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AN R F R B Pt HIV-1 g 3R
LTk BTLEEE RAAKEE L BT E

SN R 2GR 254 B, BEFH 550025

B RRAUTE Preris semipinnata FIAGFE o B NG B SR E R -1 (HIV-1) 164, SR AL \MCI GEL CHP
20P . YMC GEL ODS-A-HG , Sephadex LH-20 % A+ (0% Jo o 45 5 45 F Bl A7 7 B 4lifk, i 23 'H NMR " C NMR Al
ESI-MS 5 ik ¥E A& i gy it HIV-1 28 R G s Ak & b AT (R A Bt HIV-1 3G P17 4G . B
PR R Y R A B A5 3] 18 MMEE W, 4 % 52 A 118-hydroxy-15-ox0-ent-kauran-16-en-19-oic acid(1) 9-hy-
droxy-15-oxo-ent-kauran-16-en-19-oic acid(2) ,11B-hydroxy-15-oxo-ent-kauran-19-oic acid(3) ,7B-hydroxy-118, 168-epoxy-
ent-kauran-19-oic acid(4) ,78,9-dihydroxy-15-oxo-ent-kauran-16-en-19 , 68-olide (5 ) . 78-hydroxy-15-oxo-ent-kauran-16-en-
19,6B-olide (6) . 11B-hydroxy-15-oxo-ent-kauran-16-en-19-oic acid-19-8-D-glucoside (7 ) ,9-hydroxy-15-oxo-ent-kaur-16-en-
19-oly-8-D-glucoside (8) B-%F S5 (9) B-HHE N (10) JERFE ) SHEBE R (12) FHARE-T-0-6-D-AE
B (13) BRHIRR(14) 1,21-—F—ke —FE(15) JE = HTikE(16) IE—+/\ke(17) MAERAR (18) . L& 8 .11 ~
17 AT MR 73 s A 2, TP SE R s b5 1.2.7 .8 XF HIV-1 85 1B — & B i 1, 1C,, 73
HR2.01 £0.23 3.61 £0.56 3. 15 £0.32.6.82 + 1. 02 wmol/L, HA WLERL HIV E 1k,

KRR LI o B AEA SR A E 5T HIV-L 1k

FE 5 %ES . RI32 CRAPRAERD A X EHS:1001-6880(2026)9-1954-08
DOI:10. 16333/j. 1001-6880. 2026. 9. 009 CSTR :32307. 14. 1001-6880. 2026. 9. 009

Chemical constituents from Pteris semipinnata collected in
Guizhou and their anti-HIV-1 activity

YE Jiang-hai" ,ZHANG Jun®, TANG Tian-tian
TENG Chao-jie ,ZHAO Cheng-liang,ZOU Juan " ,HE Kang"

School of Pharmacy , Guizhou University of Traditional Chinese Medicine ,Guiyang 550025 , China

Abstract : This study aims to investigate the chemical constituents and anti-human immunodeficiency virus-1 (HIV-1) activi-
ty of Pteris semipinnata. The chemical constituents were isolated by silica, MCI GEL CHP 20P, YMC GEL ODS-A-HG, Sepha-
dex LH-20 GEL column chromatography , and further purified by recrystallization. Their structures were determined on the ba-
sis of spectroscopic data ('H NMR,"”C NMR,ESI-MS). The in vitro anti-HIV-1 activity of the monomeric compounds was e-
valuated by HIV-1 protease test kit. Eighteen compounds were isolated from methanol extracts of P. semipinnata,and they
were identified as 11B-hydroxy-15-oxo-ent-kauran-16-en-19-oic acid (1), 9-hydroxy-15-oxo-eni-kauran-16-en-19-oic acid
(2), 11B-hydroxy-15-oxo-eni-kauran-19-oic acid (3), 7B-hydroxy-118, 16B-epoxy-ent-kauran-19-oic acid (4 ), 78, 9-di-
hydroxy-15-oxo-ent-kauran-16-en-19 ,68-olide (5) ,7B-hydroxy-15-oxo-eni-kauran-16-en-19,6B-olide (6) , 118-hydroxy-15-
oxo-eni-kauran-16-en-19-oic- acid-19-8-D-glucoside (7) ,9-hydroxy-15-oxo-ent-kauran-16-en-19-oly-8-D-glucoside (8) ,B-
sitosterol (9) , apigenin-5-0-B-D-glucopyranoside (10 ), apigenin (11), diosmetin 7-0O-8-D-glucoside (12), daucosterol
(13),1,21-heneicosanediol (14) , pentacosane (15),succinic acid (16) , n-octacosane (17),ursolic acid (18). Among
them , compound 8,11-17 were isolated from of this species for the first time. The bioactivity results showed that compounds 1

