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SR 0 TR ) 25 YRR €0 1 55 T B R LT A R4y 95% BEK AR TR £ TR AR BUGRRAL HEAT 43 B8 2l Ak, T AR I Bk
RN AR X G A AT S8 S8 AL B AT EBV 3G I, DRI A 95% £ 5L MUY LR £ TR A<
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Chemical constituents from the ethyl acetate fraction of Breynia fruticosa
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Abstract : To study the chemical constituents and explore the anti-Epstein-Barr virus (anti-EBV') bioactive compound from
the aerial part of Breynia fruticosa. The compounds were separated by column chromatography such as silica gel, MCI gel
CHP-20,0DS, and Sephadex LH-20 and purified by preparative HPLC method. The structures of all the isolated compounds
were identified by combination of spectroscopic methods (MS,'H NMR,"”C NMR) with the literature data,then all com-
pounds assay through anti-EBV. As a result, chemical investigation on the aerial part of Breynia fruticosa led to the isolation of
24 compounds. Here , including ( -) -syringaresinol (1), ( + )-epi-syringaresinol (2),( + )-syringaresinol (3),( + )-(7R,
8R,7'S) -lyoniresinol (4),( + )-5-methoxy-isolariciresinol (5) ,epi-lyoniresinol (6) ,burselignan (7), (-)-isolariciresinol
(8),(-)-(78,7'S,8R,8'R)-3,3",5,5 -tetramethoxy- 7,7'-ep-oxylignane-4 ,4" |9 ,9'-tetraol (9),(7S,7'R,8S5,8'S)-3,3'-
dimethoxy-7,7'-epoxy-ligna-ne-4 ,4" |9 ,9'-tetraol (10),( + ) -grandisin (11),1,2-methylene-dioxy-4-methoxy-secopterocar-
pan (12) ,2-[ 4-(3-hydroxypropyl ) -2-methoxy- phenoxy ] -propane-1,3-diol (13) ,shepherdine (14) ,4-O-methylnorbergenin
(15) ,5-0-methylnorb-ergenin (16) ,maniladiol (17) ,olean-12-ene-33,223-diol (18) ,taxaxerol (19) ,daturadiol (20) ,di-
hydrobrassicasterol (21) ,B-sitosterol (22) , ( E') -6-methoxyl-decylcaffeate (23),(8E,10Z,15E)-7-hydroxyoctadeca-8, 10,

15-trieno-icacid (24) were reported in this paper. Except 1,3,4,8,22,all the compounds were obtained from this plant for
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the first time. The results showed that two compounds inhibited more than 50% cleavage and replication of EB virus with con-

centrations of 30 wmol/L. The 1Cy, of compounds 12 and 14 were 16.4 pmol/L and 5.7 pmol/L, respectively.
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TR Breynia fruticosa Sy KRBT S 1 2
AEAVEAR BRI o A3 T AR AR T
JUVE DU BN S A DX, B T L -
HPREAR P EOAR S, 4 T IBAE , B T AR, T LA, fA)
JR A B TPV O IR R TR, PR
AN N R T = LT I (N = TR LT
TR, R FLTEANE , )RR 55 s 2 R BEAK AN E T iR
REAT g S R AR ST T 2 B S e
TP GRS RIERE F LR
Ze ks = LRI ARSI L Z
B A HLBRSE DS 25 BB ST I 25 W 2R i ki LA e
2N PUREE RS GIVE R TRk [ B U
ISEAVE P A0 ] R 2 R A FH B/ BUAR A B 4R 195
SEMRHIT BT PR AT I P R A B O
FEER, & P THIAH (1 95 % 2 B Uy HoAT W 8 1Y
RSN EB J5 8¢ DNA 2L 52 1 i 15 4, Kk, A
TSP EBV R EETE MRS, AT 1S 18] )
B RGN AEAE T SRR SRR, 0T
XX AT T RGN A IE ST, LA I B
TR YT EBV 125880 BT REA , S i — 20 T R
HZG MM R BB
1 w57
1.1 {FE5H#

AM-400 U4 g He 35 [ ( Brucker 23 &) ) ; Agilent
1200 #Y HPLC ; Zorbax SB-C-18 A, {% 4% ( /3 #14E 4. 6
mm X 250 mm,5 Mm,*ﬁ}‘ﬂ%*} 9.4 mm x 250 mm,5
pm) 3 AEEFERER (200 ~300 H) ;32 O35 EEK G;
REIE GF254 (5 B AL 1T ) s IAHIE FE AL #} C-
18 .Rp-18 ( Merck /A F) ) ;Sephadex LH-20 %¢Jii ( Phar-
macia 23 ) ) ; B 4K N 5% WilR - LS

P3HRIT 200 ( P Ll Ry i B 2 g A 2 2
SRR o

RPIM1640 ( E500026-0500, £E T- A= 49y Ji% 45 47 R
N s R4 E510008-0100 (A= TAY) ) s BERE R
(100 pg/mL, A= THY R ARATR) ; HRZR (100
U, A= T AR B AT BRS 7)) 5 12-0-+ DU A Tt A4 gk
fiE-13-2 5 (TPA ,16561-29-8 , A= T A= Wy i oy A FR A
Al s TRREN (A T AR A BR A 7] ) s DMSO (A= T
H Y BeAn A FR 2~ 7] ) ; LightCyclerFastStart DNA Mas-

terPlus SYBR green i 7| & (4 T AW K0 A R
CiDS

ARSI FA AL A S TR o bl ok i, BT
AL T 2015 4F 6 H R T oe M4 e B 5 Ol v [
b7 Bt B W M) i 53 P s A 6 1 S 8, AR AR A7 i
TR A= B YS90 =
1.2 RS9 H

