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WE R R, RFRCT B MR, 555 FRIHT R & RS B AR 2a~2j, B5KE BT
P4 MRS ML R B, 13 31 5 K e SE e AT £ 9 3a~3), AP MIHIT33N 69.5%~76.5%. K 'H NMR,
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W, HICs 2 N(5.27£0.5), (6.7110.4), (4.68 £0.2)F1(4.57£0.5) pmol/L.
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Synthesis, Antitumor and Anti-inflammatory Activities of
Isolongifolanonyl Pyrazole Derivatives

Rui, Jian“ Yang, Jianlai Huang, Jianfeng® Wang, Jiayu®
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(“ College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037)
(® Key Laboratory of Biomass Energy and Material of Jiangsu Province, Nanjing 210042)
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Abstract A series of new isolongifolanonyl pyrazole derivatives 3a~3j were synthesized by aldol-condensation, cyclization
and dehydroaromatization from isolongifolanone. The yields of products ranged from 69.5% to 76.5%. The chemical structures
of compounds obtained were elucidated by '"H NMR, *C NMR, IR, MS spectra and elemental analysis. The strucure of com-
pound 3i was determined by X-ray single crystal diffraction. Their inhibitory activities against human hepatoma cell (HepG2)
and human umbilical vein endothelial cell (HUVECSs) were evaluated. The results indicated that compounds 3h and 3i [ICso=
(15.4240.6), (4.7410.3) umol/L] showed obvious inhibitory activity against HUVECs. Compounds 3a, 3¢, 3e and 3j [ICsy=
(5.27£0.5), (6.71%£0.4), (4.68%£0.2), (4.57%0.5)] pmol/L showed better antitumor activity against HepG2.
Keywords isolongifolanone; 7-arylidene-isolongifolanone; pyrazole derivatives; anti-inflammatory activity; antitumor activ-
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Fw, AR TR 80%LA E. FATH I B
o 2 — K — R IR A A, Ko
T BT R AR N g A% . Bk
ORHEE H RTIEMESAT A O TUIR . BLR B2
WA, BT 7T A B e AT A 0 m] AR R 1
AR, T X3 R ) SR IE HEAT s, IR B BUIR . P
RIIFCRPO2, Dinges Z5P R 1,4- & HFF[1,2-c]A
MR T {1 Sy — 23 A I 1A 7 AR A TR 32 A4 (K DR ) 8 Bt 411
FIF. AT IR EE EYE KR A R K
fifl, A SCRFTE S MPHEN %, B ledt,
WRIR SN B[] — AT, Wik T — R ELR K
- SERHE SRR A4 3a~3j, &% 2R W, Scheme 1.

ArCHO (1) NoHg-H20
—_— _— >
Catalyst (2) DDQ
|

Ny—Ar
0 0 Ar

N—NH
1 2a~ 2j 3a~3j

Ar = 4-CICgH,4 (a), 4-BrCgH, (b), 4-FCgH,4 (c), 4-CH3CgH4 (d),
4-CH3;0CgH, (e), CgHs (f), 4-O,NCgH4 (g), 3-Oo,NCgH4 (h),
4-(CH3)oNCgHy (i), 2,4-ClyCeH3 ()

BR1 HisEEWRE

Scheme 1 Synthesis of target compounds

1 ZER5VE
1.1 RIS

G AMA 2a~2j )R BCHZ SRR & IO,
75 B E R IR X R AR G S S AT ) ME SRR RS
IRK; R EA PRI F, Cl, Br, NOy)HY,
SRR B 5 AT, RO [A)4; T 24 R 3R FAA it
HLFHURIE(IN CHs, OCH:)E, SEAZ N s I AF X 5 2
HEAT, N B )t B K

LR EFEY) 3a~3) WS, B PREmEH
B L RIR KA, B 1k BRI S5 M4 OB RR
BN T KMnO,. H,0, g—%?\{%%ﬂﬁﬁg, Pl 23-—
FA-5,6- “FHAKBRDDQEAMA, HET &, Al
Wb,
1.2 LEMISRAE

SSHAL G 'TH NMR 3l &3, Ak 2a~2j
1E 6 7.32~7.53 Z A1) % EE UG 75 7 R B 1 S IR AU A5
5, RTS8 Pk 2a~2j &4 4.
WA B E TS AL N G, B o, f-ANH RN BG4k 2 AT 55
FPEE R EIR, BRI MR - NH R 5 57 O
12.40 iz, miHZ&—A%e. 76 BC NMR H, i fk
2a~2j FERIETRK A EALRE HILAE 6 202.00 245, 1 H
PRr=) 3a~3j SERHRCHRIERK, WOE AT B TE TR RS
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5. HERMEEY) 3a~3j ML AMGE, Fra s ar 3t 2%
AR A, 7E 3400~3200 cm " BT X 4 EL N—
H 8 (1 4 4R 3 i Ig; 3035~3180 em™ ' 2 7] H B % 3
C—H WZEIRBN IR AE R IS 2836~2971 ecm ' 2Z [
FEE R C—H B4R IR I, 75 1439~
1598 em ™' X I R A 4L A 4R s IS, 7 815~
855 cm ' DX sk (R UL 0 Sy e A BOAR R B B
C—H AN IRES); 694, 768 cm ' NEABUA A E
C—H W AN iR, 723, 803 em™ ' NIAIL: BRI
W C—H WIS HiRS; 809, 867 em ™' A 1,2,4 i =
HARZRIR | C—H T AN # iR zh. S v DUE 1,
H Ao T3 IEH 10 7R 10, 1B IeR i EdE
O E S5 EE WSS R, AR ZEEALE
0.4% 5Bl A . 8 SCERIRE™Y, nthmen B 1-A S HUAR
BB, ZBRUAEMZ MRS RIS, ik
R IT R, A& 31 di iR N IEAS f &R, 25 (B P21212
(B ).

