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Metal-Free Thiomethylation of a-Oxoketene Dithioacetals

Zhang, Haifeng Bao, Hanyang Xu, Zheng Liu, Yunkui*
(State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology; College of Chemical Engineering; Zhejiang
University of Technology, Hangzhou 310014)

Abstract With dimethyl sulfoxide (DMSO) as a source of thiomethyl group and NH,I as a promotor, the thiomethylation
of a-oxoketene dithioacetals has been achieved to afford thiomethylated a-oxoketene dithioacetals in moderate to good yields.
The optimized reaction conditions were established through systematic investigations of solvents, temperature, time, promotors
and their dosages in the reaction. The present reaction has advantages of easy availability of starting materials, simple opera-

tion, good compatibility of substrates, and metal-free reaction conditions.
Keywords DMSO; a-oxoketene dithioacetals; thiomethylation; metal-free
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Table 1 Optimization of the reaction conditions for the thiomethylation of a-oxoketene dithioacetals 1a
O (6]
DMSO, solvent
S5 135°C,24n 7
1a 2a
Entry  Additivet (equiv.) Solvent (V/V) Temperature/C Time/h Yield”/%
1 NH,I (3) CH;CN/DMSO (5/3) 135 24 82
2 NH4I (3) CH;CN/DMSO (5/2) 135 24 67
3 NH4I (3) CH;CN/DMSO (3/5) 135 24 61
4 NH,4I (4) CH;CN/DMSO (5/3) 135 24 80
5 NH,I (1) CH;CN/DMSO (5/3) 135 24 32
6 NH4I (3) CH;CN/DMSO (5/3) 110 24 trace
7 NH4I (3) CH;CN/DMSO (5/3) 145 24 76
8 NH4I (3) CH;CN/DMSO (5/3) 135 36 72
9 NH4I (3) CH;CN/DMSO (5/3) 35 14 40
10 NH4C1 (3) CH;CN/DMSO (5/3) 135 24 0
11 NH4Br (3) CH;CN/DMSO (5/3) 135 24 0
12 L3 CH;CN/DMSO (5/3) 135 24 56
13 L, (2) CH;CN/DMSO (5/3) 135 24 41

“ All reactions were carried out with 1a (0.2 mmol), additives (3 equiv.) in CH;CN/DMSO mixture (2.4 mL, 5/3 (V/V)) at 135 ‘C for 24 h unless otherwise noted.

Isolated yield.

CH;CN/DMSO (V/V =5/3)1ENEHIR, RMT 135 C
A NHEAT 24 h AT RUBRIHL DL 82% K FAF =) 2a
(Entry 1, % 1). IR 577 CH;CN/DMSO Kt
NS 2R3 L5 VIV, RSFEEAT TR B (Entries 2, 3,
F1). 3 equiv. B4 BT T8 S50 OB R R IE A, B0
Ak B 0 T4 o = e 35 U (Bntry 4, 3R 1),
B PR AL S B 25 2a 1077 R B 5 R ¥ (Bntry 5, &
). Zadtitl, ATRIN 135 CRBE B SN iR
Fhim i B 228 2a (/=3 N ¥ (Entry 7, 3R 1), 104905
FRMR% 110 CULREF, RMFEEAR EAKAE(Entry 6,
). RIEONE R A 24 h. KB 4658 [ M I
[F] 23 [ 2a F72 28 (Entries 8, 9, %% 1). 24/ F &5 A
PRI, RMABEERAE, 2 2a 07 R E (K (Entries
12, 13, 3R 1). HAhE TIN5 a0 NH,C1 AT NH,Br #A
Refie ik SN &% 2E (Entries 10, 11, 3 1).
1.2 RYINHAR

TERAG TR I N 461 5 (Entry 1, 3 1), BATH N
VIR E VS B EAT TR 2). MR 2 ATRLEH, —
FH B L AU AR 8], PRI 5] B TR R (4R
LRI L)) o- B R4 I BT A= 1 B RE IR
iR AR T AL SR, DA A R R AR 77 3R SR AT A N )
FEHI(2a~2u, 47%~85%, F 2). W7 RIS L HIEL
AR L R S B 1 7= 26 A — e s, BRI 2
YRHLTHEM, QUL RN 3,4-W R AR (2b~
2h); BCE R PERCR IS, R0, N HS BRI
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BT, LA P2 R A B =), S HUR IR W T
B, s R S IR WO, 72 R R B2 R
KWEH T B (Entries 10~19, £ 2). Z3FRATE e A
ZEIRIURI a-FRIE BRI 1t F 1 E NIRRT, B
RENR e A= B F A0 OB, 0501l BA 78% 1 62% 1) 77 #2453
F=4) 2t 1 2u (Entries 20, 21, % 2).

