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Synthesis and antioxidant and bacteriostatic properties of cannabidiol analogs
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Abstract: Four analogues of cannabidiol (CBD) were synthesized by Friedel-Crafts alkylation using a-
phellandrene as alkylation reagent, alkylphenols as nucleophilic receptor in the catalytic amount of ferric
chloride. Other eight cannabinol analogues were synthesized from 8,9-dihydrocannabidiol and 2,2,8,9-
tetrahydrocannabinol by O-alkylation with organic bromide compounds. The antioxidant and antibacterial
activities of CBD and its analogues were tested. The results showed that among the synthesized compounds,
only 2'-isopropyl-5'-methyl-1’,2’-dihydro-3’,4'-tetrahydro-[1,1'-biphenyl]-2,4,6-triol (analogue I ) had
antibacterial and antioxidant activities. Analogue I exhibited better antioxidative activity than CBD due to
its trihydroxyl structure in the molecular. The concentration for 50% of maximum effect (ECsy) of
1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
free radical scavenging were 23.8% and 25.1% of that of CBD, respectively, even slightly lower than that of
Vc. Analogue I presented better antibacterial activity against four kinds of assayed bacteria and the
minimum antibacterial concentrations were all lower than 100 pg/mL, indicating that the presence of
phenolic hydroxyl might be a necessary condition for the antioxidant and bacteriostatic properties of CBD
analogues.
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B 2K =1 1.26 g (10 mmol ), =5 fk%k 81 mg
(0.05 mmol ). ZJF (MeCN, 5 mL) ¥5)084E
05 (5mL) H o A a-7KFE4 1.36 g (10 mmol ),
25 °CRHEFERIL 1 ho B i 200680 ZE R BR R 771
JHRE AT BT IFRE BE R, VR IE 40 -
1~20 : 1 BAMEEA R 4 Hg. DL TLC (JBIFFHIHN
RELEL 20 0 1 BOATHEBERI TR O BR ) RS, NS
HARF= Y e b 75 2] 1.89 ¢ @A T .

Kl 1 -5 N -5 312 53411
A-[1,1-B00K]-2,4,6- =) : HEREEK, PR 72%,
15 5. 259.6~262.4 °C,"HNMR (400 MHz, CDCl5), J:
6.23 (s, 2H, 3-H, 5-H), 5.93 (s, 2H, 2-OH, 6-OH), 5.48
(s, 1H, 6'-H), 3.74 (dd, J=8.1.5.2 Hz, 1H, 1’-H), 2.39
(br's, 1H, 4-OH), 2.17~2.03 (m, 2H, 4'-H), 1.74 (s, 3H,
5-H3L), 1.62~1.51 (m, 2H, 3'-H), 1.42~1.32 (m, 1H,
2'-H), 1.28~1.24 (m, 1H, 8'-H), 0.83 (d, J = 6.8 Hz,
6H, 9'-H1 3£, 10"-F %), "*CNMR (101 MHz, CDCl5), 6:
155.02 (C-4), 140.25 (C-2, C-6), 124.97 (C-5"), 109.67
(C-6"), 97.08 (C-1), 95.65 (C-3, C-5), 43.90 (C-2"),
35.21 (C-1"), 30.65 (C-4"), 27.76 (C-8'), 23.62 (C-3"),
22.09 (C-7"), 21.70 (C-9’, C-10"), MS (ESI-TOF),
m/Z(C ¢Hx05): MHRME 262.16 [M-H] (G114 262.16).

P IR ARG ER R IRIR = o AR 2,3,5-—
LRy | 3,5- LRy | 3,4- LKy, 60 °C
R A IR R AU T~V

W I 2-F A FH-5",3,4,6-P0 I K-1'2'- A -
3',4',6'- 75 &-1',2- U EUR I b1 2 - =) - 1 (i
R, W% 58%, 'HNMR (400 MHz, CDCly), 6:
6.41 (d, J = 2.7 Hz, 1H, 5-H), 3.10 (m, J =3.2 Hz, 1H,
1'-H), 2.16~2.08 (m, 6H, 4-H 3&, 6-H 3t), 2.02 (d, J =
5.4 Hz, 3H, 3-F3&), 1.89~1.68 (m, 2H, 4'-H),
1.60~1.57 (m, 1H, 2'-H), 1.52~1.36 (m, 3H, 3'-H,
8'-H), 1.25 (s, 2H, 6'-H), 1.14~0.83 (m, 9H, 5'-H1 3,
9 -HIEE 10-H13E), CNMR (101 MHz, CDCl3), o:
153.42 (C-2), 133.59 (C-4), 130.55 (C-6), 121.56
(C-1), 120.93 (C-5), 119.12 (C-3), 43.45 (C-5"), 36.88
(C-2"), 34.24 (C-4"), 31.08 (C-6"), 29.78 (C-1"), 28.41