2,7 and 8 had relatively high anti-HIV-1 activities with ICy, values of 2.01 £0.23,3.61 £0.56,3.15 £0.32,6.82 +1.02

e H #1:2025-06-20 He3Z H#1:2025-10-22
FATH SN EZRFRFAEQF QNG RITE (5th EREIEF[2022]76 ) s STMA HE T R AR5 A ARFHE DR 141 BRI
H (B #45[2023]070 5 ) ; St TR 25 2 T 2 = GRS 52025 018 5) ; K HARFI =564 M X FE 42 (81660723)
T IR
* WGVEH Tel :86-018286130784 ; E-mail ; zoujuand66@ gzy. edu. cn, hekang@ gzy. edu. cn
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pmol/ L, respectively.

Key words : Pteris semipinnata ;isolation and purification ;structural identification ;janti-HIV-1 activity

i KRB FRF) Preridacea XU BR @ #5421
L Preris semipinnata M4 R4 2 K
2 CHEBR CEIIBR R A, B TR
B ST ES TP U R AR L SRR
TRAE, R ZGREE L) 0K, R R S, P
WA TE VR Ak kTS PR R Th e E
BRI R, WM R, AR BOE K
BRATHU 2230 B N ANIFSE R IR T R TE &2
FPOAE AR, o il A5l s, B A% B B
o DU PR U R R P AR AL G 2 Bl A ) T
PR 0L DX - D1 S S e R SRy B A G i 2
A3 ELAT 552 5 1 0 b R 3 e R N 28 e B B I 0 7
(HIV) VA7) 52 A 30 7 5 M K e . IX 37 A
RIL, KR RN ss FH 2 10 4 B R T e B R U A
FITRCH 2 AT LA AB AR 5 25 5500 o B il v A
B, R T HR5T 1 0 P B 05 PR Ay, AR S
X2 AR 2 B A R AT A B etk IF % 41 B A5
PN YA TS5 A S, Sl AL HIV-1 2 (I
X R A AT RSN HIV-1 36 PEVEAS , DA
2 IR Y I R FH PR LR 2 A
1 MRl5H%®
1.1 ##

SEE AT 2016 4F 10 H 2R A 5N = AR K%
AR, TN 25 K2R R AR B 4 8 R
% B} Pteridaceae UK B Preris T Y)Y H & Preris
semipinnata L. “FlEFEPIPR A AT S B 24
KA 24 RG24 8 2 S0 & (hRA5:20161004)
1.2 XE5RFA

Brucker 400 MHz NMR A% % & 9% 335 A% ( 4 [
155/ F] ) ; WNMR-I 600 MHz #% % 2 4% I 3% 1%
(HAR RS s P REER A5 ( H A =234k
22N H]) s BUCHI-R-215 T 5% 2% K AL (i -+ A 35 8
A]) ; WFH-308 B = 5 AT ( L TEEAE R Sk A
FRNH]) ;N-1001 EYELA JE 5575 &AL ( H A 75t B
FEARBEAN BT T ) s LT R ( R )
Bruker APEX-II CCD . 117 5 43 ( 7 [ £ & 58 2>
A1) ;1209 A4 HE4) H3 WEHIL (0] R B 0 55 R 55 B2 Y
#%)7) ; MULTISKAN FC i 45 1% ( 92 B Thermo 7
Al

96 FLAH A 35 T b (TR A W ey B BR A F ) 5

200 mm x 200 mm {2 ZHr 3% R IF 6D (I TAY
IXERA BRI F]) 5200 ~300 HA:ZHrRER (75 5 7
ET) 530 ~60 HFERE ISR BN (H VL& M T A e
) ;CFZME%HSLJ:*LQ(SO mm x 100 mm,%au%ﬁ’pﬁ
T WK K 10% H,S0,-2 B ; N B (43 Hr
2, KR =AIRR ) 5 UK IR (202l , [ B e
HAL2F R A R ) S HIV-1 35 A BRI A (S
1028 , 5 [ Anaspec 23 ) s HIV-1 25 A BEM 170 (3t
5 :166-074 , £ [E Anaspec 2 H]) .
1.3 XEFHE
1.3.1 #RBREHH

