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Iron Porphyrin Complexes Catalyzed Cyclopropanation Reactions
and C—S Bond Cleavage Reactions for Phenyl Vinyl
Sulfides and Diazoreagents
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Chen, Weiwei”
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Jin, Zhixiong" Xu, Xiaofei’
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(“ Departement of Chemistry, Zhejiang University, Hangzhou 310027)
(* College of Life Science, Zhejiang Chinese Medical University, Hangzhou 310053)

Abstract A catalytic system capable of selectively promoting the cyclopropanation reaction and C—S bond cleavage
reaction was established. For the reactions between phenyl vinyl sulfide and diazoacetonitrile (generated by in sifu method),
the cyclopropanation reaction products were obtained under the catalysis of hemin chloride, and the C—S bond cleavage
reaction products were generated in the presence of FePc. All the reations were operated without inert gas protection or high
temperature, and the target products were obtained by stirring at room temperature for 1 h in moderate to excellent yields.
Keywords hemin; diazo compound; sulfonium ylide; cyclopropanelation reaction; C—S bond cleavage reaction
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Figure 1 Some top selling drugs in the USA in 2009 contain
sulfur.
Figures in italics are total retail sales in dollars
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, AE N AR S 2K 205 R AR iR OUBEE R in 5
fiF_‘z, F R 9 N B TRk rh, 38 o3 S H A,
il 8 KR A VAR R I 5 R0 B R AL A
P Je, CIRBERBE R A S B R AL A YR S NAR 5]
T B ORTE, I O AT AR R TN A e B
P SRR AR C—H BN N
Y& 2). #iltn, Fasan PRERLIRIE, 754 )8 & A MI1E
RN, REOHEmB S 5 =R O RAE RN,
A AT T TR 3 M R T AL P e (Sche-
me la).
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Figure 2 Some reported works about vinyl sulfides
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C-S bond cleavage

B 1 C—S BAHKHAL I HEnE
Scheme 1 Strategies involving C—S bond transformation

AR ZH Y W TR, S 2L 3K (hemin) /R
N—FhEE Rt R ARV AR BRI SR L B, BE
AU ER NGS5 S EE N O, H
I N—H 845 A\ 817, [2,3]-Sigmatropic ZHE S M,
Intercepted [2,3]-Sigmatropic 2 M. Sommelet-
Hauser EHE/ M UHI[1,2]-Steven EEHEI SR, F ik fi
Ak 2 BA SR AHRM A S T 40 CL KA R LTFHE
YRR ) SRR ENES ™ 727 5 e A I R A 1
PRSI AL Bl SR IE AT G SN I 20 3R A A A 7))
83 DAL 2T 3 (heme) {7 Dy A4 0 1 Js 2 21— 25 0IE
LT RXRUEWRA =B, EARTES, &
1K 4k Bk T A AL AR VAL T, SR FUHAE ) dE
i ik AL S AN RSP S R O REAG VS 1. BT R
P, HE ZIRFGEE T DL A SR A S,
(B in situ SR04 R R A2 SR, FF B RIAN RN
BRUMIRK SIS A 77 R T 42 L S N AR R R T 1) 24 BASUAK
M LLFRAE AR S ZEAF 3R P B Ak S REFR P24 T
4 DLBRERH (FePo) VE 9 AL RIS U 3= 2245 31 C—S Bty
NI F=H)(Scheme 1c).

2 ZR5E

DL 20 HE AR Bk (1a, 0.2 mmol) M E &2 fif(2a, 8
equiv.), I JE A7 5w P & AR A IS RS AR JE A,
i &AL LT 32 AR AL R, IR F0 M & 2 [ A6 2%
. 5 JE LA 90% A 10% FIHSEEE 73 il 45 2 A e A0 BB
Wy(3a)Fl C—S B WTZ [ N =¥ (4a), 41 Scheme 2 Fli7i.
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hemin (20 mol%)

200 uL DCM, 1 mL H,0
40°C, 10 h

1a 2a
in situ generated

©/SVCN ) ©/S\/CN

3a 90% 4a 10%

B2 ST CA0RE R BN 2 25 1 S B
Scheme 2 Reaction of vinyl sulfide with diazoacetonitrile cata-
lyzed by hemin

W 5B Z A AR A IR AN SR 1 s, 9ANE
FAEAT AL, JASRE R A= (Entry 1), A# AR AT
WA (A S JONAR R NA 1 mL [197K), S AT gF]
17, 3a Y77 Al ik 60% (Entry 2). £ Entry 2 [ Ak F [
RPN 20 mol%[1HIFiE X-100 f5, 3a 72

R HHER AL @

Table 1 Optimization of the cyclopropanation reaction condi-

tions
S’ N S CN
St o'
CN

Cat., solvent

1 mL H,0
T (°C), time (h)

1a  in situ generated 3a
2a
Entry2a/la  Cat. (mol%) Solvent’/mL Time/h 7/°C Yield®/%
1 5 — — 10 40 0
2 5 Hemin (10) — 10 40 60
3 5 Hemin (10) CHCl; 10 40 85
4 5 Hemin (10) DCM 10 40 75
5 5 Hemin (1) CHCl; 10 40 36
6 5 Hemin (2.5) CHCl; 10 40 60
7 5 Hemin (5) CHCl, 10 40 68
8 5 Hemin (20) CHCl, 10 40 88
9 1 Hemin (10) CHCl; 10 40 23
10 2 Hemin (10) CHCl, 10 40 48
11 4 Hemin (10) CHCl, 10 40 62
12 8 Hemin (10) CHCl, 10 40 92
13 8 Hemin (10) CHCl, 10 0 60
14 8 Hemin (10) CHCl, 10 rt 91
15 8 Hemin (10) CHCl; 1 rt 920
16 8 Hemin (10) CHCl, 3 rt 91
17 8 Hemin (10) CHCl, 6 rt 90
Cu(Il) protopor-
18 8 phyrinIX (10) CHCI; 10 rt 0
19 8 FeCl3*6H,0 (10) CHCI; 10 rt 0
20 8 FePc(10) CHCI, 10 rt 0
21 8 FeTPPCI (10) CHCIl, 10 rt 0

