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Two pairs of new biflavonoid enantiomers from Dysosma versipellis
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Abstract : Five biflavonoids were isolated and purified from the ethanol extract of Dysosma versipellis by silica gel column
chromatography , Sephadex LH-20 column chromatography, and preparative HPLC. Their structures were identified as ( + )-
dysosmabiflavonoid H (1a) , (-) -dysosmabiflavonoid H (1b), ( + ) -dysosmabiflavonoid T (2a) , (-)-dysosmabiflavonoid I
(2b) ,podoverine F (3) by extensive spectroscopic analysis ( MS,UV,IR,NMR) and electronic circular dichroism( ECD)
calculations. Compounds 1a and 1b,2a and 2b are two pairs of new biflavonoid enantiomers. Compounds 2,2a, and 2b
showed significant DPPH scavenging capacity with ICy, values of 8. 87,10. 18,11. 35 wmol/L, respectively, in comparison
with trolox (ICs,,14.95 pmol/L). Compounds 2,2a, and 2b displayed more potent DPPH radical scavenging activity than
compounds 1,1a,1b, and trolox, respectively. The preliminary structure-activity relationship exhibited that the catechol hy-
droxyl group in B ring of flavonoids is essential for DPPH radical scavenging activity.
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Rudolph AP-IV Jig Y6 4% ( 22 [E Rudolph 22 ] ) ;
Chirascan [&] — 3%/ (L [E Applied Photophysics 7y
H]) ;Thermo EVO 300 2£4MEIEAL (T8 HE/RBHE
A BR/NE]) ; Thermo Nicolet 1S 10 £1 AR GiE AN ( FE B
KRB A BR A A ) ; Bruker AVANCE T 500 #Y
WG RN (FE[E Bruker /3 7] ) ; Bruker maxis HD
AT ) B3 (72 Bruker 23] ) ; LC-52 B i 45 Al
FERBOB AR % AL (A6 FEE BB A R A ) 5
Multiskan MK3 #1412 ( 3& & Thermo Fisher) ; {# )2 {4,
TERENE GF254 Ak ak e (200 ~300 H , 7 &
L T AP/ 7] ) ; Sephadex LH-20 ( Pharmacia Biotech
AT s B (A, T DU AR Ak 2 i A TR
AN H]) 5 H R B BT R KR HE4E A R OE
(Trolox ) (975 :238813, 4[i [ A 98% , Sigma /3 H) )
1.3 UEYHRRESIERIE
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95% LB, IR TR 95% L WEARHUY) . 253 A
50% 1) LAl FAR UL O SR BUR O 1 b,
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VeSO (1.2 kg) LR LBRVEMERAL(0. 8 kg) (H
BEGEIEERAOL (3. 4 kg) o FBEAEBEER A7 2 AT (3
O3S R A Joe- H R AR &2 48 (1002 0,100
:1.100:3,100: 5 ,100: 7 .100: 10 ,100: 30 ,100: 50 .0:
100, V/V) HEATHRR VR, 25 AR 2ok e 2 (i
Kl oA, A IE S BN 415 Fro 1 ~ Fr. 9, 4143 Fr. 5
(110.0 g) £ Sephadex LH-20 I 6 3% 43 55, FH it 4k
W, 45 %) 3 20 4> Fr. 5-1 ~ Fr. 5-8, 414 Fr. 5-8
(42.5 g) ZERERCHE A5 70 B, A I k-3 R TR 5
FZ 55 (AR R 100: 10 ,100: 20 ,100: 30 ,100: 40 |
100: 50 ,100:70 11 . 1:2 1= 3) & BEPE e, 75 2137 21
53 Fr.5-8-1 ~Fr. 589, #43 Fr.5-84(0.5 g) £
AR ERAAORAE 0,15 45 B (60% P FiE-7K ,3 mL/min) |
H2MEEY 3(ty = 67.2 min, 3.0 mg) , W24y Fr.
5-8-5(1.07 g) Zaifill £ Y i O AH €3 73 25 (55% H
fi-7K ,3 mL/min) , WEE AR BB P [E] 8 72. 2 min {0
TR PR T A B i RORORE ik 2k (43 % 2K
3 mL/min) , 5 8{LEY 1(t;, = 31.5 min,8.5 mg) ,
&Y 1 4 F M43 Daicel chiral PAK AD-H
(250 mm x 10 mm,5um) FEATHR5 (2 be- S A i
=60:40,2 mL/min) ,f53{k-5%) 1a(t; =10. 1 min,
3.0 mg) Fl 1b(t, =50.0 min,3.0 mg) ., ZH/%} Fr. 6
(130.0 g) £ Sephadex LH-20 #F {13 7 25, H B vk
Bii, 75 2]\ 2H 43 Fr. 6-1 Fl Fr. 62, WF2H % Fr. 6-2
(60.5 g) ZREMAE G553 5, DL A be-H IR G
VR 2GR Ve (100: 1,100: 3 ,100: 5 ,100: 7,100
£10,100: 30, V/V) 132 W 24 43 Fr. 6-2-1 ~ Fr. 6-2-
6, WLH4Y Fr. 6-2-4(1.69 g) £t Sephadex LH-20 4
ooy By, G, 75 20 20 73 Fr. 6-24-1 ~ 6-2-
4-6, WS} Fr.6-2-4-4(0.59 g) 2l % AL S RO AR
ik alifk (60% HEE-/K ,3 mL/min) , 13 5]{L54) 2
(g = 20.2 min,3.5 mg) , LEY) 2 & FHAEH
Daicel chiral PAK AD-H(250 mm X 10 mm,5 pm)
T3R5 (A C be-7 Wi =70: 30,2 mL/min) , 15 )
fbar2a(t, = 10.5 min, 1.2 mg) F12b (1, = 36.0
min,1.2 mg) .
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Fig. 1 The structures of compounds 1-3
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110.1(C-6"") 164.3(C-7"") 91.1(C-8"") ; L1 25y .
8. 160.7(C-5) 98.2(C-6) .163.9(C-7) .93.5(C-
8) " BRI A H HOEAE C-67 il C-7 i
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3R)-1 fIH5E ECD JGik B HeA —F (LI 3) , H
A E LAY 1a 5 1b 1 C-2 . C-3 (LA 4a X 14 5155
MR 2S,3S 5 2R, 3R, HRAE HSQC I HMBC % ( I,
F2) XHEA4 119 H NMR 17 C NMR £ i#E 17
HE, Bk LR 1 f2, Wik, k59 1a 5 1b 145
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3R)-3,5,7,4'-tetrahydroxyflavanone-(2-0-7"":3-6"") - SR H ., (-) -/\ 35 H,
3'",5",4"" -trihydroxyflavone , 435l 44 0 ( + ) -/\fH
x1 &®w1F2 ' HNMR #3E (500 MHz, DMSO-d )
Table 1 'H NMR Data of compounds 1 and 2(500 MHz, DMSO-d, )
No. 1 2 No. 1 2
6 5.88(1H,s) 5.86(1H,s) 8" 7.01(1H,s) 6.97(1H,s)
8 5.82(1H,s) 5.78(1H,s) 2 8.08(1H,d,/=8.9 Hz)  7.72(1H,d,J=2.1 Hz)
2 7.27(1H,d,J =8.7 Hz) 6.88(1H,d,/ =2.0 Hz) 3 6.94(1H,d,J =8.9 Hz)
3’ 6.78(1H,d,J=8.7 Hz) 5" 6.94(1H,d,J=8.9 Hz) 6.91(1H,d,J=8.5 Hz)
5’ 6.78(1H,d,J =8.7 Hz) 6.72(1H,d,J =8.4 Hz) 6" 8.08(1H,d,/=8.9 Hz) 7.57(1H,dd,J=8.5,2.1 Hz)
6' 7.27(1H,d,J=8.7 Hz) 6.75(1H,dd,J=8.4,2.0 Hz)

