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Abstract: Objective To investigate the chemical constituents of pericarps of Huajiao (Zanthoxylum bungeanum). Method The
n-butanol fraction of pericarps of Z. bungeanum was isolated and purified by macroporous resin column chromatography, silica gel
column chromatography, Sephadex LH-20 gel column chromatography and semi-preparative HPLC. And their structures were
elucidated by various spectroscopic methods, such as HR-ESI-MS, NMR, IR, CD, et al. Result A total of 25 compounds were
isolated from the n-butanol fraction of pericarps of Z. bungeanum. They were identified as 2a,3B-dihydroxy-3a-
vanilloylmethyl-y-lactone (1), phellolactone (2), vanillic acid (3), isovanillic acid (4), 4-hydroxycryptone (5), ZP-amide A (6),
ZP-amide B (7), ZP-amide D (8), oleracein E (9), bergapten (10), (+)-dorsteniol (11), orcinol glucoside (12), phloroacetophenone
4-O-B-D-glucopyranoside (13), (1R,2RA4S)-trans-2-hydroxy-1,8-cineole-2-O-B-D-glucopyranoside (14), (3S5,65)-6-ethenyltetrahydro-
2,2,6-trimethyl-2 H-pyran-3-yl-6-O-B-D-glucopyranoside (15), trans-linalool-3,6-oxide-7-O-B-D-glucopyranoside (16), betulabuside
A (17), daidzin (18), puerarin (19), hyperin (20), quercetin 3-O-B-D-glucopyranoside (21), quercetin 3-O-f-D-rhamnoside (22),
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avicularin (23), hesperidine (24) and tamarixetin 7-rutinoside (25). Conclusion Compound 1 is obtained as a new y-lactone named

as isophellolactone. Compounds 1—2, 9, 11, 13—14, 17—19 and 22—23 are isolated from Zanthoxylum for the first time.

Compounds 5, 10, 15 and 24 are isolated from Z. bungeanum for the first time.

Key words: Zanthoxylum bungeanum Maxim.; isophellolactone; oleracein E; puerarin; quercetin 3-O-B-D-glucopyranoside; avicularin

TEM Zanthoxylum bungeanum Maxim. 725 7 F}
(Rutaceae) {EMUE Zanthoxylum L. &M /NFAK, 1%
JEREYI 2 o AT FEI L R SR PN Y
P ANE R X . A 24 250 A, FEA 39
AR 14 AR, FEAAT TR SN PO
PRI PR AR X R R IR E L S A
BEAEMR S, WA gids, RS ). R
AN, (REZH) 2020 FRGCHE, A <R
HbdE, R DR, AT TRYT IR R
MK IS . SRR i HORE L PR R B
R AH R R YIEHUE 18 2 2538EH, hii .
Al UL PR R T2 R AN
i1 AL /AR BB S35

H AT AR 73 B A3 2R AR FE R0 oy F A
& 41 DNEERE . 24 ANSEER . 18 ANIFERE. 17 AN
VIR 12 M EE R Pl AN EEERE
BORIET S P ZFIBER CR)Z . P 3 R IE
THROMRE . NEEMKE: 7 FFEHE EERIE
TIETHEENKE . BEFREIR LT BT R &
WEAEZ . 55K Fhale, FUmasr. sube
AP R OGS 2 AEYENE . 25 ERTIR, TERURIR
B G IOE RAF, TFARTS) R, AE0 R of
FAL o PRI A SN AERUR B 1E T 1% 570 AL 1
SFETTHE TR, DA IS HIHT R, S I RAFHY
WaEY, FEARUEEM TS, (LR
Y2 BRI K o S MAERIUR Fz 43 5945 31 25
MMEEY), 47 % N isophellolactone (1),
phellolactone (2). FHHEL (vanillic acid, 3). RFF
AR (isovanillic acid, 4)+ 4-hydroxycryptone (5).
ZP-amide A (6). ZP-amide B (7). ZP-amide D (8).
Ot e E C(oleracein E, 9). fi F#f W Bt
(bergapten, 10). (=£)-dorsteniol (11). & ;%]
BEEF Corcinol glucoside, 12). phloroacetophenone
4-0O-B-D-glucopyranoside (13). (1R,2R,4S)-trans-2-
hydroxy-1,8-cineole-2-O-B-D-glucopyranoside (14)-
(35,65)-6-ethenyltetrahydro-2,2,6-trimethyl-2 H-pyran-
3-yl-6-O-B-D-glucopyranoside (15). trans-linalool-

3,6-oxide-7-O-B-D-glucopyranoside (16 ) .

betulabuside A (17). KEH (daidzin, 18). B
# (puerarin, 19). &2k Chyperin, 20). #if5%
#-3-0-B-D-F & FEH (quercetin 3-O-B-D-glucopyra-
noside, 21). #fl &% F&-3-0-B-D-FRZHEH (quercetin
3-0-B-D-rhamnoside, 22). Jii & H (avicularin, 23)-.
P& (hesperidine, 24). tamarixetin 7-rutinoside
(25). Hr a1 ey, a1, 2. 9.
11, 13, 14, 17~19, 22 1 23 R RMEHREE
Yy EARE], thEY 5. 10, 15 F1 24 RERM
FEA 73 B A3 3