© 2020 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 0.2 mmol of 1a, diazoacetonitrile (generated by in situ
method) and catalyst were dissolved in 1 mL of H,O and different solvents at
ambient temperature with stirring. * Yields were determined by 'H NMR anal-
ysis of the crude reaction mixtures. For product 3a, dr=1: 1, without ee value.
¢ For the solvent, except for CHCl; and DCM are 100 pL, the volume of other
solvent is 1.25 mL.

http://sioc-journal.cn/ 3839
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78%, IXANEE R UCGIESE [ I RIS X-100 Ref 4] &AL
I 4T 25 (10 5% A1 170 B 38 0 52 7 F) e 25 R L0156 17181 21y
i H — S L (DCMYPE NI FIEE, 3a P~ 75%
(Entry 4), T 2448 F =50 bt (CHCL)E AT I, K7
AL P I P R 4 85% (Entry 3), m T HEH
HUEFIS 772 28, 0, N,N-—F 3 Rt (DMF), —
K (DMSO) . 4R 4 BE(EA)« £ B (MeCN) . 14 i
(Actone) H! i (MeOH) fil F 2K (Toluene) 55, [Al ik $%
CHCI; NS AT N — D 5% ARk

527 A AL I & A 2 (Entries 5~8). ER MR
i (Entries 9~12)« M R (Entries 13, 14)H1 B[
i8] (Entries 15~17)%52%4F, 1838 LR S8 % 5 &L
. XM AT T4k, fH Cu(Il)proto-
porphyrinIX (Entry 18)F FeCl;*6H,0 (Entry 19){E Jyff{t
FIEF, AR BUTATH R B B F= 4 F1 C—S BT
24N Y T AE ] FePe AT DU 2 35 nb ik G4k £k
(FeTPPCOE NI, REfE L —HIRTS C—S BT
SN EIFE) da, P25 BN 92% (Entry 20)F1 60% (En-
try 21).

g BRTR, Hise T A A R A IR 2 SR
N G M I A B T e A =) R B L IR S 2% 1
I EA 10 mol%. R LMEN 8 equiv. N FE
NER WY CHCL RSB 1 hy it Ak
PRAr, TR FH T S A7 77 =X 2% B U A K K 6 75
S, BERIN #0505 90% (Entry 15).

Fy— 7T, %5 FePe ME AT, XF LM R AR
fit 5 EROMGEE C—S BRI BTk, 2558
R 2 PR, BT RN F(Entries 1~5). L7 H
H(Entries 6~9). F& LI £ (Entries 10~14). M
i [4] (Entries 15~17)F0 [ B2 & (Entries 18~20), %
BB T HACHI RN 26 A FePe IR 20 2.5 mol%.
HRONEN 5 equiv.. MR AER . RS AL
T Lh EHREESARGRY, RN F A & B8 O
MK TC T B, Bhi HARF= Y1 7= 2 1L 95% (Entry
15).

e LA R N 46, o Ak 20 R AL 3R TR
Bk SN DI VEREAT ¥ R, SRR 3 Fos. BhE
AR R P CLEL R ARy 07 B BRI, 4R R EL
RIENKZAb~16). =T H(1g). FHEEAR~1j).
HE J (1k ~ 1o) AR B (1p) B, Xof S FrD JEG 470 445 e 4 25,
I HAF RN P AE BT A B 26(67% ~92%).

IR, EAR A B 56 R IR T Joe Ak s I PR gk A7 e W
SRR, IR AL (R AN b AR 2
SR B H AR BRI, X R # A LA TS 1) 7=
ZRH A FRY(Ab~1d, 80%~91%; 1h~1j, 84%~

3840 http://sioc-journal.cn/
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Table 2 Optimization of the C—S cleavage reaction conditions

©/S\/ [\IE ©/ \/
+
CN

1a in situ generated
2a

FePc solvent

1mL H20
T (°C), time (h)

Entry 2a/la Cat. (mol%) Solvent/mL Time/h 7/°C Yield’/%

1 5 FePc(10) — 10 rt. 70
2 5 FePc(10) DCM 10 rt. 96
3 5 FePe(10) DMF 10 rt. 94
4 5 FePc(10) EA 10 rt 41
5 5 FePc(10) MeOH 10 rt. 27
6 5 FePe(l) DCM 10 rt 88
7 5 FePc(2.5) DCM 10 rt. 96
8 5 FePc(5) DCM 10 rt. 97
9 5 FePc(20) DCM 10 rt. 97
10 2 FePc(2.5) DCM 10 rt. 56
11 4 FePc(2.5) DCM 10 rt 87
12 6 FePc(2.5) DCM 10 rt 95
13 8 FePc(2.5) DCM 10 rt 95
14 10 FePc(2.5) DCM 10 rt. 96
15 5 FePe(2.5) DCM 1 rt 95
16 5 FePc(2.5) DCM 3t 96
17 5 FePc(2.5) DCM 6 rt 96
18 5 FePc(2.5) DCM 10 77
19 5 FePc(2.5) DCM 1 40 94
20 5 FePc(2.5) DCM 1 80 95

© 2020 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 0.2 mmol of 1a, diazoacetonitrile (generated by in situ
method) and FePc were dissolved in 1 mL of H,O and different solvents at
ambient temperature with stirring. ° Yields were determined by 'H NMR anal-
ysis of the crude reaction mixtures. ¢ For the solvent, except for CHCl; and
DCM are 100 pL, the volume of other solvent is 1.25 mL.

