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Chemical constituents of n-butanol fraction from stems of Schisandra chinensis
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Abstract: Objective To study the chemical constituents of n-butanol fraction from the stems of Schisandra chinensis. Methods The
constituents were separated and purified by chromatographic technology, which structures were elucidated by physicochemical
constants and spectral data analyses. Results Fourteen chemical constituents were isolated from the n-butanol extract in the stems of
S. chinensis, and the structures were identified as quercertin (1), quercertin-3-O-B-D-glucopyranoside (2), quercetin-3-O-B-D-
xylopyranoside (3), rutin (4), apigenin (5), apigenin-7-O-B-D-glucopyranoside (6), isorhamnetin-3-O-B-D-glucopyranoside (7),
genistein-7-O-B-D-glucopyranoside (8), chlorogenic acid (9), ferulaic acid (10), caffeic acid (11), oleanolic acid (12), (+)-catechin-7-
O-B-D-glucopyranoside (13), and daucosterol (14). Conclusion The compounds 3, 7, 8, and 13 are obtained from this plant for the
first time.

Key words: Schisandra chinensis (Turcz.) Baill.; n-butanol fraction; quercetin-3-O-B-D-xylopyranoside; apigenin; isorhamnetin-3-

O-B-D-glucopyranoside

TR T TR T RHEY) TR T Schisandra
chinensis (Turcz.) Baill. [T, ALk, o
MR ARSI ARG AR IOR s B RIAE b
stbAl, SRRSO . . R B aThne
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B-D-glucopyranoside, 6). 5 i % % -3-O-B-D-IL IR
H M (isorhamnetin-3-0-B-D-glucopyranoside,
7). JkLK 22-7-0-B-D-IE I 1 45 B 17 ( genistein-7-O-
B-D-glucopyranoside, 8). £¢J5 R (chlorogenic acid,
9). BB (ferulaic acid, 10). WML (caffeic acid,
1. FEUR% (oleanolic acid, 12). JLZ45%-7-0-B-D-
NI 25 B [(+)-catechin-7-O-B-D-glucopyranoside,
13]. % M (daucosterol, 14). L&4) 3. 7. 8.
13 5 IR LR 1 i 25 b 73 B9 45 21
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HH-6 HUW K CHINRAR 3 AT B A
A]Ds 101-1 HLAATER BT 1RAE  C RIgERIA SR
WM AT D R502B gk, 28 ke ds (Libg ERHY
AT D; SK8200H EAEBIE VR ( RifFRHFE
FAEATIR A 7] s BT8R CHER) Toledo 2y
7]); YFLC-AI-580 YAMAZEN 4 [ 30 b4 (4,
ARG (HA Yamazen 221 ); WRX-4 S T4 mi4X
GRJFETFARRIE, Ll s aH R AR
2 BB OB A% Varian Cg-A (250 mm X 100
mm, 10 um) - &4E; PS-218 —JCHE, prostar 325
AN E%: Avance 600 MR AR SLHR IS (Hii
1= Bruker A7]); Agilent 1200 =R0HAH (A1 RS
(DAD Kpll#%, 1200 Series FzhHEFEE). 6310 Ion
Trap & 1B 2 BB (SEE Agilent 24 F]);
Bruker Vertex 70 fi HLi 21 408 4 3 4 (4 [H]
Bruker A #)); FEEAIEAEK (80~100. 100~200.
200~300 H, #H&H#EFEALL) D KBt (40~60.
80~120 H, WriL4 & Nyl AR ),
R 2 iR GHTVLAE & N T B DY R A 40 9
#LJ7); Sephadex LH-20 %tk (Hi #. Amersham
Pharmacia /A7) ); HP-20 KFLWFHAIE (—=ZE#kC
34t B A A A A4l
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WS 2 Ao s ], 28 v B ARV B2 B s = it
FEPTVFHHE IR BT 03 58 0 A TR 1Rk @A)
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RIS, A I PEDORIE s 2 o lE ik, 19
CTEHEIA) (1765 ), IR &S5 WK FH A it K
PSR G ZKVUR I T BEAHY, F 1E T i =4 )
2 H] HP-20 BURALBHER LA i, -

