- 2806 * ¢ $ % Chinese Traditional and Herbal Drugs 5 47 3% % 16 # 2016 £ 8 A

WIS S RS T

Ak, pkEmW Y, KEE? FH K x Wz F EFF 2R
FEHRFEAEGE, LR H8 266021
TG P EG R A R, AR KB 130012

o =

W E:. B RIS LE Spiraea salicifolia SRS . Fosk  SRARERAE (IS, ODS F: ik Al % HPLC %71k
AT alith, R R ARSI S e AWM. R NI RIS AR 12 MUEEY, 45
KTEN 7S,8R-3,5- W HE-4" 7- -8, 5 - B K G 456-37,4,9,9'-PURE (1), 3B-ZBEEERE R HEE (2). 3p-LBEEEFF IR g
(3). PIHTEE (4. B-EFMIREE (5). (TR,8S)-5-F A AN AXUAMEE (6). 8-FF-7-RIMIEEE (7). 8-FREEMAEEE (8D
fraxiresinol (9). (+)-africannal (10). (H)-BFMARMAEEY (11). S-HEIE-(D-FEMIMAER (12). &1 thEW 1 AFE
W, AN SR HIARRERE; WA 6. T AERNELRAEEY o BEAE, AW 4. 5. 8~12 HH IR ZHEYH
SRR, AW 2. 3 N B R RS R IR RIS IR T

EEIR: MIMEELRRE; =wE; KRR 7S,8R-3,5-XUHHEIL-4',7- 5 -8,5-Hi A e bi-3,4,9,9"- DU RE; M5 28 25 3 A e iz
FESES: R284.1 XEkFRERE: A XERS: 0253 -2670(2016)16 - 2806 - 06

DOI: 10.7501/j.issn.0253-2670.2016.16.004

Chemical constituents from Spiraea salicifolia
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Abstract: Objective To investigate the chemical constituents from the ethanol extract of Spiraea salicifolia. Methods The
compounds were isolated and purified by chromatography on silica gel, ODS, and preparative HPLC methods. Their structures were
elucidated on the basis of chemical and spectral data. Results Twelve compounds were isolated and identified as 7S,8R-3,5-
dimethoxy-4',7-epoxy-8,5’-neolignan-3',4,9,9'-tetraol (1, salicifoneoliganol), 3B-acetylursolic acid methyl ester (2), 3p-acetyloleanolic
acid methyl ester (3), lupeol (4), f-amyrin (5), (7R,8S)-5-methoxydiyhdrodehydroconiferyl alcohol (6), 8-hydroxy-7'-epipinoresinol
(7), 8-hydroxypinoresinol (8), fraxiresinol (9), (+)-africannal (10), (+)-lyoniresinol (11), and 5-methoxy-(+)-isolariciresinol (12).
Conclusion Compound 1 is a new lignan named salicifoneoliganol. Compounds 6 and 7 are isolated from the plants of Spiraea L. for
the first time, and compounds 4, 5, and 8—12 are firstly obtained from this plant. Compounds 2 and 3 are artifacts of isolation from
ursolic acid and loleanolic acid.
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HPLC Z5F-BO HAL 22 o AT 7T, I 20 B 45
T 12 MeEW, AN 78.8R-3,5- XA -4 7-34
A-8,5-Fr AN bE-3',4,9,9"-DURE (7S,8R-3,5-dimethoxy-
4’ 7-epoxy-8,5'-neolignan-3',4,9,9'-tetraol, 1). 3p-Z4
b e SR PR R (3B-acetylursolic acid methyl ester,
2). 3B- LR FEFFIH IR H R (3B-acetyloleanolic acid
methyl ester, 3). P S EE (lupeol, 4). B-EH AR
lE (B-amyrin, 5). (7R,8S)-5-H %% SN XA
EE [(7R,8S)-5-methoxydiyhdrodehydroconiferyl alcohol,
6] 8-F2 k-7 K JEWE (8-hydroxy-7'-epipinoresinol,
7). 8-F2 KM G EE (8-hydroxypinoresinol, 8).
fraxiresinol (9). (+)-africannal (10). (+)-Fd AR
&My [(+)-lyoniresinol, 11]. 5-H 4 JE-(+)-F & A
e % [5-methoxy-(+)-isolariciresinol, 12]. tL&#) 1
FHED, i NI AR NREE: (B 6.
7T NEIRNG LA BT B52], a4, 5.
8~12 NEIXMILIEN T 7 B33, A& 2. 3 5
B AR AR I RE R BRI S R N T
1 UESHR

