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Water-Promoted Green Synthesis of Heteroaryl Thioether
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(“ Green Catalysis & Synthesis Key Laboratory of Xinyang City, College of Chemistry and Chemical Engineering,
Xinyang Normal University, Xinyang 464000)

Niu, Shuanglin

Abstract Heteroaryl thioethers are a class of important bioactive molecules, which exhibit good antibacterial, anti-
inflammatory and anticancer activities. In this paper, a new, base-free and green synthesis of heteroaryl thioether in water
media is developed. The reaction using alkyl halides and heteroaryl thiols as the starting materials can proceed well at room
temperature for 0.5 h, affording the target thioether products in high yields. Compared with the available literature reports, this
new method has the advantages of simple operation, mild conditions, less by-product, greeness and high efficiency, broad
range of substrates, and efc. Moreover, the reaction can easily be scaled up in gram scale, also showing the good practical value
of this new method. Mechanism studies suggested that both the tautomerism of mercaptopyridine to thiopyridone and the hy-

drogen bond and hydrophobic interaction of water played crucial roles in the reaction.
Keywords heteroaryl thioether; water media; base-free; mild conditions
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L TR AR, IR TR 0.5 h, BIET AR
5 97% MR AT B % 05 BB B P2 P (Scheme 1B). 53¢
BRI R SRR B VA L, B T A2
FE HUIATR AR, s B 5B N3 i e 22429, 9 HiZ e
J AT CAAR 7 (5 R S B o 2 ) 2%, EL A 205 s ) I FE A 1.

(A) Common base-promoted synthesis of heteroaryl thioether

organic solvent

X base (> 1.0 equiv.) SN /R
— —SH ————— " N +—S

2~10h, 67% ~ 84% yields

(B) This work: water-promoted base-free synthesis of heteroaryl

thioether
base-free Xy R
| N S
%

INYgy —
R=X+ [N 25°C, 0.5 h
26 examples

up to 97% vyield

BRI 1 JERd pq AR AN 57 SRR A R 2% 57 S0 I A )
Scheme 1 Reports on the synthesis of heteroaryl thioether from
alkyl halide and heteroaryl thiol

1 &HR510R

AR (1a) 5 2-F0 FEREIE (2a) VE B S 56 S B
ZAFAT T AL, IR 1 FoR, HUOKIERNERIN, 76
FEI TR 0.5 h, ATLL 93% 7 B R 15 21 T = )
3aa(% 1, Entry 1). 2RHARIEEN A PLER,
Ay EMi CROEE. WEWRRSE, RNARERE, 4
KRR KRG NER, oiE. Of5. NN-— X
FTE G . — FEE AR, AT DA DA i (A 5645 21 T 7=
Y 3aa, FHIAEFI IR SO R R T 2o EEAE
H(Entries 2~9). & T/KEA AR, TFLHEAAD
SRR, DR FHKAE N I REIE 7). S5 RSB0 3R B,
7] S B R ZR FHINAR 25 T B O, AN BE A O R
TSR, 2 BB I AN 1% 87 1 A 2[Rl R (Entry  10).
5 SCHRIRTE B E T 44 07 Bk & i) AR b, 1%
FIERTAEAAIIER TR RN, [87Y5E
A R EE BN AL (Entry 1)1 B JE, S KAL)
B EFEPIIATE SR, RIE R R AR, HRERL
39% MRS BT 3aa, X5 3EA% B SOR R
AR (Entry 12).