7K (011, 20:80. 45:55, 70 :30. 90 :10) £
JEVEIE, 13 45% CmEvElid) (29 g), F14 200~300
HERAE A, LS He-HEE (50 0 1—-1: 1)
FREEVEMG, 28 TLC Kl & AH R 45y, 433 3 AN
5> ME1~ME3. 3 A543 i 48 JE Wikt e 10f—
oy (AT REDEIBD , & Ak (O
Fi-7KPEME )« Sephadex LH-20 ( ZEE-/K Y ) HE—
worEaitt, BENEY 1 (12mg). 2 (15 mg).
3 (133 mg). 4 (24mg). 5 (11 mg). 6 (16 mg).
7 (12mg). 8 (15mg). 9 (12.7mg) 10 (14 mg).
11 (17.5 mg). 12 (12.5 mg). 13 (16.5 mg). 14
(20 mg),

3 HM%E

WA 1 SRR (R, ShER-EEK S FH
P, = EACE NP, = SRk A B s B B
1k; HPLC-ESI-MS m/z: 579.1 [M+H]'; IR vior (em ):
3 400, 1 660, 1 620, 1520, 1 375, 1 330, 1 260, 1 220,
1 180, 1 100, 1 005, 940, 890, 'H-NMR (400 MHz,
DMSO-dg) 6: 12.49 (1H, s, 5-OH), 10.77 (1H, brs,
7-OH), 9.56 (1H, brs, 3-OH), 9.34 (2H, s, 3', 4'-OH),
7.68 (1H, d, J = 1.9 Hz, H-2'), 7.54 (1H, dd, J = 8.5,
1.9 Hz, H-6'), 6.88 (1H, d, J = 8.5 Hz, H-5'), 6.40 (1H,
d, J = 1.7 Hz, H-8), 6.19 (1H, d, J = 1.7 Hz, H-6);
BC-NMR (100 MHz, DMSO-dq) 6: 147.7 (C-2), 135.7
(C-3), 175.8 (C-4), 160.7 (C-5), 98.1 (C-6), 163.8
(C-7), 93.3 (C-8), 156.1 (C-9), 103.0 (C-10), 121.9
(C-1), 115.6 (C-2'), 145.0 (C-3"), 146.8 (C-4"), 115.0
(C-5"), 119.9 (C-6"). LA %l 5 SRR IE T A —
O, WA 1 i &

e 2. EERAK (FEE, mp236~238 C.
ERIR-BEN IV FH P, Molish SN BHTE; ZRBR/K iR
TLC ¥t %8%: HPLC-ESI-MS m/z: 4652 [M-+
HI"; IR v (em™): 3 440, 2 940, 1 660, 1 600, 1 500,
1 400, 1 320, 1 200, 1 170, 1 080, 'H-NMR (400
MHz, DMSO-dg) 6: 12.64 (1H, s, 5-OH), 7.67 (1H, m,
H-6'), 7.56 (1H, d, J = 11.4 Hz, H-2'), 6.83 (1H, d, J =
9.6 Hz, H-5'), 6.40 (1H, s, H-8), 6.20 (1H, s, H-6),
536 (2H, dd, J = 11.5, 7.5 Hz, H-1"), 3.2~3.7 (6H,
m, Gle-H); "“C-NMR (100 MHz, DMSO-dj) 6: 156.1
(C-2), 133.3 (C-3), 177.4 (C-4), 161.2 (C-5), 98.6
(C-6), 164.2 (C-7), 93.5 (C-8), 156.2 (C-9), 103.9
(C-10), 121.6 (C-1"), 115.2 (C-2'), 144.8 (C-3"), 148.4
(C-4), 116.2 (C-5"), 121.1 (C-6'), 100.8 (C-1"), 74.1
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(C-2"), 76.5 (C-3"), 69.9 (C-4"), 77.5 (C-5"), 60.9
(C-6")o LL ¥t 5 Scmpapi A — 50, ki
G 2 T 2 -3-0-B-D- A HET .

