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Abstract C-13 ethereal gibberellin derivatives bearing two a,f-unsaturated ketones in A and D rings have been designed and
synthesized. In vitro studies demonstrated that a number of the C-13 ethereal gibberellin derivatives showed strong anticancer
activities in thiazolylblue (MTT) assay towards four human cancer cell lines including HT29, A-549, HepG2 and MKN28.
Compound 27 was found to be the most potent compound (ICsp=0.21 pmolsL ™" against MKN28) and more active than the
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Figure 1 Representative tetracyclic diterpenes 1~3
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Figure 2 X-ray crystallography of compound 9
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Table 1 Synthesis of new gibberellin derivatives bearing C-13
ethereal moiety

© 2014 Chinese Chemical Society & SIOC, CAS

R'OH, Ag,CO; WOR!
acetone T
reflux o
COOR
8,R=Me;9,R=Bn 10 ~ 27
GA R R! GA R R!
10 Me H 19 Bn H
11 Me Me 20 Bn Me
12 Me Et 21 Bn Et
13 Me i-Pr 22 Bn i-Pr
14 Me n-Pr 23 Bn n-Pr
15 Me n-Bu 24 Bn n-Bu
16 Me i-Bu 25 Bn i-Bu
17 Me n-Pt 26 Bn n-Pt
18 Me i-Pt 27 Bn i-Pt
“Pt is pentanyl.
http://sioc-journal.cn/ 789
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¥ C-13 HEMRM AR RZIEY 8 F1 9 LRI AN
IKEREEAE T, AR MINI C-13 (73t al e A S 2K AT
AW b rEINE R T 18 MEMEAIE 1).

B C-13 7Bk 1) (e S SE AR M AR5 ZATAED)
Ji, TATTEAT TS TERRR. f i sek 7", xdpr
A B A% (R B B AT A N 41 (AS49). A
JH-9e8 40 e (HepG2) A i 41 IR (MKIN28) LA & 45 fi e 4
L (HT29) 3 Ui N T 87 240 1 1) 40 B 25 35 22 AT T VAR,
SER LR 2 [1Cs A 2P A KA B2, IE1(DDP) R
H AR 2B o, f-AHLFIE) 1) 7B % £, % (Eriocalycin
B, DEA G PEXT AL A Y], 76 BT TR 1) 7R 8 2 R
AR, eEY 13 XS A0 (HT29)K I
SR HIEYE(ICso=0.24 pmolsL™"), Tijfk&4 27 A
5 i 40 Hf (MIKIN28) 2 IR HH 552 58 117 0 il 3% 1 (IC 5 = 0.21
umolsL ™). 1b&¥13, 16, 22, 25 X 4 i 4 I (HT29) &
AR AN MR, AR Al B 41 i (AS49) #E PR ARAIK,
NT MR R B, N4 4 e
(HT29)H1 N\ 5 i 41 M (MKN28) % HAT C-13 o7 Bk 45 1) (¢
AR /87 =T E W EBURGE 2). HA M)
C-13 b (NE. 7 T TS BB R AT
b L Joe 56 1k S A A= 0 03 AT P 1) 98 4 i S 7 B
SRICHIRNE Tk, PO BRI C-13 Armkgsfnl g R
A S R TR T

2 C-13 WS HEN LRI TG ¢

Table 2 [n vitro cytotoxic activities of gibberellins bearing a
C-13 ethereal moiety

GAs HT29 A549 HepG2 MKN28

10 24.50+0.52 33.87+0.43 13.854+0.65 14.7440.32

11 31.00+0.43 27.50%+0.62 16.81+0.32 1.32+0.35
12 13.671£045 7.27+0.42 >40 33.11%0.62
13 0.2410.62 >40 2537+140 6.8940.35
14 28.22+2.20 >40 10.81£0.24 12.35+0.56
15 0904030 32.61%x1.10 9.61+0.25 0.98+0.62
16 0.6310.56 >40 3.82+046 0.671+0.78
17 0.58+045 28.19+0.80 4.12+0.19 0.33£0.15
18 0.26+0.60 25.72+0.76 6.64+0.50 0.56+1.10
19 37.36+0.35 10.70+2.10 9.17£0.75 11.00%1.25
20 22.37#0.18 13.02+0.55 16.19+0.79 0.35+0.23
21 11.09+045 11.52+0.35 14.10+£0.54 7.8610.34
22 0.57%£0.75 >40 8.804+0.47 0.4240.63
23 1.89+0.37 >40 7.59+0.64 2.79+0.44
24 0.65+0.33 28.34+145 6.68+0.43 3.01%+0.25
25  1.2440.38 >40 2.38+0.56 0.70+0.45
26 0.60+0.45 2827+0.78 2.58+0.45 0.5340.27
27  0.54%0.37 2496%+0.55 2.17+042 0.21%0.35
8 1.14+0.52 23.574+0.47 15.574+0.33 8.54+0.43

9 2.10+0.35 13.4540.57 22.054+0.37 10.6710.45
DDP 3.42+0.55 10.294+0.43 3.10%£0.64 1.25+0.32
1 0.26+0.14 0.40+0.31 0.53+0.22 0.14+0.24

PR 2 R 1 40 B 7 3 L ICs0 (umoleL )RR,
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HHCT 18 AN o f-ANHLFI i 45 K 1 13-Be i AR
BERAEY, JEFHME MTT VER AR S MR 7% 2 1
17T VS, WP R: IERARBERATED T, ap-
AL 25 R R0 C-13 A7 Pk 25 KA #9846 P e DG e
YER, C-13 {7kl Fa AN ] (R e AN S B8 v 1k
M2 5, T FLR R — 2 i R A R, AT %
PIRERECR IS S T 8E,  BOE)BER AR 3 = AT A L
T B L Bk 2 A A2 A I BT T fe 8 40 i ks B i
PIAEIEE, SR BRAECR ) C-13 A BRZs 4 v] RE A
i IR PR B iR (R BB TG, IR AT TR AL
BVMRIBOC R T 8L 22 MU iR
WA 27 HE— DA s R E R BLRIATE e 2t
17,

3 ZRAMH
3.1 eSS

et LR &% ("H NMR) A% (*C NMR)J] Bruker
Avance 300 ZHEIARBGN 2, LAPY FHIERERE(TMS) A
by ARG (EI-MS){E VG Auto Spec- 3000 Jii%%
WsE, EAr R IE(HRMS)E AB QSTAR Pulsar Jiii
A s a5 1 = b st 28 e AN A e A A B A 7] AR
1) XT-4 BUXCH S5 s e O e, B T R AR IE.
75852 GA; (Gibberellin Ajs; ent-3a,108-13-trihydroxy-20-
norgibberella-1,16-diene-7,19-dioic acid 19,10-lactone)y
LA A TH R AR =5, KUK 5 4
JE AN R 2R A FE R D) B R 5 AR, G
KA 5EE R E AT, B e sURR
R H Acros, Aldrich, Fluka, FREFHIFEHZ A6, ¥k
2 afifh H AT .