‘ HQ BrR >

O K,CO,, DMF 3,

G 41,20°C

H2CBD 10

Q BrR
K,CO,, DMF

- 41,20 °C

2,2,8,9-THC

AEEPF, ¥ H2CBD 1.58 g (5 mmol ), Ji4E
ZBRHITR 2.29 g (15 mmol ) A1 K,CO52.07 g (15

(C-8"), 25.84 (C-7"), 24.11 (C-9"), 23.26 (C-10"), 21.37
(C-4"), 18.78 (C-6""), 16.81 (C-3"), 11.13 (C-3"), MS
(ESI-TOF), m/Z(C1sH250): i {H 272.53 [M-H] (it
BAE 272.43),

KM Q-5 R H-54,6- = HF H-1'2- A -
3',4',6'-75 -1, 2- R I [b] B 2 - =) 3 (i
RY, WE 52%. 'HNMR (400 MHz, CDCl;), o:
6.42 (s, 2H, 3-H, 5-H), 3.11 (q, J = 3.1 Hz, 1H, 1'-H),
2.15(d, J= 6.5 Hz, 6H, 4-/1 5, 6-H13E), 1.85~1.74 (m,
2H, 4'-H), 1.66~1.60 (m, 1H, 2'-H), 1.48 (ddd, J =
13.2.8.0. 5.0 Hz, 2H, 3'-H), 1.40~1.31 (m, 2H , 6'-H),
1.25 (s, 3H, 5'-H13E), 1.13~1.08 (m, 1H, 8'-H), 1.01 (d,
J=6.6 Hz, 3H, 9-H13£), 0.87 (d, J = 6.5 Hz, 3H, 10'-
F 3L, CNMR (101 MHz, CDCl3), d: 155.51 (C-2),
135.43 (C-4), 134.09 (C-6), 121.65 (C-1), 120.86
(C-5), 112.58 (C-3), 72.93 (C-5"), 43.35 (C-2'), 33.94
(C-4"), 29.96 (C-6'), 29.48 (C-1"), 28.30 (C-8'), 25.27
(C-7"), 20.96 (C-9"), 20.12 (C-10"), 19.99 (C-4"), 19.32
(C-6"), 17.01 (C-3"), MS (ESI-TOF), m/Z(C,5H,50):
ME 258.35 [M—H] (1414 258.40),

KPP N Q-FHHF-556-=HH-12-"H-
346" 7N A -1, 2-H EURIE b SA 22 A —05) : B (il
RY1, WF 56%. 'HNMR (400 MHz, CDCl;), o:
6.63 (s, 1H, 3-H), 6.51 (s, 1H, 4-H), 2.88 (d, /= 3.1 Hz,
1H, 1’-H), 2.08 (d, J = 8.2 Hz, 6H, 5-H 3, 6-H %),
1.75~1.60 (m, 3H, 2'-H, 4'-H), 1.53~1.46 (m, 2H,
3'-H), 1.38 (dt, J=7.1. 3.3 Hz, 2H, 6'-H), 1.23 (s, 3H,
5'-H %), 1.09~1.05 (m, 1H, 8'-H), 0.97 (d, J = 6.7 Hz,
3H, 9-H3L), 0.85 (d, J = 6.5 Hz, 3H, 10-H3L),
BCNMR (101 MHz, CDCl3), 6: 153.49 (C-2), 134.39
(C-4), 12796 (C-6), 125.71 (C-1), 123.80 (C-5),
114.92 (C-3), 73.24 (C-5"), 46.31 (C-2'), 34.16 (C-4"),
33.08 (C-6'), 29.84 (C-1"), 28.37 (C-8"), 25.24 (C-7"),
21.03 (C-9"), 20.23 (C-10"), 19.01 (C-5"), 18.52 (C-6"),
17.65 (C-3") MS (ESI-TOF), m/Z(C sH,,0): M {E
258.22 [M-H] (3IH.1H 258.20).
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Wi . TRV IHAE LR TR, PR A
IR S AN K A IR % 3 IR, oK Na,SO, T4, ik
FJFE A WAR 13 2.07 g IR B AR VIR 90% ).
Fie I R AL B IRAR 2 TR R e VR AL R A Ak
AWV, K5k H2CBD #% 2,2,8,9-THC, 43515
RIRCTR O . AL R . AN IR = BE, EAH
FZT, HfRea P I~IX,