1 EE5RG
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WAL FTIR-650 AU(H B2 ARG UV-9000S
B ANA] WA e FETE CEMRE A AR A
FRZ#]); Chirascan ZY[GH a4} (JEEYPE2E
/AF); Waters ACQUITY UPLC/Xevo G2-S TOF %
e RORUTUB X s 73 Hr 4 HPLC X &% (2487 734t
R, L E Waters 22 7]); il %7 HPLC {X4% (Delta
600 il %5, £ Waters AF]); NP 700 B &
il B (PURRHEA R A Fil# HPLC
tiEHE (SymmetryPrep™ Cig, 300 mm X 19 mm, 7
um, FE[E Waters A r]); HEEERER GFss (F 5
BN THERARD; HZE R H 5 BigEd
TABM AR D; LH-20 2 5 E 5 bl &R
( Sephadex LH-20, 40~63 um, GE Healthcare
Bio-Sciences AB A # ); ODS #F & i 31 gl
(ODS-A-HG, 50 um, YMC A #]); KFLF g D-101
(R BOR A FA504 FR A 7] D ; Hei-vap digital G3
R e 75 A% (Heidolph A 7))
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B o) (7.5 kg) IR T B4 (3.7 kg) MK HE 73 (4.5
kg)o W IE T BEES /2 KL A i g AT R o B
PLAEE-K (103,131 301 1:0) #ATEREN
i, &IV AEE A (12kg). B (1.5kg). C
(700 g> A1 D (300 g) 4 MBor. HUA B0 FIXH
KA AR (B 1% AT A 73 B, IR 227K (1 2 9,
10 0O HEATHEML, &R 1SE] A-1 (700 g) A
A-2 (500 g) 2 ¥ A-1 SRERCHE G5, DA
A7 EE-FE S O BE-FEE (2:1:0.0:1:0.0:5¢
1O 11,00 1) BATEREES M, & Ui
IS S AERSY Fr. 1 (7.2 g)« Fr.2 (180.5g). Fr.3
(370.4 g)- Fr.4 (78.6g) FFr.5 (413 g).

Fr. | SRERAE GBS, DoAmBE-HE iR L
(150 1~0: 1) BEATHAEEBEML, 53] 9 M4 Fr.
1.1~1.9. Fr. 1.4 aERAE AR5 E, DU il E- T
FR M8 (15 0 1~3 0 D BREEEML, 1921669 5 (18
mg) A1 10 (21 mg). Fr.1.5 ZrEfH: G5, LU
AR -EERR B8 (12 0 1~3 1 1) ¥, BRkE
3 (76 mg) A4 (31 mg).

B Fr. 2 BE 30 g, & IR il 2 WAH (i AT 20 2
PLREE-/K (10 9~7 1 3) JEATRRRESEL, & IRy
53 3 NSy Fr. 2.1~2.3. Fr. 2.1 (15 g) &RERH:
R e, DL H - (60 1 1~5 1 1) P,
HIFRDE 18 NSy Fr. 2.1.1~2.1.18. Fr.2.1.5 &
Sephadex LH-20 &t/ H: (i 5r 5, DAIHEE-/K (5 ¢
5~8:2) ¥iefii, FEMEY 11 (23 mg); Fr.2.1.6
22 Fi % HPLC 7355, LAHIEE-ZK (351 65) e,
BJEMED 2 (24 mg); Fr.2.1.7 ZEL N (HEE)
BEMLEY 9 (120 mg), FIRBHEE L4 HPLC
B, DIHEE-K (351 65) #EATHEML, BEMLEY
109 mg).Fr. 2.1.10 £ Sephadex LH-20 #4145,
PLFEE-K (5:5~8:2) Welt, HE1E 6 (49
mg); Fr. 2.1.12 22 ODS H: 43k 43 B9, LU EE-/K (10 -
90~40 : 60 /i, 13 B AP 15(28 mg); Fr. 2.1.13
2 Sephadex LH-20 #4373 55, LARIEE-7K (51 5~
8:12) Wi, BEMNAY 14 3l mg). Fr.2.1.15 %4
Sephadex LH-20 A (0343 55, DAFIREE-/K (71 3) ¥
i, 15514bE49 17 (20 mg). Fr. 2.1.16 £ Sephadex
LH-20 A5 2, DUHEE-/K (5 05~9 0 1) P,
BEMEEP 12 (64 mg) F113 (47 mg). Fr.2.1.17
2 ODS H: il s 5, DLFFEE-/K (10 1 90~30 & 70)
Ve, BEMLEY 18 (78 mg). Fr. 2.1.18 4 ODS
A E, DUHEE-/K (10 1 90~40 1 60) BN,

AEMEM 19 (16 mg). Fr.2.2 (7g) £ Sephadex
LH-20 FEf3EnEy, DIHEE-K (5:05~10:0) ¥
fii, 153 5 N4 Fr. 2.2.1~2.2.5, Fr. 2.2.1 4 ODS
FEEE 3, DLHEE-/K (10 2 90~40 60D FeMit,
BEMAEY 8 (45 mg) A116 (36 mg). Fr.22.5%
Sephadex LH-20 #1550 5, DLHEE-7K (51 5~9 :
1 Yefii, BE14LEY 21 (78 mg) 122 (83 mg).
Fr.2.3 (3 g) %4 Sephadex LH-20 #4173, PLH
BE-/K (5 05~9 0 D Wi, 13314654 23 (25 mg).

