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9 2 PO 4T AE R0 2 LR ST
4 T 3 T 05T BN 25 /N S o de

(LR A2 SR 2220 b 2 A2 EARE  RE 071002)

WE DT EBEBoo) Y MIHERE 1. FERRIE IR 2a~2d S EKMIE 3a~3b ARk, =4 —ikE 2|
IR FERR It -4-T P A, BRME SR N IR Boe, 43 P BEIE 4 & ) 4508 & DU PR IBE R e -4-BR AT AR 6~ 11, H A -1k
(1-O) 4 BLE T H-1 R0 H-2 B A 8% Xoray SBATHBE. MR T AP Hela 71 AS49 (PR 40 M i rEE. 45
BB, Wb &P EE PP Hela 400355, o (13aR,13bR)-1,2,3,13b- T & 2K IF: [e] ML & FF[2',1':3,4] ML 1BE I
[2,1-b][1,3]1EM8R-5,8(6H, 13aH)- _Hi(6b)(K] ICso 1 9.50 pmol/L. FT A {L&WIxT AS49 (4R M %A TS 1.
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Synthesis of the Fused Tetracyclic Thiazinan-4-one Derivatives and
Their Anti-tumor Activitiy

Niu, Liping Xing, Shunkai Li, Xiaoliu* Chen, Hua*
(Key Laboratory of Chemical Biology of Hebei Province, College of Chemistry and Environmental Science, Hebei University,
Baoding 071002)

Abstract The benzothiazin-4-one intermediates were prepared by the one-pot three-components condensation from the
N-Boc-L-prolinal 1, amino acid ethyl/methyl ester hydrochlorides 2a~2d, and mercaptobenzoic acids 3a~3b. After removal
of Boc, the target novel fused tetracyclic thiazinan-4-one derivatives 6~11 were afforded by the intramolecular cy-
clo-amidation reaction. The absolute configurations of the newly generated chiral carbon (1-C) were determined by the cou-
pling constants of H-1 and H-2 and the X-ray crystallographic structures. The tetracyclic alkaloids were examined for their
anti-proliferative activity against Hela and A549 tumor cells. The results showed that some compounds could moderately in-
hibit the growth of Hela cells, and among them, (13aR,13bR)-1,2,3,13b-tetrahydrobenzo[e]pyrrolo[2',1':3,4]pyrazino[2,1-
b][1,3]thiazine-5,8(6H,13aH)-dione (6b) was the best one with the ICsy value of 9.50 umol/L. However, all the compounds

showed no anti-tumor activity against A549.

Keywords fused heterocyclic derivatives; thiazinan-4-one; three-components condensation; cyclo-amidation; anti-tumor

activity
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Xt 1 CASE R 22 FEIE DN S I BB 250 e, R R E
X[IZ,B]'

TEUL, FE9 AR 250 = K e o -4- I 1,
& NOHUS 2% 57 (¥ T ek N LSO AT A= M ) il A A
P VI T AR R RESED T, S BT 4 Bk (Boc)
TRY AR . AL IR IG ER PR EE AN SR K IR ke o IR
kL G =8k B Boc (R HEAN S N BEIEAE &
OB RONE, BT ZR B0 R AR G DU A M R e -4- T AT
A:W)(Scheme 1), FFIM T B & AL & 90 IR 2 M
FETE A

Eoc (0] COOH
Q,CHO + M\ HOI 4 @E A,
EtO  NH, SH
1 2a 3a
EtO\fO o EtO\EO o
N b N c
Boc _— N I
<\‘j{£\s s
HH H
4a: H 5a: nH
4b: —=H 5b: —=H
(e}
8 12
© - 1?1 10~ 13
1
5 o 2, 8871677 "
zH17
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6a: nH
6b: —H

B 1 B DUPRMEIGR fe-4- B AT A= P 445
Scheme 1 Synthesis of the fused tetracyclic thiazinan-4-one
derivatives