32 XWAHE
321 FEEITEDY LR

S -3, 108,13 8- = 5 3 -20- 2R % % B -1,16- )i -
7,19-2 18 7-F G 19,10- N EE(4): FEFE (GAs, 1.0 g,
2.9 mmol)¥% T-ANI(20 mL)H, R J5EVK/AKHEA R I
AR — FHE(0.73 g, 5.8 mmol, 2.0 equiv.)FIHK R A
(0.80 g, 5.8 mmol). ‘L FT: S WA S 90 25 HE A,
FTAFHE A R INAIK (20 g)F1H 2R (2 moleL ™', 20 mL),
Bire, FfRAYIN O LBEQ0 mL X 2)F M. & Jf1f
BUAH, 7KPE(15 mLX2)JE, #HMAERK(15 mL)JE. 4
TR RN T 5, 98, D8 4wl s 28 1 73 61
(1.02 g). K&glifh HEH T F— &M, 'H NMR (300
MHz, CD;COCD;) §: 6.37 (d, J=9.3 Hz, 1H), 5.89 (dd,
J=3.5,9.3 Hz, 1H), 5.21 (s, 1H), 4.88 (s, 1H), 4.03 (d, J=
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3.5 Hz, 1H), 3.72 (s, 3H), 3.25 (d, J=10.7 Hz, 1H), 2.70
(d, J=10.7 Hz, 1H), 2.28~1.62 (m, 10H), 1.50~1.38 (m,
1H), 1.16 (s, 3H); °C NMR (75 MHz, CD;COCD;) ¢:
178.9, 173.0, 158.5, 133.9, 132.7, 106.9, 91.1, 78.1, 70.1,
54.1,53.4,52.1,51.7,51.0, 45.5, 43.8,39.7, 17.6, 14.9.

X W -3, 108,13 8- = §% 3 -20- 2K B 7% 8 -1,16- )i -
7,19- 218 7-KHHE 19,10- N FR(S): 383 (GA3, 1.0 g,
2.9 mmol)¥ T AEH(20 mL)H, SR LEVKAKBAHI T
AZEHIELR (050 g, 2.9 mmol, 1.0 equiv.)FIH% IR H(0.80
g, 5.8 mmol). W FE R NI 5 OR 728 A, e
A IR0 g)FIFi#h#2(2 molsL ™', 20 mL), fi
P, FISREYH R 150 mLX H)XEEL. A IFHHL
M, JKPE(15 mLX2)), HHWMEIKAS mLyyE. &k
KB RR AN T4 0, U8, JEVR R Uk 25 T 190 i (1.02
Q). RGAMLEBEMN T F 2 M. '"H NMR (300 MHz,
CDCly) d: 7.43~7.30 (br s, 5H), 6.31 (d, J=9.0 Hz, 1H),
5.89 (dd, J=3.6, 9.3 Hz, 1H), 5.23 (s, 1H), 5.21 (d, J=
12.3 Hz, 1H), 5.13 (d, J=12.3 Hz, 1H), 4.89 (s, 1H),
4.18~4.09 (m, 1H), 3.22 (d, J=10.8 Hz, 1H), 2.81 (d, J=
10.8 Hz, 1H), 2.15~2.00 (m, 6H), 1.98~1.60 (m, 5H),
1.19 (s, 3H); °C NMR (75 MHz, CDCl;) 6: 178.2, 171.8,
156.9, 132.9, 132.3, 128.6, 128.4, 107.3, 90.3, 78.3, 69.8,
66.9, 53.4, 52.9, 51.2, 50.7, 50.5, 44.9, 42.9, 38.1, 16.9,
14.3.

X WE-30,108,138,158- VU ¥4 35 -20- 2 ik 75 8% -1,16-
Hi-7,19- FRIR 7-ZK G 19,10- N BE(6): 7R IR 2 FH G
(5, 436 mg, 1.0 mmol)¥F T & H%¢(8 mL)+, #RJF A
AARAR(133.2 mg, 1.2 mmol, 1.2 equiv.) AT AL T
T (70% 7KW, 0.93 g/mL, 0.32 mL, 2.3 equiv.). 51
16 h )G, FEERAEE UE, JEH R EE(80 mL) k.
SIKBRR TG, U8, JERE R 28 T BT A HL
L LA E T4l (200~300 H, & W ke L8 L1,
Viv=2:11~1:1), RO AG28 mg, 73%).
'H NMR (300 MHz, CD;COCD3) : 7.52~7.23 (m, 5H),
6.38 (d, J=9.3 Hz, 1H), 5.86 (dd, J=3.6, 9.3 Hz, 1H),
5.32 (s, 1H), 5.28 (s, 1H), 5.14 (d, J=12.6 Hz, 1H), 4.99
(d, J=12.6 Hz, 1H), 4.68 (d, J=6.8 Hz, 1H), 4.17 (d, J=
4.6 Hz, 1H), 4.12~3.98 (m, 2H), 3.82 (s, 1H), 3.24 (d, J=
10.1 Hz, 1H), 2.63 (d, J=10.1 Hz, 1H), 2.37 (d, J=10.8
Hz, 1H), 2.00~1.62 (m, 6H), 1.16 (s, 3H); °C NMR (75
MHz, CD;COCD;) 6: 178.9, 173.6, 162.6, 137.5, 133.9,
132.8, 129.1, 128.7, 128.5, 111.6, 91.3, 78.2, 76.9, 70.3,
66.9, 57.8, 54.5, 54.1, 49.6, 48.2, 42.8, 39.8, 18.0, 14.8;
EIMS m/z (%) : 452 (M", 0.25), 434 (0.5), 406 (0.4), 390
(1.5), 372 (0.4), 344 (100), 343 (34), 325 (6), 298 (5), 281
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(7), 271 (12), 253 (21), 237 (17), 225 (27), 209 (28), 201
(32), 181 (18), 149 (26), 135 (17), 121 (12), 108 (65);
HRMS calcd for CogHos0,Na (M+Na)* 475.1732; found
475.1728.

