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WE Do BT NER, 2650k, K. Sk, BEEZ PR, WIHIFEGHRT 20 MEAIRNBEEIATEY 1~
20 FI— ML & ) 6-epi-santonin. H4EH% 'TH NMR, ' CNMR 2 MS #iilE. RAIBEREE (MTT)EE, MR ra &
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Abstract 20 guaianolide derivatives 1~20 and 6-epi-santonin were synthesized from a-santonin through rearrangement,
oxidation, and reduction, hydrolysis. The structures of all compounds were characterized by '"H NMR, '*C NMR and MS. The
cell proliferation inhibiting activities of the target compounds were evaluated against A549 and HepG2 cell lines by thiazolyl
blueterazolium bromide (MTT) method. The results showed that the epoxy guaiane 9 had obvious inhibitory effect on A549
and HepG2 cell lines with ICs, values of (14.54-0.1), (10.610.3) umol/L while epoxy guaiane 15 showed ICs, values of

(6.4%1.3) and (8.1£0.7) pmol/L.
Keywords a-santonin; guaiane; derivative; cytotoxicity

fEr2F il P9 G R A TP B R B — SR IR AR AR 1,
TR AELRL, RAPHED MR AL TE RSy, HEidey
AR WERL ERZBNERAEHY), £ DR,
Wil PYEREE PR AR EN, i AR S BT
ZHAEEE, ORESUME MRS JIR. UM
AW BiIa MR . BOBREUEE R B AR R, 5
RSP B AR A KA SR, R 24 H
FEAD ) E LR A

HHINTY, 0 A BEEE A o T H I -p- A T
B U R i R A i BERE ), RS0 0 A

* E-mail: zhenouyang@ujs.edu.cn, mwang@hznu.edu.cn

Received May 11, 2015; revised June 8, 2015; published online June 12, 2015.

WS IO RIS TR OR B T A5 o0 R 2 -p- N i
F B, IR SRR B B 2 T HEAT — RPN A R 2L
i, BFFUREAZ 1 AT A A i 1. RIS R 0%
ROFFLRM, A5 215 P9 BR G R 5 H 45 o (i 3R 4,
EZNAPA: N AR TN 8 O DA RE XS PPN Y s
il NERR L S BER MR 2, (HEERD, I
oy BRI A, o B R SAL SRR FT A B L
%, (HHT2EE BAAETER &SI A BRSSP
E A, RIEAE.

ATAE, CARRIN 131 a- LB N JER, 26

Project supported by the National Natural Science Foundation of China (Nos. 21372056, 21202027).

[ 5% H AR B} 23 42 (Nos. 21372056, 21202027) % B H .

2142 http://sioc-journal.cn/

A ©2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 2142~2149



Chinese Journal of Organic Chemistry

hEHE KRS N, 7B EHhREIN a-JF
R B -y- P R BT 2 B B A AN RDE AR 1 AN EAL
B A R B A5 s N ER R A, 3R 21 ME
YA ERIARNEEZA 20 1), FFE A549 Al HepG2
Y T AT B AL S YA R EREE, RIS
9,15 A1 18 B A RUFMHim stk

1 ZER5VE

1.1 HEYHERK

PL o-IEAE N R RL, MDA T 21 4
2B 2 G 4(Schemes 1 # 2).

L3 A S A2 oA 0 T R B ) A e Y
fig, 20 R EE LR R AIZ5 5. BT RIES
73 DA RO e a5 My e A AN R 22, R — 2
FHRLH T EAAE UL K E R R & K
H L P e R AT LA a- Ll AR A JEURHE e (A 3 HEIE i
WO EL &Y 1, LSS S 21
ALY 1 H NaTeH, {EE R WU R C(4)r H 544

UM S8 41 T 1, 2, 4 242 NaBH, 36 S5 FEIE 7 N
BRI, FRAL S 1, 2 AT LA K IR BT K
10-F54b 59 7, 1417,

5B @R N ER LR, S8 —RER L
WA GIAR N BRI &Y Arglabin () — & REE ALY
(Arglabin-DMA), HZEM R T BHA o- H 3E-p- N g 45
ok, & BEAREGEN, ZHiRERT AL SRR
—E PRI £ PSR 1 e B 3R 4 45 R T BE XAk
HEYREER W, TATE T S A1k
EW. PR 1 SIRERERTY RIS P 81, A
) U SR IR IR E S AL A 9, AR 7 B 15 2
oy DR AR 15, BATTEAIE 8 F AR AR A AL 7
KL JFZAEY 9 HFRRRIOOUEE, — B AT BBk XU B 18
JRIGF=4, WA A 9 i iR XA JiR 1 [7] B R 4
SERIWAEREIR 72 10 [C(10)6: F MR 54k &) 14
], LAY 10 £ NaBH, B R, FE4 MsCl b 5 7
B 25 A T T A AR B R B P BUEE 12 [C(10)hr 2
T2 NOESY WhfiIE], 2 58 BRI P & R 1 52

13 O 12 O

Reagent and conditions: (a) hv, AcOH; (b) 10% Pd/C, H,, EtOH, r.t.; (c) NaBH,, MeOH, 0 °C; (d) NaTeH,, EtOH; (e) 98% H,SO,, 0 °C; (f)
m-CPBA, DCM, r.t.; (9)10% Pd/C, H,, MeOH, r.t.; (h) 5% KOH, EtOH, 0 °C; (i) MsCI, DBU, DCM, 0 °C; (j) Li,COs, LiBr, DMF,120 °C; (k) 10%

Pd/BaSO,, quinoline, EtOH, r.t.