1 ERSiIR
1.1 REMHERRE-4-TIETEMNE K

[R] 5 1 I o -4 TR 445 KA REL AL, P R -4 R 242 U 44
AEIEE . M. RENR S Bk RN A
SR = O A T EN, Dk &4 6a Fil 6b 1
BN, SN P55 LD N-Boc-L-fifi & BE (1) H &R H
I 5 18 25 (2a) FA 57 2L K A 2 (3a) 9 R KL, FEAE 46 6 71
N,N- 3R R EE W (DCO) A AL T 4- — H & FE
e (DMAP)FIME T, Tt dm i 6 i 1 2 e e -4- 1
SRR A da A1 b, —XFHEXT MR R, Hefl 1
1). N DR A W AN B R T %, 41 3 J 7K M
P 36t S % S A% N - 9% ¥R (Scheme 2). 825 (-4 4k, i
E LU 2K (toluene) A 71, ik BREH (KL,CO5) 45 FR 771 (H
MR EE IR, DM BT, BT R, BEH
50 C, WUkHRS RE, SRR 33%. R,
FEE RN SRR IR BE4E &, AR T AR
P& E P~ #(Scheme 2)!®, 3 B JEURHITH #E.
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Scheme 2 Mechanism of the synthesis of intermediates 4a and
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4k, LA BRI A &) 4a A JERL, FERRYE SR
T, BikR Boc fRIFFAFEILED) Sa, HE—BAERE R
R, &5 1 WL IR G il B A5 A & DU 24 8 -
4-BAFTAY) 6a (Scheme 1). FRATTHE fUERT T R BIVE 7
o LA S5 i FEE 5 2 A R B i S 38 S 2 PR S T (3R 1).
mE 1 fos, AFEREFIR SN ECR (Entries 1~3),
AT BDCMY BTN, AV Sa BIVEE RN
R, BT R QI ST, FRBEHERT MRV
ARNTSSL Y FEAT . DRI A 7 PR P A R S BB i ok
I, LL DCM ¥R, D8R 7 ASFERAA LB
FRKE I I S FR J S [ 5 8) (Entries 4~7). 45 KM, 16
IANE OIS, RNMICER R, K=o ik
(DABCO) AT, BURBREF. fJ5, WiT T ARNR
JEXT [ NP7 2 P 520 (Entries 8~10), K IR MNIRE A

1 ST AW R A L 6a

Table 1 Synthesis of 6a by intramolecular amidation

Entry sl iz B/ C FEE Y%
1 CH;O0H —b 40 9
2 CH,Cl, — 40 13
3 CH;CN — 40 6
4 CH,Cl, DBN°® 40 51
5 CH,Cl, DIPEA? 40 40
6 CH,Cl, DMAP 40 53
7 CH,Cl, DABCO 40 67
8 CH,Cl, DABCO 30 35
9 CH,Cl, DABCO 50 75
10 CH,Cl, DABCO 60 55

© 2019 Chinese Chemical Society & SIOC, CAS

“ Isolated yields, ® no catalyst, ¢ DBN: 1,5-diazabicyclo[4.3.0]-5-nonene,
“DIPEA: N,N-diisopropylethylamine.
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50 CHF, RFCR R ATIA 75%.

1 ERAMT, o aleL 3-F 5 R R LR
(2b). D/L-2-HFH A IR H g £h 1R £h(2¢ A1 2d) AT 5-56 37
FAKMEE3b)ENRIGFE R, & =0 RN, Gl T &5
BRI G DU PR be-4- PR AT A T~ 11(B1 2). 55 2R
G, A 4(EEX MU A ) A TR, A HOR
G T AR FFERIUMMLEYE, SERFEEN 7
BB R AN AEY), B SEIERAE.
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7b —-H 8b: —=H 9b —H
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N
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HH HH
10a: nH 11a:
10b: —=H 11b:—-H
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Figure 2 Fused tetracyclic thiazinan-4-one derivatives

1.2 LEHIFRIE

thEY) 6~11 K45/ NMR. HR(ESHMS 255
AN GG A B F PR (1-C) RIS AR Y, AT i
i H-1 1 H-2 (fRE # O E (K 2). KR Karplus
J7FE, H-1 fTH-2 2 F R, AR A EED,; U,
A HBECOR. HEE 2 ATA, 7a~11a P H-1 AT H-2 (1%
G EEUDN, AW 1-C MWEShY S MR, ThEFECR
WA EHN To~11b & R AR, L4597 10a #1 11b (1)
X-ray H AT AP — B RRE T R SRR R
Wr(& 3).

