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Studies on Chemical Constituents from the Roots of Bombax ceiba

WANG Guo-kai*?, LIN Bin-bin? TIAN Mei?, ZHU Kan? XIE Guo-yong? QIN Min-jian®"
(1. School of Pharmacy, Anhui University of Chinese Medicine & Synergetic Innovation Center of Anhui Authentic Chinese Medicine Quality Improvement,

Hefei 230012, China; 2. Department of Resources Science of Traditional Chinese Medicines, China Pharmaceutical University, Nanjing 210009, China)

Abstract: In order to understand the chemical constituents of Bombax ceiba, seventeen compounds were isolated
from its roots. On the basis of physicochemical properties and spectral data, they were identified as
9,19-cyclolanost-24-en-3-one (1), cycloartenol (2), friedelin (3), lupenol (4), 3p-acetoxy oleanolic acid (5),
oleanolic acid (6), ergosta-4,6,8(14),22E-tetraene-3-one (7), cholest-4-en-3-one (8), Sa,8a-epidioxy-ergosta-6,
9,22E-dien-3p-ol (9), B-sitosterol (10), 6B-hydroxy-stigmast-4-en-3-one (11), cholesterol (12), B-sitosterol-3-
O-B-D-glucoside-6"-O-eicosanate (13), trilinolein (14), 1-hentriacontanol (15), docosanoic acid (16), lauryl oleate
(17). Except compounds 4, 6, 9, and 10, the others were isolated from the genus Bombax for the first time.

Key words: Bombax ceiba; Root; Chemical constituent
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1 MBS

1.1 #kt
RIEFET 2011 45 5 AW ET M54 A 7],
2 %% IR %5 58 KK RS & A P K i
(Bombax ceiba) ] T4, AIEFR A< (No. BM-
201100 fRAFAE T B 25 R K 2= R 2 BRI &
2 ENTHER GFoss 1AL Z HTHE R (200~300
H)(F &40 ) ): Sephadex LH-20 (i it
Amersham A F]). Bt G535 8 7t 4k

1.2 1438

ESI-MS H Agilent LC-MSD-Trap-SL-1100 il
5&: NMR A Bruker ACF-300. 500 ZY#% g LR 1%
Mg, NIr TMS.

1.3 #BASE

AHHAR 10 kg, ¥3HE, 95% ZFERIFRIREL, &I
FEMOR, IR 2 AR, BB R E T
- B, SR ER S, 193] 10 M
53 (Fro~Fryg), Fro #80 ZRERRA: E M (1 T k- 2.8 2
Bg). B Aitb (A -HFEE=1:1), BEMHEY 1
(15 mg). &Y 15 (57 mg). LAY 3 (9 mg). Fry
B S A BT (T Bk - B8 CUT8) B 44k (5
Pi-HiE=1:1), {EHLEY 17 (23 mg). ED
16 (36 mg). &% 14 (7 mg). L& 10 (44 mg).
Fry S0 B AT R T (- 2,18 £ B8 6 FE B i) 4t
feaifb (FE - =1 1), FEHLAEY 7 (16 mg).
&Y 8 (10 mg). tb&¥) 2 (22 mg). tb&Y) 4
(49 mg). tL&W 9 (13 mg); Frs #840 K I RER A 2
BT (e Tk - P B B e )~ e i Ak (547 - R e =
1:1), B4&Y5 (8 mg). tb&4 11 (15 mg). 1k
4912 (8 mg). LA 6 (31 mg); Fry i/ EEREAE
JEAT (e - ) B Al Ak (T -H I =1 0 1),
BEMEAEY 13 (19 mg).

1.4 g5i%kse

e BEE G, ESI-MS miz: 423
[M - H], 7 T& 424, > 73 CyHpO; 'H NMR
(CDCls, 500 MHz): & 5.10 (1H, brs, H-24), 1.73~0.86
(each 7<CHj, s), 0.79 (1H, d, J = 4.0 Hz, H-19), 0.58
(1H, d, J = 4.0 Hz, H-19'); *C NMR (CDCl,, 125 MHz):
§33.0 (C-1), 37.1 (C-2), 216.5 (C-3), 50.4 (C-4), 48.5