A NENLIE, 2-T0 % 0E-1,3- ek 3 FEARTESAE
AT PR AR o6 AL (B, 1), 1 2-E
o IE-1,3- HEREAE I SN 26 A T WA BE R A .

R R
NH,4l (3.0 equiv.) SCH;,3 ;
|| CcHsCN/DMSO (VIV = 5:3) | M
s s 135°C, 24 h S S
/
3 R =H, 4a, 76%
R =F, 4b, 53%

1.3 REHIEAIEIUE

N T HEN AR R SHLEE, FRATIERE T B L S
B(Bq. 2). S47EARMER AR IIBERE_E AN 0.5 equiv F)
H H R 2,2,6,6-PU HEEIRIE B A I(TEMPO)HT,
g8 R I B YR KR B E 31%; 3 — 25 3 n
TEMPO [ FHEZ 2.0 equiv.if, [N IEATEIEIEH BT
XA S G 45 B B OB A R BE 48 B B EH R I ST B
17
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Table 2 Scope of the thiomethylation of a-oxoketene dithio-
acetals 1

2 0 o
R3, N NH,4! (3.0 equiv.) N SCH;3
#N\Fs g7 g CHCNIDMSO (VIV = 5:3) R Sl s
5 \/ 135°C, 24 h _/
1 2
Entry R Product Yield"/%
1 H 2a 82
2 2-OCH; 2b 81
3 4-OCH; 2¢ 85
4 3-OCHj; 2d 66
5 4-CH;, 2e 71
6 3-CH; 2f 70
7 2-CH;, 2g 68
8 3,4-OCH,0O 2h 73
9 4-Ph 2i 78
10 4-Cl 2j 63
11 2-Cl 2k 59
12 4-Br 21 64
13 2-Br 2m 61
14 4-1 2n 69
15 2-1 20 67
16 4-F 2p 54
17 3-Br-5-Br 2q 60
18 3-Cl-4-Cl 2r 56
19 2-Cl-3-F-6-C1 2s 47
o)
S
20 \ s 2t 78
\__J/
1t
o]
N G © 1 U
/
1u

“Reaction conditions: 1 (0.2 mmol), NH4I (0.6 mmol) in CH;CN/DMSO=5/3
(2.4 mL) at 135 °C for 24 h unless otherwise noted. ° Isolated yield.
o (o)
NHyl (3.0 equiv.)

| 2
s s CH3;CN/DMSO (V:V = 5:3) ©)

/ 135°C, 24 h S\ /S

1a TEMPO (0.5 equiv.): Yield = 31%; 2a
TEMPO (2.0 equiv.): Yield = trace
BT FIANIEE LG, 255 MO iE, AR
T Ta B A SR K R BENLER (Scheme 1), %G, it
R AE =il S5 A N ot HI, S8)5 — R EER HI
VEFAE B, [ — PR ARTE =i A6 1 T 2218
PR PR, SR S AE I e, T S
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Scheme 1 Proposed mechanism
2 &g

FATCL a-Fedk — BRI B 9, = R R AR A
N R B AR, AR AOPE N R SE Bl T C—S
SRR SN, 1% RN JEURHET L 5015 SRARTRIAE
R EE I AL RS 5E A