W UL B HI R S 46 R 1, Entry DT 5 Fh xR
5 2-3iHEMENE (2a) 1 BBV R B, 45 R W15 2 Bk,
MHRIA AT NOL CNLF. I &5 2 RS A (B LR, 13
AT DGR 355 2-35 HERE e A A2 IOSE, DA e 3645 31 T
W17 %) 3aa~3ae(F 2, Entries 1~35). [FIREH, g H74E X
RIE, IR GE, ERT k. BB Ok ER¥ER.
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Table 1 Condition screening for the water-promoted synthesis
of 2-(benzylthio)pyridine

solvent (0.50 mL)

P | ~ base-free = |
PR Br T N\PNgH  25°C,05h S NgSpy
1a 2a 3aa
Entry Solvent Yield ®/%
1 H20 93
2 EtOH 81
3 Toluene 0
4 CHCI3 0
5 EtOAc 0
6 MeCN 81
7 THF 0
8 DMF 90
9 DMSO 89
10¢ H20 92~95
114 MeCN, THF, etc. 67~84
12¢ H>O 39

@ Unless otherwise noted, a mixture of benzyl bromide 1a (0.53 mmol),
2-pyridinethiol 2a (0.50 mmol) and a solvent (0.5 mL) was stirred in a 10 mL
tube at 25 C for 0.5 h. Then the mixture was monitored by GC-MS/TLC.
bIsolated yield based on 2a. ¢ 1.0 equiv. of base (such as K,COs3, NaOH, NEt3)
was added. ¢ Available reports for base-promoted synthesis of 2-(benzylthio)-
pyridine in organic solvents, see: Refs. [§~10] for details. ¢ Benzyl halide was
used instead of benzyl bromide (1a).

IEIRA ke, Bymr CUBRR S 2-5R 3t ntme & A vz, LA
B ESCRA R T F=Y) 3af~3aj (Entries 6~10). %J7
DAL T LA L . bRIE . BRIE. ERIL. FOL. WS
PR R . BRI B AR [, DL R AR B TR P
3ak~3aq (Entries 11~17). {52, %+ Q&
RO, RS 2-FidEmtne kA B, H g LUK
W34S 2 H bRr=4) 3ar; FHHL, X5 T 2-IRCHK, Mjm)
PLLL 70%U R 15 BT~ 4) 3as (Entries 18~19). [FFf
H, XA HER K E =g i Ak, BIEMA 20 mol%
Nal 1 HH8LL 20%U0 %15 2] H #5747 3at (Entry 20). X
SE T 5 3R AR i AR SR R[], O SH BT RES T
Sn1 A1 SN2 WEAHHLEL. (R, BEWETE R RS e bk IE 5
T 2-IRCHEFAVRT BIR, 350 A3 2 72 ¥)(Entries
19~20), —Z XA AT LLGFI#5 2 7= 4)(Entries 1~
17), TR St 1 107 BH AR SOk PATE Je 3t 72
TV Rfe e I Bk 1 B A A4, BRI e A8 i A= B (Enntry
18). KA KAE, n1,1,2,2-VU5 ke, BIE7Emn
IS N B [N KA (Entry 21); 24K — s fUHE,
Wl o1,4- R T ORER, 8 2-FRAEmLeE f R A, BT RALL
83% RS BT =4 3av (Entry 22). ftfim, K755
i Wy AT T RIE R R, R e 3R BT
CF3. Br. Cl %5, W] DGR R A, DL Ry U0
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Table 2 Substrate extension for the water-promoted synthesis of heteroaryl thioethers

R1
/\ Hzo R2—I/N\—Sl

RI=X + RZ—:\N/—SH 25°C. 05h K/
® ® @ . L,
N/ s >p N/ /\©\ N/ /\©\ /\© /\@ (j\ Me
N~ s
) 3aa: 93% 2) 3ab: 90% (3) 3ac: 94% (4) 3ad: 93% 5) 3ae: 82% (6) 3af: 78%”
lN/ sT"Me lN/ STV e N ST e N7 s e O\S/\/ QS/\/\Ph
(7) 3ag: 85%° (8) 3ah: 85%° 9) 3ai: 83%° (10) 3aj: 82%° (11) 3ak: 85% (12) 3al: 82%°¢
@ Pz | \/ Ph | \/ O\ @\ Q
N >sTNF N s/\[g N s 0 e /O
(13) 3am: 88% (14) 3an: 97% (15) 3ao: 95% (16) 3ap: 88%°" (17) 3aq: 41%’ (18) 3ar: trace®
@ Me B 7N cHel, S /"@ Fscm Bf\(j
N s)\ph N Nig s)\m i I S N” > s ph N s ph
(19) 3as: 70% (20) 3at: 15%° (21) 3au: 0%°" (22) 3av: 83%" (23) 3ba: 93% (24) 3ca: 87%