B 1 @OIRNBRATED G RERL 1

Scheme 1 The first synthetic route of guaianolide derivatives
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Santonin ——» —b .0
O o
(6]
(6]

6-epi-santonin

Reagent and conditions: (a) 9% HCI/DMF, 100 °C, Ar; (b) hv, AcOH; (c) 98% H,S0O,, 0 °C; (d) m-CPBA, DCM, r.t.; (€)10% Pd/C, Hz, MeOH, r.t.; (f) 5%

KOH, EtOH, 0 °C

B2 @ORABERTED G R 2

Scheme 2 The second synthetic route of guaianolide derivatives

W, FRATE FH I PR HS ( oR T 2 W ) Pd/BaSO, 5K
IR B B 1) JER T O B PR AR s 4, (R AR B U AR
B 5 (174 13.

T HEE CO)N IR BTG VE RS2, FRATTE Sext
UBEEHAT SRR AL, 13 31 C(6)17 FE B4 B EN L 17~
Yo A RIS @RI NS 16, B KBRS
P FEAE C(1)-C(10)hL 2 [T B, K DU A AL fe
BEUL G 18; LAY 16 L AR R AT A 31 #ik 3
A 19, ZKENFEILEY) 20.

M, BATCMLIESE AR R, S EAR AR
WEERIAL &Y, BAEL. B, KRELBRER T —
L8 C(4), C(6), CAOV BRI F ML A LA K 4-5 fr XUk A
EW, LI0- B A Y. CRYEREE. HIEILED.

1.2 {L&YIHMmpESEEY

A TAER AR (MTTIENE B L&Y 1~20
Hl 6-epi-santonin X} A549 F1 HepG2 2 ffl 184 5 1) 4013
PE, SR E 1~3 ML 1 R, @A REee &

BEODENEOD

Inhibition rate/%

110100 1 10100 1 10100 1 10100 1 10100 1 10100 1 10100 1 10100
C/(mmol-L")

ARG, 1,10- PG5 A AERT T & 9, 15
A8 HIPURRIE I B O B L TS 4 W T i
BRI (1, 7, 13 F120), PP REEETERRAS, IR
I A S R A B AR PR . 4,5- XU T S
S M VR B AR, SRS LS 4, 5,
10, 11, 119 {0 55 201 B3 1k 2= A 0t f e 240 g
Ak BB E Y 8 R 17, 9 A1 18 KIK, 6a HELA
MM BEE TE TR AR AL, op MRS 16, 17, 19 FN
20 A7 TS5 PR 0 75 3% P L 2 (1 b e A A

R1 AW, 15 R 18 fEH T A549 Fl HepG2 4 i 484 5 410
VS LAY ICso {H

Table 1 1Csy values of compounds 9, 15 and 18 against A549
and HepQ2 cell lines in vitro

ICso"/(umoleL ") (n=3)

Compd.

A549 HepG,

9 14.5+0.1 10.6+0.3

15 64+1.3 8.1£0.7

18 245+1.1 66.4+1.6

“ICso N =455 P45 18 L SD.

= 1
= 2
&8 3
z2 4
1201 b ®R 5
100 = 6
80 oo 7
60 =m 8

Inhibition rate/%

0
110100 110100 110100 110100 110100 110100 110100 110100
C/(mmol-L")

B1 LAY 1~8 X A549 (a)fl HepG2 (b)Z i1 v v
Figure 1 Cytotoxicities of compounds 1~8 against A549 (a) and HepG2 (b) cell lines
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Inhibition rate/%

110100 110100 110100 1 10100 1 10100 1 10100 1 10100
C/(mmol-L™")

Inhibition rate/%

110100 1 10100 1 10100 1 10100 1 10100 1 10100 1 10100
C/(mmol-L")

B2 tha 9~15 X A549 (a)Fl HepG2 (b)4H i 253 P
Figure 2 Cytotoxicities of compounds 9~15 against A549 (a) and HepG2 (b) cell lines

3 16
= 17
120 ~ 18
100 < = 1
80 -
60 - o 20
40 4 6-epi-santonin

Inhibition rate/%

110100 1 10100 1 10100 1 10100 1 10100 1 10100
Cl/(mmol-L"")

B3 {bEY 16~20 1 6-epi-santonin X A549 (a)Fl HepG2 (b)Fi/ I if i

3 16
e 17
120 -
18
100 = 1
. 80
N om 20
% 60 4
§ 40 - 22 6-epi-santonin
c
i<}
2
2
£
110100 1 10100 1 10100 1 10100 1 10100 1 10100
Cl(mmol-L")
Figure 3
A3
2 ZEig

IR TSR R DU 2P I EZORIE. N
T RGP RN PO 254, R AREVE R
Ziryciog, AT LOSE AR R A E A B, SE gl
FIAED BRI 28, 22— 25 A% AR R 287 ) 0 8
FZ. VA a-tl3EAENERE, 2t B HE S N 45— R A1
WERIRR R N &Y. iEsciess REoR, WM
WEM ARG BRI AT, THENEY 9 1 15,
X A R A L A AT S (e . RIS A Rk
RAKDL 1,10-I 5 E5H 56 & 0 I 0 M0 B0 1 BAT 5
F s, R R PO TE, X8 TR
WSS RSN U /N 1 2SR 1R
Bk, RARE—LHITAINE.

