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Alkaloids from the stem of Macleaya cordata against Exserohilum turcicum

LIU You-hua™ ,LI Jian, WANG Dan, XIE Fu-shuang, GUO Zhi-gang

Yangize Delta Region Institute of Tsinghua University, Jiaxing 314000, China

Abstract : Eight alkaloids were isolated and identified by natural product separation and activity tracking in order to find out
the active components in Macleaya cordata that were resistant to Exserohilum turcicum. The eight alkaloids were 6-(2-
hydroxyethyl ) -5 ,6-dihydrosanguinarine (1) ,6-(2-methoxy-2-oxyethyl) -5 ,6-dihydrosanguinarine (2) ,6-acetodihydrosangui-
narine (3) , 6-acetonyldihydrochelerythrine (4) , isointegriamide (5), arnottianamide (6 ), dihydrosanguinarine (7) and
chelerythrine (8). Compounds 1,2,5,6 were isolated from the stem of M. cordata for the first time. The above alkaloid com-
pounds (1-8) were tested by agar diffusion method with filter paper. It was confirmed that compound 8 had significant biologi-
cal activity against E. turcicum. Then, the ICs, value of compound 8 on spore germination of E. turcicum was 12. 0 pg/mL.
From these results, our understanding of antifungal activity of chelerythrine against E. turcicum was enriched and this research
is relevant for developing novel pesticides.
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FE A3 TE AHRE S (200 ~ 300 H) b 50 31k
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S3Mriil 5 F HPLC {X#% 8 LC-20A R 41 €5 3%
LCHA B HEA F]) s MPLC SR H Dr Flash-S 4352 41
RS (M E A BR A R ), 5% 4 0DS
(C5,MB 100 40 ~75 pm, Fuji, H 4<) ; ESI-MS 3 J1]
Agilent 1200-1600 MS, L FF B Sk 5 551, 1 32 145 5 1
%5 "H A" C NMR 3% 5% H Bruker 4% i 2% X, LA
TMS R NHR
1.3 LA
1.3.1 #BEF55H

& [ ZE M8 20 kg, FH 75% & 5 10137 12 B 2
U ERR 2 h BNR L 1020, 453 2, B 3R BUR 21t
Vol % 4 Je K U A T RN LR R AR EL 3 ~4 UK,
2% HPLC F6: I Yo Bk 57 B2 TP Al TR 2 BB A 42
B AL, eI 25 5 140 g, 308 M,

W M 2153 28 IEARBE BCAE 2 AT, A - R &
BiE[100: 0—0: 100 (V/V, '~ [F]) ]2 25 14 fin s B
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43 M1 ~ M8, 283 3if M BR B A0 5 Bk i E T ML M4
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MI(13 g) R 1.5 1200 ~300 HRERFERE,
18 A% ik Je 3L 70 1 AH R RS A, A T ik 20 PR 2T (93
7) SR RE VRN, YU 50 mL, IR IR A IS 2ol
TLC R4 AIf, 15 2] M1-1 ~ M1-7 287 A4 4578
X T AN 3 A TR K RIS TG A I, A5 2] M1-2
BAESIEE, KI5 M1-2 S45 G 359 7
(15 mg) .

M4 (31 g) 3 MPLC 4355, H E-7K (40: 70 —
100: 0) 6 B2 BEME , 138 8 mL/min, &3 fy1ic 5 200 mL,
WA Wi AR G 2 ik TLC Mk £ & Jf, 15 31 M4-1 ~
M4-10 3£ 10 207, K ix 10 A2H 73 #EATHT F AR K
BESG I PEORT 1E , 15 8] M4-4 F M4-6 3L 2 N HA
k. Horp M44 2858 HPLC 76% (il 6 mL/
min) () FBE-/K A5 3] 20 53 M4-4-1 ~ M44-8 4 8 /2
51, B IXEE2H 43k ] TLC A LA K HPLC 5347 35 2 L)
Kod B A EME G 1(25 mg, 1, =41 min) 12
(35 mg,t; =62 min) , BINE M4-4-1 #E—H 70%
(VN 5 mL/min) i H EE-K 24675 246 59 8
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100:0) BB EEVEME, ik 8 mL/min, B3 15 4 250 mL,
WS T Ja 4 TLC MR k4 5 JF, 15 5 M5-1 ~
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8.7.54(1H,s,H-1),7.11(1H,s,H4) ,6.86(1H,d,
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Fig. 1 The chemical structures of compounds 1-8