B1 & 3i My raimE

Figure 1 Molecular structure of compound 3i

1.3 HWEYRIME. mREN

X 10 AN A I Jor FE I AN A P53 AT N
ik P9 5z 248 Bl (HUVECS) [ 47T 28 355 14 k-5 N 4 JFF 9 48 g
(HepG2)MHima g e, HymtEas RN 1.

1 "7, A 3a~3j X HUVECs fIHt 4
WA T, kA 3h 5 3j X HUVECs 40 B A 80
HIPL RGN, FE ICso [H5 72H(15.4240.6)F1(4.74+0.3)
umoleL ™", JEHEAY 3i, HPt 25 MAE 5 %t 8 245
A DCMRAREZE, AT DME A —MEE P R 25T IR N
WAL, @I R R ORI, B R R A A Rt
HUVECs HABUF TR IEE, RSP0 A0S 2%
REZE. X HUVECs Mg vEmits, ey
3a, 3¢, 3e, 3j X HepG2 E A B MRS 8 i vk
[ICso=(5.27%0.5), (6.71+0.4), (4.68+0.2), (4.57+0.5)
umoleL ']. tb&4 3a, 3b, 3¢, 3j I T H KR E R, H
X HepG2 ¥ A MIfIEM. SWEY AL, WHKERE
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#1 A& 3a~3j % HUVECs 5T 235 1 5 HepG2 470
RC e

Tablel Antitumor and anti-inflammatory activities of com-
pounds 3a~3j against HepG2 and HUVECs

ICso”/(umoleL ")

X
i R HepG2 HUVECs
3a 4-CIC¢H,4 527405 >120
3b 4-BrCgH, 88.51+0.9  >120
3¢ 4-FCgH, 6.714+0.4 >120
3d 3-CH;Cg¢H, >120 >120
3e 4-CH;0CgH, 4.684+0.2 >120
3f CHs >120 >120
3g 4-0,NCgH, >120 84.12+0.9
3h 3-0,NCgH, >120 15.4240.6
3i 4-(CH3),NC4H, >120 474403
3j 2,4-CLL,C¢H;, 457405 >120
Ay =] T Ak ND 51402
WA 3.54+0.2 ND

ND: EABATIN. b 4UMFE S H B AW s R e P4 7% 24 h.
bR BRI 3 AEATRE, H. ICse EAYS H 120 pmol/L LA F 1.
ReHIEVF & XT HepG2 EHIHIVEH A E e, hh
) 3a, 3¢, 3e, 3j 1 LMAE NI LE I HTMIR 25031 T IR AN T
FC, NAKPUIIR 25 AT R B A — 5 1 S 3G A 4R

2 g

DL GE B N R T A R T 10 AT K
PR 2R L A9 3a~3j, K "HNMR, “C NMR, IR,
MS, X-ray FIIGER 7556 FBERIETR L&V 4514,
FMAR T 1 &Y% HUVECs (94 1% 5 HepG2 HIPT
JibRg s . 5 R, LAY 3h, 3i X HUVECs %14
SN B 3 R EIE R, LS RE I 2GR =] DS AR B 4
TETERGEE. &Y 3a, 3¢, 3e, 3j X HepG2 EL AT & 14
AhUIRE S, AT DR I TE R B R 25 gk A T IR AN E

Z3

Jt.

3 X
3.1 UEFE5HF

2£[E Thermo Electron Corporation Nicolet 380 FT-IR
LLAMETEA; 5 Bruker AV 300/500/600 MHz # 1 3%
PRAU(TMS NHFR, CDCls-ds B, DMSO i), [
Agilent 7890A UM 1354, 3% [H Agilent 5975C FHEAX;
e ZR I X-6 TAUE s E R ETHRERIE), 1
Elementar Vario EL cube JGLZ& 70 HT1X.

SR I AR R R B B R AR A
"], 4ifE 80%; HARRFII AT E/HTal, AAH HE:
.

YA AT 9 41 (HepG2) AN It & Fik P9 52 441
HL(HUVECs)¥) B g Aol K 24 4k 2 TR 2R B f 44t
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32 ZLWHE
3.2.1 R4 2a~2j 89 # &

¥ 8 mmol FKMEERA. 30 mL T EE. 10 mmol
K HEEFT 2~10 mmol AU T BEA K JOMN LA B HE2%
TELEE VAR AR 50 mL = RIS, ks,
[T R AN, 2 K B A 2R I8 95% L E(GC
FREZAS ). B R QB RERL, 2R 3K vk
i, Jo/K Na,SO, T4 b 38 ik 46 515 2L 1, 7
Z LI L R R R AR 2a~2j.

T-(4- G R 3) S K e (2a): 755 93.5%. 3
AR A, mp. 1584~159.1 C; '"H NMR (CDCl;,
600 MHz) 0: 0.85 (s, 3H), 0.87 (s, 3H), 1.06 (s, 3H),
1.08~1.13 (m, 1H), 1.24 (s, 3H), 1.31~1.32 (m, 1H),
1.49~1.55 (m, 1H), 1.63~1.68 (m, 1H), 1.78~1.81 (m,
2H), 1.83~1.87 (m, 1H), 1.99 (d, J=2.0 Hz, 1H), 2.55~
2.58 (m, 1H), 2.81~2.84 (m, 1H), 7.37 (d, J=8.6 Hz,
2H), 7.41 (d, J=8.6 Hz, 2H), 7.47(s, 1H); “C NMR
(CDClLs, 150 MHz) §: 24.13, 24.67, 25.53, 25.72, 28.36,
30.28, 31.73, 37.62, 41.65, 44.83, 48.08, 55.54, 62.95,
128.65, 131.79, 134.36, 134.48, 135.19, 135.83, 202.61; IR
(KBr) v: 2950, 2895, 2869, 1670, 1595, 1487, 1464, 825
cm ' MS (70 eV) m/z (%): 342 (M", 90), 327 (23), 299
(100). Anal. calcd for C»,H,;ClO: C 77.06, H 7.94; found
C77.12,H7.97.