20%9

: > ) (L,
D D Ghn e
N” > s > ph s~ Ph N~ 87 “Ph

(29) 3aa: 93%
(1.8635 g, 10 mmol)

(25) 3da: 85% (26) 3ea: 89% (27) 3fa: 58% (28) 3ga: 95%°

@ Unless otherwise noted, X=Br, see Table 1 Entry 1 for details, isolated by column chromatography. > X=1. <50 ‘C, 6 h. ¢ The ratio of linear isomer and branched
isomer is 93/7. ¢ 6 h./ X=Cl. £20 mol% Nal was added. " 2.0 equiv. of 2a was used.

32 H A5 3ba~3da (Entries 23~25). X 4-3fi2kHt P RENLER, B OBt 4a 2 5 OB, AT EALL

WE, RS DU E RS 8 8] HERFEY) 3ea (Entry 26). #E— SRS R T 5a (Eq. 4).
SRRRE, 07T DR RS 2-SR e | 2Bk
#@@ﬂAm*imﬁﬁﬂwA% BLeh 5 54 75 1 o~ +(ﬁﬁH Ho0 /lswfh(”
H A B TR W) 3fa~3ga, XK HIH 7 A B LFIR ' z 6h N
W& A (Entries 27~28). 55, BUOKNSLIRR BT 1a a 25 fgao%
VAT AR 7 (L SE I 40 3aa 50 G 46, Xt & 50 °C. trace
W T 35 B T i S F A B (Entry 29). o e

(ELRE, A 37 VA TR B 3-SR LM 2i) A TR (2)) (:r 2 @)
I, A RIERRE RN S R R THES 50 C, JLF sia
A MBI T4 3ha~3ia AR, X F B 25°C, 0%

RN N A BRI (Egs. 1~2). R4 SCiik i, S0°C, trace
2SRRI (2a) T BT A5 S B AU R 20, ik [j\ ::i,[ik .
F|—AFHH(Eq. 3)202), Bk, ASCURFENE 2 76
s 7 o T L A R T Al S LS A F T A b 2
B 2!, HETT T LLTE TE AN IR 7 F R 45 20950 s o
FEMI(F 1, Entries 1, 11). 3-3%FE 0 0E (2i) ARG (2)) A P Br * )LNHZ S0 en )LS/\Ph @)

A 5 KA T PR L A AR SR A R A b R 2 R £ 1a 4a ’ ..

SR 2, BIAREIER S5 RN N T HE— PRIk
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MG bR S 58 B 7, HE W AT B8 Y S R ML EE 40
Scheme 2 Fizs. FiFEMLNE(2)7E KA AT DL H AR )
SRR B SR R AR AL E W (27). BRI K ) R LB A
UL R g K AE U i — 2B fi il g AR (1) S i ARk
WE PR (27 () 2 B) PR B, JE 1T e 8 76 3 R 1R 2620 T v 2t
KARMNAGRN =) 3. [F, KON pH T W)
WA, &I pH 2908 2, Ui BHZKAE [ SR 2 1 i g El =
Y HX, et N A B R ER. B R BRI
A it — 0 AR

R1
§ak
— R!
N SH N
: (.
“ N s TR
3
R1
Dor
A(
HHH  H H
- _ H—0O- —H
water H H | O H P H H O:
Q H\o’H b’H “O/H Q'H
H i ;

B2 AR

Scheme 2 Possible reaction mechanism
2 it

AR T — FhTCHAR A N KA A 2 o 2% 05 2 B
W (105 OB 9. 27 T AR A, . . R B
W L BRAE L FRAE L BRAL . MRGRESE S MR s AUk, JF
EAT LR R B 45 5EME0E . 2- SRR mEnE . 2-F IR R
M B SR S5 LA SRR 1 2% 05 AL S P B U,
J R R AT IR I FISE OB 77 10 B A O 2% A TR
B SRR R, BT R S A E.