#2 LAY 6~11 b H-1 A H-2 (U8 A5

Table 2 Coupling constants of H-1 and H-2 in compounds 6~
11(a~b)

Compd. J/Hz Compd. J/Hz
cis-6a (S) 4.2 trans-6b (R) 10.2
cis-7a (S) 1.8 trans-Tb (R) 8.4
cis-8a (S) 4.2 trans-8b (R) 10.2
cis-9a (S) 4.2 trans-9b (R) 10.2
cis-10a (S) 4.2 trans-10b (R) 10.2
cis-11a (S) 1.8 trans-11b (R) 8.4

1.3 LAY TS

St AT A A & 6~ 11 43 5304 T T AR AIHI N B 20
Jef (Hela) RN AT a2 (A S49) 2T B v PR A, WA Ay BH 1 et
SRR 3. BT S, PR A% Hela i 3G 5E
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B3 {hA 10a 1 11b 5 AT 451
Figure 3 X-ray crystallographic structures of 10a and 11b

R3 WEW 6~11 MH R EME

Table 3 Antitumor activities of compounds 6~11

ICso/(umoleL™")

Compd.

Hela A549
6a 34.1640.05 >50
6b 9.50+0.12 >50
7a 20.2740.12 >50
7b >50 >50
8a 49.3740.21 >50
8b >50 >50
9a 26.414+0.23 >50
9b 46.24+0.21 >50
10a 37.2340.15 28.311+0.04
10b 17.7340.04 >50
11a 28.8740.10 >50
11b 29.7540.08 >50

I 5.87+0.23 8.20+0.25

© 2019 Chinese Chemical Society & SIOC, CAS

BA SIS rmsEtE, Nl EY 6b sk
(ICs0)>4 9.50 pwmol/L; T Ak & 4%F AS49 2t i 34 5 3% A
HIVE, RO — & Mgu i RetE. DL ig s
T BE P HRUEAAR B R TE . BbAh, 37 A R T B 1 ST
KA BT P 9o 4 384 B 3t M 5 Ml A K
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R

2 Zhig

L Boc PRI A0S « 2 EIR IR S B b A 3R K
B AR IR, 2 =0 N A T BT B AR G DY A
Yi-a-FATAEY 6~11, =5 B IEN 9%~24%. tLEY
45 FEE NMR Al HR(ESDMS HiE. B s T I
(1-C) R R BLE Ak &b H-1 AT H-2 B8 &5 Bk /N BA
% 10a F1 11b ) X-ray S AT E. WK 7AW
Hela Al A549 [P dnf s . 45 0K, ok
YRR PERIL Hela ARTENE, HA 6b 1) 1Cs H A
9.50 umol/L, {HFTH LAWINT AS49 AR A S 1.

3 S
3.1 UES5HF

¥5 25 B SGW® X4 AR s A (IR BE TR A2 1E )W 52 5
T NS N FEE CEM A& P2 i 1 3L R 1%
BRUKER AC-P600 (600 MHz)%! k% G LR %2, TMS
NAKR; FIEESHA Agilent G6300 251 BB o ik B¢
FA; W4 M E(ESDH] FTICR-MS (Ionspec 7.0T)%!
FRAEACISE; HEeCh SGW-1 T [ Bhie A, Lk
BHEAE AR A, BEATH1CHN BRUKER Axssmart
apexIl Mo #EE G ATHAL EHT R (200~300 H)N
B ST P . A SR F AR 3 S A Al
ToAGRFNI 3 A4 B, Ky IRZETRK.

3.2 ZLWAHE
3.2.1 PIA4K 4a F= 4b 494 A%,

F 25 mL AFELE I N-Boc-L-IHZH4(94 mg,
0.47 mmol, 1.2 equiv.)FIHZMR LIHEEIR (54 mg, 1.0
equiv.)Fl K,CO3(1.0 equiv.) ¥R, H 10 mL 3778 H 2K
fife, WA ST, 50 CHE XM 15 min. )= EAHEH(TLC)
WS, R U s B e 4, NSRRI KA R (120 mg,
2.0 equiv.)\ N,N- 3 BBkt — W i%(DCC, 96.5 mg, 1.2
equiv.) FHEAL T 4- — H 2 LAk IE (DMAP, 9.45 mg, 0.2
equiv.), KSR ERST, 50 ‘CM 20 min. MM ERE,
BT NayCOs ¥ A H A s S 2R R vk, e it [ 4447 o 5
/D& Lk, IERIRUR IR, TR AR (300~
400 ENFE B BRI VORER) - SR &
fig)=6 : 1], 132 —XFHEXT ML F A RL &) 4a F1 4b
(1:1), W= 33%.