T-(4-RRE IR K e (2b): 435 91.8%. 3
AR B A, mop. 129.7~1302 C; '"H NMR (CDCl;,
600 MHz) d: 0.85 (s, 3H), 0.87 (s, 3H), 1.08 (s, 3H),
1.09~1.13 (m, 1H), 1.24 (s, 3H), 1.31 (d, J=10.3 Hz,
1H), 1.49~1.55 (m, 1H), 1.63~1.68 (m, 1H), 1.78~1.80
(m, 2H), 1.82~1.87 (m, 1H), 1.99 (d, J=1.8 Hz, 1H),
2.54~2.57 (m, 1H), 2.79~2.82 (m, 1H), 7.33 (d, J=8.4
Hz, 2H), 7.44 (s, 1H), 7.52 (d, J=8.4 Hz, 2H); *C NMR
(CDCls, 150 MHz) : 24.13, 24.68, 25.54, 25.72, 28.36,
30.29, 31.73, 37.62, 41.64, 44.84, 48.08, 55.54, 62.95,
122.82, 131.61, 131.85, 132.01, 132.20, 134.80, 135.23,
135.97, 202.56; IR (KBr) v: 2947, 2895, 2871, 1670, 1598,
1483, 1464, 816 cm ™ '; MS (70 €V) m/z (%): 387 (M, 42),
372(5), 345(100). Anal. calcd for C,,H,,BrO: C 68.22, H
7.03; found C 68.15, H 7.11.

T-(4'- AR ) S BE R (2¢): 132 92.4%. FL
H AR A, mp. 139.7~140.3 °C; '"H NMR (CDCl;,
500 MHz) &: 0.85 (s, 3H), 0.87 (s, 3H), 1.07 (s, 3H),
1.10~1.13 (m, 1H), 1.24 (s, 3H), 1.31 (d, J=10.0 Hz,
1H), 1.48~1.55 (m, 1H), 1.63~1.68 (m, 1H), 1.78~1.81
(m, 2H), 1.83~1.87 (m, 1H), 1.99 (d, J=1.9 Hz, 1H),
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2.56~2.59 (m, 1H), 2.81~2.84 (m, 1H), 7.08 (t, Jy—r=
9.1 Hz, 2H), 7.47 (dd, Jy—¢=38.7, Jy—y=6.1Hz, 2H); 7.49
(s, 1H); "C NMR (CDCls;, 125 MHz) d: 24.05, 24.62,
25.46, 25.66, 28.26, 30.26, 31.65, 37.56, 41.56, 44.74,
48.08, 55.52, 62.93, 115.42 (d, Jo—r=10.6 Hz, 1C), 132.09
(d, Jo—p=3.7 Hz, 1C), 132.37 (d, Jo—=8.6 Hz, 1C),
135.00 (d, Jo—p=2.2 Hz, 1C), 135.29 (d, J—r=3.3 Hz,
1C), 162.56 (d, Jo—r=248.7 Hz, 1C), 202.39; IR (KBr) v:
2954, 2923, 2891, 2872, 1669, 1597, 1505, 1463, 833
cm '; MS (70 eV) m/z (%): 326 (M", 84), 311 (23), 283
(100). Anal. calcd for C,H»7FO: C 80.94, H 8.34; found C
81.05, H8.21.

7-(4'- R 2R ) K Be i (2d): 133 92.3%.
W O AIRE K, mp. 1204~1212 C; 'H NMR
(CDCls, 600 MHz) d: 0.85 (s, 3H), 0.88 (s, 3H), 1.06 (s,
3H), 1.09~1.13 (m, 1H), 1.24 (s, 3H), 1.30 (d, J=9.9 Hz,
1H), 1.48~1.54 (m, 1H), 1.63~1.65 (m, 1H), 1.77 (d, J=
4.1 Hz, 1H), 1.80~1.87 (m, 2H), 1.98 (d, J=1.9 Hz, 1H),
2.38 (s, 3H, Ar-CH3), 2.61~2.64 (m, 1H), 2.83~2.87 (m,
1H), 7.21 (d, J=8.0 Hz, 2H), 7.40 (d, J=8.0 Hz, 2H), 7.50
(s, 1H); *C NMR (CDCls, 150 MHz) &: 21.44, 24.13,
24.70, 25.51, 25.75, 28.40, 30.27, 31.69, 37.60, 41.81,
44.76, 48.11, 55.57, 62.96, 129.17, 130.74, 133.14, 134.58,
136.64, 138.86, 202.89; IR (KBr) v: 2953, 2895, 2872,
1669, 1591, 1508, 1466, 816 cm™'; MS (70 eV) m/z (%):
322 (M", 59), 307 (100), 279 (37). Anal. caled for
C,3H300: C 85.66, H 9.38; found C 85.79, H 9.41.

7-(4- FA B R T 2 ) K B (2e): 33
86.8%. FOHUIRGA, mp. 112.4~113.1 'C; 'H NMR
(CDCls, 600 MHz) d: 0.86 (s, 3H), 0.87 (s, 3H), 1.07 (s,
3H), 1.09~1.13 (m, 1H), 1.24 (s, 3H), 1.30 (d, J=9.9 Hz,
1H), 1.48~1.54 (m, 1H), 1.63~1.68 (m, 1H), 1.77 (d, J=
4.0 Hz, 1H), 1.80~1.86 (m, 2H), 1.98 (d, J=1.5 Hz, 1H),
2.60~2.63 (m, 1H), 2.83~2.86 (m, 1H), 3.85 (s, 3H,
Ar-OCHa), 6.93 (d, J=8.7 Hz, 2H), 7.47 (s, 1H), 7.48~
7.49 (m, 2H); *C NMR (CDCl;, 150 MHz) d: 24.17,
24.71, 25.49, 25.78, 28.41, 30.24, 31.66, 37.58, 41.94,
44.71, 48.10, 55.32, 55.53, 62.91, 113.91, 128.64, 132.53,
133.29, 136.36, 159.93, 202.78; IR (KBr) v: 2952, 2895,
2872, 1662, 1586, 1510, 1463, 1252, 1050, 829 cm '; MS
(70 eV) m/z (%): 338 (M, 100), 323 (21), 295 (31). Anal.
caled for Cy3H;300,: C 81.61, H 8.93; found C 81.82, H
9.07.

