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Chemical constituents from aerial part of Cannabis sativa

LIU Zhi-hua'-2, WANG Jin-lan'-2, ZHAO Ming'"-2, LI Jun" 2, SHI Zhi-chun'2, WANG Dan" %, ZHANG Shu-jun'-?
1. College of Chemistry and Chemical Engineering, Qiqgihar University, Qiqgihar 161006, China
2. Heilongjiang Industrial Hemp Processing Technology Innovation Center, Qiqihar 161006, China

Abstract: Objective To study the chemical constituents from aerial part of Cannabis sativa. Methods The chemical constituents
were isolated by silica gel column chromatography and HPLC, and their structures were identified by their spectral data and
physicochemical properties analysis. Results Thirty compounds were isolated from C. sativa, which were identified as methyl
(9Z,11E,138,152)-13-hydroxyoctadeca-9,11,15-trienoate (1), cannabidivarinic acid (2), dihydroactinidiolide (3), benzoic acid (4),
methyl p-hydroxycinnamate (5), dihydroferulic acid methyl ester (6), 9,10-dihydro-2,3,5,6-tetramethoxyphenanthrene-1,4-dione (7),
methyl phaeophorbidea (8), p-hydroxybenzoic acid(9), cannflavin A (10), N-(¢rans-p-coumaroyl) tyramine (11), epiloliolide (12),
3S-hydroxy-5a,6a-epoxy-B-ionone (13), cannabielsoic acid B (14), indole-3-carboxylic acid (15), glycerin linoleat (16),
trans-p-hydroxy-cinnamic acid (17), pinoresinol(18), succinic acid (19), trans-cinnamic acid (20), daucosterol (21), B-sitosterol (22),
cis-p-hydroxy-cinnamic acid (23), N-(cis-feruloyl) tyramine (24), luteolin (25), glycerin-1-(13-hydroxy-9Z,11E,15E-octadecatrienoic
acid)ester (26), (6S,9R)-vomifoliol (27), N-(trans-feruloyl) tyramine (28), blumenol B (29), and catechin (30). Conclusion
Compound 26 is new compound named as cannabitrienoic acid A. Compound 1 is new natural product. Compounds 6, 8, 12, 13, 16,
and 27 are isolated from Cannabis for the first time.
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TV KR Cannabis sativa LONRELK K E —F
AR CKEY, HoME kb A KK B
(tetrahydrocannabinal, THC) Jii &7 #UIK T 0.3%,
ANEAZIRE NS THC BEEEVE RS i
Wi, XD, EFRE Sz Al (il
RAFLZ ) PRl . “BRE, W, F. 576,
FIANE, FMFES. ZEASWRIEE. ARIEHY,
B&. —HRRE BT, WH, P, A
NEAEANZE 7 IR NATX TV R BRIEAT 1132 A
i, GRFBHIRBYEAGHUMREE. pria b,
PURCL PR, Hri R /B .
i — B RRH T R BRGEYER,  AHIEFE6 Tk K BR
Hiy b 850 R R RO PR £ B A5 EU () A 2 B o
1T THEFE, M4 B33 30 MEEY, % e N
13S-¥2 5£-9Z,11E,15E-+ )\t = B W e (methyl
138-hydroxy-9Z,11FE,15E- octadecatrienoic acid, 1).
A-DUE IR K RRER R (cannabidivarinic acid, 2). —
SRR AE  (dihydroactinidiolide, 3). #8 IR
(benzoic acid, 4). X2 PRIEERR F I (methyl
5). &b B R F
(dihydroferulic acid methyl ester, 6). 9,10- —4-
2,3,5,6-PU FF 48 3L JE-1,4- i (9,10-dihydro-2,3,5,6-
tetramethoxyphenanthrene-1,4- dione, 7). FiEEH-4¢
Z H & (methyl phaeophorbidea, 8). X FEIEAK IR
(p-hydroxybenzoic acid, 9)+ KJfk# & A (cannflavin
A, 100 a0 #2 0k PR IR TR X R R OR 4 %
[N-(trans-p-coumaroyl) tyramine, 11]. & F &
(epiloliolide, 12). 3S-¥3%E-50,60- 75 -B-5 % 2
(3S-hydroxy-5a,60-epoxy-p- ionone, 13). KL /R
FABZ B (cannabielsoic acid B, 14). 3-Bj|Wg R
(indole-3-carboxylic acid, 15). My & = H v B
16) . S U 2 e A A TR
( trans-p-hydroxy-cinnamic acid , 17 ). #a fI§ B
(pinoresinol, 18). JEHIMEZ (succinic acid, 19). X
L WHEFR (trans-cinnamic acid, 20). #A% b
(daucosterol, 21). B-# {§lE (B-sitosterol, 22). JIi
AN BRI HERR (cis-p-hydroxy-cinnamic acid, 23)-.
Jit =X Rl &R FR R 6 R Bk R 4 % [V-(cis-feruloyl)
tyramine, 24]. AEEZE (luteolin, 25). HIH-1-
(13-325-9Z11E,5E-+ )\ ik —J& R ) s [glycerin-
1-(13-hydroxy-9Z,11E,15E-octadecatrienoic acid )
ester, 26] 65,9R- " F5 I -3-fild-0-L T 2L [(6S,9R)-
vomifoliol , 27]. fc K £8 BL Wt % #2 2 % £ iz

p-hydroxycinnamate ,

( glycerin linoleate ,

[N-(trans-feruloyl) tyramine , 28]. i /5 M i B
(blumenol B, 29) VLK JL% % (catechin, 300, H:
LAY 26 JEILEDD, fr % N RIRR=IGIR A, 45
MIWE 1 B 1 BEIRNE N5 5433,
&Y 6. 8. 12, 13, 16. 27 NEIXMNZERY)
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Fig.1 Structure of compound 26
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AF], TMS ANWFR); AUTOPOL V AUjieieiy (3
S8 T w2t £ U G CHAH S
AT, LC-6AD %%, Shodex RI SE-61 #1Z= 31 )46l
#%); PREP-SIL (250 mmX 10 mm, 5 pum) ANE54N
R, MR (200~300 H) NF SiEE
W) 7 s EE RSO ST A
AL E 2 R =5, HAabilry
syt