SR (B. fruticosa) T4 7.5 kg, 59 U) 5 H
95% £ P E R P AR H 3 Y (3 x20 L), 3k 24 h,
BRI EIF G WUE R 2 2R, KA
(220 g) FHiE /K (1.0 L) IR EG KK SR L g
(3 x 3 L) JETE(3 x 3 L)ZEHL, ARG 53 5 ik 4
135 LR CBEFNE T B2 BOR MR . LR CER
IR (84 g) FLIE T B8 (20 g) o X PHAS
WAL T4 EBV {GMEF- G, L8 L FERH 53 iR
T BTG R LR LRI AT T ARG
S CRROTRTR A 1. 2 e IR S,
AN e TR AR R AT R R ( S e/
fiE 100 1.10: 1. 1: 1), %4+ K Fr, ~ Fr, =AN#4y,
Fr i —20F AR A (Al 28 05,1000 1,
20:1.9:1.2:1.1:1.0: 1)45%| Fr, A Fr,B . Fr,C LI}
AP 17 (16 mg) 19(12 mg) . Fr A ~ C gE—2D )
FHHEZ 28 (PR 2 e/ 1R £ T, 150+ 1,801 1,20:
14:1,1:1,0:1),715 5444 18 (32 mg) .20(8
mg) 21(120 mg) .22(52 mg) ., Fr, F ] 5 AH T T
(/7K ,30% .50% . 70% ) 1% 5] Fr,A  Fr,B Fr,C
SASAIFEIR A 8 /N, e ey A 5 3 R R 43 B
SR Aead m RHORR (/KR 2,651 35) 15 8k &
P 1(6 mg) 2(10 mg) .3(9 mg) .23(9 mg), Fr,B
i AT AR (S H b/ H B2, 1200 1,601,152 1 ,3:
1) 047 3 B, 138 3 v 200 AH ( HH B/ 7K AR &R L 63
37) 1335 9 (8 mg) (10(4 mg) 11(2 mg) .13
(5 mg) . Fr,C FHIEA TR (A O CBR,
100:1.20:1.9:1.2:1.1:1.,0: 1) 35| Fr,C, ~ Fr,C;
FAVNH Gy, #5753 P8 S OB (H BE/ K
60:40) , 13 2L 54 12 (18 mg) .4 (4 mg) .5(7
mg) 6(14 mg) 7(3 mg) 8(6 mg), Fr, 47>, FIH]
FAR( L/ 7K, 30% —90% ) # B e A5 1) =4~
4% FryA Fr;B FryC, FryA B &R (HEE/ K, 1:1)
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RS 24 (10 mg) ; Fr, B A1 i 25 i AH ( Y/
7K ,60:40) 1524k 54 14 (15 mg) \16(2.3 g) ;Fr,C
AR BT A AR, SR E H AP et L AR 1S
AW 15(1.2 ¢)
1.3 5 EBV iFMHME%E

PRAMEE S PIHR-1 400 (5 4 1 15 1 ik EL 9
ML R, ARG ) EBV) o & A 10%
ML B3R (100 wg/mL) , F % 3R (100 1U/mL) )
RPMI 1640 353555, 7 37 °C,5% — SR AL vk B 55
AT R A A B SR AR A TR R X B K
P3HR-1 ZHMi% B Jy 3 x 10° 4~/mL, {#i [f] 20 ng/mL
(1 12-0-1 DU %o ok o 19 BE-13- £, i ( TPA) 1T iR 44
(0.3 mmol/L) i 5 P3HR-1 4 jg 1E A 241 & b1 .
fii I DMSO ¥ 75 Ak & 4 55 BH 1 X 43 301 T AN
[V B2 25907 W . P3HR-1 404 TPA 4hFE3 h J5,
X240 L AR A T AN T e B ) Ak 5 W Ab B BV B i 3
ASEATEAL, A FAT TPA 75 S AR 2404 P b
PR B 2 P47 e, P3HRI 40922 TPA 55 2
K WA 20 J, 4 ECA L 7Y A DN i S5 e 1
PCR A , A Light Cycler Fast Start DNA Master Plus
SYBR green i£7 & . EBNA1 5[4 (1F X %%:5'-CATT-
GAGTCGTCTCCCCTTTGGAAT-3"; Jx X 4%. 5'-
TCATAACAAGGTCCTTAATCG CATC-3') f1 GAPDH
51815 BRI AR 40 i & DNA rh EBNA1L il GAD-
PH (%) ¥ D1 %k, 11153 EBNA1L/GADPH X} I A,
B Es R 1C,, fE s, s 1% (CCy, ) 7
At &4 2 XJgiik, ( +)-Rutamarin 2 fH
X E

F BN EBV SR Mgk 5 i AH X 41 ) & = [ (TPA
W k& 940 EBNAL/GAPDH ) -(fUfinfk &4
2H EBNA1/GAPDH) ]/[ (TPA i S{H Atk & 441
EBNA1/GAPDH) -( R F H AL A 141 EBNAL/
GAPDH) T8 &AL G WTEARRIVE BT 1) EBV 24
SRR EIE . L EBV AEXHI 18 AR, 2
Yy B R AR bR i 45 AL G WX EBV 24 52 ] Y
PRI 4 I, OF 53 45 25 9 1 2 1 2 H50am i )
(1Cs,) PAPEMY 254k & W 5k EBV 24 £ 42 1l 4 30 1) 3%
PEo ARXTHEEE = [1-Infb-& 94 OD/ R hnfe& ¥
OD ] x 100% i1+53 %Ak G YA [a] Vi B2 T B AH X 357k
IR REGLRE (CCs ), HIT PN 2 15 1 14 40 i
Bk, DI IR T R B £ (selective index, SI)
= CC/1C5, THAE AL A W e B 5 50, ITT A 45
G252 2k,

