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Green Synthesis of Indanone Fused Pyrrole Compounds

Luo, Dayun Hu, Xingmei Z1i, Quanxing Lin, Jun* Yan, Shengjiao™
(Key Laboratory of Medicinal Chemistry for Natural Resources, Ministry of Education,
School of Chemical Science and Technology, Yunnan University, Kunming 650091)

Abstract The green synthetic method was constructed for the synthesis of indanone fused pyrrolone compounds, which
based on the catalyst-free reaction of N-alkyl-1-methylthio-2-nitroethenamine (1) with ninhydrin hydrate (2) in ethanol at re-
flux. As a result, a series of indanone fused pyrrolones have been synthesized with 91%~98% yields by this one-step reaction.
This protocol possesses some advantages including readily available starting materials, simple operation and concise synthetic

route and so on.
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Figure 1 Biologically active indanone fused pyrrolone and the
target compounds 3

B 2RI B B 2 S M I B R SR s SR A, B
HEER X
1 ERSiHE
1.1 REFHFE. SI&FMITE
N TAF B R B B o, RATERE T N-F2E-1-

HH 3 56 -2-fiF 2k 20 e (1d) 57K & Bl = (2) 1 AR S
JE, X M fi B PR OB D] 25 (VR IR )Jﬁﬁ/«ﬁf'ﬂ%lﬁ
IR CREAE R R N A, (R TR M. 4
R, B BAE S TR KA, FELLE T il
(78%)15- 3| H ¥4k &%) 3d (Table 1, Entry 1), WKL
FRAR. DA, XPHCEREAIASE 145N, S T
i, &R, HIEROEE D K=1: (BT T
ik, A5 RKMH, CREAEF IR =W s i e, ﬁb\
ST, A S b I B O e e A
EINH L U I R R AN BEAE (Table 1, Entries 2~
7). SERIREA, VAR R BRI AR, R LN
BRAEWR. B, ULOREAEE IR AT T ik, 45
RRIVEE S 50 CH, M 1h BL95% Wefs Hirtk
44 3d (Table 1, Entries 8 vs. 1 vs. 9). 455 EH 50 CH
IR, ARG TR A IR N AN AT S BCR (1
SN L. SEIGAE R, LA N SN ) B
(Table 1, Entries 10~15). fZ&Hfing 1 RS AL 5414
RNEBERNET, 50 'C, R 1 h (Table 1, Entry 8).

TE B AR S B 25 A Bt L, BRATIN s B FA) 8 i PR A T
TRV kel 7 EBURE 1-FSAE-2- A 2k 205 e
(D)FIXF AL ABAL A4 L F-(CHs+ OCH;) AW HL ¥
(CFsv Br. Cl. F)REHURH) 1-HSiEE-2- 2 O % 1
TEM RN 26 FRETHF TS, G5 RRE, kidh. Jy3E. it
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The target compounds 3
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Table 1 Optimization of reaction conditions

SMe HO

HO OH
)\/NOQ © O Solvent WSMe
©/\ N + — /
H T
OH NO;
1d 2 © 3d
Entry 7/C Solvent Time/h Yield/%

1 r.t. EtOH 4 78

2 r.t. 1,4-Dioxane 4 38

3 r.t. CH;CN 4 46

4 r.t. Acetone 4 54

5 r.t. DCM 4 Trace
6 r.t. EtOH+H,0 4 48

7 r.t. MeOH 4 75

8 50 EtOH 1 95

9 70 EtOH 1 93
10 50 1,4-Dioxane 1 62
11 50 CH;CN 1 60
12 50 Acetone 1 81
13 Reflux DCM 1 Trace
14 50 EtOH+H,0 1 65
15 50 MeOH 1 90

© 2017 Chinese Chemical Society & SIOC, CAS

“The reaction was performed with 1d (1.0 mmol), 2 (1.0 mmol) and the sol-
vent (15 mL). * Isolated yields based on 1d.

LR IR AR R A 1- SRR -2 2 Mz 1
N % S JEE#)(Table 2, Entries 1~ 16) 5N 44 BE IR 3547 I
RIG R, FIFE, R OEERRR 1-(F 5 dE)-2-fiF
HCHHENEm=2)1F AR MRV S R EEBARR 1-(F 5
FE)-2-TH FE 20 e (n= 1) 9 IR N RPN e W 2635
B £ 4F1k(Table 2, Entries 4 vs. 17; Entries 7 vs. 19; En-
tries 8 vs. 20). XK, 1% IE R R, 2R
HRCT — RN E R Z AR s SR A 3, R
15 91%~98%. Fré& R H bR &4 0L 2.
1.2 FIBERI R Rz AN IEHEN

FATUAL A 3d B, X 0T RE R SR ATLHE 8] 4
~(Scheme 1): B /o R/KAEI =M 2 58 = 4 KA H
ARPAEER. BRI NSRS -2 2R (1) 5
KRG B =) AL ISR B T E A S, HFEE 5
2358 WV i~ 4 5.5 (Imine-enamine tautomerization) ¥ il
&Y 6. WEY 6 25T WL RN Birtb &
¥ 3d.
1.3 KEaEYIREEH

&M 3i R sn g f B LI 2. AAHR 5 R B R o]
LA, A& 3i 25t rh AN R R A T [F — M, P&k
WED 3 AN F RN RR (S,S). ARSI
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Table 2 Synthesis of indanone fused pyrrolones 3

HO OH R
SMe o o Ho (r)’n
Rﬁh\N)\/ NO, EtOH/50 ‘C N__SMe
H + - < z \ /Z
1h
n=0,1,2 OH NO,
1 2 o 3