3 SCISER4Y
3.1 X5

R SR 4 AR SR 200~300 HEER(WH
HEGEET); #EORE(TLC) R AR GFsy HEZ
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Cytotoxicities of compounds 16~20 and 6-epi-santonin against A549 (a) and HepG2 (b) cell lines

TR AR (& AN TTRT);, 1 SR H SGWX-4 &
T SACI E (EIRE E RS A PR A R, TR
ZRIE; WO B S AL AR A R A |));
'H NMR, "*C NMR #1 NOESY % Bruker Avance III
500 ARG E(TMS N AR); 5 S (ESI-MS)K A
Agilent 6250 Q-TOF 543 ## 5t i A I i€ (5 1 26 £ i i
H7)). 9% HCL 1¥] DMF ARG A E 1], 5553760
IR R 5 8, S hask7n 3 o v B 1 43 i 46
A

M BT 52580 ¥4 CO, 85746 (Thermo Forma Series
). [ BE %0 9% 48 I A% (Thermo MK3). {3 B & 4
(Olympus IX71)+ AS49( it 2 ) F1 HepG2( N 41
FiL) I P R 2 e 4 AR A, 40 R R A 50 2 I
M AEMEY A IR A F.
32 ZLWHE
32,1 AEIKABEILES4 1 694 5

4 a-santonin (15 g, 60.9 mmol). VKEEER(230 mL)&
FHIEAOL RN EE T, F 250 W KR IT IS 20 b,
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T ZE BRI IR, f9A% I PRy, I\ ClE, BERE, Br
WA ik, I OBEY, a1 (6.5g,
35%. m.p. 175.4~176.9 ‘C; 'H NMR (500 MHz, CDCl5)
5: 479 (d, J=10.5 Hz, 1H), 4.15 (s, 1H), 2.62 (td, J=
13.5, 4.5 Hz, 1H), 2.54~2.40 (m, 2H), 2.37~2.30 (m,
1H), 2.25~2.15 (m, 2H), 2.08 (d, J=15.0 Hz, 1H), 2.00
(s, 3H), 1.91 (s, 3H), 1.51~1.41 (m, 1H), 1.29 (d, J=6.5
Hz, 3H), 1.09 (s, 3H); °C NMR (101 MHz, CDCLy) &:
206.89, 177.01, 170.29, 160.87, 85.54, 81.21, 48.25, 47.26,
41.33,37.95, 36.82, 25.32, 22.26, 19.99, 12.43, 9.44. 1%
K 5 SCHR[20] 4508 I — 2.

322 RRIKABEER 2 49 E m%

ZECHR1J7. LAY 1 (800 mg, 2.6 mmol),
10% Pd/C (80 mg) T M, IIAN ZEE(85 mL), HM
SEBHMTSEHERASR, — MrfERSE TR, 14
h J&, JERRELER, UOE R O, RERHENT[VCA
k) : M(BR Z.B8)="6 : 11#3 795 mg L&Y 2, A
K, FEE 99%. mp. 1443~145.7 ‘C; '"H NMR (500
MHz, CDCl;) &: 3.95 (t, J=10.0 Hz, 1H), 3.16~3.10 (m,
1H), 2.70~2.60 (m, 2H), 2.47~2.34 (m, 3H), 2.15 (dd,
J=5.0, 2.5 Hz, 2H), 2.11 (s, 1H), 2.06 (s, 3H), 1.88 (dt,
J=16.5, 8.5 Hz, 1H), 1.53 (s, 3H), 1.27~1.24 (m, 4H),
1.22 (d, J=6.0 Hz, 3H); *C NMR (126 MHz, CDCLy) &:
216.30, 178.06, 170.02, 85.14, 80.91, 50.64, 48.19, 47.01,
45.84, 42.50, 38.06, 29.91, 26.80, 25.25, 22.34, 13.15,
11.47, HRMS (ESI) calcd for C;;Hp,OsNa [M—I—N.a]+
331.1516, found 331.1523.

3.2.3  4L&-4 6-epi-santonin #9 4 AR,

ZH UHR[21])51%. a-santonin (5.0 g, 20.2 mmol)i#
T 9% HCL 1) N,N-—F B BERZ(60 mL), 100 C, &
SRR RN 4 h, RN SES S, R RTIIAK, &
HREREEL, A HUZ KA 1.0 moleL ' $hR . /K. MIAIfR
TR K. BRI KBES, ToKBRRREN T, W4h,
WEIRAE JZ AT [ VA ) @ MR B =10 © 1143 29 ¢
R ORI AED, %N 58%. mp. 98.2~99.4 C;
'H NMR (500 MHz, CDCls) J: 6.49 (dd, J=239.0, 9.5 Hz,
2H), 5.54 (d, J=5.0 Hz, 1H), 2.53 (q, J=7.5 Hz, 1H),
2.20~2.12 (m, 1H), 2.05 (s, 3H), 1.88~1.84 (m, 1H),
1.78~1.63 (m, 2H), 1.47~1.40 (m, 1H), 1.38 (d, J=7.5
Hz, 3H), 1.28 (s, 3H). &% Hi £ 5275 SCHRk[18]— 2.
3.2.4 RV KABEMERL &4 16 696 %

Bk B4 6-epi-santonin (2.8 g, 11.4 mmol), VKR
(50 mL)E T AR M AEF, H 250 W s ERAT
FRES 12 h, JJEZEFRESER, 73 2IER 5 iR,
AN CEEA EEaE AT, S8, JEH CmkEE, #aa
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B4k 872 mg, FEFEN 25%. mp. 125.1~127.6 C; 'H
NMR (500 MHz, CDCLy) : 5.44 (d, J=7.5 Hz, 1H), 3.72
(d, J=5.5 Hz, 1H), 2.54~2.47 (m, 2H), 2.43 (d, J=6.5
Hz, 1H), 2.41~2.31 (m, 2H), 2.27~2.21 (m, 1H), 2.00 (s,
3H), 1.86 (s, 3H), 1.33 (d, J=7.5 Hz, 4H), 1.28~1.24 (m,
1H), 1.18 (s, 3H); *C NMR (126 MHz, CDCl;) d: 207.20,
178.14, 170.36, 161.26, 142.20, 85.72, 80.43, 48.14, 46.77,
42.74, 38.46, 35.77, 26.00, 22.54, 19.44, 14.12, 9.20;
HRMS (ESI) caled for Ci;Hp30s [M+H]" 307.1394,
found 307.1396.
325 AEIKABREEL S 3,5, 6 4= 11 696 5%