(28)-2-[(R)-BUT S FRIHERE I Jot -2- 3 ]-3-(2- L B Jk-2-
VI 2582 H-2F I [e][1,3] ME 82 -4-(3H)- Fil (4a): ¥ {1,
MHPRY. "TH NMR (600 MHz, CD,0D) §: 7.89 (d, J=7.8
Hz, 1H), 7.42 (d, J=6.6 Hz, 1H), 7.30 (d, J=7.8 Hz, 1H),
7.25 (d, J=7.2 Hz, 1H), 5.12~4.92 (m, 1H), 4.80 (d, J=
17.4 Hz, 1H), 446~429 (m, 1H), 422 (d, J=6.6 Hz,

774 http://sioc-journal.cn/
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2H), 3.98 (d, J=17.4 Hz, 1H), 3.36~3.26 (m, 1H), 2.77
(td, J=10.5, 5.5 Hz, 1H), 2.19~1.85 (m, 2H), 1.73 (s,
2H), 1.42 (s, 5H), 1.37 (s, 4H), 1.29 (t, J=7.2 Hz, 3H);
MS (ESI) m/z: 444.1 ([ M+Na]"); HR-ESI-MS calcd for
C,1HosN,OsSNa [M+Na]" 443.1616, found 443.1613.

(2R)-2-[(R)- U T S B L Mt g Joe -2- F5-3-(2- £ 5 Hk -
2-5E W FE 2, 58)-2 H-5 - [e][ 1,3] M & -4-(3H)- il (4b): 3%
B HPIRY, '"H NMR (600 MHz, CD;0D) d: 8.00 (d, J=7.8
Hz, 1H), 7.46 (brs, 1H), 7.34~7.30 (m, 2H), 4.66~4.60
(m, 2H), 4.23~4.19 (m, 3H), 3.89 (brs, 1H), 3.52~3.34
(m, 2H), 2.08~1.94 (m, 2H), 1.87~1.84 (m, 2H), 1.42 (d,
J=10.8 Hz, 9H), 1.28 (t, J=7.2 Hz, 3H); MS (ESI) m/z:
444.5 ([ M+Na]"). HR-ESI-MS calcd for C»;H,sN,OsSNa
[M+Na]" 443.1616, found 443.1615.

322 b4 6~11 4945k

LIS 6a F 6b )G NG T 25 mL RS
IS4 4a (0.1 mmol), 783 FIIA 90% — FE
FR/K¥R 10 mL, JB 3 h &, Jnss - R s Bk 2 A,
TEFRE(S mL X 2)FHL. R 2R BRIA T, Tk ARER
(200~300 H)kE i B EEHA M & F k) © V(R
fE)=5 1 1], BEMAEY) 5a, 1L 92%.

T 25 mL AELHHIIMALED) Sa (40 mg, 0.6
mmol), I 3 mL ~& FEDCM)TEREFIA T =
LIE(EGN) 1 mL. = 2 — & (DABCO, 3.8 mg, 0.3
equiv.), ZSLRY, 50 CHERE 12 h, TLC Wl B 5e 4.
IRIEZ L DCM, FREEWILRER200~300 H)H: gy
BMEEFI N V(REE): MR ZEE)=1 : 20], 535
(13a8,13bR)-1,2,3,13b-PY S 2K Ff: [e] mbL g5 H-[2',1":3,4] ML &
H[2,1-b][1,3] & B2 -5,8(6H,13aH)- — il (6a), ¥ {4 [fl 14,
=B REER 21%. mp. 126~127 C; [a]y +170.0 (c
0.04, CH;OH); 'H NMR (600 MHz, CDCl5) d: 8.06 (d, J=
7.8 Hz, 1H), 7.38~7.36 (m, 1H), 7.32 (d, J=7.8 Hz, 1H),
7.28 (d, J=7.8 Hz, 1H), 5.51 (d, J=4.2 Hz, 1H), 4.90 (d,
J=16.2 Hz, 1H), 4.30~4.27 (m, 1H), 3.77 (d, J=16.2 Hz,
1H), 3.68~3.63 (m, 1H), 3.60~3.56 (m, 1H), 2.31~2.25
(m, 1H), 2.24~2.18 (m, 1H), 2.13~2.07 (m, 1H), 2.03~
1.97 (m, 1H); “C NMR (150 MHz, CDCly) &: 165.9,
164.3, 136.5, 132.2, 131.1, 129.1, 128.1, 126.5, 63.7, 56.6,
457, 44.7, 28.3, 24.1; HR-ESI-MS calcd for C;4H4N,0,-
SNa ([M+Na]") 297.0673, found 297.0675.