2 LWHER
2.1 ZHMEE

wEWM1 [ e R K; ESI-MS: m/z 417
[M-H] ;'H NMR (400 MHz, CDCL,)§:6.56 (4H,s,
H-2",2",6",6"),5.49(2H,s,4' ,4"-OH) ,4.70 (2H,
d,J=4.4 Hz,H2,6),4.25(2H,dd,J =9.2,6. 8
Hz,H4,8),3.87 ~3.89(2H, m, H4,8),3. 88
(12H,s,3",5',3",5"-0CH, ), 3. 07 (2H, m, H-1,
5);"”C NMR (100 MHz,CDCL, )8:54.6(d,C-1,5),
86.3(d,C-2,6),72.1(t,C4,8),132.3(s,C-1",
17),103.0(d,C-2",6",2",6") ,147.4(s,C-3",5",3",
5"),56.6(q,3',5",3",5"-0CH, ), 134. 5 (s, C4',
4") o LA B S soEkt Y R R A — B s ek
YR -TERIR

w&w 2 PEE R R; ESIMS: m/z 417
[M-H] ;'H NMR (400 MHz, CDCL, )§8:6.52(4H,s,
H-2",2",6",6"),4.83(1H,d,J =5.0 Hz,H-6) ,4.41
(1H,d,J=7.5 Hz,H-2) ,4.07(1H,d,J =10.0 Hz,
H-8),3.90(12H,s,3",5',3",5"-OCH, ) ,3.70 ~3.89
(2H,m,H4,8),3.28(2H,m,H-1,4) ,2.84(1H,m,
H-5);"”C NMR (100 MHz, CDCl;)§:54.4(d, C-1,
5),88.0(d,C-2,6),71.6(t,C4),69.8(t,C-8),
132.1(d,C-1"),103.0(d, C2"),147. 2 (s, C-3",
5'),134.3(s,C4"),102.8(d,C-6"),130.0(d, C-
1'),102.7(d,C2"") ,147.0(s,C-3",5") ,133.7 (s,
C4"),102.5(d,C-6"),56.2(q,3",5",3",5"-0CH,) ,
AE Kt 5 Sciikt ™ s A — 2, s B A 2
H(C+)-KRTHERR.

wEW 3 I aE R K ; ESI-MS: m/z 417
[M-H] ;'H NMR (400 MHz, CDCl,)§:6.55(4H,s,
H-2",2",6",6"),5.63(2H,s,0H) ,4.70(2H,d, ] =
4.0 Hz,H2,6) ,4.25(2H,dd,J=9.0,6.7 Hz,H4,
8),3.88(2H,dd,J =9.0,3.4 Hz,H4,8),3. 85
(12H,s,3",5',3",5"-0CH, ), 3. 08 (2H, m, H-1,
5);"”C NMR (100 MHz,CDCL,)8:54.3(d,C-1,5),
86.0(d,C-2,6),71.7(t,C4,8),132.1(s,C-1",
17),102.8(d,C-2",6",2",6") ,147.2(s,C-3",5",3",
5"),134. 4 (s, C4',4"),56.3(q,3",5",3", 5"
OCH,) o DA $icds 5530k ™ 4l SR — 50, Mok
a3 R +)-TEMIE

&4 FHEBAE; ESI-MS: m/z 419 [ M-
H] ;'H NMR (400 MHz, CD,0D)§:6.58 (4H, s, H-
2'),6.37(2H,s,H2,6) ,4.29(1H,d,J =5.4 Hz, H-



990 RIRFOIVT RS T A

Vol. 34

7),3.85(3H,s,4’-0CH,) ,3.73(6H,s,3,5-0CH, ) ,
3.59(1H,dd,J=10.8,5.0 Hz,H9),3.50(2H,d,J
=5.2 Hz,H9') ,3.48(1H,m,H9) ,3.38(3H,s,5'-
OCH,),2.67(1H,dd,J =15.1,5.0 Hz,H-7") ,2.56
(1H,dd,J=15.1,11.2 Hz,H-7"),1.96(1H, m, H-
8),1. 61 (1H, m, H-8');” C NMR ( 100 MHz,
CD,0D)§:140.1(s,C-1),107.8(d,C-2,6),150.0
(s,C-3,5),135.4(s,C4),43.2(d,C-7),50.7(d,
C-8),65.1(t,C9),131.0(s,C-1"),108.9(d, C-
2'),139.8(s,C-3"),56.6(q,3'-OCH,) ,149.6 (s, C-
4'),148.6(s,C-5"),127.0(s,C-6"),34.5(d,C-7")
67.6(t,C9'),57.4(q,3,5-0CH,),61.1(q,5'-
OCH,) o DA %5 530wk i3l S — 3%, e
&4 i +)-(8'R,8R,7'S) -F AR NEM:

WwEWS K K; ESI-MS: m/z 389 [ M-
H] ;'H NMR (400 MHz, CD,0D)§:6.70 (4H, s, H-
2'),6.44(2H,s,H-2,6),6.20(1H,s,H-5"),3. 84
(1H,d,J =8.5 Hz,H-7),3.83(3H,s,3'-0CH, ),
3.80(6H,s,3,5-0CH,),3.71 (2H, m, H-9") , 3. 68
(1H,m,H9) ,3.42(1H,dd,J=11.2,3.9 Hz,H9),
2.79(2H,d,J =7.2 Hz,H-7'),2.03(1H, m,H-8),
1.82(1H,m,H-8") ;" C NMR (100 MHz, CD,0D)S§:
137.7(s,C-1),107.8(d,C-2,6),150.0(s,C-3,5),
135.0(s,C4),48.5(d,C-7),47.9(d,C-8),62. 1
(t,69),129.1(s,C-1"),112.4(d,C2") ,147.2(s,
C-3"),145.3(s,C4"),117.4(d,C-5") ,134. 1 (s, C-
6'),33.6(d,C-7"),40.1(d,C-8"),65.8(t,C9"),
56.7(q,3,5-0CH,) ,56.4(q,3'-OCH,) . VI I ¥i¥z
CHk Y R AR — B S E A S N (+)-
5-H A ISP AR AR 19 o