X WE-3a,108,138,15p- VU 35 3 -20- 2K Bk 8 B -1,16-
Ji-7,19- R 7-F G 19,10- W ER(7): 7% 8 R F I (4,
360 mg, 1.0 mmol)i T~ S EE(8 mL)H, REIMA
4L (133.2 mg, 1.2 mmol, 1.2 equiv.) A4 4L AT 7
(70%7K ¥, 0.93 g/mL, 0.32 mL, 2.3 equiv.). ¥ HE
16 h &, FrERAEEE, M 4/ BE80 mL)E. 4
TGN T 5, 98, JEMRE IR 28T Frff s &
AL ZHT2E10(200~300 H, & F L/ LR LB, V.
V=2:1~1:1), & ERFRIAG35 me, 89%). 'H
NMR (300 MHz, CD;0D) 8: 6.41 (d, J=9.3 Hz, 1H), 5.89
(dd, J=3.3, 9.3 Hz, 1H), 5.39 (s, 1H), 5.37 (s, 1H), 4.12 (s,
1H), 4.03 (d, J=3.3 Hz, 1H), 3.70 (s, 3H), 3.21 (d, J=9.9
Hz, 1H), 2.62 (d, J=9.9 Hz, 1H), 2.28 (d, J=11.1 Hz,
1H), 2.01~1.70 (m, 6H), 1.22 (s, 3H); "*C NMR (75 MHz,
CD;0D) 6: 180.8, 175.8, 161.9, 134.1, 133.2, 112.5, 92.7,
78.6, 77.4, 70.7, 58.3, 55.1, 54.8, 52.5, 50.1, 48.7, 43.0,
39.8, 18.4, 14.8; EIMS m/z (%): 376 (M", 0.25), 358 (3),
344 (49), 346 (11), 315 (5), 298 (7), 280 (6), 271 (10), 255
(16), 253 (26), 239 (11), 237 (24), 225 (28), 209 (27), 201
(21), 197 (19), 171 (15), 165 (15), 149 (100), 129 (12), 121
(12), 115 (10); HRMS calcd for CyH,40;Na (M+Na)"
399.1419; found 399.1427.

X W -138- 5 -3,15- 5, -106- F2 3 -20- 2K ik 7% 75 -
1,16-045-7,19- 2R 7-H g 19,10- P FE(8): H I %
(0.57 mL, 1.5 g/mL, 6.73 mmol, 5.0 equiv.)i& T & H ¢
(5 mL)JFA#HI B —78 C. HitHE T 2180 I — F LR
(0.96 mL, 1.1 g/mL, 13.52 mmol, 10.0 equiv.)/] 5 F ¢
(5 mL)W. {E—78 CAREHIFE 10 min 5, M 7 (507
mg, 1.35 mmol) ] 50 HE(4 mL)F = H IZH(0.58 mL)
W, RIS RE 15 min 5, 0= Z.J#(4.06 mL,
29.2 mmol, 20.0 equiv.), FffEdl2er, A W 0% T
THEEW. IMAVKAS @ FIK Q25 mL), ik, iR
VI 1% BE(10 mL X 2)2H. & IFAHLH, 2 moleL ™!
MR IRYE(10 mLX2)J5, FEHZK(10 mLX2)%. 4JuK
BRIRAN TS5, I8, JEIE I 2T BT AR S
FEZHT2E40(200~300 H, 1IECk/LRAEE, VI V=5
1~2: 1), BEEHAB35 mg, 89%). mp. 139~140
‘C; '"H NMR (300 MHz, CDCl;) d: 7.18 (d, J=9.4 Hz,
1H), 6.23 (s, 1H), 6.07 (d, J=9.4 Hz, 1H), 5.87 (s, 1H),
3.63 (s, 3H), 3.62 (d, J=10.2 Hz, 1H), 2.82 (d, J=10.2
Hz, 1H), 2.79 (d, J=11.4 Hz, 1H), 2.65 (dd, J=8.1, 13.6
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Hz, 1H), 2.50 (d, J=11.4 Hz, 1H), 2.40~2.08 (m, 3H),
1.92~1.82 (m, 1H), 1.33 (s, 3H); *C NMR (75 MHz,
CDCl3) d: 200.3, 191.0, 172.6, 170.2, 150.7, 145.8, 129.7,
121.3, 89.1, 65.9, 65.4, 61.2, 60.5, 52.4, 48.8, 47.2, 41.5,
39.8, 18.0, 11.9; EIMS m/z (%): 391 (M"+1, 4), 390 (M ",
4), 361 (16), 360 (43), 358 (100), 326 (31), 303 (16), 286
(42), 267 (43), 251 (50), 236 (52), 222 (40), 217 (23), 213
(15), 195 (13), 165 (29), 152 (20), 141 (22), 128 (40), 115
(50); HRMS caled. for C,H;oClO¢Na (M + Na) *
413.0767, found 413.0781.

Xof it 13- 5 -3,15- A, -106- 4 5 -20- 2K B 7% 75 -
1,16- - Ji-7,19- R R 7-KH B8 19,10- W B8(9): 5Bk
5(0.57 mL, 1.5 g/mL, 6.73 mmol, 5.0 equiv.)% T &
$e(5 mL)IFAENE]—78 C. HitFE N2 n — H I.60
(0.96 mL, 1.1 g/mL, 13.52 mmol, 10.0 equiv.)[] 5 F ¢
(5 mL)YW. fE—78 CAREHiFE 10 min 5, N6 (611
mg, 1.35 mmol)[¥] — 5 H%E(4 mL)FI —H WAK(0.58 mL)
W, NI SEEE 15 min 5, #00= Z.%(4.06 mL,
29.2 mmol, 20.0 equiv.), B 52V, A SN OZ T
THaE =W, IAVK(5 gy MK Q25 mL), ik, FriEs
Y LR LTE(10 mLX 2)AKIK. & IF AL, 2 mol-L™
MR RYE(10 mLX2)J5, fFHZK(10 mLX2)%. 4K
R T e, g, DRI IR 28T FrAaHL i e i
FEENT2E16(200~300 H, 1E Ok LR LEE, V. V=5
1~2 1 1), I EERE 4508 mg, 80%). m.p. 177~
178 ‘C; '"H NMR (300 MHz, CDCls) ¢: 7.45~7.28 (m,
5H), 7.28 (d, J=9.6 Hz, 1H), 6.24 (s, 1H), 6.15 (d, J=9.6
Hz, 1H), 5.93 (s, 1H), 5.14 (s, 2H), 3.72 (d, J=10.2 Hz,
1H), 2.95 (d, J=10.2 Hz, 1H), 2.86 (d, J=11.4 Hz, 1H),
2.72 (dd, J=7.2, 13.2 Hz, 1H), 2.54 (d, J=11.4 Hz, 1H),
2.48~2.12 (m, 3H), 2.02~1.92 (m, 1H), 1.41 (s, 3H); "°C
NMR (75 MHz, CDCly) &: 200.3, 191.0, 172.6, 169.5,
150.8, 145.7, 134.9, 129.7, 128.6, 128.6, 121.1, 89.1, 67.5,
65.9, 65.4, 61.2, 60.6, 49.0, 47.3, 41.6, 39.7, 18.0, 11.9;
EIMS m/z (%): 363 (3), 362 (13), 360 (24), 334 (4), 333
(16), 331 (45), 286 (8), 280 (17), 267 (45), 249 (30), 223
(34), 221 (18), 208 (12), 195 (10), 181 (5), 165 (10), 158
(7), 128 (12), 115 (15), 107 (36), 91 (100); HRMS calcd
for C,6H,3Cl0gNa (M+Na)* 489.1080, found 489.1076.