TP RHRT 2018 47 H R H T R VLA KM% %
WEHLIX, 28R40 AP £ b A VR X1
FEEEPAREINEE N TN KK C. sativa L.. biA
(CSL-201807) WGl 15555 M /R K5 KRR 9t 2
2 RSB

T TV R R F3#8 5 5.5 kg, AHWEEZEIR
Rif3 dJEiEd, HE 3R, AIFFERNRIERIRYE
/MERIKIR S, WK IE e FIBE R £ 156 26 Y
5, B IFBEIR R 2 RO I8 e 4 2 18 58 i &
1RETR L IR AU 87.7 g

BUEE IS L BE AU 32.0 g, PR (il 70 5,
WP IE O fe-BE R 2.5 (6 0 4,85L:3:7,7.0L),
Fitiliz 2. Fg-FEE (812, 40L; 5:5, 40L), HfF
(3.0L) ¥elt, £ TLC #-EFHAHFR 2 RY613
B 12 MHS (F1~F12). F3 (7.37 g) HEERF:f
B, I IEC KRR RS (911, 6.0L; 7: 3,
50L), EERRAME (2.0L), BEFRLHE-HEE (515,
2.0L) ML, £ TLC A& AR R 4, Wi fs 2
13 NS> (F3-1~F3-13). F3-7 (1.31 g) 42 IkKkE
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JRAT R o 58, P A OB i [ 1 O -
TR R (97 :3), HFRE 4 mL/min]7 S5440E
M1 (1.6 mg, :R=66.76 min). F4 (4.0 g) LR
FE L 23 B, KU IE L 5E-BR IR 4B (8 & 2, 4.0 L;
6:4, 1.5L; 3:7, 3.0L), BEERAMER-HEE (55,
1.0 L) P, 2 TLC fill-& A0 F 4, W4ifs 3
9 NMH%r (F4-1~F4-9), F4-3 (480.2 mg) & IEAH
ESGR AR [IE CRE-BERE OB (9 1 D), HEBUA
24 mL/min] 7 B854 2(3.9 mg, tr=13.99 min).
F4-4 (232.0 mg) & IEAHREBGRAH RS [1E Cke-HE
R B (81 2), iR 4 mL/min]7 BELEY)
3 (1.0mg, ®=9.85min). F4-5 (1.0 g) FIEME
RO [IECh-BERR O (8 1 2), EFRinE 4
mL/min] 7 BRI EY 4 (2.8 mg, rR=5.54 min).

5(2.7 mg, rk=28.42 min). 6 (1.6 mg, &r=9.03 min).
7 (3.3 mg, ®r=10.89 min). F4-7 (693.0 mg) HES
% . BRE 45, R BLAY) 8 (80.3 mg). F5 (2.3 )
CRERAE B RS 7 B, AR IE CUle-BE R B8 (7 - 3,
20L; 5:5, 1.5L; 1:9, 1.0L), B4ERZMg-H &
(5:5, 1.0L) ¥, & TLC A& IR

WAEAFF] 10 N4 (F5-1~F5-10) . F5-6(678.3 mg)
FIEAH S RO AR 3 [IF Sbe-BE IR 4 FR (7 @ 3),

R E 4 mL/min] 2 EEEEY 9 (6.9 mg, &=
10.43 min)~ 10 (4.1 mg, ®x=14.94 min), F6 (2.01
g) SRR OIE B, WKIXHIECk-FE R LB
(65:35, 2L; 6:4, 15L; 1:9, 1.0L) B,

2 TLC -&HMFER Y, WA E 15 AN
(F6-1~F6-15). F6-13 (375.5 mg) FIEEHR £ Fg H 45
i, SEMEEY 11 (279.8 mg). F6-9 (93.0 mg)

FIEA s RGRAH ( [1E Cbe-BER 208 (416D,

AR 4 mL/min] 7389 EY 12 (2.5 mg, =
9.83 min). 13 (1.6 mg, tr=11.59 min). 14 (3.3 mg,
r=9.75 min). F6-10 (688.0 mg) I IFHH = %O AH
B [IECkE-BER Ol (6 1 4), HHBRE 4
mL/min] 7 EEAEY) 15 (1.0 mg, R=28.59 min).
16 (1.9 mg, ®=1528 min). 17 (1.9 mg, =R=16.98
min. 18 (6.4 mg, tr=17.98 min), F6-11 (132.8 mg)
FIEA S RO A e [1F Ce-BEFR B8 (55 45),
AR 4 mL/min] 7S5 EY 19 (1.6 mg, ®=
3543 min). F7 (600.0 mg) ZHERH: it/ B,
WHIECk-BERR 2l (406, 1.50L; 1:9, 0.7L),
iR 2 Be-HEE (505, 0.5 L) B, £ TLC ¥l
B HAIET Y 4G5 2] 10 N5 (F7-1~F7-10),

F7-3 (33.8 mg) FIBAIR LBRE 455, 22051 20
(7.8 mg). F7-9 (383 mg) HIEEIR LG E LM, 15
FIfb &4 21 (5.1 mg). F7-1 (23.4 mg) LA
RO RE B [IE CbE-BAIR 4l (81 2), A
s 4 mL/min] B2EY) 22 (1.0 mg, ®=4.43
min). F7-5 (117.7 mg) 2 1M RORHH (03 43 55
[1E CbE-BS R 2.1 (4 6), MRS 4 mL/min] 15
FMLEY 23 (1.0 mg, rR=4.98 min). 24 (4.1 mg,
R=15.79 min). 25 (1.4 mg, ,&=29.15 min). F7-6
(70.7 mg) ZIEAH RO (T 73 B [1E Cobe-BE iR
LHE (4:6), EBE 4 mL/min] H2LEY) 26
(2.1 mg, ®R=24.37 min). 27 (2.7 mg, ®r=25.16
min). 28 (6.3 mg, tr=41.33 min), F7-8 (104.4 mg)
ZEA BB B 7 B [IECkE-TER Ols (3
7, PR E 4 mL/min] 132465429 (1.0 mg,

®R=13.74 min). 30 (1.2 mg, %=19.95 min),

3 HikE

AW 26: REENRRY: o] -21.5° (c 0.05,
CHCl3), HR-ESI-MS m/z: 391.245 8 [M+H]* (i1
{8 391.245 5), #E£5 70 34 C21H360s; H: 'TH-NMR.
BC-NMR i (R D 5461 5FL, B AR
K, WIMT HMBEEMEHE T H-1" (5 4.23,
4.15)/C-1' (6 6.52); H-2' (6 3.91)/C-2" (5 70.3), H-3' (¢
3.70, 3.60)/C-3' (6 63.3) LAAk, HRFEAR—F, Hik
HESEL S 26 WONH-1-(13-523E-9Z,11E,15Z2-1
I\ =JEHTR) e 9 1 ASEEY), K=
JHIR A, S5RIILE 1.

