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Tetrabutylammonium lodide/t-Butylhydroperoxide Catalytic/Oxidative
Synthesis of Thiazolylidene Derivatives
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Qingdao University of Science and Technology, Qingdao 266042)

Abstract A novel method based on reaction of f-ketothioamides (KTAs) with malononitrile to construct thiazolylidenes has
been developed under metal-free conditions. This method used cheap tetrabutylammonium iodide (TBAI) as catalyst and
t-butylhydroperoxide (TBHP) as oxidant in the presence of Et;N at room temperature for 1 h to synthesize a series of
4-aminothiazolylidene derivatives in good yields. This reaction has some advantages such as simple operation, mild reaction
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conditions, short reaction time, environmentally benign and simple work-up.
Keywords thiazolylidenes; S-ketothioamides; TBAI/TBHP; catalysis
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Figure 1 Biologically active thiazolylidene derivatives
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JED, A3 R TR AT, EAH A RS
FAFNE R PLF= R P, SR WER 1 AT 407
AEAH], RN 2T =T BN E N0, 75 R =
AT R 72 h, BT EAASE] 30%04 74 3a(3K 1, Entry
1). ARSI B %A EuN FEE, ZRNARE
(Entry 2). %t HARF=9) 3a HISE M TAF 400 b Ja, kAT
i A% S AT BEAEAE — RV R e ) I AR, BRI KTA
Ak A AR R, ARG HESRAZ GRS . R,
TE AR AN AT LA SE I KTA FIRR R4,
TAVERE T AL E A R TBAUTBHP. 1E@IfTE},
2RI 0.2 £ B 1) TBALVEfEAL 7 B2 2 1% ) TBHP
RIS, R F= 2SR T 72%, 1 H I ]
FKANFERE N 1 h (Entry 3). HE BRI NN-—F 3 H
It e (DMF) fl — 5 L )5 (DCE) th ¢ i 8, (HEAI#A I
CBE, PR HIEAKE] 45%A1 54% (Entries 4 fi1 5).
%, SHEFT TBAL A RIHTHI T, YHHEREZ 0.1
fEEE, WKIRZGEH 72% 7= #(Entry 6); {H 422K
171 TBAI &, 7= 2 B2 Jk/> (Entries 7 #1 8). BiJ5,
FATR A AT TBHP (19 FH &84T 75258, K Ak A
2 AEECD R AER, PR ESE 62% (Entry 9).
o 07 18 () 45 B s KO, Nal, PAK L BUBCRERAS
TBAI, % xS B BT 4E K (Entries 10~12). X%
PR REAEEAT T ik, Z5R T A VIR N,N-— 55 R L%
(DIPEA), AL NaOH 1 K,COs, EA1HI% HIHHK )
P2 % (Entries 13~15). i€ BN ARG, 355t
HA ST TR, 45 FRW: Jl om0 % = v ] 5
ANF] (Entry 16); 138 s g B AR (56 S o7 i 8] 46 1, {5
HERI =Y 2, TS T R 2 (Entry 17). 7
Ab, TR E X R AR, H AR AR B
(Entry 18). 74k, FATR K T HEAMF, 10 30%
H,0, AlJa) &t 0% R (m-CPBA), 1Y%, ©11%54%
HRAR = 2 (Entries 19 £ 20). B, B 5 B ik R B 24
#&: TBAI (0.1 equiv.) AL, TBHP (2.0 equiv.) N4 4L
71, EN (1 equiv.) NI, ZEEAETR, HEFZMF TR 1
h (Entry 6).
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Table 1 Optimization of reaction conditions
CN
)OJ\/ISJ\ Ph Conditi 2NN
Ph H/ + NC__CN onditions ph)J\%N NH,
1a 2 3a \Ph
Entry Base (equiv.)  Catalyst (equiv.) Oxidant (equiv.) Solvent 7/C Time/h Isolated yield/%