Bruker AV-500 %% i L AR AX (F8E Bruker
3y#]); Bruker micro TOFQ K AT B B 5 A% ({2 ]
Bruker A #]); JEOL JMS-700 AL 4% ( HAHT
Hea2x4t): JASCO J-1500 B[ — a6 (HA
bk 44t Shimadzu LC-6AD il & AH (il
K2R ; Shodex RI-102 il £ AR €4 1% 7= 22 47 S Aar il
5 CHAHE G Tk X241 . Shim pack-ODS ik
FE (250 mmX21.2 mm, 10 pm, A 5 EHVEFT;
Kromasil 100-5-sil i £+(250 mm X 10 mm, 5 pm,
it BRBA 52 75 1 DURZA®]): Kromasil 100-10-18C 4
WEAE (250 mm>X20 mm, 10 um, ¥ LR 57 751 U1
IRATD . FEEIEHRER (200~300 H, #SiE
) s A ODS (HA Senshu B2k 4
#1);5 RP1gFas4 2 (15 F ODS AR (EE [E R 52 A 7DD
O T (GEERIA R KON ZEMK; HAh
WA NI T4l

M5 2655 2564 2007 4F- 9 F SRR T AR 5 Ak
TR RUE L, 235 MR B 25 R} 2 B i [ 42 Rl
F AT 24501 55 5 5 R} 5 e 2 JE R AN i 5 2 5
Spiraea salicifolia L., ¥4~ (LYSS-2007-6-1008) 17
JRCT 75 MR AE I 2R B i A S R
2 RRSSE

A5 2R 2 MRFERY 15 kg, N 8 A& 60%4L
B EIRERE 3 R, BRI 2h, kg, SHIEWR,

P W AT CRESR Y 750 go HXZTEHEEY)
700 g, hN7K 4 L {5 fE, WO AR, S0 IE
TR AIRPESEEL 5 K, BFX 4 L, $EHURIEUE R
W, 1AM ERERAL 8 g SATHAL 30 gv IE T BERAL
157 g MZKHAL 450 g