KA B L2541 88 kg, A SR T 5 My A
FA (80 H )29 kg, A3 90% HEE(3: 1) H iR
TR, HR B 4 U, RRRIR R 6 d; B I ik e
B A5 2 HI2 T 3. 6 kg, KRR E A4
fit W8 CME OE T B UCHEA T A OT U W 4, 43
SIS AR 7 158 850 g 1R 2R #1335 380
g JE TESRAIRTE 720 g, BT A i B2 3 k45
AN SRR TR R, RSO T4

¥ /R TR A HE AT MCT B €, R K
(50% —100% ) HEATHEME, 15 B W4 Fr. A ~ Fr. E,
Fr. A il i A (3 | LA — & H - £ R 216 (80: 1
—1:4) FEATHE BE PR, AR U8 )2 €35 75 (thin layer
chromatography , TLC) f5illl Jf 2 K 81 45 fh A5 2L 59
5(37 mg) . 7(1.273 ¢) .12(210 mg) .18 (30 mg)
Fr. B 38 i fk AT (35 3647 43 2, LUA - R &
Bk 2R Ge eI ), B BEBE N (500 1—1:7)  4KHfs TLC
R - 22 ik A el AR 2 & 1(36 mg) 3(51
mg) .2 (181 mg) .11 (23 mg) .6 (20 mg) 16 (35
mg) o Fr. Clad rERCHE 3%, UL A k-2 R L1 &
iR VEBR] , BRREE A (30: 1—1: 1), 13 8L& 9 15
(20 mg) . Fr. DL Co SAHMRENE 2, I EE-7K
(20% —100% ) AT VML, 5 52 52 R AR AT €50
AT, Sl S W e- TR TR (9:1,8:2.7:
3) ATV MG, YRR T ok B U 43 A Hh 45 A, 3 0 EE 2
rn i B G 4 (15 mg) o FRFE S AR SR T RE
FEA RS 0 AT 8, AT - TR SR (10: 1)
PEATURME , VR SR I o3BT Hh 45 & i A 45 s
FMEAP 9(5 mg)

IE T EERR AL B FEAE, SR MCI S AH A1
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6, FH EE-7K (10% —100% ) FEF786 B BERT , 15 31 3
53 Fr. A ~ Fr. E, Fr. B SR A RERH: (35 6174 5,
DL e FHE(9: 1) F(8: 2) AT A0 B DR i 45 2
LA 13 (20 mg) ; B 4K SE 20 5 ik A €033 HE AT
Ay e FH AP Be- R (9: 1) HEA T UM, BEAN R Sk Ay
oA A TTES B G 10(5 mg) . Fr.DH
Je R C AR B AT 50 85, LA 30% ,50% . 70%
1) FBE-7K 2R GE N R HEA TR B, R TR RS A
EREEAT B, A S e H (9 1) S VR R i
ATVERL , BEME SR AL Z AT s 45 A i B 2 O T
LAY 8 (35 mg) ; BRI AR (415 73 5, LA
AN E- LR TR (72 3) WA R LA 14 (7
mg) F117(6 mg) .

1.3.2 Au&4hed 3 HIV-1 &)

1696 FLA A FLANA 100 L BE 5% ( DMSO
R FRBEE 100,20 4 mg/mL) Al 40 wL HIV-1
FA AR VA VL, TR s 5 i B X R 2 (140 . HIV-1
B A EERG REVASTR) , I AR (100 WL 25 i 1
FIWOR 40 WL HIV-1 2 AR BEATR) , 25 I IR
(100 pl DMSO &N 40 WL HIV-1 F& B R R
W) P IR (140 wL 3T b)) . AR T=
TR HCE 10 ~ 15 min J&5 , 7ER LA 50 pL 9
HIV-1  H R, B 550 30 ~ 60 s ffi IR
G¥5) WS ST M T ARG E MO BE B 5 min
e S — IR, FF22 Wi 45 min, 45 min )5, 7EEAL
A 50wl B45 Ik, TR AT, PV e TR R 3T
BIHIR(R) , ERELE 3 K, BHLKBRE 3 4
=R

R=[(A,-A) /(A -Ay) ] x100%

A A, i HIV-L B A YOG RE ;A A2
YL HIWIERE A N2S IO
1.3.3 %itFFFi*

SCHLE L 3 YT A SR I £ BRIEDE (x 2
s) 3¢/, 1C,, fEf# F GraphPad Prism 8. 0 Stit# {4,
I LR R T 25 00T (BN 3 25 k) AT,
P<0.05 N ZEREAGIE L,