PL 3 N, B4k E40 2 (125 mg, 0.4 mmol)i% T F %
W, 0 C R KN\ NaBH, (18.4 mg, 0.49 mmol), 7£ 1t
BT 0.5 h, SRJ5 FIAR 2 Hh oI AN AT 1) A 4
WL M 2B B AL, AR A UM, Kk
KA SRk Pess, ToKBERIN T, Wedd, mERAEZ
WrVCAHEE) @ M(CIR CER)=1 : 1143 116.3 mg &AIA
WEREEL A 3, TEMPIRY), 725N 80%. 'H NMR
(500 MHz, CDCLl3) 8: 4.34 (t, J=10.5 Hz, 1H), 4.19~4.12
(m, 1H), 4.08 (q, J=14.5 Hz, 1H), 2.89~2.83 (m, 1H),
2.21~2.15 (m, 4H), 2.11~2.03 (m, 1H), 2.00 (s, 1H),
1.95~1.91 (m, 4H), 1.85~1.75 (m, 1H), 1.62~1.54 (m,
1H), 1.43 (s, 3H), 1.22 (t, J=7.5 Hz, 1H), 1.16 (d, J=7.0
Hz, 3H), 1.04 (d, J=7.0 Hz, 3H); *C NMR (126 MHz,
CDCly) o: 178.73, 170.16, 86.76, 81.97, 73.17, 50.10,
4721, 4621, 42.31, 41.81, 34.76, 25.51, 24.25, 22.40,
14.07, 12.96, 9.86; HRMS (ESI) calcd for C;;H,s0sNa
[M+Na]™ 333.1672, found 333.1676.

WAIARNEREEAL &) 5. iRy, R 87%((LA
4 ~JEED; 'TH NMR (500 MHz, CDCl;) 0: 4.23 (t, J=10.5
Hz, 1H), 4.10 (q, J=14.5 Hz, 1H), 3.72 (q, J=14.5 Hz,
1H), 2.90 (dd, J=19.0, 9.0 Hz, 1H), 2.32~2.25 (m, 1H),
2.21~2.12 (m, 2H), 2.10~2.04 (m, 1H), 2.02 (s, 1H),
1.96 (s, 3H), 1.94~1.88 (m, 1H), 1.85~1.74 (m, 2H),
1.59~1.53 (m, 1H) 1.45 (s, 3H), 1.54~1.34 (m, 1H), 1.23
(t, J=7.0 Hz, 1H), 1.18 (d, J=7.0 Hz, 3H), 1.10 (d, J=6.5
Hz, 3H); *C NMR (126 MHz, CDCl;) d: 178.44, 170.17,
86.69, 84.38, 78.03, 51.09, 49.33, 46.95, 45.25, 42.84,
36.00, 33.99, 25.68, 24.61, 22.35, 18.01, 13.05.

WAIARNERENAY) 6: AR, IR 73%((LA 1
RIEED. mp. 1143~116.6 C; '"H NMR (500 MHz,
CDCLy) 6: 4.64 (d, J=11.0 Hz, 1H), 4.53 (dd, J=17.0, 9.5
Hz, 1H), 3.73 (s, 1H), 2.44~2.32 (m, 2H), 2.22~2.14 (m,
2H), 2.13 (t, J=3.5 Hz, 1H), 2.07~2.00 (m, 1H), 1.95 (s,
3H), 1.86 (s, 3H), 1.55 (dt, J=14.0, 6.5 Hz, 1H), 1.41~
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1.31 (m, 1H), 1.24 (t, J=7.5 Hz, 1H), 1.20 (d, J=7.0 Hz,
3H), 1.17 (s, 3H); *C NMR (126 MHz, CDCl;) d: 177.99,
170.30, 144.18, 131.02, 86.49, 81.50, 77.61, 51.26, 48.93,
41.38, 37.96, 34.62, 25.17, 22.31, 20.05, 12.42, 12.34. ¥
Wb E s 5 2 2% SCR[9]— 3L

WOIK W EE ZBEAEY 11 BEHRY, BR
74%(LL 10 AJEED; 'TH NMR (500 MHz, CDCLy) §: 4.54
(t, J=9.5 Hz, 1H), 3.76 (d, J=4.0 Hz, 1H), 3.04 (s, 1H),
2.29~2.19 (m, 2H), 2.15~2.06 (m, 1H), 1.99~1.95 (m,
2H), 1.93 (t, J=3.5 Hz, 1H), 1.90 (dd, J=11.5, 3.5 Hz,
1H), 1.84~1.77 (m, 1H), 1.77~1.73 (m, 1H), 1.69~1.59
(m, 2H), 1.53~1.44 (m, 1H), 1.25 (s, 3H), 1.19 (d, J=7.0
Hz, 3H), 1.08 (d, J=7.0 Hz, 3H); “C NMR (126 MHz,
CDCly) 0: 179.38, 87.44, 79.37, 72.95, 54.39, 51.15, 49.19,
42.65, 42.21, 36.06, 32.49, 25.76, 19.99, 12.95, 8.12;
HRMS (ESI) caled for CisHysO, [M+H]" 269.1747,
found 269.1745.
3.2.5 WA KABRERILA Y 4 895 5%