B Fr.3 BL10g, SR AIESE, &
FE-FHEE (18 1 1~1: 1) BEMi, 753520 N5
Fr. 3.1~3.20. Fr. 3.5 &}:4il4 HPLC 7055, LAFRE-
7K (65 1 35) Felit, BEMAY 7 (37 mg). Fr.3.14
2 Sephadex LH-20 #4373 55, DAFIEE-7K (5 1 5~
91 1) Wi, BEMAEY 20 (300 mg). Fr.3.17 &
Sephadex LH-20 #4353 59, DLFFEE-7K (5 1 5~9 !
DV, 15511k &4 24(41 mg) .Fr.3.20 4 Sephadex
LH-20 #1550 5, DLFFEE-/K (50 5~9 0 1) P,
REAY) 25 (35 mg).
3 HEE

EW) 1: B, [aly—48 (¢ 0.15, MeOH);
HR-ESI-MS m/z 299.077 6 ([M+H]", & {&
299.076 7), Hi € 43 TN CisH140s, NMEFIER 7.
IR vior (em™"): 3419, 1788, 1708, 1598, 1515, 1466
RREYIH SRR (3419 em™) FIERIE (1708,
1788 cm™). 'H Al BC-NMR i (£ 1) SnfF 14
ABX 15 6n 6.85 (1H, d, J= 8.4 Hz, H-5), 7.56 (1H,
dd, J =24, 8.4 Hz, H-6") #17.54 (1H, d, J = 2.4 Hz,
H-2"). #5454 BC-NMR EHHENFE 1| NEE
FRISEH) T BL (Oc 167.5 s, 153.0 s, 148.7 s 125.3
d. 121.9s. 1159d. 113.8d). 454 'H-NMR it
S 4.50 (1H, s, H-2), 4.22 (1H, d, J = 9.6 Hz, H-4a),
4.46 (1H, d, J = 9.6 Hz, H-4p), 4.35 (1H, d, J = 10.8
Hz, H-5a) #14.47 (1H, d, J = 10.8 Hz, H-5b) L&
BC-NMR & H 85155 oc 177.2 (s, C-1)- 65.6 (¢,
C-5). 74.5(d, C-2) 74.0 (t,C-4) F177.2 (s, C-3) #
MAZAE 1A R ARG M . AT AL &
1 A& 20Ol dE, RIMEEY 1 Atk &
W2 BARAEE KL, XBITET C-2 Mkt =00 %
B 71.6 MR E 74.5, 454 'H-NMR $HE 5
MmTRe 23 OH-2 B B B o #8Y, WE 2 A
BRI R, RILEY) 1 I -48
MALEY 2 ML+ 12, BAE THEY 1A
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2 fAAERI B 22 o XFELAGA ) 1 A 2 19 CD i 0,
AW 1 78 265 nm BT 2L cotton ZM, N n-n”
IEES, MALEY 2 7£ 265 nm F iz 23 IE cotton
BN, IR VA L 2 fAER R E R
#E—2 it NOESY Kl (B D #ig k&1

MR, i H-2 5 H-4B, H-4a 5 H-5 #H5K,
FIWr 2-OH Jy o B L5 EFTIR, &Y 1 K45
7N 20,3B-dihydroxy-3a-vanilloylmethyl-y-lactone,
N AFAED, dr 4N R AL UK A B

(isophellolactone)

F1 &1 2 R EEE ((H-NMR: 400 MHz; 3C-NMR: 100 MHz, CD;OD)
Table 1 NMR data of compounds 1 and 2 (‘"H-NMR: 400 MHz; *C-NMR: 100 MHz, CD30D)

el ! ?
on Jc ou oc
1 177.2 (s) 177.7 (s)
2 4.50 (s) 74.5 (d) 4.56 (s) 71.6 (d)
3 77.2 (s) 77.1 (s)
4 4.22 (d, J=9.6 Hz, H-0), 4.46 (d, J= 9.6 Hz, H-p) 74.0 (t) 4.27(d,J=10.4 Hz), 4.43 (m) 73.9 ()
5 4.35(d,J=10.8 Hz), 4.47 (d, J=10.8 Hz) 65.6 (t) 4.41 (s) 66.2 (1)
1’ 121.9 (s) 121.9 (s)
2’ 7.54 (d, J=2.4 Hz) 113.8 (d) 7.58 (d,J=2.4 Hz) 113.7 (d)
3’ 148.7 (s) 148.8 (s)
4’ 153.0 (s) 153.1 (s)
5’ 6.85 (d, /= 8.4 Hz) 115.9 (d) 6.86 (d, J=8.4 Hz) 116.0 (d)
6’ 7.56 (dd, J=2.4, 8.4 Hz) 125.3 (d) 7.61 (dd,J=2.4,8.4 Hz) 125.3 (d)
7' 167.5 (s) 167.6 (s)
3'-OMe 3.89 (s) 56.6 (q) 3.91 (s) 56.5(q)
OCH3 OCHj, OCH,
“Cr Jio o
X HO
5' 7 7 O @\g/ \ij\g/ H>\H H
1 — » HMBC " NOESY
1 &% 1 89%% HMBC 1 NOESY #H%
Fig.1 Key HMBC and NOESY correlations of compound 1
&Y 2: LEFEE; HR-ESI-MS m/z299.0739 253 “C; ESI-MS m/z 167.0 [M—H]™; 'H-NMR (400

[M-+H]*; 'TH-NMR (400 MHz, CD;0D) F1 *C-NMR
(100 MHz, CDsOD) ##% W.3% 1. £dfs 55 SClifons HE AR
A—00, Wik AW 2 %5 5E N phellolactone.