X E-108,134- - F2 He-3,15- 4H-20- bR - 8-1,16-
T-T19- TR 7-WEE 19,10- N ER(10): SR EATAE
) 8 (391 mg, 1.0 mmol)#% T N8 mL)FIZK(2 mL)H,
IINTRERHL(276 mg, 1.0 mmol, 1.0 equiv.), FEFEI 24
h. 28 2585, BRERYIMAIK (50 mL), H 418 41
(15 mLX3)AH, SIKMMmm TG, 0k, s

792 http://sioc-journal.cn/
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P 25T BT AR B R e R RS2 M 4 4k(200~300 H, 1E
ClE/ B CHE, Vi v=5:1~2:1), HAMGFKQ253
mg, 67.9%). m.p. 231~232 ‘C; 'H NMR (300 MHz,
CDCly) 6: 7.20 (d, J=9.3 Hz, 1H), 6.13 (s, 1H), 6.08 (d,
J=9.3 Hz, 1H), 5.70 (s, 1H), 3.67 (d, J=10.2 Hz, 1H),
3.64 (s, 3H), 2.83 (d, J=10.2 Hz, 1H), 2.54 (d, J=10.8
Hz, 1H), 2.36~2.18 (m, 3H), 2.15 (d, J=10.8 Hz, 1H),
1.98~1.73 (m, 3H), 1.35 (s, 3H); °C NMR (75 MHz,
CDCly) 6: 202.4, 191.2, 172.9, 170.5, 152.6, 146.0, 129.7,
118.5, 89.3, 76.0, 65.6, 61.6, 60.8, 52.4, 48.9, 48.0, 40.3,
36.7, 17.6, 12.0; EIMS m/z (%) : 373 (M"+1, 4), 372
(M", 18), 344 (37), 340 (82), 326 (23), 312 (25), 294 (15),
285 (23), 268 (100), 267 (52), 251 (28), 239 (55), 218 (81),
213 (43), 195 (26), 185 (24), 171 (24), 157 (28), 141 (65),
128 (70), 115(87), 109 (25), 91 (23); HRMS calcd for
CaoHp007Na (M+Na)" 395.1106, found 395.1103.

322 B AMLAY 11—~18 696 %

TREZATAEY 8 (98 mg, 0.25 mmol)iE T /K i
(10 mL)H, IIABRFRH(76 mg, 0.275 mmol, 1.1 equiv.),
PEHEENAR 24 he P28 BRI, FREPIIMAK(S0 mL),
M 418 a5 mL X 3)AHL, AR EhK (10
mL)VE%:, SLIKERIN TR, g, IEWE 2%
T BT A i AR E AT 440.(200~300 H, 1Eki/ 4
MW, vV v=5:1~2:1), HAMFE

X R-3,15- 4~ 108-F2 Hk-13 8- FF AUk -20- 2K Bk s -
1,16- —4%-7,19- — ¥ % 7-F g 19,10- W ER(11): 7= %
33%, m.p. 144~145 ‘C; '"H NMR (300 MHz, CDCl;) ¢:
7.19 (d, J=9.3 Hz, 1H), 6.17 (s, 1H), 6.07 (d, J=9.3 Hz,
1H), 5.55 (s, 1H), 3.66 (d, J=10.5 Hz, 1H), 3.64 (s, 3H),
3.29 (s, 3H), 2.83 (d, J=10.5 Hz, 1H), 2.42~2.10 (m,
5H), 1.92~1.62 (m, 2H), 1.34 (s, 3H); "*C NMR (75 MHz,
CDCly) 8: 202.5, 191.2, 173.0, 170.5, 149.4, 146.0, 129.7,
119.3, 89.3, 80.8, 65.6, 61.6, 60.6, 52.4, 50.8, 49.2, 48.5,
34.6,33.9,17.7, 11.9; EIMS m/z (%): 387 (M"+1, 6), 386
(M", 18), 358 (52), 355 (12), 342 (8), 331 (7), 313 (13),
310 (5), 299 (8), 282 (30), 281 (19), 255 (37), 237 (100),
223 (40), 217 (60), 205 (18), 196 (22), 185 (9), 175 (11),
165 (20), 153 (14), 141 (19), 128 (39), 115 (50), 109 (15);
HRMS caled. for C,H»0,Na (M+Na)" 409.1263, found
409.1249.

X -3,15- 413 4- LA K- 10B-F2 JE-20- K0/ 5 -
1,16- —4%-7,19- — ¥ % 7-Flg 19,10- WK (12): 7= %
33%, m.p. 123~125 ‘C; '"H NMR (300 MHz, CDCl;) ¢:
7.20 (d, J=9.3 Hz, 1H), 6.13 (s, 1H), 6.06 (d, J=9.3 Hz,
1H), 5.54 (s, 1H), 3.65 (d, J=10.5 Hz, 1H), 3.63 (s, 3H),
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3.53~3.34 (m, 2H), 2.81 (d, J=10.5 Hz, 1H), 2.42~2.20
(m, 5H), 1.90~1.69 (m, 2H), 1.32 (s, 3H), 1.20 (t, J=7.2
Hz, 3H); “C NMR (75 MHz, CDCl;) §: 202.6, 191.2,
173.0, 170.6, 149.9, 146.1, 129.6, 118.9, 89.3, 80.4, 65.5,
61.5, 60.6, 58.6, 52.3, 49.2, 48.5, 35.3, 34.6, 17.6, 15.8,
11.9; EIMS m/z (%): 401 (M"+1, 2), 400 (M", 11), 372
(35), 356 (9), 345 (68), 327 (13), 313 (8), 296 (16), 269
(27), 267 (29), 251 (100), 231 (36), 223 (32), 208 (27), 196
(32), 185 (18), 178 (15), 157 (12), 149 (15), 141 (17), 128
(32), 115 (50), 109 (17); HRMS calcd for Cy,H,40,Na
(M+Na)" 423.1419, found 423.1403.

X IE-3,15- - 13- F2 13 8- T A 6 -20- il
B-1,16-0-7,19- 2% 7-HlG 19,10-NER(13): =%
29%, m.p. 112~114 °C; '"H NMR (300 MHz, CDCl;) ¢:
7.19 (d, J=9.3 Hz, 1H), 6.12 (s, 1H), 6.07 (d, J=9.3 Hz,
1H), 5.61 (s, 1H), 3.82~3.70 (m, 1H), 3.65 (s, 3H), 3.63
(d, J=10.2 Hz, 1H), 2.82 (d, J=10.2 Hz, 1H), 2.44 (d, J=
10.8 Hz, 1H), 2.41~2.15 (m, 4H), 1.94~1.70 (m, 2H),
1.34 (s, 3H), 1.20 (d, J=5.7 Hz, 3H), 1.18 (d, J=5.7 Hz,
3H); *C NMR (75 MHz, CDCl;) d: 202.8, 191.2, 172.9,
170.6, 151.1, 146.0, 129.6, 118.9, 89.3, 80.5, 66.0, 65.5,
61.5, 60.5, 52.3, 49.3, 48.5, 36.3, 36.1, 24.9, 24.6, 17.7,
11.9; EIMS m/z (%): 415 M'+1, 9), 414 (M ", 35), 386
(35), 372 (25), 370 (16), 358 (9), 344 (64), 340 (21), 327
(25), 325 (33), 312 (38), 310 (35), 299 (34), 296 (17), 269
(33), 265 (17), 251 (28), 239 (100), 223 (70), 213 (51), 211
(42), 196 (47), 189 (92), 185 (81), 171 (69), 165 (56), 157
(42), 153 (26), 141 (68), 128 (26), 115 (17); HRMS calcd
for Cy3H,607Na (M+Na)" 437.1576, found 437.1588.