1 Et;N(1.0) — — EtOH r.t. 72 30
2 — — — EtOH rt. 72 NR”
3 Et;N (1.0) TBAI (0.2) TBHP (2.0) EtOH r.t. 1 72
4 Et;N (1.0) TBAI (0.2) TBHP (2.0) DMF r.t. 6 45
5 Et;N (1.0) TBAI (0.2) TBHP (2.0) DCE r.t. 2 54
6 Et;N (1.0) TBAI (0.1) TBHP (2.0) EtOH r.t. 1 72
7 Et;N (1.0) TBAI (0.05) TBHP (2.0) EtOH r.t. 1 60
8 Et;N (1.0) - TBHP (2.0) EtOH r.t. 1 56
9 Et;N (1.0) TBAI (0.1) TBHP (1.0) EtOH r.t. 1 62
10 Et;N (1.0) KI(0.1) TBHP (2.0) EtOH r.t. 1 64
11 Et;N (1.0) Nal (0.1) TBHP (2.0) EtOH r.t. 1 63
12 EtN (1.0) 1,(0.1) TBHP (2.0) EtOH r.t. 5 65
13 DIPEA (1.0) TBAI (0.1) TBHP (2.0) EtOH r.t. 1 50
14 NaOH (1.0) TBAI (0.1) TBHP (2.0) EtOH r.t. 1 53
15 K,CO5(1.0) TBAI (0.1) TBHP (2.0) EtOH r.t. 1 41
16 EtN (0.5) TBAI (0.1) TBHP (2.0) EtOH r.t. 1 46
17 EtN (2.0) TBAI (0.1) TBHP (2.0) EtOH r.t. 0.5 53
18 EtN (1.0) TBAI (0.1) TBHP (2.0) EtOH 80 1 49
19 EtN (1.0) TBAI (0.1) H,0, (2.0) EtOH r.t. 1 43
20 EtN (1.0) TBAI (0.1) m-CPBA (2.0) EtOH r.t. 1 35

¢ R4 1a (0. 2 mmol), 2 (0. 3 mmol), ¥ 7(1 mL); ®No reaction.

JRE 4.

FRAEE O @EB RN 5 Q), b3 2 AH 5
PIMEREIRAL &9 5 (Bq. 1), {H T IG5/,
HEGH 35%/=%. gtilth, i FHE I LR LR R,
23 T U B EREAEY.

s TBAI (0.1 equiv.)

0 o}
TBHP (2.0 equiv.
Ph)J\)LH/Ph o o Al oy B @0equ)

Et3N (1.0 equiv.)

1a 4 EtOH, rt, 1 h
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Figure 2 X-ray structure of 3b

KA N (Scheme 3b); XUt B M. 1A 22K H T KTAs
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RPN, G e kA E RN BT G T T
PN B IR RS, nTRLE H 2,2,6,6-PU FHJEIRAE-1-
A H HE(TEMPO)H 2,6- 41T Jk-4- F E: 28y (BHT) )
A FEAS SN F3E4T (Schemes 3¢ AT 3d), B s N AN 2 4%
M BT 1.
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Table 2 Synthesis of thiazolylidenes 3

CN
Q % TBAI (0.1 equiv.), TBHP (2.0 equiv.) 0 S’\&
R2 .1 equiv.), .0 equiv.
R1J\)LN, + NC._CN _ BIPpe
H EtsN (1.0 equiv.), EtOH, rt. R \
1 2 3 g2
CN CN CN
i e
NH2 NH2 \ /©)‘\/k NH, A N
\
Ph
3a, 72% 3b, 65% 3c, 70% 3d, 75% 3e, 63%
CN CN
NH2 Q)‘\/L @)‘\/L NH, @)‘\/Q’&NHz
3f, 72% Cl 39, 69% 3h, 70% 3i, 77% 3j, 75%
CN CN
N CN
o S,& o s—\& o sy 0 s—\&
NH 2 NH,
WN\ NH; PhMN 2 Ph)J\/\N Ph)J\/LN
\ \
s Ph
3k, 49% 31, 55% 3m, 80% 3n, 50%
F Cl CFs
CN CN CN