WEY 1. BEEORRRY); [0l -33.3° (c0.09,
CHCl;); 'H-NMR (600 MHz, CDCl3) 6: 6.52 (1H, dd,
J =152, 11.5 Hz, H-11), 5.97 (1H, brd, J = 11.0 Hz,
H-10), 5.70 (1H, dd, J = 15.2, 6.4 Hz, H-12), 5.57
(1H, dd, J = 10.5, 7.5 Hz, H-16), 5.44 (1H, dt, J =
10.6, 7.6 Hz, H-9), 5.37 (1H, dt, J = 10.5, 7.6 Hz,
H-15), 4.22 (1H, dt, J = 6.4, 5.9 Hz, H-13), 3.67 (3H,
s, H-1"), 2.33 (2H, m, H-14), 2.30 (2H, t, J = 7.5 Hz,
H-2), 2.18 (2H, m, H-8), 2.08 (2H, m, H-17), 1.62
(2H, m, H-3), 1.39 (2H, m, H-7), 1.31 (6H, m, H-4~
6), 0.97 3H, t, J = 7.5 Hz, H-18); '3C-NMR (150
MHz, CDCls) §: 174.4 (C-1), 1352 (C-16), 135.1
(C-12), 132.9 (C-9), 127.8 (C-10), 125.9 (C-11), 123.8
(C-15), 72.1 (C-13), 51.5 (C-1"), 35.3 (C-14), 34.1
(C-2), 29.5 (C-7), 29.1 (C-5), 29.1 (C-6), 29.0 (C-4),
27.7 (C-8), 24.9 (C-3), 20.8 (C-17), 14.2 (C-18). LA L
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R1 HEWL. 26 MRMEIAIRKIERIE (600/150 MHz, CDCl3)
Table1 NMR data of compounds 1 and 26 (600/150 MHz, CDCls)
dc on

{/ZIA

1 26 1 26
1 174.4 (s) 174.3 (s)
2 34.1 (t) 34.1 (t) 230 (2H, t, J=7.5 Hz) 235 (2H,t, J= 6.8 Hz)
3 249 (t) 24.8 (t) 1.62 (2H, m) 1.63 (2H, m)
4 29.0 (t) 28.9 (1) 1.31 (2H, m) 1.31 (2H, m)
5 29.1 (1) 29.0 (t) 1.31 (2H, m) 1.31 (2H, m)
6 29.1 (1) 29.0 (t) 1.31 (2H, m) 1.31 (2H, m)
7 29.5 (1) 29.4 (t) 1.39 (2H, m) 1.38 (2H, m)
8 27.7 (1) 27.6 (t) 2.18 (2H, m) 2.18 (2H, m)
9 1329(d)  132.9(d) 5.44 (1H, dt, J = 10.6, 7.6 Hz) 5.45 (1H, dt, J= 9.6, 8.5 Hz)
10 127.8(d)  127.8(d) 5.97 (1H, brt, J = 11.0 Hz) 6.00 (1H, brt, J=10.9 Hz)
11 125.9 (d) 125.9 (d) 6.52 (1H, dd, J=15.2, 11.5 Hz) 6.53 (1H, dd, J=14.8, 11.9 Hz)
12 135.1 (d) 135.0 (d) 5.70 (1H, dd, J=15.2, 6.4 Hz) 5.70 (1H, dd, J=14.8, 6.2 Hz)
13 72.1 (d) 722 (d) 422 (1H, dt, J= 6.4, 5.9 Hz) 4.23 (1H, m)
14 353 (b) 353 (t) 2.33 (2H, m) 233 (2H, m)
15 123.8(d)  123.8(d) 5.37 (1H, dt, J = 10.5, 7.6 Hz) 537 (1H, dt, J=9.8, 7.5 Hz)
16 135.2 (d) 135.3 (d) 5.57 (1H, dt, J=10.5, 7.5 Hz) 5.57 (1H, dt, J=9.8, 7.4 Hz)
17 20.8 (t) 20.8 (t) 2.08 (2H, m) 2.07 (2H, m)
18 14.2 (q) 14.2 (q) 0.97 3H, t, J=7.5 Hz) 0.97 3H, t, J= 7.0 Hz)
I 51.5(q) 65.2 (t) 3.67 3H, s) 4.23 (1H, m), 4.15 (1H, dd, J=11.3, 6.2 Hz)
2 70.3 (d) 3.91 (1H, m)
3/ 63.3 (1) 3.70 (1H, m), 3.60 (1H, dd, J = 10.8, 5.3 Hz)

s 5 SRR E AR — 20, S e A 1 o8 135
FIE-9Z 1ENSE-+ )\ Ik =R PR . & KRG & 3L
BR, AN TERER], KA NHEYT
IRPARE PP IE -

&Y 2: AR, mp 102~105 C; [ofy
~78.0° (c 0.1, MeOH); 'H-NMR (600 MHz, CDCls)
5: 11.84 (1H, s, 2-OH), 6.67 (1H, s, 6'-OH), 6.27 (1H,
s, H-5'), 5.57 (1H, s, H-2), 4.55 (1H, s, H-9a), 4.39
(1H, s, H-9b), 4.10 (1H, brs, H-1), 2.92 (1H, m,
H-1"2),2.82 (1H, m, H-1"b), 1.80 (3H, s, H-7), 1.72
(3H, s,H-10), 0.96 (3H, t, J= 7.8 Hz, H-3'); '*C-NMR
(150 MHz, CDCl3) 6: 176.7 (-COOH), 164.2(C-2"),
161.0 (C-6"), 147.4 (C-8), 147.1 (C-4"), 140.6 (C-3),
123.9 (C-2), 114.5 (C-1"), 112.2 (C-5"), 111.4 (C-10),
102.6 (C-3"), 46.6 (C-6), 38.6 (C-1), 35.4 (C-1"), 30.2
(C-4), 27.7 (C-5), 24.6 (C-7), 21.1 (C-2"), 18.9 (C-9),