2 #R
2.1 SZEHMEE
wEWM1 HEgHi(HE); ESI-MS: m/z 331

[M-H]", 4> 720 C, Hy O,;'H NMR (400 MHz,
C,D,N)8:6.02.5.23(4% 1H,br s,H-17) ,4.27(1H,
d,J=4.1Hz,H-11),2.99(1H,d,J=3.2 Hz,H9) ,
1.33(3H,s,H20),1.17 (3H, s, H-18) ;" C NMR

(100 MHz, C,D;N)8:40.5 (C-1), 19.9 (C-=2),
38.8 (C-3), 44.2 (C4), 56.7 (C5), 21.2 (C-
6),37.6 (C7),51.3 (C-8), 63.6 (C9), 39.6
(C-10), 65.6 (C-11), 41.8 (C-12), 38.1 (C-
13), 35.2 (C-14), 209.3 (C-15), 152.2 (C-16),
111.1 (C-17), 29.6 (C-18), 180.4 (C-19), 16.3
(C20) , DAL B 5 3okt o) 4 Ao e A — 3,
W e &Y 1 %52 4 118-hydroxy-15-oxo-ent-kau-
ran-16-en-19-oic acid,

EW2 Aas i (HEE) ; ESI-MS: m/z 331
[M-H]", 5+ F 3\ C, Hy O,;'H NMR (400 MHz,
CD,0D)8:5.90.5.32(4% 1H,br s,H-17) ,1.22(3H,
s,H-18),1.17 (3H, s, H-20) ;> C NMR (100 MHz,
CD,0D)8:38.4(C-1),20.0(C-2),38.9(C-3) ,44. 8
(C4),50.2(C-5),21.4(C-6),35.1(C-7),58. 1 (C-
8),78.0(C9),46.1(C-10),30.6(C-11),30.8(C-
12),38.8(C-13),32.6(C-14) ,209.9( C-15),150. 9
(C-16),115.2(C-17),29.6(C-18),181.8(C-19) ,
17.8(C-20) , Lh b 40ds 55 SCilk™ i3 Bods A —
0, B2 e S 2 4 9-hydroxy-15-oxo-ent- kauran-
16-en-19-oic acid,

HEW3 HEZE(PEE) ; ESI-MS: m/z 333
[M-H]", 4> F 3L €y Hy O,3'H NMR (400 MHz,
CD,0D) 5:3.88 (1H,d, J =5.2 Hz, H-11),1.21
(3H, s, H-20),0.96 (3H, s, H-18;"” C NMR ( 100
MHz,CD,0D) §:40.5 ( C-1),20.0(C-2),39.7 (C-
3),44.6(C4),57.5(C-5) ,21.3(C-6) ,35.9(C-7),
52.5(C-8),62.3(C-9),39.0(C-10),65.7(C-11),
34.4(C-12),36.2(C-13),38.3(C-14),224.9 ( C-
15),50.6(C-16),11.5(C-17),29.4(C-18),181.3
(C-19),16.0(C-20) , Ph_EHds 5 SCmk'™ 37 18 %%
P FEA—Z, B 2 LA 3 4 118-hydroxy-15-oxo-
ent-kauran-19-oic acid,

wEW4 FEWE(FEE) ; ESI-MS: m/z 347
[M-H]", 2% F = C, Hy O5;'H NMR (600 MHz,
CD,0D)8:6.27 (1H,d,J =7.9 Hz, H-1),5.98 Fl
5.19(% 1H,br s,H-17) ,2.94(1H,d,J =2. 8 Hz,H-
9),1.26(3H,s,H-18) ,1.28(3H,s,H-20) ;*C NMR
(150 MHz,CD,0D)8:42.6(C-1),20.3(C-2),39.1
(C-3),43.8(C4),46.7(C-5),30.4(C-6) ,78.4(C-
7),50.5(C-8),54.5(C9),38.1(C-10),75.2(C-
11),41.7(C-12),48.5(C-13),44.1(C-14),53.4
(C-15),87.7(C-16),23.4(C-17),29.4 (C-18),
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181.9(C-19),18.3(C-20) . i F%de 5 3cHk ™ )
TERE A — B, Mo 2 L& W 4 O 7B-hydroxy-
1183,168-epoxy-ent-kauran-19-oic acid,