3 LS
31 UESEHF

INM-ECZ600R/S3 BUZHEFEIRIX('H NMR, HAH
FHR & 4t); Agilent GC-MS-5890A/5975C Plus spec-
trometer(ED) 74 = 5 B A A (GC-MS) (3¢ [ 2 #4164 &l
AR 2 7); Waters LC-TOF-MS Xevo G2-XS QTof
spectrometer (EST)ZY 5 2500 AH i — 51 79 9% ot 1 10 FH A%
CGEENRFF R AR AR, R, 2-F e . Mo
Pt e 5 4k 7 ) T 22 i i 1 SR 22 R (L) R A A
HOke. 2. TUEME ., =& A& &A AT
T B 25 A R A F ;. BRI e diral, K&kt
FEE AR,
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32 ZLWHE

DAIFRIR Y 2-F BRI E [ A il 2-F HE L BE Bt ik 3aa
i, VEAHSEER PR KRR 10 mL RBE AR
1R(63.0 uL, 0.53 mmol), 2-F FEMENE(55.6 mg, 0.50 mmol)
A HO (0.5 mL), BT 25 CFHitdk 0.5 h. HEMIE
(TLC)/GC-MS 7R [ M58 4, 5 I MR 2 R A JE BT
(MR ZH8) © V(A HED)=0 : 100~1 : 5 VA
Ve, BETIET, £33 3aa.

2-MEwE R LT E(3aa) 2 LA, "H NMR (600
MHz, CDCL) d: 8.46 (d, J=4.2 Hz, 1H), 7.49~7.43 (m,
1H), 7.41 (d, J=7.2 Hz, 2H), 7.30 (t, J=7.2 Hz, 2H),
7.26~7.21 (m, 1H), 7.16 (d, J=8.4 Hz, 1H), 6.98 (dd, J=
7.8, 6.6 Hz, 1H), 4.45 (s, 2H); 3C NMR (151 MHz,
CDCls) 6: 158.9, 149.5, 138.0, 136.1, 129.1, 128.6, 127.2,
122.2,119.7, 34.6.

2-MHE g - (- 225 2% FH L B ik (3ab) %) o Bk, 'H
NMR (600 MHz, CDCL) o: 8.43 (d, J=4.2 Hz, 1H),
8.19~8.00 (m, 2H), 7.56 (d, J=8.4 Hz, 2H), 7.54~7.42
(m, 1H), 7.15 (d, J=8.4 Hz, 1H), 7.05~6.98 (m, 1H),
4.50 (s, 2H); 3C NMR (151 MHz, CDCls) 6: 157.2, 149.5,
147.0, 146.7, 136.3, 129.9, 123.7, 122.5, 120.1, 33 .4.

2- ML WE -(4- 5005k ) 2K R 0 18k (3ac): oAk, 'H
NMR (600 MHz, CDCL3) : 8.42 (d, J=4.2 Hz, 1H), 7.54
(d, J=8.4 Hz, 2H), 7.50 (d, J=8.4 Hz, 2H), 7.48~7.45
(m, 1H), 7.14 (d, J=7.8 Hz, 1H), 7.00 (dd, J=7.8, 4.8 Hz,
1H), 4.45 (s, 2H); '3C NMR (151 MHz, CDCls) d: 157.4,
149.5, 144.5, 136.3, 132.3, 129.8, 122.4, 120.1, 118.9,
110.9, 33.7; HRMS (ESI) caled for CisHiN,S (M+H)"
227.0643, found 227.0650.