14.2 (C-3"), VL REHE 5 SOk £ A —3500, iy
YA 2 ) A-DUS IR KRR «

WEY) 3: HIEEMRY), [a]s +120.0° (c 0.1,
CHCl;); 'H-NMR (600 MHz, CDCls) d: 5.65 (1H, s,
H-7), 2.24 (1H, brd, J = 11.9 Hz, H-2a), 1.55 (3H, s,
H-9), 1.27 (3H, s, H-10), 1.22 (3H, s, H-11); 3C-NMR
(150 MHz, CDCl3) 6: 182.5 (C-8), 172.0 (C-6), 112.4
(C-7), 87.3 (C-1), 41.7 (C-2), 40.1 (C-4), 36.5 (C-5),
29.8 (C-9), 24.4 (C-10), 24.2 (C-11), 19.7 (C-3). LA I
Bl 5 kIR E A S, S ER A 3 A
SRR IS -

WEY) 4: B EEHIRS: i (TR 418D, mp 120~
122 “C; 'H-NMR (600 MHz, CDCl3) 6: 8.12 (2H, d,
J=17.8Hz, H-2,6),7.62 (1H, t, J= 7.4 Hz, H-4), 7.49
(2H, dd, J= 7.8, 7.4 Hz, H-3, 5); *C-NMR (150 MHz,
CDCl;) 6: 171.4 (C-7), 133.8 (C-4), 130.2 (C-2, 6),



FES 2021E8 7 $52% H 158  Chinese Traditional and Herbal Drugs 2021 August Vol. 52 No. 15

- 4467

129.2 (C-1), 128.5 (C-3, 5). DA E#¥a 5 SeihfiiE 3
A—302, HE RN 4 N

& 5: IR A, mp 134~138 C; 'H-NMR
(600 MHz, CDCl3) 6: 7.64 (1H, d, J = 16.2 Hz, H-7),
7.43 (2H, d, J = 9.0 Hz, H-2, 6), 6.85 (2H, d, J = 9.0
Hz, H-3, 5), 6.31 (1H, d, J = 16.2 Hz, H-8), 3.80 (3H,
s, 9-OCH3); 3C-NMR (150 MHz, CDCLs) J: 167.9
(C-9), 157.6 (C-4), 144.6 (C-7), 130.0 (C-2, 6), 127.2
(C-1), 115.9 (C-3, 5), 115.2 (C-8), 51.7 (8-OCH3). LA
EE S SRR A B, St A S N
S NS 2 FE R H G

WEY 6: RFEHRAK, mp 105~107 C;
'H-NMR (600 MHz, CDCl3) d: 6.83 (1H, d, J = 8.4
Hz, H-5), 6.70 (2H, m, H-2, 6), 5.48 (1H, s, 4-OH),
3.88 (3H, s, 3-OCHs), 3.67 (3H, s, 9-OCH3), 2.88 (2H,
t, J = 7.8 Hz, H-8), 2.60 (2H, t, J = 7.8 Hz, H-7);
I3C-NMR (150 MHz, CDCl;) 6: 173.4 (C-9), 146.4
(C-3), 144.0 (C-4), 132.5 (C-1), 120.8 (C-6), 114.3
(C-5), 110.9 (C-2), 55.9 (OCH3-3), 51.6 (OCH;3-9),
36.1 (C-8), 30.7 (C-7)o LA EEGHE 5 SCRkARIE FEA—
]9, et aY 6 S P ELRR R

WEY 7: REEHAK, mp 113~115 C;
IH-NMR (600 MHz, CDCl3) 6: 6.92 (1H, d, J = 8.4
Hz, H-8), 6.90 (1H, d, J = 8.4 Hz, H-7), 4.07 (3H, s,
H-12), 4.04 (3H, s, H-11), 3.93 (3H, s, H-13), 3.86
(3H, s, H-14), 2.63 (2H, t, J = 7.2 Hz, H-9), 2.54 (2H,
brs, H-10); BC-NMR (150 MHz, CDCls) &: 182.6
(C-1), 182.4 (C-4), 151.8 (C-6), 146.9 (C-5), 146.1
(C-3), 143.3 (C-2), 139.9 (C-la), 139.8 (C-4a), 132.2
(C-8a), 123.0 (C-5a), 122.1 (C-7), 114.2 (C-8), 61.1
(C-12), 61.0 (C-13), 60.6 (C-11), 56.0 (C-14), 27.8 (C-9),
20.5 (C-10). LA FHdE-5 SChRARoE FEAR—E05), s
ENEWT N9,10-—5-2,3,5,6-PY AR FEFE-1,4- .

th&5Y) 8: BEMHAE, mp 118~120 C; [oy
-375.0° (c 0.006 4, CHCL); 'H-NMR (600 MHz,
CDCls) &: 9.46 (1H, s, H-10), 9.30 (1H, s, H-5), 8.55
(1H, s, H-20), 7.93 (1H, m, H-31), 6.26 (1H, s, H-132),
6.25 (1H, d, J= 17.8 Hz, H-3%a), 6.15 (1H, d, J= 17.8
Hz, H-3%b), 4.46 (1H, m, H-18), 4.20 (1H, m, H-17),
3.88 (3H, s, H-132), 3.65 (3H, s, H-12!), 3.61 (3H, m,
H-81), 3.58 (3H, s, H-17), 3.38 (3H, s, H-2!), 3.16
(3H, s, H-7Y), 2.63 (1H, m, H-17%a), 2.51 (1H, m,
H-17%b) , 2.31 (1H, m, H-17'a), 2.23 (1H, m, H-17'b),

