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FIH**  Horst-Dieter Ambrosi” | Z K ¢
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WE  Jaspine B & MNHE4THREU B BE MRS R Y. N T FIRIEWTE L, & RONEE RS PR &
W, B IE R T — &5 3-epi-Jaspine B U4, L 16 AMbEH, BTE AL G35 K WSCHRIRE. T (b & s
'HNMR. C NMR fl HRMS #i5E 5 T 4500, BT & s A0 &4 A e i (MTT) k55t 4 Fh iR 4 i (B16-F10 /N Bk
AT . A-549 NI . MCF-7 AL .. PC-3 A BT A 8 40 M) b AT A= i M sk, 358204k & 4t i
JRANA MEER, K& 8t f 11 b A-549 Al 40 i HE BT B0 s M, L ICsy 4351 9(9.646 & 0.984) Fll
(7.14410.854) pg/mL.
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Synthesis and Antitumor Evaluation of 3-epi-Jaspine B Analogues
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Abstract Jaspine B is a natural product with significant antitumor activity, which was isolated from the marine sponge Pa-
chastrissa sp. In order to find new antitumor compounds with high efficiency and succinct synthetic methods, a series of
3-epi-jaspine B analogues were designed and synthesized. 16 compounds were synthesized and all of them were unknown in
the literature. Their structures were determined by 'H NMR, *C NMR and HRMS. The antitumor activity of these compounds
against four tumor cell lines B16-F10, A-549, MCF-7 and PC-3 was assayed using thiazolyl blue (MTT) assay, and some
compounds showed potent inhibitory effect on tumor cells. Compounds 8f and 11 were more potent against A-549 with ICsq of
(9.64610.984) and (7.144£0.854) pg/mL.

Keywords 3-epi-jaspine B; antitumor; hydrogen sulfide; analogue

Jaspine B (1) AY{il Pachastrissamine, & —FiFRIR
LA AE S S RERT AR, e R DA DU SRR 34 BEAZ FE4H
A ZAFEF 0. 2002 4F Jaspine B ¥ Y HT Higa 251
#345 Pachastrissa sp. PHEEBUAF 2. A, Debitus 2517
TE 7 Ib—FPig47 Jaspis sp. FHFEHCE SLALEH, HHH
fir4 N Jaspine B. WFFL M, Jaspine B X 2 Fi JjfJ83 41 ity
HAREKNMMEEE, 0 P388, MEL2S, A549,
HT29, HeLa 254 % Jaspine B fI1E FI ML AT W 58 &
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caspase KA IR 1215 SR T, thaIRE LB
Jaspine B A H: 5 Ha) 4% 16 0% 417 ot 2819 2 Pt i ity A L 1Y 2
HhEE CP. T Jaspine B B RIFHIAYNEN:, B
[RIBIF ST 4R 2 Jaspine B {444 2 S 3, JFH
XS A AR e A E B B — S AT R i e,
TREIMEMR B EY B — AN
R REREF, SRA AR 2

Received July 19, 2016; revised August 19, 2016; published online September 8, 2016.
Project supported by the National Natural Science Foundation of China (No. U1204206) and the Education Department of Henan Province (No. 17A350004).
X E ARk 4 (No. U1204206) Rl #9448 20 E JT (No. 17A350004) B B3 H .

Chin. J. Org. Chem. 2017, 37, 141~148

A ©2017 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 141



BIKE

Q/CmHzg SSZ/CMHzg
H,N  OH H,N  OH

3-epi-Jaspine B (2) Jaspine B analogues (3)

SEZ/CMHzg
H,N  OH

Jaspine B (1)

W2, Bt RIS 25 WAL S AT R R I — 2B R ARE,
WR WGR 2R P A i LA RGP el i& 1, W52
REPIES:, 2 & H IRMR 4N 2 e A AT R4
fPTE! 0L LR, PumEL FupRls )
e,

H,S [f—F A ENO)M — S Bk (CO)—FE 2 EA
A — R IR SRE 5 07, S AEHLRE
VEF, S AT 70 th ok R AP W50, HoS Xt
AR Z R A T % DI 552, Kashfi ZE27E R = I
W EZENHS AR SV (4), B s eSS oK
PETE, ANATTTE R BN 2944 78 i) B iR 12

S

o) /©)‘\NH2
(L
0

OMONOZ

NOSH-Aspirin (4)

BATRBHC R B TERNR T — %L D-ABE R
A4k Jaspine B HUERZRRY, JEH AR T — RAIE
3 =M Jaspine B 4 55 i T & B AL AR
H,S A L A PNEYE, 1 RIS 4F % 1% (1) Jaspine
B K, A HE LT — R 3-epi-Jaspine B
B, I AT A YE

° N
ST o
HoN OH N\
5

CigH37

1 GR5TR
1.1 HEYHEK

R SCHERARE, FRL 621 TR AT = 2Bk L
SULENIE N R AR IR e A ) S A B & 7, eE
YT E SRS T HROE R B FOE I L R RS R A
8 (Scheme 1). HH1b&Y) 8f TEIHTHEEBREA S BiRT,
1,2,3,4-VUS 5 T 2115 21 2- LR 21k

Hirtb &9 11 B16 2 a0 Scheme 2 Arzs. 1R
k5P & 3 (Boc),0 IR E R &1 9, R &
Y9 5 a-fiFETE 3 ORIk —IEfZ(DCC)M 4- — H&
B iE (DMAP) S N AT 46 & R B AE A A 10, &
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AL
secondary amines R

R
O\~CHO  NaBH(OAc); 0 Pd/C, H, o
et et N e
X_\/’ 1,2-dichloroethane 5 MeOH, r.t.
N OBn Np, rt. Ny OBn H,N  OH

6 7a~7n 8a~8n

a: R=Morpholino, b: R=Diethylamino, ¢: R=butyl(methyl)amino,
d: R=4-methylpiperazin-1-yl, e: R=4-methylpiperidin-1-yl, f: R=
(2-methylphenethyl)amino, g: R = 1,1-dioxidothiomorpholino, h:
R=4-acetylpiperazin-1-yl, i: R=azetidin-1-yl, j: R=4-(3-(trifluoro-
methyl)phenyl)piperazin-1-yl, k: R = 3,3-difluoropyrrolidin-1-yl, I
R = 4,4-difluoropiperidin-1-yl, m: R = (R)-2-(methoxymethyl)pyro-
lidin-1-yl, n: R=methyl(phenethyl)amino

B 1 Hisfb &Y 8a~8n ) UKL

Scheme 1 Synthetic route of the target compounds 8a~8n

JE F =R R A 10 2% B Boc (4715351 H
R EY) 11

N,
°N
o )
0 N (Boc)0 O O/\<\—N\
| °N > ) CigHaz
H,N OH N
5

"“OH

CqgHs7 BocHN 9

O/\(\N’CBH:&?