3 KERS
31 E5EHA
'"H NMR #1 °C NMR #4757 % Bruker 22 7 500 MHz
R IEARA I 5E, CDCL N7, TMS N bR, Jit i 21
P 0 52 SR FH 32 B Water 2] GCT Premier A (i -
RATISR] BT REAX. AR E AT 100~200 HEER, PAA
Bk F1 2, B8 W8 R R TTF). 5256 BT AR T Aladdin
TN AF]. a-HHk T 4 R S A6 420 11 i) % e JE Sk
[23]A K.
3.2 XWHE
321 a-FEEA ARG HER G AT EAR S 7 ik
TE— I RN B I 0.2 mmol a-FRFE 6
FEHERATAY 1. 0.6 mmol Ak AL . — HIZEFHR 0.9 mL.
WIONE 1.5 mL, HEFRNBEWE 135 CHRE
TR 24 e BF ISR, RBEAFIMA 10 mL K,
P & BE(10 mLX3)AEHL, A WU /K NayS0o,
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BIHE

T, VR IR S BV ), R S AR BT iR A, R
FERI N A B 28R 2R (V/V=15/1).

2-(1,3- BRI -2- 30 F%)-2- B FH L 0K 20 (2a): ¥
&4, mp. 110~112 “C; '"H NMR (CDCls, 500 MHz)
5 7.75~7.73 (m, 2H), 7.47~7.44 (m, 1H), 7.40~7.37
(m, 2H), 3.53 (dd, J=7.25, 5.75 Hz, 2H), 3.46 (dd, J=1.5,
5.5 Hz, 2H), 2.06 (s, 3H); *C NMR (125 MHz, CDCl;) 6:
191.7, 175.6, 138.8, 130.8, 128.4, 127.5, 115.5, 40.6, 25.4,
18.7; HRMS calcd for C,,H;,0S; 268.0050, found
268.0056.

2-(1,3- Wi IR -2- WP 3 )-2- A F 4 F 4 2 2K 2
(2b): A, '"H NMR (CDCl;, 500 MHz) J: 7.40~
7.37 (m, 1H), 7.28~7.26 (m, 1H), 6.98 (t, J=7.25 Hz,
1H), 6.91 (d, J=8.5, 1H), 3.82 (s, 3H), 3.60 (t, J=6.5 Hz,
2H), 3.46 (t, J=6.5 Hz, 2H), 2.07 (s, 3H); °C NMR (125
MHz, CDCLy) 6: 192.6, 176.5, 156.5, 130.7, 130.5,127.9,
120.2, 117.3, 110.6, 55.5, 40.9, 35.2, 18.4; HRMS calcd
for C13H 40,85 298.0156, found 298.0151.

2-(1,3- A IR -2- 3 3)-2- 15 FE 3 X FR 4 3 2K 2L il
(2¢): FOEA. mp. 121~123 °C; 'TH NMR (CDCls, 500
MHz) 6: 7.85~7.82 (m, 2H), 6.90~6.87 (m, 2H), 3.83
(s,3H), 3.50 (dd, J=17.5, 5.5 Hz, 2H), 3.37 (dd, J=17.5, 5.5
Hz, 2H), 2.09 (s, 3H); *C NMR (125 MHz, CDCl;) o:
190.4, 172.4, 162.1, 131.2, 130.8, 115.8, 112.8, 55.2, 40.4,
35.5, 18.6; HRMS calcd for Ci3H;40,S; 298.0156, found
298.0152.

2-(1,3- Wi PR -2- WP 3 )-2- A 2 ] R4 28 2K 2L
(2d): #EAHiA; "H NMR (CDCl;, 500 MHz) J: 7.35~
7.27 (m, 3H), 7.02~7.00 (m, 1H), 3.83 (s, 3H) 3.56 (dd,
J=17.25, 5.75 Hz, 2H), 3.38 (dd, J=7.25, 5.75 Hz, 2H),
2.09 (s, 3H); *C NMR (125 MHz, CDCl3) 6: 191.5, 175.8,
158.8, 140.2, 128.6, 121.0, 117.2, 115.6, 113.3, 55.3, 40.7,
35.4, 21.3, 18.8; HRMS calcd for C5H,40,S; 298.0156,
found 298.0159.

2-(1,3- B R FR -2- 7 5 )-2- B H 5 o) B 3L 2 20
(2e): A, H NMR (CDCl;, 500 MHz) 6: 7.70 (d,
J=17.5 Hz, 2H), 7.20 (d, J=7.5 Hz, 3H), 3.53 (t, J=6.25
Hz, 2H), 3.38 (t, J=6.25 Hz, 2H), 2.39 (s, 3H), 2.09 (s,
3H); *C NMR (125 MHz, CDCl3) §: 191.6, 174.2, 141.6,
135.9, 128.8, 128.3, 115.8, 40.5, 35.5, 21.5, 18.7; HRMS
calcd for C3H4,0S5 282.0207, found 282.0212.