B 3: FaE AR R CHEE), mp 182~184 C,
ERTR-EER SN B, Molish S S FAYE, 427k 2
T4 & ¥ HPLC-ESI-MS m/z: 435.1 [M+H]';
IRvE2 (em™): 3302, 2 935, 2 864, 1 639, 1 610,
1 548, 1 057, 1 027, 930, 799. 'H-NMR (400 MHz,
DMSO-dy) 6: 7.72 (1H, d, J = 8.8 Hz, H-2'), 7.54 (1H,
d, J=13.6 Hz, H-6'), 6.84 (1H, d, J = 8.3 Hz, H-5"),
5.34 (1H,d, J=7.1 Hz, H-1""); "*C-NMR (100 MHz,
DMSO-ds) 6: 156.0 (C-2), 133.1 (C-3), 177.2 (C-4),
161.1 (C-5), 98.8 (C-6), 164.8 (C-7), 93.6 (C-8), 156.3
(C-9), 103.6 (C-10), 121.4 (C-1'), 115.3 (C-2'), 144.9
(C-3"), 148.7 (C-4"), 116.0 (C-5), 120.8 (C-6'), 101.7
(C-1"), 75.9 (C-2"), 73.5 (C-3"), 69.3 (C-4"), 66.0
(C-5")0 VA HH 5 SOk B SEA — 50, % et
HW 3 i E-3-0-B-D-IE I AR .

&Y 4: EER R (FEL, mp 176~178 C,
AR SR B S N BEE, SRIR-EEN S N
Molish SV BHE s 2% FR 7K, T A 1 o i 2
A 2505 . HPLC-ESI-MS m/z: 611.1 [M+H]';
IRver (em ') 3 422, 1 658, 1 602, 1 502, 1 362,
1296, 1 062, 1 018, 810, 804. 'H-NMR (400 MHz,
CD;0D) 8: 7.76 (1H, d, J = 1.7 Hz, H-6'), 7.71 (1H, d,
J=1.9 Hz, H-2'), 6.98 (1H, d, J = 8.4 Hz, H-5'), 6.49
(1H, d, J= 1.8 Hz, H-8), 6.30 (1H, d, J = 1.7 Hz, H-6),
521 (1H, d, J = 7.6 Hz, H-1"), 4.61 (1H, s, H-1""),
1.21 3H, d, J = 6.1 Hz, H-6); “C-NMR (100 MHz,
CD;0D) 6: 158.8 (C-2), 135.9 (C-3), 179.7 (C-4),
163.3 (C-5), 100.2 (C-6), 166.3 (C-7), 95.2 (C-8),
159.6 (C-9), 105.9 (C-10), 123.4 (C-1'), 116.4 (C-2'),
146.2 (C-3"), 150.1 (C-4'), 118.0 (C-5"), 123.8 (C-6"),
105.0 (C-1"), 76.0 (C-2"), 78.5 (C-3"), 71.7 (C-4"),
77.5 (C-5"), 68.8 (C-6"), 102.7 (C-1""), 72.4 (C-2""),
72.6 (C-3"), 74.2 (C-4"), 70.0 (C-5""), 18.2 (C-6"").
DAE Bt 5 Semk i A — 00, s A 4
o & -3-0-B-D-ZEF BT .

&Y 5: HEkm AR (PR, mp 341~342 °C,
ERIR-EERY SN BH T ; HPLC-ESI-MS m/z: 270.1 [M—+
HI'; IRve (em™): 3300, 2 950, 2 600, 1 640, 1 600,
1 580, 1 550, 1 500, 1 440, 1 400, 1 350, 1 300, 1 270,
1 180, 1 160, 1 030, 900, 800, 680. 'H-NMR (400

MHz, DMSO-dg) 6: 12.98 (1H, s, 5-OH), 10.81 (1H,
brs, 7-OH), 10.36 (1H, brs, 4-OH), 7.93 (2H, d, J =
8.5 Hz, H-2', 6), 6.94 (2H, d, J = 8.5 Hz, H-3', 5'),
6.78 (1H, s, H-3), 6.49 (1H, s, H-8), 6.20 (1H, s, H-6);
BC-NMR (100 MHz, DMSO-dq) d: 164.1 (C-2), 102.8
(C-3), 181.7 (C-4), 161.4 (C-5), 98.8 (C-6), 163.7
(C-7), 93.9 (C-8), 157.3 (C-9), 103.7 (C-10), 121.2
(C-1"), 128.4 (C-2', 6'), 115.9 (C-3", 5"), 161.1 (C-4").
DL $ode 5 SCpk s R A 807, s et 5