K2 E&W1F2 M7 C NMR ##8(125 MHz,DMSO-d, )

Table 2 "C NMR Data of compounds 1 and 2( 125 MHz, DMSO-d, )

No. 1 2 No. 1 2

2 117.6,s 117.6,s 2" 147.9,s 147.8,s
3 79.1,s 79.1,s 3" 136.1,s 136.1,s
4 190.1,s 190.1,s 4" 176.6,s 176.5,s
5 163.4 s 163.3,s 5" 156.8,s 156.7,s
6 97.0,d 97.0,d 6" 110.1,s 110.2,s
7 168.5,s 170.2,s 7" 164.3,s 164.3,s
8 95.2.d 95.3.d 8" 91.1,d 91.0,d
9 160.3,s 160.4,s 9" 157.2,s 157.1,s
10 98.1,s 97.9,s 10" 105.7,s 105.6,s
1’ 123.4 s 123.8,s 1 121.3,s 121.6,s
2! 128.4,d 114.5,d 2" 129.7,d 115.3,d
3’ 114.8,d 144.6,s 3 115.5,d 145.2,s
4’ 158.7,s 146.8,s 4 159.6,s 148.1,s
5’ 114.8,d 114.9,d 5" 115.5,d 115.6,d
6’ 128.4,d 118.1,d 6" 129.7,d 120.1,d

B2 &2 EE/ HMBC 4K
Fig.2 Key HMBC correlations of compounds 1 and 2
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Fig. 3 Experimental and calculated ECD spectra of compounds 1a,1b,2a,and 2b

