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Alkaloidal chemical compositions from seeds of Peganum harmala

LIU Yongjian, LIU Hao, LI Huashuang, YANG Yuping, LIU Yonggang
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Abstract: Objective To investigate the chemical compositions of total alkaloids from the alcoholic extract of Peganum harmala L.
seeds after acid solubilization and alkaline precipitation. Methods The compounds were isolated and purified by various
chromatographic techniques, and their structures were characterized by MS, NMR and synthesis, and the in vitro anticancer activities
of some compounds against human colon cancer cell HCT116 were determined by CCK-8 method. Results A total of 12 compounds
were isolated from the total alkaloids, namely 7-methoxy-2-(methoxymethyl)-1-methyl-9H-pyrido[3,4-b]indol-2-ium chloride (1),
bis(2-ethylhexyl) terephthalate (2), vasicione (3), vasicine (4), harmalanine (5), harmine (6), harmane (7), harmol (8), norharmane (9),
harmaline (10), tetrahydroharmine (11), and harmalol (12). The in vitro anticancer cell assay showed that the 24 h median inhibition
concentration (ICso) of compound 5 was (36.41 + 1.91) umol/L. Conclusion Compound 1 is a new compound named azaacetal
harmine A, and compound 2 was isolated for the first time from P. harmala L. Compound 5 with the strong conjugation system has
potential anticancer activity.
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Fig. 1 Structures of harmine (left) and harmaline (right)
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Fig.2 Structures of compounds 1,2 and §
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Be-FEE (150 1—10 1) RNEMBF, SRS Fr.
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& 1 &4 1 # '"H-NMR F1 3C-NMR #3E (400/600/100 MHz)
Table 1 'H-and *C-NMR data of compound 1 (400/600/100 MHz)

Tidir Ju (CD;0D) ou (CDCls) dc(CDCly) | BEfi  ou(CDsOD)  ou(CDCl)  dc(CDCls)

1 139.1 10 135.7
2 1 132.6
3 8.54(IH,d,J=6.5Hz) 8.06 (1H, d, J= 6.5 Hz) 130.9 12 115.0
4 836(lH,d,J=6.5Hz) 7.89 (1H, d, J = 6.4 Hz) 112.9 13 148.2
5 825(I1H,d,J=8.9Hz) 7.84 (1H, d,J=8.8 Hz) 123.3 14 3.15(3H,s)  3.35(3H,s) 16.0
6  7.08(1H,dd,J=89,21Hz)  6.92(IH,d,J=8.9Hz) 1134 15 399(3H,s)  3.94(3H,s) 562
7 164.3 16  599(3H,s)  5.86 (3H,s) 87.2
8  7.17(I1H,d,J=2.1 Hz) 734 (1H, s) 95.1 17 348(3H,s)  3.46 (3H,s) 577
9 13.91 (1H, s)

&Y 2. wAWMIKRY, HR-ESI-MS m/z:
391.28391 [M+H]*, 733 A CasHis04. 'H-NMR
(400 MHz, CDCls) 0: 8.08 (4H, s, H-2, 3, 5, 6), 4.30~
4.19 (4H, m, H-1", 1"), 1.71 (2H, m, H-2', 2"), 1.49~
1.41 (4H, m, H-3", 3"), 1.41~1.30 (12H, m, H-4, 4",
55" 7' 7"), 0.93~0.86 (12H, m, H-6', 6", 8’, 8");
BC-NMR (100 MHz, CDCls) 6: 166.0 (C=0), 134.3
(C-1, 4), 129.6 (C-2, 3, 5, 6), 67.8 (C-1', 1"), 39.0 (C-
2',2"), 30.7 (C-3',3"), 29.1 (C-4', 4", 24.1 (C-7', 7"),
23.1(C-5',5"), 14.1(C-7',7"), 11.2 (C-8',8"). LL_EJ¥
R SCERGT LU AR — 02, e A 2 AR
FHR (-5 S,

& 3. Btdtk (FHE, ESI-MS m/z:
203.081 3 [M+H]", 43+~ CiiH10N202. 'H-NMR
(400 MHz, CDCl;) 6: 8.42~8.15 (1H, m, H-8), 7.87-
7.67 (2H, m, H-5, 6), 7.49 (1H, m, H-7), 5.26 (1H, td,
J=17.0,2.2 Hz, H-3), 4.37 (1H, m, H-1a), 4.04 (1H, m,
H-1b), 2.88~2.54 (1H, m, H-2a), 2.44~2.14 (1H, m,
H-2b); 3C-NMR (150 MHz, CDCls) d: 160.7 (C-3a),
160.6 (C-9), 148.6 (C-4a), 134.6 (C-6), 127.1 (C-7),
126.8 (C-8), 126.7 (C-5), 121.1 (C-8a), 71.9 (C-3), 43.6
(C-1), 29.5 (C-2). DAL E s 55 Sk Lot JE A —
|3, EEA AW 3 NS LT .