1.81 (3H, d, J = 7.4 Hz, H-18"), 1.65 3H, t, J = 7.7
Hz, H-8%); C-NMR (150 MHz, CDCls) J: 189.6
(C-13Y), 173.4 (C-173), 172.2 (C-19), 169.6 (C-13%),
161.2 (C-16), 155.6 (C-6), 150.9 (C-9), 149.7 (C-14),
145.2 (C-8), 142.1 (C-1), 137.9 (C-11), 136.5 (C-3),
136.2 (C-4), 136.2 (C-7), 131.9 (C-2), 129.1 (C-12),
129.1 (C-13), 129.0 (C-3Y), 122.8 (C-3?), 105.2
(C-15), 104.4 (C-10), 97.5 (C-5), 93.1 (C-20), 64.7
(C-132), 52.9 (C-13%), 51.7 (C-17%), 51.1 (C-17), 50.1
(C-18), 31.1 (C-17%), 29.9 (C-17Y), 23.1 (C-18'), 19.4
(C-8Y), 17.4 (C-8?), 12.1 (C-21), 12.1 (C-12Y), 11.2
(C-7Yo LA RHU 53R AEE A — S0, # st &
) 8 N B g E s .

&Y 9: Ttk A, mp 213~214 C; 'H-NMR
(600 MHz, DMSO-ds) 6: 12.43 (1H, br s, -COOH),
10.22 (1H, brs, Ar-OH), 7.79 (2H, d, J = 8.6 Hz, H-2,
6), 6.82 (2H, d, J = 8.6 Hz, H-3, 5); '*C-NMR (150
MHz, DMSO-ds) 6: 167.6 (C-7), 162.1 (C-1), 132.2
(C-3,5), 121.8 (C-4), 115.8 (C-2, 6). Lk 3 5 ik
RIEFEA T, WO B G 9 AR R HR .

EY 10: RFEEHA, mp 182~183 C;
'H-NMR (600 MHz, DMSO-ds) J: 1323 (IH, s,
5-OH), 11.30 (1H, s, 7-OH), 10.34 (1H, s, 4'-OH),
7.55 (1H, d, J = 8.5 Hz, H-6"), 7.54 (1H, s, H-2'), 6.93
(1H, d, J = 8.5 Hz, H-5"), 6.90 (1H, s, H-3), 6.55 (1H,
s, H-8), 5.18 (1H, t, J=7.1 Hz, H-2""), 5.03 (1H, t, J =
7.3 Hz, H-6"), 3.89 (1H, s, -OCH3), 3.22 (2H, d, J =
7.1 Hz, H-1""), 2.00 (2H, m, H-5""), 1.92 2H, t,J= 7.9
Hz, H-4"), 1.73 (3H, s, H-9"), 1.58 (3H, s, H-10"),
1.52 (3H, s, H-8"); 3C-NMR (150 MHz, DMSO-ds) ¢:
182.3 (C-4), 163.9 (C-2), 162.3 (C-5), 158.9 (C-7),
155.6 (C-9), 151.1 (C-4"), 148.5 (C-3"), 134.6 (C-3"),
131.1 (C-7"), 124.6 (C-6"), 122.5 (C-1"), 122.1 (C-2"),
120.8 (C-6"), 116.2 (C-5"), 111.4 (C-6), 110.7 (C-2"),
104.0 (C-10), 103.6 (C-3), 93.7 (C-8), 56.4 (-OCH3),
40.5 (C-4"), 26.6 (C-5"), 25.9 (C-9"), 21.4 (C-1"),
18.0 (C-10"), 16.4 (C-8"). LA % ds 5 SClRHfiE FE A
— B8, WOEEN A 10 NREREER A

&Y 11 AEHAK, mp 261~262 C;
'H-NMR (600 MHz, DMSO-ds) J: 9.95 (1H, brs,
7-OH), 8.25 (1H, brs, 6’-OH), 8.09 (1H, brs, N-H),
7.37 (2H, d, J = 8.1 Hz, H-5, 9), 7.30 (1H, d, J = 15.7
Hz, H-3), 7.01 (2H, d, J = 7.8 Hz, H-4', 8'), 6.81 (2H,
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d, J= 8.1 Hz, H-6, 8), 6.69 (2H, d, J = 7.8 Hz, H-5',
7, 6.42 (1H, d, J = 15.7 Hz, H-2), 3.32 (2H, m, H-1),
2.65 (2H, t, J = 7.2 Hz, H-2"); 3C-NMR (150 MHz,
DMSO-ds) J: 165.8 (C-1), 159.3 (C-7), 156.2 (C-6"),
139.0 (C-3), 130.0 (C-3"), 129.9 (C-5, 9), 129.6 (C-4',
8", 126.3 (C-4), 119.2 (C-2), 116.2 (C-6, 8), 115.6
(C-5',7"), 41.2 (C-1'), 34.9 (C-2"). UL X 5 SClikAR
EHEAR—F), MU EREY 11 AR IR
FER 6] F2 2K 2

tEw 12: LOEREG R (B OF, mp
147~148 °C, [a]5-61.0° (c 0.1, CHCl3); 'H-NMR
(600 MHz, CDCl3) 6: 5.70 (1H, s, H-7), 4.33 (1H, m,
H-3), 2.46 (1H, brd, J = 13.9 Hz, H-2a), 1.98 (1H, brd,
J = 13.9 Hz, H-2b), 1.78 (3H, s, H-9), 1.47 (3H, s,
H-11), 128 (3H, s, H-10); '3C-NMR (150 MHz,
CDCLs) 6: 182.4 (C-6), 171.9 (C-8), 113.0 (C-7), 86.7
(C-1), 66.9 (C-3), 47.3 (C-2), 45.6 (C-4), 35.9 (C-5),
30.7 (C-10), 27.0 (C-9), 26.5 (C-11). LA ¥ ¥5 5 Sk
RIGFEA—FR0, MUEENED) 12 HEEEE.

tEY 13: LEMCRY), [o]) -69.8° (¢ 0.1,
MeOH); 'H-NMR (600 MHz, CDCls) 6: 7.03 (1H, d,
J=15.6 Hz, H-7), 6.29 (1H, d, J = 15.6 Hz, H-8), 3.91
(1H, m, H-3), 2.38 (1H, dd, J = 14.3, 4.6 Hz, H-4a),
2.28 (3H, s, H-10), 1.64 (1H, m, H-4b), 1.19 (6H, s,
H-12, 13), 0.98 (3H, s, H-11); 3C-NMR (150 MHz,
CDCl3) 0: 197.4 (C-9), 142.4 (C-7), 132.6 (C-8), 69.5
(C-3), 67.3 (C-6), 64.0 (C-5), 46.7 (C-2), 40.6 (C-1),
35.1 (C-4),29.4 (C-11), 28.3 (C-10), 25.0 (C-12), 19.9
(C-13)o DA F3¥E 5 SOl s e A — 221, s
&M 13 N 3S-F23E-50,60- 3 A -B-4 B 24 .