2-(1,3- B R 3R -2- W 3 )-2- fini F L ) B 3L 5% 2 il
(2f): #EOWE; 'TH NMR (CDCl;, 500 MHz) d: 7.57~
7.55 (m, 2H), 7.29~7.28 (m, 2H), 3.55 (dd, J=17.5, 5.5
Hz, 2H), 3.40 (dd, J=7.5, 5.5 Hz, 2H), 2.39 (s, 3H), 2.10
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(s, 3H); >C NMR (125 MHz, CDCl;) §: 192.2, 175.0,
138.9, 137.3, 131.8, 129.1, 127.4, 125.7, 115.8, 40.6, 35.5,
21.3, 18.8; HRMS calcd for C;3H4,0S; 282.0207, found
282.0204.

2-(1,3- A IR -2- W AL )-2- B B L AT FE L K 2 i
(2g): #ME A, mp. 120~122 C; 'H NMR (CDCl,
500 MHz) d: 7.30~7.27 (m, 1H), 7.25~7.24 (m, 1H),
7.20~7.17 (m, 2H), 3.58 (dd, J=7.25, 5.75 Hz, 2H), 3.35
(dd, J=7.25, 5.75 Hz, 2H), 2.30 (s, 3H), 2.04 (s, 3H); "°C
NMR (125 MHz, CDCl;) 6: 194.2, 177.8, 140.4, 134.7,
129.9, 128.9, 126.2, 124.7, 116.1, 41.0, 35.1, 19.3, 18.5;
HRMS caled for C3H,40S5 282.0207, found 282.0201.

2-(1,3- BRI IR -2- 0 F6)-2- B B FE-1-(3',4'- I
HE) 2 4B (2h): B EE A mp. 115~117 C; 'H
NMR (CDCls, 500 MHz) §: 7.42 (dd, J=8, 1.5 Hz, 1H),
7.30 (d, J=1.5 Hz, 1H), 6.80 (d, J=8.5 Hz, 1H), 3.63 (d,
J=8.5 Hz, 1H), 6.00 (s, 2H), 3.50 (dd, J=7.25, 5.25 Hz,
2H), 3.37 (dd, J=17.5, 5.5 Hz, 2H), 2.10 (s, 3H); '°C NMR
(125 MHz, CDCly) §: 190.2, 172.9, 150.4, 147.1, 132.6,
124.9, 115.7, 109.4, 107.5, 101.6, 40.5, 35.7, 18.8; HRMS
calced for C3H,05S5 311.9949, found 311.9944.

2-(1,3- B IR -2- W 36 )-2- i FF - 1- 6 A 2K 2T
(2i): FOWAE; "H NMR (DMSO-dq, 500 MHz) 0: 7.75~
7.73 (m, 6H), 7.52~7.49 (m, 2H), 7.43~7.40 (m, 1H),
3.63 (dd, J=7.5, 5.5 Hz, 2H), 3.49 (dd, J=17.5, 5.5 Hz,
2H), 2.09 (s, 3H); “C NMR (125 MHz, DMSO-ds) o:
190.6, 176.0, 142.4, 139.2, 137.9, 129.0, 128.8, 128.0,
126.8, 126.0, 114.3, 40.6, 35.4, 18.4; HRMS calcd for
C15H,40S5 344.0363, found 344.0369.

2-(1,3- B SRR -2- 0 366)-2- B FR 35 6k G 201 (25):
F AWK, "TH NMR (CDCls, 500 MHz) 6: 7.74~7.71 (m,
2H), 7.38~7.36 (m, 2H), 3.57 (dd, J=7.5, 5.5 Hz, 2H),
3.40 (dd, J=17.25, 5.75 Hz, 2H), 2.07 (s, 3H); *C NMR
(125 MHz, CDCl3) §: 190.4, 177.1, 137.2, 137.1, 130.2,
127.8, 1152, 40.8, 355, 18.8; HRMS caled for
C1,H,,C10S; 301.9661, found 301.9667.