7-R R KR (2): 135 88.1%. WO
ARE A, m.p. 94.1~95.0 “C; "H NMR (CDCls, 600 MHz)

2186 http://sioc-journal.cn/
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5: 0.86 (s, 3H), 0.88 (s, 3H), 1.06(s, 3H), 1.09~1.13 (m,
1H), 1.24 (s, 3H), 1.31 (d, J=9.9 Hz, 1H), 1.48~1.55 (m,
1H), 1.63~1.67 (m, 1H), 1.78 (d, J=4.2 Hz, 1H), 1.80~
1.87 (m, 2H), 1.99 (d, J=1.9 Hz, 1H), 2.61~2.64 (m,
1H), 2.85~2.88 (m, 1H), 7.32~7.35 (m, 1H), 7.39~7.42
(m, 2H), 7.49 (s, J=7.5 Hz, 2H), 7.53 (s, 1H); *C NMR
(CDCLs, 150 MHz) §: 24.12, 24.69, 25.52, 25.73, 28.38,
30.29, 31.71, 37.62, 41.68, 44.80, 48.10, 55.59, 62.98,
128.40, 128.59, 130.63, 135.39, 135.95, 136.58, 202.82; IR
(KBr) v: 2955, 2895, 2873, 1668, 1591, 1463, 1444, 755,
692 cm™'; MS (70 eV) m/z (%): 308 (M, 100), 293 (17),
265 (64). Anal. calcd for Cp,H,30: C 85.66, H 9.15; found
C 85.39, H9.21.

7-(4'-fiFf R0 R ) S K el (2g): 73 85.4%.
FOAIREE, mp. 177.4~178.0 °C; '"H NMR (CDCl;,
600 MHz) d: 0.86 (s, 3H), 0.89 (s, 3H), 1.07(s, 3H), 1.10~
1.15 (m, 1H), 1.25 (s, 3H), 1.33~1.35 (m, 1H), 1.51~
1.57 (m, 1H), 1.65~1.70 (m, 1H), 1.80~1.81 (m, 2H),
1.84~1.89 (m, 1H), 2.02 (d, J=1.98 Hz, 1H), 2.55~2.58
(m, 1H), 2.85~2.89 (m, 1H), 7.53 (s, 1H), 7.60 (d, J=8.7
Hz, 2H), 8.25 (d, J=8.8 Hz, 2H); *C NMR (CDCl;, 150
MHz) §: 24.16, 24.64, 25.58, 25.68, 28.31, 30.33, 31.82,
37.67, 41.60, 44.99, 48.08, 55.55, 63.00, 123.61, 130.93,
133.76, 138.65, 142.46, 147.12, 202.24; IR (KBr) v: 2965,
2923, 2875, 1672, 1601, 1518, 1466, 1345, 851 cm™'; MS
(70 eV) m/z (%): 353 (M", 49), 338 (17), 310 (100). Anal.
caled for C5,H7NO;5: C 74.76, H 7.70, N 3.96; found C
74.72,H7.91,N 3.91.

7-(3"- A 2 2R ) e K - BE A (2h): 53 83.9%.
w PR K, mp. 87.3~87.6 ‘C; 'H NMR (CDCl;,
600 MHz) o: 0.86 (s, 3H), 0.89 (s, 3H), 1.08 (s, 3H),
1.10~1.15 (m, 1H), 1.26 (s, 3H), 1.34~1.36 (m, 1H),
1.51~1.57 (m, 1H), 1.65~1.70 (m, 1H), 1.81~1.83 (m,
2H), 1.84~1.88 (m, 1H), 2.02 (d, J=1.7 Hz, 1H), 2.55~
2.58 (m, 1H), 2.88~2.92 (m, 1H), 7.53 (s, 1H), 7.57~
7.60 (m, 1H), 7.75 (d, J=7.7 Hz, 1H), 8.19 (d, J=8.2 Hz,
1H), 8.32 (s, 1H); *C NMR (CDCl;, 150 MHz) &: 24.16,
24.65, 25.55, 25.67, 28.32, 30.32, 31.80, 37.68, 41.41,
44.96, 48.07, 55.55, 62.97, 123.02, 124.54, 129.42, 133.63,
136.27, 137.54, 137.86, 148.24, 202.23; IR (KBr) v: 2962,
2895, 2871, 1669, 1600, 1528, 1464, 1348, 825, 720 cm ™ ;
MS (70 eV) m/z (%): 353 (M, 47), 338 (17), 310 (100).
Anal. calcd for C5,H,;NO5: C 74.76, H 7.70, N 3.96; found
C 74.86, H7.58, N 4.01.