Entry n R 1 3 Yield/%
1 0 CH; la 3a 98
2 0 Ph 1b 3b 96
3 0 4-FCeHy 1c 3c 95
4 1 Ph 1d 3d 95
5 1 4-MeOC¢H,4 le 3e 95
6 1 4-MeCgHy 1f 3f 96
7 1 4-FC¢Hy 1g 3g 95
8 1 4-CIC¢Hy 1h 3h 95
9 1 4-BrC¢H, 1i 3i 93
10 1 4-CF;C¢H,4 1j 3j 91
11 1 2,4-F,C¢H; 1k 3k 92
12 1 2,4-Cl,Ce¢H; 11 31 94
13 1 3,4-F,C¢H; Im 3m 93
14 1 Benzo[d][1,3]dioxole-5-yl 1n 3n 95
15 1 Thiophene-2-yl 1o 3o 96
16 1 Furan-2-yl 1p 3p 96
17 2 Ph 1q 3q 94
18 2 4-MeCgH, 1r 3r 96
19 2 4-FC¢Hy 1s 3s 93
20 2 4-CIC¢H, 1t 3t 94
21 2 4-BrC¢H, 1u 3u 93
22 2 2-FC¢H,4 1v 3v 91
23 2 3-CIC¢Hy 1w 3w 93
24 2 3,4-Cl,C¢H; 1x 3x 91

“The reaction was performed with 1 (1.0 mmol), 2 (1.0 mmol) and the solvent
(15 mL). *Isolated yields based on 1.

SMe
HO OH Bn\ )\/NOZ
0 fo) 1d " k O Nucleophilic
H
-H,0 0o addition
2 4
SMe
Bn\N/ Ngz Bn SMe NO
< OH imine-enamine \/N A 2
(e} (o) tautomerization HJ \y OH
PR ——— @/ (0]
Bn
5 |
HO 6
N SMe
Cyclization Y/
—_—
OH NO,
o 3d

B~ 1 HENI) SR

Scheme 1 Proposed mechanism
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Figure 2 X-ray crystal structure of compound 3i
A F 3 35U R X R SR AR i, e B H I8 AT s 0 )
AT I BN RS B SR (74, A& 3i B4 cif
SO B AT T8 R ARSI 0 (CCDC 524 1548829).

2 i

RN GAFIERE N-fedk-1-F B e-2- A2 207 KAk
EPA) 5K G E =B Q)BT 1 LB A B,
T RO S SR IR I F R SR S, DA
91%~98%IIMALF IR T 24 AWK e it g
KUY 3a~3x. ZIERAT RO, IRIERE. R
L RS WCRE S ISR R %A
JIEFE T A R I AL A P R S A R T
I T TR SRt S .

3 LIRS
3.1 (UEEAA

WA b el 2 2 e /K BRER BN T Ak 3, 2
BE(I T2l 2 =99.7%), GFasq 11 B 2 Z TR AL SR
PrEER(200~300 H, & SEEA ). G =AY
FLREPE PSS, 8 B4 /M i 4% (Thermo Nicolet Avatar
360 A); EoHERIE X (Agilent CL/Msd TOF); 4t
R4 Bruck DRX300 ('H: 300 MHz, “C: 75 MHz)uk
DRX500 (‘H: 500 MHz, "*C: 125 MHz)&; DRX600 ('H:
600 MHz, °C: 150 MHz); 4 sS4 (XT-4A #5585 s
A, B FRE 1 5 SCHR[39b] 1 4%
32 KEM3IMERGE

£ 50 mL T4 B F A IMA WL 50 25
mL (2%, SRIGHEII 1.0 mmol F N-Jkek-1- B Jik-
2-fHFE ZHE(DA 1.0 mmol /KA ET=HH(2). TERIKkE
O B2 ds F OSBRI BIER B, BT
INE 50 CHA RN 1 h, 2 EOEE(TLC) W R 5
HERMNEFEEE A, ffRNTERE, fFibmk, #w2a0,
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B KB AR, FhuEUE g, R REME. IR EE
VB 2 TR 4 2 T A/ D SRR, N 2 Ve R ATT
W44, FEAthOE. % [ AR AT AT 45 [ 44 & 5 FH D9 I 26 25
iR AR alEE 3, WL 91%~98%. Fra i
WEMH LI ILIREE Bl 2050, =
IGAE. Hodr, RFEHAEY 3i FILEE B R A it
—ESE.

(3aR*8bR*)- ¥R JE-1-F L 2- i Jk-3-ff Bk - =&
BliFF[1,2-b) & -4(1 H)-Bi(3a): 302 mg, FOHEAK. mp.
205.4~207.4 ‘C; 'H NMR (500 MHz, DMSO-d;) J: 2.52
(s, 3H, CH3), 3.46 (s, 3H, CH3), 6.55 (br, 1H, OH), 7.54
(br, 1H, OH), 7.65 (t, J=7.0 Hz, 1H, ArH), 7.77 (d, J=
7.5 Hz, 1H, ArH), 7.84 (t, J=7.5 Hz, 1H, ArH), 7.89 (d,
J=8.0 Hz, 1H, ArH); *C NMR (125 MHz, DMSO-d;) o:
17.5, 31.1, 82.6, 96.0, 121.9, 123.8, 125.2, 131.5, 134.8,
136.5, 146.8, 161.5, 195.6; IR (KBr) v: 3409, 1724, 1602,
1492, 1434, 1313, 1268, 1199, 1157, 1090, 1030, 944, 917,
820, 775, 614 c¢cm '; HRMS (TOF ES ) caled for
Ci13H5N,NaOsS [M+Na]™ 331.0359, found 331.0363.