J =8.2 Hz,H9),7.33(1H,d,J =8.2 Hz,H-10),
7.49(1H,d,J =8.6 Hz,H-11),7.68 (1H,d,J =
8.6 Hz,H-12),6.06 (2H,s,H-13),6.03 (2H, s, H-
14),4.47 (1H,dd,J =10.0,4.9 Hz, H6),1.80
(1H,m,H-1"a) ,1.57(1H,dt,J =14.4 4.8 Hz,H-1'
b),3.80 (2H, m, H-2"),2.69 (3H,s, N-CH,) ;" C
NMR (100 MHz,CDCL,)8:99.9(C-1),147.1(C-2),
148.5(C-3),104.6(C4),127.1(C4a),139.0(C-
4b),56.8(C-6),125.6(C-6a),144.3(C-7),147.6
(C-8),107.5(C-9),116.7(C-10),116.9( C-10a) ,
123.9(C-10b) ,124.3(C-11),120.1(C-12),131. 1
(C-12a),101.4 (C-13),101. 1 ( C-14),43.0 ( N-
CH;),35.2(C-1"),61.6 (C2"), LI ¥ 53¢
R — B B EL A 1 R 6-(2-B 2
HE)-5,6- ARG (L5 ULE 1) o

wEW2 B AK; T30 C,HgNOg ; ESI-
MS.m/z 406 [M +H]* ,'H NMR (400 MHz, CDCL, )
5:7.54(1H,s,H-1),7.09 (1H,s,H4) ,4.82(1H,
dd,J =8.7,6.7 Hz,H-6) ,6.86(1H,d,] =8.2 Hz,
H-9),7.34(1H,d,J =8.2 Hz,H-10),7.47(1H,d,J
=8.6 Hz,H-11),7.69(1H,d,J =8.6 Hz,H-12),
6.05(2H,s,H-13),6.04 (2H, s, H-14) ,2. 41 (2H,
m,H-1"),1.57(1H,dt,J =14.4,4.8 Hz,H-1'b),
3.80(2H,m,H-2"),2.65(3H,s,N-CH, ) ,3. 67(3H,
s,2'-0CH,) ;”C NMR (100 MHz,CDCl,)8:101. 6( C-
1),147.6(C-2),147.1(C-3),104.3(C4),127.6
(C4a),139.2(C4b),54.7(C-6),125.8 (C-6a),
147.6(C-7),144.5(C-8),107.7(C9) ,116.5(C-
10),115.6( C-10a),124.0( C-10b) ,123.2(C-11),
120.0(C-12),131.0(C-12a),100.8 ( C-13),101.0
(C-14),43.1(N-CH,),38.8(C-1"),171.8(C-2"),

51.5(2-OMe) . Lk -%df 530k A —2k, 5
EGY 2 R 6-(2-HHEHE2- M oK) 5,6-— A
AR o

HEW3  BAKAK; 55 C,HgNOS; ESI-
MS:m/z390 [M+H]*_,'"H NMR (400 MHz,CDCI,)
5:7.52(1H,s,H-1),7.10(1H,s,H4) ,4.87 (1H,
dd,J=10.5,4.2 Hz,H-6) ,6.86(1H,d,J =8.2 Hz,
H-9),7.33(1H,d,J =8.2 Hz,H-10),7.48(1H,d, J
=8.6 Hz,H-11),7.70 (1H,d, J =8.6 Hz, H-12),
6.05(2H,s,H-13),6.03(2H,s, H-14) ,2.64 (1H,
m,H-1"a),2.30(1H,dd,J =15.2,4.2 Hz,H-1'b),
2.06(3H,s,H3"),2.65(3H,s,N-CH, ) ;" C NMR
(100 MHz, CDCL, ) 8:104.4 (C-1),147.6 (C-2),
148.2(C-3),100.6(C4),125.7(C4a),139.3(C-
4b),54.5(C-6),127.5(C-6a),144.3(C-7),147.2
(C-8),107.6(C-9),116.1(C-10),124.0( C-10a) ,
123.5(C-10b) ,116.5(C-11),120.0(C-12),131.0
(C-12a),101.6 (C-13),101.1 (C-14),43.1 ( N-
CH,) ,46.6(C-1"),207.2(C2"),31.3(C-3"), LA
Bl S Sk A2 MO E A 3 N 6-T
Pl e — S i AR