T-(4- R IR O ) S K R B (21): £ R
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90.4%. FEEFPRGEE, mp. 119.5~1202 C; 'H NMR
(CDCls, 600 MHz) 6: 0.86 (s, 3H), 0.87 (s, 3H), 1.07 (s,
3H), 1.09~1.12 (m, 1H), 1.24 (s, 3H), 1.28~1.30 (m,
1H), 1.47~1.53 (m, 1H), 1.62~1.67 (m, 1H), 1.75~1.76
(m, 1H), 1.79~1.86 (m, 2H), 1.96 (d, J=1.9 Hz, 1H),
2.63 (d, J=16.7 Hz, 1H), 2.83~2.86 (m, 1H), 3.03 (s, 6H,
Ar-N(CHs),), 6.74 (s, 2H), 7.46~7.49 (m, 3H); "C NMR
(CDCls, 150 MHz) 0: 24.22, 24.75, 25.49, 25.84, 28.47,
30.23, 31.63, 37.55, 40.17, 42.29, 44.62, 48.13, 55.52,
62.86, 111.65, 123.92, 130.94, 132.79, 137.33, 150.42,
202.63; IR (KBr) v: 2960, 2923, 2891, 2872, 1656, 1606,
1565, 1522, 1466, 1440, 822 cm™'; MS (70 eV) m/z (%):
351 (M", 100), 336 (5), 282 (10). Anal. caled for
Co4H33NO: C 82.00, H 9.46, N 3.98; found C 80.97, H
9.52, N 3.82.

7-(2'4- SR L) S K e i (25): 4926 86.7%.
WEAHOIR &, mp. 127.7~128.1 C; 'H NMR
(CDCls, 600 MHz) 6: 0.77 (s, 3H), 0.85 (s, 3H), 0.96 (s,
3H), 1.08~1.11 (m, 1H), 1.18 (s, 3H), 1.25 (d, J=9.9 Hz,
1H), 1.45~1.51 (m, 1H), 1.57~1.63 (m, 1H), 1.75~1.79
(m, 2H), 1.82 (d, J=10.0 Hz, 1H), 1.92 (s, 1H), 2.32 (d,
J=16.7 Hz, 1H), 2.75~2.79 (m, 1H), 7.42 (s, 1H), 7.47~
7.49 (m, 1H), 7.53 (d, J=8.4 Hz, 1H), 7.68 (s, 1H); "*C
NMR (CDCls, 150 MHz) d: 24.65, 25.60, 25.66, 28.34,
30.45, 31.92, 37.69, 40.78, 44.87, 48.16, 55.70, 63.12,
126.71, 129.61, 130.99, 132.45, 133.03, 134.52, 135.74,
137.72, 202.26; IR (KBr) v: 2960, 2895, 2871, 1672, 1600,
1466, 867, 818 cm ™ '; MS (70 eV) m/z (%): 377 (M", 2),
362 (1), 341 (100). Anal. caled for Cp,H»C1,0: C 70.03, H
6.95; found C 70.17, H 7.14.

322 HARMLAH 3a~3j d9H &

FE B VB, AR VINN 12 mmol T [il44 2a~2j.
72 mmol 7K & HH80%). 80 mL Jo/K 8%, fEH i FE R
TR, FIFRN 10 h, BEE# R B RAH 2=,
BN 20 mL 5, T e 28 bR 25 O B AR R TR At
HIK A, ARG TR 70 mL T4 5 ) 1,4- 5N
R, 13.2 mmol 2,3- " 5-5,6- ~F X HEEL(DDQ), [Hl¥i %
N 6~8 h; SRFAREEER, MRBEF A 30 mL
20% KOH /KA~ 80 mL & F ke, =dEAF: 0.5h,
M =& WA, SIFAPAHAEE KRR &
TOKBREREN 05 b8, W48 515 2RI =4, KA
FERR S HE AL [ VCA ) - LR CBR)=3 1], &
fig B 25 &, 133 B AR &4 3a~3j.

3-(4'-F 7K 3E)-5,5,9,9-V0 1 %:-2,4,5,6,7,8,9,9a- )\
A-5a,8- 0 H FLHF 2K 05| 1 (Ba): 195 70.3%. Fp kiR
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B4, m.p. 239.8~240.2 C; 'H NMR (DMSO-ds, 500
MHz) §: 0.66 (s, 3H), 0.75 (s, 3H), 1.05 (s, 3H), 1.13~
1.15 (m, 1H), 1.20 (d, J=9.7 Hz, 1H), 1.26 (s, 3H), 1.44~
1.48 (m, 1H), 1.57 (d, J=9.6 Hz, 1H), 1.67~1.71 (m,
2H), 1.80~1.84 (m, 1H), 2.23 (s, 1H), 2.31 (d, J=15.2
Hz, 1H), 2.63 (d, J=15.1 Hz, 1H), 7.45 (d, J=7.6 Hz,
2H), 7.66 (d, J=6.5 Hz, 2H), 12.47 (brs, 1H, NH); "*C
NMR (CDCl;, 75 MHz) &: 23.46, 25.31, 25.99, 27.20,
28.29, 29.53, 34.20, 35.93, 36.71, 42.09, 48.31, 50.64,
56.46, 112.04, 128.13, 128.59, 132.05, 132.99; IR (KBr) v:
3216, 2971, 2873, 1491, 1455, 828 cm™'; MS (70 eV) m/z
(%): 354 (M", 97), 339 (15), 271 (100). Anal. calcd for
Cy,H,,CIN,: C 74.45, H 7.67, N 7.89; found C 74.57, H
7.74,N 8.00.

3-(4-B 2 HE)-5,5,9,9-I0 H 3E-2,4,5,6,7,8,9,9a- )\ &
-5,8-T0 FHIEMFZE LG (3b): 155 71.2%. H R E
&, m.p. 249.7~250.3 C; '"H NMR (DMSO-ds, 500
MHz) §: 0.65 (s, 3H), 0.75 (s, 3H), 1.05 (s, 3H), 1.13~
1.15 (m, 1H), 1.20 (d, J=9.7 Hz, 1H), 1.25 (s, 3H), 1.44~
1.48 (m, 1H), 1.57 (d, J=9.6 Hz, 1H), 1.67~1.70 (m,
2H), 1.80~1.84 (m, 1H), 2.23 (s, 1H), 2.31 (d, J=15.2
Hz, 1H), 2.62 (d, J=15.2 Hz, 1H), 7.59 (s, 4H), 12.48 (brs,
1H, NH); “C NMR (CDCl;, 75 MHz) ¢: 23.46, 25.31,
25.99, 27.18, 28.26, 29.52, 34.20, 35.92, 36.71, 42.08,
48.30, 50.61, 56.45, 112.06, 121.15, 128.45, 131.53,
132.48; IR (KBr) v: 3200, 2964, 2874, 1485, 1462, 827
em 'y MS (70 eV) m/z (%): 398 (M", 100), 383 (13),
317(93). Anal. calcd for C,,H,,BrN,: C 66.16, H 6.81, N
7.01; found C 66.02, H 6.95, N 6.83.