&Y 6: BEMA, mp 180~181 C, k-
BENY BN S B, R A B s . B
Molish S BT ; HPLC-ESI-MS m/z: 433.1 [M+
HI'; IRve (cm'): 3438, 1654, 1610, 1566, 1499,
1 083, 976, 833. 'H-NMR (400 MHz, DMSO-dj) &
12.98 (1H, s, 5-OH), 10.45 (1H, s, 4-OH), 7.95 (2H,
d, J= 8.5 Hz, H-2', 6'), 6.94 (2H, d, J = 8.5 Hz, H-3,
5), 6.88 (1H, s, H-3"), 6.84 (1H, d, J = 2.8 Hz, H-8),
6.46 (1H, d, J = 2.0 Hz, H-6), 5.11 (1H, d, J= 9.6 Hz,
H-1"); “C-NMR (100 MHz, DMSO-d¢) J: 164.3
(C-2), 105.4 (C-3), 182.0 (C-4), 157.0 (C-5), 99.6
(C-6), 161.4 (C-7), 94.9 (C-8), 163.0 (C-9), 103.2
(C-10), 121.1 (C-1"), 128.6 (C-2, 6'), 116.1 (C-3', 5"),
161.2 (C-4'), 100.0 (C-1"), 73.2 (C-2"), 77.2 (C-3"),
69.7 (C-4"), 76.5 (C-5"), 60.7 (C-6"). LI E¥¥a 5
BRIE A 8", et W 6 4 FEHER-T-0-
B-D-Ek e 741 5 B 1

e 7. EERAK (FED, mp 167~170 C,
AT SN B, SR TR-BER S N FH
Molish [z JW BH: 5 2%0f FR 7K A, 587 J2 A0 1R HE 7 280 B
HPLC-ESI-MS m/z: 479.1 [M+H]"; IRvier (cm™):
3 400, 2 940, 1 660, 1 600, 1 498, 1 320, 1 075, 875.
'H-NMR (400 MHz, CD;OD) &: 7.83 (1H, s, H-2'),
7.49 (1H, d, J=7.3 Hz, H-6'), 6.82 (1H, d, J = 8.7 Hz,
H-5'), 6.31 (1H, brs, H-8), 6.11 (1H, brs, H-6), 5.31
(1H, d, J= 6.8 Hz, H-1"), 3.85 (3H, s, 3-OCH3); "C-
NMR (100 MHz, CD;0D) 6: 158.8 (C-2), 135.6 (C-3),
179.7 (C-4), 163.4 (C-5), 101.5 (C-6), 166.3 (C-7),
95.0 (C-8), 159.0 (C-9), 106.1 (C-10), 123.4 (C-1"),
117.3 (C-2'), 151.2 (C-3"), 148.7 (C-4"), 116.6 (C-5),
124.1 (C-6'); Gle: 6 103.9 (C-1"), 76.2 (C-2"), 78.4
(C-3"), 71.8 (C-4"), 78.8 (C-5"), 62.8 (C-6"), 57.1
(-OCH3). LL_E%ds b5 Scirap g seA —51, %
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SEALEY T Ny S B2 25 -3-0-B-D-NL i H B 1
&Y 8: AR A, mp 250~253 C, —
SRR ST B S BB, R IR - s v B
Molish 5 J BH P , 2% R 7K A, 78 J2 A6 TR HE A 2250 00
HPLC-ESI-MS m/z: 433.3 [M+H]"; IRveo (cm ™)
3253,1627,1609, 1581, 1508, 1456, 1309, 1 246,
1 213, 1 085, 1 046, 843. 'H-NMR (400 MHz,
DMSO-d¢) d: 12.94 (1H, s, 5-OH), 9.59 (1H, s,
4'-OH), 8.43 (1H, s, H-2), 7.40 (2H, d, J = 8.4 Hz,
H-2', 6'), 6.83 (2H, d, J = 8.4 Hz, H-3', 5"), 6.72 (1H,
s, H-8), 6.47 (1H, s, H-6), 5.12 (1H, d, J = 4.3 Hz,
H-17); "“C-NMR (100 MHz, DMSO-d¢) J: 154.5
(C-2), 120.9 (C-3), 180.4 (C-4), 157.4 (C-5), 99.5
(C-6), 163.0 (C-7), 94.5 (C-8), 157.1 (C-9), 106.0
(C-10), 122.5 (C-1, 130.1 (C-2'), 115.05 (C-3"),
161.5 (C-4"), 115.0 (C-5"), 130.1 (C-6"), 99.8 (C-1"),
73.0 (C-2"), 76.4 (C-3"), 69.6 (C-4"), 77.2 (C-5"),
60.6 (C-6"). LA -¥d 5 ciukais seA—5M, i
BB AW 8 PRI ZE-T7-O-B-D-NHE W 1 25 B 17 o
EY9: Atk R (FEL, mp207~209 C.
AR GRS N B, 2R A R oA T R AT
1E; LFIREE SN PAPE, FMI T AT B IR IEAT
{£. HPLC-ESI-MS m/z: 352.3 [M—H] ; IR vior (em )
3500, 3 200, 2 950, 1 730, 1 605, 1 610, 1 510, 1 080,
1 040, 980, 860, 810, 'H-NMR (400 MHz, DMSO-dy)
J:7.42 (1H, d, J = 15.9 Hz, H-10), 7.03 (1H, d, J = 2.1
Hz, H-2"), 6.99 (1H, d, J = 8.2 Hz, H-6"), 6.77 (1H, d,
J=8.1 Hz, H-5"), 6.15 (1H, d, J = 15.9 Hz, H-9), 5.06
(1H, m, H-3), 3.93 (1H, m, H-5), 3.57 (2H, s, H-4),
2.01 (4H, m, H-2, 6); *C-NMR (100 MHz, DMSO-ds)
J: 73.4 (C-1), 36.2 (C-2), 70.8 (C-3), 70.3 (C-4), 68.0
(C-5), 37.2 (C-6), 174.9 (C-7), 165.7 (C-8), 145.5
(C-9), 114.7 (C-10), 125.6 (C-1"), 121.3 (C-2"), 1449
(C-3'), 148.3 (C-4"), 115.7 (C-5'), 114.2 (C-6") LA - HHfz
5k R, S E S 9 WS IRIR
WA 10: FE RS & (B, mp 171~
172 C; =SMAER-RF A S N B, R I I Rt
FPA4E; IR BT OB, RGP R
## 7F « HPLC-ESI-MS m/z 193.1 [M — HJ
IR v (em '): 3451, 2 950, 2 600, 1 698, 1 670, 1 624,
1 606, 1 518, 1 470, 1 438, 1 280, 1 210, 1 040, 950,
857, 808. 'H- NMR (400 MHz, DMSO-dg) &: 12.11
(1H, s, 1'-OH), 7.51 (1H, d, J = 15.9 Hz, H-3"), 7.28