wEaEWMs HEgS(HFEE); ESI-MS: m/z 345
[M-H]", 4rF 3L C, Hy,, O5;'H NMR (400 MHz,
C;D,N)8:6.38(1H,s,9-0H) ,6.03 F15.75(%% 1H,
t,/=6.1 Hz,H-17),5.21 (1H,s,7-OH) ,5. 08 (1H,
s,H6),4.71(1H,d,J =6.0 Hz,H-7) ,3.23(1H,d,
J=6.3 Hz,H-5),3.01 (1H,dd,J=9.3,4.5 Hz, H-
13),1.12 (3H, s, H20),1.01 (3H, s, H-18) ;" C
NMR (100 MHz, C;D,N)8:36.9(C-1),19.2(C-2),
28.9(C-3),42.0(C4),51.0(C-5),85.5(C-6),
81.1(C-7),62.2(C-8),73.1(C9),46.2(C-10),
43.2(C-11),30.7 (C-12),36.9 (C-13),34.2 ( C-
14),202.1 (C-15),156.2 (C-16),113.1 (C-17),
26.5(C-18),183.8(C-19),22.1(C-20), LA - %c¥s
S SCHRY B B A — B, M E LA S N
78,9-dihydroxy-15-oxo-ent-kauran-16-en-19 ,68-olide ,

wEWme Jotashih(WEE) ; ESI-MS: m/z 329
[M-H]", 4> F 30 €, Hy O,3'H NMR (400 MHz,
C,D;N)8:6.07 (1H,s,H-17b) ,5.74 (1H,t,] =6.0
Hz,1H),5.32 (1H,s,7-OH),5.04 (1H, s, H6) ,
4.66(1H,t,J =22.5 Hz,H-7),1.20(3H,s,H-=20),
0.88(3H,s,H-18) ;" C NMR (100 MHz, C;D;N)$§:
37.7(C-1),18.9(C2),29.8(C-3),43.1(C4),
53.6(C-5),85.6(C-6),72.1(C-7),57.1(C-8),
53.7(C-9),43.1(C-10),19.0(C-11),30.0(C-12),
38.2(C-13),32.3(C-14),206.4 ( C-15) ,155.3 ( C-
16),116.8(C-17),26.5(C-18),183.3(C-19),21.6
(C20) o PALGis 5ot 55 ok i Hodis A4 —
2, e S 6 24 7B8-hydroxy-15-oxo0-ent-kauran-
16-en-19 ,68-olide,,

wEWMT HEL N (TEE) ; ESI-MS: m/z 493
[M-H]", 4+ F 3 C, Hy Og;'H NMR (400 MHz,
C,D;N)6:6.27 (1H,d,J =7.9 Hz,H-1"),5.98 Hl
5.19(4% 1H,s,H-17),2.94(1H,d,J =2. 8 Hz, H-
11),1.28 (3H, s, H20),1.26 (3H, s, H-18) ;" C
NMR (100 MHz, C;D;N)8:40.3(C-1),19.6(C-2),
38.5(C-3),44.4(C4),57.1(C-5),20.9(C-6),
37.5(C-7),51.3(C-8),63.5(C-9),39.6(C-10),
65.6 (C-11),41.8(C-12),38.1(C-13),35.3(C-
14),209.4 (C-15),152.2 (C-16), 111.1 (C-17),
28.9(C-18),177.1(C-19),16.2(C-20),96.2 ( C-

1'),74.4(C-2"),79.8(C-3"),71.3(C4") ,79.5(C-
5'),62.4(C-6"), LA % 5 SCmRe i B ik
A—F, LAY 7 M 118-hydroxy-15-oxo-ent-
kaur-16-en-19-oic acid-19-8-D-glucoside ,

wEWS HEL T (HEE) ; ESI-MS: m/z 493
[M-H]", 4+ F 3 C, Hy Og;'H NMR (600 MHz,
CD,0D)5:5.89 1 5.31 (4 1H,br s, H-17),5.42
(1H,d,J =8.0 Hz,H-1"),1.24(3H,s,H-20),1. 16
(3H,s,H-18) ;"*C NMR (150 MHz, CD,0D)§:38.3
(C-1),19.8(C-2),38.8(C-3),45.2(C4),50.9(C-
5),21.2(C-6),35.1(C-7),58.2(C-8),78.1(C9),
46.2(C-10),30.6 (C-11),30.8 (C-12),38.9 ( C-
13),32.5(C-14),210.2 (C-15), 151.1 (C-16),
115.1(C-17),29.1(C-18),178.4(C-19),17.9(C-
20),95.6(C-1"),74.1(C-2"),78.8(C-3"),71. 1(C-
4'),78.7(C-5"),62.4(C-6") . VAL Hdi 5 scik
B s B AR — B, WO E LA ) 8 7 9-hydroxy-
15-ox0-ent-kaur-16-en-19-oly-B-D-glucoside,