WS 25 g, SRERAEEIE, DUA -
A5 D, &, SU-HEE (4901, 190D
BB LERLAF 12 A4 3405 Fr. LYSSC-I (2.56 g)+
LYSSC-I1(0.17 g)« LYSSC-II1(0.37 g)+ LYSSC-IV
(0.20 g)« LYSSC-V (1.19 g). LYSSC-VI(1.13 g)-
LYSSC-VII (8.95 g). LYSSC-VIII (0.91 g).
LYSSC-IX (0.64 g)+ LYSSC-X (0.30 g)+ LYSSC-XI
(2.79 g)+ LYSSC-XII (2.94 g). Fr. LYSSC-II £l
4% HPLC (f4i%4F Kromasil 100-5-sil, JizhtH NIE
CE-BEIR 406 50 - D 184k&9 2 (142 mg) 13
(11.6 mg). Fr. LYSSC-III &% HPLC ({&ifif:
Shimpack-ODS, Vsl N FHED HEY 4 (139.5
mg) 15 (9.0 mg). Fr. LYSSC-VI & ODS #:thi,
PLFAEE-/K (4164 60 4) FIFEESMAE 6 sl
4% Fr. LYSSC-VI-A (0.09 g). LYSSC-VI-B (0.45 g)-
LYSSC-VI-C (0.12 g). LYSSC-VI-D (0.07 g)-
LYSSC-VI-E (0.28 g). LYSSC-VI-F (0.12 g); Fr.
LYSSC-VI-D £ fil] & HPLC (i #£ Kromasil
100-10-18C, ¥zl NHEE-7K 35 1 65) BLEY 6
(3.6 mg). Fr. LYSSC-VII £ ODS #: i, DLH -
K (416, 6:4) MHEEENIG 9 NMrE4Hn Fr
LYSSC-VII-1 (0.28 g). LYSSC-VII-2 (0.24 g).
LYSSC-VII-3 (0.11 g). LYSSC-VII-4 (0.42 g)+
LYSSC-VII-5 (0.22 g). LYSSC-VII-6 (0.64 g)+
LYSSC-VII-7 (0.21 gD LYSSC-VII-8 (0.15 g)+
LYSSC-VII-9 (0.67 g); Fr. LYSSC-VII-5 £ 4%
HPLC (fhi##: Kromasil 100-10-18C, izl NH
fE-/K 30 7D BAEY 7(31.6 mg); Fr. LYSSC-VII-6
221 % HPLC (4343 Kromasil 100-10-18C, izl
AHNREE-K 3 0 7)) 36 8 (52.0 mg) 19 (6.1
mg). LYSSC-VIII £ ODS H: i /35, LA EE-/K
(4:6.7:3) MIHFEEKS 8 o AN
LYSSC-VII-1 (0.11 g). LYSSC-VIII-2 (0.02 g)-
LYSSC-VIII-3 (0.05 g)+ LYSSC-VIII-4 (0.16 g)-
LYSSC-VIII-5 (0.03 g)+ LYSSC-VIII-6 (0.08 g)-
LYSSC-VIII-7 (0.22 g)+ LYSSC-VIII-8 (0.19 g);
LYSSC-VIII-2 £ il % HPLC (f&ifff Kromasil
100-10-18C, s NHEE-K 3 1 7) 34L& 10
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(16.1 mg); LYSSC-VIII-3 £:H#i4 HPLC (fhifkk:
Kromasil 100-10-18C, I AHEE-/K 3 : 7) 54k
A9 11 (30.6 mg); LYSSC-VIII-4 2414 HPLC ({4
B FE Kromasil 100-10-18C, Jish N HEE-/K 3 0 7)
B4bE4 12 (30.8 mg). Fr. LYSSC-X £ ODS k4
i, DLHEE-ZK (307,515, 7:3) Belifd 3 4N
B4 Fr. LYSSC-X-1 (0.05 g)+ LYSSC-X-2 (0.08
g)+ LYSSC-X-3 (0.04 g); Fr. LYSSC-X-3 £l %
HPLC( A% 4% Shimpack-ODS, Wi 5141 g -7k 3 -
D A1 (12.5mg).
3 FHHEE

a1 FEHPIRY). HR-ESI-MS 1 2R
ST BT m/z 399.139 5 [M+Na]*, 454 *C-NMR
TR HED 43 7 N CaoH24O7 (THEAE Ca0H2407Na
FHXT 23 T & 399.142 0). "H-NMR BE7RA X FRsh
FAZEIR TS & TR FRIEAS 5 6 6.71 (2H, 5)5 2 AN 75 &
THIE(ES 6 6.60 (1H, brs) 1 6.58 (1H, brs);
BC-NMR iE&RF 12 N5 EWRES, HENEE 7
TEH AR, TH-NMR #5RE 1 A58 MHEER K
R 55 6550 (1H, d, J=6.2 Hz); 1 MR EER
F{55 6 3.45 (IH, m); 1 HEFREFTES 6 3.85
(1H, dd, J = 11.0, 5.2 Hz), 3.76 (1H, dd, J = 11.0, 7.6
Hz); 1 HRNERTES 63.56 2H, t, J = 6.6 Hz),
2.56 (2H, t, J=7.4 Hz), 1.79 (2H, m); 2 ANMHEFE
155 63.82 (6H, s). C-NMR iti7n 1 5%
MR F BRGS0 88.8; 1 MXHEBAE 5 6 55.9;
1 MEHEIRGS 665.2; 1 HEREWNERES 6623,
35.8,32.7. LEEANTUL LR, HENILE 1 N
AR FHRI KNG R B A . HMBC 2R on
6.58/5c 141.9 IMREFRAT S, HEMZRIR 3f7 52 HEHL
X on 3.85,3.76 55 6c 129.7, 88.8, 55.9, 6n 5.50, 3.45
5 6¢ 652 AFAEIEFEAH SRAT 5, I 8 for 32 F BE AR
ou 2.56 5 ¢ 117.0, 116.7, 5 6.60, 6.58 5 6c 32.7 FH
RS S, HE VAR IR . AR 4R C-8 fif
B ¥, eGSR 7 6 8 7 R k%Y CD
oA 287 nm 1E Cotton RN, HEMZER)F 8 7 R
RN R EMRAT UL EEE, K EMEY 1A
7S,8R-3,5- X 48 FE 4", 7- B 4. -8,5"- 38 K i e -3'.4,
9,9-PURE (K 1) ZALEWAR N SCHRIRIE, AHiL
G, NI LA NREE . (L& 1 L
BN 1.