FEARTEII 7%, LA Sb Ak, 3] T HRIP)(13aR,
13bR)-1,2,3,13b- VU & 2K If: [e] ML 1% - [2',1':3,4] Wt 15 5F:
[2,1-b][1,3]WE B2 -5 8(6H,13aH)- -l (6b), #& 0 [EH 4k, =
WEFER 21%. mp. 125~127 C; [a]s —25.0 (¢ 0.04,
CH;OH); 'H NMR (600 MHz, CDCLy) é: 8.12 (d, J=7.8

Chin. J. Org. Chem. 2019, 39, 771~777
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Hz, 1H), 7.41 (t, J=7.2 Hz, 1H), 7.29 (t, J=7.8 Hz, 1H),
7.27 (d, J=6.0 Hz, 1H), 4.78 (d, J=10.2 Hz, 1H), 4.73 (d,
J=16.8 Hz, 1H), 4.28 (d, J=17.4 Hz, 1H), 4.03~3.99 (m,
1H), 3.70~3.66 (m, 1H), 3.61~3.55 (m, 1H), 2.4~2.35
(m, 1H), 2.09~2.04 (m, 1H), 1.95~1.89 (m, 1H), 1.76~
1.74 (m, 1H); *C NMR (150 MHz, CD,0OD) ¢: 167.1,
164.7, 135.5, 133.9, 131.5, 129.8, 128.5, 127.6, 62.7, 60.3,
46.9, 46.6, 31.2, 23.9; HR-ESI-MS calcd for C1,H;4N,0,S-
Na ([M~+Na] ") 297.0673, found 297.0672.

Fo R ATV, Rl 3-Z R N ER IS B R 3
(2b)~ D/L-2-W BT 2% R #h R £h(2¢ A1 2d)F0 5-96U30
FKHR3b)SE AR, FRIFEE 4 )5, DHIREY
ClEXT B S A2 44 3047 J5 B2 Boe FNBERE IR & s B 15 3]
Hbrr=4.

(14a$,14bR)-2,3,6,7- VU & - 1 H- 4 H:[5,6][1,3] W& 82 -
[3,2-a]ML s 3 [2,1-c][1,4) ~ &= PEJg-5,9(14aH, 14bH)-
W (Ta): B EEAR, =P EEE 17%. mp. 133~
136 C; [a]d +26.7 (¢ 0.15, CH;OH); 'H NMR (600
MHz, CD;0D) 6: 7.98 (d, J=7.8 Hz, 1H), 7.45~7.42 (m,
2H), 7.33 (t, J=7.8 Hz, 1H), 5.51 (d, J=1.8 Hz, 1H), 5.11
(t, J=7.2 Hz, 1H), 4.72~4.68 (m, 1H), 3.87~3.82 (m,
1H), 3.80~3.76 (m, 1H), 3.54~3.49 (m, 1H), 2.83~2.75
(m, 2H), 2.39~2.34 (m, 1H), 2.27~2.22 (m, 1H), 2.07~
2.03 (m, 1H), 1.93~1.88 (m, 1H); *C NMR (150 MHz,
CD;0D) d: 171.8, 166.4, 137.8, 133.4, 131.7, 130.3, 129.0,
127.6, 69.7, 56.9, 50.4, 48.9, 39.2, 37.4, 31.7, 23.5; HR-
ESI-MS calcd for CsH;sN,0,SNa ([M+Na]"), 311.0830,
found 311.0826.

(14aR,14bR)-2,3,6,7- VU & 1 H- 7 I [5,6][ 1,3] & I JF:
[3,2-a]ML s 3 [2,1-c][1,4) — &= PEJg-5,9(14aH, 14bH)-
ZHE(Tb): A A, =B A E 17%. mp. 131~
133 C; [a]d +46.0 (¢ 0.05, CH;OH); 'H NMR (600
MHz, CDCLy) §: 8.17 (d, J=7.8 Hz, 1H), 7.41 (t, J=7.2
Hz, 1H), 7.30 (t, J=7.2 Hz, 1H), 7.24 (d, J=7.8 Hz, 1H),
4.60~4.56 (m, 1H), 4.53 (d, J=8.4 Hz, 1H), 4.25 (q, J=
9.0 Hz, 1H), 3.91~3.86 (m, 1H), 3.47~3.45 (m, 1H),
3.41~3.36 (m, 1H), 2.85~2.76 (m, 2H), 2.31~2.27 (m,
1H), 1.98~1.94 (m, 1H), 1.91~1.86 (m, 1H), 1.67~1.62
(m, 1H); *C NMR (150 MHz, CDCly) d: 171.5, 162.9,
133.0, 132.6, 130.7, 127.9, 126.9, 126.5, 66.7, 62.3, 48.8,
43.2, 38.5, 33.9, 22.4; HR-ESI-MS: calcd for C;sH;¢N,-
0,SNa ([M+Na]"), 311.0830, found 311.0831.