(3aR* 8bR*)- ¥R JE-1-2RH-2- i Jk-3-ff Bk - =&
EfiFE[1,2-b)L & -4(1H)-Bi(3b): 354 mg, B EE . m.p.
199.2~201.2 C; 'H NMR (500 MHz, DMSO-d) J: 1.78
(s, 3H, CH3), 6.79 (br, 1H, OH), 6.92 (d, J=6.5 Hz, 1H,
ArH), 7.32~7.64 (m, 7H, AtH+OH), 7.77~7.79 (m, 2H,
ArH); C NMR (125 MHz, DMSO-d;) 6: 16.8, 82.6, 98.5,
123.8, 124.8, 126.0, 129.2, 129.6, 129.8, 131.5, 135.0,
135.9, 137.5, 146.8, 162.9, 195.7; IR (KBr) v: 3445, 1735,
1629, 1474, 1386, 1307, 1291, 1234, 1208, 1156, 1085,
1027, 970, 903, 851, 768, 752, 731 c¢cm '; HRMS (TOF
ES ") caled for C;sH4sN,NaOsS [M+Na]" 393.0516,
found 393.0518.

(3aR* ,8bR*)- — 5 F -1-(4- 5 7K 2 )-2- FF g 2% -3- i
Fe- A BIIE[1,2-b]E IR -4(1LH)-BR (3¢): 368 mg, [
. m.p. 179.8~181.8 C; '"H NMR (500 MHz, CDCl;+
DMSO-ds) 5: 1.86 (s, 3H, CH3), 6.73 (br, 1H, OH), 6.88
(d, J=5.5 Hz, 1H, ArH), 7.24~7.30 (m, 3H, ArH), 7.56~
7.68 (m, 4H, ArH+OH), 7.77~7.79 (m, 1H, ArH); "*C
NMR (125 MHz, CDCl;+DMSO-dg) 0: 16.9, 82.2, 98.3,
116.5 (d, J=22.5 Hz), 123.8, 124.5, 125.7, 131.2, 131.7
(d, J=8.8 Hz), 113.3 (d, J=2.5 Hz), 135.0, 135.5, 146.6,
162.2 (d, J=247.5 Hz), 162.5, 195.5; IR (KBr) v: 3404,
1727, 1603, 1511, 1470, 1447, 1400, 1316, 1286, 1228,
1190, 1158, 1077, 1020, 980, 900, 853, 823, 759, 733
cm '; HRMS (TOF ES™) caled for CsH,3sFN,NaOsS [M+
Na]" 411.0421, found 411.0424.
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(3aR* 8bR*)- ¥R Jk-1- H-2- Al B -3- A - — &
EfiFF[1,2-b]0t 1% -4(1H)-BH(3d): 365 mg, K. m.p.
119.1~121.1 “C; 'H NMR (300 MHz, DMSO-d;) ¢: 2.36
(s, 3H, CH3), 5.05~5.37 (m, 2H, CH,), 6.73 (br, 1H, OH),
7.22~7.37 (m, 5H, ArH), 7.60~7.79 (m, 5H, ArH+OH);
C NMR (75 MHz, DMSO-dy) 0: 17.0, 46.6, 82.7, 95.6,
122.3, 123.3, 125.0, 126.6, 127.1, 128.4, 131.0, 134.4,
135.8, 137.5, 146.6, 160.8, 195.2; IR (KBr) v: 3422, 1728,
1603, 1452, 1412, 1384, 1294, 1210, 1174, 1128, 1090,
1041, 976, 937, 915, 823, 772, 737, 700, 659, 620 cm ';
HRMS (TOF ES") caled for CoHsN,NaOsS [M+Na]"
407.0602, found 407.0602.

(3aR* 8bR*)- —F2 B -1-(4- F A LR JE)-2- H i 2 -3-
T g A BFE[1,2-p LM -4(1 H)-F (3e): 393 mg, A
B4R, m.p. 136.5~138.5 ‘C; 'H NMR (600 MHz, CD-
Cl;+DMSO-d;) d: 2.38 (s, 3H, CH3), 3.76 (s, 3H, OCH3),
4.96~5.27 (m, 2H, CH,), 6.67 (br, 1H, OH), 6.88 (d, J=
8.6 Hz, 2H, ArH), 7.18 (d, J=8.5 Hz, 2H, ArH), 7.58~
7.62 (m, 2H, ArH), 7.66~7.71 (m, 2H, ArH+OH), 7.77
(d, J=7.6 Hz, 1H, ArH); *C NMR (150 MHz, CDCl;+
DMSO-dg) 8: 17.5, 46.7, 55.5, 83.2, 96.0, 114.2, 122.8,
123.7, 125.5, 128.6, 129.6, 131.2, 135.0, 136.1, 147.2,
158.9, 161.3, 195.6; IR (KBr) v: 3422, 1724, 1615, 1513,
1465, 1384, 1326, 1247, 1225, 1176, 1034, 971, 922, 871,
824, 761, 616 cmfl; HRMS (TOF ES+) calcd for C,oH g-
N,NaOgS [M+Na]* 437.0778, found 437.0779.