88%). F4b, HUARIE M B 7 R0 T A I S R EAT
WA, B 4 W7 5 E] (Th ~ 1p) A H - 2 4]
(1b~ 1) IR #B BEAR i Hbidh FH T 1 e B A &

TERARI N Z&AE T, ATX FePe 4L C—S
TR S EPIEAT TR, AR R 4 FoR. x4
AR 22 A1 BB AR B 1R 60 25 3 TR I A s 2 PR T S 47,
DA HR S5 B F5 (1) 77 2459 B0 B2 IR H AR =4 (68%~95%).
[F ST P25 S R, 2R3 B AR B G B
SO A=y ¢ S RS LA 52 N w1 VAR |51 K VA D VA X ]
SR T il U T B R B, R H AR
Y Pe TR 3 2 R (b~ 1d, 75% ~ 81%; 1h~1j,
69%~85%). F b, &M LT B (i & 5 A =
G, PP R 45 ) A 2 v 1 AR (e 2 R TP AR 45 ) SR
HR e MR Mo K AR N

%t F FePe AL C—S BEWT L N, % T EEUR
VITE AR R R SIS, R 5. TR R
ZAFF, 4 ANl RN T H S EEL S ER O
R H 5 (2b) FEA LR LBE(2e). ERLEFUT BE(2d)
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Table 3 Investigation of diverse substituted sulfides for the
cyclopropanation reaction

; o .S
N2§/CN hemin (10 mol%) R \<L
CHC|3, H20, r.t., 1h

i o CN
in situ generated 3a~3p

R1/S\/ +
1a~1p

F4 HEC—S BEITRLRN PR ET AR (0 IRk 11 5 I8 3 4
Table 4 Investigation of diverse substituted sulfides for the C—
S bond cleavage reaction

FePc (2.5 mol%)
_S N CcN — 7 7L S CN
RN+ TP DCM, H,0 . R’
1a~1u in situ generated rt,1h 4a ~ 4u

2a

U, L0 LT,

3a 90% (86%) 3b 80% (77%) 3¢ 87% (83%)

Co, o, O,

3d 91% (85%) 3e 62% (59%) 3f 67% (63%)

NN Qﬂ@ﬂ

39 90% (83%) 3h 84% (80%) 3i 87% (84%)

O O, O,

3k 83% (78%) 3187% (83%)

O,

3n 88% (82%)

)?\OO \<LCN

3p 92% (89%)

3 s% (84%)

pﬂ

3m 86% (83%)

SO

30 83% (79%)

“ Reaction conditions: 0.2 mmol of sulfide, diazoacetonitrile (8.0 equiv., gen-
erated by in situ method) and hemin (13 mg, 10 mol%) were dissolved in 1 mL
of H,O at ambient temperature with stirring for 1 h. b Yields were determined
by "H NMR analysis of the crude reaction mixtures. Values in the parentheses
are isolated yields. For all products, dr=1: 1, without ee value.

T =9 L e (2e), RSN 3 5 2K 3 2,97 FE AT Bk
R, LD 55%~86%I1) 7= RAF RN R C—S
W 2L 1 S 2 F=40(55% ~ 86%).

a, W bR s B HLER R AT T W) D .
Scheme 3 7R, FEAL A5 3% Rk 0 bR £k 551 7531
TE R L &R s R AR 124 R — 2 T RIA
S.ORJE, TEIXPIRMEATIR 0 BIER R, IR 4005
T lif(1a) 5 4@ < = AR 24 R AR 4. T
S A ZEA IR BN, ERE a Fiow, Sid
[ E AL RE ), e fy b A T, R A8 R ER T ke Ak i) B
Frr=9) 3a. X T FePe AL C—S BEWIZL N, UnEgiE
b 7R, OJGERI S 4 JE R rE ST R i 37 4 o ) 44
(231 b e R A 0 — 25 Wl b B SRS TRl RO

fF*Fl&IﬁZ, Sl aA I, kKA C—S BRI SN,
AR HIFFEY) 4a.

Chin. J. Org. Chem. 2020, 40, 3837 ~3846

o

4a 95% (91%)

AT

4b 81% (78%)

Lo

4e 80% (78%)

WO

4h 69% (62%)

Lo

4k 70% (67%)

o

4c 75% (71%)

o

af 71% (67%)

o

4i 72% (69%)

4d 81% (78%)

SO

4g 68% (64%)

L

4j 85% (81%)

L0750

4m 78% (75%) 4n 75% (71%)

o O/S\/CN
Ao

4p 70% (66%)

41 78% (75%)

[ one

40 77% (72%)

© 2020 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 0.2 mmol of sulfide, diazoacetonitrile (5.0 equiv., gen-
erated by in situ method) and FePc (3.7 mg, 2.5 mol%) were dissolved in 1 mL
of H,O and 100 nL. DCM at ambient temperature with stirring for 1 h. ®Yields
were determined by "H NMR analysis of the crude reaction mixtures. Values in
the parentheses are isolated yields.

