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Lipophilic constituents from the stem bark of Toona sinensis
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Abstract
gel, ODS Sephadex LH-20 column chromatographies and preparation TLC methods. Their structures were elucidated

Ten compounds were isolated from the 95% ethanol extract of the stem bark of Toona sinensis by silica

by spectroscopic methods and chemical properties as betulinic acid( 1), stigmastane-3, 6-dione (2), stigmast-4-
en-3-one(3) , 7B-hydroxysitosterol(4) , 6-hydroxystigmast-4-en-3-one (5), stigmast-4-ene-33, 63-diol (6), ergos-
terol peroxide (7), 7-methoxy-2-( 3, 4-methylenedioxyphenyl) benzofuran-5-carboxylate (8), canthin-6-one (9),
and a-acetylamino-phenylpropyl a-benzoylamino phenylpropionate (10) . All compounds were isolated from T.
sinensis for the first time.

Key words Toona sinensis, lipophilic constituents, structural elucidation
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Figure 1 Chemical structures of compounds 1-10 from the stem bark of Toona sinensis

1 # #

THE TR Bz 2014 45 7 JJ 3K T 2B N 2y
MY, 2 rp E 25RO AR BE RT3 588 N 7
#; Toona sinensis(Juss. ) M. Roem. FJ# K7, FEIEFR
AT HEAR KRR FEI R E
(No. 20140720) ,,

WZ OISR GFosy (F BT EL TARAT]) 5
FEa S RE RS 100 ~200 H 1200 ~300 H (7 57
PRI ) 5 7R W L2 2 2% A () 24 3 A Ak~ R
FRATD) s ROAHAE 83 ODS-A (fL42 12 nm, 42
50 wm, H A YMC 72 ) ) 5 %5 B0 5 ik Sephadex
LH20( 22 [E GE Healthcare 2\ #] ) 5 H 4% it X FI
B R i o pral

SHM T ZF-1 B = 2R AN A (1 i i
FHOGALAR ) s G L3R 85 ) Bruker AV-500 %Y
BREIEIRAI & (TMS A5 ) s ESI-MS i ] Agi-
lent 1100 Series LC/MSDTrap SL JF 4% ( 25 [E 22 E
TERHEA PR ) & .

2 RESESE

Ff TR B 25. 0 ke, B3 WG H 4 fEIARLAY
95% LBEIETAL SR 4 U, R 3 b, SRR He i
JREEET A P AR 8 K 0 B, A il Bk K
FRANIE T A5 A8 3 U, Dok Jml A 511, 254 il
MEZEHY) 448. 0 g, IE T HEAEHUI2Y 3. 0 ke

AMEEZEIR YY) 448. 0 g, i 3 Ak AT (35 12,
R A - R S TG 2 A — S e - B R 42
B UEME, 132 7 Ddloy, b 55 2 4.5 D4y
PR RE A 335 . ODS 1 f43i% | Sephadex LH-20 £
% i 5 W2 O35 55 05 ko B a4l 1 B S
#1(5.0 mg).2(143.4 mg) . 3(330.2 mg) .,
4(13.5 mg) 5(4.2 mg) 6(5.0 mg) 7(24.5 mg) .
8(4.6 mg) 9(16.6 mg) 10(11.1 mg),

3 SEMEE

fev 1 HEeB AR (&), ESI-MS m/z:
455.3[M - H]~.'"H NMR (300 MHz, CDCL,) §,:
4.63 (1H, br. s, H29a) ,4.50 (1H, br. s, H29b) ,
1.59(3H,s,H-30),0.87 (3H,s,H27),0.81(3H,
s,H-25),0.70 (3H,s,H24),0.59 (3H,s,H-23)
“C NMR(125 MHz, CDCL, ) §.:177.3 (C-28),
150.3(C-20),109.6 (C-29),76.8(C-3),55.4( C-
17),54.9(C-5) ,49.9(C9) ,48.5(C-18) ,46.6( C-
19),42.0(C-14) ,40.2(C-8),38.5(C4),38.2(C-
1),37.6(C-13),36.7(C-10),36.3(C22),33.9
(C-7),31.7(C-16),30.1(C-15),29.2 (C-21),
28.1(C23),27.1(C-2),25.1(C-12),20.4 (C-
11),18.9(C-30),17.9(C-6),15.9(C26),15.8
(C-25),15.7(C24),14.4(C27) . iRykiEH
5OCHRES | BEA—3, 888 8 AL &1 0 B HE R IR