(C-5), 21.3 (C-6), 28.4 (C-7), 47.5 (C-8), 21.2 (C-9),
25.9 (C-10), 25.4 (C-11), 33.0 (C-12), 45.6 (C-13),
48.7 (C-14), 35.7 (C-15), 26.9 (C-16), 52.5 (C-17),
19.5 (C-18), 29.8 (C-19), 35.8 (C-20), 18.3 (C-221),
36.3 (C-22), 25.1 (C-23), 125.4 (C-24), 130.8 (C-25),
17.9 (C-26 ), 25.9 ( C-27), 18.2 (C-28), 21.0 (C-29),
22.2 (C-30). LA bE##s5 CHR[6]IRIEIEA—FL, i
FEZWEYIN 24-4 -8 7K 1E 1 (9,19-Cyclolanost-
24-en-3-0ne),

&2  AFER; ESI-MS m/z: 425 [M -
H], 7 7& 426, 773\ CyHso0; 'H NMR (CDCls,
500 MHz): & 5.10 (1H, t, J = 7.0 Hz, H-24), 3.15 (1H,
dd, J = 10.0, 4.5 Hz, H-3), 1.89 (2H, m, H-23), 1.61
(3H, s, H-27), 1.58 (3H, s, H-26 ), 0.99 (3H, s, H-28),
0.98 (3H, s, H-18), 0.97 (3H, s, H-21), 0.81 (1H, d,
J = 4.0 Hz, H-19a), 0.54 (1H, d, J = 4.0 Hz, H-19b);
3C NMR (CDCls, 125 MHz): 6 31.9 (C-1), 30.6 (C-2),
78.7 (C-3), 40.5 (C-4), 47.2 (C-5), 21.2 (C-6), 26.0
(C-7), 48.0 (C-8), 20.2 (C-9), 26.3 (C-10), 26.5 (C-
11), 32.8 (C-12), 45.4 (C-13), 48.9 (C-14), 35.8 (C-
15), 28.3 (C-16), 52.1 (C-17), 18.2 (C-18), 29.6 (C-9),
35.7 (C-20), 18.2 (C-21), 36.5 (C-22), 24.6 (C-23),
125.4 (C-24), 130.9 (C-25), 17.7 (C-26), 25.4 (C-27),
25.3 (C-28), 13.9 (C-29), 19.5 (C-30). LA ¥k 5 ¢
BR[71HRE A — 3, 58 Z A B Y NIRRT IR G
(Cycloartenol).

tEW3  TLEEPIRG F(E); ESI-MS miz
427 [M + HY', 575 426, /TR CyHs0; H
NMR (CDCls, 500 MHz): & 2.41 (1H, ddd, J = 12.5,
6.0, 2.0 Hz, H-2a), 2.31 (1H, dd, J = 12.5, 6.0 Hz, H-
2b), 2.12 (1H, m, H-4), 2.10 (1H, m, H-1a), 1.68 (1H,
m, H-1b), 1.55~1.50 (8H, m, H-16a, 18, 10, 21a, 22a,
7a, 15a, 11a), 1.40~1.28 (10H, m, H-8, 19, 7b, 16b,
12, 21b, 6b, 15b, 11b), 1.00 (3H, s, H-28), 0.95 (3H, s,
H-27), 0.94 (3H, s, H-26), 0.89 (3H, s, H-29), 0.84
(3H, s, H-30), 0.82 (3H, d, J = 6.5 Hz, H-23), 0.80
(3H, s, H-25), 0.68 (3H, s, H-24); *C NMR (CDCl,,
125 MHz): § 22.1 (C-1), 41.6 (C-2), 213.5 (C-3), 58.0
(C-4), 42.3(C-5), 41.3 (C-6), 18.3 (C-7), 53.2 (C-8),
37.5 (C-9), 59.3 (C-10), 35.7 (C-11), 30.7(C-12), 39.2
(C-13), 38.6 (C-14), 32.8 (C-15), 36.0 (C-16), 30.4
(C-17), 42.3 (C-18), 35.7 (C-19), 28.1 (C-20), 32.4
(C-21), 39.0 (C-22), 16.9 (C-23), 14.4 (C-24), 17.8
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(C-25), 20.1 (C-26), 18.5 (C-27), 32.0 (C-28), 31.5
(C-29), 35.1 (C-30). VA L-%dis 5 ChRk[8]HkIE I A —
B, WE xS N AR (Friedelin) .