%A% 3: ARG S (FEE), mp 208~
210 ‘C; ESI-MS m/z 167.0[M—H]; 'H-NMR (400
MHz, CD3;0D) ¢: 7.43 (2H, overlapped, H-2, 6), 6.70
(1H, d, J = 82 Hz, H-5), 3.74 (3H, s, 3-OMe);
BC-NMR (100 MHz, CD;OD) d: 123.5 (C-1), 113.7
(C-2), 152.6 (C-3), 148.6 (C-4), 115.8 (C-5), 125.3
(C-6), 170.0 (C-7), 56.3 (3-OMe). F4f 5 Sk} e 5
A=, WEEENEY 3 AEFER.

e 4. LEEHRG S (FEED, mp 250~

MHz, CD;OD) d: 7.42 (1H, d, J = 2.4 Hz, H-2), 6.95
(1H, d, J = 8.4 Hz, H-5), 7.52 (1H, dd, J = 2.4, 8.4 Hz,
H-6), 3.89 (3H, s, 4-OMe); '*C-NMR (100 MHz,
CD;0D) ¢: 123.6 (C-1), 117.3 (C-2), 147.3 (C-3),
153.2 (C-4), 111.7 (C-5), 124.7 (C-6), 170.2 (C-7),
56.4 (4-OMe) . Hidls 53RN AR A —F012], s
ENEN) 4 NREERR .

&Y S EEMIRBAE; ESI-MS m/z 155.1
[M+H]"; 'H-NMR (400 MHz, CDCl3) 6: 5.96 (1H, d,
J=10.2 Hz, H-2), 6.77 (1H, d, J = 10.2 Hz, H-3), 1.98
(1H, m, H-5a), 2.16 (1H, m, H-5b), 2.42 (1H, m,
H-6a), 2.67 (1H, m, H-6b), 1.95 (1H, m, H-7), 0.97
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(3H, d, J = 6.8 Hz, 7-Me), 1.01 (3H, d, J = 6.8 Hz,
7-Me); '3C-NMR (100 MHz, CDCls) d: 199.7 (C-1),
129.3 (C-2), 153.3 (C-3), 71.9 (C-4), 30.9 (C-5), 33.9
(C-6), 36.8 (C-7), 16.5 (7-Me), 17.4 (7-Me). ¥i#f5 5
WA R AR — M, MBS ENED SN
4-hydroxycryptone.

WEY 6: RiEORERIRFE K, ESI-MS m/z
3182 [M+Na]*; 'H-NMR (400 MHz, CD;OD) o:
6.00 (1H, d, J = 15.4 Hz, H-2), 6.78 (1H, dt, J = 7.2,
15.4 Hz, H-3), 2.28 (2H, m, H-4), 1.63 (2H, m, H-5),
420 (1H, q, J = 6.0 Hz, H-6), 6.26 (1H, dd, J = 6.0,
15.4 Hz, H-7), 6.42 (1H, dd, J = 10.8, 15.4 Hz, H-8),
7.25 (1H, dd, J = 10.8, 15.6 Hz, H-9), 6.13 (1H, d, J =
15.6 Hz, H-10), 2.25 (3H, s, H-12), 3.22 (2H, s, H-1"),
1.14 (6H, s, H-3", 4'); 13C-NMR (100 MHz, CD;0D)
5: 169.0 (C-1), 125.0 (C-2), 145.5 (C-3), 28.9 (C-4),
36.4 (C-5), 71.7 (C-6), 148.0 (C-7), 129.0 (C-8), 145.3
(C-9), 131.2 (C-10), 201.7 (C-11), 27.1 (C-12), 51.0
(C-1"), 71.7 (C-2"), 27.2 (C-3"), 27.2 (C-4). ¥¥ 5
Hif 6T RS AR — S04, W AL A ) 6 9 ZP-amide Ao

&Y 7 REOHERRE K ESI-MS m/z
3182 [M+Na]*; 'H-NMR (400 MHz, CD;OD) &:
6.01 (1H, d, J = 15.4 Hz, H-2), 6.76 (1H, dt, J = 6.8,
15.4 Hz, H-3), 2.47 (2H, q, J = 6.8 Hz, H-4), 2.79 (2H,
t, J = 6.8 Hz, H-5), 6.20 (1H, d, J = 15.4 Hz, H-7),
7.26 (1H, dd, J = 10.4, 15.4 Hz, H-8), 6.39 (1H, m,
H-9), 6.26 (1H, m, H-10), 4.35 (1H, m, H-11), 1.24
(3H, d, J= 6.4 Hz, H-12), 3.22 (2H, s, H-1"), 1.15 (6H,
s, H-3', H-4"); 3C-NMR (100 MHz, CD;OD) ¢: 168.8
(C-1), 125.2 (C-2), 144.5 (C-3), 27.3 (C-4), 39.3
(C-5), 201.5 (C-6), 130.2 (C-7), 144.4 (C-8), 127.9
(C-9), 149.4 (C-10), 68.3 (C-11), 23.2 (C-12), 51.0
(C-1"), 71.6 (C-2"), 27.2 (C-3"), 27.2 (C-4"). %35
RS RS AR — 304, W ek &) 7 4 ZP-amide B

&Y 8: Wi RIRE K, ESI-MS m/z
3182 [M+Na]*; 'H-NMR (400 MHz, CD;OD) o:
5.99~6.06 (2H, overlapped, H-2, 7), 6.77 (1H, dt, J =
6.8, 15.2 Hz, H-3), 2.20~2.40 (4H, m, H-4, 5), 5.41
(1H, m, H-6), 6.57 (1H, dd, J = 11.2, 15.2 Hz, H-8),
5.68 (1H, dd, J = 6.6, 15.2 Hz, H-9), 3.90 (1H, t, J =
6.6 Hz, H-10), 3.60 (1H, m, H-11), 1.09 (3H, d, J =
6.4 Hz, H-12), 3.23 (2H, s, H-1"), 1.15 (6H, s, H-3',
4"); BC-NMR (100 MHz, CD;0D) ¢: 169.0 (C-1),