(betulinic acid) ,



55 47 B4 6 1Y) %

i, 55 A R B IR SRR B 5 685

a2 s (&), ESI-MS m/z:
451.3[M + Na]*,"H NMR (300 MHz, CDCL,) §,,:
0.94(3H,s,H-19),0.91 (3H,d, J = 6.4 Hz, H-
21),0.83(3H,t,J =6.6 Hz, H29),0.82(3H,d,
J=6.6 Hz,H-26),0.79(3H,d,J =6.6 Hz,H27),
0.67(3H,s,H-18) ,” C NMR (75 MHz,CDCl,) §:
211.2(C-3),209.1(C-6),57.6 (C-5),56.7 (C-
14),56.1(C-17),53.6(C9) ,46.7(C-7) ,45.9(C-
24),43.1(C-13),41.3(C-10),39.5(C-12),38.2
(C-1),38.1(C-8),37.4(C-2),37.1(C4),36.1
(C-20),33.9(C-22),29.3(C-25),28.1(C-16),
26.2(C-23),24.1(C-15),23.2(C-28),21.8(C-
11),21.1(C-29),19.9(C26),19.1(C-27),18.8
(C21),12.6(C-19),12. 1(C-18) , iRk iEH
5CHRL6 ] BEA—3, B e b 5 Yo -3,
6-_[tfi| ( stigmastane-3 ,6-dione ) ,

a3 s d (&), ESI-MS m/z:
435.4[M + Na]*_,"H NMR (300 MHz, CDCL,) §,,:
1.75(3H, s, H-19),0.90 (3H, d, J = 6.3 Hz, H-
21),0.84(3H,t,J =6.6 Hz, H-29),0.83(3H,d,
J=6.6 Hz,H-26) ,0.80(3H,d,J =6.6 Hz,H27),
0.70(3H,s,H-18) ,” C NMR (75 MHz,CDCl,) §:
199.7(C-3),171.8(C-5),123.7(C4),55.9 (C-
17),55.8(C-14),53.8(C9),45.8(C-24),42.4
(C-13),39.6(C-10),38.6 (C-12),36.1(C=20),
36.1(C-1),35.7(C-8),35.6(C-22),33.9(C-2),
33.0(C-6),32.0(C-7),29.1(C-25),28.2(C-16),
26.0(C-23),24.2(C-15),23.1(C-28),21.1(C-
11),21.0(C-26),19.8(C-27),19.0(C-21),18.7
(C-19),12.0(C29),12.0(C-28) , iRk iEHHE
5OCERLT ] A — 3, BUE e iz G b O 4-
75 -3 -l ( stigmast-4-en-3-one) ,

ot 4 HEE R (E7), ESI-MS m/z:
453.4[M + Na]*_,'"H NMR (300 MHz, CDCL,) §,,:
5.30(1H,s,H-6) ,1.05(3H,s,H-19) ,0.92(3H,d,
J=6.3 Hz,H-21),0.85(3H,t,J =7.2 Hz,H-29) ,
0.83(3H,d,J=6.6 Hz,H-26) ,0.81(3H,d,J =6.6
Hz,H-27) ,0.69(3H,s,H-18) ,” C NMR (75 MHz,
CDCLy) 6.:146.3(C-5),125.5(C-6),73.5(C-7),
71.5(C-3),55.8(C-14),55.5(C-17) ,48.4(C9),
45.9(C-24),43.0(C-13),41.8(C4) ,41.0(C-8),
39.3(C-12),37.0(C-1),36.5(C-10),36.2 ( C-

20),34.0(C22),31.5(C-2),29.3(C-25),28.7
(C-16),26.5(C-23),26.0(C-28),23.2(C-15),
21.2(C-11),19.9(C26),19.3(C-19),19. 1 ( C-
27),18.9(C-21),11.9(C29),11.7(C-18) , ik
BOE BRIk 8 ] Ba A — 3, i e iz tk &N
TB-FE A 8§ I (78-hydroxysitosterol )

eSS HEKAR(E) ,ESI-MS m/z 451
[M+Nal]*.,'"H NMR (300 MHz, CDCL, ) §,:5.81
(1H,s,H4) ,4.34(1H,br. s,H-6) ,1.37(3H, s, H-
19),0.91(3H,d,J =6.3 Hz,H-21),0.84(3H,t,
J=6.3 Hz,H-29) ,0.83(3H,d,J =6.3 Hz,H-26),
0.80(3H,d, J =6.3 Hz, H27),0.73 (3H, s, H-
18),."”C NMR (75 MHz, CDCl,) §.:200.5(C-3),
168.5(C-5),126.5(C4),73.4(C-6),56.2( C-
17),56.0(C-14),53.8(C9),46.0(C24),42.6
(C-13),39.7(C-12),38.7(C-7),38.1(C-10),
37.2(C-1),36.2(C-20),34.4(C-2),34.0(C22),
29.8(C-8),29.3(C-25),28.3(C-16),26.2(C-
23),24.3(C-15),23.2(C-28),21.1(C-11),19.9
(C-19),19.6 (C-26),19.1(C27),18.8(C-=21),
12.1(C-18),12. 1 (C-29) , bR i 1% £ 4l 5 SCik
(O] HA 3, B % e LB YN 6-F 2k T i 4-
175 -3 -1 ( 6-hydroxystigmast-4-en-3-one )