WwEY 2. HEMAK (HFEE), Libermann-
Burchard M FHME, EI-MS m/z: 512 [M]", 45&

OCH,4

1 L&aY1 s

Fig. 1 Structure of compound 1

£ 1 &% 1 8 'H-NMR (500 MHz, CD:0D) #I
BC-NMR (125 MHz, CD;0D) #1&
Table 1 'H-NMR (500 MHz, CD3OD) and 3C-NMR (125
MHz, CD30D) data of compound 1

7240 on oc
1 1344
2 6.71 (1H, s) 104.1
3 149.3
4 136.2
5 149.3
6 6.71 (1H, s) 104.1
7 5.50 (1H, d,J = 6.2 Hz) 88.8
8 3.45 (1H, m) 55.9
9 3.76 (1H, dd, J=11.0, 7.6 Hz) 65.2
3.85 (1H, dd, /= 11.0, 5.2 Hz)
1 136.8
bl 6.58 (1H, brs) 116.7
3 141.9
4’ 146.5
5 129.7
6 6.60 (1H, brs) 117.0
7 2.56 (2H, 1, J = 7.4 Hz) 32.7
8’ 1.79 2H, m) 35.8
o 3.56 (2H, 1, J = 6.6 Hz) 62.3
3-OCHjs 3.82 (3H, 5) 56.8
5-OCHj 3.82 (3H, 5) 56.8

'"H-NMR F1 BC-NMR 3 % 4 #E 0 70 7 XN
C33H5204. 'H-NMR (500 MHz, CDCl3) J: 5.24 (1H, t,
J = 3.6 Hz, H-12), 4.50 (1H, dd, J = 10.6, 5.6 Hz,
H-3), 3.60 (3H, s, COOCH3), 2.04 (3H, s, CH;COO),
1.07 (3H, s, H-27), 0.95 (3H, s, H-25), 0.94 (3H, d, J =
4.6 Hz, H-30), 0.89 (3H, d, J = 6.8 Hz, H-29), 0.87
(3H, s, H-23), 0.86 (3H, s, H-26), 0.75 (3H, s, H-24);

BC-NMR (125 MHz, CDCl3) 6: 178.0 (C-28), 171.0
(CH3COO0), 138.2 (C-13), 125.5 (C-12), 81.0 (C-3),
55.4 (C-5), 52.9 (C-18), 51.4 (COOCH3), 48.1 (C-17),
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47.5 (C-9), 42.0 (C-14), 39.6 (C-8), 39.1 (C-19), 38.9
(C-20), 38.4 (C-1), 37.7 (C-4), 36.9 (C-10), 36.7
(C-22), 33.0 (C-7), 30.7 (C-21), 28.1 (C-15), 28.1
(C-23), 24.3 (C-16), 23.6 (C-2, 27), 23.3 (C-11), 21.3
(CH3CO0), 21.2 (C-30), 18.2 (C-6), 17.1 (C-29), 17.0
(C-24), 16.7 (C-26), 15.5 (C-25). LL_E%¥E 5 kIR
EREA—FI), MUSEE G 2 N 3p- LB AL e
PR FH R