X R-3,15- 5 104-F2 - 13- N 4 HE-20- B 7R 5 -
1,16- —J-7,19- — K& 7-F s 19,10- N BE(14): ;=%
88%, m.p. 120~121 ‘C; '"H NMR (300 MHz, CDCl;) ¢:
7.19 (d, J=9.3 Hz, 1H), 6.11 (s, 1H), 6.04 (d, J=9.3 Hz,
1H), 5.53 (s, 1H), 3.62 (s, 3H), 3.62 (d, J=10.5 Hz, 1H),
3.52~3.22 (m, 2H), 2.80 (d, J=10.5 Hz, 1H), 2.40~2.10
(m, 5H), 1.92~1.67 (m, 2H), 1.65~1.52 (m, 2H), 1.31 (s,
3H), 0.93 (t, J=7.2 Hz, 3H); *C NMR (75 MHz, CDCl,)
5: 202.7, 191.3, 173.0, 170.6, 150.0, 146.1, 129.6, 119.0,
89.4, 80.2, 65.5, 64.7, 61.5, 60.6, 52.3, 49.2, 48.5, 35.1,
34.6, 23.5, 17.6, 11.9, 10.7; EIMS m/z (%): 415 (M +1,
7), 414 (M™, 16), 386 (29), 370 (13), 355 (8), 341 (23), 327
(14), 325 (25), 311 (51), 310 (57), 299 (22), 283 (38), 269
(24), 265 (100), 251 (31), 241 (45), 239 (49), 223 (55), 213
(46), 211 (38), 196 (50), 185 (36), 171 (22), 165 (15), 157
(10), 141 (15), 128 (32), 115 (41); HRMS calcd for
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Cy3H0,Na (M+Na)* 437.1576, found 437.1584.

HFWE 138-1 48 3E-3,15- 54~ 108-F2 H-20- 2K 5 R B -
1,16- —4%-7,19- — ¥R 7-Flg 19,10- W ER(15): 7= %
29%, m.p. 115~116 ‘C; '"H NMR (300 MHz, CDCl;) ¢:
7.19 (d, J=9.3 Hz, 1H), 6.13 (s, 1H), 6.06 (d, J=9.3 Hz,
1H), 5.54 (s, 1H), 3.64 (s, 3H), 3.63 (d, J=10.2 Hz, 1H),
3.48~3.30 (m, 2H), 2.81 (d, J=10.2 Hz, 1H), 2.41~2.18
(m, 5H), 1.92~1.69 (m, 2H), 1.62~1.52 (m, 2H), 1.48~
1.34 (m, 2H), 1.24 (s, 3H), 0.93 (t, J=7.2 Hz, 3H); °C
NMR (75 MHz, CDCly) 6: 202.7, 1912, 172.9, 170.6,
150.1, 146.1, 129.6, 118.9, 89.3, 80.2, 65.6, 62.9, 61.6,
60.6, 52.3, 49.3, 48.6, 35.1, 34.7, 32.4, 19.5, 17.7, 14.0,
11.9; EIMS m/z (%): 430 (M"+2, 6), 428 (M, 18), 402
(5), 400 (19), 384 (20), 358 (28), 355 (29), 340 (10), 325
(59), 324 (63), 311 (41), 299 (34), 285 (31), 279 (100), 267
(49), 251 (65), 239 (69), 225 (33), 223 (92), 222 (51), 213
(45), 196 (85), 185 (43), 178 (27), 171 (27), 165 (17), 158
(15), 141 (14), 128 (30), 115 (42), 97 (17); HRMS calcd
for Co4Hps07Na (M+Na)™ 451.1732, found 451.1737.

X -3,15- 4R -108-F2FE-134- 53 T 48 E-20- KB ok
FE-1,16-45-7,19- R IR 7-HEE 19,10-NER(16): 77K
39%, m.p. 92~93 ‘C; 'H NMR (300 MHz, CDCl;) o:
7.19 (d, J=9.3 Hz, 1H), 6.12 (s, 1H), 6.06 (d, J=9.3 Hz,
1H), 5.54 (s, 1H), 3.64 (s, 3H), 3.63 (d, J=10.5 Hz, 1H),
3.22~3.08 (m, 2H), 2.81 (d, J=10.5 Hz, 1H), 2.42~2.18
(m, 5H), 1.92~1.65 (m, 3H), 1.33 (s, 3H), 0.94 (d, J=6.7
Hz, 3H), 0.93 (d, J=6.7 Hz, 3H); C NMR (75 MHz,
CDCly) d: 202.8, 191.3, 173.0, 170.6, 150.2, 146.1, 129.6,
119.0, 89.4, 80.1, 69.7, 65.6, 61.5, 60.6, 52.4, 49.3, 48.5,
35.0,34.7,29.0, 19.5, 17.7, 11.9; EIMS m/z (%) : 428 (M",
7), 400 (8), 384 (6), 373 (22), 355 (9), 341 (14), 325 (16),
313 (15), 295 (33), 283 (14), 279 (51), 269 (100), 267 (42),
253 (12), 241 (78), 239 (52), 223 (40), 211 (18), 195 (21),
185 (27), 171 (19), 165 (23), 150 917), 141 (28), 128 (17),
115 (12); HRMS caled for CpHysO:Na (M + Na) '
451.1732, found 451.1739.

X E-3,15- 48 - 108-F2FE- 13- IR A FE-20- 1 77 -
1,16- —45-7,19- —J& R 7-H g 19,10-WER(17): 7=%
42%, m.p. 98~100 ‘C; 'H NMR (300 MHz, CDCl;) ¢:
7.18 (d, J=9.3 Hz, 1H), 6.07 (s, 1H), 6.01 (d, J=9.3 Hz,
1H), 5.49 (s, 1H), 3.58 (s, 3H), 3.56 (d, J=10.5 Hz, 1H),
3.42~3.23 (m, 2H), 2.77 (d, J=10.5 Hz, 1H), 2.38~2.11
(m, 5H), 1.92~1.62 (m, 2H), 1.61~1.46 (m, 2H), 1.35~
1.22 (m, 4H), 1.27 (s, 3H), 0.84 (t, J=6.7 Hz, 3H); °C
NMR (75 MHz, CDCly) &: 202.6, 191.2, 172.9, 170.5,
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149.9, 146.1, 129.4, 118.8, 89.3, 80.1, 65.4, 63.0, 61.4,
60.4, 52.2, 49.0, 48.3, 35.0, 34.4, 29.9, 28.3, 22.5, 17.5,
14.0, 11.8; EIMS m/z (%): 443 (M' 41, 5), 442 (M, 22),
414 (23), 398 (10), 386 (6), 369 (12), 355 (5), 338 (19),
325 (17), 311 (13), 293 (100), 285 (12), 269 (47), 251 (35),
241 (68), 239 (41), 223 (37), 213 (34), 203 (16), 196 (20),
185 (25), 171 (23), 157 (12), 150 (17), 141 (22), 128 (13),
109 (4); HRMS caled for C,sH300O,Na (M +Na)+
465.1889, found 465.1900.