E—HH, Kb EHV1.15¢g (2.5 mmol) ET
4mL HE, fNA 0.42 g KOH T 35 CTF#4E 1 h,
A 4 mL K kv, FRHIRRRE pH 2, H
LTk (3x5 mL ) ZEHL, TOKBRIREN 11, WA 1.04
g HEEERX (R 96% ). M Bk B 5, ¥ibs
PV o nlde sV, X, 205045 204669 XTRX,

KRV (2-FAE-5-H R4 12—
A =304 DU A (1,1 2R ]-2,6- ZHE (R LR
fig J: IRECEIHRY, SR 90%. 'HNMR (400 MHz,
CDCly), 6: 6.28 (s, 2H, 3-H, 5-H), 5.16 (s, 1H, 6'-H),
4.55 (s, 4H, 2PHIEW H 3L), 4.02~3.93 (m, 1H, 1'-H),
3.78 (s, 6H, AFHEH %), 2.60~2.44 (m, 2H, 4'-H),
2.21~2.07 (m, 2H, 3'-H), 2.00~1.91 (m, 1H, 2'-H),
1.77~1.71 (m, 1H, 8'-H), 1.69~1.12 (m, 14H, 5'-F 5,
K3, 0.89 (t, J = 6.9 Hz, 3H, 9'-H13), 0.81 (d, J =
5.1 Hz, 3H, 10’-F13£), *CNMR (101 MHz, CDCl3),
5: 169.60 (C-}tHE), 157.49 (C-2, C-6), 142.19 (C-4),
125.72 (C-1), 121.27 (C-3, C-5), 66.45 (C-5"), 52.04
(C-ABHRFET F L), 41.97 (C-2'), 36.14 (C-4"), 36.05
(C-1"), 31.53 (C-6"), 30.92 (C-3"), 30.86 (C-2"), 28.38
(C-1"), 23.46 (C-7"), 22.90 (C-4"), 22.54 (C-9', C-10"),
21.63 (C-3"), 16.14 (C-5"), 14.04 (C-ARHEEH L), MS
(ESI-TOF), m/Z(Cy7H4905): M {E 460.33 [M-H] (it
HAH 460.28).

FE VI (2,6- WK -2 - S5 T -5'- 34 1%
B2 -3 AU AL R IR AR Y
% 80%., 'HNMR (400 MHz, CDCl3), 0: 7.37~7.16
(m, 10H, #3%£), 6.38 (s, 2H, 3-H, 5-H), 5.17 (s, 1H,
6'-H), 4.93 (s, 4H, 2P HIL), 3.92 (s, 1H, 1'-H),
2.47 (d, J = 15.7 Hz, 2H, 1"-H), 2.09~1.99 (m, 1H,
2'-H), 1.78 (s, 2H, 4’-H), 1.48 (s, 3H, 5'-F1 L), 1.25 (s,
3H, 3'-H, 8'-H), 1.20 (d, J = 12.4 Hz, 4H, 3"-H, 4"-H),
0.82 (t, J = 7.0 Hz, 3H, 5"-F13%), 0.65 (dd, J = 23.9,
6.9 Hz, 6H, 9-F %, 10-H %£), "CNMR (101 MHz,
CDCly), d: 156.21 (C-2), 154.41 (C-6), 140.92 (C-4),

136.65 (C-1"), 130.54, 127.26 (C-3", C-5"), 126.45
(C-4"), 126.30 (C-2", C-6"), 125.80 (C-1), 118.65
(C-3), 104.87 (C-5), 69.42 (C-5"), 40.54 (C-2"), 35.37
(C-4"), 35.06 (C-1"), 30.64 (C-6'), 29.95 (C-3"), 30.01
(C-2"), 29.78 (C-1"), 27.34 (C-7"), 22.35 (C-4"), 21.90
(C-9"), 21.56 (C-10"), 20.72 (C-3"), 15.40 (C-8"), 13.04
(C-5") o MS (ESI-TOF), m/Z(C3sH40,): M i (&

496.47 [M-H] (F15.1H 496.33).