(6S,13aS,13bR)-6- F £ -1,2,3,13b- Y & H: [e] L 1%
F[2',1%:3,4] IH 188 3 [2,1-b][1,3] 1 B2 -5,8(6H, 1 3aH)- — i
(8a): FHAE MK, =P R E 14%. mp. 129~131 C;

Chin. J. Org. Chem. 2019, 39, 771~777
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[a]y —71.0 (¢ 0.10, CH;0H); 'H NMR (600 MHz,
CD;0D) ¢: 8.05 (d, J=7.8 Hz, 1H), 7.38 (t, J=7.5 Hz,
1H), 7.34 (d, J=7.2 Hz, 1H), 7.29 (t, J=7.8 Hz, 1H), 5.51
(d, J=4.2 Hz, 1H), 492 (q, J=7.2 Hz, 1H), 4.37~4.35
(m, 1H), 3.65~3.62 (m, 2H), 2.32~2.28 (m, 1H), 2.76~
2.30 (m, 1H), 2.10~2.07 (m, 1H), 2.02~1.97 (m, 1H),
1.58 (d, J=7.2 Hz, 3H); *C NMR (150 MHz, CDCl;) ¢:
168.2, 164.6, 136.9, 131.9, 131.0, 129.3, 127.9, 126.4,
63.6, 55.1, 53.4, 45.0, 28.9, 23.6, 18.4; HR-ESI-MS calcd
for C;sH;gN,O,SNa ([M + Na] ©) 311.0830, found
311.0829.
(6S,13aR,13bR)-6- F 3£ -1,2,3,13b- U & 7 I [e] ML 1%
I [2',1":3,4] it 1 I [2,1-b][1,3] E 125 -5,8(6H, 1 3aH)- — i
(8b): M EEfA, =P EF=E 14%. mp. 129~130 C;
[a]y +192.4 (¢ 0.50, CH;OH); 'H NMR (600 MHz,
CD;0D) §: 8.20 (d, J=7.8 Hz, 1H), 7.42~7.38 (m, 1H),
7.31~7.26 (m, 1H), 7.20 (d, J=7.8 Hz, 1H), 5.60~5.50
(m, 1H), 4.41 (d, J=10.8 Hz, 1H), 3.98~3.94 (m, 1H),
3.74~3.69 (m, 1H), 3.43 (t, J=10.8 Hz, 1H), 3.25~2.21
(m, 1H), 2.03~1.98 (m, 1H), 1.78~1.72 (m, 1H), 1.62 (d,
J=7.2 Hz, 3H), 1.49~1.41 (m, 1H); >C NMR (150 MHz,
CD;0D) §: 167.8, 161.2, 132.8, 132.1, 131.3, 130.9, 126.8,
126.5, 62.6, 57.4, 53.7, 46.3, 30.8, 21.7, 16.7; HR-ESI-MS
caled for C;sH{sN,O,SNa ([M+Na]") 311.0830, found
311.0832.
(6R,13aS,13bR)-6- F1 3£ -1,2,3,13b- U & 7 I [e] ML 1%
I [2',1":3,4] it 1 I [2,1-b][1,3] HE 125 -5,8(6H, 13aH)- — [
(9a): FOFE AR, =D E7% 9%, mp. 131~133 C;
[a]y —66.0 (¢ 0.10, CH;O0H); 'H NMR (600 MHz,
CDCly) d: 7.97 (d, J=7.8 Hz, 1H), 7.45~7.40 (m, 2H),
7.32 (t, J=7.2 Hz, 1H), 5.65 (d, J=4.2 Hz, 1H), 4.76~
473 (m, 1H), 4.53~4.50 (m, 1H), 3.62~3.54 (m, 2H),
2.35~2.31 (m, 1H), 2.23~2.17 (m, 1H), 2.08~2.01 (m,
2H), 1.55 (d, J=7.8 Hz, 3H); “C NMR (150 MHz,
CD;0D) d: 170.2, 166.5, 138.7, 133.5, 131.7, 130.4, 129.3,
127.6, 64.6, 56.5, 54.6, 46.4, 29.8, 24.5, 18.2; HR-ESI-MS
caled for C;sH;N,0,SNa ([M+Na]"), 311.0830, found
311.0833.
(6R,13aR,13bR)-6- F F£-1,2,3,13b- P &7 Ff: [e] ML 1%
I [2',1%:3,4] MH 182 3 [2,1-b][1,3] 18 B2 -5,8(6H, 13aH)- — fiil
(9b): AR, =P A5E 9%, mp. 130~133 C;
[a]Z +173.0 (¢ 0.10, CH;0H); 'H NMR (600 MHz,
CDCls) J: 8.00 (d, J=7.8 Hz, 1H), 7.38 (t, J=7.8 Hz, 1H),
7.22~7.19 (m, 2H), 5.32~5.29 (q, J=7.2 Hz, 1H), 4.78
(d, J=10.2 Hz, 1H), 3.91~3.87 (m, 1H), 3.54~3.50 (m,