CN
NH _— NHy NH, S—NH
Ph/leN z PhM N PhM N Ph)J\/L N 2

D O

30, 74% eH 3p, 80% O— 39, 82% 3r, trace
3

¢ %A 1 (0.5 mmol), 2 (0.75 mmol), Et;N (0.5 mmol), TBAI (0.05 mmol), TBHP (1 mmol), Z.B#(2 mL), Zifi, 1 h; * 2 B /2.

o
Ph)l\/lL _Ph TBAI (0.1 equiv.), TBHP (2.0 equiv.) )I If @

Et3N (1.0 equiv.), EtOH, r.t,, 1 h

1a
6, 28%
TBAI (0.1 equiv.), TBHP (2.0 equiv.) b
NC\/CN No reaction ®
2 Et3N (1.0 equiv.), EtOH, r.t., 1 h
CN
o s TBAI (0.1 equiv.), TBHP (2.0 equiv.) o 8’3\
I _pn + Ne_on AL
Ph H ) EtsN (1.0 equiv.), EtOH, r.t., 1h Ph N
1a TEMPO (4.0 equiv.) Ph
3a, 66%
o S o s oN
TBAI (0.1 equiv.), TBHP (2.0 equiv.) ’g\
Ph)J\/U\N/Ph + NC._CN M D NH, (d)
1a H EtsN (1.0 equiv.), EtOH, r.t.,, 1 h Ph l\\l
2 BHT (4.0 equiv.) Ph
3a, 63%

B3 sl

Scheme 3 Control experiments
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55 n-BuyNI (TBA) B 846771 ~BuOOH (TBHP)% 4L i
[n-Bu,N] '[I0]™ (A), A A3 — 5 S AL & [n-BuyN] ' -
[10,] (B). KTAs 1 f Et;N FI/EA NI A, Ak
mEAET 1, G 1'5 B xNAERC, FaEA I
B FREASR  [AA D, TR A 48828 TBHP A
AR B, it —S S H5ELENFERLE D BES T
PR R A B i g fe AR E. B )5, E4 1, 35
TR 3.

2 Zhig

ARSCENL T — Pl L AT RO 4- 1 SEME I AT
AEWRIHIT %, ZTTERL -5 PR AEEE 5
&R, R BRI TBAUTBHP 9 fE A0 A A4 R,
BABARRE . RNFAFEM . B A 5 A2
AR, FE T KTAs RN EA

3 SEEESs
5
Bruker AC-500 B4 A% iR, TMS A #x, DMSO-
ds N, Ultima Global 54X, EST Y5 (HL W % 55 T-I);
EYELA, N-1100 ZYJig % 7% j ds (Ll Z B A IR A
F]); DLSB-10/40 BRI A HRAEIA I (P T A4S
AR T A A); RY-1 B BANE BAUE S, REDHTX
B, I ARKLIE; Nicolet iS10 {8 7 HASH 21 A
1%, KBr [Ef; 2 0OEE(TLC) RN GF254, 5%
AT PR M, 54 254 nm 8 365 nm W4,

B H AR 35 0 A 4. -0 R I S A i
()ZH R Tg] & L
32 BiUEYI3IHERK

FRECIEHUAR B-77 B e B i AX 9 % (1a) (0.5 mmol,
127.5 mg). A fE2) (0.75 mmol, 50 mg). = ZJ#%(0.5