2-MHEIE-(2-980) A% FH B ik (3ad): TR, "H NMR
(600 MHz, CDCls) d: 8.46 (d, J=4.2 Hz, 1H), 7.46 (td,
J=17.8, 1.8 Hz, 2H), 7.22~7.18 (m, 1H), 7.15 (d, J=8.4
Hz, 1H), 7.06~7.01 (m, 2H), 7.00~6.95 (m, 1H), 4.48 (s,
2H); *C NMR (151 MHz, CDCls) 6: 161.1 (d, J=247.0
Hz), 158.4 (s), 149.4 (s), 136.1 (s), 131.2 (d, J=3.9 Hz),
128.9 (d, J=8.1 Hz), 125.4 (d, J=14.6 Hz), 124.1 (d, J=
3.7 Hz), 122.29 (s), 119.8 (s), 115.4 (d, J=21.6 Hz), 27.4
(d, J=2.7 Hz); HRMS (ESI) calcd for C;oH;;FNS (M+
H)" 220.0596, found 220.0583.

2-MHE e -(2-ft) % F B A ik (3ae): TG EAIA. 'TH NMR
(600 MHz, CDCL3) d: 8.47 (d, J=4.8 Hz, 1H), 7.83 (d, J=
7.2 Hz, 1H), 7.53 (dd, J=7.2, 1.2 Hz, 1H), 7.46 (td, J=
7.8, 1.8 Hz, 1H), 7.26~7.22 (m, 1H), 7.15 (d, J=7.8 Hz,
1H), 6.99 (dd, J=7.8, 4.8 Hz, 1H), 6.91 (td, J=7.8, 1.2
Hz, 1H), 4.56 (s, 2H); '3C NMR (151 MHz, CDCl) §:
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158.2, 149.4, 140.9, 139.6, 136.2, 130.5, 128.9, 128.4,
122.4, 119.8, 100.9, 39.5; HRMS (ESI) calcd for Ci,H ) I-
NS (M+H)" 327.9657, found 327.9678.

2-MEnE LB R (3an) ) LAk, '"H NMR (600
MHz, CDCls) 6: 8.42 (d, J=4.8 Hz, 1H), 7.47 (td, J=1.8,
1.8 Hz, 1H), 7.16 (d, J=8.4 Hz, 1H), 7.00~6.93 (m, 1H),
2.55 (s, 3H); 3C NMR (151 MHz, CDCls) 6: 149.5, 135.9,
121.6,119.2, 13.3.

2-MEE 1E T JE R Bk (3ag)®: WA, '"H NMR
(600 MHz, CDCls) §: 8.40 (d, J=4.2 Hz, 1H), 7.45 (td,
J=7.8, 1.8 Hz, 1H), 7.15 (d, J=8.4 Hz, 1H), 6.94 (dd, J=
6.6, 4.8 Hz, 1H), 3.20~3.11 (m, 2H), 1.72~1.66 (m, 2H),
1.50~1.42 (m, 2H), 0.93 (t, J=7.2 Hz, 3H); 3C NMR
(151 MHz, CDCls) d: 159.7, 149.5, 135.9, 122.2, 119.2,
31.5,29.9,22.2,13.8.

2- Mg IE O B B (3ah)2: B4R, 'H NMR
(600 MHz, CDCL3) ¢: 8.40 (ddd, J=4.8, 1.8, 0.6 Hz, 1H),
7.55~7.32 (m, 1H), 7.15 (dt, J=7.8, 0.6 Hz, 1H), 6.94
(ddd, J=7.2, 4.8, 0.6 Hz, 1H), 3.17~3.12 (m, 2H), 1.72~
1.64 (m, 2H), 1.47~1.40 (m, 2H), 1.32~1.27 (m, 4H),
0.89~0.83 (m, 3H); '*C NMR (151 MHz, CDCL) &:
159.7, 149.4, 135.9, 122.2, 119.2, 31.5, 30.3, 29.4, 28.7,
22.6, 14.1.

2- Mk I 1F 2 FE R Bk (3ai)22: o B4R, 'TH NMR (600
MHz, CDCl;) d: 8.39 (dd, J=4.8, 1.8 Hz, 1H), 7.43 (d,
J=1.8 Hz, 1H), 7.13 (d, J=8.4 Hz, 1H), 6.93 (d, J=1.8
Hz, 1H), 3.17~3.11 (m, 2H), 1.72~1.65 (m, 2H), 1.45~
1.39 (m, 2H), 1.32~1.20 (m, 8H), 0.85 (t, J=7.2 Hz, 3H);
13C NMR (151 MHz, CDCl3) d: 159.7, 149.4, 135.9, 122.2,
119.2,31.9,30.2,29.5,29.3,29.1,22.7, 14.2.