2% HR[16]. Te #¥1(1.7 g, 13.4 mmol)Fl NaBH, (1.2
g, 31.6 mmol)¥#f#1E 40 mL /K ZEEH, IR N
BN ¥ e [ 1) [ R, FHR & CBERIAR, S
AR RS, A REESU™E, 1 h FR G RIRE
AHE—-20 C, IRIKIMANBEHA 1 mL LERH) 20 mL &
TR A IRE AL &7 1 (500 mg, 1.63 mmol)f] 10
mL FRM RN A RIVFR) - CEH=1 1],
FIR TN 3 d. RMFERUE, TKEK, 38, LR
BRAEEL, SR E, ERATENT VA EE) MRS
fig)=3 : 1143 488 mg L&Y 4, AWML, =% 90%.
m.p. 154.7~156.4 ‘C; '"H NMR (500 MHz, CDCl;) §:
4.10 (t, J=9.5 Hz, 1H), 2.71 (ddd, J=19.5, 5.5, 2.0 Hz,
1H), 2.63~2.53 (m, 1H), 2.37 (dd, J=19.5, 9.5 Hz, 1H),
2.34~2.29 (m, 1H), 2.29~2.19 (m, 2H), 2.10~2.01 (m,
2H), 1.97 (dt, J=14.0, 5.0 Hz, 1H), 1.72~1.67 (m, 1H),
1.45~1.35 (m, 1H), 1.23 (d, J/=7.0 Hz, 3H), 1.19 (d, J=
7.0 Hz, 3H), 1.16 (s, 3H); HRMS (ESI) calcd for
C,7H,4,0sNa [M+Na]": 331.1516, found 331.1520.
3.2.6 WA KABEELILEH T, 14 4= 20 6946 A%

PL7 Rl A& 1 (500 mg, 1.66 mmol)iET 2.1
(20 mL)H, 0 CTFEBIAN 5% 1S H A HE# (100
mg), Fim F&M 5 h JFM, AR R 0.1 moleL™!
AR ZE pH L1089 4, IR OB, LR CBEREEY,
A HLZE R KGR hK Bk, e G /KEm R T
e, WG, FERAEZETVCAMER) @ M(CR CER)=1 1]
3 376 mg WMEIKABREMEY 7, AGEE, =R
80%. m.p. 159.5~161.7 “C; "H NMR (500 MHz, CDCl;)
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5: 4.81 (d, J=11.0 Hz, 1H), 3.25~3.19 (m, 1H), 2.56 (qd,
J=16.5, 6.0 Hz, 2H), 2.31 (dt, J=12.0, 7.0 Hz, 1H),
2.17~2.02 (m, 4H), 1.887 (s, 3H), 1.84~1.75 (m, 1H),
1.49~1.39 (m, 1H), 1.28 (d, J=6.5 Hz, 3H), 0.96 (s, 3H);
C NMR (126 MHz, CDCl;) d: 207.76, 177.14, 161.37,
143.03, 81.46,74.41, 50.49, 48.47, 45.30, 41.40, 37.15,
25.85,21.24, 12.44, 9.38. #Z M 55 SCHR[1 74k E — 2.

WA AR BB B A 14 (AR, IR
80%(LA 2 AJEEL); m.p. 143.6~145.7 C; "H NMR (500
MHz, CDCls) d: 4.11 (t, J=10.0 Hz, 1H), 2.72 (ddd, J=
19.5,5.0, 1.5 Hz, 1H), 2.63~2.56 (m, 1H), 2.42~2.36 (m,
1H), 2.35~2.29 (m, 1H), 2.28~2.19 (m, 2H), 2.10~2.02
(m, 2H), 1.97 (dt, J=14.0, 4.5 Hz, 1H), 1.73~1.63 (m,
2H), 1.44~1.35 (m, 1H), 1.24 (d, J=7.0 Hz, 3H), 1.20 (d,
J=17.0 Hz, 3H), 1.16 (s, 3H); >*C NMR (126 MHz, CDCl;)
8:219.56, 178.23, 86.29, 73.93, 50.06, 48.43, 48.33, 45.58,
42.19, 4 2.05, 39.82, 26.59, 25.76, 15.33, 12.96; HRMS
(ESI) caled for C;sH»0, [M+H]' 267.1591, found
267.1578.

A A R EE AL A 200 (AR, IR R
60%(LL 16 AJEED. m.p. 172.3~174.5 C; "H NMR (500
MHz, CDCl;) d: 4.81 (d, J=11.0 Hz, 1H), 4.16~4.04 (m,
1H), 3.22 (s, 1H), 2.62~2.52 (m, 2H), 2.33~2.28 (m,
1H), 2.16~2.09 (m, 1H), 2.07~2.01 (m, 2H), 1.88 (s,
3H), 1.79 (t, J=13.0 Hz, 1H), 1.43 (dd, J=24.5, 13.0 Hz,
1H), 1.27 (d, J=7.0 Hz, 3H), 0.95 (s, 3H); *CNMR (126
MHz, CDCLy) d: 207.94, 177.22, 161.53, 142.96, 81.46,
74.40, 50.48, 48.42, 45.21, 41.37, 37.14, 25.80, 21.20 ,
12.43, 9.40; HRMS (ESI) caled for C,sH,,04 [M+H]"
265.1434, found 265.1428.