WwEW 6 1 [EEK; ESI-MS: m/z 419 [ M-
H] ;'H NMR (400 MHz, CD,0D)§:6.56 (2H, s, H-
2,6),6.20(1H,s,H2"),3.96 (1H, m, H-8) , 3. 83
(3H,s,3'-0CH,),3.80 (6H, s,3,5-0CH,),3.76
(1H,d,J =3.8 Hz,H-7),3.76 (1H,m,H9") ,3.58
(2H,m,H9,9") ,3.42(1H,dd,J =11.2,3.9 Hz, H-
9),2.79(2H,d,J =7.2 Hz,H-7") ,2.05(1H, m, H-
8),1.84(1H,m,H-8");”C NMR(100 MHz,CD,0D)
5:140.1(s,C-1),107.8(d,C2,6),150.0(s, C-3,
5),135.4(s,C4),42.1(d,C-7),49.6(d,C-8),
65.4(t,C9),131.0 (s, C-1"),108.9 (d, C2"),
139.8(s,C-3"),56.6(q,3'-OCH, ) ,149.6(s,C4") ,
148.6 (s, C5"),127.0 (s, C6"),35.2(d, C-7"),

67.7(t,C9'),57.4(q,3,5-0CH,),61.3 (q,5'-
OCH,) o DU s 5530kt Rl S — 8, ok
G 6 S p AR AR o

&7 ¥ AR; ESI-MS: m/z 359 [ M-
H] ;'H NMR (400 MHz,CD,0D)§:6.73(1H, s, H-
2'),6.70(1H,d,J =1.8 Hz,H-2) ,6.64(1H,d, ] =
8.0 Hz,H-5),6.45(1H,dd,J =8.0,1.7 Hz,H-6) ,
6.34(1H,s,H-5") ,4.21 (1H,d,J =3.2 Hz,H-7),
3.84(3H,s,3'-0CH,),3.75(3H,s,3-0CH, ) ,3. 57
(2H,m,H9"),3.53(1H,dd, J =10.2,5.9 Hz, H-
9),3.40(1H,dd,J =10.4,6.9Hz,H9) ,2.95(1H,
dd,J=16.3,4.0 Hz,H-7"),2.65(1H,dd, ] = 16.8,
9.6 Hz,H-7'),2.08(2H, m,H-8,8") ;" C NMR (100
MHz,CD,0D) §:136.0 (s, C-1),115.2(d, C-2),
148.6(s, C3),145.9 (s,C4),115.6 (d, C5),
124.0(d,C-6),46.5(d,C-7) ,44.6(d,C-8),63.5
(1,C9),128.4(s,C-1"),112.4(d,C2") ,147.9(s,
C-3'),145.3(s,C4"),117.1(d,C-5") ,133. 1 (s, C-
6'),33.2(t,C-7"),35.6(d,C-8"),65.7(t,C9"),
56.4(q,3,3'-0CH;) . LA I %cds 5 ek R i —
KL EEYT N burselignan,,

&8 [ faE {4k, ESI-MS: m/z 359 [ M-
H] ;'H NMR (400 MHz,CD,0D)§:6.77(1H,d,J =
7.7,H6),6.75 (1H,s,H2),6.65(1H,s, H5"),
6.63(1H,d,J=7.7,H-5),6. 18 (1H,s,H-=2") ,3. 82
(4H,m,H9,9"),3.78 (6H,s,3,3'-0CH, ), 3. 41
(1H,d,J =7.2,H7),2.75(2H, m, H-7"), 1.98
(IH,m,H-8),1.81 (1H, m, H-8") ;" C NMR ( 100
MHz,CD,0D) §:133.9 (s, C-1),113.6 (d, C2),
146.4 (s, C3),145.2 (s, C4),115.5(d, C5),
122.8(d,C-6),48.3(d,C-7),48.1(d,C-8),62.2
(t,69),128.5(s,C-1"),111.9(d,C-2"),148.2(s,
C-3"),145.8(s,C4"),116.9(d,C-5"),138.4(s, C-
6'),33.7(t,C-7"),40.4(d,C-8"),65.9(t,C9"),
56.2(q,3,3'-0CH,) . I F%d 530k 4Rkl 54
— 3 S EAE Y 8 S (-) - VR AR AR

WwEW9 1K K; ESI-MS: m/z 435 [ M-
H] ;'H NMR (400 MHz,CDCl,)8:6. 74 (4H,s,H-2,
2',6,6"),4.87(2H,d,J =8.1 Hz,H-7,7"),3.82
(12H,s,3,3",5,5'-0CH, ) ,3.72(2H,dd, J = 10. 8,
3.3 Hz,H-9a,9’a) ,3.61(2H,dd,J =10.8,6.6 Hz,
H9b,9'b),2.26 (2H, m, H-8,8") ;" C NMR ( 100
MHz,CDCL,)8:136.2(s,C-1,1"),104.8(d,C-2,2,
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6,6'),148.6(s,C-3,3",5,5"),134.6(s,C4,4"),
83.9(d,C-7,7'),56.9(d, C-8,8'),62.7(t, C-9,
9'),56.7(q,3,3',5,5-0CH; ), DI % 53
R B W RS 9 (5)-(78,7'S,
8R,8'R)-3,3",5,5 -tetramethoxy-7 , 7"-epoxylignane-
4,4",9,9'-tetraol ,