2-MEWE IE -+ e L Bk (3aj)PY: Jotaififf. 'H NMR
(600 MHz, CDCl;) d: 8.41 (dd, J=4.8, 1.8 Hz, 1H), 7.45
(td, J=7.8, 1.8 Hz, 1H), 7.15 (d, J=7.8 Hz, 1H), 7.02~
6.90 (m, 1H), 3.25~2.96 (m, 2H), 1.69 (dt, J=15.0, 7.2
Hz, 2H), 1.43 (dt, J=15.0, 7.2 Hz, 2H), 1.29~1.20 (m,
16H), 0.87 (t, J=7.2 Hz, 3H); 3C NMR (151 MHz,
CDCls) 6: 159.7, 149.4, 135.9, 122.3, 119.2, 32.0, 30.3,
29.74,29.72, 29.69, 29.61, 29.44, 29.39, 29.30, 29.1, 22.8,
14.2.

2- ML I s Y R BF (3ak)®): LAy, "TH NMR (600
MHz, CDCl;) §: 8.42 (ddd, J=4.8, 1.8, 0.6 Hz, 1H),
7.55~7.37 (m, 1H), 7.17 (dt, J=7.8, 0.6 Hz, 1H), 6.97
(ddd, J=7.2,4.8,0.6 Hz, 1H), 5.96 (ddt, J=16.8, 10.2, 6.6
Hz, 1H), 5.28 (ddd, J=16.8, 2.4, 1.2 Hz, 1H), 5.10 (ddd,
J=10.2, 2.4, 1.2 Hz, 1H), 3.95~3.71 (m, 2H); '*C NMR
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(151 MHz, CDCLy) 6: 158.7, 149.5, 136.0, 133.9, 122.4,
119.6, 117.6, 33.1.

2- Nk AL A S AR i (3al) 24 TE AR, 'TH NMR (600
MHz, CDCls) J: 8.49~8.39 (m, 1H), 7.52~8.42 (m, 1H),
7.34 (d, J=7.8 Hz, 2H), 7.28 (t, J=7.8 Hz, 2H), 7.24~
7.19 (m, 2H), 7.00~6.96 (m, 1H), 6.61 (d, J=15.6 Hz,
1H), 6.36~6.30 (m, 1H), 4.06~3.91 (m, 2H); '*C NMR
(151 MHz, CDCls) §: 158.6, 149.6, 137.0, 136.1, 132.8,
128.6, 127.6, 126.4, 125.4, 122.5, 119.6, 32.8.

2- M WE ke 7R JEE B T8k (3am)BY: B4R, '"H NMR
(600 MHz, CDCl;) &: 8.64~8.34 (m, 1H), 7.54~7.48 (m,
1H), 7.24~7.16 (m, 1H), 7.02~7.00 (m, 1H), 3.95 (t, J=
2.4 Hz, 2H), 2.32~2.06 (m, 1H); 3C NMR (151 MHz,
CDCLy) d: 157.2, 149.7, 136.2, 122.2, 120.0, 80.2, 70.5,
18.3.

1- 2R FE-2-ME e B AR) 2 25 B (3an) P2 TE AR, 'H
NMR (600 MHz, CDCL3) 6: 8.31 (d, J=3.6 Hz, 1H), 8.03
(d, J=7.8 Hz, 2H), 7.59~7.54 (m, 1H), 7.48~7.42 (m,
3H), 7.25~7.16 (m, 1H), 7.02~6.88 (m, 1H), 4.68 (s,
2H); '3C NMR (151 MHz, CDCl;) 6: 194.6, 157.0, 149.3,
136.21, 136.18, 133.4, 128.7, 128.6, 122.3, 119.9, 37.2.