£5 C—SEWR RN EEMLEWIIRE
Table 5 Investigation of diverse various diazo esters for the
C—S bond cleavage reaction

FePc
S
@/ F N2 EwG (2.5 mol%) ©/S\/ EWG
+ —_—
in situ generated DCM, Hz0
rt,1h
1a 2b~2e 5a~5d

5a, EWG = CO,Me, 86% (83%)
5b, EWG = CO,Et, 67% (65%)

5¢, EWG = CO,t-Butyl, 77% (74%)
5d, EWG = CF3, 55% (51%)

2b, EWG = CO,Me
2¢, EWG = CO,Et

2d, EWG = CO,t-Butyl
2e, EWG = CF,

“ Reaction conditions: 0.2 mmol of sulfide, diazoreagents (5.0 equiv., generat-
ed by in situ method) and FePc (2.5 mol%) were dissolved in 1 mL of H,O and
100 pL DCM at ambient temperature with stirring for 1 h.  Yields were deter-
mined by '"H NMR analysis of the crude reaction mixtures. Values in the pa-
rentheses are isolated.

http://sioc-journal.cn/ 3841
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‘C-S bond cleavage reaction | cyclopropanation reaction

B3 P

Scheme 3 Plausible mechanism

3 &g

A TAFASE P FloAS 5] R 2k b bk 4k & W 7R 4
), ARAE 75 F 20 TR AN B AL AW LE LA R 4%
R e B AR AN R 4. LA I 2 AR Ak
FUBT, 32 EAF BRI SEAR BL B F= ;. DLERERHE 1 i
PRI FEA R C—S BWIRLZ M =Y. A L7
BRI B = IEGTEYE, R AR SR = 2615 31
R E BRrE). RIS PRRR A 223500 7 i A P
PRy, EEE TR 1 h B 5ERK, HEARRERER R
4 SCIEERST
41 UE5RH

iR 5 9 Bruker ARX-400(F: " "H NMR
N 400 MHz, *C NMR ;¥ 100 MHz); % #55F 3¥% (HR-
MS)H Shimadzu LC/MS IT-TOF F! Waters Micromass
GCT Premier P, S5t F 21 19 7 805513 4 4
Mrali, WK Ja AKX Al — 0 b, EEAEH. SLik
TR o I i O I M SRS R, A S A E AR
MR 200~300 H, 77 ZAHF BgEL T, #
SR N E = (R o TR, =miE). i) & 6 B B
FH PR AR 2R 35 2 05 L L Tk (1) 350 A o o ) S
42 XWHE
421 FRATH A BB H &

L FERR R R ) 225 SCHR[26] 6 A%, 1R) 64T T
(421 pL, 1 equiv., 4 mmol). TL/KEEFREH(NaOAc, 10 mg, 3
mol%, 0.12 mmol)FAEALF[IrCl(cod)], (28 mg, 1 mol%,
0.04 mmol) [¥] 2K (4 mL)¥ W I 41 ) TE (736

3842 http://sioc-journal.cn/
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uL, 2 equiv., 8 mmol), ZAEFIEA I iR E, (RS
PSRBT RS, B35 1E 100 C R M 24 h. RN 5ERK
JE I & CBEEAT K, D30T 28R4, f e R A
JRAT K P AT 43 B AR BB AT, VeI VA
HEE) @ (OB CEE)=100 : 1.

422 muaFBAREOHLGRER ENLSHEE R
T 18] 8 31 7 e A B

FE—A 15 mL R PO — RPN R 207 2
BiliE(0.2 mmol). ZHE 25 EhIR #5(151 mg, 8.0 equiv.).
Sk M2 % (13.1 mg, 10 mol%). CHCl; (100 uL)A17K (1.0
mL), ¥ N 5 B TSR N, fE
P51 )G, IR IR R AR R 0.4 mL E
THERANTE T (c=4.8 mol/L, 9.6 equiv., 132.5 mg, f[f] 4
h). WU, RN 1 h [RMNEEHEH 28R QR
mL)FIEEAARFR R B SR /K ZEHL 2~3 1K, oK B BRAN T4
BN, SRJG IR ZE VB4R, B o A AR R A R = )
AT B AR BB AT, BEliA e VAT @ (L
LHE)=20: 1.

423 FePc BAREACH LB ST R C—S
W R RS

FE—A 15 mL PO — RPN R 207 2
BilE0.2 mmol). %2k ZNEEhRR 594 mg, 5.0 equiv.).
FePC (3.7 mg, 2.5 mol%). DCM (100 pL)F17K(1.0 mL),
SRR R N S BT =R NP, RS
J&, IS IR A R AR R AN 0.25 mL A ER AN
#i(c=4.8 mol/L, 6.0 equiv., 82.8 mg, K}[H] 2.5 h). &
N 45 A A 2R R (2 mL) AT SRR AN A 26 /K A HL
2~3 K, AN TCKBRER AT ), SR D 7518
Wi, fe o A8 PR AT X = AT 43 B A5 B e 4
W, Ve AR VAT @ (OB CBE)=10 : 1.

4.3 FYHIE

1- G R 2-CR B 22 I A bE (3a): ot sflifA. 30.1
mg, 7 FE 86%. 'H NMR (400 MHz, CDCl;) o:
7.38~7.32 (m, 4H), 7.27~7.24 (m, 1H), 2.86~2.82 (m,
1H), 1.73~1.68 (m, 1H), 1.64~1.58 (m, 1H), 1.39~1.34
(m, 1H); *C NMR (100 MHz, CDCl3) J: 135.3, 129.4,
128.1, 126.8, 119.8, 22.3, 16.1, 8.0. HRMS (EI) calcd for
C1oHoNS 175.0456, found 175.0457.

1- 5 5 -2-(4- SR TR L) R T Kt (3b): T 2 i A
32.2 mg, B Z 77%. '"H NMR (400 MHz, CDCl;) o:
7.34~7.29 (m, 2H), 7.28~7.24 (m, 2H), 2.83~2.78 (m,
1H), 1.73~1.68 (m, 1H), 1.64~1.56 (m, 1H), 1.37~1.32
(m, 1H); “C NMR (100 MHz, CDCl) §: 133.7, 132.8,
129.5, 129.4 119.5, 22.2, 16.1, 7.9. HRMS (EI) calcd for
C1oHsCINS 209.0066, found 209.0064.

