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Isolation and Structural Elucidation of Chemical Constituents of Corydalis Rhizoma

LI Feng-gin' , ZHOU Qiong’, MA Lin’>, DENG An-jun®”
(1. Puyang Center for Food and Drug Inspection and Test, Puyang 457000, China;
2. Institute of Materia Medica, Chinese Academy of Medical Sciences & Peking Union
Medical College, Beijing 100050, China)

[ Abstract ] Objective: In order to clarify the characteristic chemical constituents and furnish applicable
information to the basic research and quality control research related to the chemistry of traditional Chinese
medicines for Corydalis Rhizoma, this paper investigated the chemical constituents of Corydalis Rhizoma
extensively. Method: The dried-up and pulverized plant materials were extracted using 95% EtOH as solvent, the
EtOH extract was fractionated using different solvents to afford the EtOAc-soluble and n-BuOH-soluble portion,
respectively, among others. These two portions were subjected to procedures of isolation and purification on silica
gel or ODS column chromatographies to afford monomers. 1D and 2D NMR and MS methods, along with
comparison with the data of literatures, were used to identify the structures. Result: Twelve compounds, all
belonging to alkaloids, were isolated and identified as d-corydaline (1), tetrahydrocoptisine (2 ),
tetrahydropalmatine ( 3 ), tetrahydrocolumbamine ( 4 ), corybulbine ( 5 ), tetrahydrojatrorrhizine ( 6 ),
dehydrocorydaline (7 ), dehydroglaucine ( 8 ), 8-oxodihydrocoptisine (9 ), protopine ( 10 ), taxilamine

(11), and pontevedrine (12). Of these compounds, the structure of 12 was a revised structure which was
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assigned by combined examinations of their 1D and 2D NMR spectra and MS data. Conclusion: Compounds 6 and

11 were reported from Corydalis Rhizoma for the first time. The structure of pontevedrine was verified as 1, 2, 9,

10-tetramethoxy-6-methyl-4 H-dibenzo [de, g] quinoline-4, 5 (6H) -dione.

[ Key words |

Corydalis Rhizoma; alkaloids; isolation and purification; structural elucidation; 1, 2,

9, 10-tetramethoxy-6-methyl-4H-dibenzo [de, g] quinoline-4, 5 (6H) -dione
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ANIE R SE S5 Y A3 T HE &R AR W el 3 A
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R HHEMMETESED D BT H LR
Hh  BBHELA A, NIEH R P IR o B 4 T — ik
S A o SEAE SR BB B 3E X A 5 2R AY
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TR W A AR P 35 AX (TMS S5 N AR, 56 [ Varian 2%
A ) ; Agilent 1100 LC/MSD Trap SL %I g AH {4 3% - 5
PRI AR (36 [ 22 $E 48 24\ ) s LC-6AD HU il 45 Bl 55
ROBAH €535 A (AL 45 SPD-20A 58 Ah A5 I £ , PRC-
ODS 434 20 mm x 250 mm, H A< ¥t ; LH-20 %
F2 P F 75 BB M BE IR ( Sephadex LH-20, Pharmacia 2
AL 5 BE 3 R (200 ~ 300 H ) FE R @55 H
REME GFo, (5 S 1AL T2T) 5 SOAH AE R ODS-A-
HG(HA YMC 22w ) 5 (3% 4l 12050) 2 36 [ Fisher 2>
DR T il e A B I

FESI R 256 A BRI R 25 6T, b
B 27 Bk 27 B 245 Wy WF 50 B S5 bR I ATE 5 51 4 i hy B4 SR
THY)IE S & Corydalis yanhusuo BT HRHLZE
2 REBESEH