3-(4'"- A HE)-5,5,9,9-PU 1 HE-2.4,5,6,7,8,9,9a- )\
-50,8- T FEERF A IR 3e): /35 71.8%. H MR
[l 4K, m.p. 260.7~261.3 C; 'H NMR (DMSO-ds, 500
MHz) J: 0.66 (s, 3H), 0.75 (s, 3H), 1.04 (s, 3H), 1.15 (s,
1H), 1.20 (d, J=9.4 Hz, 1H), 1.25 (s, 3H), 1.44~1.48 (m,
1H), 1.57 (d, J=9.3 Hz, 1H), 1.67~1.69 (m, 2H), 1.80~
1.82 (m, 1H), 2.23 (s, 1H), 2.30 (d, J=15.1 Hz, 1H), 2.62
(d, J=15.0 Hz, 1H), 7.06 (t, Ju—r=9.0 Hz, 2H), 7.66 (t,
Ju-r=7.2 Hz, 2H), 12.40 (brs, 1H, NH); *C NMR
(CDCls, 125 MHz) §: 23.45, 25.31, 26.00, 27.13, 28.11,
29.56, 34.21, 35.96, 36.71, 42.10, 48.33, 50.69, 56.47,
111.73, 115.28 (d, Ju—r=21.6 Hz, 1C), 128.57 (d, Jy—=
8.7 Hz, 1C), 162.16 (d, Jor=244.8 Hz, 1C); IR (KBr) v:
3223, 2968, 2874, 1505, 1461, 1367, 1232, 835 cm ™ '; MS
(70 eV) m/z (%): 338 (M*, 100), 323 (17), 255 (99). Anal.
calcd for C,,H,,FN,: C 78.07, H 8.04, N 8.28; found C
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78.08, H 8.12, N 8.27.

5,5,9,9-PU F -3 H K 8k -2,4,5,6,7,8,9,9a- )\
H-5a,8-F F AR IEM L (3d): % 69.5%. V% FEH
IR E 44, mp. 220.4~221.0 C; "H NMR (DMSO-d;, 500
MHz) §: 0.65 (s, 3H), 0.75 (s, 3H), 1.04 (s, 3H), 1.15 (s,
1H), 1.20 (d, J=9.8 Hz, 1H), 1.25 (s, 3H), 1.44~1.48 (m,
1H), 1.58 (d, J=9.5 Hz, 1H), 1.67~1.70 (m, 2H), 1.80~
1.84 (m, 1H), 2.22 (s, 1H), 2.28~2.32 (m, 4H), 2.62 (d,
J=15.2 Hz, 1H), 7.21 (d, J=7.0 Hz, 2H), 7.52 (s, 2H),
12.32 (brs, 1H, NH); *C NMR (CDCls, 75 MHz) §: 21.23,
23.48, 25.36, 26.04, 27.21, 28.33, 29.62, 34.13, 35.94,
36.74, 42.14, 48.33, 50.90, 56.46, 111.75, 126.71, 129.17,
136.90; IR (KBr) v: 3241, 2969, 2877, 1504, 1466, 1383,
1360, 1319, 819 cm™'; MS (70 eV) m/z (%): 334 (M",
100), 319 (17), 251 (57). Anal. calcd for CyHzoNy: C
82.59, H 9.04, N 8.37; found C 82.71, H 9.06, N 8.21.

5,5,9,9- VY HH Jk-3-(4'- FHH AA LR KR )-2,4,5,6,7,8,9,9a- /A
H-52,8- 0V AT K IR 2 (Be): 153K 74.6%. 1% A {0k
AR EmAR, mp. 227.6~228.3 “C; '"H NMR (DMSO-d, 500
MHz) d: 0.65 (s, 3H), 0.75 (s, 3H), 1.04 (s, 3H), 1.15 (s,
1H), 1.20 (d, J=9.7 Hz, 1H), 1.24 (s, 3H), 1.43~1.48 (m,
1H), 1.58 (d, J=9.6 Hz, 1H), 1.67~1.69 (m, 2H), 1.80~
1.84 (m, 1H), 2.22 (s, 1H), 2.28 (d, J=15.1 Hz, 1H), 2.60
(d, J=15.0 Hz, 1H), 3.78 (s, 3H, Ar-OCHj3), 6.98 (d, J=
8.1 Hz, 2H), 7.55 (d, J=6.9 Hz, 2H), 12.26 (brs, 1H, NH);
3C NMR (CDCls, 75 MHz) d: 23.50, 25.36, 26.03, 27.22,
28.37, 28.44, 29.63, 34.15, 35.94, 36.75, 42.14, 48.33,
50.91, 55.28, 56.47, 111.43, 113.94, 128.02, 158.92; IR
(KBr) v: 3114, 3061, 3035, 2964, 2922, 2898, 2841, 1616,
1534, 1462, 1248, 1034, 830 cm ™ '; MS (70 eV) m/z (%):
350 (M", 100), 335 (13), 268 (26). Anal. caled for
C,3H3N,0: C 78.82, H 8.63, N 7.99; found C 78.75, H
8.78, N 7.97.