KWW (2= -5 -4 -3 4 6'- 5
A-2H-1'2-HAA AT [b AAI-6-FE (R LR O ): 1R
T AR Y) , SR 85%, "HNMR (400 MHz, CDCl5),
d: 6.36 (s, 1H, 5-H), 6.09 (s, 1H, 3-H), 4.68~4.53 (m,
2H, 4P#HE H L), 4.28 (q, J=7.1 Hz, 2H, ZBELI
F L), 3.63~3.45 (m, 1H, 1'-H), 2.56~2.45 (m, 2H,
1”-H), 1.93~1.71 (m, 3H, ZBEEH L), 1.64~1.55 (m,
4H, 3'-H, 6'-H), 1.50 (d, J = 4.4 Hz, 1H, 2'-H),
1.37~1.28 (m, 12H, 4-H, 8'-H, 2""~4"-H, 5'-F1 L),
1.14 (d, J = 6.6 Hz, 3H, 5"-F1 %), 0.98~0.89 (m, 6H,
9'-FI L, 10-H13E), CNMR (151 MHz, CDCl), &:
168.07 (C-¥3k), 156.30 (C-2), 153.52 (C-6), 141.06
(C-4), 112.91 (C-1), 107.81 (C-3), 101.31 (C-5), 73.54
(C-5"), 64.70 (C-4BBRFEW H K), 60.07 (C-2BHEE I H
3E), 43.17 (C-2'), 35.11 (C-4"), 34.14 (C-1"), 30.56
(C-6"), 29.86 (C-3"), 29.51 (C-2"), 28.32 (C-1"), 26.70
(C-7"), 25.28 (C-4"), 21.53 (C-9"), 21.08 (C-10"),
20.04 (C-3"), 19.55 (C-8"),13.19(C-5"), 13.00 (C-4BFE
i 38),MS (ESI-TOF), m/Z(C»sH3504): Wit E 402.27
[M-H] (1514 402.28),

5L VI (6-745 480 Fk -2 5 TN 3k -5 - T 3k -4
H 1,2 R340 N A2 H-1,2- AR T bR
ZRIR) IR EE IR Y , IR 80%. "THNMR (400 MHz,
CDCly), 6: 7.41~7.20 (m, SH, #4k), 6.24 (d, J=15.7
Hz, 2H, 3-H, 5-H), 5.00~4.88 (m, 2H, 2PtV H %),
3.40 (d, J=2.7 Hz, 1H, 1'-H), 2.48~2.40 (m, 2H, 1”-H),
1.81~1.61 (m, 3H, 3'-H, 2’-H), 1.55~1.39 (m, 6H, 6'-H ,
8-H, 5-H3E), 1.25 (q, J = 5.2. 4.2 Hz, 8H, 4'"-H,
2"~4"-H), 090 (d, J = 6.6 Hz, 3H, 5"-H %),
0.85~0.78 (m, 6H, 9'-F %L, 10"-H3E), PCNMR (101
MHz, CDCl;), d: 156.21 (C-2), 154.41 (C-6), 141.14
(C-4), 136.62 (C-1"), 127.28 (C-3", C-5"), 126.60
(C-4™), 126.16 (C-2", C-6"), 112.56 (C-1), 107.17
(C-3), 101.68 (C-5), 73.39 (C-5"), 43.08 (C-2'), 35.20
(C-4"), 34.14 (C-1"), 30.62 (C-6"), 29.95 (C-3"), 29.60
(C-2"), 28.34 (C-1"), 26.82 (C-7"), 25.27 (C-4"), 21.56
(C-9"), 21.12 (C-10"), 19.93 (C-3"), 19.66 (C-8'), 13.02
(C-5"),MS (ESI-TOF), m/Z(C,3Hs30,): ik {H 406.27
[M-H] (I51E 406.29).