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1H), 3.32 (t, J=10.4 Hz, 1H), 2.10~2.05 (m, 1H), 1.91~
1.87 (m, 1H), 1.71~1.65 (m, 1H), 1.52~1.42 (m, 4H);
C NMR (150 MHz, CD;OD) J: 169.8, 163.4, 134.4,
133.4, 131.5, 128.3, 127.9, 127.6, 63.7, 57.7, 54.8, 47.7,
31.2, 22.6, 16.8; HR-ESI-MS calcd for C;sH;4N,O,SNa
(IM+Na]") 311.0830, found 311.0834.
(13aS,13bR)-11- %, -1,2,3,13b- PU & 7K I [e] ML 1% IF
[2',1':3,4] Mtk & 3F [2,1-b][1,3] WE 182 -5,8(6H,13aH)- — Fi
(10a): B[R, =B R=% 24%. mp. 137~138 C;
[a]Z +5.0 (¢ 0.50, CH;0H); '"H NMR (600 MHz, CDCls)
d:7.75 (dd, J=9.0, 3.0 Hz, 1H), 7.30 (dd, J=8.4, 4.8 Hz,
1H), 7.11 (td, J=8.4, 3.0 Hz, 1H), 5.49 (d, J=4.2 Hz, 1H),
4.87 (d, J=16.2 Hz, 1H), 4.30~4.27 (m, 1H), 3.79 (d, J=
16.2 Hz, 1H), 3.68~3.62 (m, 1H), 3.57~3.55 (m, 1H),
2.32~2.26 (m, 1H), 2.22~2.17 (m, 1H), 2.13~2.07 (m,
1H), 2.02~1.98 (m, 1H); *C NMR (150 MHz, CDCl;) §:
165.6, 163.2, 162.0, 160.4, 131.5, 130.7, 130.6, 129.6,
119.7, 117.6, 63.8, 56.5, 45.7, 44.7, 28.3, 24.0; HR-ESI-
MS caled for C4H;3FN,0,SNa ([M+Na]™) 315.0579,
found 315.0576.
(13aR,13bR)-11- % -1,2,3,13b- PU & 7K I [e] M & -
[2',1':3,4] Mk & 3F [2,1-b][1,3] E 8 -5,8(6H,13aH)- — [l
(10b): B K, =P E72% 24%. mp. 136~137 C,
[a]Z +27.0 (¢ 0.10, CH;OH); 'H NMR (600 MHz,
CDCly) d: 7.87 (dd, J=9.0, 3.0 Hz, 1H), 7.26 (dd, J=8.4,
3.6 Hz, 1H), 7.17 (td, J=8.4, 3.0 Hz, 1H), 4.80 (d, J/=10.4
Hz, 1H), 4.77 (d, J=17.4 Hz, 1H), 425 (d, J=17.4 Hz,
1H), 4.04~4.00 (m, 1H), 3.73~3.70 (m, 1H), 3.61~3.51
(m, 1H), 2.41~2.37 (m, 1H), 2.13~2.06 (m, 1H), 2.01~
1.91 (m, 1H), 1.78~1.73 (m, 1H); *C NMR (150 MHz,
CDCly) d: 164.7, 162.2, 161.7, 160.6, 130.5, 128.9, 128.5,
119.9, 117.8, 62.2, 58.8, 46.3, 45.3, 30.6, 22.9; HR-ESI-
MS caled for C4H;3FN,0,SNa ([M+Na]™) 315.0579,
found 315.0583.
(14aS,14bR)-12-%-2,3,6,7-VU &- | H-2K I 5,6][ 1,3 ]
B [3,2-a] ML W% IF [2,1-c][1,4] — & 2% FF g -
5,9(14aH,14bH)-—Hi(11a): B E[EE, =005 21%.
m.p. 145~147 C; [a]} +44.0 (¢ 0.05, CH;OH); 'H
NMR (600 MHz, CD;0D) ¢: 7.69 (dd, J=9.0, 3.0 Hz,
1H), 7.48~7.45 (m, 1H), 7.26 (td, J=8.4, 3.0 Hz, 1H),
5.52 (d, J=1.8 Hz, 1H), 5.11 (t, J=7.8 Hz, 1H), 4.70~
4.66 (m, 1H), 3.86~3.82 (m, 1H), 3.80~3.76 (m, 1H),
3.53~3.49 (m, 1H), 2.86~2.74 (m, 2H), 2.37~2.34 (m,
1H), 2.27~2.20 (m, 1H), 2.07~2.02 (m, 1H), 1.94~1.88
(m, 1H); *C NMR (150 MHz, CD;0D) §: 171.7, 165.2,
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163.4, 133.1, 132.0, 131.9, 131.0, 130.9, 120.8, 120.7,
118.0, 117.9, 69.9, 56.8, 50.4, 39.1, 37.4, 31.6, 23.4; HR-
ESI-MS calcd for C,sH;sFN,0,SNa ([M+Na] ") 329.0736,
found 329.0731.