5,5,9,9-D0 I %£-3-2K 3.2 4.5.6,7,8,9,9a- )\ &-5a,8-
AR 2K 1 15| e (36): 3% 70.4%. A B, m.p.
229.5~230.1 ‘C; '"H NMR (DMSO-ds, 500 MHz) : 0.66
(s, 3H), 0.76 (s, 3H), 1.05 (s, 3H), 1.13~1.18 (m, 1H),
1.21 (d, J=9.7 Hz, 1H), 1.25 (s, 3H), 1.44~1.49 (m, 1H),
1.59 (d, J=9.7 Hz, 1H), 1.67~1.70 (m, 2H), 1.80~1.84
(m, 1H), 2.24 (s, 1H), 2.33 (d, J=15.1 Hz, 1H), 2.64 (d,
J=15.1 Hz, 1H), 7.26~7.29 (m, 2H), 7.39~7.42 (m, 2H),
12.39 (brs, 1H, NH); *C NMR (CDCls, 75 MHz) §: 18.38,
23.47, 25.34, 26.02, 27.15, 28.23, 29.59, 34.14, 35.94,
36.72, 42.13, 48.32, 50.81, 56.46, 58.22, 111.95, 126.82,
127.17, 128.44, 133.21; IR (KBr) v: 3217, 3062, 2968,
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2921, 2876, 2836, 1498, 1463, 768, 694 cm™'; MS (70 eV)
mlz (%): 320 (M, 100), 305 (18), 277 (31). Anal. calcd for
CyoHagNy: C 82.45, H 8.81, N 8.74; found C 82.32, H 8.83,
N 8.85.

5,5,9,9-PU H JE-3-(4'-fif FE K 3%)-2,4,5,6,7,8,9,9a- )\
A-5a,8- W H ZMF 4 I F05 e (3g): 15 72.9%. bR
B4, mp. 229.6~230.3 C; 'H NMR (DMSO-ds, 500
MHz) §: 0.67 (s, 3H), 0.75 (s, 3H), 1.07 (s, 3H), 1.14~
1.19 (m, 1H), 1.22 (d, J=9.8 Hz, 1H), 1.27 (s, 3H), 1.44~
1.50 (m, 1H), 1.58 (d, J=9.6 Hz, 1H), 1.68~1.73 (m,
2H), 1.81~1.85 (m, 1H), 2.26 (s, 1H), 2.40 (d, J=15.2
Hz, 1H), 2.70 (d, J=15.2 Hz, 1H), 7.93 (d, J=8.2 Hz,
2H), 8.27 (d, J=8.7 Hz, 2H), 12.77 (brs, 1H, NH); "*C
NMR (CDCl;, 75 MHz) &: 23.48, 25.27, 25.96, 27.20,
28.33, 29.47, 34.28, 36.06, 36.72, 42.10, 48.31, 50.45,
56.46, 113.21, 123.84, 127.23, 140.34, 146.64; IR (KBr) v:
3401, 2963, 2924, 2896, 2873, 1598, 1465, 1518, 1340,
855 cm ' MS (70 eV) m/z (%): 365 (M, 59), 350 (10),
282 (100). Anal. caled for C»,H»7N;0,: C 72.30, H 7.45, N
11.50; found C 72.21, H 7.43, N 11.67.

5,5,9,9-PU H 3E-3-(3- i L % 3)-2,4,5,6,7,8,9,9a- )\
A-5a,8- W I E A A IE5[ L (3h): 5 70.7%. AR
B4, m.p. 250.2~250.6 C; 'H NMR (DMSO-ds, 500
MHz) §: 0.67 (s, 3H), 0.76 (s, 3H), 1.07 (s, 3H), 1.14~
1.19 (m, 1H), 1.22 (d, J=9.7 Hz, 1H), 1.27 (s, 3H), 1.44~
1.50 (m, 1H), 1.59 (d, J=9.6 Hz, 1H), 1.68~1.73 (m,
2H), 1.81~1.85 (m, 1H), 2.26 (s, 1H), 2.38 (d, J=15.1
Hz, 1H), 2.70 (d, J=15.1 Hz, 1H), 7.70~7.73 (m, 1H),
7.72 (d, J=8.0 Hz, 1H), 8.13 (d, J=8.0 Hz, 1H), 8.46 (s,
1H), 12.67 (brs, 1H, NH); *C NMR (CDCls, 75 MHz) J:
23.27, 25.27, 25.96, 27.18, 28.27, 29.47, 34.28, 35.76,
36.73, 42.09, 48.30, 50.46, 56.49, 112.54, 121.63, 121.78,
129.30, 132.72, 135.70, 148.48; IR (KBr) v: 3180, 3119,
3054, 2965, 2880, 1588, 1466, 1534, 1348, 867, 803, 723
em 'y MS (70 eV) m/z (%): 365 (M", 57), 350 (9), 282
(100). Anal. calcd for C,,H,7N30,: C 72.30, H 7.45, N
11.50; found C 72.40, H 7.48 N 11.41.

5,5,9,9-V i BL-3-(47- R HL Ok HE)-2,4.5, 6,7,8,9,
9a- J\ &(-5a,8- . F AT 2R R 051 B (3i): 4328 73.1%. #a(h
HUlRFE A, mp. 198.3~199.1 ‘C; 'H NMR (DMSO-dj,
500 MHz) &: 0.65 (s, 3H), 0.76 (s, 3H), 1.04 (s, 3H),
1.11~1.17 (m, 1H), 1.19 (d, J=9.7 Hz, 1H), 1.24 (s, 3H),
1.42~1.49 (m, 1H), 1.58 (d, J=9.5 Hz, 1H ), 1.66~1.71
(m, 2H), 1.80~1.84 (m, 1H), 2.21 (s, 1H), 2.28 (d, J=
15.1 Hz, 1H), 2.59 (d, J=15.0 Hz, 1H), 2.91 (s, 6H,
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N(CHs),), 6.76 (d, J=8.7 Hz, 2H), 7.45 (d, J=8.3 Hz,
2H), 12.22 (brs, 1H, NH); *C NMR (CDCl;, 75 MHz) ¢:
23.51, 25.37, 26.06, 27.15, 28.30, 28.37, 29.70, 34.09,
35.95, 36.74, 40.50, 42.17, 48.33, 51.06, 56.43, 110.98,
112.45, 127.61, 149.79; IR (KBr) v: 3233, 2962, 2872,
1616, 1538, 1462, 1439, 1357, 815 cm™'; MS (70 eV) m/z
(%): 363 (M, 100), 348 (6), 281 (15). Anal. calcd for
CoH3N3: C 79.29, H 9.15, N 11.56; found C 79.13, H
9.21, N 11.66.