&Y 4. Atadiik (FE, ESI-MS m/z:

189.198 1 [M+H]", 731 CiiHN2O. TH-NMR
(600 MHz, CD;0D) : 7.39~7.32 (1H, m, H-5), 7.28
(1H, td, J= 7.5, 1.3 Hz, H-6), 7.21 (1H, d, J= 7.7 Hz,
H-7), 7.19~7.10 (1H, m, H-8), 5.12 (1H, t, J= 8.1 Hz,
H-3), 4.87 (2H, m, H-9), 3.76 (1H, m, H-1a), 3.67 (1H,
dt, J=10.8, 7.8 Hz, H-1B), 2.66 (1H, dtd, J= 13.0, 7.6,
2.5 Hz, H-2a), 2.12 (1H, dq, J = 12.9, 8.5 Hz, H-2p);
BC-NMR (150 MHz, CD;OD) ¢: 164.8 (C-3a), 132.2
(C-4a), 130.5 (C-6), 128.5 (C-8), 128.3 (C-7), 118.3 (C-
8a), 118.2 (C-5), 72.6 (C-3), 52.0 (C-9), 47.5 (C-1),
30.9 (C-2). LAl it 48 STk beoy Je AR — g 03],
YA 4 NTEHELE o

B 5: REOK AR, ESI-MSm/z:267.1126
[M+H]", 73 73R A Ci1sH1aN202. 'TH-NMR (400 MHz,
CDCls) d: 8.24 (1H, s, H-1), 7.46 (1H, d, J = 8.5 Hz,
H-9), 7.33 (1H, dd, J= 8.9, 7.0 Hz, H-15), 6.87 (1H, s,
H-12), 6.83 (1H, dd, J = 8.7, 2.3 Hz, H-10), 6.48 (1H,
d, J = 8.9 Hz, H-16), 6.24 (1H, d, J = 7.0 Hz, H-14),
4.44 (2H, t, J = 6.9 Hz, H-5), 3.87 (3H, s, H-18), 3.07
(2H, t,J="7.0 Hz, H-6); '*C-NMR (100 MHz, CDCl;)
0: 163.8 (C-17), 157.9 (C-11), 138.6 (C-13), 135.6 (C-
15), 120.5 (C-9), 118.0 (C-16), 115.6 (C-7), 111.2 (C-
10), 98.9 (C-14), 94.8 (C-12), 55.8 (C-18), 40.4 (C-5).
DL it s 20 SOk Lot — 204, et & s o
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harmalanine.

WEW 6: IR EEHIR AR (I, ESI-MS m/z:
213.1920 [M+H]", 737Xy CisHN20. 'H-NMR
(400 MHz, CD;0D) 6: 8.10 (1H, d, J = 5.5 Hz, H-3),
7.98 (1H, d, J = 8.7 Hz, H-5), 7.79 (1H, d, J = 5.5 Hz,
H-4), 7.04 (1H, d, J = 2.2 Hz, H-8), 6.87 (1H, dd, J =
8.7, 2.3 Hz, H-6), 3.91 (3H, s, H-15), 2.77 (3H, s, H-
14); BC-NMR (100 MHz, CDs;OD) §: 162.6 (C-7),
144.2 (C-1), 142.1 (C-13), 138.0 (C-3), 136.3 (C-10),
130.2 (C-11), 123.5 (C-5), 116.4 (C-12), 113.3 (C-4),
110.9 (C-6), 95.4 (C-8), 56.0 (C-15), 19.5 (C-14). fTr
A E DI SRR 2 SR b — 20, e E
W) 6 A IE e,