/

a-Lipoic acid o) 0 N=N TFA

D —————— —_—
DCC, DMAP .,
0 s
BocHN
10 S

B2 HRLEY 11 8 Bk
Scheme 2  Synthetic route of the target compound 11

HirbEY 13 BIE B4 U Scheme 3 FR.
Boc P IERL 9 26 5T BT R A4S S, F 5%t
FRIEBR AR e e I B AR B B 12, B H =9
&2 Boe fR4715 2] B bnfb &4 13.
1.2 BHiRERMEEN

TR E ST T, AR ek
(MTT)LL 32, LA S-URMENE (5-Fu){FE A RH X R, X B
EBAEHEAT RSN T A-549 N JRE4HAL . B16-F10 /)
B R B B R A . MCF-7 AFLIs4ii. PC-3 A
5 R 4B O PR R, AT P B (3% 1) R, KB
3 ALE XS Bl 4 Fb i e 40 B 350 AT B R R A v
P, LAY 8f, 8h~8j, 8n X A549 4ifiu AT — & Mg
PE. AL &9 8f I ALA 0 11 % AS49 FHR 3G PE & T, 1Cs,
SN (9.646+0.984)F1(7.144£0.854) pg/mL, HAHE
— PR EOE R T, AEY 11 13 BTSRRI AT AT
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1) Succinic anhydride

2) 4-Hydroxythiobenzamide

\ DCC, DMAP
CigHa7

z N/C18H37

%ﬂm@%_

BocHN

= N/C18H37

T,

NH2

BR3  HIRLEY 13 6 L
Scheme 3  Synthetic route of the target compound 13

a5 iR, JF BACEY 10 A0 13 [8 54K

—FE, RAERIH,S HIZERIAEL (&9 11 B B
EVETIA &P 13 BAETE, RV EY 13 451
TR AR =M N R TR T T AR, 35
AR 455 RE 088, 5 3CHIRIE Y Jaspine B A H 7
FIRETE VAR L, BEZ B 5N 2 RER R 283 IF AN RE
FEHTMRS A BT T, F83 U T Jaspine B ) 2 ALK
B LA 3 A Fe o0t Hm PR H

2 Zhig
N FHIEETE L, SR BT T R R

WEY), Bt IEE R 16 BT AL S U 3-epi-Jaspine B 28
O, Fra W E BRI SCIRAGE. FIFH MTT 7%, LLS-
SR E R B M R, X BT BRI A S AT T 5 Ak
AR 4 I (AS549. B16-F10. MCF-7 il PC-3)1 40 %
PRI, A& WA o H B I ) b T8 40 40 o) i
Xt HBEATYIE R RE R SR, BT At &5t
AS49 AR H— @ HE R, K& 8f Lk
E 4011 % AS49 ARG B A T e fth = R i &R
(M, S KW, Jaspine B ) 2 7K bidk
B LR 3 AR R M LR, AR AN
BE— BB A AR — e B AR A

3 SIS

3.1 R 5EH
%nm&”cmmﬁ%%ﬁ&wﬂmw«mﬂﬁ
SRR 2, TMS AP AR; 5 5 P 5 i A
Waters-Micromass A & Q-Tof Fiii A %E. 1,2- ~ 5 LK
& T ROEL THRA R, = WA IEME N i
B (L) ERAR; HERER: FEEF DL TE
AT 10%A B A AR b ik i b 40 Ak 2 S A PR A
"l TEAKHEE: WG T TAERA R, ALK 5
AL T A HUA R A TSR, S EHAEE A, 1
AR T S AT 4, 06 B (RS AL HE.
3.2 WA
321 feddh 7 89h R
#E R 624500 mg, 2.02 mmol)i& T 1,2- S k%

£1 LAY 8a~8n. 11 A 13 KPS E
Table 1 Antitumor activity of compounds 8a~8n, 11 and 13

ICsy"/(ugemL ")

Compd. A549 B16-F10 MCF-7 PC-3
8a >128 >128 >128 >128
8b >128 >128 >128 >128
8¢ >128 >128 >128 >128
8d >128 >128 >128 >128
8e >128 >128 109.985+2.041 >128
8f 9.6461+0.984 >128 100.25742.001 >128
8g >128 >128 >128 >128
8h 57.055+1.756 >128 >128 >128
8i 115.316+2.062 >128 >128 >128
8j 105.631+2.024 >128 >128 >128
8k >128 >128 >128 >128
81 >128 >128 >128 >128
8m >128 >128 >128 >128
8n 39.585+1.598 >128 >128 >128
11 7.144+0.854 33.723+1.528 29.511+1.470 19.351+1.287
13 >128 >128 >128 >128
5-FU 0.05740.001 0.8194+0.087 0.79540.001 0.070+0.015
“1Cso B R G WE R AR 72 h (945
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MR

(10 mL)H, AR IR — 8% (2.02 mmol) 1 = 2,
B S ALEN(557 mg, 2.63 mmol), BAMY, FEik
BirE, HEMZOE(TLO) MM FEENE K, £ 4h kg
W VA IO\ LR R R SRV, RISV pH &
e 2R ZER(10 mL X 3)AEH, M KRk, T
KRR EET 1. g, BT, HETSLE 7.