(1H, d, J=2.0 Hz, H-2), 7.08 (1H, d, J = 8.1 Hz, H-6),
6.79 (1H, d, J=8.1 Hz, H-5), 6.38 (1H, d, J = 15.9
Hz, H-2'), 3.81 (3H, s, -OCH3); "*C-NMR (101 MHz,
DMSO-dg) d: 125.7 (C-1), 111.1 (C-2), 149.0 (C-3),
147.9 (C-4), 115.5 (C-5), 122.8 (C-6), 167.9 (C-1"),
115.5 (C-2"), 144.5 (C-3"), 55.7 (-OCH3). LA F¥dE 5
SCHRARE A 2, S A 10 BT AR .
a1 Bkt CGE-FEE, mp 207~
209 C; BRI B RNV B, R R
1PAE, ISR N PHYE, RS PRI
HPLC-ESI-MS m/z: 179.1 [M—H]; IRvee (cm):
3500, 2 400, 1 690, 1 610, 1 540, 1 340, 1 220, 860
'H-NMR (400 MHz, CD;0D) &: 7.13 (1H, d, J = 1.6
Hz, H-2), 7.04 (1H, d, J = 8.2 Hz, H-6), 6.88 (1H, d,
J=8.1 Hz, H-5), 6.33 (1H, d, J = 15.9 Hz, H-2'), 7.66
(1H, d, J = 15.9 Hz, H-3"), 4.98 (1H, s, 4-OH); "“C-
NMR (100 MHz, CD;0D) 6: 128.1 (C-1), 115.4 (C-2),
147.3 (C-3), 149.8 (C-4), 115.8 (C-5), 123.2 (C-6),
171.3 (C-1'), 116.8 (C-2"), 147.1 (C-3"), LA L%i#5 Y
SCHRARGE R A B, A 11 R .