1-Q2-MEBE AR AR) 2.k 2.1 4. 16 (3a0): AL, 'H
NMR (600 MHz, CDCL3) 6: 8.34 (d, J=4.8 Hz, 1H), 7.48
(t, J=7.8 Hz, 1H), 7.21 (d, J=8.4 Hz, 1H), 6.99 (dd, J=
7.2, 4.8 Hz, 1H), 4.18 (q, J=7.2 Hz, 2H), 4.03 (s, 2H),
3.68 (s, 2H), 1.26 (t, J=7.2 Hz, 3H); 3C NMR (151 MHz,
CDCls) 6: 198.7, 167.4, 156.5, 149.4, 136.3, 122.0, 120.1,
61.5, 47.8, 39.5, 14.2; HRMS (ESI) caled for C;;H14NOsS
(M+H)" 240.0694, found 240.0698.

2-(2-MEIE AR AL) 2 5 (3ap)3): LAk, 'TH NMR
(600 MHz, CDCl;) &: 8.55~8.42 (m, 1H), 7.61~7.47 (m,
1H), 7.21 (d, J=7.8 Hz, 1H), 7.10~7.04 (m, 1H), 4.00 (s,
2H); 3C NMR (151 MHz, CDCLs) J: 154.2, 149.8, 136.7,
122.3,120.8, 117.3, 15.3.

2-MEIE (258 3 H 3 Rk (3aq): Tk, 'TH NMR
(600 MHz, CDCl3) o: 8.45 (d, J=4.8 Hz, 1H), 7.51 (td,
J=17.8, 1.8 Hz, 1H), 7.30 (d, J=7.8 Hz, 1H), 7.01 (dd, J=
7.8, 4.8 Hz, 1H), 5.35 (s, 2H), 3.63 (q, J=7.2 Hz, 2H),
1.19 (t, J=7.2 Hz, 3H); 3C NMR (151 MHz, CDCL) §:
158.2, 149.6, 136.5, 122.9, 120.3, 71.9, 64.7, 14.9; HRMS
(ESI) caled for CsH,NOS (M+H)" 170.0640, found
170.0658.

2-MHEIE (2- 2 FR 368 i ik (3as) ) LA 4K, '"H NMR
(600 MHz, CDCl3) d: 8.45 (t, J=5.0 Hz, 1H), 7.44 (ddd,
J=12.4,7.3, 4.6 Hz, 3H), 7.31 (dd, J=14.4, 7.3 Hz, 2H),
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7.25~7.20 (m,1H), 7.16~7.04 (m, 1H), 7.02~6.89 (m,
1H), 5.11 (dq, J=14.2, 7.0 Hz, 1H), 1.75 (dd, J=10.1, 7.1
Hz, 3H); 3C NMR (151 MHz, CDCls) &: 159.0, 149.6,
143.4,136.1, 128.6, 127.5, 127.2, 122.9, 119.8, 43.7, 22.7.

2- ML IE AT LB Wk (3at)2: L4k, '"H NMR
(600 MHz, CDCLs) 0: 8.53~8.48 (m, 1H), 7.53~7.48 (m,
1H), 7.33 (dd, J=7.8, 0.8 Hz, 1H), 7.10~7.05 (m, 1H),
1.49 (s, 9H); 3C NMR (151 MHz, CDCls) 6: 158.5, 149.6,
136.1, 127.7, 121.0, 47.7, 31.2.

1,4-(2- Mk w38 ) T — B B (3aw)P4: BB A, 'H
NMR (600 MHz, CDCl;) d: 8.40 (ddd, J=4.9, 1.9, 0.9 Hz,
2H), 7.48~7.42 (m, 2H), 7.14 (dd, J=8.9, 0.7 Hz, 2H),
6.95 (ddd, J=7.2, 4.9, 1.0 Hz, 2H), 3.24~3.14 (m, 4H),
1.92~1.82 (m, 4H); *C NMR (151 MHz, CDCls) o
159.3, 149.5, 135.9, 122.3, 119.4, 29.6, 28.7.