(3aR* 8bR*)- — F2 3 -1-(4- F FE A I -2- FH AR JL-3- il
Fe- T ABIIF[1,2-b] % -4(1LH)-BR(3f): 382 mg, {0
f&. m.p. 127.9~129.9 “C; '"H NMR (500 MHz, DMSO-
dg) 0: 2.29 (s, 3H, CH3), 2.37 (s, 3H, SCH3), 5.02~5.29
(m, 2H, CH,), 6.74 (br, 1H, OH), 7.11 (d, J=8.0 Hz, 2H,
ArH), 7.15 (d, J=8.0 Hz, 2H, ArH), 7.64 (d, J=6.5 Hz,
2H, ArH), 7.71~7.79 (m, 3H, ArtH+OH); *C NMR (125
MHz, DMSO-d¢) d: 17.5, 21.1, 46.9, 83.2, 96.2, 122.7,
123.7, 125.6, 127.1, 129.4, 131.5, 134.9, 136.3, 136.8,
147.2, 161.5, 195.7; IR (KBr) v: 3416, 1730, 1604, 1514,
1466, 1421, 1383, 1360, 1302, 1212, 1177, 1133, 1091,
1043, 977, 945, 912, 822, 801, 760, 657, 616 cm™'; HRMS
(TOF ES ') caled for C,H;sN,NaOsS [M + Na] *
421.0829, found 421.0831.

(3aR*,8bR*)- — ¥5 Jt -1-(4- i % 2 )-2- FF At 2 -3-
BT A EII[1,2-b)E % -4(1H)-BA(3g): 381 mg, {0
f&. m.p. 133.5~135.5 “C; '"H NMR (500 MHz, DMSO-
dg) 0: 2.36 (s, 3H, CH3), 5.04~5.33 (m, 2H, CH,), 6.74
(br, 1H, OH), 7.17~7.19 (m, 2H, ArH), 7.29~7.31 (m,
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2H, ArH), 7.64~7.78 (m, 5H, ArH+OH); *C NMR (125
MHz, DMSO-d) d: 17.5, 46.5, 83.2, 96.0, 115.7 (d, J=
21.3 Hz), 123.0, 123.8, 125.5, 129.3 (d, J=7.5 Hz), 131.6,
1342, 134.9, 136.4, 147.2, 161.1, 161.8 (d, J=241.3 Hz),
195.7; IR (KBr) v: 3412, 1725, 1641, 1511, 1463, 1403,
1291, 1220, 1092, 980, 942, 921, 826, 762, 619 cm ';
HRMS (TOF ES") caled for CjoH sFN,NaOsS [M+Na]"
425.0578, found 425.0576.

(3aR*,8bR*)- . ¥ 3 -1-(4- & % 55 )-2- H A 3 -3- Y
F- A HEII1,2-b) % -4(1H)-FR(3h): 397 mg, M E
. m.p. 134.9~136.9 ‘C; '"H NMR (500 MHz, DMSO-
de) 0: 2.36 (s, 3H, CH3), 5.06~5.32 (m, 2H, CH,), 6.74
(br, 1H, OH), 7.27 (d, J=8.5 Hz, 2H, ArH), 7.41 (d, J=
8.5 Hz, 2H, ArH), 7.63~7.65 (m, 1H, ArH), 7.74~7.80
(m, 4H, ArH+OH); "C NMR (125 MHz, DMSO-dj) o:
17.5, 46.5, 83.2, 96.0, 123.0, 123.8, 125.5, 128.8, 129.0,
131.5, 132.2, 134.9, 136.4, 137.2, 147.2, 161.0, 195.7; IR
(KBr) v: 3407, 1724, 1630, 1604, 1490, 1461, 1405, 1365,
1293, 1217, 1170, 1141, 1091, 1051, 1013, 974, 943, 919,
876, 825, 762, 725, 659 cm”'; HRMS (TOF ES™) calcd for
C1oH,5sCIN,NaOsS [M+Na]"™ 441.0282, found 441.0283.

(3aR* 8bR*)- ¥ - 1-(4- 1R FE)-2- FB 2L -3l 2
AR H[1,2-b ML -4(LH)-B (31): 430 mg, [ ELE k.
m.p. 141.7~143.7 °C; "H NMR (500 MHz, DMSO-d;) :
2.36 (s, 3H, CH3), 5.04~5.31 (m, 2H, CH,), 6.74 (br, 1H,
OH), 7.22 (d, J=8.0 Hz, 2H, ArH), 7.54 (d, J=8.0 Hz,
2H, ArH), 7.64 (t, J=6.3 Hz, 1H, ArH), 7.76~7.80 (m,
4H, ArH+OH); *C NMR (125 MHz, DMSO-dq) 9: 17.5,
46.5, 83.2, 96.0, 120.7, 123.1, 123.8, 125.5, 129.4, 131.6,
131.7, 134.9, 136.4, 137.6, 147.2, 161.0, 195.7; IR (KBr)
v: 3416, 1728, 1617, 1485, 1463, 1406, 1363, 1293, 1217,
1171, 1140, 1048, 1010, 973, 945, 925, 824, 762, 724, 616
cmfl; HRMS (TOF ES+) caled for C;oH;sBrN,NaOsS
[M+Na]" 484.9777, found 484.9776.