EW 10 {08 K ; ESI-MS: m/z 375 [ M-
H] ;"H NMR (400 MHz, CDCl,)&§:7.10 (1H, s, H-
2'),6.95 ~6.97(2H,m,H-5' ,6') ,6. 80 ~6.85(2H,
m,H-2,5),6.78(1H,d,J=8.1 Hz,H-6),5. 10(1H,
d,J=7.9 Hz,H-7) ,4.65(1H,d,J =8.6 Hz,H-7'),
3.88(3H,s,3'-0OCH,),3.85(3H,s,3-0CH,),3.71
(1H,dd,J=11.0,4.7 Hz,H9'b) ,3.64(1H,dd,J =
11.0,6.1 Hz, H-9"a),3.23 (1H, dd, J = 10.4,5. 1
Hz,H-9b),3.16 (1H,dd,J =10.4,10.0 Hz,H9a),
2.56(1H, m,H-8),2.28 (1H, m, H-8");"” C NMR
(100 MHz, CDCl, ) §:136.2(s,C-1,1"),99.1(d, C-
2),149.1(s,C-3,3"),147.8 (s,C4,4"),102.5(d,
C-5),106.3(d,C-6),76.2(d,C-7),50.5(d,C-8),
61.0(t,C9),98.9(d,C-2"),102.7(d,C-5") ,106. 1
(d,C6'),77.1(d,C-7"),54.2(d,C-8") ,60.5(t,C-
9'),54.9(q,3,3'-0CH,) . L) %4 5 3cilk ™ iz
FA—Z, K E G 10 H(7S,7'R,85,8'S)-3,3'-
dimethoxy-7,7"-epoxylignane-4 ,4" |9 9’ -tetraol ,

WEWMIL (18 ESI-MS: m/z 465 [ M +
H]*.'"H NMR(400 MHz,CDCl,)5:6. 86(4H,s,H-2,
2',6,6'),5.05(1H, m,H-7),4.96 (1H,d,J =7.0
Hz,H-7') ,3.86(6H,s,4,4'-OCH,) ,3.76(12H,s,3,
5,3',5'-0CH,),3.71(1H,dd,J =11.0,4. 7 Hz,H-9’
b),3.64 (1H,dd, J =11.0,6.1 Hz, H9"a),3.22
(1H,dd,J =10.4,5.1 Hz,H9b) ,3.16(1H,dd, ] =
10.4,10.0 Hz,H-9a),2.56(1H,m,H-8) ,2. 28 (1H,
m,H-8") ;"*C NMR(100 MHz,CDCl,)§:134.2(s, C-
1),104.3(d,C-2,2"),154.1(s,C-3,3"),137.7 (s,
C4),148.3 5,C-5,5'),104.1(d,C-6,6") ,82.8(d,
C-7),53.8(d,C-8,8"),61.6(t,C9),135.3 (s, C-
1'),139.8(s,C4"),83.3(d,C-7'),60.9(t,C9"),
56.2(q,3,3',5,5'-0CH,),54.6 (q,4,4'-OCH, ) ,
DA Hcd 5 Sk i A — 2, B kA 1
R(+)-RARETFE,

a2 HEBOR; ESI-MS: m/z 329 [ M +
H]*.'"H NMR (400 MHz, (CD,),C0)8:7.80 (1H,
d,J=7.3 Hz,H-6") ,7.44(1H,d,J =7.6 Hz,H-3"),

7.27(1H,m,H4"),7.23(1H, m,H-5") ,6.54 (1H,
s,H-3),6.04(2H,s,H-7) ,4.58 (2H,s,H9") ,3. 89
(3H,s,6-0CH,),3.72 (3H,s,4-0CH,) ;" C NMR
(100 MHz, (CD,),C0)8:131.6(s,C-1),152.5(s,
C-2),90.1(d,C-3),155.9(s,C4),104.9(s,C-5),
143.8 (s, C-6),102.5 (t,C-7),147.5 (s, C-1"),
119.9(s,C-2"),111.6(d,C3"),122.9(d, C4"),
124.6(d,C-5"),121.4 (d, C-6"),155.8 (s,C-7"),
130.0(s,C-8"),56.4(t,C9"),57.0(q,4-0OCH,),
60.3(q,6-0CH; ) L b %4 5 3cik' ™ 3l 2 A —
B, WEAES Y 12 f 1,2-methylenedioxy-4-methoxy-
seco-pterocarpan,

wEWI13 [EKAESI-MS m/z 257 [M +
H] " ,'"H NMR(400 MHz,CD,0D)8:6.99(1H,d,J =
8.1 Hz,H-6") ,6.86(1H,d,J =1.5 Hz,H-3") ,6. 74
(1H,d,J=1.5,8.1Hz,H-5") ,4.15(1H, m,H-=2),
3.84(3H,s,2’-OCH,) ,3.58 ~3.75(4H,m,H-1,3) ,
3.56(2H,t,J =6.6 Hz, H9"),2.62 (2H, m, H-
7");"C NMR(100 MHz,CD,0D)§8:61.7(t,C-1,3),
83.0(d, C2),146.5 (s, C-1"),151.6 (s, C2"),
113.8(d,C-3"),138.1(s,C4"),121.6(d, C-5"),
119.2(d,C-6"),32.4(t,C-7"),35.3(1,C-8"),61.9
(1,€9'),56.1(q,2'-0CH,) . LA I &4l 55 Sk ™
il A — 3, B ER AW 13 O 2-[4-(3-
hydroxypropyl ) -2-methoxyphenoxy ] -propane-1,3-diol ,