2-(5- = 95 R L i ) % L 4 1K (3ba) 22 T L AR
'H NMR (600 MHz, CDCl;) d: 8.79~8.66 (m, 1H), 7.65
(dd, J=8.4, 2.4 Hz, 1H), 7.44~7.39 (m, 2H), 7.34~7.29
(m, 2H), 7.28~7.20 (m, 2H), 4.48 (s, 2H); 3C NMR (151
MHz, CDCls) d: 163.9, 146.3 (d, J=4.0 Hz), 137.4, 132.7
(d, J=2.7 Hz), 129.1, 128.7, 127.4, 123.9 (d, J=271.7
Hz), 122.5 (q, J=33.1 Hz), 121.5, 34.4.

2-(5-IRMEE) R EE AR B (3ea)?): TBEWIA. 'TH NMR
(600 MHz, CDCLs) 0: 8.54~8.48 (m, 1H), 7.59~7.52 (m,
1H), 7.39 (d, J=7.2 Hz, 2H), 7.29 (s, 3H), 7.06~7.02 (m,
1H), 4.40 (s, 2H); 3C NMR (151 MHz, CDCl3) ¢: 157.6,
150.3, 138.6, 137.7, 129.1, 128.6, 127.3, 123.3, 116.3,
34.7.

2-(5-FUHEIE ) R IR BE(3da) 2 LA 'H NMR
(600 MHz, CDCls) o: 8.41 (s, 1H), 7.45~7.40 (m, 1H),
7.39 (d, J=7.2 Hz, 2H), 7.30 (dd, J=7.2, 6.6 Hz, 2H),
7.26~7.21 (m, 1H), 7.09 (d, J=8.4 Hz, 1H), 4.40 (s, 2H);
13C NMR (151 MHz, CDCl;) d: 157.1, 148.1, 137.8, 135.9,
129.1, 128.6, 128.1, 127.3, 122.8, 34.8.

4-NHEIE S FE A Bk (3ea) ) LMK, "H NMR (600
MHz, CDCLs) 6: 8.36 (dd, J=4.6, 1.6 Hz, 2H), 7.44~7.36
(m, 2H), 7.35~7.30 (m, 2H), 7.29~7.26 (m, 1H), 7.11
(dd, J=4.8, 1.8 Hz, 2H), 4.20 (s, 2H); *C NMR (151
MHz, CDCl) 6: 149.4, 149.1, 135.6, 128.9, 128.8, 127.8,
120.9, 35.8.

2-ME g R LA R (3fa) 2 TRk, 'TH NMR (600
MHz, CDCl;) : 8.51 (d, J=4.8 Hz, 2H), 7.43 (d, J=7.2
Hz, 2H), 7.311~7.286 (m, 2H), 7.27~7.19 (m, 1H), 6.96
(t, J=5.4 Hz, 1H), 4.41 (s, 2H); 3C NMR (151 MHz,
CDCly) d: 172.3, 157.3, 137.5, 129.2, 128.6, 127.3, 116.7,
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35.4.

2-ZK R IE M LB B (3ga) 2. ik, 'TH NMR
(600 MHz, CDCl;) 6: 7.89 (d, J=7.8 Hz, 1H), 7.74 (d, J=
7.8 Hz, 1H), 7.47~7.40 (m, 3H), 7.35~7.26 (m, 4H), 4.60
(s, 2H); '3C NMR (151 MHz, CDCly) §: 166.5, 153.2,
136.3, 135.4, 129.2, 128.8, 127.9, 126.2, 124.4, 121.7,
121.11, 37.8.

AR 4R % IR (5a)3%): L@k, 'TH NMR (600
MHz, CDCl;) d: 7.31~7.27 (m, 4H), 7.25~7.22 (m, 1H),
4.11 (s, 2H), 2.34 (s, 3H); 3C NMR (151 MHz, CDCL;) §:
195.3, 137.7, 128.9, 128.7, 127.4, 33.5, 30.4.

4 Bh# 8l (Supporting Information) 774 3aa~3ga, 5a
f¥] "H NMR A1 3C NMR 1 &, X EERPEEA] DL 3 AT
3 (http://sioc-journal.cn/) b T %K.
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