LK IX (2-F R FE-5 - FE4- g 3E-12-—
H-3',4,6"- 7N A -2H-1',2-H E R FF [b] A A 6-3E(%)
N R T ): IR AR Y, R 90%., "HNMR
(400 MHz, CDCl3), d: 6.54 (d, J = 1.2 Hz, 1H, 3-H),
6.40 ~ 6.29 (m, 1H, 5-H), 4.33~4.14 (m, 5H, 4FEEI
FORE ) ARk R WF HT 3E), 3.46~3.39 (m, 1H, 1'-H),
2.45~2.38 (m, 2H, 1"-H), 1.81 (dd, J = 13.3, 2.6 Hz,
2H, 6'-H), 1.74~1.69 (m, 1H, 8'-H), 1.67~1.61 (m, 1H,
2'-H), 1.50 (d, J = 3.6 Hz, 2H, 4'-H), 1.46~1.41 (m,
2H, 3'-H), 1.26 (d, J = 3.3 Hz, 6H, 4PfgH %), 1.19 (1,
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J=17.1Hz, 6H, 2""~4"-H), 1.13~1.09 (m, 3H, 5'-F %),
1.04 (d, J = 6.6 Hz, 3H, 5"-H13%), 0.86 (d, J = 6.5 Hz,
3H, 9'-H %), 0.81 (t, J = 7.0 Hz, 3H, 10"-H %),
BCNMR (101 MHz, CDCly), 6: 162.55 (C-¥3t),
156.46 (C-6), 149.47 (C-4), 141.00 (C-1), 114.45
(C-3), 110.07 (C-2), 104.60 (C-5), 87.20 (C-4BHkHL .
FJL), 73.72 (C-5"), 62.68 (C-ZRMEKIVF 5L), 42.92
(C-2"), 34.86 (C-4"), 34.03 (C-1"), 30.32 (C-6'), 29.71
(C-3"), 29.27 (C-2"), 28.22 (C-1), 26.95 (C-7"), 25.21
(C-4"), 21.50 (C-9"), 21.14 (C-10"), 19.82 (C-3'), 19.46
(C-8", 13.00 (C-5"), 12.69 (C-Hfig). MS (ESI-TOF),
m/Z(CosHiOg): MHRME 474.43 [M-H] (G114 474.30).

KX (2-F R EE-5 - FE4- g gE-12-
R34 -PUE-[1,1-B 2K ]-2,6- "W (ER) 2R ): A
R, WK 96%, % . 229.1~232.4 °C., 'HNMR
(400 MHz, CDCl3), d: 6.34 (s, 2H, 3-H, 5-H), 5.46 (s,
1H, 1H, 6'-H), 4.61 (s, 4H, 4B¥HIEW L), 4.05 (d, J
= 6.4 Hz, 1H, 1'-H), 2.61~2.52 (m, 2H, 1"-H), 2.17 (s,
1H, 2'-H), 1.86 (d, J=22.8 Hz, 2H, 4'-H), 1.73 (s, 3H,
5'-H %), 1.61 (p, J = 7.4 Hz, 2H, 2"-H), 1.36 (s, 3H,
3'-H, 8'-H), 1.28 (s, 4H, 3"-H, 4"-H), 0.93 (s, 3H, 5"-
F3E), 0.82 (d, J = 6.9 Hz, 6H, 9'-F 3L, 10'-H 3&),
BCNMR (151 MHz, CDCly), J: 149.79 (C-HiIL),
146.07 (C-2, C-6), 143.98 (C-4), 131.19 (C-1), 123.45
(C-3, C-5), 35.15 (C-5'), 34.63 (C-ABHkHL H 5L),
33.85 (C-2"), 33.51 (C-4"), 30.91 (C-1"), 30.60 (C-6"),
30.55 (C-3"), 30.45 (C-2"), 30.42 (C-1"), 29.18 (C-7"),
28.68 (C-4"), 28.38 (C-9', C-10"), 21.67 (C-3"), 12.61
(C-5") . MS (ESI-TOF), m/Z(CysH3s0¢): M i &
432.44 [M-H] (iT5{H 432.56).