3.1
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mmol, 50 mg). TBAI (0.05 mmol, 18 mg). TBHP (1.0
mmol, 90 mg)F 25 mL U, IMAER Q2 mL).
FEBFE, EEZEAETLO/MM 1a RN 5E4 fF &1k
B2, FhEAS B A, AR R, F Sl
ARaRyeik 3, 193] 114 mg 7 64 [ 4R(2)-4- 2 FE-2-2- 4
R-2-ZRFE T 2, 58)-3-Z8 -2, 3- A MEME-5-F i (3a), 7=
# 72%. m.p. 284~285 C; 'H NMR (DMSO-d;, 500
MHz) §: 5.93 (s, 1H), 6.95 (s, 2H), 7.36~7.39 (m, 2H),
7.42~7.45 (m, 1H), 7.53 (d, J=6.6 Hz, 2H), 7.56 (d, J=
7.6 Hz, 2H), 7.66~7.70 (m, 3H); *C NMR (DMSO-d,
125 MHz) d: 56.6, 90.4, 116.2, 126.8, 129.0, 131.2, 131.4,
134.6, 138.7, 153.5, 161.1, 183.0; HRMS (ESI) calcd for
CsH142N;0S [M+H]" 320.08521, found 320.08521.

&) 3b~3q [1& T EREY) 3a.

(Z)-4-F B -2-[2-(4- A2 )-2- 5 AR W £ FE )-3- 2K -
2,3- A MEME-S-HRE(3b): 3 110 mg B 44, A
65%. m.p. 273~274 ‘C; 'H NMR (DMSO-d, 500 MHz)
3: 5.90 (s, 1H), 6.95 (s, 2H), 7.20 (t, J=8.7 Hz, 2H), 7.53
(d, Jyp=6.4 Hz, 2H), 7.62~7.64 (m, 2H), 7.68~7.69 (m,
3H); *C NMR (DMSO-d, 125 MHz) : 56.6, 90.2, 116.0
(d, Jer=21.4 Hz), 1163, 129.1, 129.4, 129.5, 131.4,
131.5, 134.6, 135.3, 153.6, 161.3, 164.2 (d, 'Joy=248.5
Hz), 181.7; HRMS (ESI) calcd for C;gH,5FN;0S [M—+H]"
338.07579, found 338.07578.

(Z2)-4-F B -2-[2-(4- TR F2)-2- 5 AR £ FE)-3- 2K -
2,3- A MEME-5-HEBe): 14 124 mg 3Ol fK, 7R
70%. m.p. 289~290 C; 'H NMR (DMSO-d,, 500 MHz)
5: 591 (s, 1H), 6.94 (s, 2H), 7.44 (d, J=8.0 Hz, 2H),
7.52~7.53 (m, 2H), 7.58 (d, J=8.2 Hz, 2H), 7.69 (s, 3H);
C NMR (DMSO-ds, 125 MHz,) 6: 56.8, 90.2, 116.2,
128.7, 129.0, 129.1, 131.4, 134.6, 136.2, 137.4, 153.6,
161.5, 181.5; HRMS (ESI) calcd for C;sH;3CIN;OS [M+

Chin. J. Org. Chem. 2017, 37, 1800~ 1807
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H]" 354.04624, found 354.04626.

(2)-4-FFE-2-[2-(4-1R K BE)-2- S AR £ KL ]-3- I Jk -
2,3- A EME-5-iE(3d): 5 148 mg FOEIER, 77K 75%.
m.p. 285~286 ‘C; "H NMR (DMSO-d;, 500 MHz) d: 5.90
(s, 1H), 6.95 (s, 2H), 7.50~7.54 (m, 4H), 7.58 (d, J=8.4
Hz, 2H), 7.68~7.70 (m, 3H); *C NMR (DMSO-d,, 125
MHz) §: 56.8, 90.2, 116.2, 125.1, 128.9, 129.0, 131.4,
132.0, 134.6, 137.7, 153.6, 161.5, 181.6; HRMS (ESI)
caled for C;gH;;BrN;OS [M+H]" 397.99572, found
397.99573.