(3aR* 8bR*)- — F3 Jk-2- H fis k-3 fifg Jk - 1-[4-( =3
o) R - A B[ 1,2-b] L MK -4(1H)-FF(3)): 412 mg, M
@ E . mp. 171.5~173.5 "C; 'H NMR (600 MHz,
DMSO-dy) 0: 2.37 (s, 3H, CH3), 5.20~5.43 (m, 2H, CH,),
6.82 (br, 1H, OH), 7.46 (d, J=8.0 Hz, 2H, ArH), 7.64~
7.66 (m, 1H, ArH), 7.71 (d, J=8.2 Hz, 2H, ArH), 7.76~
7.80 (m, 3H, ArH), 7.89 (br, 1H, OH); *C NMR (150
MHz, DMSO-dy) 0: 17.5, 46.7, 83.2, 96.1, 123.1, 123.8,
125.6, 125.7, 127.8, 128.1 ~128.3 (m), 131.6, 134.9,
136.4, 143.1, 147.1, 161.0, 195.6; IR (KBr) v: 3414, 1725,
1618, 1460, 1403, 1327, 1289, 1219, 1170, 1141, 1123,

3208 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

1067, 1054, 1017, 973, 929, 829, 762, 616 cm™'; HRMS
(TOF ES ") caled for CyH;sF;N,NaOsS [M + Na] *
475.0546, found 475.0546.

(3aR*,8bR*)- — 2 3 -1-(2,4- 4 L )-2- FF A Fk -3
fiF - — S el I 1,2-p ML % -4(1 H)-H (3k): 386 mg, H
i 4. m.p. 113.8~115.8 “C; "H NMR (500 MHz, DMSO-
dg) d: 2.37 (s, 3H, CH;), 5.14~5.24 (m, 2H, CH,), 6.76
(br, 1H, OH), 7.04~7.07 (m, 1H, ArH), 7.15~7.19 (m,
1H, ArH), 7.29~7.33 (m, 1H, ArH), 7.63~7.66 (m, 1H,
ArH), 7.74~7.82 (m, 4H, ArH+OH); “C NMR (125
MHz, DMSO-d;) d: 17.3, 40.7, 83.3, 96.0, 104.3 (t, J=
25.0 Hz), 112.1 (dd, J=21.3, 2.5 Hz), 121.6 (dd, J=13.8,
3.8 Hz), 123.4, 123.8, 125.5, 130.2 (dd, J=10.0, 5.0 Hz),
131.6, 135.0, 136.4, 147.0, 160.8, 161.1 (dd, J=281.3,
11.3 Hz), 163.0 (dd, J=278.8, 12.5 Hz), 195.6; IR (KBr)
v: 3418, 1733, 1710, 1605, 1504, 1476, 1460, 1427, 1408,
1371, 1334, 1274, 1224, 1176, 1151, 1137, 1090, 970, 917,
852, 727 cm™'; HRMS (TOF ES™) caled for CjoH 4F,N,-
NaOsS [M+Na]" 443.0484, found 443.0485.

(3aR*,8bR*)- — 23 -1-(2,4- — G WKL )-2- F A Fk -3
i3k - A B IE[1,2-b) -4 (1 H)-FR (31): 425 mg, H
i 4. m.p. 163.5~165.5 C; '"H NMR (500 MHz, DMSO-
dg) d: 2.39 (s, 3H, CH;), 5.14~5.25 (m, 2H, CH,), 6.79
(br, 1H, OH), 7.00 (d, J=8.5 Hz, 1H, ArH), 7.36 (d, J=
8.5 Hz, 1H, ArH), 7.64~7.84 (m, 6H, ArH+OH); “C
NMR (125 MHz, DMSO-dg) 6: 17.3, 44.6, 83.3, 90.1,
123.3, 123.9, 125.5, 127.8, 129.3, 129.7, 131.6, 132.4,
133.0, 134.5, 135.0, 136.5, 146.9, 160.8, 195.5; IR (KBr)
v: 3376, 1735, 1721, 1603, 1471, 1363, 1319, 1287, 1226,
1208, 1149, 1126, 1051, 973, 923, 874, 836, 822, 773, 613
cmfl; HRMS (TOF ES+) caled for C;oH;4C1,N,NaOsS
[M~+Na]™ 474.9893; found 474.9892.

(3aR* 8bR¥)- —#FE-1-(3,4- —H T HE)-2- AR L -3-
iHFE- S FE[1,2-p] % -4(1 H)-FR (3m): 390 mg, HE
[E A, m.p. 152.8~154.8 ‘C; 'H NMR (500 MHz, DMSO-
dg) 0: 2.36 (s, 3H, CH;), 5.02~5.35 (m, 2H, CH,), 6.80
(br, 1H, OH), 7.11~7.13 (m, 1H, ArH), 7.38~7.45 (m,
2H, ArH), 7.64~7.67 (m, 1H, ArH), 7.79~7.87 (m, 4H,
ArH+OH); *C NMR (125 MHz, DMSO-d,) d: 17.5, 46.1,
83.2, 95.9, 116.4 (d, J=17.5 Hz), 117.9 (d, J=17.5 Hz),
123.3, 123.8, 124.1, 125.4, 131.6, 134.9, 136.0 (d, J=5.0
Hz), 136.5, 147.2, 148.9 (dd, J=106.3, 12.5 Hz), 150.9
(dd, J=106.3, 12.5 Hz), 160.9, 195.7; IR (KBr) v: 3414,
1725, 1608, 1521, 1464, 1403, 1347, 1283, 1211, 1170,
1143, 1092, 1052, 975, 932, 773, 762 cm”'; HRMS (TOF
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ES") caled for CjoH,F,N,NaOsS [M+Na]'™ 443.0484,
found 443.0484.