(14aR,14bR)-12- % -2,3,6,7- WU & - 1H- 7 51 [5,6][1,3]
BE B2 JF [3,2-a] ML & I [2,1-c][1,4] — & 4% ¥F PiJE -
5,9(14aH,14bH)-—fi(11b): B A[Ek, =B H85=%21%.
m.p. 142~145 C; [a]? +24.0 (¢ 0.10, CH;OH); 'H
NMR (600 MHz, CDCLy) 6: 7.86 (dd, J=9.0, 2.4 Hz, 1H),
7.23~7.21 (m, 1H), 7.14 (td, J=8.4, 3.0 Hz, 1H), 4.55
(dd, J=6.4, 3.0 Hz, 1H), 4.53 (d, J=8.4 Hz, 1H), 424~
4.20 (m, 1H), 3.88 (t, J=9.6 Hz, 1H), 3.50~3.46 (m, 1H),
3.40~3.34 (m, 1H), 2.83~2.75 (m, 2H), 2.29~2.25 (m,
1H), 1.97~1.92 (m, 1H), 1.89~1.83 (m, 1H), 1.66~1.61
(m, 1H); C NMR (150 MHz, CDCl;) d: 171.3, 162.2,
162.0, 160.5, 129.7, 129.6, 128.6, 128.5, 128.1, 120.2,
120.1, 117.4, 66.8, 62.1, 48.8, 43.2, 38.4, 33.9, 22.4; HR-
ESI-MS calcd for C;sH;sFN,O,SNa ([M+Na]") 329.0736,
found 329.0732.
3.2.3 BT IE 4w AR A b K

70 JI 88 401 A 754 SR P BSG#E A) Mosmann’s MTT 44,
PIEP, T 96 SR AN R, 90 uL/AL, 4
JE 2X10*4N/mL, 37 C, 5% CO, WK E K748 Pt ik,
B0 10 pL/ALMI R BE2590(100 pmol/L), 4k4:Es 44 h, N
BEMEE(MTT) 10 uL/fLEEFR 4 h, WEEFRFERHCE, 5
B, T A(DMSO) 100 pL/fLiEM MTT, &
570 nm YK FHOR 40 OD fH, ALK =
(%) =(ODeontrol— ODyreated)/ODeontror X 100%, L4011 %,
JIBEAEES 2 B o R

#H B#1kL (Supporting Information) {L54) 6~11 {1#%
T LR AT A . X e A RL AT DL A B A T I
(http://sioc-journal.cn/) I N #k.
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