& 14 W (o [E K, ESI-MS: m/z 199 [ M-
H] ;'H NMR (400 MHz,CD,0D)§:7. 18 (1H,d,J =
9.0 Hz,H-8),6.84 (1H,d,J =2.0 Hz, H-5),6.71
(1H,dd,J=9.0,2.0 Hz,H-7) ,4.79(1H,q,J =8.0
Hz,H-1),3.70 (1H, m,H-3),3.45(1H, m,H-3),
3.02(2H, m, H4),1.72 (3H,d, J =8.0 Hz, I-
CH,) ;"”C NMR(100 MHz,CD,0D)§:49.8(d,C-1),
130.7(s,C-1a) ,16.8(q,1-CH;) ,41.7(t,C-3),18.6
(t,64)105.0(s,C4a),102.0(d,C-5),127.0(s,C-
5a),150.9(s,C-6),111.8(d,C-7),112.4(d,C-8),
132.0(s,C-8a) . L b ¥ds 5 30wk i3 A —
LR EAE Y 14 R shepherdine

wEW 15 tEAK AR ESI-MS: m/z 327 [ M-
H] ;'H NMR (400 MHz, CD,0D)§:6.98 (1H, s, H-
6),4.95(1H,d,J=10.3 Hz,H-1") ,4.05(1H, m, H-
6'),3.97(1H,m,H-3") ,3.76(3H,s,4-0CH, ) ,3. 68
(1H,m,H-2"),3.67(1H,m,H-6") ,3.62(1H, m, H-
5'),3.24 (1H, m, H4");” C NMR ( 100 MHz,
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CD,0D)6:119.4(d,C-1),117.3(t,C-2),142.3 (s,
C-3),152.4(s,C4),149.5(s,C-5),111.0(d, C-
6),165.7(s,C-7),74.3(d,C-1"),75.6(d,C2"),
81.4(d,C3"),71.9(d,C4"),83.0(d,C-5"),62.7
(1,C-6"),60.9(q,4-0CH;) . Lk -%¥fs-53Cilk > 3
T HA S, B e B 15 R 4-H A 7 R HE
& 16  tE (K K ESI-MS: m/z 327 [ M-
H] ;'H NMR (400 MHz,CD,0D)§:7.13(1H,s, H-
6),4.86(1H,d,J=10.3 Hz,H-1") ,4.01 (1H, m, H-
6'),3.95(1H,m,H-3") ,3.81(3H,s,5-0CH, ) ,3. 78
(1H,m,H-2"),3.68(1H,m,H-6"),3.62(1H,m, H-
5'),3.44 (1H, m, H4');” C NMR ( 100 MHz,
CD,0D)§:118.6(d,C-1),107.6(t,C2),144.9(s,
C-3),151.5(s,C4),150.8(s,C-5),107.5(d, C-
6),167.8(s,C-7),74.6 (d C-1")75.8(d, C2"),
81.4(d,C-3"),71.8(d,C4"),82.8(d,C-5"),62.7
(t,C6"),56.3(q,5-0CH;) , A F%cdii 5 Sciik™ 4z
TEHEA B B E L G 16 Oy 5-HH AU S R HE A
WEWM17 HEKAR;ESI-MS. m/z 443 [M +
H]*,441 [M-H] ;'H NMR (400 MHz, CDCl,) §:
5.56(1H,dd,J =8.1,3.2 Hz,H-12),3.72(1H, m,
H-16),2.57(1H,m,H-11a),2.33(1H, m, H-11b) ,
2.08(1H,m,H-2),1.14(3H,s,H-27),1. 12(3H,s,
H-26),1.05(3H,s,H-23),0.99(3H,s,H-28),0.95
(3H,s,H-29),0.93(6H,s,H24 ,25) ,0.83(3H,s,
H-30) ;""C NMR (100 MHz,CDCI,)8:38.6(t,C-1),
27.2(1,€2),78.9(d,C-3),38.8(s,C4),55.1(d,
C-5),18.3(t,C6),32.6(t,C-7),39.7(s,C8),
47.6(d,C9),36.9(s,C-10),23.5(t,C-11),122.3
(d,C-12),144.2(s,C-13) ,41.2(s,C-14) ,31. 1 (t,
C-15),70.0(d, C-16) ,46.5(s, C-17),42.3(d, C-
18),48.0(t,C-19),30.9(s,C20),34.1(t,C-21),
31.0(t,C-22),28.0(q,C23),15.5(q, C-24,25),
16.7(q,C-26),25.9(q,C27),29.7(q,C-28),33.2
(q,€-29),26.1(q,C-30), LI _F¥dR 5 Scmk™ 1)
T A S, B e B 17 S S e h
wEWI18 Ok R;ESI-MS: m/z 443 [M +
H]*,441 [M-H] ;'H NMR (400 MHz, CDCI,) §:
5.34(1H,d,J =6.2 Hz,H-12) ,3. 76 (1H,m ,H-22) ,
3.17(1H,t,J =5.1 Hz,H-3),2. 10(1H, m, H-18) ,
1.98(1H, m,H-5),1.90 (1H, m,H-11),1. 78 (1H,