(3aR*,8bR*)- 32 BL-1-CRIF[d][1,3] — A AR IR -
5- 35 F R )-2- B Ak -3 A A — Bl I [1,2-6] Wk g -4-
(1H)-ff(3n): 407 mg, HAEA. mp. 168.4~1704 C;
'"H NMR (500 MHz, DMSO-ds) d: 2.37 (s, 3H, CH3),
4.92~527 (m, 2H, CH,), 6.02 (s, 2H, OCH,0), 6.71 (d,
J=8.0 Hz, 1H, ArH), 6.75 (br, 1H, OH), 6.86~6.89 (m,
2H, ArH), 7.63~7.65 (m, 1H, ArH), 7.72~7.80 (m, 4H,
ArH+OH); *C NMR (125 MHz, DMSO-d;) d: 17.5, 46.9,
83.2, 96.0, 101.5, 107.9, 108.6, 120.7, 122.9, 123.8, 125.5,
131.5, 131.8, 134.9, 136.4, 146.8, 147.3, 147.9, 161.3,
195.7; IR (KBr) v: 3404, 1729, 1637, 1489, 1420, 1372,
1308, 1237, 1211, 1178, 1135, 1093, 1041, 979, 939, 922,
638, 615 cm™'; HRMS (TOF ES™) caled for CaoH;N,-
NaO;S [M+Na]" 451.0570, found 451.0571.

(3aR* ,8bR*)- — F3 52 HI fiif k-3 il k- 1 -(WE Wy -2- i
- & B FE[1,2-p 1ML % -4(1 H) -l (30): 375 mg, Bl
4. m.p. 199.5~201.5 °‘C; 'H NMR (500 MHz, DMSO-
de) 0: 2.49 (s, 3H, CH;), 5.28~5.36 (m, 2H, CH,), 6.70
(br, 1H, OH), 7.02~7.03 (m, 1H, ArH), 7.08 (d, J=2.5
Hz, 1H, ArH), 7.47~7.50 (m, 2H, ArH+OH), 7.61 (t, J=
15.0 Hz, 1H, ArH), 7.69 (t, J=15.0 Hz, 1H, ArH), 7.75 (d,
J=1.6 Hz, 2H, ArH); *C NMR (125 MHz, DMSO-d;) o:
17.7, 42.9, 83.5, 96.4, 123.4, 123.6, 125.7, 126.5, 127.3,
127.4, 131.5, 134.9, 136.2, 140.9, 147.1, 161.2, 195.7; IR
(KBr): 3406, 1707, 1477, 1453, 1419, 1346, 1315, 1299,
1270, 1216, 1157, 1118, 1093, 962, 925, 792, 772, 695,
662, 618 cm™'; HRMS (TOF ES™) caled for C,7H4N,-
NaOsS, [M+Na]" 413.0236, found 413.0235.

(3aR* ,8bR*)- 2 K- 1-(RMR-2-J Bk )-2- i 5k-3-
Tt de-— & B FE[1,2-b] M & -4(1 H)-FR(3p): 358 mg, HE
4. m.p. 215.9~217.9 °C; 'H NMR (500 MHz, DMSO-
de) 6: 2.51 (s, 3H, CH3), 5.11~5.15 (m, 2H, CH,), 6.42 (d,
J=3.0 Hz, 1H, ArH), 6.50~6.51 (m, 1H, ArH), 6.72 (br,
1H, OH), 7.20 (d, J=8.0 Hz, 1H, ArH), 7.59 (t, J=7.3 Hz,
1H, ArH), 7.65~7.74 (m, 1H, ArtH+OH); *C NMR (125
MHz, DMSO-dy) J: 17.4, 41.1, 83.7, 96.5, 109.3, 111.4,
123.3, 123.5, 125.4, 131.4, 134.9, 136.2, 143.2, 146.8,
150.8, 162.1, 195.5; IR (KBr) v: 3410, 1708, 1604, 1476,
1453, 1413, 1355, 1334, 1302, 1272, 1232, 1214, 1159,
1144, 1116, 1070, 1012, 963, 931, 863, 793, 772, 738, 617
cmfl; HRMS (TOF ES+) caled for C;H 4,N>NaOgS [M+
Na]" 397.0465, found 397.0465.

(3aR*,8bR*)- —¥2 Bk -2- B J -3- A Bk - 1- K £ k- —
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SB[ FF[1,2-b1 LW -4(1H)- T (3q): 374 mg, A € fE A,
m.p. 163.0~165.0 “C; "H NMR (500 MHz, DMSO-dj) J:
2.51 (s, 3H, CH3), 3.05~3.09 (m, 2H, CH,), 4.03~4.12
(m, 2H, CH,), 6.71 (br, 1H, OH), 7.27~7.38 (m, 5H,
ArH), 7.65 (t, J=7.5 Hz, 2H, ArH), 7.69 (br, 1H, OH),
7.7 (d, J=7.5 Hz, 1H, ArH), 7.84 (t, J=7.5 Hz, 1H,
ArH), 7.96 (d, J=8.0 Hz, 1H, ArH); *C NMR (125 MHz,
DMSO-dg) §: 17.5, 36.7, 45.7, 83.3, 96.4, 123.0, 123.7,
125.4, 127.1, 129.1, 129.3 (d, J=11.3 Hz), 131.5, 134.9,
136.6, 138.6, 147.3, 161.0, 195.7; IR (KBr) v: 3407, 2934,
1721, 1603, 1467, 1422, 1396, 1371, 1323, 1300, 1284,
1217, 1135, 1041, 976, 949, 923, 873, 773, 700 cm ';
HRMS (TOF ES") caled for CyH sN,NaOsS [M+Na]"
421.0829, found 421.0830.