X IE-3,15- 5 -10p-F2 313 8- 57 A -20- il
B-1,16-045-7,19- 1% 7-Fl5 19,10-NER(18): =%
12%, m.p. 90~92 ‘C; 'H NMR (300 MHz, CDCl;) ¢:
7.15 (d, J=9.3 Hz, 1H), 6.07 (s, 1H), 6.01 (d, J=9.3 Hz,
1H), 5.48 (s, 1H), 3.58 (s, 3H), 3.57 (d, J=10.5 Hz, 1H),
3.45~3.23 (m, 2H), 2.76 (d, J=10.5 Hz, 1H), 2.38~2.10
(m, 5H), 1.92~1.62 (m, 3H), 1.50~1.38 (m, 2H), 1.27 (s,
3H), 0.85 (d, J=6.7 Hz, 3H), 0.84 (d, J=6.7 Hz, 3H); '*C
NMR (75 MHz, CDCly) 6: 202.7, 191.3, 173.0, 170.6,
150.2, 146.1, 129.6, 119.0, 89.4, 80.2, 65.6, 61.6, 61.5,
60.6, 52.4, 49.3, 48.5, 39.2, 35.0, 34.7, 25.1, 22.8, 22.7,
17.7, 11.9; EIMS m/z (%): 443 (M"+1, 3), 442 (M, 0.9),
415 (3), 398 (7), 387 (3), 373 (5), 355 (7), 341 (14), 338
(15), 325 (20), 313 (19), 293 (50), 285 (17), 269 (88), 261
(17), 251 (40), 241 (85), 239 (57), 232 (19), 223 (42), 213
(39), 211 (35), 196 (32), 185 (36), 171 (52), 158 (27), 150
(29), 141 (35), 129 (27), 115 (12), 106 (10), 91 (7), 82
(18), 70 100); HRMS calcd for C,sH300;Na (M+Na)"
465.1889, found 465.1892.

X R-134,108- " F2HE-3,15- " 44-20- Kk 7 8- 1,16-
TIR-T19- R 7-KFIER 19,10- W ER(19): AREEEAT
449 (467 mg, 1.0 mmol)iF T~ A (8 mL)HI/K(2 mL) ",
IRABRIRAR (276 mg, 1.0 mmol, 1.0 equiv.), fiiHE[A1T 24
h. PR ZE 225 R, FREPINAIK(0 mL), H 4 L1
(15 mLX3) I, SIKMBRE TG, T8, IERs
I8 25 PSR i 8 A AT = AT 4l4(200~300 H, 1E
bt/ LR OHE, Vi V=5 1~2 1), B AGsHRE A&
(253 mg, 54.6%). m.p. 216~217 “C; "H NMR (300 MHz,
CDCly) d: 7.38~7.16 (m, 6H), 6.08 (d, J=9.6 Hz, 1H),
6.06 (s, 1H), 5.65 (s, 1H), 5.06 (s, 2H), 3.67 (d, J=10.5
Hz, 1H), 2.86 (d, J=10.5 Hz, 1H), 2.51 (d, J=11.1 Hz,
1H), 2.32~2.14 (m, 3H), 2.07 (d, J=11.1 Hz, 1H), 1.97~
1.80 (m, 3H), 1.65~1.55 (m, 1H), 1.33 (s, 3H); *C NMR
(75 MHz, CDCly) &: 202.2, 191.2, 172.9, 170.0, 152.8,
146.0, 135.1, 129.7, 128.8, 128.7, 128.6, 118.1, 89.3, 75.9,
67.5, 65.5, 61.6, 60.8, 49.1, 48.1, 40.4, 36.5, 17.5, 12.0;
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EIMS m/z (%): 448 (M", 2), 420 (3), 357 (3), 342 (18),
313 (8), 295 (5), 280 (16), 267 (21), 249 (7), 221 (16), 213
(4), 195 (5), 171 (4), 151 (13), 148 (20), 128 (12), 115
(12), 107 (26), 91 (100); HRMS calcd for CoH,40/Na
(M+Na)" 471.1419, found 471.1408.
323 HARMLE) 20~27 #4986

TEEERTEY 9 (299 mg, 0.64 mmol)iE T /K [ lE
(15 mL), BIABRIRE(212 mg, 0.77 mmol, 1.2 equiv.),
PEHERNR 24 he P28 LA, SR BEIIMAIK(70 mL),
H 41 41820 mL X 2)AFHL, A HULAH A& #h K (10
mL)BE%, ZIKBBRN TS, U8, IEZ I 2
T ISR A JZ T 2046 (200~300 H, 1EC k4
R MG, V. V=5 1~2 1), HAMGFEE

X E-3,15- 48 - 108-F2FE- 13- F AE JE-20- 1 7R -
1,16-0d-7,19- &R 7-KHHE 19,10- 4 FiE(20): ;=%
25%, m.p. 201~202 ‘C; 'H NMR (300 MHz, CDCl;) ¢:
7.32~7.21 (m, 5H), 7.19 (d, J=9.3 Hz, 1H), 6.14 (s, 1H),
6.07 (d, J=9.3 Hz, 1H), 5.49 (s, 1H), 5.08 (d, J=12.0 Hz,
1H), 5.00 (d, J=12.0 Hz, 1H), 3.66 (d, J=10.5 Hz, 1H),
3.09 (s, 3H), 2.87 (d, J=10.5 Hz, 1H), 2.37~2.20 (m,
4H), 1.92~1.68 (m, 2H), 1.35 (s, 3H); *C NMR (75 MHz,
CDCly) 6: 202.6, 191.2, 172.9, 169.9, 148.8, 146.0, 135.0,
129.7, 128.8, 128.6, 128.6, 119.3, 89.3, 81.0, 67.5, 65.5,
61.5, 60.6, 50.5, 49.3, 48.6, 35.6, 33.3, 17.6, 12.0; EIMS
miz (%): 462 (M", 0.5), 418 (1), 389 (2), 371 (15), 356 (6),
343 (19), 327 (4), 312 (4), 280 (6), 269 (13), 237 (5), 221
(15), 217 (7), 195 (5), 165 (11), 149 (10), 128 (7), 115
(12), 91 (100); HRMS caled for Cyp;H,s0-Na (M+Na)"
485.1576, found 485.1561.