(28,3R,45)-2-(My k- 1- 2 F -3 - A e -4- B R LU
SR (Ta): FOIRY, 7% 63%. 'H NMR (400
MHz, CDCl;) 8: 7.41~7.29 (m, 5H), 4.65 (d, J=11.9 Hz,
1H), 4.56 (d, J=11.9 Hz, 1H), 4.01~3.91 (m, 4H), 3.83~
3.77 (m, 1H), 3.69 (t, J=4.7 Hz, 4H), 2.59~2.54 (m, 1H),
2.49 (dt, J=9.0, 4.1 Hz, 5H); *C NMR (101 MHz, CDCl5)
5: 137.32, 128.71, 128.26, 128.02, 86.70, 82.14, 72.44,
71.08, 67.01, 65.69, 60.81, 54.33.

(28,3R,45)-2- . LA I R -3- N A4- B HAENA
g (7b): #EOMPIRY, 723 71%. '"H NMR (400 MHz,
CDCly) 0: 7.40~7.28 (m, 5H), 4.65~4.56 (m, 2H),
4.02~3.90 (m, 4H), 3.80 (d, J=3.4 Hz, 1H), 2.59 (tdd,
J=9.8, 6.9, 3.2 Hz, 6H), 1.02 (t, J=7.1 Hz, 6H); “C
NMR (101 MHz, CDCly) 6: 137.56, 128.66, 128.13,
127.98, 86.81, 83.12, 72.22, 71.01, 65.89, 55.23, 47.64,
11.82.

(2S,3R,48)-2-[ T (W Ik ) 2 B FH AL 3R A i 4- 2
RV A PRI (Te): FEMHRY, 755 65%. 'H NMR
(400 MHz, CDCl3) : 7.40~7.27 (m, 5H), 4.60 (q, J=11.8
Hz, 2H), 4.02~3.91 (m, 4H), 3.80~3.76 (m, 1H), 2.52
(qd, J=13.1, 6.4 Hz, 2H), 2.41~2.35 (m, 2H), 2.27 (s,
3H), 1.49~1.38 (m, 2H), 1.34~1.24 (m, 2H), 0.90 (t, J=
7.3 Hz, 3H); “C NMR (101 MHz, CDCls) §: 137.51,
128.65, 128.14, 127.97, 86.99, 82.78, 72.35, 70.95, 65.84,
59.69, 58.32, 42.98,29.51, 20.72, 14.19.

(28,3R,45)-2-(4- F JENR R - 1- 38 FH BE 3- AR 4 0k -4- B
RIEVUAIRIR (7d): S EHPIRY), 725 57%. 'H NMR
(400 MHz, CDCLy) &: 7.38~7.29 (m, 5H), 4.64 (d, J=11.8
Hz, 1H), 4.56 (d, J=11.9 Hz, 1H), 4.00~3.89 (m, 4H),
3.78 (dd, J=4.5, 1.0 Hz, 1H), 2.63~2.37 (m, 9H), 2.27 (s,
3H); *C NMR (101 MHz, CDCl;) d: 137.40, 128.68,
128.20, 128.01, 86.86, 82.31, 72.40, 71.01, 65.77, 60.42,
55.14, 53.85, 46.15.

(28,3R,45)-2-(4- F JEWR g -1-F8) FH JE-3- R 4 0k -4- B
RIEV] AR (Te): T EMHRY, 725K 67%. 'H NMR
(400 MHz, CDCly) &: 7.40~7.28 (m, 5H), 4.60 (q, J=11.8
Hz, 2H), 4.01~3.91 (m, 4H), 3.77 (dd, J=4.4, 1.1 Hz,
1H), 2.94~2.83 (m, 2H), 2.55 (dd, J=13.1, 7.5 Hz, 1H),
2.45 (dd, J=13.1, 5.2 Hz, 1H), 2.00 (td, J=11.4, 2.3 Hz,

144 http:/sioc-journal.cn/
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2H), 1.58 (d, J=11.7 Hz, 2H), 1.41~1.18 (m, 3H), 0.91
(d, J=6.1 Hz, 3H); “C NMR (101 MHz, CDCl;) ¢:
137.50, 128.65, 128.13, 127.98, 87.05, 82.40, 72.27, 70.95,
65.84, 61.01, 54.75, 54.69, 34.44, 34.37, 30.74, 22.02.
(28,3R,45)-2-(1,2,3,4- VY & 57 M ph-2- 25 ) Y -3 R 46
F-4- B R FEIUE W (76): ARy, % 75%. 'H
NMR (400 MHz, CDCl3) &: 7.29 (s, 5H), 7.16~7.06 (m,
3H), 7.03~6.97 (m, 1H), 4.59 (dd, J=27.5, 11.8 Hz, 2H),
4.09~3.95 (m, 4H), 3.86 (dd, J=4.4, 1.1 Hz, 1H), 3.76~
3.66 (m, 2H), 2.91~2.64 (m, 6H); >C NMR (101 MHz,
CDCly) d: 137.39, 134.88, 134.38, 128.73, 128.64, 128.14,
128.01, 126.68, 126.21, 125.68, 86.89, 82.67, 72.37, 71.06,
65.85, 60.10, 56.62, 51.64, 29.17.
(2S,3R,45)-2-(FRAC M Ik -4,4- — S AL 4~ 1-3%) F 3 -3
FRIE-4- BRI IEW(T): FEEMHRY, FF 66%.
'H NMR (400 MHz, CDCl;) &: 7.36 (dt, J=11.0, 7.5 Hz,
5H), 4.69 (d, J=12.0 Hz, 1H), 4.50 (d, J=12.0 Hz, 1H),
3.97 (s, 3H), 3.85 (dd, J=11.0, 4.7 Hz, 1H), 3.79 (d, J=
4.8 Hz, 1H), 3.05 (dd, J=13.7, 6.1 Hz, 2H), 3.01~2.92
(m, 6H), 2.71~2.61 (m, 2H); “C NMR (101 MHz,
CDCly) &: 137.09, 128.78, 128.45, 128.24, 85.70, 82.99,
72.46,71.33, 65.50, 58.05, 51.65, 51.39.
(28,3R,45)-2-(4- £ T F WR W - 1- 55 ) k-3 - 4 Bk -4-
BRIEVIE LI (Th): S EIHCRY), 725 65%. 'H NMR
(400 MHz, CDCl3) &: 7.36 (ddd, J=14.3, 8.4, 5.5 Hz, 5H),
4.66 (d, J=11.9 Hz, 1H), 4.56 (t, J=11.9 Hz, 1H), 4.00~
3.91 (m, 4H), 3.80 (dd, J=4.6, 1.4 Hz, 1H), 3.60 (t, J=5.1
Hz, 2H), 3.46~3.41 (m, 2H), 2.51 (qdd, J=16.4, 12.3, 6.6
Hz, 7H), 2.07 (s, 3H); >C NMR (101 MHz, CDCl) ¢:
169.03, 137.24, 128.73, 128.31, 128.05, 86.51, 82.31,
72.46, 71.18, 65.62, 60.07, 53.91, 53.43, 46.27, 41.41,
21.41.
(285,3R,A48)-2-(R IR T Joe-1-38) 2L -3- 4 Hk4- 5
AL VUSRI (7i): S EHRY, 7% 64%. 'H NMR
(400 MHz, CDCl3) d: 7.42~7.31 (m, 5H), 4.62 (q, J=11.7
Hz, 2H), 4.01~3.92 (m, 3H), 3.82~3.75 (m, 2H), 3.31~
321 (m, 4H), 2.65~2.54 (m, 2H), 2.09 (p, J=7.0 Hz,
2H); *C NMR (101 MHz, CDCly) J: 137.46, 128.66,
128.15, 127.94, 86.49, 82.88, 72.35, 70.79, 65.82, 61.44,
56.16, 18.25.
(25,3R,48)-2-[4-(3- = Fl H AR S )Wk e - 1 - 3 ] Y 33
FEIE-4-SHEE ARG (7)) FHEOHRY, 7% 69%.
'H NMR (400 MHz, CDCls) 8: 7.40~7.30 (m, 7H), 7.06
(dd, J=16.8, 8.2 Hz, 2H), 4.65 (t, J=13.2 Hz, 1H), 4.60~
4.52 (m, 2H), 4.16~4.07 (m, 1H), 4.06~3.93 (m, 4H),
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3.85 (dd, J=9.8, 1.8 Hz, 1H), 3.48~3.42 (m, 4H), 3.22 (t,
J=5.0 Hz, 3H), 2.70~2.52 (m, 4H); *C NMR (101 MHz,
CDCly) 0: 151.33, 137.18, 129.48, 129.12, 128.57, 128.45,
128.27, 128.12, 128.06, 127.89, 127.72, 118.58, 115.67,
112.07, 112.03, 103.72, 102.85, 86.54, 82.85, 82.26, 78.86,
77.32, 77.00, 76.68, 72.30, 72.12, 71.77, 70.98, 66.32,
65.57, 60.10, 54.87, 53.53, 53.26, 48.53.