wEW4 WHEMHAK; 55T CuH,NO,; ESI-
MS:m/z406 [M+H]*_,'H NMR (400 MHz,CDCI,)
5:7.51 (1H,s,H-1),7.10(1H,s,H4),5.04 (1H,
dd,J =11.2,3.7 Hz,H6),6.96 (1H,d, ] =8.6
Hz,H9),7.54 (1H,d,J =8.6 Hz, H-10),7.51
(1H,d,J =8.6 Hz,H-11),7.71(1H,d,J =8.6 Hz,
H-12),6.04(2H,s,H-13),2.58 (1H,dd,J =14.9,
11.3 Hz,H-1'a) ,2.26(1H,dd,J =14.9,3.7 Hz, H-
1'b),2.06(3H,s,H-3"),2.64 (3H,s,N-CH, ) ,3. 96
(3H,s,7-OCH,),3.93 (3H, s,8-0CH, ) ;" C NMR
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(100 MHz, CDCL, ) §:104.5 (C-1),147.6 (C-2),
148.2(C-3),100.6 (C4),128.2(C4a),139.3(C-
4b) ,54.9(C-6),127.4(C-6a),145.5(C-7),152. 1
(C-8),111.5(C9),118.8(C-10),124.8(C-10a),
123.8(C-10b),119.8 (C-11),123.3(C-12),131. 1
(C-12a),101.0 (C-13),61.0 (7-OCH, ) , 55. 8 ( 8-
OCH,) ,42.8 (N-CH,),46.9(C-1"),207.6(C-2"),
31.1(C-3") o LUK S Sk ™ 3 A — 30, B 2
LAY 4 S 6- TR U SR L0 08

wEWMS wAHAK; 130 Cy\WH;NOg; ESI-
MS.m/z366 [M+H] " _,'H NMR (400 MHz, CDCI,)
5:7.19(1H,s,H-1),7.06(1H,s,H4) ,6.50(1H,d,
J =8.0 Hz,H9),6.60(1H,d,J =8.0 Hz,H-10),
7.28(1H,d,J =8.6 Hz,H-11),7.73(1H,d,J =
8.6 Hz,H-12),6.08 (2H,s,H-13),6.00(2H, s, H-
14),8. 18(1H,s,H-CHO) ,2.99 (3H,s,N-CH, ) ;" C
NMR (100 MHz, CDCl;)8:99.0(C-1),149.5(C-2),
148.5(C-3),101.6 (C4),135.9(C4a),134.6(C-
4b) ,165.4(C-6),148.2(C-6a),137.5(C-7),150.3
(C-8),104.4(C9),123.4(C-10),121.7(C-10a),
128.7(C-10b) ,127.5(C-11),127.8(C-12),131. 4
(C-12a),101.6 (C-13),101.6 ( C-14),33.0 ( N-
CHy) o DA b%ds 5 Scikt ' A — 3, o g b &
Y1 5 1ZALE Wl isointegriamide ,

wEWe6 WM, C,yHgNOg; ESI-
MS:m/z382 [M+H]*_,'H NMR (400 MHz,CDCI,)
5:7.19(1H,s,H-1),7.06(1H,s,H4) ,6.50(1H,d,
J =8.0 Hz,H9),6.59(1H,d,J =8.0 Hz,H-10),
7.31(1H,d,J =8.7 Hz,H-11),7.72(1H,d,J =
8.6 Hz,H-12),6.08 (2H,s,H-13),8. 18 (1H, s, H-
CHO),3.91(3H,s,7-OCH,) ,3.90(3H,s,8-OCH, ) ,
2.99(3H,s,N-CH,) ;" C NMR (100 MHz,CDCL,)$§:
99.2(C-1),149.3(C-2),148.1(C-3),104.0(C4),
135.7(C-4a) ,128.7(C4b) ,164.7(C-6) ,146. 8(C-
6a),135.8(C-7),152.1(C-8),104.3(C9),125.1
(C-10),118.7 (C-10a),133.4 (C-10b), 127.4 ( C-
11),127.5(C-12),131.3(C-12a),101.5(C-13),
61.2(7-0OCH;) ,55.9(8-OCH,),33.1(N-CH,) ., VI
RO S Semk AR — B R E S 6 K
arnottianamide.