X -3,15- A -134- LA FE-10B-F435-20- Ik 78 55
1,16-445-7,19- 3R 7-KFlg 19,10- W EHQ21): =%
25%, m.p. 220~222 ‘C; 'H NMR (300 MHz, CDCl;) &:
7.37~7.21 (m, 5H), 7.19 (d, J=9.3 Hz, 1H), 6.12 (s, 1H),
6.07 (d, J=9.3 Hz, 1H), 5.49 (s, 1H), 5.08 (d, J=12.0 Hz,
1H), 5.00 (d, J=12.0 Hz, 1H), 3.65 (d, J=10.5 Hz, 1H),
3.32~3.08 (m, 2H), 2.85 (d, J=10.5 Hz, 1H), 2.35~2.17
(m, 5H), 1.92~1.71 (m, 2H), 1.35 (s, 3H), 1.15 (t, J=6.9
Hz, 3H); “C NMR (75 MHz, CDCl;) &: 202.7, 191.2,
1729, 169.9, 149.5, 146.1, 135.1, 129.6, 128.8, 128.6,
118.9, 89.3, 80.6, 67.5, 65.5, 61.5, 60.7, 58.4, 49.3, 48.6,
36.2,34.1,17.6, 15.8, 14.3, 12.0; EIMS m/z (%): 476 (M",
1), 448 (0.2), 432 (0.8), 421 (2), 385 (8), 357 (15), 341 (6),
324 (4), 311 (5), 283 (9), 267 (10), 255 (3), 231 (5), 221
(11), 213 (4), 195 (5), 179 (7), 149 (8), 128 (6), 115 (8),
107 (5), 91 (100); HRMS calcd for C,3H,50-Na (M+Na)*
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499.1732, found 499.1724.

X IE-3,15- 5 -10p-F2 313 8- 57 T 4 6 -20- il
FE-1,16-445-7,19- R 7-KHHE 19,10- M HE(22): 7~
% 29%, m.p. 168~169 °C; '"H NMR (300 MHz, CDCls)
8 7.27~7.13 (m, 5H), 7.12 (d, J=9.3 Hz, 1H), 6.03 (s,
1H), 5.99 (d, J=9.3 Hz, 1H), 5.49 (s, 1H), 5.00 (d, J=
11.7 Hz, 1H), 4.90 (d, J=11.7 Hz, 1H), 3.56 (d, J=10.5
Hz, 1H), 3.33~3.23 (m, 1H), 2.79 (d, J=10.5 Hz, 1H),
2.30~2.10 (m, 5H), 1.81~1.63 (m, 2H), 1.28 (s, 3H),
1.01 (d, J=6.3 Hz, 3H), 0.98 (d, J=6.3 Hz, 3H); C
NMR (75 MHz, CDCLy) 6: 202.8, 191.2, 172.9, 169.9,
150.6, 146.1, 135.0, 129.6, 128.9, 128.5, 119.1, 89.3, 80.7,
67.5, 65.9, 65.5, 61.4, 60.5, 49.2, 48.4, 37.0, 35.7, 24.8,
24.4,17.6, 12.0; EIMS m/z (%): 490 (M™, 4), 462 (1), 399
(1), 384 (2), 375 (8), 357 (17), 329 (24), 313 (22), 311
(20), 295 (7), 285 (8), 267 (15), 239 (10), 221 (9), 213 (9),
211 (7), 185 (10), 171 (13), 165 (6), 149 (12), 128 (3), 91
(100); HRMS calcd for C,0H30,Na (M+Na)™ 513.1889,
found 513.1894.

X -3,15- 5 104-F2 - 13- N 5 HE-20- B 75 55 -
1,16- " 4i-7,19- &8 7- KX H e 19,10- N ERE(Q23): /=%
58%, m.p. 210~211 °C; 'H NMR (300 MHz, CDCl;) &:
7.33~7.20 (m, 5H), 7.20 (d, J=9.3 Hz, 1H), 6.12 (s, 1H),
6.07 (d, J=9.3 Hz, 1H), 5.49 (s, 1H), 5.08 (d, J=11.7 Hz,
1H), 4.99 (d, J=11.7 Hz, 1H), 3.65 (d, J=10.5 Hz, 1H),
3.19~3.00 (m, 2H), 2.86 (d, J=10.5 Hz, 1H), 2.38~2.18
(m, 5H), 1.92~1.73 (m, 2H), 1.61~1.47 (m, 2H), 1.35 (s,
3H), 0.89 (d, J=7.5 Hz, 3H); °*C NMR (75 MHz, CDCl5)
5: 2027, 191.2, 172.9, 169.9, 149.5, 146.1, 135.0, 129.6,
128.8, 128.6, 119.0, 89.3, 80.4, 67.5, 65.5, 64.6, 61.5, 60.6,
49.2, 48.6, 36.1, 34.0, 23.5, 17.6, 12.0, 10.7; EIMS m/z
(%): 490 (M™, 1), 463 (0.8), 446 (1), 435 (0.9), 399 (2),
373 (3), 371 (4), 357 (8), 339 (4), 329 (5), 313 (3), 311
(11), 297 (9), 285 (4), 267 (13), 239 (4), 221 (10), 213 (5),
193 (5), 149 (3), 128 (3), 115 (4), 107 (5), 91 (100);
HRMS calcd for C,oH3,0,Na (M—|—Na)+ 513.1889, found
513.1892.

XFWR-13p- 1 %A 3-3,15- 4 -108-F255-20- b5 R s -
1,16- " 4-7,19- 218 7-KH e 19,10- N ER(Q24): 7=
23%, m.p. 197~198 °C; '"H NMR (300 MHz, CDCly) &:
7.37~7.18 (m, 5H), 7.18 (d, J=9.3 Hz, 1H), 6.11 (s, 1H),
6.07 (d, J=9.3 Hz, 1H), 5.48 (s, 1H), 5.07 (d, J=11.8 Hz,
1H), 4.98 (d, J=11.8 Hz, 1H), 3.65 (d, J=10.5 Hz, 1H),
3.22~3.02 (m, 2H), 2.86 (d, J=10.5 Hz, 1H), 2.33~2.10
(m, 6H), 1.93~1.70 (m, 3H), 1.61~1.45 (m, 2H), 1.35 (s,
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3H), 0.90 (d, J=7.3 Hz, 3H); *C NMR (75 MHz, CDCl,)
5:202.7, 191.2, 172.9, 169.9, 149.5, 146.1, 135.0, 129.6,
128.8, 128.5, 119.0, 89.3, 80.4, 67.5, 65.5, 62.7, 61.4, 60.6,
49.2, 48.6, 36.0, 34.0, 32.3, 194, 17.6, 14.0, 12.0;
EIMS m/z (%): 504 (M", 0.9), 460 (1), 449 (2), 431 (1.5),
385 (4), 360 (7), 357 (10), 339 (4), 329 (6), 311 (7), 280
(3), 267 (7), 255 (6), 239 (5), 221 (5), 195 (5), 171 (4), 165
(3), 128 (3), 107 (5), 91 (100); HRMS caled for C3oH330-
(M+H)" 505.2226, found 505.2194.