(D)-4- A F2-2-F A 2-CF Z MBI 2
FE)-3-2K A2, 3- A MEME-5-F i (3e): 13 122 mg B (4]
1, PEE 63%. m.p.>300 ‘C; 'H NMR (DMSO-ds, 500
MHz) 6: 5.96 (s, 1H), 6.99 (s, 2H), 7.54~7.55 (m, 2H),
7.69~7.70 (m, 3H), 7.72~7.77 (m, 4H); *C NMR
(DMSO-d,, 125 MHz) §: 57.3, 90.6, 116.0, 124.5 (q, 'Jcr
=272.5 Hz), 127.6, 129.0, 131.1 (q, “Jor=32.6 Hz),
131.5, 134.6, 142.3, 153.7, 161.8, 181.3; HRMS (ESI)
caled for C,oH5FsN;OS [M+ H]" 388.07259, found
388.07260.

(2)-4-F Fe-2-[2- AR -2-(h HF 2K 38 . 2, 3 )-3- 2 3k -
2,3- A MEML-S-HIE3: 13 120 mg B AE AR, R
72%. m.p. 284~285 ‘C; 'H NMR (DMSO-ds, 500 MHz)
9: 2.28 (s, 3H), 5.91 (s, 1H), 6.91 (s, 2H), 7.18 (d, J=8.0
Hz, 2H), 7.46 (d, J=8.1 Hz, 2H), 7.51~7.53 (m, 2H),
7.66~7.71 (m, 3H); *C NMR (DMSO-d;, 125 MHz) o:
21.4, 56.4,90.3, 116.3, 126.9, 129.0, 129.6, 131.3, 131.4,
134.7, 136.1, 141.4, 153.5, 160.9, 182.9; HRMS (ESI)
caled for C;oH;N;OS [M + H] " 334.10086, found
334.10089.

(2)-4-A FE-2-[2-3- A A )-2- 5 AR 2,5 ]-3- Ik -
2,3- A MEME-S-FE(3g): 19 122 mg B EfK, FRE
69%. m.p.>300 ‘C; '"H NMR (DMSO-d;, 500 MHz) o:
5.90 (s, 1H), 6.98 (s, 2H), 7.39~7.42 (m, 1H), 7.46~7.54
(m, 4H), 7.59 (s, 1H), 7.69~7.70 (m, 3H); *C NMR
(DMSO-d,, 125 MHz) §: 57.0, 90.3, 116.1, 125.4, 126.6,
129.0, 131.1, 131.2, 131.5, 134.0, 134.6, 140.7, 153.7,
161.7, 181.1; HRMS (ESI) calcd for C;gH;5CIN;0S [M+
H]" 354.04624, found 354.04620.

(Z)-4-F F=-2-[2-(3- F AR 2R 2K 3 ) 2- S AR T 2 %2 )-3-
ZRHE-2,3- A EME-S-H S (3h): 15 122 mg T E A, 72
F 70%. m.p. 254~255 C; 'H NMR (DMSO-d;, 500
MHz) d: 3.74 (s, 3H), 5.89 (s, 1H), 6.95 (s, 2H), 7.01 (dd,
'J=8.1 Hz, 2J=2.0 Hz, 1H), 7.04 (d, J=7.7 Hz, 1H), 7.15
(s, 1H), 7.28 (t, J=7.9 Hz, 1H), 7.52~7.54 (m, 2H),

Chin. J. Org. Chem. 2017, 37, 1800~ 1807
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7.66~7.71 (m, 3H); “C NMR (DMSO-ds, 125 MHz) ¢:
55.6, 56.7, 90.6, 112.1, 116.2, 117.1, 119.0, 129.0, 130.1,
131.4, 134.7, 1403, 153.5, 159.8, 161.1, 182.7; HRMS
(ESI) caled for C;9H¢N3O,S [M—}—H]+ 350.09577, found
350.09555.