(3aR* 8bR*)- —F23E-1-(4- F HE 2K 2, 58)-2- H A 6 -3-
iHFE- SBR[ 1,2-p1L -4 (1LH)-BH(3r): 396 mg, A
[E4A. m.p. 157.6~159.6 ‘C; 'H NMR (500 MHz, DMSO-
dg) 0: 2.30 (s, 3H, CH3), 2.51 (s, 3H, SCH3), 3.00~3.05
(m, 2H, CH,), 3.98~4.08 (m, 2H, CH,), 6.71 (br, 1H,
OH), 7.17 (d, J=8.0 Hz, 2H, ArH), 7.25 (d, J=8.0 Hz,
2H, ArH), 7.65 (t, J=7.5 Hz, 2H, ArH), 7.68 (br, 1H, OH),
7.77 (d, J=17.5 Hz, 1H, ArH), 7.83 (t, J=7.5 Hz, 1H,
ArH), 7.95 (d, J=7.5 Hz, 1H, ArH); *C NMR (125 MHz,
DMSO-dg) d: 17.5, 21.2, 36.3, 45.8, 83.3, 96.4, 122.9,
123.7, 125.4, 129.2 (d, J=15.0 Hz), 129.7, 131.5, 134.9,
135.5, 136.1, 136.6, 147.3, 161.0, 195.7; IR (KBr) v: 3422,
2924, 1730, 1631, 1602, 1465, 1437, 1394, 1348, 1307,
1279, 1221, 1144, 1119, 1039, 975, 941, 910, 813, 767,
645, 613 cm™'; HRMS (TOF ES™) caled for CHaN,-
NaOsS [M+Na]" 435.0985, found 435.0985.

(3aR* 8bR*)- —F2 3L -1-(4- 54 2. 3E)-2- FH AR FL-3- il
Fo- T A BHIF[1,2-b) M -4(1 H)-FF (3s): 386 mg, {0
f&. m.p. 162.3~164.3 “C; '"H NMR (600 MHz, DMSO-
ds) 8: 2.51 (s, 3H, CH;), 3.07 (t, J=8.2 Hz, 2H, CH,),
4.01~4.12 (m, 2H, CH,), 6.75 (br, 1H, OH), 7.19 (t, J=
8.8 Hz, 2H, ArH), 7.40~7.42 (m, 2H, ArH), 7.65 (t, J=
7.4 Hz, 1H, ArH), 7.71 (br, 1H, OH), 7.77 (d, J=7.6 Hz,
1H, ArH), 7.84 (t, J=7.4 Hz, 1H, ArH), 7.97 (d, J=7.8
Hz, 1H, ArH); C NMR (150 MHz, DMSO-d;) J: 17.5,
35.7,45.7, 83.3, 96.4, 115.8 (d, J=21.0 Hz), 123.0, 123.7,
125.4, 131.2 (d, J=17.5 Hz), 131.5, 134.8, 134.8 (d, J=
12.0 Hz), 136.6, 147.3, 161.0, 161.6 (d, J=240.0 Hz),
195.7; IR (KBr) v: 3418, 1723, 1640, 1601, 1509, 1472,
1402, 1329, 1309, 1289, 1215, 1120, 1093, 1043, 967, 921,
873, 823, 770, 615 cm™'; HRMS (TOF ES") caled for
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C,0H,7FN,NaOsS [M+Na]* 439.0734, found 439.0734.

(3aR* ,8bR*)- —FHHE-1-(4-F K £ 55)-2- H it 2L -3- 1
Fe- S EIH[1,2-b) MG -4(1H)-F(3t): 407 mg, M
. m.p. 149.8~151.8 ‘C; '"H NMR (600 MHz, DMSO-
dg) : 2.51 (s, 3H, CH,), 3.08 (t, J=8.2 Hz, 2H, CH,),
4.02~4.13 (m, 2H, CH,), 6.75 (br, 1H, OH), 7.39~7.43
(m, 4H, ArH), 7.65 (t, J=7.5 Hz, 1H, ArH), 7.71 (br, 1H,
OH), 7.77 (d, J=7.7 Hz, 1H, ArH), 7.83 (t, J=7.6 Hz, 1H,
ArH), 7.97 (d, J=7.8 Hz, 1H, ArH); *C NMR (150 MHz,
DMSO-dy) J: 17.5, 35.9, 45.4, 83.3, 96.4, 123.0, 123.7,
125.4, 129.0, 131.2 (d, J=21.0 Hz), 131.5, 131.8, 134.9,
136.6, 137.6, 147.3, 161.0, 195.7; IR (KBr) v: 3416, 2933,
1723, 1619, 1468, 1399, 1324, 1309, 1295, 1227, 1143,
1123, 1093, 1045, 1015, 969, 924, 873, 811, 772, 644, 619
cm”'; HRMS (TOF ES") caled for CyH;,CIN,NaOsS
[M+Na]" 455.0439, found 455.0439.

(3aR*,8bR*)-  $2 F-1-(4-1R K 2, 3L )-2- F A L -3- i
Fo- A HII[1,2-b) % -4(1H)-FA (3u): 443 mg, M
. m.p. 156.0~158.0 ‘C; '"H NMR (500 MHz, DMSO-
de) 0: 2.50 (s, 3H, CH3), 3.06 (t, J=8.0 Hz, 2H, CH,),
4.00~4.14 (m, 2H, CH,), 6.74 (br, 1H, OH), 7.34 (d, J=
8.0 Hz, 2H, ArH), 7.56 (d, J=8.0 Hz, 2H, ArH), 7.65 (t,
J=17.3 Hz, 1H, ArH), 7.69 (br, 1H, OH), 7.77 (d, J=17.5
Hz, 1H, ArH), 7.83 (t, J=7.5 Hz, 1H, ArH), 7.97 (d, J=
8.0 Hz, 1H, ArH); "C NMR (125 MHz, DMSO-d,) 6:
17.5, 35.9, 45.4, 83.3, 96.4, 120.3, 123.0, 123.7, 125.4,
131.5, 131.7, 131.9, 134.9, 136.6, 138.1, 147.2, 161.0,
195.7; IR (KBr) v: 3423, 2930, 1725, 1629, 1603, 1468,
1400, 1323, 1309, 1296, 1228, 1213, 1124, 1010, 969, 923,
872, 842, 807, 771, 719, 637, 616 cm '; HRMS (TOF
ES") caled for CyH;,BrN,NaOsS [M+Na]' 498.9934,
found 498.9935.