(285,3R,48)-2-[(3,3- — S ML 1 Joc - 1- 5 ) R e - 1- ik ) HY
-3 AR A HE-4- B W R DY AR (7k): B R, FeER
69%. '"H NMR (400 MHz, CDCl;) &: 7.42~7.29 (m, 5H),
4.64 (d, J=11.8 Hz, 1H), 4.55 (d, J=11.8 Hz, 1H), 4.00~
3.93 (m, 3H), 3.88 (dd, J=11.0, 5.7 Hz, 1H), 3.81 (dd, J=
4.5, 1.5 Hz, 1H), 2.96 (td, J=13.5, 2.9 Hz, 2H), 2.78 (td,
J=17.0, 2.1 Hz, 2H), 2.65 (d, J=6.1 Hz, 2H), 2.30~2.18
(m, 2H); *C NMR (101 MHz, CDCl3) §: 137.29, 128.73,
128.29, 128.06, 86.46, 83.04, 72.53, 71.10, 65.72, 62.51,
57.36, 53.10, 35.89.

(285,3R,48)-2-[(4,4- — SR WE -1- 5L ) Wk 1R -1 - ik ] HH 2 -
3-SR 4- B B DY SRR (7)) B AOHDIR Y,
74%. "H NMR (400 MHz, CDCl;) &: 7.43~7.33 (m, 5H),
4.68 (d, J=11.9 Hz, 1H), 4.57 (d, J=11.9 Hz, 1H), 4.03~
3.96 (m, 3H), 3.96~3.91 (m, 1H), 3.81 (dd, J=4.5, 1.4
Hz, 1H), 2.69~2.53 (m, 6H), 1.99 (ddd, J=19.5, 13.5, 5.7
Hz, 4H); °C NMR (101 MHz, CDCly) J: 137.28, 128.74,
128.31, 128.05, 86.52, 82.63, 72.42, 71.16, 65.66, 59.36,
50.86, 50.81, 50.75, 34.28, 34.05, 33.82.

(285,3R,48)-2-[(R)-2- H 45 H Ja& b s o -1- 5 ] HH 25k -3-
I -4- BRI DY A R IR (Tm): B IR Y, PR R
62%. '"H NMR (400 MHz, CDCl;) d: 7.39~7.28 (m, 5H),
4.63~4.56 (m, 2H), 4.02~3.91 (m, 4H), 3.86 (d, J=3.6
Hz, 1H), 3.34~3.28 (m, 4H), 3.20 (td, J=9.2, 5.1 Hz,
2H), 3.00 (dd, J=12.6, 7.7 Hz, 1H), 2.68 (dq, J=8.3, 5.9
Hz, 1H), 2.58 (dd, J=12.6, 6.5 Hz, 1H), 2.31 (q, J=8.6
Hz, 1H), 1.94~1.82 (m, 1H), 1.74 (qd, J=7.8, 3.5 Hz,
2H), 1.53 (dt, J=12.7, 6.4 Hz, 1H); *C NMR (101 MHz,
CDCly) d: 137.69, 128.63, 128.07, 127.96, 86.77, 84.02,
72.06, 70.97, 65.97, 63.56, 59.10, 57.65, 55.50, 28.36,
23.62.