32,7 WEIKAEE LS4 8 4= 17 694 &

2% CHR[21). LA 8 A Frib &9 1 (1.34 g, 4.37
mmol) T FEEF A, UK FA4 T 20 mL KRR,
M TR 10 min, HEAEFIRIKELPFE 60 min.
SN 5E B JE R S N RABINVKOK R, FHEERE, H
TR REEERL(60 mLX3), HIANAERH 5%MIR
SN0 mL)Pedk, FEHMBAE K20 mL)Pkk,
ToKBRBRN T, RS589 8 (1.07 g, 99%), Nk
WO EA, SR, mp. 87.6~90.3 C; 'H
NMR (500 MHz, CDCl;) d: 5.20 (d, J=10.5 Hz, 1H),
2.97~2.84 (m, 2H), 2.61~2.52 (m, 1H), 2.38 (tt, J=16.0,
6.5 Hz, 1H), 2.24 (t, J=5.0 Hz, 1H), 2.25~2.19 (m, 1H),
2.18~2.07 (m, 2H), 1.96 (s, 3H), 1.84 (s, 3H), 1.72~1.64
(m, 1H), 1.22 (d, J=7.0 Hz, 3H); °C NMR (126 MHz,
CDCl) 6: 204.27, 177.50, 160.76, 138.90, 133.12, 129.22,
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80.14,47.35, 42.13, 40.12, 32.48, 26.68, 24.30, 12.78, 9.65;
HRMS (ESI) caled for CisH;00; [M+H]" 247.1329,
found 247.1327.

WOIK AW EE AT 17 kRO EE, RN
90%(LL 16 AJEEL. m.p. 116.5~120.1 C; "H NMR (500
MHz, CDCl;) : 5.53 (d, J=8.0 Hz, 1H), 2.99 (d, J=5.5
Hz, 2H), 2.67~2.54 (m, 1H), 2.44~2.32 (m, 3H), 2.09
(dd, J=8.5, 2.0 Hz, 1H), 1.93 (s, 3H), 1.85 (s, 3H), 1.72~
1.65 (m, 1H), 1.31 (d, J=7.0 Hz, 3H); “C NMR (126
MHz, CDCl;) 6: 204.05, 178.70, 158.67, 142.08, 136.92,
129.00, 78.89, 46.69, 41.07, 39.91, 32.51, 28.45, 23.98,
13.70, 9.12; HRMS (ESI) caled for C;sH;s05 [M—+H]"
247.1329, found 247.1331.

32.8 WA KABEIRANL 9, 15 4= 18 894 A%

PL 9 Al FRILEY) 8 (868 mg, 2.71 mmol) T M
R, =& HHEQ0 mL), 3 KIIA m-CPBA (493 mg,
2.85 mmol), ZEE FHPE, TLC MR, N5 E,
A A4 2 R D0 N RN R AN M(20 mL), S b2
B(20 mLX2)% &IHAHAME, WAREEEKQ0 mL)¥k
Uk, TOKBREREN T, W4s, wERAEENT VA )
N8 CH8)=3 1 1113 711 mg @EIRNEIREIL &Y
9, A EM, PEA 85%. mp. 132.8~134.0 C; 'H
NMR (500 MHz, CDCl;) 0: 4.81 (d, J=10.5 Hz, 1H), 2.64
(dd, J=71.0, 18.5 Hz, 2H), 2.35~2.52 (m, 2H), 2.04~
1.96 (m, 4H), 1.84 (dt, J=10.5, 4.0 Hz, 1H), 1.67~1.51
(m, 2H), 1.40 (s, 3H), 1.24 (d, J=7.0 Hz, 3H); °C NMR
(126 MHz, CDCly) 6: 203.17, 177.14, 159.36, 141.29,
82.05, 77.25, 77.00, 76.74, 68.08, 66.19, 49.93, 41.18,
40.62, 33.33, 25.50, 24.32, 12.46, 9.09; HRMS (ESI) calcd
for CysH 004 [M+H]™ 263.1278, found 263.1279. 53¢
BRI 18] %K.

WRIANEEREEGY 15 BARFEBEK. 'H
NMR (500 MHz, CDCL3) 6: 4.83 (d, J=9.0 Hz, 1H), 2.65
(dd, J=73.5, 19.0 Hz, 2H), 2.38~2.25 (m, 2H), 2.05~
2.02 (m, 1H), 2.02 (s, 3H), 1.88~1.81 (m, 1H), 1.69~
1.53 (m, 2H), 1.41 (s, 3H), 1.25 (d, J=7.0 Hz, 3H); HRMS
(ESI) caled for C;H; 40, [M+H]" 263.1278, found
263.1275. 53CHR[18]—3K.

AR P BEPREBR AL AP 18: IRk, RN
91%(LL 17 AJEED. m.p. 132.1~134.6 C; "H NMR (500
MHz, CDCl;) d: 5.39 (d, J=8.5 Hz, 1H), 2.59 (dd, J=
88.5, 19.0 Hz, 2H), 2.39~2.30 (m, 1H), 2.19 (dd, J=15.5,
7.0 Hz, 1H), 2.12~2.05 (m, 1H), 2.05~1.96 (m, 2H), 1.88
(s, 3H), 1.43 (s, 3H), 1.28 (t, J=8.5 Hz, 1H), 1.25 (d, J=
7.0 Hz, 3H); “C NMR (126 MHz, CDCly) 6: 202.41,
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178.44, 160.19, 142.36, 69.24, 67.26, 47.48, 40.01, 39.48,
32.03,29.64, 26.84, 25.55, 13.09, 8.52; HRMS (ESI) calcd
for Cys Hy504 [M+H]" 263.1278, found 263.1273.