WwEY 3. Ak R (HEE), Libermann-
Burchard M FHYE, EI-MS m/z: 512 [M]*, 45&
'H-NMR f1 BC-NMR i % #5 #E W 4 1+ X~
C33H5204. 'H-NMR (500 MHz, CDCl3) §: 5.28 (1H, t,
J = 3.6 Hz, H-12), 449 (1H, dd, J = 10.1, 5.8 Hz,
H-3), 3.62 (3H, s, COOCH3), 2.86 (1H, dd, J = 14.2,
4.4 Hz, H-18), 2.04 (3H, s, CH;COO), 1.13 (3H, s,
H-27), 0.93 (3H, s, H-25), 0.92 (3H, s, H-30), 0.90
(3H, s, H-29), 0.86 (3H, s, H-23), 0.85 (3H, s, H-26),
0.72 (3H, s, H-24); '3C-NMR (125 MHz, CDCl;3) 6:
178.3 (C-28), 171.0 (CH3COO), 143.8 (C-13), 122.3
(C-12), 81.0 (C-3), 55.4 (C-5), 51.5 (COOCH3), 47.6
(C-9), 46.8 (C-17), 45.9 (C-19), 41.7 (C-14), 41.4
(C-18), 39.4 (C-8), 38.2 (C-1), 37.7 (C-4), 37.0
(C-10), 33.9 (C-21), 33.1 (C-29), 32.7 (C-7), 32.4
(C-22), 30.7 (C-20), 28.1 (C-23), 27.5 (C-15), 25.9
(C-27), 23.7 (C-30), 23.6 (C-11), 23.4 (C-2), 23.1
(C-16), 21.3 (CH5COO0), 18.27 (C-6), 16.9 (C-24), 16.7
(C-26), 15.4 (C-25). UL L¥¥E 5 SClRHRiE A —
S, WMUEENAED) 3 N 3B- LI IBR IR .

WwEY 4: Ak AR (HEE), Libermann-
Burchard S JFHYE, EI-MS m/z: 426 [M]', 4i&
'H-NMR FI BC-NMR i ¢ #5 #E i 2 7 XU K
C30Hs00. 'H-NMR (500 MHz, CDCl3) §: 4.69 (1H, d,
J=2.3 Hz, H-29a), 4.57 (1H, m, H-29b), 3.19 (1H, m,
H-3), 2.38 (1H, ddd, J = 11.1, 11.1, 5.8 Hz, H-19),
1.68 (3H, s, H-30), 1.03 (3H, s, H-25), 0.97 (3H, s,
H-26), 0.94 (3H, s, H-27), 0.83 (3H, s, H-23), 0.79
(3H, s, H-28), 0.76 (3H, s, H-24); *C-NMR (125
MHz, CDCl;) 6: 151.0 (C-20), 109.3 (C-29), 79.0
(C-3), 55.4 (C-5), 50.5 (C-9), 48.4 (C-18), 48.0
(C-19), 43.0 (C-17), 42.9 (C-14), 40.9 (C-8), 40.0
(C-22), 38.9 (C-4), 38.8 (C-1), 38.1 (C-13), 37.2
(C-10), 35.6 (C-16), 34.3 (C-7), 29.9 (C-21), 28.0
(C-23),27.5 (C-2), 27.5 (C-15), 25.2 (C-12), 21.0 (C-11),

19.3 (C-30), 18.4 (C-6), 18.0 (C-28), 16.1 (C-25), 16.0
(C-26), 15.4 (C-24), 14.6 (C-27). VI -H¥s 5 ClkikiE
FEA—FO, WS E A 4 P SR

th&¥ 5. AR AK (HEE), Libermann-
Burchard M 1%, ESI-MS m/z: 426 [M+H]", 45
4 'H-NMR F1 BC-NMR % % 45 4 1 4> + X K
C30Hs500. 'H-NMR (500 MHz, CDCl3) ¢: 5.18 (1H, t,
J = 3.8 Hz, H-12), 3.22 (1H, brd, H-3), 1.14 (3H, s,
H-27), 1.00 (3H, s, H-26), 0.97 (3H, s, H-25), 0.94
(3H, s, H-23), 0.87 (6H, s, H-28, 29), 0.82 (3H, s,
H-30), 0.79 (3H, s, H-24); '3C-NMR (125 MHz,
CDCl3) J: 145.2 (C-13), 121.8 (C-12), 79.1 (C-3), 55.2
(C-5), 47.7 (C-9), 47.3 (C-18), 46.9 (C-19), 41.8
(C-14), 39.9 (C-8), 38.8 (C-4), 38.6 (C-1), 37.2
(C-22), 37.0 (C-10), 34.8 (C-21), 33.4 (C-29), 32.7
(C-7), 32.5 (C-17), 31.1 (C-20), 28.4 (C-28), 28.1
(C-23), 27.3 (C-2), 27.0 (C-16), 26.2 (C-15), 26.0
(C-27), 23.7 (C-30), 23.6 (C-11), 18.4 (C-6), 16.8
(C-26), 15.6 (C-25), 15.5 (C-24). A%k 5 kiR
TEHEAR—FT, MG S R B-E M IR EE .