(2S,3R,48)-2-[ H (R .58 & 36 ) H 2 -3- R 4 -4
B ILVIE PRI (Tn): 35 EIHPIRY), 773 67%. 'H NMR
(400 MHz, CDCly) d: 7.39~7.25 (m, 7H), 7.18 (dd, J=
10.0, 4.1 Hz, 3H), 4.53 (q, J=11.8 Hz, 2H), 4.02~3.91
(m, 4H), 3.78~3.73 (m, 1H), 2.80~2.73 (m, 2H), 2.72~
2.60 (m, 3H), 2.56 (dd, J=13.1, 5.6 Hz, 1H), 2.37 (s, 3H);
C NMR (101 MHz, CDCly) d: 140.52, 137.47, 128.85,
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128.66, 128.48, 128.16, 127.98, 126.08, 86.89, 82.70,
72.33,71.01, 65.81, 60.24, 59.42, 42.84, 33.79.
322 adh 8 694k

G Ta (630 mg, 1.98 mmol)iA T FEE(50 mL)
o IIN 10%5EBRIEAL T 189 mg, /AT N =itk
ZFER RN sE 4, IR, BT, B2
P A1) 8a.

(28,3R,45)-2- (M hpf-1-3 ) FF -4 2 L DU S PR R - 3- T
(8a): EE IR, M F 83%. 'H NMR (400 MHz,
CDCLy) d: 4.09~4.02 (m, 1H), 3.79 (dd, J=12.0, 6.3 Hz,
1H), 3.75~3.68 (m, 4H), 3.65 (dt, J=8.4, 4.2 Hz, 1H),
3.59 (dd, J=9.2, 5.2 Hz, 1H), 3.37 (dt, J=6.3, 5.1 Hz,
1H), 2.69~2.51 (m, 6H), 2.36 (s, 4H); *C NMR (101
MHz, CDCl;) 0: 82.62, 81.27, 77.32, 77.00, 76.68, 73.73,
66.84, 61.69, 59.07, 58.17, 54.51; ESI-HRMS calcd for
CoH oN,O5 [M+H]": 203.1396, found 203.1398.

(28,3RA48)-2-( . LR Hk) F 5 -4 5k Y S kP - 3- e
(8b): IR EIHCRY, F2F 76%. 'H NMR (400 MHz,
CDCLy) 6: 4.09 (dd, J=9.0, 7.1 Hz, 1H), 3.73~3.66 (m,
1H), 3.65~3.54 (m, 2H), 3.46 (dd, J=12.8, 5.9 Hz, 1H),
2.76 (dd, J=12.9, 4.9 Hz, 1H), 2.66 (ddd, J=14.5,7.2,3.2
Hz, 3H), 2.60~2.48 (m, 2H), 2.34 (s, 5H), 1.06 (t, J=7.2
Hz, 6H); °C NMR (101 MHz, CDCls) §: 83.55, 80.35,
77.32, 77.20, 77.00, 76.68, 73.34, 58.34, 56.53, 48.23,
11.70; ESI-HRMS caled for CoH,N,O, [M + H] ' :
189.1603, found 189.1607.

(2S3RA8)-2-[ T B (FH L) & L) F B4 L DU Ak
MR -3-HE(8¢): IR B IR, M3 76%. 'H NMR (400
MHz, CDCly) d: 4.06 (dd, J=9.1, 6.7 Hz, 1H), 3.73 (q,
J=6.4 Hz, 1H), 3.67~3.55 (m, 2H), 3.41 (dd, J=12.0,
5.5 Hz, 1H), 2.61 (t, J=9.6 Hz, 5H), 2.51~2.34 (m, 3H),
230 (s, 3H), 1.52~1.39 (m, 2H), 1.37~1.24 (m, 2H),
0.92 (t, J=7.3 Hz, 3H); °C NMR (101 MHz, CDCL;) ¢:
83.28, 81.11, 77.32, 77.00, 76.68, 73.48, 60.68, 58.72,
58.68, 43.37, 29.26, 20.51, 13.98; ESI-HRMS calcd for
C1oH23N,0, [M+H]": 203.1760, found 203.1760.