wEWY  HOL(ET) ; ESI-MS: m/z 413
[M-H]", 4 3 C, Hy, O;'H NMR (600 MHz,
CDCl,)8:5.37 ~5.33(1H,m,H-6) ,3.52(1H,ddd,J
=15.1,9.8,4.2 Hz,H-3),1.01 (3H,s,H-19),0.92
(3H,d,J =6.5 Hz,H-21),0.87 (9H,dd, J =13.5,
6.3 Hz,H-26 ,H-27 ,H-29) ,0. 81 (3H,d,J =6. 8 Hz,
H-20) ;" C NMR (150 MHz, CDCL,)8:37.4(C-1),
31.8(C2),72.0(C-3),42.5(C4),140.9(C-5),
121.9(C-6),29.9(C-7),32.6(C-8),50.3(C9),
36.3(C-10),21.2(C-11),22.9(C-12),39.9 ( C-
13),56.2 (C-14),24.5(C-15),28.4 (C-16),57.0
(C-17),12.0(C-18),19.6 (C-19),36.7 (C20),
18.9(C-21),32.1(C22),26.2(C-23),46.0 ( C-
24),29.3(C-25),19.2(C26),20.0(C-27),23.2
(C-28),12.1(C-29), LA L%ds 5 Sk 418 41
Pa AR —B0, e b G 9 h B S I

L&MW 10 BF @K AR ESIMS: m/z 575 [ M-
H] T3 C, Hy, Oy ;' H NMR(600 MHz,C,D;N) 8
5.41(1H,d,J =2.6 Hz,H6),5.13(1H,d,J =7.7
Hz,H-1') ,4.64 (1H,dd,J =11.8,1.9 Hz,H-6'a),
4.64(1H,dd,J =11.8,1.9 Hz,H-6'b) ,4.37 (2H,
m,H-3",4") ,4.14 (1H,t,J =8. 1Hz, H-2") ,4.07 ~
4.04(1H,m,H-5"),4.03 ~4.00(1H,m,H-3),1. 04
(3H,d,J =6.4 Hz,H-21),0.99(3H,s,H-19) ,0.96
(3H,d,J =7.3 Hz,H-29),0.94(3H,d,J =6.7 Hz,
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H-27),0.92(3H,d,J =6.8 Hz,H-26),0.72(3H,s,
H-18);°C NMR (150 MHz, C;D,N)6:38.0(C-1),
30.7(C2),79.1(C3),40.4(C4),141.4(C-5),
122.4(C-6),32.7(C-7),32.5(C-8),50.8 (C9),
37.4(C-10),21.8 (C-11),39.8 (C-12),43.0 ( C-
13),57.3(C-14),25.0(C-15),29.0( C-16),56.7
(C-17),12.6 (C-18),19.7 (C-19),36.9 (C20),
19.5(C-21),34.7(C-22),26.9(C-23),46.5 (C-
24),30.0(C25),19.9(C26),20.5(C-27),23.9
(C28),12.5(C29),103.1(C-1"),75.8(C2"),
79.0(C-3"),72.2(C4"),78.6(C-5"),63.3(C-6")
DA B0 55 ScmRT S R B S AR — B, o e e A
Y110 oy - T,

EW 11 F O K ; ESI-MS: m/z 269 [ M-
H] % F= CsH, 05 ;'H NMR (500 MHz,C;D,N)§:
7.95(2H,d,J =8.6 Hz,H-2' ,H-6'),7.24(2H,d,J
=8.8 Hz,H-3',H-5"),6.94(1H,s,H-3) ,6. 84 (1H,
d,J=1.7 Hz,H6) ,6.78 (2H,d,J =1.7 Hz,H8) ;
3C NMR (125 MHz, C,D,N) 6:166.3 (C-2), 104.3
(C-3),183.2(C4),163.6 (C-5),100.4 (C-6),
164.9(C-7),95.2 (C-8),158.9(C9),105.4 ( C-
10),122.7 (C-1"),129.3 (C-2",6"),117.2 (C-3',
5'),163.1(C4"), DA E%ds 5 SCmk " s B 3
A—F B ER G Y 11 AR R,