& 14: AEFAR, mp219~221 C; [a]f +
20.6° (¢ 0.1, CHCl3); 'H-NMR (600 MHz, CDCl3) d:
6.42 (1H, s, H-4), 5.08 (2H, d, J = 7.0 Hz, H-13), 4.35
(1H, d, J = 5.8 Hz, H-5a), 3.44 (1H, dd, J=11.1, 5.8
Hz, H-9a), 2.97 (2H, m, H-1"), 1.84 (3H, s, H-14),
1.53 (3H, s, H-11), 8.82 (3H, t, J = 7.8 Hz, H-5');
BC-NMR (150 MHz, CDCly) d: 164.8 (C-12),
160.11(C-1), 155.3 (C-9b), 152.9 (C-10), 149.5 (C-2),
116.9 (C-4a), 114.0 (C-4), 111.8 (C-13), 105.4 (C-3),
91.2 (C-5a), 68.7 (C-6), 48.0 (C-9), 41.5 (C-9a), 34.7
(C-1'), 34.6 (C-7), 32.0 (C-3'), 31.1 (C-2'), 28.1
(C-11), 25.6 (C-8), 22.7 (C-4"), 22.6 (C-14), 14.1
(C-5")o PA 3R 5 STt o AR — 802, e it

EY) 14 KRR IRFATER B

EY 15: AEERE S (BER O, mp
209~210 ‘C; 'H-NMR (600 MHz, DMSO-ds) o:
11.92 (1H, brs, -NH), 11.80 (1H, brs, -COOH), 8.00
(1H, d, J= 7.7 Hz, H-8), 7.99 (1H, s, H-2) , 7.46 (1H,
d, J=17.7 Hz, H-5), 7.17 (2H, m, H-6, 7); '*C-NMR
(150 MHz, DMSO-ds) o: 166.4 (-COOH), 136.9
(C-9), 132.7 (C-2), 126.5 (C-8), 122.6 (C-5), 121.4
(C-4), 121.0 (C-7), 112.6 (C-6), 107.8 (C-3). LA_L%¥k
I 5 SRR IE AR — B2, WS E A 15 O 3-
5] Wk FH I

&P 16: LONRRY: [ols +147.2° (¢ 0.3,
MeOH); 'H-NMR (600 MHz, CDCls) &: 5.36 (4H, m,
H-9', 10", 12, 13"), 421 (1H, dd, J = 11.6, 4.6 Hz,
H-1a), 4.15 (1H, dd, J = 11.6, 6.2 Hz, H-1b), 3.94 (1H,
m, H-2), 3.70 (1H, dd, J = 11.4, 3.7 Hz, H-3a), 3.61
(1H, dd, J = 11.4, 5.8 Hz, H-3b), 2.81 (2H, m, H-11),
2.35 (2H, t, J = 7.5 Hz, H-2"), 2.04 (4H, m, H-8', 14"),
1.63 (2H, m, H-3"), 0.97 (3H, t, J = 7.1 Hz, H-18');
3C-NMR (150 MHz, CDCl3) 6: 174.4 (C-1'), 130.3
(C-9"), 130.1 (C-13'), 128.2 (C-12%), 127.8 (C-10"),
70.8 (C-2), 65.6 (C-1), 63.8 (C-3), 34.3 (C-2"), 31.7
(C-16"), 29.8 (C-4"), 29.6 (C-5"), 29.4 (C-6"), 29.3
(C-7"), 29.3 (C-15"), 27.4 (C-8'), 27. 4 (C-14'), 25.8
(C-11"), 25.1 (C-3"), 22.8 (C-17"), 14.3 (C-18")., LI L
Bl 5 SCREE AR — B2, MU EEY 16 N Hl
TR H g

&Y 17: BEBHAK, mp 211~213 C;
'H-NMR (600 MHz, DMSO-ds) d: 7.51 (2H, d, J=17.9
Hz, H-2, 6), 7.49 (1H, d, J = 15.8 Hz, H-7), 6.79 (2H,
d,J=7.9 Hz, H-3, 5), 6.28 (1H, d, J = 15.8 Hz, H-8);
13C-NMR (150 MHz, DMSO-ds) J: 168.4 (C-9), 160.1
(C-4), 144.6 (C-7), 130.6 (C-2, 6), 125.7 (C-1), 116.2
(C-3,5), 115.8 (C-8). LA b #¥in 5 Uk i S A —
Fsl, WSEAE Y 17 NI AR LR .

e 18: BEAEMRERY); o) +65° (¢ 0.1,
MeOH); 'H-NMR (600 MHz, CDCls) d: 6.89 (4H, d,
J=82Hz, H-2,2,6,6), 682 (2H, dd, J = 8.2, 1.7
Hz, H-5, 5'), 4.74 (2H, d, J = 4.1 Hz, H-7, 7'), 4.25
(2H, dd, J = 9.1, 6.8 Hz, H-9b, 9'b), 3.91 (6H, s,
-OCHj3), 3.88 (2H, dd, J=9.1, 3.5 Hz, H-9a, 9'a), 3.10
(2H, m, H-8, 8'); 3C-NMR (150 MHz, CDCls) ¢:
146.7 (C-3, 3"), 145.2 (C-4, 4'), 132.9 (C-1, 1'), 119.0
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(C-6, 6'), 114.3 (C-5, 5), 108.6 (C-2, 2'), 85.9 (C-7,
7", 71.7 (C-9, 9"), 56.0 (-OCH3), 54.2 (C-8, 8). LA L
et 5 SRR B A S0, WS ENEY) 18
YNE 2