5,5,9,9-VY F AE-3-(2'4'- & K 3E)-2,4,5,6,7,8,9,9a- )\
2-5a,8- 0 H AT 2K 05 (3): 15K 76.5%. HEHUR
gk, m.p. 255.4~255.8 C; '"H NMR (DMSO-d,, 500
MHz) d: 0.64 (s, 3H), 0.77 (s, 3H), 0.98 (s, 3H), 1.12~
1.15 (m, 1H), 1.19 (d, J=9.9 Hz, 1H), 1.26 (s, 3H), 1.43~
1.48 (m, 1H), 1.56 (d, J=9.5 Hz, 1H), 1.65~1.70 (m,
2H), 1.80~1.84 (m, 1H), 1.93 (d, J=15.1 Hz, 1H), 2.25
(s, 1H), 2.42 (d, J=15.1 Hz, 1H), 7.42~7.46 (m, 2H),
7.66 (m, 1H), 12.52 (brs, 1H, NH); *C NMR (CDCls, 75
MHz) d: 23.27, 25.31, 25.89, 27.15, 28.23, 29.56, 34.12,
35.09, 36.72, 42.06, 48.19, 50.85, 56.64, 114.20, 126.81,
129.58, 132.44, 134.18; IR (KBr) v: 3175, 3117, 3053,
2966, 2927, 2875, 1591, 1546, 1464, 1446, 1380, 1364,
1319, 867, 809 cm™'; MS (70 eV) m/z (%): 389 (M", 29),
374 (4), 305 (100), Anal. caled for Co,HyCLN,: C 67.87,
H 6.73, N 7.19; found C 68.01, H 6.71, N 7.29.
3.2.3  ahiRZANE

NTRZRIINEY TR EE— P RAE, &
BALEY 31 HEAT T X SR s AT S o b

Waid ClFE LS B EMOEY) 31 T g,
FimiEAIBEE R, BORFRRGRE ORI, 1B
RSFA 0.35 mm X 0.20 mm X 0.20 mm bR 4r X 5t
LATH AN, SRR, ISP IER R, 230
B OP21212, WML SN a=19.0581(13) A, b=
10.8438(8) A, ¢=10.844 A, a=90°, f=90°, y=90°, Z=
2, ¥=2241.02) A*, D.=1.140 Mg/m®, ©=0.068 mm ',
F(000)=836. ##i (7T 2 [H GIM £ di .0, CCDC 54
1056456.
3.2.4 AAdneh &4 E bR

BB ik A Bz 4B BB (HUVECs) 85 9% 773 F& 10%
/N ILTER DMEM K5 7735 7% A ik ) sz 4m i, 40
JUTRAE CO, 5 B M 85 9= (LR 37 °C, 5%C0,, 95%
TR, RFE IR ), B E T RS UUET W
SN A RS O, RIS AR AR O, I R B
7 24~48 h )5, MMRIPT AR, A5 0.25%05E
HEEHA, 103 4R LRI RHAKR R Z
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N JHF R Fik P 40 .

JHF 9 40 i (HepG2) K5 77 77v2: F# 10%/NF- I 1)
DMEM K: #5355 77 I 41 il (HepG2), 4HMILTE CO, i
BHRFHEFRGT C, 5% CO,, 95% A RFF—EWRE),
4 B R S S AR KIS O, 5597 24~48 h
J&, AREPRT AR SR, SRR 0.25% R R AL,
Fz 102 ABAR. SRBe R A R B AR R 1 P e 4
(HepG2).

25 SRR o BAREA Y DMSO B il
—EWRFE BRI, P R 5 2% i il (PBS) ¥ AT A W B
TR RE BSCAN [F) 4 T MR B B IR AR BV, IR BEE 40 AN 1,
10, 100, 500, 1000 pmol/L. F&J:IHREFREE, MAAIFIK
FEM& 2555973, AR 200 pL. 7 A (6 I ZE RN BH 1
Xof BESHT ] U AR AR ST 8 T BR AL Al AE 25 R R 2k vh
B3R 24 h JE, W AR L.

MTT Lbtaikpiim g it % 10 pL BN 5
mg/mL BEMEEE(MTT)E BN BB FLIN, £ 37 C
BFRFETIME 4 h, BOERE BB, 2A0mA 150
ul DMSO ¥, 2% 10 min, 135 [E &S5 SR 4, ¥
BEFRAS I K A B D 490 nm, SR U 58 VA TR AR WROY
. RIS FLAIEH B (OD f8), T 54 i 154 5 40 il
2y

I(%)=(1—0D,/OD) X 100%

o, A4 HHI 2 OD, A5 40 e s FEAE CF
ITARIE = R BCF-HME), OD A% 1% I 2 40 B WO R i
CPATRIE = R ICPYME), 555 5 BT 15 1 358 0 il 2R 46
R ICso (A S U T 50%HIHK ).

HBM &L (Supporting Information) {L&54%) 2a~2j 5
3a~3j (WAEMMEIE . kil iR E LU TR i B
PR H s . I 2 k] BL 4 3% AN AR T I 35k (http://sioc-
journal.cn/) I F %k,
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