wEW 12 B8R ESI-MS: m/z 431 [ M-
H] 4> F3 €, H, 0,;'H NMR (400 MHz, C;D,N)
8:7.91(2H,dd, J =8.6,0.8 Hz, H2',H-6"),7.23
(2H,dd,J=8.5,1.1 Hz,H-3' /H-5") ,7.14(1H,d,J
=2.0 Hz,H-8),6.95(1H,s,H-3) ,6.88(1H,d,J =
2.0 Hz,H-6),5.89(1H,d,J=7.3 Hz,H-1"") ,4.58
(2H,d,J =11.0 Hz, H-6"") ;" C NMR (100 MHz,
C,D,N)6:162.8(C-2),104.3(C-3),183.1(C4),
165.2(C-5),100.9 (C-6),164.3(C-7),95.6(C-
8),163.2(C9),106.8(C-10),122.3(C-1"),117.2
(C2',6"),129.3(C-3",5"),158.2(C4"),102.0( C-
1),75.1(C2""),79.5(C-3"") ,71.4(C4""),78.7
(C5"),62.6(C-6"") . VI ¥ 5 SCmk!™ 238 %
P A — B B e B 12 O S5-I E TR

wEW 13 B8 K ESI-MS: m/z 461 [ M-
H] %7 C,H,0, ;'"H NMR(600 MHz,CD,0D)
8:7.47(1H,dd,J =8.4,2.4 Hz,H-6") ,7.45(1H,d,
J=2.4 Hz,H2'),6.91(1H,d,J =8.4 Hz,H5"),
6.81 (IH,d,J=2.0 Hz,H6),6.79 (1H,s, H-3),

6.48(1H,d,J =2.0 Hz,H-8),5.10(1H,d,J =7.0
Hz,H-1'"),3.17 (3H,s,3-0CH, ), 12.99 (1H, s, 5-
OH) ;"”C NMR (150 MHz, CD,0D)§:161.6(C-2),
103.2(C-3),181.9(C4),161.2(C-5),99.9(C-6) ,
164.5(C-7),94.7(C-8),157.0(C9),105.3 ( C-
10), 121.4 (C-1"), 113.6 (C2"), 145.8 (C-3"),
150.0(C4"),116.0(C-5"),119.2(C-6"),99.5 ( C-
1'),73.1(C2""),76.4(C-3"") ,69.6(C4""),77.2
(C5""),60.6(C-6""),48.6 ( C-OCH,) , LA I %4
53R SR A B AR — B, W e e A 13 R
AR ZE-7-0-B-D- T

wEW 14 TEMHPRY) ; ESI-MS  m/z 117 [ M-
H] %3 C,H,0,;'H NMR(600 MHz,CD,0D)8:
2.57(4H,s,H-2 ,H-3);"*C NMR(150 MHz,CD,0D)
8:176.2(C-1,C4),29.8(C2,C3), VI FEIRY
SCHR P R B A — 2, WO e b A 14 3R
IR .

wEW15 TEMRY ; ESI-MS .m/z 327 [ M-
H] 213 C, H,0,;'H NMR (400 MHz,C,D,N)&:
3.90(4H,t,J =6.5 Hz,H-1,H-21);"C NMR (100
MHz,C,D;N)8:62.5(C-1,C21),34.2(C-2,C-20),
30.4(C4,C-18),26.9(C-3,C-19),30.7(C4 ~ C-
18) . DA KIS 5 SR> 4830 Kot F6 AR — 55, Wi
EEY 15 BE N 1,21- 2 —hE

EWm16  TLOMRY ; ESI-MS: m/z 351 [ M-
H] ", 5T C,Hy,;'"H NMR (400 MHz, CDCL, ) §:
1.37(46H,s,H-2 ~H-24),0.92(6H,d,J =2.4 Hz,
H-1,H-25) ;" C NMR (100 MHz, CDCl;)§:32.6( C-
3,0-23),30.5(C-5 ~C-21),30.1(C4,C22),23. 4
(C-2,C24),14.7(C-1,C25) . Db b %cde 53k 117
TERAE A — 3, O ek B 16 IE ke,

LEW1T TR Y)  ESI-MS: m/z 393 [ M-
H] , /¥ CyHy;'H NMR (400 MHz, CDCI, ) 8.
1.25(52H,s,H-2 ~ H-27) ,0.88 (6H,t,J =7.0 Hz,
H-1,H-28) ;"C NMR (100 MHz, CDCI,)8:32.1(C-
3,26),29.8(C-5 ~C24),29.5(C4,C25),22.8
(C-2,C27),14.3(C-1,C-28) , LA I %¥i 5 3cilk!™ i
TERAR A3, MO e b B 17 iE =1\,