HUHE 1 R T 1 B 25 30 kg I B, Al 90% EtOH
Ml IS Y (2,2,1,1,1 h) R IO & JF, J8UE
W4 = WA IR W, TN 95% 2T 2= AR FR Ay 8 ol 24
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KRB LR LR A B3 W5 B £ 1R TR 76 WO
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P - (100:0 ~100:1 ~50:1 ~25:1 ~15:1 ~
101 ~1: 1) BB EEVR G, 280 2 o i A6 43y 7 A0
BB 43 (Fr. 1~ Fr. 7)) Fro 1 (=5 W Le-H Bz,
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SR LA - R QTR (10 1) UMb, 14 204 5 4 12
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s, A k-2 B8 SR (1501 ~8: 1) BREE BRI,
VIR 2 ANV 4y (Fr.2-1 ~ Fr.2-2) , Fr. 2-1 (45
k-2 LW, 150 1) SRk At (i, LUA Tl k-2 12
BRI D) VB E Y 2 (50 mg) , Fr.2-2 (A7l
fik-2 TR 16,8 1) kAT (i, LA hEE-2 R &
i (5: 1) YEHiAF L5 S (30 mg) o Fr. 3 (=54 H -
FHEE,100 = 1) 28 fk AT €533, DL A b k-2 R & TR
(15: 1) PEMES L5 3 (5 ), Fr. 4 ( =5 P ke-H
BE,100 ¢ 1) 28 6 I AE 35, DL A il k-2 BR & TR
(L2 1) PR, A5 e B 20 Fr. 4-1, Fr. 4-1 A (@
WA M- R TR (1 1) B &w 4
(30 mg) ,Fr.5( =G W Le-HBE, 50 1) 1 28 A B AE
Ok, At -o MR O Mg (8 1) % FE Ve i 45 24k &
Ye6(7 mg), Fr. T( =W Fe-HEE,10:1~1:1)%
SCARKE €838 , LA 27K (40 = 60 ) Pk M A5 1k i 745 43
Fr.7-1,Fr. 7-1 2 2 8406 & WA €35 532, DL -
(75:25,6 mL-min ") NS, B AR EY 7
(7 mg),

W IE T A US4y 28 ek A 3 DL = G e -
FEE(100:0 ~100: 1 ~50: 1) B EE VR, 28 W )2 1%
il 43 S 2 AN Ve AR 43 (BFr. 1 ~ BFr. 2) . BFr. 1
(=% e-HEE,100: 0 ~ 100 ¢ 1) 728 ik A €335
DAl k-2 1R S g (10 1) %l k&9 8
(20 mg) , VA iHik-2 02 R (3 1) Vel tb 54 9
(26 mg) , LAA k-2 R O WE(3: 1) PEi A3k &9
11(9 mg) ., BFr.2( =@ W be-H EE,50: 1) H 44T
EW10(2.3 g)

3 GHHETE

&Y 1 M i 45 & H-NMR ( CDCL,,
300 MHz) 6:6.91 (1H,d,J =8.4 Hz, H-12),6.82
(1H,d,J =8.4 Hz,H-11),6.68 (1H,s, H-1),6. 61
(1H,s,H4) ,4.22(1H,d,J =15.3 Hz,H-8a) ,3. 87
(6H,s,2 x OCH,),3.86 (6H,s,2 x OCH, ), 3.63
(1H,br,H-13a) ,3.50 (1H,d,J = 15.3 Hz,H-8b),
3.23(1H,m, H-13),3.15(2H, m, H-5a, 6a) , 2. 60
(2H,m, H-5b,6b),0.94 (3H,d,J =6.9 Hz, CH,-
13) . LA BB 5 SCER [ 11-12 [ HiR 18 1Y d-52 20 (1
HRPR) 2,

&Y 2 H @ ¥ K, ESI-MS m/z 324.0
[M+H]";'"H-NMR(CDCI,,300 MHz) §:6.72(1H,
s,H-1),6.68 (1H,d,J =8.7 Hz,H-11),6.63(1H,
d,J=8.7 Hz,H-12) ,6.59(1H,s,H-4) ,5.95(2H,s,
0-CH,-0),5.92(2H,s,0-CH,-0) ,4.09(1H,d,J =
15.3 Hz,H-8a),3.59(1H,m, H-13a) ,3.54 (1H,d,