EM19: AEERREE R (&), mp 181~
183 C; AFEAEZERAFEIT, SIFHIRNTIE &
bd, HReH 5 WEFBEAA TR, Sehit
AR

tEY 20 AEHMAK, mp 127~130 C;
'H-NMR (600 MHz, CDCls) 6: 7.81 (1H, d, J = 16.2
Hz, H-7), 7.56 (2H, m, H-2, 6), 7.42 (3H, m, H-3, 4,
5), 6.47 (1H, d, J = 16.2 Hz, H-8); 3BC-NMR (150
MHz, CDCl3) 6: 172.5 (C-9), 147.2 (C-7), 134.0
(C-1), 130.8 (C-4), 129.0 (C-2, 6), 128.4 (C-3, 5),
117.3 (C-8). LA EHGHE 5 30k IE A — 3271, i
WEALE ) 20 9 AR .

&Y 21: FERAR, mp280~282 C; 4R
PRI R I L 5 SR AT i AR A e, ARIHER
JEFFFRIT, A% DX IR A, e Refl— 5
RE A TR, e i b

&Y 22 HEERIRGS & (Z07), mp 135~
136 C; H)ZWimME- L FEmnt B La e, ANFE
M ZRIFFIEI, 5 B-4 SR s b, H
RefH—80 REEBERATRE, SEh p-A 8,

& 23: HEMAKA, mp 136~138 C;
'H-NMR (600 MHz, DMSO-de) J: 7.64 (2H, d, J= 8.4
Hz, H-2, 6), 6.77 (1H, d, J = 13.2 Hz, H-7), 6.75 (2H,
d, J=8.4Hz, H-3, 5), 5.72 (1H, d, J = 13.2 Hz, H-8);
13C-NMR (150 MHz, DMSO-ds) d: 168.1 (C-9), 159.0
(C-4), 142.1 (C-7), 132.8(C-2, 6), 126.2 (C-1), 117.4
(C-8), 115.6 (C-3, 5). LA b Hdf 5 STk i i 2 A —
281, MU EAED) 23 IR PR

&) 24: LEERY):; 'H-NMR (600 MHz,
DMSO-ds) 6: 9.29 (1H, brs, 7-OH), 9.17 (1H, brs,
6’-OH), 8.11 (1H, brs, N-H), 7.70 (1H, s, H-5), 7.09
(1H, d, J= 8.2 Hz, H-9), 6.99 (2H, d, J = 7.5 Hz, H-4',
8", 6.71 (1H, d, J = 8.2 Hz, H-8), 6.67 (2H, d, J =7.5
Hz, H-5', 7'), 6.49 (1H, d, J = 13.4 Hz, H-3), 5.77 (1H,
d, J = 13.4 Hz, H-2), 3.74 (3H, s, -OCH3), 3.26 (2H,
m, H-1'), 2.62 (2H, t, J = 7.4 Hz, H-2"); '3C-NMR
(150 MHz, DMSO-ds) 6: 166.7 (C-1), 156.1 (C-6"),
147.8 (C-7), 147.3 (C-6), 137.3 (C-3), 130.0 (C-3"),
129.9 (C-4', 8"), 127.3 (C-4), 124.8 (C-9), 121.5 (C-2),

115.6 (C-5, 7, 1153 (C-8), 114.7 (C-5), 55.9
(-OCHs), 41.4 (C-1'), 34.7 (C-2"). VA _E#¥E 5 LR
TEHEAR—32, MR 24 IR BE R I
XTI O

A 25 RFEEHRR, mp 324~326 C;
'H-NMR (600 MHz, DMSO-d) J: 7.41 (1H, dd, J =
8.4, 2.2 Hz, H-6'), 7.39 (1H, d, J = 2.2 Hz, H-2'), 6.88
(1H, d, J = 8.4 Hz, H-5"), 6.67 (1H, s, H-3), 6.44 (1H,
d, J= 1.9 Hz, H-8), 6.18 (1H, d, J = 1.9 Hz, H-6);
BC-NMR (150 MHz, DMSO-ds) J: 182.1 (C-4), 165.0
(C-2), 164.3 (C-5), 161.9 (C-7), 157.8 (C-9), 150.3
(C-3"), 146.3 (C-4"), 121.9 (C-1"), 119.4 (C-2), 116.5
(C-5"), 113.8 (C-6'), 104.0 (C-3), 103.3 (C-10), 99.4
(C-6), 94.4 (C-8). LA b-Hdfs 5 STHRHRIE FE A —F 130,
e A 25 WRRE R,

B 27: TR, [y +23.0° (c 0.01,
MeOH); 'H-NMR (600 MHz, CDCl5) d: 5.90 (2H, m,
H-4), 5.85 (1H, dd, J = 15.6, 4.8 Hz, H-8), 5.77 (1H,
d, J=15.6 Hz, H-7), 4.42 (1H, m, H-9), 2.46 (1H, d,
J =17.0 Hz, H-2a), 2.25 (1H, d, J = 17.0 Hz, H-2b),
1.91 (1H, d, J = 1.0 Hz, H-13), 1.30 (3H, d, J = 6.4
Hz, H-10), 1.08 (3H, s, H-11), 1.02 (3H, s, H-12);
BC-NMR (150 MHz, CDCl3) d: 198.2 (C-3), 163.1
(C-5), 135.6 (C-8), 129.0 (C-7), 126.9 (C-4), 79.1
(C-6), 68.1(C-9), 49.7 (C-2), 41.2 (C-1), 24.1 (C-11),
23.8 (C-12), 22.9 (C-10), 19.0 (C-13). LA EHHE 5T
BRI E A, M EHAEY) 27 N 6S9R-—
PR HE-3-il-0- K B L