125.1 (C-2), 145.0 (C-3), 33.1 (C-4), 27.5 (C-5), 130.1
(C-6), 128.1 (C-7), 125.1 (C-8), 131.4 (C-9), 77.8
(C-10), 71.6 (C-11), 18.9 (C-12), 51.0 (C-1"), 71.7
(C-2"),27.2(C-3"), 27.2 (C-4"). H¥is 5 k% e 3 A
—8S), WS E A ) 8 A ZP-amide D

EY 9: Adk (HEE, mp 154~156 C;
ESI-MS m/z 220.1 [M+H]"; 'H-NMR (400 MHz,
DMSO-ds) 6: 1.50 (1H, m, H-1a), 2.41 (1H, m, H-1b),
2.13 (1H, m, H-2a), 2.31 (1H, m, H-2b), 2.83 (1H, m,
H-5a), 3.87 (1H, m, H-5b), 2.45 (2H, m, H-6), 6.41
(1H, s, H-7), 6.42 (1H, s, H-10), 4.48 (1H, t, J = 7.8
Hz, H-13), 8.72 (2H, brs, 8, 9-OH); *C-NMR (100
MHz, DMSO-ds) 6: 27.8 (C-1), 31.7 (C-2), 172.6
(C-3), 37.1 (C-5), 27.8 (C-6), 115.8 (C-7), 144.5
(C-8), 144.6 (C-9), 112.1 (C-10), 124.2 (C-11), 128.9
(C-12), 56.0 (C-13). H¥i-5 sCifoxt f LA — el
WA 9 N TR E.

& 10: Lkt (CEHE), mp 190~
193 “C; ESI-MS m/z217.0 [M—+H]"; 'H-NMR (400
MHz, CDCL3) d: 6.27 (1H, d, J = 9.6 Hz, H-3), 8.15
(1H, d, J = 9.6 Hz, H-4), 7.14 (1H, s, H-8), 7.60 (1H,
d, J = 2.4 Hz, H-2), 7.02 (1H, d, J = 2.4 Hz, H-3),
427 (3H, s, 5-OMe); '3C-NMR (100 MHz, CDCl;) 6:
161.4 (C-2), 112.6 (C-3), 139.4 (C-4), 149.7 (C-5),
112.7 (C-6), 158.5 (C-7), 93.8 (C-8), 152.8 (C-9),
106.4 (C-10), 1449 (C-2), 1052 (C-3"), 60.2
(5-OMe). Hf 5 SCik Xy BREE AR — 2071, s e b
EY 10 AT B

A& 11: ToEFAR CHED, mp 157~158 C;
ESI-MS m/z 261.1 [M—H]"; 'H-NMR (600 MHz,
CD;0D) §: 5.0 (1H, t, J = 9.0 Hz, H-2), 3.37 (1H, m,
H-3a), 3.25 (1H, m, H-3b), 7.43 (1H, s, H-4), 6.74
(1H, s, H-7), 6.21 (1H, d, J = 9.6 Hz, H-9), 7.87 (1H,
d, J=9.6 Hz, H-10), 3.75 (1H, d, J = 10.8 Hz, H-2'a),
3.55 (1H, d, J = 10.8 Hz, H-2'b), 1.21 (3H, s, H-1").
BC.NMR (150 MHz, CD;OD) §: 89.1 (C-2), 29.7
(C-3), 124.9 (C-4), 114.0 (C-5), 156.5 (C-6), 98.2
(C-7), 165.2 (C-8), 112.1 (C-9), 146.2 (C-10), 127.3
(C-11), 163.7 (C-12), 74.6 (C-1'), 67.6 (C-2'), 20.3
(C-1")o FUHE 5 SCHRAT FRIEAR —FS), M et s
Y111 2 (£)-dorsteniol

& 12: HEHNKR; ESI-MS m/z 285.1 [M—
H]: 'H-NMR (400 MHz, CD;OD) d: 6.26 (1H, s,
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H-2), 6.33 (1H, s, H-4), 6.38 (1H, s, H-6), 2.19 (3H, s,
H-7), 4.81 (1H, d, J = 8.0 Hz, H-1'), 3.35~3.45 (4H,
m, H-2'~5"), 3.86 (1H, dd, J = 1.6, 12.2 Hz, H-6'a),
3.67 (1H, dd, J=4.8, 12.2 Hz, H-6'b); '3C-NMR (100
MHz, CD;0D) §: 141.2 (C-1), 111.3 (C-2), 160.1
(C-3), 109.6 (C-4), 159.4 (C-5), 1022 (C-6), 21.7
(C-7), 1022 (C-1"), 71.3 (C-2'), 78.0 (C-3"), 74.9
(C-4"), 78.0 (C-5"), 62.5 (C-6")o HH 5 SRk X I A
— 0, MU TEAG A 12 N E B AT

&Y 13: AEMA; ESI-MS m/z 329.1 [M—
H]"; '"H-NMR (400 MHz, CD;0D) §: 6.14 (2H, s, H-3,
H-5), 2.66 (3H, s, H-2), 5.00 (1H, d, J = 7.6 Hz,
H-1"), 3.41~3.51 (4H, m, H-2"~5"), 3.89 (1H, dd,
J =16, 12.0 Hz, H-6"a), 3.70 (1H, dd, J = 5.1, 12.0
Hz, H-6"b); 3C-NMR (100 MHz, CD;0D) J: 106.6
(C-1), 167.7 (C-2, 6), 95.6 (C-3, 5), 166.8 (C-4), 204.6
(C-1"), 33.4 (C-2"), 101.9 (C-1"), 74.7 (C-2"), 78.5
(C-3"), 71.0 (C-4"), 78.3 (C-5"), 62.4 (C-6"). ¥ ¥i 5
SCHR N BRI AR — P, WM ENEY 13 R
phloroacetophenone 4-O-B-D-glucopyranoside.