WEY T: RIEEHA, ESI-MS m/z: 183.028 5
IM+H]", 7 F3 CioHioN2. 'H-NMR (600 MHz,
CDCl3) 0: 8.38 (1H, d, J = 6.1 Hz, H-3), 8.12 (1H, d,
J =8.9 Hz, H-5), 7.83 (1H, d, J = 6.1 Hz, H-4), 7.55
(2H, m, H-7, 8), 7.30 (1H, m, H-6), 2.84 (3H, s, H-14);
13C-NMR (150 MHz, CDCls) 6: 141.8 (C-1), 140.1 (C-
13), 138.8 (C-3), 134.6 (C-10), 128.3 (C-11), 128.2 (C-
7), 122.1 (C-12), 121.9 (C-5), 120.1 (C-6), 112.9 (C-4),
111.6 (C-8), 20.4 (C-14), LA Ly ik Hodis 28 STk b Xt
— el K b A T NN R .

&) 8: HRITEHA, ESI-MS m/z:199.101 8
[M+H]*, 2> 73~ CioHioN20 . "H-NMR (400 MHz,
CD;0D) ¢: 8.08 (1H, d, J = 5.5 Hz, H-3), 7.92 (1H, d,
J = 8.6 Hz, H-5), 7.77 (1H, d, J = 5.4 Hz, H-4), 6.92
(1H, d, J=2.1 Hz, H-8), 6.77 (1H, dd, J= 8.5, 2.1 Hz,
H-6),2.75 (3H, s, H-14); 3C-NMR (100 MHz, DMSO-
ds) 5: 158.7 (C-7), 142.7 (C-13), 141.4 (C-1), 138.1 (C-
3), 134.9 (C-10), 128.0 (C-11), 123.0 (C-5), 114.3 (C-
12), 112.1 (C-4), 110.1 (C-6), 97.1 (C-8), 20.7 (C-14).
A b 3 REHOHE 22 SCRR LU B AR — 3007, et &)
8 AMG IR .

EY 9: HRIEEN A, ESI-MS m/z: 169.165 6
[M+H]*, T30~ CiiHsN2. 'H-NMR (600 MHz,
DMSO-ds) 8: 12.50 (1H, s, N-H), 9.19 (1H, s, H-1),
8.60 (1H, d, J= 5.8 Hz, H-3), 8.52 (1H, d, J = 5.9 Hz,
H-4), 8.44 (1H, d, J= 8.0 Hz, H-5), 7.79~7.74 (1H, m,
H-8), 7.74~7.70 (1H, m, H-7), 7.39 (1H, ddd, /= 8.0, 6.8,
1.1 Hz, H-6); 3C-NMR (150 MHz, DMSO-ds) J: 142.7
(C-12), 135.0 (C-3), 131.7 (C-1), 131.5 (C-10), 130.6 (C-
11), 128.8 (C-12), 123.0 (C-7), 120.7 (C-5), 119.7 (C-6),

116.6 (C-4),112.7(C-8). FT{SAAWIR I IEEHE 2 STk
Fexd—308, %5254 9 N norharmane.

WEY10: REOR AR, ESIMS m/z: 215117 7
[M+H]*, 73 73N CizH1sN20. TH-NMR (400 MHz,
CDCl3) d: 12.56 (1H, s, -NH), 7.44 (1H, dd, J=9.1, 2.6
Hz, H-5), 7.07 (1H, s, H-8), 6.83 (1H, dd, J=9.1, 2.4
Hz, H-6), 3.91 (2H, t, J = 8.8 Hz, H-3), 3.85 (3H, d, J =
2.6 Hz, H-15), 3.17 (2H, td, J = 9.0, 8.6, 2.5 Hz, H-4),
3.06~3.00 (3H, m, H-14); 'BC-NMR (100 MHz,
DMSO-d) d: 157.6 (C-1), 157.2 (C-7), 138.0 (C-13),
129.0 (C-11), 120.3 (C-10), 119.9 (C-5), 115.0 (C-12),
110.7 (C-6), 95.0 (C-8), 55.6 (C-15), 48.1 (C-3), 22.5
(C-14),19.6 (C-4)o DAl il B4 28 STk Ebxof — 35090,
YA 10 NIETE D -