Chin. J. Org. Chem. 2020, 40, 3837 ~3846
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1- LG 3 -2-(3- SR I I T it (Be): P 3 (AR
34.7 mg, 73 E77 % 83%. 'H NMR (400 MHz, CDCl;) o:
7.33~7.29 (m, 1H), 7.29~7.25 (m, 1H), 7.24~7.18 (m,
2H), 2.87~2.79 (m, 1H), 1.77~1.72 (m, 1H), 1.69~1.59
(m, 1H), 1.39~1.34 (m, 1H); “C NMR (100 MHz,
CDCly) d: 137.4, 135.2, 130.5, 127.5, 126.8, 125.7, 119.5,
21.7, 16.2, 8.0. HRMS (EI) calcd for C;oHsCINS 209.0066,
found 209.0065.

1- I e -2-2- ORI ) PR e (3d): T3 (i Ak
35.5 mg, 77 EI77 % 85%. 'H NMR (400 MHz, CDCl;) o:
7.45~7.40 (m, 1H), 7.39~7.35 (m, 1H), 7.34~7.28 (m,
1H), 7.20~7.14 (m, 1H), 2.83~2.79 (m, 1H), 1.80~1.74
(m, 1H), 1.67~1.60 (m, 1H), 1.44~1.37 (m, 1H); *C
NMR (100 MHz, CDCly) &: 135.1, 132.1, 129.9, 127.7,
127.4, 127.2, 119.6, 21.0, 15.9, 7.9. HRMS (EI) calcd for
C1oH;CINS 209.0066, found 209.0067.

1- £ 5 3 -2-(4- R i 225 ) B TR 45t (3e): o B R A
26.1 mg, 7 E77 % 78%. 'H NMR (400 MHz, CDCl;) o:
7.39~7.31 (m, 2H), 7.10~7.02 (m, 2H), 2.85~2.75 (m,
1H), 1.70~1.64 (m, 1H), 1.63~1.58 (m, 1H), 1.37~1.31
(m, 1H); C NMR (100 MHz, CDCLy) J: 162.24 (d, J=
246.0 Hz), 131.2 (d, J=8.0 Hz), 129.9 (d, J=3.0 Hz),
119.7, 116.6 (d, J=22.0 Hz), 23.33, 16.14, 7.89. HRMS
(EI) caled for C;oHgFNS 193.0361, found 193.0362.

1- £ F5-2-(3- A T 28 ) B P 6 (3): 3¢ 3 B R A4
243 mg, 7 EF7E 63%. '"H NMR (400 MHz, CDCl;) o:
7.35~7.28 (m, 1H), 7.13~7.08 (m, 1H), 7.07~7.01 (m,
1H), 6.96~6.90 (m, 1H), 2.86~2.80 (m, 1H), 1.78~1.70
(m, 1H), 1.68~1.58 (m, 1H), 1.40~1.33 (m, 1H); "*C
NMR (100 MHz, CDCls) 6: 163.0 (d, J=248 Hz), 137.7
(d, J=7.8 Hz), 130.8 (d, J=8.6 Hz), 123.1 (d, J=3.1 Hz),
119.5, 114.6 (d, J=24.0 Hz), 113.6 (d, J=21.0 Hz), 21.7,
16.1, 8.0. HRMS (EI) caled for C,oHsF- NS 193.0361,
found 193.0362.

1- i 5 -2-(4- = S BRI ) PR I be (3g): ot
Wik, 403 mg, 2 E~F 83%. 'H NMR (400 MHz,
CDCly) 6: 7.59 (d, J=8.3 Hz, 2H), 7.41 (d, J=8.2 Hz,
2H), 2.89~2.82 (m, 1H), 1.83~1.75 (m, 1H), 1.69~1.60
(m, 1H), 1.43~1.35 (m, 1H); “C NMR (100 MHz,
CDCly) d: 1409 (d, J=1.2 Hz), 128.4 (d, J=33 Hz),
126.7, 126.2 (q, J=3.8 Hz), 124.1 (q, J=270.0 Hz), 119.4,
21.0, 16.0, 8.1. HRMS (EI) caled for C;HgF3NS
243.0330, found 243.0332.

1- 5 2E-2-- FHAA I R B ) IR A St (3h): ot
1. 22.2 mg, 7B E 62%. 'H NMR (400 MHz, CDCl;)
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8: 7.39~7.29 (m, 2H), 6.93~6.85 (m, 2H), 3.81 (s, 3H),
2.83~2.75 (m, 1H), 1.64~1.55 (m, 2H), 1.35~1.27 (m,
1H); *C NMR (100 MHz, CDCly) d: 159.6, 132.4, 124.7,
120.0, 115.1, 55.5, 24.4, 16.1, 7.6. HRMS (EI) calcd for
C1H,;NOS 205.0561, found 205.0560.

1- Z N 2E-2-(3- F AR B 2RI ) F1 P B (3i): v 2
k. 34.4 mg, 73 E77% 84%. '"H NMR (400 MHz, CDCl5)
8:7.25 (t, J=8.0 Hz, 1H), 6.96~6.84 (m, 2H), 6.80~6.75
(m, 1H), 3.81 (s, 3H), 2.86~2.79 (m, 1H), 1.74~1.67 (m,
1H), 1.66~1.56 (m, 1H), 1.38~1.32 (m, 1H); °C NMR
(100 MHz, CDCly) 6: 160.1, 136.5, 130.2, 119.9, 119.7,
113.1, 112.4, 55.4, 21.9, 16.0, 7.9. HRMS (EI) calcd for
C1 H,;NOS 205.0561, found 205.0561.