&Y 6: FEIARY), ESI-MS m/z: 413 [M+
Na]*, 454 "H-NMR 1 BC-NMR i Zf #4312
N C21H2607. 'H-NMR (500 MHz, CD;0D) 6: 6.73
(2H, s, H-2, 6), 6.68 (2H, s, H-2', 6"), 5.50 (1H, d, J =
6.2 Hz, H-7), 3.87 (3H, s, 3'-OCH3), 3.84 (1H, dd, J =
11.0, 5.8 Hz, H-9a), 3.81 (6H, s, 3, 5-OCHj3), 3.76
(1H, dd, J = 11.1, 7.3 Hz, H-9b), 3.57 (2H, t, J = 6.4
Hz, H-9'), 3.47 (1H, dt, J = 6.2, 6.0 Hz, H-8), 2.63
(2H, t,J = 7.4 Hz, H-7"), 1.82 (2H, m, H-8"); *C-NMR
(125 MHz, CD;0D) d: 149.4 (C-3, 5), 147.6 (C-3"),
145.2 (C-4"), 137.0 (C-1'), 136.5 (C-4), 134.0 (C-1),
129.9 (C-5"), 118.0 (C-6'), 114.2 (C-2"), 104.2 (C-2, 6),
89.1 (C-7), 65.0 (C-9), 62.2 (C-9'), 56.8 (C-8), 56.8 (3,
5-OCHj3), 55.6 (3'-CH3), 35.8 (C-8), 32.9 (C-7"). bl E
o 50 E AR — U, WS R AT 6 R
(7R,8S)-5-H 48k — S i A XA MARE .

&M 7. FEMIRYY, ESI-MS m/z: 397 [M+
Na]*, 454 'H-NMR 1 BC-NMR i Hf #1437 =X
y\j C20H22070 1H—NMR (500 MHZ, CD3OD) o: 7.04
(1H, d, J = 1.7 Hz, H-2), 6.94 (1H, brs, H-2'), 6.85
(1H, dd, J = 8.1, 1.7 Hz, H-6), 6.78 (3H, overlap, H-5,
5,6, 5.17 (1H, d, J = 6.4 Hz, H-7"), 439 (1H, s,
H-7), 4.19 (1H, d, J= 9.1 Hz, H-9a), 3.90 (1H, dd, J =



* 2810

¢ $ % Chinese Traditional and Herbal Drugs 5 47 3% % 16 # 2016 £ 8 A

9.2, 9.1 Hz, H-9'a), 3.86 (3H, s, 3-OCH3), 3.86 (3H, s,
3'-OCH3), 3.61 (1H, d, J = 9.2 Hz, H-9b), 3.22 (1H,
dd, J=9.2,9.1 Hz, H-9'b), 3.09 (1H, ddd, J=9.1, 9.1,
6.4 Hz, H-8"); '*C-NMR (125 MHz, CD;0D) J: 148.9
(C-3"), 148.7 (C-3), 147.5 (C-4), 146.7 (C-4"), 131.1
(C-17), 129.0 (C-1), 121.6 (C-6), 119.3 (C-6"), 116.1
(C-5"), 115.7 (C-5), 112.9 (C-2), 110.5 (C-2"), 91.6
(C-8), 90.7 (C-7), 82.8 (C-7"), 76.8 (C-9), 69.0 (C-9"),
58.7 (C-8'), 56.46 (3-OCHj3), 56.42 (3'-OCH3). PA 44
5 ORIk E H AR — S, WS e A T N 8-
FRIL-T RN EE