e 4 AL R(E); ESI-MS miz: 425
[M - H], 7T 426, 773 CyHsO; 'H NMR
(CDCls5, 500 MHz): 6 4.69 (1H, d, J = 2.5 Hz, H-29),
456 (1H, d, J = 2.5 Hz, H-29), 3.19 (1H, dd, J = 5.0,
11.5 Hz, H-3a), 2.38 (1H, td, J = 5.5, 11.0 Hz, H-19),
1.70 (3H, s, H-30), 1.03 (3H, s, H-27), 0.96 (3H, s,
H-26), 0.94 (3H, s, H-23), 0.83 (3H, s, H-28), 0.79
(3H, s, H-25), 0.76 (3H, s, H-24); **C NMR (CDCl,,
125 MHz): & 38.6 (C-1), 27.3 (C-2), 78.8 (C-3), 38.5
(C-4), 79.0 (C-5), 18.0 (C-6), 34.1 (C-7), 40.6 (C-8),
50.1 (C-9), 37.1 (C-10), 20.8 (C-11), 25.1 (C-12), 38.2
(C-13), 42.6 (C-14), 27.1 (C-15), 35.4 (C-16), 43.0
(C-17), 485 (C-18), 47.8 (C-19), 151.1 (C-20), 29.6
(C-21), 40.3 (C-22), 27.8 (C-23), 15.1 (C-24), 16.1
(C-25), 15.8 (C-26), 14.4 (C-27), 18.0 (C-28), 109.2
(C-29), 19.3 (C-30). LA h#¥E 5 5Cwk[O]HRkiE A —
|, WA G B R (Lupenol) .

EYS  AEs R (E); ESI-MS miz: 497
[M - H], 4> T 498, 7> T3 CsHs04; 'H NMR
[(CD5),CO, 500 MHz]: & 4.56 (1H, t, J = 8.0 Hz, H-3),
2.04 (3H, s), 1.12, 1.00, 0.96, 0.95, 0.93, 0.91, 0.83
(each 3H, s, 7 <CHj3); *C NMR [(CD5),CO, 125 MHz]:
8 37.8 (C-1), 28.5 (C-2), 81.0 (C-3), 38.9 (C-4), 56.1
(C-5), 17.6 (C-6), 33.4 (C-7), 38.2 (C-8), 48.4 (C-9),
34.5 (C-10), 23.8 (C-11), 123.0(C-12), 145.0 (C-13),
42.3 (C-14), 26.3 (C-15), 23.9 (C-16), 46.8 (C-17),
40.2 (C-18), 46.8 (C-19), 30.6 (C-20), 33.6 (C-21),
31.4 (C-22), 285 (C-23), 17.3 (C-24), 15.8 (C-25),
17.6 (C-26), 33.4 (C-29), 23.9 (C-30), 19.8 (CH5CO),
178.9 (COCHs), 23.8 (C-27). LA -#¥s 5 Hk[10]
WIEFEA L, HeZh &N 3p-L 5 R R
(3B-Acetoxy oleanolic acid).

&) 6
455 [M — H], 5F& 456, 43 F 3% CagHaOs H
NMR (CD0D, 300 MHz):  5.26 (1H, m, H-12), 3.66
(1H, m, H-3), 1.26, 1.02, 0.98, 0.95, 0.88, 0.82 (each
3H, s, 7%CHj); *C NMR (CD0D, 75 MHz): 5 38.5
(C-1), 27.2 (C-2), 78.3 (C-3), 39.5 (C-4), 55.3 (C-5),
18.2 (C-6), 33.0 (C-7), 39.4 (C-8), 47.8 (C-9), 36.9
(C-10), 23.1 (C-11), 124.8 (C-12), 141.1 (C-13), 42.0

H 45 5 (LR £.158) s ESI-MS m/z:

(C-14), 27.9 (C-15), 23.5 (C-16), 46.8 (C-17), 41.9
(C-18), 47.7 (C-19), 30.4 (C-20), 34.1 (C-21), 33.1
(C-22), 28.3 (C-23), 16.5 (C-24), 15.1 (C-25), 17.4
(C-26), 25.9 (C-27), 180.3 (C-28), 33.3 (C-29), 22.9
(C-30). VA% 5 SR HRoE A — 8, 7 i%
&P N5 R 82 (Oleanolic acid) .

&Y 7 RFEOEPIRG (&) ESI-MS
m/z: 415 [M + Na]*, 7> 392, 73 T3\ CosHaoO; H
NMR (CDCls, 500 MHz): & 6.61 (1H, d, J = 9.5 Hz,
H-7), 6.04 (1H, d, J = 9.5 Hz, H-6), 5.22 (1H, dd, J =
7.5, 15.0 Hz, H-22), 5.25 (1H, dd, J = 7.5, 15.0 Hz,
H-23), 5.73 (1H, s, H-4), 1.05 (3H, d, J = 6.5 Hz, H-
21), 0.99 (3H, s, H-19), 0.96 (3H, s, H-18), 0.92 (3H,
d, J = 6.5 Hz, H-28), 0.85 (3H, d, J = 6.5 Hz, H-26 or
H-27), 0.84 (3H, d, J = 6.5 Hz, H-26 or H-27). L1 I3k
W5 SRR [L2RIE HE A5, e iz AN E M
$-4,6,8(14),22E- Y 47 -3-H (Ergosta-4,6,8(14),22E-
tetraene-3-one).