(3aR*,8bR*)-  F2 F-1-(2- 5 K £, 3k )-2- FF A L -3- A
- A BIIF[1,2-b]M & -4(1H)-B(3v): 379 mg, [
. m.p. 167.4~169.4 ‘C; '"H NMR (500 MHz, DMSO-
de) 0: 2.50 (s, 3H, CH3), 3.09~3.18 (m, 2H, CH,), 4.03~
4.15 (m, 2H, CH,), 6.73 (br, 1H, OH), 7.19~7.25 (m, 2H,
ArH), 7.33~7.37 (m, 1H, ArH), 7.45 (t, J=7.5 Hz, 1H,
ArH), 7.65 (t, J=7.5 Hz, 1H, ArH), 7.70 (br, 1H, OH),
7.77 (d, J=7.5 Hz, 1H, ArH), 7.84 (t, J=7.5 Hz, 1H,
ArH), 7.95 (d, J=8.0 Hz, 1H, ArH); *C NMR (125 MHz,
DMSO-dy) d: 17.4, 30.1, 44.1, 83.3, 96.4, 115.8 (d, J=
22.5 Hz), 123.1, 123.7, 125.1~125.3 (m), 129.4 (d, J=7.5
Hz), 131.5, 131.9, 131.9, 134.9, 136.6, 147.3, 160.9, 161.2
(d, J=242.5 Hz), 195.7; IR (KBr) v: 3409, 2931, 1721,
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1602, 1491, 1466, 1421, 1394, 1373, 1326, 1307, 1287,
1214, 1139, 1095, 1044, 1032, 976, 923, 875, 793, 771,
756 cm”'; HRMS (TOF ES™) calced for C,0H;7FN,NaOsS
[M+Na]" 439.0734, found 439.0736.

(3aR* 8bR*)- —F2 B -1-(3-FU K £, 3)-2- Bt 2L -3l
B A HII[1,2-b] % -4(1LH)-FA(3w): 402 mg, {0
f&. m.p. 168.5~170.5 “C; '"H NMR (500 MHz, DMSO-
dg) 9: 2.51 (s, 3H, CH3), 3.07~3.12 (m, 2H, CH,), 4.02~
4.16 (m, 2H, CH,), 6.74 (br, 1H, OH), 7.34 (d, J=17.5 Hz,
2H, ArH), 7.35~7.41 (m, 1H, ArH), 7.46 (s, 1H, ArH),
7.65 (t, J=1.5 Hz, 1H, ArH), 7.69 (br, 1H, OH), 7.77 (d,
J=17.5 Hz, 1H, ArH), 7.83 (t, J=7.5 Hz, 1H, ArH), 8.00
(d, J=7.5 Hz, 1H, ArH); *C NMR (125 MHz, DMSO-d;)
5: 17.6, 36.1, 45.3, 83.4, 96.4, 123.1, 123.7, 125.4, 127.1,
128.2, 129.2, 130.9, 131.5, 133.7, 134.9, 136.6, 141.2,
147.3, 161.0, 195.7; IR (KBr) v: 3420, 1723, 1600, 1573,
1469, 1430, 1367, 1336, 1291, 1235, 1212, 1143, 1110,
1090, 1046, 1025, 971, 919, 889, 873, 797, 765, 688 cm ';
HRMS (TOF ES") calcd for C,0H;7CIN,NaOsS [M+Na]"
455.0439, found 455.0438.

(3aR* 8bR*)- " ¥ HE-1-(3,4- 5K 2. FE)-2- FH A 3k~
3-ffdE- A B [1,2-p) ML -4(1H)-F(3x): 425 mg, H
O [E 4. mp. 135.1~137.1 "C; 'H NMR (500 MHz,
DMSO-dg) 6: 2.49 (s, 3H, CH3), 3.06~3.13 (m, 2H, CH,),
4.02~4.17 (m, 2H, CH,), 6.77 (br, 1H, OH), 7.38 (d, J=
8.5 Hz, 1H, ArH), 7.61~7.66 (m, 3H, ArH), 7.72 (br, 1H,
OH), 7.76 (d, J=7.5 Hz, 1H, ArH), 7.83 (t, J=7.3 Hz, 1H,
ArH), 7.99 (d, J=7.5 Hz, 1H, ArH); *C NMR (125 MHz,
DMSO-dg) §: 17.5, 35.5, 45.1, 83.3, 96.5, 123.1, 123.7,
125.4, 129.8, 129.9, 131.1, 131.4, 131.5, 134.9, 136.5,
139.9, 147.3, 161.0, 195.7; IR (KBr) v: 3415, 1721, 1605,
1467, 1393, 1330, 1293, 1215, 1132, 1027, 974, 925, 871,
824, 766, 638, 616 cm™'; HRMS (TOF ES") caled for
CaoHsCLN,NaOsS [M+Na]" 489.0049, found 489.0049.

4 Bh#f Kl (Supporting Information) & L&Y 'H
NMR Fl °C NMR & 38kl n] LA 2 AT il
(http://sioc-journal.cn/) I N #k.
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