b6 PFEEE (&), ESI-MS m/z;
453.4[M +Na]*,'"H NMR (300 MHz, CDCL,) §,,:
6.03(1H,s,H4) ,4.60( 1H, br.s,H3) ,4.56(1H,
s,H-6),1.56(3H,s,H-19),1.00(3H,d,J =6.6
Hz,H-21),0.90 (3H,t,J =6.9 Hz, H-29),0.89
(3H,d,J =6.6 Hz,H-27) ,0.87(3H,d,J =6.6 Hz,
H-26),0.74 (3H, s, H-18)."” C NMR (75 MHz,
CDCL,) 6.:147.6(C-5),130.4(C4),74.2(C-6) ,
68.0(C-3),57.0(C-17),56.9(C-14),55.5(C9),
46.5(C-24),43.3(C-13),41.2(C-12),40.7 ( C-
7),38.2(C-10),37.8(C-1),36.9(C-20) ,34.7(C-
22),31.4(C-8),30.6(C-2),29.9(C-25),29.0(C-
16),26.9(C-23),25.1(C-15),23.9(C-28),22.2
(C-19),21.8(C-11),20.5(C26),19.7(C-27),
19.5(C21),12.7(C29),12.6(C-18),, iRk
TR 530k [ 10 ] EEA 20, B e G
= 4-H5-38,68- I ( stigmast4-ene-33,68-diol ) ,

febth T G (E ), H NMR (300
MHz,CDCL,) 6,:6.50(1H,d, J =8.7 Hz,H-7),
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6.24(1H,d,J =8.7 Hz,H6) ,5.21 (1H,dd, J =
15.3,7.8 Hz,H23),5.12(1H,dd, J =15.3,7.2
Hz,H22),0.99 (3H,d,J =6.6 Hz, H21),0.90
(3H,d,J =6.9 Hz, H28),0.87 (3H, s, H-19),
0.83(3H,d,J=4.8 Hz,H-26) ,0.81(3H,d,J =6.9
Hz,H-27),3.96 (1H, m, H-3),0.79 (3H, s, H-
18),.”C NMR (75 MHz, CDCl,) §.:135.5(C-6),
135.3(C-22),132.4(C-23),130.8(C-7) ,82.2( C-
5),79.5(C-8),66.5(C-3),56.2(C-17),51.7(C-
14),51.1(C9),44.6 (C-13),42.8(C24),39.8
(C-20),39.4(C-12),37.0(C4),37.0(C-10),
34.8(C-1),33.1(C25),30.2(C-2),28.7(C-16),
23.5(C-11),20.9(C-21),20.7(C-15),20.0(C-27),
19.7(C-26),18.2(C-19) ,17.6(C-28) ,12.9(C-18) ,
AR A S SRR T ] AR B MU A S
W) Rt EALSZ Ff 1S 5 (ergosterol peroxide)

h 4 8 Mk bk (& 45), ESI-MS m/z:
325.0[M - H] ~.'H NMR (300 MHz, CDCl,) §,:
7.91(1H,d,J=1.6 Hz,H-6) ,7.49(1H,d,J =1.6
Hz,H4),7.42(1H,dd,J =8.1,1.6 Hz, H6'),
7.33(1H,d,J =1.6 Hz,H2") ,6.89(1H,s,H=2),
6.89(1H, d, J = 8.1 Hz, H5"),6.02 (2H, s,-
OCH,0) ,4.07(3H,s,5-COOCH, ) ,3.94(3H,s,7-
OCH,), "C NMR(75 MHz, CDCl, ) 8.:167.5( C-
1) ,157.4(C-2),144.9(C-7) ,148.5(C4") ,148.3
(C3"),126.1(C-5),124.2(C-1"),119.7(C-6"),
116.0(C4),107.6(C-6),108.8(C-5"),105. 8 ( C-
2"),101.5 (-OCH,0-), 100.9 ( C-3),56.2 ( OCH;-
7),52.3(0CH,-5) o iRk hcdis 5 SCmk [ 12 ] 2%
A—F, % E A B YN T-methoxy-2-( 3, 4-
methylenedioxyphenyl ) benzofuran-5-carboxylat,,