3.2.9 A4l K ABESEEIL A4 10 495 A%

FRALAYI 9 (300.2 mg, 1.14 mmol), 10% Pd/C (30
mg), HEREMN(385 mg, 4.6 mmol) T S NI+, A H
iz 30 mL, BiASR, —MeERSIETFRM, 5 h JF,
JERRAL R, Uk R 75 R, RER AR ZE AT [VCR T EE)
V(IR CHE)=3 : 1143 187.4 mg L& 10, F=E )y 62%.
m.p. 125.6~127.1 ‘C; '"H NMR (500 MHz, CDCl;) ¢:
451 (t, J=9.5 Hz, 1H), 2.76~2.65 (m, 1H), 2.50 (ddd,
J=9.5,7.0, 2.0 Hz, 1H), 2.40~2.30 (m, 2H), 2.22~2.29
(m, 1H), 2.16 (dd, J=18.5, 9.0 Hz, 1H), 1.96~1.88 (m,
1H), 1.87~1.79 (m, 2H), 1.71~1.56 (m, 2H), 1.27 (s,
3H), 1.21 (d, J=7.0 Hz, 3H), 1.15 (d, J=7.0Hz, 3H); *C
NMR (126 MHz, CDCLy) d: 219.41, 178.84, 86.97, 73.95,
51.58, 50.15, 48.56, 43.57, 42.90, 41.99, 40.46, 31.98,
25.76, 15.14, 12.90; HRMS (ESI) calcd for CysH,304 [M+
H]" 267.1591, found 267.1592.

3.2.10 &) K ABEH LS 12 495 5%

1b&% 11 (100 mg, 0.37 mmol), DBU (228.9 mg,
1.48 mmol) TR S H, =& F %2 mL, 0 CHSMR
PR FH S A R AU(1.11 mmol, 177.3 pL), =
RN 15 h G, RREIANEAE KT, &R A
W, oKk, WA EhKBER, ToKBIBRBIT1R, W46,
JRAEERT VR HEE) - (IR CEE)=3 1 1115 61.8 mg ik
EY) 11a; 11a (61.8 mg), BIREE, JR{LEE, HEZE) DMF
EER, @ASHRYTF, 120 CHERM 3 h, AH, AR
BN KT (10 mL), 2R ZEEXEL(10 mL X 3),
AHUEK O 1 moleL ™! HCL. HANEr #h/K e, ToKBR
FRANT1, DRIk 4n, AT Z M (VA ) @ (SR
ZHB)=12 1 11183 232 mg 9 123, A@EE, RN
25%. m.p. 116.8~118.7 “C; '"H NMR (500 MHz, CDCl5)
5: 5.82 (d, J=5.5 Hz, 1H), 5.73~5.66 (m, 1H), 4.58 (t,
J=9.5 Hz, 1H), 2.89 (dd, J=9.5, 1.5 Hz, 1H), 2.85~2.76
(m, 1H), 2.27~2.23 (m, 1H), 2.04 (dd, J=9.5, 2.5 Hz,
1H), 1.96 (dt, J=14.5, 3.0 Hz, 1H), 1.82~1.77 (m, 1H),
1.71~1.65 (m, 2H), 1.55 (dd, J=14.0, 5.5 Hz, 2H), 1.25
(s, 3H), 1.22 (d, J=7.0 Hz, 3H), 1.18 (d, J=7.0 Hz, 3H);
C NMR (126 MHz, CDCls) &: 179.19, 140.09, 128.53,
87.57, 74.78, 57.63, 54.30, 50.46, 46.71, 42.12, 41.87,
31.83, 26.16, 21.17, 13.05; HRMS (ESI) caled for
CisHp305 [M+H]" 251.1642, found 251.1645.

3211 IR ABEMHEEIL -S4 13 696 A%
&4 9 (200 mg, 0.76 mmol), 10% Pd/BaSO, (100
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mg), MEMK(10 mg) T RBJEH, A ZEE S mL, B
R, —MrERSIE TR, 16 h 5, JEEARE, 7%
b OB, RERAEEMTVCAME) @ (LR LB =9 1 1]
135 45.4 mg BEIKANERIGEREL G 13, AEREE, =
FN 40%. mp 129.5~132.8 ‘C; '"H NMR (500 MHz,
CDCly) d: 5.01 (d, J=10.0 Hz, 1H), 2.98 (s, 1H), 2.45 (d,
J=5.0 Hz, 2H), 2.30~2.24 (m, 1H), 2.03~1.93 (m, 3H),
1.89 (d, J=15.0 Hz, 1H), 1.82 (s, 3H), 1.78~1.59 (m,
2H), 1.30 (s, 3H), 1.20 (d, J=5.0 Hz, 3H); *C NMR (126
MHz, CDCly) d: 207.64, 177.63, 164.37, 140.79, 82.67,
73.03, 49.48, 48.64, 43.53, 41.50, 38.14, 31.07, 25.72,
12.53, 9.47, HRMS (ESI) calcd for CisH,04 [M—i—H]+
265.1434, found 265.1433.
3.2.12 AR A BSERIL A4 19 495 n%,

1A% 16 (304.1 mg, 0.99 mmol), 10% Pd/C (30 mg)
FRONIEF, TN ZEEG30 mL), B, —MrdEk
SIETFRM, 5.5 h J5, JERRALER, WA OB, fERE
FEEMTVCAMEE) @ V(LB 4H8)=6 © 1113 183.6 mg &
BIAANEEER LAY 19, AEREE, 2% 60%. mp.
1442~145.1 ‘C; 'H NMR (500 MHz, CDCl;) §: 2.82~
2.77 (m, 1H), 2.47 (d, J=5.0 Hz, 2H), 2.41 (dt, J=13.5,
7.0 Hz, 1H), 2.30 (dd, J=19.0, 8.5 Hz, 1H), 2.22 (dd,
J=15.0, 5.0 Hz, 1H), 2.05 (s, 3H), 2.03~1.97 (m, 1H),
1.81~1.75 (m, 1H), 1.71~1.61 (m, 1H), 1.49 (s, 3H),
1.33 (t, J=17.5 Hz, 2H), 1.27~1.19 (m, 1H), 1.09 (d, J=
7.0 Hz, 3H), 0.98 (d, J=6.5 Hz, 3H); *C NMR (126 MHz,
CDCly) ¢6: 217.69, 181.27, 170.42, 85.22, 50.58, 47.42,
45.88, 43.85, 38.81, 37.15, 28.42, 26.94, 26.55, 25.15,
22.12, 12.58, 9.30; HRMS (ESI) calcd for C,7H,505 [M+
H]" 309.1697, found 309.1668.
3.3 YHAAESIEMSKLE