(2)-4-F 3 -2-[2-(2- T AL )-2- 5 AR W £ FE)-3- 2K -
2,3- A MEME-S-HE3D): 18 130 mg B A 4K, ;R
77%. m.p. 292~293 C; 'H NMR (DMSO-d, 500 MHz)
5:5.91 (s, 1H), 6.99 (s, 2H), 7.11~7.15 (m, 1H), 7.23 (¢,
J=17.5 Hz, 1H), 7.45 (q, Jyr=6.3 Hz, 1H), 7.51~7.52 (m,
2H), 7.64~7.67 (m, 3H), 7.72 (t, J=7.2 Hz, 1H); "°C
NMR (DMSO-dq, 125 MHz) §: 56.8, 94.9, 116.1, 116.7 (d,
2Jor=23.4 Hz), 125.1, 126.8, 126.9, 129.0, 130.6, 131.3,
133.1, 134.6, 153.6, 160.1 (d, 'Jor=243.3 Hz), 178.8;
HRMS (ESI) caled for Ci;sH;sFN;OS [M + H] *
338.07579, found 338.07587.

(2)-4-F FE-2-[2-(2-F A ) 2- AR 2 FE)-3- 2K 3k -
2,3- A MEME-S-FEE (3)): £ 132 mg BEEE R, e
75%. m.p. 238~239 ‘C; '"H NMR (DMSO-ds, 500 MHz)
3: 5.60 (s, 1H), 7.00 (s, 2H), 7.31~7.32 (m, 1H), 7.35~
7.37 (m, 3H), 7.50 (d, J=6.6 Hz, 2H), 7.63~7.64 (m,
3H); *C NMR (DMSO-dq, 125 MHz) d: 56.5, 94.6, 116.1,
127.7, 129.0, 129.9, 130.1, 130.5, 131.3, 134.5, 139.9,
153.6, 160.4, 183.4; HRMS (ESI) calcd for C;gH,3CIN;0S
[M-+H]" 354.04624, found 354.04630.

(Z)-4-R FE-2-[2-5 AR -2- (W} -2- ) W £, 3 ]-3- TR 3k -
23- A MEMES-H I 3k): 19 80 mg B A E 44, R
49%. m.p. 280~281 ‘C; 'H NMR (DMSO-ds, 500 MHz)
5: 5.78 (s, 1H), 6.94 (s, 2H), 7.03 (t, J=4.2, 1H), 7.27 (d,
J=3.2, 1H), 7.51~7.53 (m, 2H), 7.68~7.69 (m, 4H); "*C
NMR (DMSO-d, 125 MHz) d: 56.6, 90.3, 116.2, 128.1,
128.7, 129.1, 131.4, 131.5, 134.6, 145.7, 153.6, 160.5,
176.7; HRMS (ESI) caled for CigH;;N;0S, [M+H]"
326.04163, found 326.04184.

(2)-4- 2 3 3-(4- T K 7)2-- AR 2-FH W 4
F)-2,3- T AMEME-S-HEQD): 13 92 mg FOEY), PER
55%. m.p. 290~291 ‘C; 'H NMR (DMSO-ds, 500 MHz)
8: 5.97 (s, 1H), 7.00 (s, 2H), 7.37~7.40 (m, 2H), 7.43~
7.46 (m, 1H), 7.52 (t, Jus=8.6 Hz, 2H), 7.62~7.63 (m,
4H); “C NMR (DMSO-dq, 125 MHz) J: 56.4, 90.5, 116.2,
1184 (d, “Jor=22.8 Hz), 126.9, 129.0, 130.9, 131.4,
131.7, 138.7, 153.7, 1612, 163.5 (d, 'Jor=247.4 Hz),
183.1; HRMS (ESI) caled for CigH;sFN;0S [M+H]"
338.07579, found 338.07571.