J=15.3 Hz,H-8b) ,3.23(1H,m,H-13a) ,3. 13(2H,
m,H-5a,6a) ,2.79(1H,m,H-13b) ,2. 66 (2H, m, H-
5b,6b) ,'H-NMR ( DMSO-d, ,400 MHz) §:2.50(3H,
m),2.89(1H, m),3.07(1H,dd,J =10.8,5.2 Hz),
3.40(2H,m) ,3.42(1H,d,J =14.2 Hz),3.95(1H,
d,J =14.2 Hz),5.93(1H,s),5.94 (1H,s),5.97
(1H,s),5.99(1H,s),6.62 (1H,d,J =8.0 Hz),
6.66(1H,s),6.75(1H,d,J = 8.0 Hz),6.91(1H,
s); C-NMR ( DMSO-d,, 100 MHz) §:29.1,35.9,
50.6, 52.2, 59.2, 100.6, 100.8, 105.8, 106.5,
108.2,116.6, 121.0, 127.4,128.7, 130. 7, 142. 8,
144.5,145.5,145. 8; "C-NMR ( CDCl, , 100 MHz) §:
146.2(C9),146.0(C-3),145.0(C-2),143.3 (C-
10),130.4 (C-13b) ,128.4(C-12a) ,127.6(C-4a) ,
121.1(C-12),108.4(C-4) ,106.8(C-11),105.2( C-
1),101.1(C-15),100.8(C-14) ,59.7(C-13a),52. 8
(C-8),51.2(C-6),36.3(C-13),29.4(C-5), Dk I
Bl 5 SCHR [ 11-13 ] H218 AY D 408 3% Bl — 3

& 3 Mt )5 k. EI-MS m/z 355
[M]*;'H-NMR(CDCIl,,300 MHz) §:6.87 (1H,d,
J=8.4 Hz,H-12),6.78 (1H,d,J =8.4 Hz,H-11),
6.73(1H,s,H-1),6.62(1H,s, H4) ,4.24 (1H,d,
J=15.9 Hz,H-8,),3.89(3H,s,0CH,),3.87 (3H,
s,0CH,) ,3.86(3H,s,0CH,) ,3.85(3H,s,0CH,) ,
3.59(2H, m, H-13a,8b),3.21 (3H, m, H-5a, 6a,
13a) ,2.84(1H,m,H-6b) ,2. 64(2H,m,H-5b,13b) ;
“C-NMR(CDCl,, 100 MHz) §:150.3(C-9),147.5,
147.4(2C,C2,3),145.0(C-10),129.5 (C-13b) ,
128.5(C-12a),127.6 (C-8a),126.7(C-4a),123.8
(C-12),111.3(C-4),110.9(C-11),108.5(C-1),
60.4(0CH,9),59.2(C-13a),56.0( OCH,-3),55. 8
(2C,0CH,-2,10),53.9(C-8),51.5(C-6) ,36.2(C-
13),29.0(C-5), DA E&Hs 53k [ 11-12 ] #fE 1y
MARESIT(EHRLER) —F.

&Y 4 Eashhh, ESI-MS m/z342.0 [M +
H] " ;'H-NMR(CDCI,,300 MHz) §:6.87(1H,d,J =
8.7 Hz,H-12),6.81 (1H,s,H-1),6.78 (1H,d, J =
8.7 Hz,H-11) ,6.60 (1H,s, H4) ,5.52(1H,s, OH-
2),4.26 (1H,d,J =15.9 Hz,H-8a),3.87 (3H, s,
OCH,9),3.85(6H,s,0CH,-3,10),3.55(2H, m, H-
13a,8b),3.26(3H,m,H-5a,6a,13a) ,2.85(1H,m,
H-13b),2.68 (2H, m, H-5b, 6b) ; "C-NMR ( DMSO-
d,,100 MHz) §:149.8(C-9),146.0(C-10),144.6
(C-2),144.4(C-3),129.8(C-13b) ,128.3(C-12a),
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127.5(C-8a),124.7 (C-4a),123.7(C-12),112. 4
(C-4),111.8(C-11),111.1(C-1),59.5(0OCH,-9) ,
58.5(C-13a),55.7 (OCH,-3),55.5 (OCH,-10) ,
53.4(C-8),51.1(C-6),35.8(C-13),28.5(C-5),
PLEEG A 5 SCmk [ 11-12 ] iz 38 @9 pd &0 3R 91 B O B
—#

e s Fashh, ESI-MS m/2356.0 [M +
H] " ;'H-NMR(CDCI,,300 MHz) §:6.90(1H,d,J =
8.4 Hz,H-12) ,6.82(1H,d,J =8.4 Hz,H-11) ,6. 68
(1H,s,H-1),6.65(1H,s,H4),5.50 (1H, s, OH-
3),4.19(1H,d,J =16.2 Hz,H-8a),3.88 (3H, s,
OCH,-2),3.86(6H,s,0CH,-9,10) ,3. 68 (1H, br, H-
13a),3.50(1H,d,J =15.6 Hz,H-8b) ,3. 10(3H,m,
H-5a,6e,13),2.58(2H, m,H-5¢,6a) ,0.95(3H,d,
J=4.8 Hz,CH,-13) , DL B4l 5 Scmk [ 11-12 iz iE
1) 55 B R — B