waEme HEAs (D), ESI-MS miz: 407
[M + Na]*, 77 384, 773 CyHuO; 'H NMR
(CDCls, 500 MHz): & 5.72 (1H, s, H-4), 1.18 (3H, s,
H-19), 0.92 (3H, d, J = 6.5 Hz, H-21), 0.91 (3H, d, J =
6.5 Hz, H-26), 0.87 (3H, d, J = 6.5 Hz, H-27), 0.71
(3H, s, H-18). LA E#¥a5 SCHR[13] 4 iE 2 A — 2L,
B 2 A A YN £ -4-J75-3-1 (Cholest-4-en-3-one) »

&9 HEFK; ESI-MS m/z: 451 [M +
Na]*, 7> T 428, 773\ CsHaO3; 'H NMR (CDCls,
500 MHz): & 6.51 (1H, d, J = 9.0 Hz, H-7), 6.25 (1H,
d, J = 9.0 Hz, H-6), 5.23 (1H, dd, J = 8.5, 15.0 Hz, H-
23), 5.15 (1H, dd, J = 8.5, 15.0 Hz, H-22), 3.96 (1H,
m, H-3), 1.00 (3H, d, J = 7.0 Hz, H-2), 0.92 (3H, d, J =
7.0 Hz, H-28), 0.88 (3H, s, H-19), 0.84 (3H, s, H-18),
0.82 (3H, d, J = 7.0 Hz, H-26 or H-27), 0. 82 (3H, d, J =
7.0 Hz, H-26 or H-27)., L\ % 5 SCRk[12]4 18
R, W% AN 50,8038 4 -24-F -0
i -6,9,22E- = #%i -3B- I (5a,8a-Epidioxy-ergosta-6,
22E-dien-3p-ol).

&% 10 TEEHEE), H TLC 1 Ry
BB EAT RS B4 MBS —80 Shrdki
REIE ST, iz &N B-4 K B-
Sitosterol).

EW1 HEK K ESI-MS m/z: 413 [M -
HI', %> T 414, 43 73X CosHasOs; "H NMR (CDCls,
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500 MHz): & 5.79 (1H, s, H-4), 4.34 (1H, brs, H-6),
1.38 (3H, s, H-19), 0.92 (3H, d, J = 6.6 Hz, H-21),
0.85(3H,t,J=7.5Hz, H-29), 0.84 (3H, d, J = 6.5 Hz,
H-26 or H-27), 0.82 (3H, d, J = 6.5 Hz, H-26 or H-27),
0.73 (3H, s, H-18). LA %44 5 SClk[12]#k i A —
B, Wz EWN 6p-Fikk- T -4-)-3-FiF (6p-
Hydroxy-stigmast-4-en-3-one).

WwEY 12 s E); ESI-MS miz:
409 [M + NaJ*, 77 386, 7+ 7 CuHeO; 'H
NMR (CDCls, 500 MHz): & 5.35 (1H, m, H-6), 3.51
(1H, m, H-3), 1.01 (3H, s, H-19), 0.97 (3H, d, J = 6.5 Hz,
H-21), 0.88 (3H, d, J = 6.5 Hz, H-26), 0.87 (3H, d, J =
6.5 Hz, H-27), 0.72 (3H, s, H-18). LL_E¥¥E 5 ik
[13] 4 18 £ A — 30, #5€ b &% oy IE i #E
(Cholesterol).

WwEY) 13 FBR; 773 CasHesOr; H
NMR (CsDgN, 500 MHz): & 5.50 (1H, d, J = 8.0 Hz,
H-5'), 5.38 (1H, brs, H-6), 3.92 (1H, m, H-3), 0.98
(3H, d, J = 6.0 Hz, H-21), 0.93~0.72 (15H, 5%CH),),
0.69 (3H, s, H-18); *C NMR (CsDgN, 125 MHz): &
37.7 (C-1), 30.4 (C-2), 78.4 (C-3), 39.4 (C-4), 141.1
(C-5), 121.9 (C-6), 32.2 (C-8), 50.5 (C-9), 36.4 (C-10),
21.2 (C-11), 40.1 (C-12), 42.6 (C-13), 57.0 (C-14),
24.7 (C-15), 28.6 (C-16), 56.4 (C-17), 12.1 (C-18),
19.6 (C-19), 36.4 (C-20), 19.0 (C-21), 34.3 (C-22),
26.5 (C-23), 46.1 (C-24), 29.6 (C-25), 19.4 (C-26),
19.9 (C-27), 23.4 (C-28), 12.1 (C-29), 102.9 (C-1"),
75.2 (C-2'), 78.8 (C-3'), 71.7 (C-4'), 78.4 (C-5'), 64.7
(C-6")o LA EHUHE 5 SCRR[14)RIE R A — 5L, HiE i%
AR B-45 5 BE-3-O-B-D-H B HE 1 -6"-O- iR
fiE(B-Sitosterol-3-O-B-D-glucoside-6"-O-gicosanate) .