th&Y 14: AERAE; ESI-MS m/z 333.2 [M+
HJ*; '"H-NMR (400 MHz, CD;0D) §: 1.71~1.76 (1H,
m, H-3a), 2.56~2.62 (1H, m, H-3b), 1.53~1.57 (2H,
m, H-4, H-6a), 1.99~2.08 (2H, m, H-5a, 6b), 1.19
(3H, s, H-7), 1.25 (3H, s, H-9), 1.32 (3H, s, H-10),
437 (1H, d, J= 8.0 Hz, H-1"), 3.24 (1H, t, J= 8.0 Hz
H-2"), 3.34~3.41 (3H, m, H-3'~5"), 3.68~3.76 (2H,
m, H-2, 6'a), 3.90~3.94 (1H, m, H-6'b); '3C-NMR
(100 MHz, CD;0D) 4: 73.8 (C-1), 80.7 (C-2), 34.5
(C-3), 35.3 (C-4), 22.8 (C-5), 26.6 (C-6), 24.6 (C-7),
75.1 (C-8), 29.2 (C-9), 28.9 (C-10), 106.1 (C-1), 75.2
(C-2"), 77.9 (C-3"), 71.5 (C-4), 77.6 (C-5"), 62.7
(C-6"). HiHf 5 SOl FREE A — 321, W B &)
14 N (1R,2R,4S)-trans-2-hydroxy-1,8-cineole-2-O-p-
D-glucopyranoside

& 15: AEMA; ESI-MS m/z 333.2 [M+
H]"; 'H-NMR (400 MHz, CD;OD) ¢: 5.01 (2H, m,
H-1), 5.98 (1H, dd, J = 10.8, 12.0 Hz, H-2), 1.60~
1.64 (1H, m, H-4a), 2.16~2.22 (1H, m, H-4b), 1.80~
1.83 (1H, m, H-5a), 1.99~2.03 (1H, m, H-5b), 3.43
(1H, dd, J= 4.4, 11.2 Hz, H-6), 1.28 (3H, s, H-8), 1.22
(3H, s, H-9), 1.13 (3H, s, H-10), 4.35 (1H, d, J = 7.6
Hz, H-1), 3.16 (1H, m, H-2'), 3.28 ~3.37 (3H,

overlapped, H-3'~5"), 3.66 (1H, d, J = 11.2 Hz,
H-6'a), 3.88 (1H, d, J = 11.2 Hz, H-6'b); '*C-NMR
(100 MHz, CD30D) d: 111.4 (C-1), 147.5 (C-2), 74.9
(C-3), 33.7 (C-4), 25.7 (C-5), 85.8 (C-6), 77.2 (C-7),
30.1 (C-8), 21.9 (C-9), 32.3 (C-10), 106.3 (C-1"), 75.3
(C-2%), 78.1 (C-3"), 71.6 (C-4"), 77.8 (C-5"), 62.8
(C-6") . Hdls 5 3CHlon A — 322, W et &)
15 /4 (3S,69)-6-ethenyltetrahydro-2,2,6-trimethyl-2H-
pyran-3-yl-6-O-B-D-glucopyranoside.

&Y 16: AERA; ESI-MS m/z 333.2 [M+
H]*; 'H-NMR (400 MHz, CD;0D) §: 5.02 (1H, dd,
J=1.4,10.6 Hz, H-1a), 5.22 (1H, dd, /= 1.4, 17.6 Hz,
H-1b), 5.90 (1H, dd, J = 10.6, 17.6 Hz, H-2), 1.78~
1.94 (4H, m, H-4, 5), 4.01 (1H, t, J = 6.8 Hz, H-6),
1.21 (3H, s, H-8), 1.24 (3H, s, H-9), 1.32 (3H, s,
H-10), 4.49 (1H, d, J = 7.6 Hz, H-1"), 1.15 (1H, dd,
J=17.6,92 Hz, H-2"), 3.25~3.39 (3H, overlapped,
H-3'~5"), 3.63 (1H, dd, /= 5.2, 11.8 Hz, H-6'a), 3.81
(IH, dd, J = 2.0, 11.8 Hz, H-6'b); '*C-NMR (100
MHz, CD;OD) 4: 112.1 (C-1), 144.8 (C-2), 84.9
(C-3), 38.0 (C-4), 28.1 (C-5), 86.9 (C-6), 80.6 (C-7),
23.7 (C-8), 20.7 (C-9), 26.7 (C-10), 98.7 (C-1"), 75.1
(C-27), 77.8 (C-3"), 71.6 (C-4"), 77.8 (C-5"), 62.7 (C-6")-
ol 5 ST IR A — 3, B E 16 N
trans-linalool-3,6-oxide-7-O-B-D- glucopyranoside.

& 17: AR ESI-MS m/z333.2 [M+
H]"; 'H-NMR (400 MHz, CDsOD) §: 5.22 (1H, dd,
J=17.4, 1.2 Hz, H-1a), 5.05 (1H, dd, /= 10.8, 1.2 Hz,
H-1b), 5.93 (1H, dd, J = 17.4, 10.8 Hz, H-2), 1.55
(2H, m, H-4), 2.10 (2H, m, H-5), 5.50 (1H, t, J = 6.8
Hz, H-6), 1.27 (3H, s, H-8), 4.22 (1H, d, J = 12.0 Hz,
H-9a), 4.05 (1H, d, J = 12.0 Hz, H-9b), 1.70 (3H, s,
H-10), 4.26 (1H, d, J= 7.8 Hz, H-1"), 3.21~3.36 (4H,
m, H-2"~5"), 3.68 (1H, dd, J = 5.6, 12.0 Hz, H-6"),
3.87 (1H, dd, J=12.0, 2.0 Hz, H-6'b); '*C-NMR (100
MHz, CD;OD) 4: 112.1 (C-1), 146.2 (C-2), 73.8
(C-3), 429 (C-4), 23.4 (C-5), 130.1 (C-6), 132.8
(C-7), 27.6 (C-8), 759 (C-9), 14.1 (C-10), 102.5
(C-1), 75.0 (C-29, 78.1 (C-3"), 71.6 (C-4), 77.8
(C-5"), 62.7 (C-6"). £ 5 SCHAR LA — 2424, #
BEWAY) 17 A betulabuside A