WEM: KAMEFAK, ESI-MS m/z: 217.243 5
[M+H]", 7 73 A Ci3HisN20. TH-NMR (400 MHz,
DMSO-ds) d: 10.48 (1H, s, -NH), 7.20 (1H, d, J = 8.5
Hz, H-5), 6.78 (1H, d, J = 2.2 Hz, H-8), 6.59 (1H, dd,
J=8.6,2.3 Hz, H-6),3.96 (1H, q,J=6.8 Hz, H-1),3.73
(3H, s, H-15), 3.12 (1H, dt, J= 12.5, 4.5 Hz, H-3), 2.80
(1H, ddd, J=12.9, 8.6, 4.9 Hz, H-4a), 2.63~2.52 (1H,
m, H-4b), 1.32 3H, d, J = 6.6 Hz, H-14); '3C-NMR
(150 MHz, DMSO-ds) d: 155.0 (C-7), 137.0 (C-13),
136.2 (C-10), 121.6 (C-12), 117.9 (C-5), 107.7 (C-6),
106.5 (C-11), 94.6 (C-8), 55.2 (C-15), 47.8 (C-1), 42.2
(C-3), 22.5 (C-4), 20.6 (C-14). LA b i 44 28 Sk
Foxt—3500, B a9 11 VU 3% 5E TE b .

AP 12: IREERA, ESI-MS m/z: 201.127 6
[M+H]", 773 A Ci2HiN20. 'TH-NMR (400 MHz,
DMSO-ds) d: 11.86 (1H, s, -NH), 9.96 (1H, s, -OH),
7.50 (1H, d, J = 8.8 Hz, H-5), 6.82 (1H, s, H-8), 6.70
(1H, d, J = 8.8 Hz, H-6), 3.75 (2H, t, J = 8.7 Hz, H-4),
2.99 (2H, t, J = 8.7 Hz, H-3), 2.53 (3H, s, H-14); 13C-
NMR (150 MHz, DMSO-de) J: 164.4 (C-1), 159.1 (C-
7), 142.9 (C-13), 125.4 (C-10), 123.1 (C-11), 118.2 (C-
12), 114.2 (C-6), 96.2 (C-8), 41.8 (C-3), 19.1 (C-14),
18.5(C-4). LA iEHa2e SOk Lbx — 2120, % fh
E 12 NIETEEN .

32 ARKA1 ([REELL) METE

WEM 1 CRIRRED: Afddk (FEE, HR-
ESI-MS m/z: 257.128 30 [M — Br]*, 7+ TR A
C15sH17N"0,Br ™. 'H-NMR (600 MHz, CD;0D) J: 8.54
(1H, d, J= 6.6 Hz, H-3), 8.35 (1H, d, J= 6.7 Hz, H-4),
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8.25 (1H, m, H-5), 7.17 (1H, d, J = 2.2 Hz, H-8), 7.06
(1H, dd, J = 8.9, 2.6 Hz, H-6), 5.99 (2H, s, H-16), 3.99
(3H, s, H-15), 3.48 (3H, s, H-17), 3.15 (3H, s, H-14).,
Hpigk, S0EHdE 5 1 A ZEIRTEE
B 2 7 s ERAB RN WL, BT LI I Bt 43 25 1)
RIMEY 1 S G A GRS S 78 T4 )
ISR A 1 HIEE R e o
3.3 HCTI116 RSt

HCT116 40tk scia il as R (R 2) &R,
3 MEAMITE—EWRE N EA — 2 PuEiETE.
&) 1,225 19 1Cs (24 h) 4351 K (88.49+4.65).
(113.91£12.19). (36.41+1.91) pmol/L. PFH4EZ45)Ii
B9 1Cso A (6.63£0.22) pumol/L.

#z2 kA1, 2. 5% HCT116 ZAAEHY ICso
Table 2 ICso of compounds 1, 2 and 5 on HCT116 cells

WA ICs0/(umol-L™")
1 88.4914.65
2 113.91+12.19
5 36.41%+1.91
I 6.631+0.22
4 g

AT U3 I X % B 3 1 I SR - IR VA IR T A A2 AR
VImEAT o0 B, R3] T 12 MEEW. a1
WaEw, MALEY 2 NIRFEEM Y E X 15
o HCT116 4R SNTUIG T SRR, 654 1 A0
L&) 2 % HCT116 A I RE JsIF Ao, T H
ABERILTER GRS 5 X H B A IS AE ] §E
71, 240 [f1Cso N (36.41+1.91) yumol/L. ASZLE
AMFE TIRIEE TR ME R, TR
PHESRME T — R .
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