&Y 12: AR R CFEE, mp 303~305 C,
10%fMi 12 £ W Wi . 5 {7, Libermann-Burchard [
5 A, VR My 2 s N B s HPLC-ESI-MS m/z:
4554 [M—H]; IRve (em'): 3 400, 1690, 1 380,
1 360. 'H-NMR (600 MHz, CD;COCD;) d: 10.44
(1H, s, -COOH), 5.24 (1H, t, J = 3.6 Hz, H-12), 2.81
(1H, d, J = 20.3 Hz, H-3), 1.17 (3H, s, -CH;), 0.99
(3H, s, -CH3), 0.94 (3H, s, -CH3), 0.94 (3H, s, -CH3),
0.92 (3H, s, -CHz), 0.81 (3H, s, -CH3), 0.78 (3H, s,
-CH3); "“C-NMR (150 MHz, CD;COCD;) &: 39.3
(C-1), 28.1 (C-2), 78.6 (C-3), 39.5 (C-4), 56.2 (C-5),
19.15 (C-6), 33.4 (C-7), 40.2 (C-8), 48.5 (C-9), 37.8
(C-10), 23.8 (C-11), 123.1 (C-12), 145.0 (C-13), 42.5
(C-14), 28.5 (C-15), 23.9 (C-16), 46.9 (C-17), 42.3
(C-18), 46.8 (C-19), 31.3 (C-20), 34.5 (C-21), 33.4
(C-22), 28.7 (C-23), 16.3 (C-24), 15.8 (C-25), 17.6
(C-26), 26.3 (C-27), 178.8 (C-28), 33.7 (C-29), 24.1
(C-30). LA ¥t 5 ek Fe A — 8, Mkse
AW 12 R .

A3 AETEE MR, mp165~170 C;
SRR S N B, R S5 R T R A
1£; HPLC-ESI-MS m/z: 453.1 [M+H]"; IR vior (cm™'):
3391,2923, 1625, 1604, 1 704, 1 045, 888, 820. 'H-
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NMR (400 MHz, DMSO-de) d: 6.72 (1H, d, J = 1.8
Hz, H-2'), 6.69 (1H, d, J = 8.0 Hz, H-5"), 6.59 (1H, d,
J = 8.1 Hz, H-6), 6.09 (1H, d, J = 1.5 Hz, H-8), 5.98
(1H, d, J = 1.6 Hz, H-6), 4.70 (1H, d, J = 7.6 Hz,
H-1"), 455 (1H, d, J = 7.1 Hz, H-2), 3.86 (1H, m,
H-3), 3.66 (1H, d, J = 11.3 Hz, H-6"b), 3.44 (1H, d,
J =42 Hz, H-6"a), 3.15~3.23 (4H, m, H-2", 3", 4",
5"), 2.66 (1H, dd, J = 16.1, 5.0 Hz, H-4a), 2.40 (1H,
dd, J = 16.3, 7.7 Hz, H-4b); “C-NMR (100 MHz,
DMSO-dg) 6: 81.0 (C-2), 66.0 (C-3), 27.5 (C-4), 156.8
(C-5), 94.6 (C-6), 155.2 (C-7), 96.2 (C-8), 156.1
(C-9), 100.5 (C-10), 130.4 (C-1'), 114.4 (C-2'), 144.9
(C-3"), 144.9 (C-4'), 115.1 (C-5"), 1183 (C-6), 101.9
(C-1"), 732 (C-2"), 76.5 (C-3"), 69.6 (C-4"), 76.9
(C-5"), 60.6 (C-6"). LA_F-$idi 5 Sciikapos SA—5,
M e A 13 LA F-7-O-B-D-NHE e 1 25 B 1
EY 14: Ak R CHEE, mp 294~296 C,
Libermann-Burchard J< NV 2 FHPE, 10%fM% 1R £ B %
WL, R v (em ) 3400, 2 960, 2 930, 1 640,
1460, 1380, 1 080, 1 020; Z8 55 #5756 B A b 4T
TLC XM, JFHZMERIRGREITH RE H—5
S MPRG G S TR, G 14
N M.
S 3k
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