(2)-4- 2 3 3-(4- WK F)2-- AR 2-FH W 4
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F)-2,3- A MEME-S-H E3m): 15 141 mg FE G, 7
# 80%. m.p.>300 C; 'H NMR (DMSO-d, 500 MHz) o:
5.99 (s, 1H), 7.00 (s, 2H), 7.37~7.40 (m, 2H), 7.43~7.46
(m, 1H), 7.59 (d, J=8.4 Hz, 2H), 7.63 (d, J=7.4 Hz, 2H),
7.74 (d, J=8.3 Hz, 2H); *C NMR (DMSO-d;, 125 MHz)
5: 56.4, 90.5, 116.2, 127.0, 129.0, 131.2, 131.5, 133.5,
135.9, 138.6, 153.6, 160.9, 183.1; HRMS (ESI) calcd for
CsH3CIN;OS [M+H]" 354.04624, found 354.04626.

(2)-4- % e -2-(2- A AR-2- KL W 2, 8)-3-[4-( =
)R EE]-2,3- A EME-5-F 5 (3n): 15 97 mg B A[E 1A,
P F 50%. m.p.>300 ‘C; 'H NMR (DMSO-d,, 500 MHz)
5: 6.00 (s, 1H), 7.04 (s, 2H), 7.38 (t, J=7.3 Hz, 2H),
7.43~7.46 (m, 1H), 7.63 (d, J=7.3 Hz, 2H), 7.81 (d, J=
8.1 Hz, 2H), 8.06 (d, J=8.2 Hz, 2H); *C NMR (DMSO-
ds, 125 MHz) d: 56.7, 90.6, 116.2, 124.4 (q, 'Jop=272.8
Hz), 127.0, 128.7, 129.0, 130.5, 131.3, 131.6, 138.4 (d,
*Jor=41.4 Hz), 153.5, 160.7, 183.2; HRMS (ESI) calcd
for CoH,3F3N;0S [M+H]" 388.07259, found 388.07230.

(Z2)-4-F H 2-Q-FH AR -2-FFE T 2 5)-3-(Ff R
H)-2,3- A MEM-5-HfE(30): 13 123 mg Ok, 2~
K 74%. m.p.>300 C; 'H NMR (DMSO-d;, 500 MHz) o:
2.45 (s, 3H), 5.96 (s, 1H), 6.90 (s, 2H), 7.37~7.45 (m,
5H), 7.49 (d, J=7.9 Hz, 2H), 7.58 (d, J=7.3 Hz, 2H); *C
NMR (DMSO-d,, 125 MHz) &: 21.4, 56.4, 90.4, 116.2,
126.8, 128.7, 129.0, 131.4, 131.9, 132.0, 138.7, 140.9,
153.6, 161.2, 183.0; HRMS (ESI) caled for CjoH (N3OS
[M+H]" 334.10086, found 334.10077.

(Z)-4-F F=-3-(4-F A FE R I8)-2-2- A AR-2- R BT &
5)-2,3- A MEME-S-HE3p): 15 139 mg EEE A,
£ 80%. m.p. 279~280 C; 'H NMR (DMSO-d;, 500
MHz) §: 3.87 (s, 3H), 5.98 (s, 1H), 6.91 (s, 2H), 7.20 (d,
J=8.7 Hz, 2H), 7.37~7.40 (m, 2H), 7.43~7.45 (m, 3H),
7.59 (d, J=7.4 Hz, 2H); *C NMR (DMSO-d;, 125 MHz)
5: 56.0, 90.4, 116.5, 126.8, 129.0, 130.3, 131.4, 138.7,
153.9, 161.0, 161.5, 182.9; HRMS (ESI) caled for
C1oH eN30,S [M+H]" 350.09577, found 350.09573.