e 6 FEaAK, ESI-MS m/z342.0[ M +
H] " ;'H-NMR(CDCI,,300 MHz) §:6.84(1H,d,J =
8.7 Hz,H-12) ,6.79(1H,d,J =8.7 Hz,H-11) ,6.73
(1H,s,H-1),6.62(1H,s, H-4) ,4.22(1H,d, ] =
15.6 Hz,H-8,),3.90(3H,s,0CH,-10) ,3.88(3H,s,
OCH,9),3.82(3H,s, OCH,-2),3.60 (2H, m, H-
13a,8b),3.23(3H,m,H-5a,6a,13a) ,2. 83 (1H ,m,
H-13b) ,2.66(2H, m,H-5b,6b) . UL I % #& 5 SC ik
[ 14 ] 308 ) DY = 25 AR — B,

&M 7 @45 . ESI-MS m/z 366.2
[M]*;'H-NMR(CDCI,,300 MHz)§:10.6(1H,s, H-
8),7.91(1H,d,J=9.3 Hz,H-11),7.85(1H,d,J =
9.3 Hz,H-12),7.15(1H,s,H-1),6.91 (1H, s, H-
4),5.28 (2H, t-like, H,-6) ,4.34 (3H,s, OCH,-9) ,
4.07(3H,s,0CH,),3.99(3H,s,0CH,),3.93(3H,
s,0CH,) ,3.24 (2H,t-like, H,-5) ,2.96 (3H,s, CH,-
13) o LA F%cds 5 3k [ 12,15 ] 38 i 25 S i R
HER—2.

&Y 8 oo 4k 5. EI-MS m/z 353
[M]*;'H-NMR(CDCI,,300 MHz) §:9. 10(1H,s,H-
11),7.06(1H,s,H-8) ,6.98(1H,s,H-3) ,6.61(1H,
s,H-7),4.01 (9H, s, 3 x OCH, ), 3.89 (3H, s,
OCH,),3.35(2H,t,/ =6.0 Hz,H,-5),3.26(2H,t,
J=6.0 Hz,H,4),3.06(3H,s,NCH,) , D) ¥
SCHR LT ] 438 i) it S0 24 S — B

a9 kAR, ESI-MS m/z336.0 [M +
H]*;'H-NMR(CDCI,,300 MHz) 8§:7.20(1H,s, H-
1),7.16(1H,d,J =8.4 Hz,H-11) ,7.04(1H,d, ] =
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8.4 Hz,H-12),6.74 (1H,s, H-4) ,6.70 (1H, s, H-
13),6.21 (2H, s, 0-CH,-0),6.01 (2H, s, 0-CH,-
0),4.27(2H,t,] =6.0 Hz,H,-6),2.88(2H,t,J =
6.0 Hz, H,-5);'H NMR ( DMSO-d,, 400 MHz) §:
7.45(1H,s),7.32(1H,d,J =8.4 Hz) ,7.13(1H,d,
J=8.4Hz),7.10(1H,s) ,6.91 (1H,s),6. 17 (2H,
$),6.05(2H,s),4.08 (2H,t,J =6.0 Hz),2.85
(2H,t,] =6.0 Hz) ; "C-NMR ( DMSO-d, , 150 MHz)
5:27.6,38.6,101.3,101.5,102.0, 104.6, 107. 8,
109.7,113.9,119.2,123. 1, 129.7, 131.5, 134.6,
145.6,145.9,146.8,147.8,158.0; "C-NMR ( CDCl, ,
100 MHz) 6:159.7 (C-8),148.5(C-9),147.4 (C-
10),146.7 (C-3),146.2 (C-2),135.4 (C-13a),
131.9(C-8a) ,130.0(C-12a),123.8(C-13b),119.2
(C-12),113.9(C-11),110.7(C-4a),108.0(C-4),
104.8(C-1),102.6(C-13) ,102. 1( 0-CH,-0) ,101. 4
(0-CH,-0),39.1(C-6),28.6(C-5), LI %5
SCHR[12,16-17 ] 238 1Y 8-4 4k — & o ik — 2