X W-3,15- 4R - 108-F2FE-134- 53 T 48 E-20- KB R
F-1,16-45-7,19- 2R 7- K HEE 19,10- N ER(25): 7~
% 72%, m.p. 160~161 °C; '"H NMR (300 MHz, CDCly)
8: 7.27~7.10 (m, 5H), 7.11 (d, J=9.3 Hz, 1H), 6.03 (s,
1H), 5.99 (d, J=9.3 Hz, 1H), 5.40 (s, 1H), 5.00 (d, J=
11.8 Hz, 1H), 4.90 (d, J=11.8 Hz, 1H), 3.57 (d, J=10.5
Hz, 1H), 2.94~2.72 (m, 2H), 2.78 (d, J=10.5 Hz, 1H),
2.30~2.05 (m, 5H), 1.83~1.59 (m, 3H), 1.27 (s, 3H),
0.81 (d, J=6.5 Hz, 3H), 0.80 (d, J=6.5 Hz, 3H); "°C
NMR (75 MHz, CDCls) 6: 202.8, 191.2, 172.9, 169.9,
149.6, 146.1, 135.0, 129.6, 128.7, 128.6, 119.1, 89.3, 80.3,
69.5, 67.5, 65.5, 61.4, 60.6, 49.2, 48.6, 35.9, 34.1, 28.9,
19.5, 19.4, 17.5, 12.0; TOE-MS m/z (%) : 505 (M"+1,
100%), 483 (55), 397 (28), 325 (25), 301 (14), 149 (20);
HRMS caled for C3Hi30; (M+H) ™ 505.2226, found
505.2195.

X R-3,15- 4~ 108-F2 K13 8- AR L -20- 2R Bk s 5 -
1,16- " 45-7,19- 2 7-KH g 19,10- N EE(26): /=%
46%, m.p. 120~122 C; 'H NMR (300 MHz, CDCL) &:
7.27~7.08 (m, 5H), 7.11 (d, J=9.3 Hz, 1H), 6.03 (s, 1H),
5.98 (d, J=9.3 Hz, 1H), 5.40 (s, 1H), 4.99 (d, J=11.7 Hz,
1H), 4.90 (d, J=11.7 Hz, 1H), 3.57 (d, J=10.5 Hz, 1H),
3.14~2.96 (m, 2H), 2.79 (d, J=10.5 Hz, 1H), 2.30~2.05
(m, 6H), 1.83~1.61 (m, 2H), 1.51~1.38 (m, 2H), 1.30~
1.14 (m, 3H), 1.26 (s, 3H), 0.83 (d, J=6.3 Hz, 3H); °C
NMR (75 MHz, CDCls) 6: 202.7, 191.2, 172.9, 169.9,
149.5, 146.1, 135.0, 129.5, 128.7, 128.5, 128.5, 118.9,
89.3, 80.4, 67.4, 65.5, 62.9, 61.4, 60.6, 49.2, 48.5, 36.0,
34.0, 29.9, 28.3, 22.5, 17.5, 14.0, 11.9; TOF-MS m/z (%):
519 (M'+1, 100), 497 (25), 475 (18), 339 (20), 318 (29),
274 (80), 249 (65), 161 (24), 149 (42); HRMS calcd for
C3H3s0; (M+H)" 519.2382, found 519.2347.

X -3,15- 40 - 108-F2 FE-13 8- 5 R AH FE-20- KB R
-1,16-45-7,19- 2R 7-KHEE 19,10-WERQ27): 7~
% 78%, m.p. 140~141 °C; "H NMR (300 MHz, CDCly)
8: 7.25~7.05 (m, 5H), 7.12 (d, J=9.3 Hz, 1H), 6.03 (s,
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1H), 5.98 (d, J=9.3 Hz, 1H), 5.40 (s, 1H), 4.99 (d, J=
11.8 Hz, 1H), 4.90 (d, J=11.8 Hz, 1H), 3.56 (d, J=10.5
Hz, 1H), 3.20~2.96 (m, 2H), 2.79 (d, J=10.5 Hz, 1H),
2.30~2.05 (m, 5H), 1.83~1.51 (m, 3H), 1.41~1.28 (m,
2H), 1.26 (s, 3H), 0.81 (d, J=6.5 Hz, 3H), 0.79 (d, J=6.5
Hz, 3H); “C NMR (75 MHz, CDCl;) §: 202.7, 191.2,
172.9, 169.9, 149.6, 146.1, 134.9, 129.5, 128.7, 128.5,
128.5, 118.8, 89.3, 80.4, 67.4, 65.4, 61.4, 61.2, 60.5, 49.2,
48.5, 39.1, 35.9, 34.0, 25.0, 22.7, 22.7, 17.5, 11.9;
TOF-MS m/z (%): 519 (M*+1, 100), 501 (15), 411 (20),
339 (12), 149 (22); HRMS caled for C3H3s0, (M+H)"
519.2382, found 519.2346.
3.2.4  AUPFIEE MM

TR T FH = H I AR(DMSO) F3 531 35 A7t B 2 % B A A
¥) 1.DDP K AF it 8~27, JFECEL 10 mg/mL ¥R & 1) B

P 55 00 AR K 3 1) A P R A 3 2 R P (R TR AN
6X10*/mL, NEEEAM 5X 10*/mL)JE A 96 FLIFFEIR,
90 uL/AL. Wi 5 MIREE, FEMRIER 3 M FATAL, 10
uL/AL, AR 40500 0.01, 0.1, 1, 10, 100 pg/mL;
HEAFLA 100 pL K559, BT REFLA 90 wl (141 g
10 pL [PE5FR; FHPEX BRZGY A PR Y B L3R
NG, TR AR K AN AR 7 24 h SEEJS nZy; BiFAEK
R RI N2, N2h)aE 37 C, 5% CO, K7,
BIRAN LRGSR 48 h, WEEANfURG SR 72 h S, IIAMTT (5
mg/mL), 20 pL/fL, gkE855E 4 h fF N = BRHE[10 g
SDS, 5 mL 5+ T %, 100 mL 0.012 mol/L ) HC1 %3], 100
uL/AL, HCE ISR, FBEFRTE 570 nm A e &
FLI % 5 (ODYA. FH LAR B 2 20k 53 40 i 1 A= K il
il

A K28 = (OD msasse — OD s )/OD mitase X 100%.

LOGIT v+ 52 R i 6 41 I A K 1 - B il i
B 1Cso, BEAMFEMSPATINE =R, SEER 45 R 2.
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