& 1a HETLEEHA; [a]]) +39.16(c
0.02, MeOH ) ; ECD (MeOH) A, (A &) 205 ( +
5.6),218(-2.6),247(-0.9),271 ( +3.1),315(-
4.7),366( +2.7)nm,

WEW b HETLERMA; [a]])-37.04(c
0.02,MeOH) ; ECD(MeOH) A, (A &) 205(4.2),
219( +2.7),247( +0.8),271(-2.6),312( +4.0),
366(-1.5)nm,

HEW2 BEAEIEHAK; UV(MeOH) A,
(log &) 203 (3.74),255(3.26),292(3.20), 367
(3.23)nm;IR(iTR) A, 3 383.2 924 2 854 .1 636 .1
4711359 1 267 .1 169 .1 124 cm™,

4 HR-ESI-MS: m/z 625.058 8 [M + Na]*
(caled for CyyH,g0,,Na,625. 059 4) & fLA4 2 1
S CoHg Oy, A AR R 22, fLE W 2( 00
K 1)5 1A, ' H NMR F1°C NMR $ds A A0,
AR ZAAETFALA Y 2 i 2R — S R 45
FTTACE TAL G 1 AR A LD 23 i Fn — &L 2%
WY ZER BT, X 1,3 ,4- =B R A S S
8,7.72(1H,d,J =2.1 Hz,H2""") 7.57(1H,dd, J
=8.5,2.1 Hz,H-6"""),6.88 (1H,d,J =2.0 Hz, H-
2').6.75(1H,dd, ] =8.4,2.0 Hz,H-6") 4> 5 5% &
stk C-2'" (8. 147.8) \ 1S NB I 0k f5 5 C-2(8,
117.6) /) HMBC i #&2 A G PriE 32, fh&9 2 1)
ECD S 3% % A4 B (1% Cotton 250 , He i 6 B (8
Ul SN AR . fb G 2 £ Daicel PAK
AD-H it F M0 8, B8 S Rk Gw2a y
2b, L&Y 2a 5 2b (il ECD SL ikl 7 5 5

SR (2S5,35) -2 (2R,3R) 2 (iH5E ECD Jti% 4L
Pa—B(WIE 3) , Ht s E LG Y 2a 5 2b 1) C-2,
C-3 (L my et #4351 2 25,38 5 2R, 3R, 4
HSQC \HMBC i (/LI 2) , %6 A% 2 f9'H NMR
A1V C NMR BRI TR, BAR L 1 A2, R,
&W) 2a 5 2b B S5 H0 E O (25,35)-3,5,7,3,
4'-pentahydroxyflavanone-( 2-0-7"". 3-6'")-3"", 5",
3" ,4"" -tetrahydroxyflavone . (2R ,3R)-3,5,7,3",4'-
pentahydroxyflavanone-(2-0-7"'.3-6'")-3"" /5", 3"""
4'""' _tetrahydroxyflavone , 43 il 45 4% H1 ( + ) -/\ A TE X
B L, (-) -/\ A0 1,

WEw2a BWOLEEHA; [al]) +40.13(c
0.01,MeOH) ;ECD(MeOH) A, (A £)209( +5.1),
226(-1.9),237(-0.8),245(-1.1),272( +4.2),315
(-7.1),373( +3.4)nm,

wEw2d EELEHMA; [a])41.99(c
0.01,MeOH) ; ECD(MeOH) A, (A £)211(4.4),
227( +1.5),238( +0.8) ,245( +1.1),275(-3.5),
317( +6.2),371(-3.5) nm,

WEW3 EOTERBA; [al] +26.49(c
0.12,MeOH) , UV(MeOH) A, (log £)202(4.36),
250(3.85),264(3.81),303(3.83),358(3.81)nm;
IR(iTR) A, 3 224 2359 233716421504 1374,
1320.1282.1248.1170.1 090.1 050.1 030 ¢m™;
HR-ESI-MS:m/z 587.081 6 [M + H] * (caled for C,,
H,,0,,,587.082 6),609.063 3 [ M + Na] * (caled for
CyH,40,5Na,609. 064 5) ,'H NMR (500 MHz, DMSO-
dg)6:7.86(1H,dd,J =8.6,2.1 Hz,H-6"""),7.82
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(1H,d,J=2.1Hz,H-2"""),7.49(2H,d,J =8. 7 Hz,
H2',6"),7.26 (1H,d,J =8.6 Hz, H5"""),6.75
(2H,d,J =8.7 Hz,H-3",5"),6.46 (1H,s,H-8""),
6.18(1H,s,H-6""),5.98(1H,s,H-6),5.96 (1H,s,
H-8) ;”C NMR( 125 MHz,DMSO-d,)8:100.3(C-2),
90.4(C-3),187.1(C4),163.0(C-5),97.2(C-6),
168.0(C-7),96.2(C-8),159.0(C9),99.6(C-10),
124.0(C-1"),129.3(C-2"),114.8(C-3") ,158.7( C-
4'),114.8 (C-5"),129.3 (C-6"), 145.0 (C2""),
136.7(C-3""),176.1 (C4""),160.7 (C-5""),98.3
(C-6""),164.1 (C-7""),93.6 (C-8'"), 156.2 ( C-
9", 103.1 ( C-10""), 125.7 (C-1"""), 116.6 ( C-
2'""),140.4 (C-3"""), 141.6 (C4"""), 117.1 ( C-
5'77),122.3(C6""") o L%t ek s S