1- N 2 -2-(2- F AR R T ) FR T 062 (3)): TG

. 344 mg, E7ER 84%. 'H NMR (400 MHz,
CDCly) d: 7.37~7.33 (m, 1H), 7.28~7.20 (m, 1H),
7.02~6.98 (m, 1H), 6.89~6.85 (m, 1H), 3.87 (s, 3H),
2.83~2.78 (m, 1H), 1.69~1.62 (m, 1H), 1.61~1.51 (m,
1H), 1.36~1.29 (m, 1H); *C NMR (100 MHz, CDCl5) :
156.6, 128.6, 127.9, 123.4, 121.4, 119.9, 110.6, 55.8,
21.1, 159, 7.6. HRMS (EI) caled for C;H;;NOS
205.0561, found 205.0562.

1- L5 -2-Q- WA R ) R A b2 (3K): k| A
WAk, 29.5 mg, S EF=H 78%. 'H NMR (400 MHz,
CDCLy) o6: 7.28~7.26 (m, 1H), 7.25~7.24 (m, 1H),
7.18~7.14 (m, 2H), 2.85~2.79 (m, 1H), 2.35 (s, 3H),
1.70~1.63 (m, 1H), 1.63~1.58 (m, 1H), 1.38~1.30 (m,
1H); *C NMR (100 MHz, CDCly) d: 137.2, 131.2, 130.2,
129.1, 120.0, 23.0, 21.2, 16.2, 7.9. HRMS (EI) calcd for
C1H,;NS 189.0612, found 189.0614.

1- 5 55-2-(2, 4- 2R M IE(31): ot
K. 33.7 mg, 57 &% 83% "H NMR (400 MHz, CDCl,)
d: 728 (d, J=7.8 Hz, 1H), 7.08~7.00 (m, 2H), 2.79~
2.73 (m, 1H), 2.32 (s, 3H), 2.29 (s, 3H), 1.72~1.65 (m,
1H), 1.60~1.54 (m, 1H), 1.37~1.31 (m, 1H); C NMR
(100 MHz, CDCl3) §: 136.9, 136.8, 131.4, 130.7, 128.3,
127.7, 120.0, 22.2, 21.0, 20.2, 16.1, 7.8. HRMS (EI) calcd
for C1,H 5NS 203.0769, found 203.0770.

1- 5 F-2-(4- 3 TN BRI ) BA I b2 (3m): s (8
WAk, 36.0 mg, /7 EF=% 83%. 'H NMR (400 MHz,
CDCLy) 6: 7.33~7.27 (m, 2H), 7.25~7.19 (m, 2H),
2.97~2.86 (m, 1H), 2.86~2.78 (m, 1H), 1.70~1.64 (m,
1H), 1.64~1.56 (m, 1H), 1.37~1.31 (m, 1H), 1.26 (d, J=
6.9 Hz, 6H); *C NMR (100 MHz, CDCl;) §: 148.0, 131.6,
128.9, 127.5, 119.9, 33.8, 24.0, 22.8, 16.0, 7.8. HRMS (EI)
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caled for C;;H3NS 191.0769, found 191.0767.

1- S5 HE-2-(4-BU T IR A IR N St (3n): TR
WAk, 37.9 mg, 4> EE3% 82%. 'H NMR (400 MHz,
CDCly) d: 7.40~7.35 (m, 2H), 7.31~7.27 (m, 2H),
2.85~2.79 (m, 1H), 1.71~1.65 (m, 1H), 1.64~1.58 (m,
1H), 1.38~1.33 (m, 1H), 1.32 (s, 9H); *C NMR (100
MHz, CDCl;) d: 150.3, 131.4, 128.5, 126.5, 120.0, 31.4,
22.8, 16.1, 8.0. HRMS (EI) calcd for C;,H;sNS 205.0925,
found 205.0927.

1- e -2-(4- IR ) RN 5 (30): o AT
32.1 mg, 7B7* % 79%. '"H NMR (400 MHz, CDCl;) o:
7.33~7.26 (m, 2H), 7.21~7.17 (m, 2H), 2.85~2.79 (m,
1H), 2.65 (q, J=7.6 Hz, 2H), 1.70~1.63 (m, 1H), 1.63~
1.56 (m, 1H), 1.37~1.31 (m, 1H), 1.24 (t, J=7.6 Hz, 3H);
C NMR (100 MHz, CDCl5) §: 143.4, 131.5, 129.0, 119.9,
28.6,22.9, 16.1, 15.6, 7.8. HRMS (EI) calcd for C,oH; NS
177.0612, found 177.0611.

LR A-((2-F I L) B 5) K B (3p): o tailifk.
41.5 mg, 7377 % 89%. 'H NMR (400 MHz, CDCl;) o:
7.38~7.32 (m, 2H), 7.11~7.06 (m, 2H), 2.85~2.78 (m,
1H), 2.30 (s, 3H), 1.72~1.66 (m, 1H), 1.65~1.59 (m,
1H), 1.38~1.31 (m, 1H); *C NMR (100 MHz, CDCl;) §:
169.4, 149.7, 132.3, 129.4, 122.7, 119.7, 22.5, 21.2, 16.1,
7.9. HRMS (EI) caled for C;,H;;NO,S 233.0510, found
233.0508.

2-FI L O (4a): PRI IR, 27.1 mg, 7B
91%. "H NMR (400 MHz, CDCL3) 6: 7.61~7.50 (m, 2H),
7.44~7.34 (m, 3H), 3.57 (s, 2H); *C NMR (100 MHz,
CDCly) 6: 132.6, 132.2, 129.8, 129.2, 116.6, 21.6. HRMS
(EI) caled for CgH,NS 149.0299, found 149.0299.