ey 14 TetHRY); 53§ 3K Cs7HogOgo
'H NMR (CDCl3, 500 MHz): 5 5.40~5.28 (12H, m),
5.25 (1H, m), 4.28 (2H, dd, J = 4.5, 12.0 Hz), 4.14
(2H, dd, J = 6.0, 12.0 Hz), 2.77 (6H, t, J = 6.0 Hz),
2.32 (2H, t, J =7.5 Hz), 2.29 (4H, t, J = 7.5 Hz),
2.09~2.00 (12H, overlap), 1.60 (6H, m), 1.34~1.20
(overlap), 0. 89 (9H, t, J = 6.7 Hz). LA %d 530k
[15]4iE B A —F, B e 1A YN R =l
fig (Trilinolein).

EW15 AN ESI-MS miz: 453 [M +
H]", 7> T 452, 7> T3 CyHesO; 'H NMR (CDCl,
500 MHz): & 3.65 (2H, t, J = 6.5 Hz, H-1), 1.58 (2H,

m, H-2), 1.25 (54H, brs), 0.88 (3H, t, J = 6.5 Hz, H-
31). VL ¥R S SCER[16[RIE A 5, #iEiZik
H YR IE =+ —)ElE(1-Hentriacontanol) .

&Y 16 ARG (LR LBR); ESI-
MS m/z: 341 [M + HJ", 43F%& 340, 43 F 3 CoHuOy;
'H NMR (CDCl;, 500 MHz):  2.35 (2H, t, J = 7.0 Hz,
CH,COOH), 1.40~1.25 (36H, m, 18 xCH}), 0.88 (3H,
t,J=7.0 Hz, CH3). DL B3dE 5 3ClR[17]HRE A —
B, W€z A S IE — -+ Z ki & (Docosanoic
acid).

tEW 1T EERR; ESI-MS m/z: 449 [M -
H], 4> 75 450, 7> 73 CyHsgO2; "H NMR (CDCls,
500 MHz): & 4.31 (1H, dd, J = 3.0, 6.5 Hz, H-9), 4.16
(1H, dd, J = 3.0, 6.5 Hz, H-10), 2.37 (2H, m, H-17),
2.06 (4H, m, H-8, 11), 1.67 (4H, m, H-2, 2), 1.30~
1.24 (40H, m, 20<CH,), 0.83 (6H, m, H-1, 1'). &
SCHR[L8, 19]HARE 0T ik Sk b ictls , e %A &)
iR H FEEE R (Lauryl oleate)

2 SERAGHE

AT TS ARRIREAT TR 7L, 8%
FhEE T ESE, WA 2SS e T 17 ™Mb
G, 5N 2405 -FRB R AE R (1) AR R SE BT
(2)« AtE 3)s PHEE (4). 3B-LBEFFHARIR
(5) FEUEER (6). Z A {15-4,6,8(14),22E- VY JF-3-
i (7)s AHES-4-J5-3-BH (8). So,8a-3h 5 -24-H AE-
fH $-6,9,22E- = #5-3B-EZ (9). B-&F S EE (10). 6B-
RIS -4-0-3-H (11) HESEE (12). B-24 &S -
3-O-p-D-% % B F-6'-O- — + ki e lg  (13). i
R = H g (14). 1E=+—%fE (15). =+
TREmR (16)F R H RN (17). BRiLEY 4.
6. 9. 10 4, HRUWEWI N E RN ZIEEYD
A3 o = A AR AR 32 B AR AR R A,
8 50 A AR R A T B A 0 RO, S e e
AR RE R, 3B- 2 W R R A A
5K DPPH [ 13k (g /1122, 5% s R MR LA P
SR, IR R ERU AWM ABEEIEE R, 6
FEPUMIR . PrviEE. P, IR ETEN, BExRE
Xt A A5t AT AR 4 (6 £ 4 T P i s fk &
st S ARG L. PrE/ER . PUbR1EH
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