L& 18 Bk K ; ESI-MS: m/z 455 [ M-
H] 5T C,yHy O, ;' H NMR (400 MHz,C,D;N)8:
5.21(1H,br s,H-12),3.35(1H,m,H-3) ,0. 90(3H,
d,J =6.5 Hz, H-29),0.80 (3H,d, J = 6.2 Hz, H-
30),1.01,0.99,0.98,0.86,0.67 (4% 3H,s, H-23 ~
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H-27) ;" C NMR (100 MHz, C;D,N)5:38.9 (C-1),
28.1(C2),78.9(C-3),38.5(C4),56.5(C5),
18.7(C6),33.4(C7),39.9(C8),48.3(C9),
37.2(C-10),23.4(C-11),126.3(C-12),138.7(C-
13),42.2(C-14),28.9(C-15),25.1(C-16) ,48.6
(C-17),53.4 (C-18),40.0 (C-19),39.9 ( C20),

31.6(C21),36.7(C22),30.2(C=23),15.9(C-
24),17.8(C-25),17.3(C-26),25.2(C-27),180.2
(C28),17.2(C-29),21.9(C-30), A %5
k20T 3 K A — 2, R e fL A 4 18 Dl BE
Rz,

LEYI1 ~18 MZEF=RILE 1,

1 R;=COOH R,=R;=H R,=OH
2 R;=COOH R,=R,=H R;=OH

7 R;=C00-8-D-Glu Ry=Ry=H R,=OH
8 R;=COO0-f-D-Glu R,=R,=H R;=OH

5 R;=OH R,=OH R;=H
6 R;=H R,=OH R;=H

11 R,=R,=R;=H R,=OH
12 R;=8-D-Glu Ry=R;=H R,=OH
13 R;=H R,=$-D-Glu Ry;=OH R;=OCH,

10 R=5-D-Glu

1 25 1 28

A AN
16 17

1 EW1~18 B

Fig. 1 Structures of compounds 1-18

2.2 LAYH HIV-1 BHER

] NI 3RV Bk S A ) v il 2 oy A
FE R, JEH LIS - D5 AZ e B BEAZ Y i 28
A B B PR T PR AT HIV Y %
WA A, AR X DS 7 2 i T v 43 2 3 A DA X
M- DL FEAZ e B R FEAZ B G 28R4 1 ~ 8 JFRE T 1A
ST HIV-1 3G PESE S, SEge s R sk 1 s, b
Y1.2.7.8 i 1C, fH 43520 2.01 £0.23.3.61 =
0.56 3.15 +0.32 .6.82 +1.02 wmol/L, J&& B Hi & i
1) HIV-1 2 EE 0 /EH
3 itieE&R

ASUR S5 B 7 2 e b B ) 43— R 814k
B AT 8 XTI DL SEAZ R iR S (1 ~
8) 3 MEEIZAL S (11 ~13) 2 NS
(9~10) .1 D=1 (18) 3 Mk ia&W (15 ~
17) U1 ARG (14) . b5 8.11 ~
17 HRMNEgE sy e s3], Hrh 54 8 .11 ~ 17

®1 SAZHELEWI HIV-1 EABEH
?W%M/Eﬂq(;is,n =3)
Table 1  Inhibitory effects of eight diterpenoids on
HIV-1 protease(; +s,n=3)

&% Compound

1C5, ( pmol/L)

1 2.01 +£0.23
2 3.61 £0.56
3 >50
4 >50
5 >50
6 >50
7 3.15+0.32
8 6.82+1.02

HIV-1 3 H A 57

HIV-1 protease inhibitor 0-02 £0.0016

EERMZIEHY T4 B8], RSN HIV-1 352
SIS AR AR AT - D152 A2 e R R ) i 2
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fEEP1.2.7 8, % HIV-1 2 A B R B R G4
MR T8 S5 R - TP R A A B C-19 ALRYAR
PR AU A s/ 2 A A5 005 P Y S B 2 R AT 5 B S
BRI S5 14 7T BE R BT HIV-1 5Pl i OGS 45
FRHE (BN G590 4 ~6) . X —SLE 458 Li
SFUHGESS R B RS TS o, BN
PRINERZE R S - DL Fe A2 be B k259, 1%
JRAEPIHT HIV 35 P B R0 W) B B il . A BT 58 AR
FHE AR Y I E IR RGN T
e RG2S A BT HIV-1 88 R M K 2
- PG R AL, S 28 BT B Al I T S 4L TR
AUESE . ST, JR2 TR R AT W i HAL
EWRRLOC FR AT R EE M BT (I C-19 (285 1B
W) , LASTT R A AT 55 24 2807 E o A4 T AL A
e
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