KU XT [ 2-5 P9 3L -5"-F 3L -4 5 56 -3",4',6'-
NE-2H-1"2-F AR TFF b SA A IR-6- 3L (R) LT ): A
G EA, IR 98%, M. 185.9~188.6 °C., '"HNMR
(400 MHz, CDCl;), J: 6.37 (s, 1H, 5-H), 6.10 (d, J =
1.1 Hz, 1H, 3-H), 4.69~4.60 (m, 2H, ¥ 5y F4L),
3.53~3.46 (m, 1H, 1’-H), 2.53~2.47 (m, 2H, 1"-H), 1.89
(dd, J = 13.2. 2.5 Hz, 1H, 2'-H), 1.83~1.69 (m, 2H,
6'-H), 1.64~1.52 (m, 4H, 5"-H 3, 8'-H), 1.49 (dq, J =
14.1. 4.8, 4.2 Hz, 2H, 3'-H), 1.36~1.28 (m, 8H, 4'-H,
2""~4"-H), 1.10 (d, J = 6.6 Hz, 3H, 5"-H 3£), 0.94 (d, J
= 6.5 Hz, 3H, 9’-H13£), 0.91~0.87 (m, 3H, 10'-F1 %),
BCNMR (101 MHz, CDCly), J: 173.36 (C-HiIL),
156.39 (C-2), 153.12 (C-6), 141.24 (C-4), 112.92
(C-1), 108.21 (C-3), 101.39 (C-5), 73.64 (C-5"), 64.11
(C-ABHRFE FH L), 43.26 (C-2'), 35.08 (C-4"), 34.08
(C-1"), 30.55, (C-6') 29.86 (C-3"), 29.46 (C-2"), 28.27
(C-1"), 26.77 (C-7"), 25.26 (C-4"), 21.52 (C-9"), 21.06
(C-10"), 19.95 (C-3"), 19.53 (C-8'), 13.00 (C-5"), MS
(ESI-TOF), m/Z(Cy3H3,04): MIX{H 374.42 [M-H]
(HHE 374.25).

KX (2-F P FE-5-H FE4- g 3k -12'-—
H-346"- /N -2H-1',2- AR [b] A3 6-3E (%)
PR ) AR, 0% 99%, 1. 242.7~245.4
°C,"HNMR (400 MHz, CDCls), d: 6.46 (d, J=9.5 Hz,
1H, 5-H), 6.31 (s, 1H, 3-H), 3.69 (s, 1H, 4BILR H
35, 3.49 (s, 1H, 1'-H), 2.59~2.37 (m, 2H, 1”-H), 1.79
(t,J=2.9 Hz, 1H, 2’-H), 1.72~1.61 (m, 2H, 6'-H), 1.45
(s, 3H, 5'-H13E£), 1.33 (s, 2H, 3'-H), 1.26 (m, 8H, 4'-H,
2"~4"-H), 1.01 (dd, J = 7.2, 5.3 Hz, 3H, 5"-H3%),
0.86 (d, J = 2.1 Hz, 3H, 9'-H13£), 0.80 (d, J = 3.8 Hz,
3H, 10"-F1 3£), >CNMR (101 MHz, CDCl;), 6: 166.79
(C-H3E), 156.31 (C-6), 149.76 (C-4), 141.39 (C-1),
114.37 (C-3), 109.76 (C-2), 105.72 (C-5), 97.79 (C-4P
FRILH L), 73.71 (C-5"), 52.32 (C-4"), 51.08 (C-2"),
42.96 (C-1"), 34.83 (C-6"), 34.00 (C-3"), 30.39 (C-2"),
29.79 (C-1'), 29.41 (C-7"), 28.24 (C-9"), 25.21 (C-9,
C-10"), 21.48 (C-3"), 19.50 (C-8"), 12.99 (C-5"), MS
(ESI-TOF), m/Z(CyH3,0¢): MIX{E 418.41 [M-H]
(T581H 418.24),

1.3 CBD XMW FEENNUE
1.3.1 DPPH A WA #FHkE

HF 100 pL A [F] J5T et v B A A 5 VR 100 pL
0.06 mmol/L [} DPPH TAEAKIKINA 96 fLARH,
T30 °CF S 30 min ( 80 °CF By & 5 R AL A 7E
80 °C/KWH K 30 min ), SRJ5 I E WAL 517 nm
AERWOERE , TR E BRI,

DPPH H H 375 BR R /%=[1-(4-A4,)/4,]x100 (1)
Horpe A A F Ay 35 REESS . 0K XY BE RN 55
XTI CANERESY ) PR .