(285,3R,45)-2-(4-F Hk-1-WR W Ik ) Y Bk -4- S B DU Sk
MR -3- T (8d): 3 IR, 7% 69%. 'H NMR (400
MHz, CDCl3) 6: 4.06 (ddd, J=10.6, 6.6, 4.1 Hz, 1H),
3.81~3.70 (m, 1H), 3.67~3.53 (m, 2H), 3.39 (dt, J=6.2,
4.7 Hz, 1H), 2.95 (dd, J=26.8, 10.8 Hz, 2H), 2.74~2.33
(m, 9H), 2.27 (s, 1H), 2.23~1.98 (m, 2H), 1.63 (dd, J=
19.1, 8.3 Hz, 2H), 1.45~1.31 (m, 1H), 1.31~1.12 (m,
3H), 0.90 (t, J=8.1 Hz, 3H); *C NMR (101 MHz, CDCl,)
5: 83.13, 80.87, 77.32, 77.00, 76.68, 73.49, 61.56, 61.20,
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58.63, 55.54, 54.99, 54.63, 54.03, 45.90, 34.31, 34.07,
30.34, 21.71; ESI-HRMS calcd for C;oH»,N;0, [M+H]':
216.1712, found 216.1714.
(28,3R,45)-2-(4-F k- 1-WR g J5 ) Y Bk -4- S0 B DU Sk
MR -3- T (8e): B LR Y, 7% 65%. 'H NMR (400
MHz, CDCl;) §: 4.06 (dd, J=9.8, 4.9 Hz, 1H), 3.99 (s,
2H), 3.82 (dd, J=9.8, 2.7 Hz, 1H), 3.56 (s, 1H), 3.21 (dd,
J=30.2, 11.9 Hz, 2H), 2.87 (td, J=15.6, 7.8 Hz, 2H),
2.54~2.39 (m, 2H), 1.70 (d, J=12.8 Hz, 2H), 1.53~1.39
(m, 1H), 1.38~1.22 (m, 2H), 0.93 (d, J=6.4 Hz, 3H); "°C
NMR (101 MHz, CDCLy) J: 83.13, 80.87, 77.32, 77.00,
76.68, 73.49, 61.56, 61.20, 58.63, 55.54, 54.99, 54.63,
54.03, 45.90, 34.31, 34.07, 30.34, 21.71; ESI-HRMS calcd
for C;;H»3N,0, [M+H]": 215.1760, found 215.1765.
(28,3R,45)-2-[(2-F 3 7K 2, 3 Y R L ) B -4-F L DU &
WRIE-3-BE(8F): B iR, 77 82%. 'H NMR (400
MHz, CDCl;) 8: 7.17~7.08 (m, 4H), 4.03~3.91 (m, 3H),
3.57 (dd, J=9.5, 2.3 Hz, 1H), 3.39~3.32 (m, 1H), 3.15
(dd, J=13.1, 2.5 Hz, 1H), 3.03 (dt, J=9.4, 7.4 Hz, 2H),
2.95~2.83 (m, 3H), 2.30 (s, 3H); *C NMR (101 MHz,
CDCly) d: 136.35, 136.30, 130.51, 129.46, 126.91, 126.21,
83.90, 79.47, 77.32, 77.00, 76.68, 73.01, 58.22, 58.07,
50.35, 49.77, 31.82, 19.15, 18.32; ESI-HRMS calcd for
C1sHx3N,0, [M+H]": 251.1760, found 251.1756.
(28,3R,45)-2-(Bi A k-4, 4- — S AL - 1-3ik) F H-4-
K DY SR IR -3- 1 (8g): B EA[E 4R, 7 # 90%. m.p.
152.5~153.7 ‘C; '"H NMR (400 MHz, D,0) d: 3.95 (dd,
J=9.5, 6.3 Hz, 1H), 3.78 (ddd, J=8.8, 6.0, 3.0 Hz, 1H),
3.64 (dd, J=5.8, 4.6 Hz, 1H), 3.57 (dd, J=9.5, 5.1 Hz,
1H), 3.29 (dt, J=6.2, 4.9 Hz, 1H), 3.19 (t, J=4.9 Hz, 4H),
3.09 (dd, J=11.5, 5.2 Hz, 4H), 2.81 (dd, J=14.0, 3.0 Hz,
1H), 2.73 (dd, J=13.9, 8.7 Hz, 1H); *C NMR (101 MHz,
D,0) §: 81.92, 80.52, 72.22, 57.75, 57.30, 50.43, 49.47;
ESI-HRMS caled for CoHoN,O,S [M+H]": 251.1066,
found 251.1062.
(2S,3R,4S)-2-(4- LT MR - 1 - 25 ) FF L 4- B B DU &
WRIR-3-[E(8h): ¥ R, 7<% 78%. 'H NMR (400
MHz, CDCl;) d: 4.05 (dd, J=9.2, 6.2 Hz, 1H), 3.81 (q,
J=5.9 Hz, 1H), 3.70~3.55 (m, 4H), 3.53~3.43 (m, 2H),
3.36 (dd, J=10.9, 4.9 Hz, 1H), 2.77~2.44 (m, 9H), 2.08
(s, 3H); *C NMR (101 MHz, CDCl;) : 168.96, 82.22,
81.78, 77.32, 77.00, 76.68, 73.72, 61.04, 59.19, 53.94,
53.52, 46.13, 41.29, 21.21; ESI-HRMS calcd for C;Hy,-
N;0; [M+H]": 244.1661, found 244.1665.
(2S,3R,48)-2-(A I IR T Joi-1-3ik ) F 3k -4- 2 JE U &Lk
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MR -3-IE(8i): ¥R B PR, 77% 83%. 'H NMR (400
MHz, D,0) d: 4.08~3.93 (m, 5H), 3.89~3.82 (m, 1H),
3.82~3.77 (m, 1H), 3.68 (dd, J=9.8, 4.0 Hz, 1H), 3.44~
3.35 (m, 2H), 3.24 (dd, J=13.5, 7.6 Hz, 1H), 2.42~2.30
(m, 2H); *C NMR (101 MHz, D,0) ¢: 80.29, 79.38, 72.33,
57.39, 56.35, 55.51, 16.44; ESI-HRMS calcd for CgH;;N,-
0, [M+H]": 173.1290, found 173.1291.

(2S,3R,48)-2-4-{[3-( = % I 3 ) IR L TR 1R -1- ik } A
F-4-F B DY SR -3 (8f): AR, PR R 75%.
'H NMR (400 MHz, CDCLy) d: 7.35 (t, J=8.0 Hz, 1H),
7.12 (d, J=7.7 Hz, 1H), 7.06 (s, 1H), 7.02 (d, J=8.3 Hz,
1H), 4.20 (s, 1H), 4.03 (s, 2H), 3.71 (q, J=7.0 Hz, 1H),
3.25 (s, 3H), 3.15~2.83 (m, 5H), 1.34~1.19 (m, 2H); "*C
NMR (101 MHz, CDCly) &: 162.47, 162.12, 150.37,
131.77, 131.45, 129.81, 125.47, 122.76, 119.40, 117.98,
117.10, 115.07, 112.68, 83.40, 69.86, 58.44, 58.18, 57.43,
54.10, 47.45, 18.40; ESI-HRMS calcd for C,sH3F3N;0,
[M+H]": 346.1742, found 346.1744.

(285,3R,45)-2-(3,3- - H ML s ot - 1- ) HY k-4 2 L U
SR -3 (8K): FE PR, 773 70%. 'H NMR (400
MHz, D,0) d: 3.92 (dd, J=9.5, 6.3 Hz, 1H), 3.71 (ddd,
J=9.0, 5.9, 3.5 Hz, 1H), 3.64~3.57 (m, 1H), 3.54 (dd,
J=9.5, 5.2 Hz, 1H), 3.25 (dd, J=11.0, 4.9 Hz, 1H), 2.94
(t, J=13.3 Hz, 2H), 2.85~2.61 (m, 4H), 2.30~2.14 (m,
2H); *C NMR (101 MHz, D,0) d: 130.12, 82.56, 80.66,
72.16, 61.43, 61.14, 60.84, 57.75, 57.29, 52.20, 52.16,
52.12, 34.88, 34.63, 34.39; ESI-HRMS calcd for CoH 7F,-
N,O, [M+H]": 223.1258, found 223.1254.