a9 wAOE (&), ESI-MS m/z:
243.1[M +Na] " ,'H NMR (300 MHz, CDCL,) 8,
8.78(1H,d,J=3.9 Hz,H-2),8.61(1H,d,J=8.4
Hz,H-8),8.05(1H,d,J =7.5 Hz, H-11),7.99
(1H,d,J=9.9 Hz,H4),7.91(1H,d, ] =4. 8 Hz,
H-1),7.66 (1H,t,J =8.0 Hz, H9),7.49 (1H, t,
J=7.2 Hz,H-10),6.95(1H,d,J =9.9 Hz, H5),
“C NMR(75 MHz,CDCI,) 8.:159.5(C-6) ,145. 8(C-
2),139.6(C4),139.4(C-16),136.2(C-13),132.0
(C-14),130.9(C9),130.3 (C-15),129.0 (C-5),
125.7(C-10) ,124.4(C-12) ,122.7(C-11) ,117.3(C-

8),116.4(C-1), FARPEEME 5 TR 13 ] FiA—
B, WS A S W) o R R K -6 ( canthin-6-one )

ot 10 5 (545) , ESI-MS m/z:
467.2[ M + Na]*,"H NMR (300 MHz, CDCl,) 8,,:
7.71(2H,m,H-2" ,H-6") ,7.52(1H,m,H4") ,7. 44
(2H,m,H-3",H-5"),7.39 ~7.19 (5H, m, H26) ,
7.17(2H,m,H-3",H5") ,7. 14(1H,m,H4") ,7.06
(2H,m, H2',H6"),6.77 (1H,d,J =7.5 Hz, H-
10),5.98(1H,d,J =8.1 Hz,H-10') ,4.75(1H,m,
H-8'),4.34(1H, m,H-8),3.92(1H,dd,J =11.4,
4.5 Hz,H9a) ,3.80(1H,dd,J =11.2,4.1 Hz, H-
9b),3.22 (1H, dd, J = 13.7,5.0Hz, H-7a) , 3. 05
(1H,dd,J =14.3,8.8 Hz,H-7b),2.76 (2H,m, H-
7'),2.03(3H,s,CH,C =0),”C NMR (75 MHz,
CDCLy) 6.:131.9(C4"),129.3(C-2,-6),129.1
(C2',-6"),128.8(C-3,-5),128.6 (C-3",-5",-3",
57),127.1(C4,2",6"),126.7(C4") ,64.6 ( C-
9'),55.0(C-8),49.4(C-8"),38.4(C-7),37.4(C-
7)o EIRBERGE 5 SCER] 14 ] AR 3 B
ZA S W) N a-acetylamino-phenylpropyl a-benzoyl-

amino phenylpropionate,,

2 % x
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1. Opsumit Z /32

Actelion | 2522 &] 1) Opsumit (i 4% Macitentan , 2 P4 53 ) 2 —Ff 0080 N J R (ERA ) SZARFEHT , RRASAA 5t fiti 31 Jik
FEREARINE , /5 H — R FIRIZ5%9), T i sl ik I (PAH) IR YT . 7E Opsumit ZHi Actelion & 2247 — 3K PAH [
R34 Tracleer, H A9 J& Acetlion 585 &l = FI 254 , {H /& Tracleer 1% F 2 22T 2015 A2 T, 8 B @LIEAE KR T
o Opsumit 7] DA AEZ Tracleer HYTHA AR, AH L T M Tracleer B4 25 1 4 H — UK BT DA , Opsumit )2 LIS
RC AR A U R R T R ] fie K A4 PAHL Il R 1056 SERAPHIN HRAR SIGIESE . 48T Tracleer Ft W4 {4551 65 1 4 228 ik
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BT, B2 U 2R R — 0 S 40 R RO B2 ARy, 8 S 4 R 115 sz R A% 38 il Wi 1 3=
BE S, R R 25 Y i — D BB AR A IR R H A RS — =L 2 25 7, e 1 5 B 0 R 27 {236
JC, AN Rl 2016 4538 [ % F 12 , 024032 55 SRR 23 1 85 B 480, S 7 H AT SZ38 7T LA SCHE—F , 2015 A48 B 40
24. 4 {¢.3&T7T, T 2020 4EHTEAR 4. 4 14357T,

3. Diovan % 7} 32

AR Diovan 1 J&—FP IS 540 2% 11 SZARBELIR , 17 HL& et O X T RS2 PR EA T RELIBT , 8 Pl A 4y 38 . B 17
THRIT R LA , B3 il LA S PO ) b 55 H A o Diovan & 50 1 Jie i 55 (4 9 1 1 245 40 , JFC 06 {14 i 6 2 5
ZE T 60 {23575 ,2015 AE4H B4R 12. 8 {2.367T, TN 2020 4F44 845 8 235 7T

4. Norvasc %% &
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