), 2.85 (2H, d, J = 15.0
Hz, H-11), 2.41 (2H, d, J = 15.0 Hz, H-11),
2.33 (1H, d, J = 15.0 Hz, H-1), 1.99 (1H, d,
J = 14.0 Hz, H-1), 1.85 (3H, s, H-17), 1.70
(3H, s, H-20), 1.39 (3H, s, H-16), 1.32 (3H,
s, H-19), 1.21 (3H, s, H-18).,” C-NMR (125

Hz, CDCL;) 6. 207.0 (C, C-14), 202.2 (C,C-
7), 1852 (C, C-12), 162.9 (CH, C-9), 146.8
(CH, C-5), 146.4 (C, C-6), 143.4 (C, C-4),
130.6 (CH, C-8), 126.4 (CH, C-3), 115.1 (C,
C-13), 100.4 (C, C-15), 81.2 (C, C-2), 50.1
(CH,, C-1), 44.0 (CH,, C-11), 39.6 (C, C-
10), 32.9 (CH,, C-18), 31.5 (CH,, C-19), 26.4
(CH,, C-16), 21.8 (CH,, C-17), 10.3 (CH,, C-
20), % E LAY 6 A 2-Hydroxy jatrophone
(Lenfeld & Motl, 1986) .,

3 E R

e FH 2l A B2 AR X BRI 43 B SE E Y 6

iAW AT PKCB 1 E M 1 PKCB
Eﬁ 16 pg » wL”' ATP 20 pmol ,PKC JEE#) 200 pmol,
SRFEWE LAY (4.8.16.32 .64 128 pmol -
LYIRA, W 90 min f5, 55 R W 2 1- TR
A7 60 min, {4 483 nm & EH 536 nm & T
Sk mp fl, Z5R BN, LAY 2 X PKCB B A
—E WA EIEH (& 2 %DIZI 3), 2 I 1C,,
fH29°8 128 pmol - L™, HAYL & W3R s il
TEE

4 k5w

H AT MBSO A P vh & 53 2545 3 | =k

BT A5 22 i M 03, G I B B R 3 R Y
S A AT A BE GV ( Devappa et al.,2011)
XPIZAEY) il S0 o B TR AR ST A AN
TIF R AR RV 47T e 8 25 ) B AT | R M,
HYTHE&SBUREM A YR A EENE T E
S FR T IRRIKUBS ol 5 v 98 il T EL A B A R 3
AR AR AT BRI Y 0 B 2l Al T B AR M A 3
PRAR R 73 B RAOCR  RZ L TSR T —
PR
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Structures of compounds 1-6

Fig. 1

fWyRMY Polarization (mp)

160+

140 T T T 1
0 10 20 30 40

#4242 Compound 2 (umol-L™)
2 RIS 2 X PKCB 1 ik fE
Fig. 2 Polarization (mp) of compound 2 to PKCB with

different concentrations

FEARME G, AT £ 22 ] HPLC-DAD X 43
B0 BER G W AT 43 BB B OF Bz & W
AEXT B bR Ak G 9 2647 5 1] 432 A4k, AT 3 3 i
WIE bR, MR L5k, FRATTXE BB B 1
il 2k 2E WAy R AT T W25 W5, BRI B 7 &
B HUYI 1 21 2 BRF 7 Hh AE 2 B A5 31 6 A i
FKALEW, il E TS F e B B DR e Y AR

#IHI3 Inhibition rate (%)

0 T T 1 1 1 1
4 8 16 32 64 128

442 Compound 2 (umol-L™)
B3 RFIH LAY 2 X5 PRCB f 4 il 41
Fig. 3 Inhibition of compound 2 to PKCS in

the presence of different concentrations

AR IR 0B A o 28 e (H R & IR SR Y R
o 8 il A e K AR DR R R 2Rk A
(Roach et al.,2012;Li et al.,2016) . X A] fE 2 1%
BRI A K TR £ TR BB AL T b I8 R AE
T B, HAR M R T B — i g, £
Folr 0 &85 #2142 B UG W RRKOR R T RE LA 22
Pl 5 A B A 0 A R AR TR SR HE DN i A= 4
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i A Ak 27 o IR k5 1095

A s AR T DLk B, X 2 i SR A W T LA AR
WEmR 7 R iR (GGPP) fif Ak Mok, Hodb B A
S B A0 B A e A 0 = B GGPP AT AR B R AR
casbane i ik FRE— B AR, (AR ATARLL
AW Y S R, AR TR A
KN casbane ke B W A I, 724 f5 i 5T
AT DIARE HE 0 A2 0 6 Bk A2, iF — 2P R E M AR
U 22 5 5T R KOS 3 ik -y G
AR T R R A A

WA, PKC J2 A7 78 T 4H L5 P9 F 85 00 19
AR 1 22 2 1R | 75 22 B2 4 Ve, AT AR Ak B
Ji T 22 R 90 R R & A R R AL, DT 52 1 441
A=K B FE A Ar Ak, PKC I Ak A0 g 9 & A=
R IEBA Y ERFR i A hy i o 10 PKC T
PERT LA i b 88 20 B, I & 5 B B R R
( Koivunen et al.,2006; Wu et al.,2016) , Ht, K
T HE—2E T AL A W 0 A S A AR F 9 A A
ST PKCB i) 751 v 8 £ 0 98 A% 780 X6 %65 5 19 1k
Wilk4T PKCB il 1% MR e . 45238 Wonfb &9 2
XF PKCB HA — 5 By VE AT, 2F— 25 5 1k A5 1
TRN e AL G A A R (AN AN A R L AN A R
) ELA PR I 1 0 Rl BEAE LT (B & 2 4,
mw%#%%ﬁ%¢‘ﬁ5h%ﬁ@émﬁ%ﬁ

casbane % —

LA, (AR B VE HPLE A A Fr 8 2 20 M sl 3
Y IR AT HAIE

e A
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