(285,3R,45)-2-(4,4- — SR WE-1-F% ) FH i 4- 20 ik DU &=
Wk -3- I (81): B L [E A, P73 90%. mup. 115.6~
116.3°C; '"H NMR (400 MHz, CDCl3) d: 4.05 (dd, J=9.4,
6.0 Hz, 1H), 3.79 (q, J=5.5 Hz, 1H), 3.76~3.70 (m, 1H),
3.66 (dd, J=9.4, 4.5 Hz, 1H), 3.45~3.27 (m, 4H), 2.68 (d,
J=5.4 Hz, 6H), 2.09~1.90 (m, 4H); *C NMR (101 MHz,
CDCLy) ¢0: 123.85, 121.45, 119.05, 82.31, 81.73, 77.32,
77.00, 76.68, 73.27, 59.82, 58.85, 5121, 51.16, 51.11,
33.97, 33.74, 33.51, 29.66; ESI-HRMS calcd for CoH;oF,-
N,O, [M+H]": 237.1415, found 237.1411.

(28,3R,45)-2-[(R)-2-( H 4 HI 5 ML i Jo- 1 -6 ] HH K -4-
G USRI -3-E(8m): YR I EHRY), 7R3 76%. 'H
NMR (400 MHz, CDCLy) 6: 4.09 (dd, J=9.4, 6.1 Hz, 1H),
3.96 (s, 4H), 3.87~3.81 (m, 1H), 3.81~3.74 (m, 1H),
3.70 (dd, J=9.4, 4.6 Hz, 1H), 3.51 (dd, J=10.6, 4.6 Hz,
1H), 3.43 (dd, J=9.7, 4.4 Hz, 1H), 3.40~3.31 (m, 4H),
3.22 (ddd, J=9.8, 6.6, 3.5 Hz, 1H), 3.00 (dd, J=13.0, 7.0
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Hz, 1H), 2.85~2.69 (m, 2H), 2.43 (dt, J=9.3, 7.6 Hz,
1H), 1.89 (ddd, J=16.5, 11.7, 8.2 Hz, 1H), 1.82~1.70 (m,
2H), 1.70~1.59 (m, 1H); *C NMR (101 MHz, CDCl;) ¢:
82.45, 81.64, 77.32, 77.00, 76.68, 74.49, 72.22, 64.86,
58.81, 58.16, 58.13, 56.41, 27.19, 23.32; ESI-HRMS calcd
for C;;H»3N,0; [M+H]": 231.1709, found 231.1707.

(2S,3R,48)-2-[ FH B (R £ 3 ) & 36 ) FH 2t -4-F 2L DU &
IR -3-2(8n): KR EIHRY), 72 65%. 'H NMR (400
MHz, CDCl;) d: 7.28 (dd, J=12.1, 4.6 Hz, 2H), 7.23~
7.16 (m, 3H), 4.03 (dd, J=9.1, 6.6 Hz, 1H), 3.70 (dd, J=
12.6, 6.5 Hz, 1H), 3.60~3.52 (m, 2H), 3.34 (dd, J=11.7,
5.4 Hz, 1H), 2.84~2.58 (m, 6H), 2.38 (s, 4H); °C NMR
(101 MHz, CDCl3) d: 139.99, 128.62, 128.39, 126.09,
83.18, 81.41, 77.32, 77.00, 76.68, 73.58, 60.58, 60.37,
58.86, 43.23, 33.62; ESI-HRMS caled for Ci,HxN,0,
[M+H]": 251.1760, found 251.1756.
323 (2S.3R48)-2-[(1-+ Ak K-1H-1,23-=¢-4- %)
VAT A A-[( T &AL A AW A ok h-3-B2(9)
EORES Y

Kb 5 (940 mg, 2.01 mmol)iET & K10
mL)H, AKIIAN B R U T BE(525 mg, 2.41 mmol)
M=Z (417 mmL, 3.01 mmol), EiRHHHE2 h RS
W, 430 AR RR R ARV K AR £ SR KB
LA, ToKBRBRE: T 4. fhiE, EIET15 0 ok,
HIEZEHAT TP R
324  (R)-1,2- B3R I%,-3- 1% BR (25,3R,48)-2-[(1-+ A
A -TH-1,23- =78 -4- ) F AP E4-[(RT AH
)R Aok d-3-B5(10) 69 A A%

&9 (1.25 g, 2.21 mmol)iE T & H %£(20 mL)
o, R AR R B TUOKE R, RTIINA o-TiE 2 (456 mg,
2.21 mmol). I IR —EHZ(910 mg, 4.41 mmol). 4-
R FEEIE (269 mg, 2.21 mmol). ARFFUKKIS KB 30
min, REFFEERRN 1 h, TLC SRR M5, Tk
brEANEY, KuERakas, HEVCAME) @ (LR
LB =2 113 AEKFPRE A, 2% 75%. 'TH NMR
(400 MHz, CDCly) ¢: 7.56 (s, 1H), 5.67 (d, J=7.8 Hz,
1H), 4.96 (s, 1H), 4.75 (q, J=12.4 Hz, 2H), 4.38~4.29
(m, 2H), 4.13 (dd, J=19.6, 12.4 Hz, 1H), 3.98~3.75 (m,
5H), 3.56 (dt, J=13.0, 6.4 Hz, 1H), 3.23~3.06 (m, 2H),
246 (td, J=12.4, 6.5 Hz, 1H), 2.34 (t, J=7.4 Hz, 2H),
191 (dg, J=13.6, 6.9 Hz, 3H), 1.77~1.60 (m, 4H),
1.56~1.37 (m, 10H), 1.29 (d, J=28.0 Hz, 30H), 0.88 (t,
J=6.7 Hz, 3H); >C NMR (101 MHz, CDCly) &: 144.31,
122.20, 84.00, 79.87, 73.38, 70.15, 65.28, 56.26, 50.45,
40.23, 38.51, 34.58, 33.88, 31.93, 29.70, 29.66, 29.62,
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29.55, 29.41, 29.36, 29.03, 28.69, 28.39, 26.54, 24.53,
22.70, 14.12.