&) 28: HEK A, mp 81~83 C; 'TH-NMR
(600 MHz, DMSO-ds) : 9.42 (1H, brs, OH-7), 9.17
(1H, brs, OH-6"), 7.99 (1H, brs, N-H), 7.30 (1H, d, J =
15.7 Hz, H-3), 7.11 (1H, s, H-5), 7.01 H, d, J=7.7
Hz, H-4', 8"), 6.98 (1H, d, J = 8.0 Hz, H-9), 6.78 (1H,
d, J= 8.0 Hz, H-8), 6.68 (2H, d, J= 7.7 Hz, H-5', 7"),
6.42 (1H, d, J = 15.7 Hz, H-2), 3.74 (3H, s, -OCH3),
3.32 (2H, m, H-1'), 2.64 (2H, t, J = 7.2 Hz, H-2');
3C-NMR (150 MHz, DMSO-ds) J: 165.8 (C-1), 156.1
(C-6), 148.7 (C-7), 148.3 (C-6), 139.3 (C-3), 130.0
(C-3"), 129.9 (C-4', 8, 126.9 (C-4), 122.0 (C-9),
119.5 (C-2), 116.1 (C-8), 115.6 (C-5', 7", 111.2 (C-5),
56.0 ((OCH3), 41.1 (C-1"), 34.9 (C-2"). VL E¥dE 5
BRIRE A —0Y, e A 28 N ABTEE
FREE X R IK 2
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& 29: LEMARY), [o]b -11.0° (¢ 0.06,
MeOH); 'H-NMR (600 MHz, CDCls) 6: 5.86 (1H, s,
H-4), 3.80 (1H, m, H-9), 2.50 (1H, d, J = 18.0 Hz,
H-2a), 2.25 (1H, d, J = 18.0 Hz, H-2b), 2.06 (3H, s,
H-13), 1.91 (2H, m, H-7), 1.53 (2H, m , H-8), 1.22
(3H, d, J = 6.4 Hz, H-10), 1.10 (3H, s, H-11), 1.06
(3H, s, H-12); *C-NMR (150 MHz, CDCl;) &: 198.2
(C-3), 168.4 (C-5), 126.2 (C-4), 77.8 (C-6), 68.8
(C-9), 50.0 (C-2), 41.7 (C-1), 34.7 (C-7), 33.5 (C-8),
24.2 (C-11), 23.9 (C-10), 23.7 (C-12), 21.6 (C-13). LA
FEAR S ORI E A Y, WA 29
A U B

AW 30: IRFHEMAK, mp92~94 C; [alp
-27.2° (¢ 0.1, MeOH); 'H-NMR (600 MHz, DMSO-ds)
5:9.18 (1H, s, 5-OH), 8.94 (1H, s, 7-OH), 8.87 (1H, s,
3-OH), 8.82 (1H, s, 4-OH), 6.72 (1H, d, J = 1.9 Hz,
H-2'), 6.68 (1H, d, J= 8.0 Hz, H-5"), 6.59 (1H, dd, J =
8.0, 1.9 Hz, H-6"), 5.88 (1H, d, J = 2.2 Hz, H-6), 5.69
(1H, d, J = 2.2 Hz, H-8), 4.87 (1H, d, J = 5.1 Hz,
OH-3), 4.47 (1H, d, J = 7.5 Hz, H-2), 3.81 (1H, m,
H-3), 2.67 (1H, dd, J = 16.0, 5.3 Hz, H-4a), 2.35 (1H,
dd, J = 16.0, 8.1 Hz, H-4b); '3C-NMR (150 MHz,
DMSO-ds) d: 156.9 (C-9), 156.6 (C-5), 155.8 (C-7),
145.3 (C-4"), 145.3 (C-3'), 131.1 (C-1"), 118.9 (C-6"),
115.5 (C-5), 115.0 (C-2'), 99.5 (C-10), 95.6 (C-6),
94.3 (C-8), 81.5 (C-2), 66.8 (C-3), 28.3 (C-4). L ¥
I 5 SCHRIRIE FE A —FR0, MU A 30 )L
KE
4 g

Tl KRRIEDTIMRE . Bt P ik, bt
Pt BRI Ao 22 (4 55 7 T LA A v PR 24 B 9 T
N E, EHPLKBR 8 (cannabidiol, CBD)
LRMER A B NIRE . BT X i
BN, BT IE SRR A IUER], BT
Tk KRR A 2 B2y BB 90 B8 22 42 R AE IE e SR AL
Mo Nt — PRV TR RZG BRI, AR A
X TV R RS R E R £, B A B A 2 1 43 1EA T A
F. SLuhsERRM, M KRFRESER L B2 B
REBIRMERED 2 4, FERRERILED 28
A BFERNERI S A B S A Bk
3 HEER 3 AN AMFIIENIR 3 A 1k 2 A
FEBRE 24 EWE 1A KREERE 1A K
2 3 4N XA K 2 A BRI DY)

TETE, WM SR R R I PR R I X R
KOG A X o~ & EEA B AN/ ;iR
FTERER B FR IR % (24) XF RAW264.7 E
Y 43 NO A B HM ik 7 B30 s 3R B0 1% e
YRR O (28) BAHUAMAERR, B2
s KRR A (100 BAMEEAYERR; K
FRELZ (25) X U0 S AN A FmE B LR ER
(30) A W3EMPUAAMERE, RN REE

WHEFERAER TR (5) BEHEPAEMER®L A
P BRI R (60 B A MM BB MMERS, e
FREFERR (17) BB E AW, ) PREERR (200
o} 2 e A0 B A F R Y B i 0

3-8 Sa,60- MR- A (13) XHFFFEE K
B A MHIE RS, 6S,9R- —F2 3 -3-fi -a- 5 B >4 i
27 HAMZRYIEREL S lEE B (29) BA
PURIEMES, —ERERR AR (2) BARMEM C5t
RS R HD S 8], BRI (12) XS
ML B A 3 AR N A g 3-1I Rk
R (15) B 20 i 23 175 1 5 ) il B 28 18 4T 1 0
1 B R A R 0 A 149500 g ke B
P () 53 TE M KRR BE TR 2. B A B b 4y 251531,

R T KRR 2 LEiE v R 2 E R AT e 5 L
MV RBR P A X e R R R R RO, [RJNHIE R
TR EAT BT 2T KRS AT i i —
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