m,H-1),1.67 (2H, m,H2),1.60 (1H, m, H-1),
1.19(3H,s,H-27) ,1.17(3H,s,H-26) ,1. 08 (3H,s,
H-23),1.03(3H,s,H-28),0.96(3H,s,H-29) ,0. 88
(6H,s,H-24,25),0.83(3H,s,H-30) ;" C NMR (100
MHz,CDC,)8:38.7(t,C-1),28. 1(t,C-2),78.9(d,
C3),39.6(s,C4),55.1(d,C5),19.9(t,C6),
36.8(t,C-7),41.3(s,C-8),47.5(d,C9),37.3(s,
C-10),23.5(d,C-11),122.4(d,C-12),143.8(s, C-
13),42.0(s,C-14),25.4(q,C-15),28.2(t,C-16),
38.5(s,C-17) ,44.6(d,C-18) ,46.0(t,C-19),30.5
(s,C20),42.0(t,C-21),76.5(d,C-22),28.0(q,
C-23),15.6(q,C-24),16.9(q,C-25),19.9(q, C-
26),25.9(q,C-27),27.1(q,C-28),32.8(q,C-29),
23.4(q,C-30) . DA bKds 530k s A — 3,
W E AL 5 W) 18 Sl olean-12-ene-38,228-diol ,
wEW19 HEHAK;ESIMS. m/z 427 [M +
H]*,425 [M-H] ;'H NMR (400 MHz, CDCL,) §:
5.25(1H,t,J =6.2 Hz,H-15),3.52(1H, m,H-3),
1.90 ~ 1.56 (2H, m, H-18),1.90 (1H, m, H-11) ,
1.78(1H,m,H-1),1.67(2H,m,H-2) ,1.60(1H,m,
H-1),1.33(3H,s,H27),1.27(3H,s,H-28),1. 19
(3H,s,H-26,28),1.08 (3H,s,H-23),0.96 (3H,s,
H-29),0.92(6H,s,H-24,25),0.80(3H,s,H-30) ;
"C NMR (100 MHz,CDCI,)8:38. 1(d,C-1),27.3(t,
€-2),79.2(d,C-3),39.1(s,C4),55.7(d,C-5),
19.0(t,C-6),35.8(t,C-7,12),38.9(s,C-8),48.9
(d,€9),37.9(s,C-10,13),17.7(t,C-11),158. 1
(s,C-14),117.0(d,C-15),36.9(t,C-16),38. 1(d,
C-17),49.4 (d,C-18),41.4(t,C-19),29.0(s, C-
20),33.9(t,C-21),33.2(t,C-22),28.1(q,C-23),
15.6(q,C-24,25),30.1(q,C-26,28),26.0(q, C-
27),33.5(q,C29),21.5(q,C-30) , LI F%di 53¢
BRU2 R A — B, B E LA 19 H taxaxerol
UEW20 [ AK; ESI-MS:m/z 443 [ M +
H]*,441 [M-H] ;'H NMR (400 MHz, CDCl,) §:
5.24(1H,d,J =3.2 Hz,H-12) ,4.58 (1H, m,H-6) ,
3.17(1H,d,J =5.1 Hz,H-3),1.98 (1H, m, H-18) ,
1.90(1H, m,H-11),1.78 (1H, m,H-1),1. 67 (2H,
m,H-2),1.60 (1H, m, H-1),1.33 (3H, s, H-27),
1.32~0.90 (16H, m, CH,), 1.27 (3H, s, H-28 ),
1.19(3H,s,H-26) ,1. 11 (3H,s,H-23) ,1. 08 (3H,s,
H-29),0.88(6H,s,H24,25),0.83(3H,s,H-30);
“C NMR (100 MHz,CDCI,)5:40.7(s,C-1),27.2(t,
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C-2),78.9(d,C-3),39.6(s,C4),55.6(d,C-5),
23.7(1,C-6),32.6(t,C-7),38.8(s,C-8),46.8 (s,
C9),36.4(s,C-10),26.0(t,C-11),122.0(d, C-
12),144.3(s,C-13) ,42.3(s,C-14) ,31. 1 (t,C-15) ,
68.7(d,C-16),47.9(d,C-17) ,40.8(d,C-18) ,47.2
(t,C-19),30.9(s,C20),37. 1(t,C-21),31.0(t,C-
22),28.3(q,C23),17.0(q,C-24,25),18.4(q,C-
26),28.3(q,C27),29.7(q,C-28),34.7(q,C29),
33.3(q,C-30) . DA E%de5 Scmk' > ol HA —k,
B EARG ) 20 Sy 2 BE 20 il R,

wEW21 [HEK AR ESIMS. m/z 387 [M +
H]*,385 [ M-H] ;'H NMR (400 MHz, CDCL,) §:
5.56(1H,dd,J =6.8,3.2 Hz,H-6) ,2.57(1H,dd,J
=16.0,7.1 Hz,H-7a),2.33(1H,dd,J =15.8,3.2
Hz,H-7b),2.08 (1H, dt, J =12.7,3.3 Hz, H-8),
1.14(3H,s,H-19) ,0.95(3H,s,H-18) ,0.93(6H,d,
J=17.4 Hz,H-25,26),0.83(3H,s,H-27) ;°C NMR
(100 MHz, CDCl, ) 8:37.2 (t,C-1),31.7(t,C-2),
71.8(d,C-3),42.3(t,C4),140.7(s,C-5),121.7
(d,C-6),31.9(s,C-7,8),50.1(d,C-9),36.5(s,C-
10),21.1(s,C-11),39.7(t,C-12) ,42.3(s,C-13),
56.8(d,C-14),24.3(t,C-15),28.2(t,C-16),56. 1
(d,C-17),11.9(q,C-18),19.4(q,C-19) ,36.2(d,
C-20),33.7(t,C-21),30.5(t,C22),39.0(d, C-
23),31.4(t,C24),17.6(q,C-25),20.5(q,C-26),
15.4(q,C27) o VL E%HE5 Scik ™ fia A — 3,
TS EAE Y 21 S

WwaEW22 HEHA;ESIMS: m/z 415 [M +
H]*,413 [M-H] ;'H NMR (400 MHz, CDCl,) §:
5.32(1H,d,J=5.5 Hz,H-6) ,4.59(1H, m,3-0H) ,
3.53(1H,m,H-3),1.00(3H,s,H-19),0.90(3H,d,
J=6.5 Hz,H21),0.86(3H,t,J] =6.7 Hz, H-29),
0.83(3H,d,J =6.5 Hz,H-26),0.80(3H,t,/ =7.8
Hz,H-27),0.66(3H,s,H-18) ;" C NMR (100 MHz,
CDCL,)6:37.2(t,C-1),28.0(1,C-2),73.9(d,C-3),
38.4(t,C4),139.9(s,C-5),122.8(d,C-6),32.2
(t,C7),32.1(d,C-8),50.3(d,C9),36.8 (s, C-
10),21.3(t,C-11),39.9(t,C-12),32.1(s,C-13),
56.9(d,C-14) ,24.5(t,C-15),28.5(t,C-16),56.3
(d,C-17),12.1(q,C-18),19.5(q,C-19) ,36.4(d,
C€-20),19.0 (q, C-21),34.2(t,C-22),26.3(t, C-
23),46.1(d,C-24),29.3(t,C-25),20.5(q,C-26),
19.3(q,C-27),22.9(1,C-28),12.2(q,C29), LA