3.2.5 (R)-1,2-=#3RIR-3-/RBR(2S,3R,45)-2-[(1-+
e -1H-1,2,3-Z Rod-4- ) F AR F A 4-RHE-w R
ok v -3-B5 (11) 89 & A%,

&% 10 (500 mg, 662 pmol)¥E T & W £E(10
mL)H, R E T UOKB T, MR =8OR
(5 mL), #nsete, BXukoK, SRR 40 min
B N GE . R RIR AR, TN T AN R R A N T A
pH MEliE, —&FEE(10 mLX3)AEE, MR KR
e, HEEFIMCE R - V(T EE) =40 @ 1115 T Bk
), 773 89%. 'H NMR (400 MHz, CDCly) d: 7.56 (s,
1H), 4.77 (d, J=2.4 Hz, 1H), 471 (dd, J=9.4, 5.5 Hz,
2H), 4.33 (t, J=7.3 Hz, 2H), 3.94 (dt, J=7.3, 4.3 Hz, 2H),
3.83~3.72 (m, 3H), 3.56 (dt, J=12.8, 6.5 Hz, 1H), 3.43~
3.36 (m, 1H), 3.23~3.07 (m, 2H), 2.46 (td, J=12.4, 6.5
Hz, 1H), 2.33 (t, J=7.4 Hz, 2H), 1.91 (td, J=13.6, 6.9 Hz,
3H), 1.77~1.57 (m, 8H), 1.56~1.38 (m, 2H), 1.35~1.17
(m, 30H), 0.92~0.83 (m, 3H); C NMR (101 MHz,
CDCly) d: 173.21, 144.60, 122.34, 83.50, 82.55, 40.25,
38.51, 34.58, 33.93, 31.93, 30.30, 29.70, 29.67, 29.62,
29.55, 29.41, 29.37, 29.03, 28.70, 26.53, 24.58, 22.70,
14.12; ESI-HRMS caled for C3HepN4048, [M+H]':
655.4291, found 655.4293.

326 1,4-T ZB& 1-(4-FuAX B A R ) BE-4-{(25,3R,
48)-2-[(1-F A I K -1H-1,2,3- = v -4- 2 F A &L F A-
A-[(FT A A A Akh-3 K EE(12)89 &%

WAk &W 9 (1.25 g, 2.20 mmol)i&E T & H #E(20
mL)F, AT ZREF(220 mg, 2.20 mmol)Ffl 4- - H 4
FEMENE(268 mg, 2.20 mmol), FIRHEEE 12 h. SRIGEIK
IR AT AR R A I 32 B AR I BEA% (337 mg,
2.20 mmol)F1 3 LR W% (907 mg, 4.40 mmol),
FEimBAE 2 ho L IERRZANEY, K UEBORSE, AR
V(S W) - V(PED) =60 © 11758 (kG FDIR 44, 7
# 80%. 'H NMR (400 MHz, CDCly) d: 7.90 (t, J=12.6
Hz, 4H), 7.56 (s, 1H), 7.10 (d, J=8.6 Hz, 2H), 5.65 (d, J=
8.0 Hz, 1H), 5.00 (s, 1H), 4.69 (q, J=12.3 Hz, 2H), 4.31
(t, J=7.3 Hz, 2H), 4.20 (s, 1H), 3.97~3.84 (m, 3H),
3.82~3.74 (m, 2H), 2.95~2.82 (m, 2H), 2.76 (t, J=6.4
Hz, 2H), 1.89 (d, J=6.5 Hz, 2H), 1.41 (s, 9H), 1.28 (d, J=
23.5 Hz, 30H), 0.88 (t, J=6.8 Hz, 3H); °C NMR (101
MHz, CDCl;) 6: 201.37, 170.37, 153.26, 144.25, 128.68,
121.32, 83.59, 80.38, 73.14, 70.26, 50.46, 31.92, 29.70,
29.66, 29.62, 29.54, 29.40, 29.36, 29.27, 29.02, 28.38,
26.53,22.69, 14.12.
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327 14-T =8 1-(4-5 KB K 2L )B5-4-{(2S,3R,
48)-2-[(1-F+ Ak - 1H-1,2,3- Z vk 4- ) F AT A -
4- R v R ok v -3- A BE(13) 89 A&

Hl &R KR LR A 11, SRy, R
92%. '"H NMR (400 MHz, CDCl;) d: 8.04 (s, 1H), 7.92 (t,
J=5.7 Hz, 2H), 7.55 (d, J=6.5 Hz, 1H), 7.06 (dd, J=
20.0, 8.7 Hz, 2H), 4.65 (q, J=12.5 Hz, 2H), 4.30 (dd, J=
13.6, 6.4 Hz, 2H), 3.95 (dd, J=8.4, 4.4 Hz, 2H), 3.75 (d,
J=4.0 Hz, 3H), 3.45 (dd, J=7.2, 4.9 Hz, 1H), 2.93~2.86
(m, 2H), 2.78~2.71 (m, 2H), 1.87 (d, J=6.6 Hz, 2H),
1.35~1.18 (m, 30H), 0.88 (t, J=6.8 Hz, 3H); °C NMR
(101 MHz, CDCly) 6: 201.39, 171.92, 170.52, 153.21,
144.45, 136.98, 129.62, 128.73, 122.60, 121.31, 115.24,
83.08, 74.52, 70.41, 64.90, 57.95, 50.48, 31.93, 30.25,
29.71, 29.67, 29.55, 29.41, 29.36, 29.32, 29.11, 29.02,
22.69, 14.12; ESI-HRMS calcd for C;;HsoNsOgS [M+
H]": 702.4264, found 702.4263.

3.2.8 HMIBmin A EE S R

ANGUR R EAE ] MTT JR3E 7. Bk szie
JiiER: BT R K IRt R R 96 FLARH,
42 4000 NEHAR/AFL, B59% 24 h JFEEFLHIDAA R
FEAA AP, 389 ANIKREE, 43008 128, 64, 32,
16 8. 4. 2. 1. 0.5 pg/mL, [F]F 58 B S5 AR 1) 925 75 %o
FRH. 251EH 72h J5, BEFLINAN 20 uL MTT, #4kgkE:7%
4hJ5, BE LB, I 150 pL )~ F LT, ZEH%%
5], FEEFRCAE 490 nm 3 KD WRO6 BEAE, @
SPSS16.0 Gt #1545 H 1Cs fA.

A Bh#t &l (Supporting Information) {L&4%) 7a~T7n,
8a~8n, 10, 11, 12, 13 MRZHIILIRE I AR B . X Lobt
RER] PL A 2 WA T W3 (http://sioc-journal.cn/) & T %K.
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