&Y 8: FEIRY), ESI-MS m/z: 397 [M+
Nal]", 454 "H-NMR 1 BC-NMR & 54 51 2
A C20H2207. 'H-NMR (500 MHz, CD;0D) §: 7.05
(1H, s, H-2"), 7.04 (1H, d, J = 1.4 Hz, H-2), 6.86 (1H,
dd, J = 8.5, 1.8 Hz, H-6'), 6.85 (1H, dd, J = 8.6, 1.8
Hz, H-6), 6.79 (1H, d, J = 8.1 Hz, H-5), 6.79 (1H, d,
J=8.1Hz, H-5'), 4.83 (1H, d, J= 5.4 Hz, H-7"), 4.67
(1H, s, H-7), 4.45 (1H, dd, J = 9.2, 8.6 Hz, H-9'a),
4.03 (1H, d, J = 9.3 Hz, H-9a), 3.86 (1H, d, J = 9.3
Hz, H-9b), 3.86 (3H, s, 3-OCH3), 3.85 (3H, s, 3'-
OCH3), 3.75 (1H, dd, J = 9.2, 6.2 Hz, H-9'b), 3.04
(1H, ddd, J = 8.6, 6.2, 5.4 Hz, H-8"); '*C-NMR (125
MHz, CD;OD) 6: 149.1 (C-3'), 148.7 (C-3), 147.5
(C-4), 147.4 (C-4"), 133.6 (C-1"), 129.1 (C-1), 121.5
(C-6), 120.5 (C-6"), 116.1 (C-5), 115.7 (C-5), 112.8
(C-2), 111.4 (C-2), 92.8 (C-8), 89.2 (C-7), 87.8 (C-7"),
76.1 (C-9), 72.0 (C-9), 62.4 (C-8'), 56.4 (3, 3'-OCH3).
DA b B b SOk oE B A — S, st AY) 8
N 8-FRFERA NG EE .

& 9: HEMIRY), ESI-MS m/z: 427 [M+
Na]*, £54 'H-NMR Fl BC-NMR 35 #0737 20
A C21H2408. 'H-NMR (500 MHz, CD;OD) 6: 7.05
(1H, d, J = 1.8 Hz, H-2'), 6.87 (1H, dd, J = 8.1, 1.9
Hz, H-6'), 6.78 (1H, d, J = 8.7 Hz, H-5'), 6.72 (2H, s,
H-2, 6), 4.85 (1H, overlap, H-7"), 4.69 (1H, s, H-7),
4.47 (1H, dd, J = 9.2, 7.8 Hz, H-9'a), 4.07 (1H, d, J =
9.4 Hz, H-9a), 3.89 (1H, d, J = 9.4 Hz, H-9b), 3.86
(9H, s, 3, 3', 5-OCH3), 3.77 (1H, dd, J = 9.2, 6.2 Hz,
H-9'b), 3.05 (1H, ddd, J = 7.8, 6.2, 5.9 Hz, H-8');
BC-NMR (125 MHz, CD;OD) 6: 149.2 (C-3"), 149.0
(C-3, 5), 147.5 (C-4"), 136.6 (C-4), 133.6 (C-1"), 128.2
(C-1), 120.5 (C-6), 116.1 (C-5"), 111.4 (C-2'), 106.3

(C-2, 6), 92.9 (C-8), 89.4 (C-7), 87.8 (C-7), 76.1
(C-9), 72.0 (C-9"), 62.4 (C-8"), 56.8 (3, 5-OCH3), 56.4
(3'-OCHs)o LA EX# 5 S0k iE e AR — 821, s
TEWEWY) 9 N fraxiresinol.