B SOk R B O E 22 0 B B

wEW 23 HEHA; ESI-MS: m/z 333 [ M-
H] ;'H NMR (400 MHz,CDCl,)6:7.55(1H,d,J =
15.9 Hz,H-3),7.06 (1H,d,J =1.9 Hz,H-5) ,6.98
(1H,dd,J=8.1,2.0 Hz,H9),6.84(1H,d,/J=8.1
Hz,H-8),6.24(1H,d,J=15.9 Hz,H-2) ,4.16(2H,
t,/ =6.7 Hz,H-10),3.81(3H,s,6-0CH;),1.31 ~
1.18(16H,m,H2( ~9"),0.86(3H,t,/ =6.7 Hz,
H-1");”C NMR (100 MHz,CDCI,)6:167.9(s,C-1),
114.5(d,C-2),144.8 (d, C-3),127.9 (s, C4),
116.1(d, C-5),144.1 (s, C-6),146.5 (s, C-7),
115.6(d,C-8),122.6(d,C9),65.0(t,C-1"),32.2
(t,C2"),29.9 ~28.9(t,C-3",4",5",6",7"),26.2
(t,C-8"),22.9(t,C9"),14.3(q,C-10") ,56.2(s,6-
OCH,) o DA UH 15 3CHR™ il — 2, i 4 23
1 (E) -6-methoxyl-decyl caffeate,

wEW 24 O WIR; ESI-MS: m/z 293 [ M-
H] ;'H NMR (400 MHz,CDCl,)6:6.04(1H,dd, J =
15.0,1.1 Hz, H-10),5.97 ~ 5.84 (2H, m, H-11,
15),5.58(1H,dd,J =15.0,1.9 Hz,H9),5.53 ~
5.44(1H,m,H-16) ,5.40(1H,dd,J =15.4,1.6 Hz,
H-8),4.46 ~4.37(1H, m,H-7) ,2.46 (1H,td, J =
12.5,2.4 Hz,H-2),2.29(1H,td,J =12.3,5.4 Hz,
H-2),2.08 ~1.97 (4H, m, H-12,14),2.00 ~ 1. 85
(2H,m, H-17),1.50 ~1.35(1H, m, H-13),1.26
(1H,m,H-13),1.24 ~1.15(8H,m,H-3 ~6),0.97
(3H,t,J = 6.5 Hz, H-18);"” C NMR (100 MHz,
CDCL,)6:178.5(s,C-1),38.2(t,C-2),30.7(t, C-
3),28.5(t,C4),24.9(t,C5),37.2(1,C-6),72. 8
(d,C-7),137.3(d,C-8),125.5(d,C9),128.5(d,
C-10),130.4(d,C-11),26.9(t,C-12),28.6 (t, C-
13),31.4(t,C-14),129.2(d, C-15),131.7 (d, C-
16),27.1(t,C-17) ,14.1(q,C-18) , DA Hdli 53¢
R IR — 5k, W% e 24 Ol (8K, 10Z,15E)-7-
hydroxyoctadeca-8,10,15-trienoic acid,
2.2 L EBV EHEIRIEL R

B 24 MAES WA T EBV {6 1, 45
RALRTE 30 pmol/L AU ER , A 2 ML S Y
il EB J5 7 24 2 A5 H) 50% U b Bi)E 4k s
X 2 LAY 1G5, (CCs LA K SICIL R 1), A4,
R BRI Y) 14 FAYX ARG F o 20, B
B e i PR R
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Table 1  Inhibitory activity on EBV cleavage replication and cytotoxicity of the active compounds from Breynia fruticosa
o] B e PRSI JEREPEFE £L
Compound ICy, ( ;,Lmol/L) CCyy ( Mmol/L) SI
12 16. 4 42.3 2.6
14 5.7 55.6 9.7
HHEZEF W Z ( +)-Rutamarin 7.0 > 150 >21.4

3 itit 54

PETHTAAE R 25 I 2 AR A ER A6 3R 1 e O
XA EZ A0 MY IRAEE . AR
FHBRAR A 33 4 A e B T4 95 % 45 B () T TR . T
TALHET T A2 A5, N4y 8345 31 24 MM &
W ALEY 1 ~11 HARIEREFAGY, LG 15 .16
HRFHZRIEY G 17 ~22 g =il K 1A
&, A A 1R 05 B B R DA S AE R
Y1, 0L EALAYIRR T 1.3 4.8 .22 AN R i
Yih3kAs . Ak X AR AL S P E T il EBV
S S A T R A i 7 9 P O e S SRR, T
LAY 12 F1 14 XF0 ] EBV 24 42 ) 15 ML B
i, Hod 14 i) EBV 3% P T 0E 2 A v 2R S
Tt AR SRR A , B TG T 2 B R N
B3 AR 3 AR T A TR KU AR R
H SRR b e — 2B ST B T B W R A, T
MR R LA 5T AR 22 4, IF 8 RO AE W, LA
WA BAT B i) EBV 24 82 i PERIE S 40 .
AR NEFEE T B 2= 5 8, e —
TERREE L o — 2 JF & FL2 R E SR AL T 4 o Sl
FRF2E A

S 30k
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