A 10 18 KK, ESI-MS m/z 354.0
[M+H]";'H-NMR(CDCI,,300 MHz) §:6.93(1H,
s,H-1),6.70 (1H,d,J =8.1 Hz,H-11),6.65(1H,
d,J=8.1Hz,H-12) ,6.64(1H,s,H-4) ,5.95(2H,s,
0-CH,-0),5.92(2H,s,0-CH,-0) ,3. 78 (2H,br, H, -
13),3.58 (2H,br, H,-8) ,2.90 (2H, br, H,-6) ,2. 55
(2H,br,H,-5),2.04(3H,s,N-CH,) , VI F¥iE 5
SCHR [ 18 ] 4218 1y 2 46 i — 2

k& 11 [ @k kK, EI-MS m/z 369
[M]*;"H-NMR(CDCl,,300 MHz) §:8.46 (1H,d,
J=5.1Hz,H3),7.65(1H,d,J =5.1 Hz, H4),
7.40(1H,s,H-8),7.27(1H,d,J =9.0 Hz, H6") ,
7.14(1H,s,H-5),6.43(1H,d,J =9.0 Hz,H-5"),
4.06(3H,s,0CH,),3.96 (6H,s,2 x OCH, ) ,3.92
(3H,s, OCH, ), i %l 5 3CHR [ 19] i
taxilamine —£{ ,

& 12 Ba kR, ESI-MS m/z 366. 1
[M-15]";'H-NMR( CDCl,,600 MHz) i I 7F &,
9.07(1H,s),8.17 (1H,s),7.39 (1H,s) fil 7.22
(1H,s) Wt 4 DI 843 5 & 1 A 05 &/ 11
P FE 8, 4.105 (3H,s),4.097 (6H,s) fl 4.08
(3H,s) B IL R0 R B &5 4 D05 U8 7
8y 3.82(3H,s) Wi —A 5 455 A % 1) F Ak
B 224 B SCHk & B, DL ETH-NMR R R g 5 3
Bk [ 20 ] 4% 38 (19 pontevedrine (1) H-NMR %k 4 — % .
ESCHR[20 ]2 51 HISCHR [ 21 ] 52 1000 45 48 %5 5 5 SOk
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8 fY pontevedrine f¥ J& — > 32 % 2 '"H-NMR %
A 25 4, 4 kg s 127 iR, LA 4 RC-
NMR %45, K, A& SCXF pontevedrine #E4T T 3 A
L5 BT . HUC-NMR B3 85 21 A 3iA5 5
X AR 5 4 HSQC 3% 4r #r iffi i & 5 A 3k, 4
DHERP RS N2 DA EANRE S (K1),
HMBC S5 W3] 1% DA 5 5 Rk f5 — 1Y
REAHOE (K 1,38 1) Horp §,8.17 5 85,1525,
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Fig. 1 Structure of compound 12 and 12, HMBC (H — C)

correlation of compound 12

% 1 Pontevedrine ' H-NMR ( CDCl, 600 MHz) ,"*C-NMR ( CDCl,,150 MHz) #1 HMBC #{#Z
Table 1 Date of ' H-NMR ( CDCl, ,600 MHz) ,"*C-NMR ( CDCl, ,150 MHz) and HMBC of pontevedrine

No. &y 8¢ HMBC(H—C) No. 5y S HMBC(H—C)
1 152.5° 149. 3"
2 154.0° 10 149. 8"
3 8.17 s(1H) 112.3 C-1,2,3a,3a' 4 11 9.07 s(1H) 108. 6 C-7a,9,10,11a,11b
3a 123.9 1la 121.4
3a' 118.5 11b 124.2
4 175.7 1-OMe 4.097 s(3H) 60.5° C-1
5 156. 4 2-OMe 4.105 s(3H) 56.5¢ Cc-2
6a 130. 6 9-OMe 4.08 s(3H) 56.0° Cc9
7 7.39 s(1H) 113.7 C-3a',6a,8,11a 10-OME 4.097 s(3H) 55.9¢ C-10
7a 127.8 N-Me 3.82 s(3H) C-5,6a
8 7.22 s(1H) 108.7 C-7,9,10,11a
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