wEWT REEHAK; 51K CyyH;NO;
ESI-MS:m/z 334 [M + H]*_,'"H NMR (400 MHz,
CDCL)5:7.07(1H,s,H-1),7.66(1H,s,H4) ,4.18
(2H,s,H-6) ,6.82(1H,d,J =8.1,H9),7.26(1H,

d,] =8.1 Hz,H-10),7.44(1H,d,J =8.6 Hz, H-
11),7.65(1H,d,J =8.6 Hz,H-12) ,6.01(2H,s,H-
13),5.99 (2H, s, H-14),2.59 (3H,s, N-CH,) ;" C
NMR (100 MHz, CDCl, ) §:104.2 ( C-1),147.9 ( C-
2),147.4(C-3),100.6(C4),126.4(C4a),147.0
(C4b),48.5(C-6),113.5(C-6a),142.4(C-7),
144.5(C-8),107.9(C9),116.1(C-10),127. 1 ( C-
10a),124.3(C-10b),120.2(C-11),123.8(C-12),
130.7( C-12a),100.9 (C-13),101.2 ( C-14) ,41.6
(N-CHy) o DA _E%H- 550k ™) A — 2%, w1k
YT R A MAR

LEWMS WK AK; 5L C, HyNO, ;ESI-
MS:m/z349 [M +H]*,'H NMR (400 MHz, DMSO-
dg)8:7.77(1H,s,H-1),7.77 (1H,s, H4) ,10. 11
(1H,s,H-6),8.31(1H,d,J =8.9,H9),8.83(1H,
d,J =8.9 Hz,H-10),8.28 (1H,d,J =8.6 Hz, H-
11),8.27(1H,d,J =8.6 Hz,H-12) ,6.35(2H,s, H-
13),5.00(3H,s,N-CH,) ;" C NMR (100 MHz, DM-
S0-dy)8:106.3 (C-1),149.2(C2),148.2(C-3),
106.3(C4) ,120.7(C4a) ,132.0(C4b) ,150.4(C-
6),119.2(C-6a),151.3(C-7),145.9(C-8),131.5
(C9),119.8 (C-10),128.5 (C-10a), 132.7 ( C-
10b) ,104.8(C-11),126.5(C-12),132.0(C-12a) ,
103.4(C-13),52.7 (N-CH, ) ,57.5(7-0CH, ) ,62.7
(8-OCH;) . DAl Mdfs 5 Sc k'™ S A — B, st
G 8 o 1 SR L000,
2.2 HIERKBHRIE SR

XTI [ 25 b 2 B AR 20 Y 8 S iR & Wit
FFHT E R K BE s 16 PRI, b &9 1 ~ 7 7E 31.25
g/ AR & X K K BE JC I, ik &4 8
RERH LSRRI R X . ARG XL G 8 1T F KK
BES FF  SE g, A5 8 B L B X it ik
MRIETRTE (1C5, = 18.0 = 0.5 pg/mL) B3 A3 e,
HIC, N 12.0 + 0.1 pg/mlL,
3 g

AHIFGE R T P 3 4 12 DA R OE R e e
HPLC %573 BB AR 75 171 25 vp 19 £ W I il o i
17T RGW, HrB5 0w T 8 NMEMIEIL G,
Hr k5% 1.2.5.6 5 IR [m 25 rh 43 21531
TEBT TR KBS 2 0 e 3, A5 4 8 RIS
WY B IE P AL B 1 ~ T 76 31,25 ng/4C
FIEEARRI N IR IR T . R EY 8 fE &
KRB A8 e 5240 v, SR IS b PR X B ks
METRE (1C5, =18.0 = 0.5 wg/mL) HSRAYHH I, H
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ICo,fE N 12.0 + 0.1 pg/mL, HA &Y 8(HIJE
SRELHR ) B U AE P TR KRB 9756 1, 5 T PH Ak
Xof HEE (ML P BT 155 ), T AP T o 1 2 — b )2 T
AN b7 AL s B TR AR R R R A A
PIARF B . AT B KRB 16 1k, X 5 AR A
SCHRAGE 1X 2846 15 W) BAT BRI I 5 PE DR AR
— 8, FUESRLLEREAT U P S A, At
T REENG ™ K RELR AT TR A5 A Y 5 T
K R R AT 1 ) T REAIL ] = fo FL 200 f B A v e
SEVL BRI R 22 IR AR 1T P R B R AT 5 S50 it
BT,

VA _EBESERI 8 2 W R £0mdon] AR B R oK
RBES ) — b P A 2 A WA 24, S I A B A )
RSB E T —Fh Al 68, (B2 18 5 Bt — 2P
BLREALHI 72 A B W FJE SREZL AT 6 K R SR S5
W D T AL P 4 AR, DT AT Bl T 37 AR )
WL I TEAERTE K S A o
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