&Y 10: AEMAE, [a]y +180.6° (¢ 0.22,
CH;0H), ESI-MS m/z: 375 [M+H]", 454 C-NMR
R HEN > F 2N Ca0H2207. "H-NMR (500 MHz,
CD;0D) ¢: 6.76 (1H, d, J = 8.0 Hz, H-5), 6.71 (1H, s,
H-2"), 6.69 (1H, brs, H-2), 6.65 (1H, dd, J = 8.1, 1.6
Hz, H-6), 6.26 (1H, s, H-5'), 5.16 (1H, s, H-9"), 3.90
(1H, d, J = 11.8 Hz, H-7), 3.82 (3H, s, 3'-OCH3), 3.78
(1H, s, 3-OCH3), 3.74 (1H, d, J = 4.8 Hz, H-9a), 3.72
(1H, d, J = 2.6 Hz, H-9b), 3.30 (1H, d, J = 15.6 Hz,
H-7'a), 2.84 (1H, d, J = 16.6 Hz, H-7'b), 2.57 (1H, m,
H-8); *C-NMR (125 MHz, CD;0D) §: 149.3 (C-3),
147.8 (C-3"), 146.4 (C-4), 145.4 (C-4"), 137.4 (C-1),
133.4 (C-6"), 127.2 (C-1'), 122.5 (C-6), 116.8 (C-5"),
116.2 (C-5), 114.0 (C-2), 113.0 (C-2), 104.3 (C-9"),
79.8 (C-8), 712 (C-9), 56.5 (3-OCH;), 56.4
(3'-OCH3), 48.5 (C-8), 45.4 (C-7), 37.0 (C-7"). LA L%
P 5 SCER AR TE B AR — 5, WS R EY) 10 N
(+)-africannal.

&P 11: AEBAE, [a]p +62.90° (¢ 0.28,
CH;O0H), ESI-MS m/z: 421 [M+H]", 454 “C-NMR
T HRE HEN 43 7 20 C22Ha30s. 'TH-NMR (500 MHz,
CD;0D) d: 6.58 (1H, s, H-2"), 6.38 (2H, s, H-2, 6),
431 (1H, d, J = 5.6 Hz, H-7), 3.86 (3H, s, 3'-OCH3),
3.74 (6H, s, 3, 5-OCH3), 3.59 (1H, dd, J = 10.8, 5.1
Hz, H-9'a), 3.50 (3H, m, H-9, 9'b), 3.38 (3H, s,
5-OCHj3), 2.70 (1H, dd, J = 15.0, 4.8 Hz, H-7"a), 2.57
(1H, dd, J = 14.8, 11.4 Hz, H-7'b), 1.97 (1H, m, H-8),
1.63 (1H, m, H-8'); '3C-NMR (125 MHz, CD;0D) 4:
149.0 (C-3, 5), 148.7 (C-3"), 147.7 (C-5"), 139.3
(C-4"), 138.9 (C-1), 134.6 (C-4), 130.2 (C-1"), 126.3
(C-6'), 107.8 (C-2"), 107.0 (C-2, 6), 66.8 (C-9"), 64.3
(C-9), 60.2 (5-OCH3), 56.8 (3, 5-OCH;), 56.6
(3'-OCH3), 49.0 (C-8), 42.3 (C-7), 40.9 (C-8'), 33.6
(C-7")o LA FHHE 5 SClR AR 5 A — 50023, s e fb
EW N (H)-E MR B

&P 12: AEBAEK, [a]p +38.20° (¢ 0.25,
CH;0H), ESI-MS m/z: 391 [M+H]", 454 '3C-NMR
REREHEN 4> 7 30N Ca1Ha607. 'H-NMR (500 MHz,
CD;0D) §: 6.66 (1H, s, H-2'), 6.43 (2H, s, H-2, 6),
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6.21 (1H, s, H-5"), 3.81 (3H, s, 3'-OCH3), 3.78 (1H, d,
J=10.4 Hz, H-7), 3.78 (6H, s, 3, 5-OCH3), 3.69 (3H,
m, H-9', 9a), 3.41 (1H, dd, J = 11.2, 4.0 Hz, H-9b),
2.78 (2H, d, J = 7.7 Hz, H-7"), 2.01 (1H, m, H-8"),
1.79 (1H, m, H-8); '*C-NMR (125 MHz, CD;0D) §:
149.3 (C-3, 5), 147.3 (C-3"), 145.4 (C-4"), 137.8 (C-1),
135.2 (C-4), 134.0 (C-6'), 129.0 (C-1'), 117.3 (C-5"),
112.5 (C-2"), 107.8 (C-2, 6), 66.0 (C-9"), 62.3 (C-9),
56.8 (3, 5-OCHj), 56.4 (3'-OCHs), 48.5 (C-7), 47.9
(C-8), 40.0 (C-8"), 33.6 (C-7"). LA 5 CkikiE
FEAR—FPY, BESTERAY 12 2 S-HARE-(H-5F
AR
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