1.3.2 ABTS Ay FHE

¥ ABTS /K¥E W (7 mmol/L ) Fli B B2 B0 /K 1%
T (45 mmol/L) AR 12 2 1R2), BOLHRE 15 h,
PR AU R AL 734 nm FIWOGREE A 0.70+0.02
#) ABTS TAFM . ¥f 20 pL AS[a)JF vk BE AL o 7
WA 200 uL ABTS TAEAMRIKINA 96 fLAR 1,30 °C
TRV 10 ming W E R AE 734 nm 2RO, I
R

ABTS H HIETEBRR/%=(1-4/40)x100  (2)
Hodre A F Ao 4390 I RE S RN ZS (AT RE AN SRR, )
WG RE
133 4kBFZRE

BRETRIERE S RPN, 7E 2 mL IR
0.1 g/L FESE (V74 0.2 mol/L iR L% nhilk
pH 6.6) IIA 2 mL B 0800 1% M m b
W, 1€ 50 °CFHUE 20 min; SRS HIA 2 mL Fist 4y
BN 10%I0) = H LK E W, 1RAIJ57E 4000 r/min
FEL 10 ming B2 mL B3EW, A 2 mL £ &1



3 4 e

A IR B2 AL A B B T SR AR A T - 589+

JKH10.4 mL T i 43800 0.1% = ALk K%, 750 °C
JKIEHICE 10 min, WERRAE 700 nm A IBOLRE
1.3.4 #fg it adeat

Pl i EALRE S A PEMR TS 72 0.15 mL Jii
WEEN 2 /L it AL S /KA A 0.5 mL #H
M-CEEAEw (PIETEEN 1:3), A 1 mL &
W 0.1 g/L FES CFER M 2 mL i /05K
0.2% M AR EL L Z RS T 37 °CF ¥ 25 min;
SRIG A 2 mL BT 50400 20%0) =S SR K W,
R E 90 °CKIEH I 30 min JFRHI R, N
A 1 mL =GB AL, e 2 532
nm RYOGEE, HAMHI L (3) 158

JE 53t AL I B/ %=[1—(4—A,)/40]%100  (3)
Horp, A, A M Ay I FoREES . DLEBF R
1 AL S RN LA AR R i A G B
1.3.5 #v%vhAALBE (XOD) #7414k 7

XOD I GE S M H 2 mL R IR] ik
FERRESLC 0.2 mol/L BEFRE: 2% vhil s it , pH 7.5 ).
20 uL XOD( 10 umol/L ) Fl 1 mL #{ 4 (6 mmol/L )
IAZ L, 43 0E2H 0 1 60 s B 295 nm 4b
WM IERE , TR

XOD |3 /%=(1-A4/AA4)x 100 (4)

Forbre AA FIAAQ 5390 B G A 2S EORT BRI IR O J3E A
fbit; Ad=Ago Ao so
14 CBD EM¥E/NMIEIRE (MIC) ffg/NFR

EiRE (MBC) BllE

MIC il MBC g5z, 7E T 96 FLAR
BALIMA 100 pL LB W iREE 72 )G, 7656 1 fLdm
A—EWRER) 100 puL #5 ( ZHEICE ) ),
TRAIJEHL 100 pL NS 2 FL; 4RSe ] A Bk
IR 2 M 4 FL 5 SR 5 405K 100 pL 4B ( 1x10°
CFU/mL M A £ i AL, P35 8 B IR TS 2549 ).
25 (X LB 853255 200 pL ) FIFHEEXS IR ( Ehgz g
WE) fL; BHEREELIT 37 °CFEEFE 24 h, o4l
Rl AR K LAY 25 W e (I vk B B A 323K B B MIC 5 3R
LA 96 FLAR I 75 24 TR B A T A I 1 s 7 I
B, 37 CRYkLEE:3% 24 hy JCANTE A K 09 245 ke
RIS MBC., Frf gl ¥k 3 WoFAT 505 .