2-(4-FARHRIE) ) (4b): FRFEBIRAAR. 28.5 mg, 4
BPEE 78%. 'H NMR (400 MHz, CDCl;) J: 7.53~7.47
(m, 2H), 7.40~7.34 (m, 2H), 3.55 (s, 2H); *C NMR (100
MHz, CDCly) o: 135.7, 134.2, 130.4, 123.0, 116.3, 21.7.
HRMS (EI) caled for CsH¢CINS 182.9909, found
182.9908.

2-(3-FARHIL) 45 (de): IR A, 26.0 mg, 4)
BPEE 71%. 'H NMR (400 MHz, CDCl;) d: 7.54~7.51
(m, 1H), 7.46~7.40 (m, 1H), 7.37~7.30 (m, 2H), 3.60 (s,
2H); “C NMR (100 MHz, CDCl3) 6: 135.3, 134.0, 131.8,
130.8, 130.2, 129.3, 116.2, 21.2. HRMS (EI) calcd for
CsHCINS 182.9909, found 182.9907.

2-QQ-F ML) LN (4d): R COUBAA. 28.5 mg, 4
BPEE 78%. 'H NMR (400 MHz, CDCl;) d: 7.63~7.57
(m, 1H), 7.51~7.45 (m, 1H), 7.36~7.30 (m, 2H), 3.67 (s,
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2H); *C NMR (100 MHz, CDCl,) d: 136.7, 133.6, 130.9,
130.5, 130.3, 128.0, 116.0, 19.5. HRMS (EI) calcd for
CsHCINS 182.9909, found 182.9911.

2-(4-FRI L) 2 I (de): IRFTEOIRIR. 26.1 mg, /7
B E 78%. '"H NMR (400 MHz, CDCl;) §: 7.64~7.56
(m, 2H), 7.14~7.06 (m, 2H), 3.51 (s, 2H); *C NMR (100
MHz, CDCl3) §: 163.7(d, J=249.0 Hz), 136.1 (d, J=9.0
Hz), 127.1 (d, J=3.0 Hz), 117.0 (d, J=12.0 Hz), 116.5,
22.5. HRMS (EI) caled for CgH¢FNS 167.0205, found
167.0205.

2-(3-5 KB IL) L (4D): T BIRAR. 22.4 mg, 4)
BPEE 67%. 'H NMR (400 MHz, CDCl;) J: 7.42~7.29
(m, 2H), 7.27~7.21 (m, 1H), 7.11~7.03 (m, 1H), 3.61 (s,
2H); C NMR (100 MHz, CDCly) d: 169.2 (d, J=249
Hz), 134.3 (d, J=8.0 Hz), 131.1 (d, J=8.0 Hz), 127.6 (d,
J=3.0 Hz), 118.8 (d, J=22.0 Hz), 116.2, 116.0, 21.1.
HRMS (EI) calcd for CsHgFNS 167.0205, found 167.0205.

2-(4- =9 F ORI OR ) G (4g): R EiAE. 27.8
mg, 7 EE 64%. '"H NMR (400 MHz, CDCl;) o
7.68~7.57 (m, 4H), 3.66 (s, 2H); *C NMR (100 MHz,
CDCly) 6: 137.2 (d, J=1.0 Hz), 131.0, 130.7 (d, J=33.0
Hz), 126.6 (q, J=4.0 Hz), 123.9 (q, J=270.0 Hz), 116.0,
20.3. HRMS (EI) caled for CoHgF;NS 217.0173, found
217.0172.

2-(2- A KB 5L ) 4. (4h): kBB Ak. 2222
mg, 7 FE 62%. 'H NMR (400 MHz, CDCl;) o:
7.60~7.51 (m, 2H), 6.95~6.88 (m, 2H), 3.82 (s, 3H),
3.45 (s, 2H); *C NMR (100 MHz, CDCl3) 6: 161.1, 136.2,
1223, 116.9, 115.3, 55.6, 23.1. HRMS (EI) calcd for
CoHoNOS 179.0405, found 179.0403.

2-(3-HAFE R L) 2 i (4i): IRFE IR, 24.7 mg,

Y FEER 69%. "H NMR (400 MHz, CDCls) 6: 7.33~7.27
(m, 1H), 7.14~7.06 (m, 2H), 6.93~6.87 (m, 1H), 3.83 (s,
3H), 3.58 (s, 2H); *C NMR (100 MHz, CDCl3) J: 160.2,
133.3, 130.6, 124.3, 117.4, 116.7, 115.0, 55.5, 21.3. HRMS
(EI) caled for CoHoNOS 179.0405, found 179.0403.
2-(2- AL ERIL) 2 B5(4)): R\ OB, 29.0 mg, 7
B E 81%. '"H NMR (400 MHz, CDCl;) d: 7.55~7.49
(m, 1H), 7.42~7.33 (m, 1H), 7.02~6.90 (m, 2H), 3.93 (s,
3H), 3.62 (s, 2H); *C NMR (100 MHz, CDCl3) d: 159.1,
134.6, 131.0, 121.5, 119.4, 116.8, 111.3, 56.0, 19.2. HRMS
(EI) caled for CoHoNOS 179.0405, found 179.0404.

2-Chf I AR 3 ) 2 B (4K): 1R B K. 21.8 mg,
Y FEER 67%. 'H NMR (400 MHz, CDCls) 6: 7.50~7.44
(m, 2H), 7.23~7.17 (m, 2H), 3.51 (s, 2H), 2.37 (s, 3H);
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C NMR (100 MHz, CDCl;) d: 139.7, 133.4, 130.5, 128.5,
116.8, 22.1, 21.3. HRMS (EI) calcd for CoHoNS 163.0456,
found 163.0458.