(Z2)-4- 5 e 3-(3- W AR H)2--HMR2- K £ 4
H)-2,3- A MEM-5-HE(3q): 13 144 mg O, 2~
R 82%. m.p. 282~283 ‘C; 'H NMR (DMSO-ds, 500
MHz) 6: 5.97 (s, 1H), 7.04 (s, 2H), 7.37~7.40 (m, 2H),
7.43~7.46 (m, 1H), 7.53 (d, J=7.6 Hz, 1H), 7.62 (d, J=
7.3 Hz, 2H), 7.68~7.76 (m, 3H); *C NMR (DMSO-dj,
125 MHz) J: 56.5, 90.5, 116.3, 127.0, 128.1, 129.0, 129.5,
131.5, 132.8, 135.3, 135.8, 138.6, 153.5, 160.9, 183.1;
HRMS (ESI) caled for C;sH;3CIN;OS [M + H] *
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354.04624, found 354.04620.
33 KEMSHERK

FRECICEUAR p-05 WYk 2 0 AX I i< (12, 0.5 mmol,
127.5 mg). X HE 254, 0.75 mmol, 108.7 mg). — 4.
Jf#%(0.5 mmol, 50 mg)~ TBAI (0.05 mmol, 18 mg). TBHP
(1.0 mmol, 90 mg), EtOH (1 mL)IIAF|[REE, i
BT EERPHFRE, | h RP5EA. TLC W, PUSE 1a
58 A HE. 153 R B A I T e IR A 2 S AT =
P B VCAaTmEE) @ M(CRR CBR)=2 : 1], 1570 mg 4
1 (2)-2-(4- 5 B -5- 25 P I L -3- R Bk e Wk -2 (3 H)- I
F)-1- 2 2-1-B(5), 7% 35%. m.p. 189~190 C; 'H
NMR (DMSO-ds, 500 MHz) 6: 5.94 (s, 1H), 7.37~7.39
(m, 2H), 7.42~7.45 (m, 1H), 7.55~7.59 (m, 5H), 7.62~
7.63 (m, 2H), 7.73~7.76 (m, 5H), 8.11 (s, 2H); *C NMR
(DMSO-ds, 125 MHz) ¢: 89.2, 90.1, 126.8, 127.3, 128.9,
129.0, 131.2, 131.3, 131.5, 134.1, 139.1, 141.1, 155.0,
160.3, 183.5, 184.9; HRMS (ESI) calcd for C,4H;oN,O,S
[M+H]" 399.11617, found 399.11606.
34 KEM6HERK

FRECCHUAR p-75 FE G 2L A Bk % 1a (0.5 mmol,
255.1 mg). = Z}#%(0.5 mmol, 50 mg)~ TBAI (0.05 mmol,
18 mg). TBHP (1.0 mmol, 90 mg), EtOH (2 mL)JI A F
JRBEH R, TE T =R TR, 1 h )N TEA. HESE)
WO R, FOEERIVEE 3 i, 3 35 mg EAEE
[3,6- W (7 F 54 3 )-1,4- —MEHH -2,5- — KW (K FE
fiil)(6), 77 28%. m.p. 205~207 C; '"H NMR (CDCl;,
500 MHz) d: 7.09 (d, J=7.05 Hz, 2H), 7.18~7.23 (m,
5H), 7.38 (t, J=7.4 Hz, 1H), 7.52 (d, J=7.0 Hz, 2H),
12.94 (s, 1H); “C NMR (CDCl;, 125 MHz) J: 106.5,
1247, 126.5, 127.6, 128.3, 129.0, 130.5, 138.6, 140.1,
162.4, 191.0; IR (KBr) v: 3441, 2926, 2852, 1607, 1594,
1577, 1542, 1479, 1443, 1377, 1226, 1175, 1049, 738, 693
em”'; HRMS (ESI) caled for C3Hp:N,0,S, [M+H]"
507.1201, found, 507.1209.

#HBh#1 Bl (Supporting Information) & %M FT A #i ik
AW "H NMR. PC NMR . X Eed4pEa] Ll 2
AT 3k (http: //sioc-journal. cn/)_F F %,
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