2 GRS

2.1 RRGREXE R

FE Y RIWCRINR 1 R,

AR BRI JECER ™Y, PR B 2 A
B LB o= 7K s G Al A i 1E 15 1,
FS5MEEY R AT . T RSN
WL &R, T~V AR MRS o-/K

IR XU S5 A PR =0 o B JRURE R R L ik
FE P B 15 1 R B BT, o e A S 7 R R bR L
PR i 20

21, RIS T RE ) KT 3,
JIT LATRLZR = B 2R 20 b 22 % B v A 3 e
Fely, XA 1 AE 25 CAHEIFINE, T
PE X = T ILEARS a- /KM O o

L 1T B9 NMR £ 0 1.2.1 795, By 1wy
'THNMR 1, §3.74( 1H, I'-H ) W EIEH 55.48 ( 1H,
6'-H ) [ BAIES WIXE IR o= 7K 4 B g i B8 B A
A (C-1") FEIEME (C-6"); R BJE a-7k
FER e Fe—R Wk, 4T 65.80 Fil 5.90 f) 22 F Al
WU WA % (CIZ AU AN &), B 364k S L
5. PCNMR $dlih, 6124.97 1 109.67 &b
> B X 7 7 A Y C-5" 11 C-6"4b B4 bk .

1 FEY R
Table 1 Main products and their yields
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W o ARFELEA
22 X 15 CBDE VcHImEHEELLE

LI CBD J Ve IXTRR, TR0 1 HPiE
fhidtE, S5 UE 1~4, BB 1 AT, CBD KHZE
14 1 F1 Ve () DPPH 1 ABTS [ Hi 305 B4R AE 134 52
FIEARH M, I HIELY 1 % DPPH il ABTS H
FETHBR I ECso (B4 9152 CBD 1 23.8%A11 25.1%( 3
2), RiyrEfbitEfmng, HAb &Y ARK X A
FEREFRAE 1o SCHRULHE 2 Wy (BT S A0 1 P BE 1
R A K i B i Y
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Table 2 ECs, of analogue I against DPPH and ABTS free

radicals
FE i DPPH-ECsy/(pg/mL) ABTS-ECso/(png/mL)
Ve 2.42+0.35 1.36+0.27
CBD 9.15+0.41 4.94+0.38
F 1 2.18+0.22 1.2420.13

Ak, 80 CRHTE LRI (K 2),
¥ 1 F1 CBD Jr8 L tEpYIRER E M Ve BT,

100

0
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DPPHH H T % /%
N

[\
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T

g
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B B/ (ng/mL)

K2 80 CTFZMUY I %I DPPH H 175 BR %
Fig. 2 Scavenging ability of analogue I on DPPH free

radicals at 80 °C

CBD JH AWy ) B 13k JELRE 1 AR i

o EACRE T & 3 R . AHAIHE, 7E 100 pg/mL T,
AW 1 B TR RRE S5 F CBD, 8 Ve 59 ;
MEIMPE S EfbRe T HE . fbaW 1 HA R
ZI B, o] S8 A T A CBD B
SR AR i A P

FHFE il XF XOD B 60 s Al ih £k (& 4) 153
HICs . FREFILERZREEFMREE (EGCG ).
CBD FIZE# 1 %t XOD () 1Cso fH 20 %1M 35.19.,
50.94 1 39.01 pg/mL, HAMHI g 35 5 1 BE AR OC &
2 1 HAG e CBD S A g .

Ao's C#%sFEE-ES {120
107 051 ZAVIRLRIED |
%2:2- I % ;f’% 042?-8(}%
= o4 036 1 | g
) 0.(1) _ V// CBD/ ;sfu% - ZO

K3 R 1 ABE 7B )5 RE 1 At Bid A AL g
Fig. 3 Ferric reducing power and anti-lipid peroxidation
activity of analogue 1
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Fig. 4 Inhibitory ability of analogue I on XOD
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PEE (SO ATER A | ZE IR TA AR 2R A0FT 1)
A2 [CEIPER ( KIBAT IR ) YA B0 i 4 T i A
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