&Y 18: At d (HEE), mp 233~235 C;
ESI-MS m/z 417.1 [M+H]"; 'H-NMR (400 MHz,
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DMSO-ds) 6: 8.31 (1H, s, H-2), 7.97 (1H, d, J = 9.0
Hz, H-5), 7.07 (1H, dd, J = 2.4, 9.0 Hz, H-6), 7.16
(1H, d, J=2.4 Hz, H-8), 7.33 (2H, d, J = 8.6 Hz, H-2,
H-6"), 6.74 (2H, d, J = 8.6 Hz, H-3", 5", 5.03 (1H, d,
J = 6.8 Hz, H-1"), 3.10~3.43 (6H, m, H-2"~6");
3BC-NMR (100 MHz, DMSO-ds) J: 153.4 (C-2), 123.8
(C-3), 174.8 (C-4), 127.0 (C-5), 115.6 (C-6), 161.4
(C-7), 103.4 (C-8), 157.1 (C-9), 118.5 (C-10), 122.4
(C-17, 130.1 (C-2', C-6), 115.0 (C-3', 5), 157.3
(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"). H¥E 5 ClRk* AL
A=, WEENAEY 18 HKET.

&Y 19: HEMA; ESI-MS m/z417.1 [M+
H]*: 'H-NMR (400 MHz, CD;OD) &: 8.10 (1H, s,
H-2), 8.00 (1H, d, J = 8.8 Hz, H-5), 6.94 (1H, d, J =
8.8 Hz, H-6), 7.32 (2H, d, J = 8.4 Hz, H-2', 6'), 6.82
(2H, d, J = 8.4 Hz, H-3', 5", 5.09 (1H, d, J= 9.9 Hz,
H-1"), 3.33~4.12 (6H, m, H-2"~6"); 13C-NMR (100
MHz, CD;OD) §: 154.5 (C-2), 124.1 (C-3), 178.2
(C-4), 128.1 (C-5), 1162 (C-6), 162.9 (C-7), 113.0
(C-8), 158.5 (C-9), 118.4 (C-10), 125.4 (C-1%, 131.3
(C-2, C-6", 116.2 (C-3', C-5"), 154.5 (C-4"), 75.6
(C-1"), 72.9 (C-2"), 79.9 (C-3"), 71.6 (C-4"), 82.6
(C-5"), 62.7 (C-6")o HHf 5 SCHRNT HRFE A — 35125,
WA BB 19 NERE.

&M 20: FEKAR; ESI-MS m/z 465.1 [M+
HJ*: 'H-NMR (400 MHz, DMSO-ds) &: 6.36 (1H, d,
J = 1.7 Hz, H-6), 6.57 (1H, d, J = 1.7 Hz, H-8), 7.70
(1H, d, J = 2.0 Hz, H-2'), 6.98 (1H, d, J = 8.4 Hz,
H-5", 7.83 (1H, dd, J = 2.0, 8.4 Hz, H-6'), 5.54 (1H, d,
J = 7.6 Hz, H-1"), 12.79 (1H, s, 5-OH); 3C-NMR
(100 MHz, DMSO-ds) J: 156.3 (C-2), 133.5 (C-3),
177.5 (C-4), 161.3 (C-5), 98.8 (C-6), 164.3 (C-7), 93.6
(C-8), 156.4 (C-9), 103.9 (C-10), 121.1 (C-1"), 115.3
(C-27), 144.9 (C-3"), 148.6 (C-4"), 116.0 (C-5"), 122.0
(C-6"), 101.9 (C-1"), 71.3 (C-2"), 73.3 (C-3"), 68.0
(C-4"), 75.9 (C-5"), 60.2 (C-6"). H¥E 5 CHRk* a3
A—F0), WA ENAEY) 20 NELHIT.

&Y 21: FERMA; ESI-MS m/z 465.1 [M+
H]*: 'H-NMR (400 MHz, CD;OD) &: 6.14 (1H, s,
H-6), 6.32 (1H, s, H-8), 7.68 (1H, s, H-2"), 6.83 (1H,
d, J = 8.4 Hz, H-5", 7.53 (1H, d, J = 8.4 Hz, H-6'),
524 (1H, d, J = 7.3 Hz, H-1"), 3.43~3.70 (6H, m,

H-2"~6"); 13BC-NMR (100 MHz, CD;OD) &: 158.4
(C-2), 135.6 (C-3), 179.4 (C-4), 162.9 (C-5), 99.9
(C-6), 165.9 (C-7), 94.7 (C-8), 159.0 (C-9), 105.6
(C-10), 123.2 (C-1"), 116.0 (C-2"), 149.8 (C-3"), 145.8
(C-4"), 117.6 (C-5"), 123.0 (C-6'), 104.3 (C-1"), 75.7
(C-2"), 78.1 (C-3"), 71.1 (C-4"), 78.3 (C-5"), 62.5
(C-6")o HH 5 ST HREE A — 37, Stk &4 21
Y5 N R 3-0-B-D-H & HELT