— MR EREY) 3 K podoverine F
2.2 DPPH HHAEBEREM

&% 1.1b .2 2a 2b 3 X DPPH [ 3£ H
ARGRIYTEIRBE S (WK 3) , Kb k&9 2 .2a.2b
Xf DPPH [ Hi ik /Y 7 BR fE 1 58 T B % 25 trolox
(14.95 wmol/L) ,IC, {H %3] # 8. 87.10. 18 [ 11. 35
pmol/L, AL5H 15 2 HA MM &R, 25
ZATET B 3 EREEEARE (G 1 il 4-
FHELAEL ML B 2 Pl 3 ,4- TR RIE)
£ 2 2a 2b Xt DPPH [ Hh B 1935 BR BE 1 43 35
T 1.1a 1b, KW B 3 L 4F 2 A2 s i 25 b &
YEA DPPH H Hy BRIG BRI MR AT S5 BE M . 1k
A1 52 X% DPPH [ H 20978 BREE 1 73 il T8
TR 534 1a 1b 5 2a 2b, HJ5 R A] 582 Hh 24575
PRI Z 18] 4 B R VR

*3 HE®1.1a.1b.2.2a.2b 3f DPPH B HEFRF Y
Table 3 DPPH free radical scavenging activity of compounds 1,1a,1b,2,2a and 2b

No. ICs, ( pmol/L) No. ICsy ( wmol/L)
1 28.27 +0. 66 2a 10. 18 +0.75
1a >50 2b 11.35 0. 83
1b 35.02 £2.07 3 29.16 2. 08
2 8.87 +0.31 Trolox 14.95 0. 09

3 &g

AL )\ 95% 2, TEEFN 50% 2, T By
H LB RS A G W HEATBIE ST, 2 B e T 2 X
IR P T 7 S A AR R 1 A XU R AL S, 43
SSETE R (+ ) -/\ A BT H(1a) | (-)-/\ff 830
B H(1b) ((+)-/\ AR 1(2a) . (-)-/\ff
YEXET I(2b) \podoverine F(3) , %/ DPPH H
SRS, AL A P 1.1a 1b 2 2a 2b Y414
PRTEE, 45 R R 5% 2 2a 2b XF DPPH [ 1
BABRINTERREE ST , HLo T BHIEZY wolox, MG
FW9ERY]LB A S M AR AR B 2R S Y A
7 DPPH [ BT BRIG TR e S i L 1A . AL
IS R BT G548 70 1 S R 2R A A, H
X DPPH [ B2 A BR g BRVE AT, S\ ff 3 25 41
BEIRAS I R A RS A

1 Guan BC,Fu CX,Qiu YX, et al. Genetic structure and breed-
ing system of a rare understory herb, Dysosma versipellis ( Ber-

beridaceae ) ,from temperate deciduous forests in China[ J].

Am J Bot,2010,97:111-122.

2 Liu CX,Zhang CN,He T,et al. Study on potential toxic ma-
terial base and mechanisms of hepatotoxicity induced by Dys-
osma versipellis based on toxicological evidence chain( TEC)
concept[ J]. Ecotox Environ Safe,2020,190:110073.

3 Xu XQ,Gao XH,Jin LH,et al. Antiproliferation and cell ap-
optosis inducing bioactivities of constituents from Dysosma
versipellis in PC3 and Bcap-37 cell lines[ J]. Cell Div,2011,
6.14.

4 Shi YC,Yuan HP,Zou R, et al. Complete chloroplast genome
sequence of Dysosma wversipellis ( Berberidaceae ) , a rare and
threatened species endemic to China[ J]. Mitochondrial DNA
B,2019,4.42184219.

5 Jiang F,Tian HY ,Zhang JL, et al. Chemical constituents from
Dysosma versipellis[ J ]. Chin Tradit Herb Drugs ( fr#E2h) ,
2011,42:634-639.

6 Chen RD, Duan RG, Wei YN, et al. Flavonol dimers from
callus cultures of Dysosma versipellis and their in vitro neura-
minidase inhibitory activities[ J]. Fitoterapia,2015,107 ;77-
84.

(T4% 824 1)