FERR IR E AR B R T AU 5 5535 il
AR, BOEAE K0, 51k %, BLsx 10t 4y
mL (% RN T 96 ALEG TR, 4541 100 uL. 1555 24
hJa, EASFEZGY0A 1, 10, 100 pmolsL ™" 94 5 Ab 1 fifyga 2
M. Z5%1EH 48 h J5, Wk BiE, BSLIIA 100 pL
MTT (1 mg/mL), 4k4:857% 4 h, FF LiE, ®FLIIA 100
uL DMSO, #RARS], HBEFRXAE 570 nm A0 e %
FEAR. 012 (%) = O6f HEZH RO FE A — 45 25 A WROR FE
1B/ R ZE R 6 B A — 25 1 O BE1E) X 100%. K

Chin. J. Org. Chem. 2015, 35, 2142~2149

© 2015 Chinese Chemical Society & SIOC, CAS

ICs T A (Hh B 2R K2 3R H 2 AR P (IC s).

i Bh#1 KL (Supporting Information) ¥4 4 4%t J%
JT R P LI kA ORE AT A A B A T I 35 (hittp://sioc-
journal.cn/) | N %K.

References

[11 Wu, L. J. Textbook of Medicinal Chemistry of Natural Products,
People’s Medical Publishing House, Beijing, 2007, pp. 227~232
(in Chinese).
(RALFE, RABHLFHM, NREA MM, 65T, 2007, pp.
227~232.)
[2] Saxena, V.K.; Mondal, S. K. Phytochemistry 1994, 35, 1080.
[3] Qian, M. K.; Zhu, D. Y. Pharm. Bull. 1979, 17,277 (in Chinese ).
(B, RKot, #5iR, 1979, 17,277.)
[4] Bruno, M.; Rosselli, S.; Maggio, A.; Raccuglia, R. A.; Bastow, K.
F.; Lee, K. H. J. Nat. Prod. 2005, 68, 1042.
[5] René, C.; Anke, H.; Bianka, S.; Stefan, S.; Alexander, B.; Ralph,
K.; Dieter, S. Pharm. Chem. Life Sci. 2012, 345, 215.
[6] Francisco, A. M.; Alejandro, S.; Azusa, Y.; Rosa, M., V.; Frank, R.
F.; José, M. G. M. J. Nat. Prod. 2012, 75, 1967.
[7] Park, K. H.; Yang, M. S.; Park, M. K.; Kim, S. C.; Yang, C. H,;
Park, S. J.; Lee, J. R. Fitoterapia 2009, 80, 54.
[8] Usuki, T.; Sato, M.; Hara, S.; Yoshimoto, Y.; Kondo, R.; Zimmer-
mann, S.; Kaiser, M.; Brun, R.; Hamburger, M.; Adams, M. Bioorg.
Med. Chem. Lett. 2014, 24, 794.
[91 Zhang, W. H.; Luo, S. J.; Fang, F.; Chen, C. S.; Hu, H. W_; Jia, X.
S.; Zhai, H. B. J. Am. Chem. Soc. 2005, 127, 18.
[10] Li, C.; Dong, T.; Li, Q.; Lei, X. Angew. Chem., Int. Ed. 2014, 53,
12111.
[11] Li, C.; Yu, X. L.; Lei, X. G. Org. Lett. 2010, 12, 4284.
[12] Xia, W.-J.; Sun, L.-D.; Shi, L.; Zhang, S.-Y.; Tu, Y.-Q. Chin. J.
Chem. 2004, 22, 377.
[13] Li, D.R.; Xia, W.J.; Shi, L.; Tu, Y. Q. Synthesis 2003, 41.
[14] Xia, W.J.; Tu, Y. Q.; Li, D. R. Synth. Commun. 2001, 31, 1613.
[15] Xia, D.; Du Y.; Yi, Z.; Song, H.; Qin, Y. Chem.-Eur. J. 2013, 19,
4423,
[16] Bargues, V.; Blay, G.; Cardona, L.; Garcia, B.; Pedro, J. R. Tetra-
hedron 1998, 54, 1845.
[17] Arantes, F. F. P.; Barbosa, L. C. A.; Alvarenga, E. S.; Demuner, A.
J.; Bezerra, D. P.; Ferreira, J. R. O.; Costa-Lotufo, L. V.; Pessoa,
C.; Moraes, M. O. Eur. J. Med. Chem. 2009, 44, 3739.
[18] Andrew, E. G.; Mark, T. E. J. Org. Chem. 1989, 54, 1468.
[19] Peter, M.; Simon, B.; Roland, F. J. Am. Chem. Soc. 1993, 115,
12595.
[20] Blay, G.; Cardona, L.; Garcia, B.; Lahoz, L.; Pedro, J. R. J. Org.
Chem. 2001, 66, 7700.
[21] Makiyi, E. F.; Frade, R. F. M.; Lebl, T.; Jaffray, E. G.; Cobb, S. E.;
Harvey, A. L.; Slawin, A. M. Z.; Hay, R. T.; Westwood, N. J. Eur.
J. Org. Chem. 2009, 5711.
[22] Ando, M.; Akahane, A.; Yamaoka, H.; Takase, K. J. Org. Chem.
1982, 47, 3909.

(Zhao, C.)

http://sioc-journal.cn/ 2149