&Y 22: FERMA; ESI-MS m/z 449.1 [M+
H]*: 'H-NMR (400 MHz, DMSO-ds) J: 6.37 (1H, s,
H-6), 6.55 (1H, s, H-8), 7.46 (1H, d, J= 2.0 Hz, H-2"),
7.03 (1H, d, J = 8.0 Hz, H-5"), 7.42 (1H, dd, J = 2.0,
8.0 Hz, H-6"), 5.42 (1H, d, J = 7.6 Hz, H-1"), 0.98
(2H, d, J = 7.0 Hz, H-6"); *C-NMR (100 MHz,
DMSO-ds) 0: 157.4 (C-2), 134.3 (C-3), 177.8 (C-4),
161.4 (C-5), 98.8 (C-6), 164.4 (C-7), 93.7 (C-8), 156.5
(C-9), 104.1 (C-10), 120.8 (C-1"), 115.7 (C-2'), 145.3
(C-3"), 148.5 (C-4"), 115.5 (C-5), 121.2 (C-6'), 101.9
(C-1"), 70.4 (C-2"), 71.2 (C-3"), 70.1 (C-4"), 70.7
(C-5"), 17.6 (C-6") HUH 5 SR HE LA — 35028,
WS ENEY) 22 J I ER 3-0-B-D-IR R -

&) 23: FEKR; ESI-MS m/z 433.1 [M—
H]: 'H-NMR (400 MHz, CD;OD) d: 6.16 (1H, s,
H-6), 6.35 (1H, s, H-8), 7.49 (1H, s, H-2"), 6.86 (1H,
d, J =82 Hz, H-5", 7.46 (1H, d, J = 8.2 Hz, H-6'),
543 (1H, s, H-1"), 430 (1H, d, J = 2.4 Hz, H-2"),
3.88 (1H, m, H-3"), 3.83 (1H, m, H-4"), 3.47 (2H, m,
H-5"); 3C-NMR (100 MHz, CD;0D) 6: 159.3 (C-2),
134.9 (C-3), 180.0 (C-4), 163.1 (C-5), 99.9 (C-6),
166.0 (C-7), 94.8 (C-8), 158.5 (C-9), 105.6 (C-10),
123.0 (C-1%, 116.4 (C-2"), 146.3 (C-3"), 149.8 (C-4"),
116.8 (C-5"), 123.1 (C-6"), 109.5 (C-1"), 83.3 (C-2"),
78.7 (C-3"), 88.0 (C-4"), 62.5 (C-5"). ¥ 5 ik xt
MR AR —E, WMt EY 23 AmET

th &Y 24: HERA; ESI-MS m/z 611.2 [M+
H]*: 'H-NMR (600 MHz, DMSO-ds) 0: 5.50 (1H, m,
H-2), 2.50 (2H, s, H-3), 6.14, 6.12 (% 1H, s, H-6, 8),
6.93 (3H, m, H-2", 5", 6", 4.67 (1H, d, J = 5.1 Hz,
H-17), 3.63 (2H, m, H-6"), 5.38 (1H, d, J = 4.2 Hz,
H-1"), 1.08 (3H, d, J = 6.0 Hz, H-6"), 3.77 (3H, s,
4"-OMe), 12.02 (1H, s, 5-OH), 9.08 (1H, s, 3-OH);
13C-NMR (150 MHz, DMSO-ds) : 78.4 (C-2), 42.0
(C-3), 197.0 (C-4), 163.0 (C-5), 99.4 (C-6), 165.1
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(C-7), 96.4 (C-8), 162.5 (C-9), 103.3 (C-10), 130.9

(C-17), 114.1 (C-2"), 147.9 (C-3"), 146.4 (C-4"), 112.0

(C-5"), 117.9 (C-6"), 100.6 (C-1"), 73.0 (C-2"), 76.3

(C-3"), 69.6 (C-4"), 75.5 (C-5"), 66.0 (C-6"), 95.5

(C-1"), 70.3 (C-2"), 70.7 (C-3"), 72.1 (C-4""), 68.3

(C-5"", 17.8 (C-6""), 55.7 (OMe-4") . HH 5 SCHR*

FEAR—F00, MEEANEY) 24 R RE
th & 25: FERMA; ESI-MS m/z 625.2 [M+

H]*: 'H-NMR (600 MHz, DMSO-ds) J: 6.44 (1H, s,

H-6), 6.73 (1H, s, H-8), 7.72 (1H, s, H-2"), 7.14 (1H,

d, J = 8.6 Hz, H-5"), 7.65 (1H, d, J = 8.6 Hz, H-6),

5.42 (1H, d, J = 4.8 Hz, H-1"), 4.55 (1H, s, H-1"),

3.85 (3H, s, 4-OMe); *C-NMR (150 MHz, DMSO-ds)

5: 1472 (C-2), 136.4 (C-3), 176.1 (C-4), 160.4 (C-5),

98.8 (C-6), 162.7 (C-7), 94.3 (C-8), 155.7 (C-9), 104.8

(C-10), 123.2 (C-1'), 114. 9 (C-2"), 146.1 (C-3"), 149.5

(C-4", 111.9 (C-5", 119.8 (C-6"), 100.5 (C-1"), 73.1

(C-2"), 76.2 (C-3"), 69.6 (C-4"), 75.6 (C-5"), 66.1

(C-6"), 100.5 (C-1"), 70.3 (C-2""), 70.7 (C-3""), 72.0

(C-4""), 68.3 (C-5""), 17.8 (C-6""), 55.6 (4-OMe). %k

i 5 SR R AR —FB132, MU EE 25 N

tamarixetin 7-rutinoside.
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