2-(2,4- I ELR B AL 2 G (4)): TR BAR. 26.6
mg, 7 EE 75%. 'H NMR (400 MHz, CDCl;) &
7.49~7.42 (m, 1H), 7.10 (s, 1H), 7.07~7.01 (m, 1H),
3.47 (s, 2H), 2.47 (s, 3H), 2.33 (s, 3H); *C NMR (100
MHz, CDCl;) 0: 141.1, 139.8, 134.2, 131.8, 128.1, 127.6,
116.7, 21.2, 21.1, 20.7. HRMS (EI) calcd for CIOHIINS
177.0612, found 177.0611. HRMS (EI) calcd for C,;H3NS
177.0612, found 177.0611.

2-(4- N HE ORI ) 4 (4m): R A, 28.7
mg, 7 EEE 75%. 'H NMR (400 MHz, CDCl;) &
7.53~7.47 (m, 2H), 7.28~7.22 (m, 2H), 3.52 (s, 2H),
2.92 (hept, J=6.8 Hz, 1H), 1.25 (d, J=6.9 Hz, 6H); "°C
NMR (100 MHz, CDCly) d: 150.5, 133.3, 128.8, 127.9,
116.9, 34.0, 23.9, 22.0. HRMS (EI) caled for C,;H;5NS
191.0769, found 191.0767.

2-(4-FUT FEFBIL) LM (4n): FRF O AR, 29.1
mg, 7B E 71%. 'H NMR (400 MHz, CDCl;) J:
7.54~7.48 (m, 2H), 7.44~7.38 (m, 2H), 3.53 (s, 2H),
1.32 (s, 9H); *C NMR (100 MHz, CDCl;) 6: 152.7, 132.9,
128.6, 126.8, 116.9, 34.9, 31.3, 21.9. HRMS (EI) calcd for
CoH NS 205.0925, found 205.0927.

2-(4- LHEKRRHE) 2 I (do): R FEATAE. 25.5 mg,
B FEER 72%. "H NMR (400 MHz, CDCly) 6: 7.53~7.46
(m, 2H), 7.25~7.19 (m, 2H), 3.52 (s, 2H), 2.66 (q, J=7.6
Hz, 2H), 1.24 (t, J=7.6 Hz, 3H); °C NMR (100 MHz,
CDCly) §: 145.9, 133.3, 129.3, 128.7, 116.8, 28.7, 22.1,
15.4. HRMS (EI) calcd for C;(H;;NS 177.0612, found
177.0611.

LT8R 4-2- L E-1- LB 52 R K (4p): 1% 3 4.
27.3 mg, 7777 % 66%. 'H NMR (400 MHz, CDCl;) o:
7.63~7.58 (m, 2H), 7.17~7.11 (m, 2H), 3.55 (s, 2H),
2.32 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 169.2, 151.7,
134.5, 129.2, 123.1, 116.6, 22.1, 21.3. HRMS (EI) calcd
for C,,HsNO,S 207.0354, found 207.0353.

2-CRIR L) TR F K (5a): Tk, 30.2 mg, 70
=% 83%. '"H NMR (400 MHz, CDCl3) 0: 7.43~7.37 (m,
2H), 7.33~7.27 (m, 2H), 7.26~7.19 (m, 1H), 3.71 (s,
3H), 3.65 (s, 2H); *C NMR (100 MHz, CDCl;) 6: 170.3,
135.0, 130.0, 129.2, 127.1, 52.7, 36.6. HRMS (EI) calcd
for CoH,00,S 182.0402, found 182.0401.

2-CRIR L) 1R 2T (5b): Totailifk. 25.6 mg, 775
% 65%. 'H NMR (400 MHz, CDCL3) 0: 7.44~7.38 (m,
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2H), 7.34~7.27 (m, 2H), 7.25~7.20 m, 1H), 4.16 (q, J=
7.1 Hz, 2H), 3.64 (s, 2H), 1.22 (t, J=7.1 Hz, 3H); °C
NMR (100 MHz, CDCl3) d: 169.9, 135.1, 130.1, 129.2,
127.1, 61.7, 36.9, 14.2. HRMS (ESI) calcd for CoH;30,S
(M+H)" 197.0631, found 197.0629.

2-CERi ) ZBRBUT Hig(5c): A, 33.2 mg, 4
BPE 74%. "H NMR (400 MHz, CDCl;) §: 7.42~7.39
(m, 2H), 7.32~7.27 (m, 2H), 7.23~7.19 (m, 1H), 3.56 (s,
2H), 1.40 (s, 9H); °C NMR (100 MHz, CDCl;) J: 168.9,
135.4, 130.0, 129.0, 126.9, 82.0, 37.9, 28.1. HRMS (ESI)
caled for C;,H;s0,SNa (M—I—Na)+ 247.0763, found
247.0747.

(2,2,2- =5 £ 3 F i ik (5d): L EMBAK. 19.6 mg,
Y FEER 51%. "H NMR (400 MHz, CDCl3) 6: 7.52~7.45
(m, 2H), 7.37~7.27 (m, 3H), 3.44 (q, J=9.7 Hz, 2H); "°C
NMR (100 MHz, CDCly) &: 133.83, 131.96, 129.41,
128.19, 125.51 (q, J=275.0 Hz), 38.28 (q, J=32 Hz).
HRMS (EI) caled for CsH;F;S 192.0221, found 192.0220.

HBh A4 &l (Supporting Information) /=% A% G 4
Je v, o RS O DA% S B B A, IR SR Rl ET
LG 7 MAS T 9 3 (http://sioc-journal.cn/)_F T %k,
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