2-(1,3- = fift G PR -2- 3 3% )-2- i H L 4R S K 2 T
(2k): HEOEAE. mp. 176~178 C; 'H NMR (CDCl,,
500 MHz) d: 7.38~7.37 (m, 1H), 7.34~7.30 (m, 1H),
7.29~7.26 (m, 2H), 3.63 (dd, J=17.5, 6 Hz, 2H), 3.39 (dd,
J=17.5, 6 Hz, 2H), 2.09 (s, 3H); *C NMR (125 MHz,
CDCly) d: 191.0, 180.1, 140.3, 130.5, 129.9, 129.2, 127.5,
126.2, 115.5, 41.2, 352, 18.5; HRMS caled for
C1,H,,C10S; 301.9661, found 301.9669.

2-(1,3- B IR -2- V. 55 )-2-fi P 56 VR 2K 20 i (21):
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¥ E 4. mp. 139~141 ‘C; 'H NMR (CDCl;, 500
MHz) d: 7.66~7.63 (m, 2H), 7.54~7.51 (m, 2H), 3.56
(dd, J=7.25, 5.75 Hz, 2H), 3.39 (dd, J=7.5, 5.5 Hz, 2H),
2.06 (s, 3H); *C NMR (125 MHz, CDCl5) 6: 190.5, 177.3,
137.6, 130.7, 130.2, 125.5, 115.0, 40.8, 35.4, 18.8; HRMS
calcd for C;,H,;BrOS; 345.9155, found 345.9159.

2-(1,3- = Bt 3G PA -2- 3 3% )-2- i HH 5 4 R 2K 2,
(2m): FHEOEA. mp. 181~183 ‘C; 'H NMR (CDCl;,
500 MHz) ¢o: 7.57 (d, J=8 Hz, 1H), 7.36~7.33 (m, 1H),
7.28~7.24 (m, 2H), 3.65 (t, J=6.5 Hz, 2H), 3.40 (t, J=
6.75 Hz, 2H), 2.11 (s, 3H); °C NMR (125 MHz, CDCl;) ¢:
191.9, 180.5, 142.6, 132.6, 130.3, 127.8, 127.0, 119.6,
115.5, 41.5, 35.5, 18.9; HRMS caled for C;,H;BrOS;
345.9155, found 345.9151.

2-(1,3- A IRIR-2- 30 3 )-2-B FFY 35 o B 2.1 (2m):
(0 [l 4. m.p. 158~160 ‘C; 'H NMR (CDCl;, 500
MHz) §: 7.76~7.74 (m, 2H),7.51~7.48 (m, 2H), 3.56 (dd,
J=7.25, 5.75 Hz, 2H), 3.39 (dd, J=7.25, 5.75 Hz, 2H),
2.07 (s, 3H); *C NMR (125 MHz, CDCl3) 6: 190.7, 177.4,
138.2, 136.7, 130.2, 115.0, 98.0, 40.8, 35.4, 18.9; HRMS
calcd for C;,H,;10S5 393.9017, found 393.9021.

2-(1,3- B G B -2 I 5 )-2- i F 2 A0l K 2 B
(20): #E O E A, mp. 180~182 ‘C; 'H NMR (CDCl,,
500 MHz) 0: 7.83 (dd, J=8, 1 Hz, 1H), 7.40~7.37 (m,
1H), 7.23 (dd, J=7.5, 1.5 Hz, 1H), 7.11~7.08 (m, 1H),
3.66 (dd, J=7.5, 6 Hz, 2H), 3.42 (dd, J=7.5, 6 Hz, 2H),
2.11 (s, 3H); °C NMR (125 MHz, CDCl3) 6: 193.1, 180.5,
146.1, 138.7, 130.0, 127.5, 127.1, 114.7, 92.8, 41.3, 35.3,
18.8; HRMS caled for C;,H;I0S; 393.9017, found
393.9023.

2-(1,3- Bt 3G PA -2- 3 3% )-2- i HH 35 X6 96 2K 2 i
2p): EOEE. mp. 101~103 C; 'H NMR (CDCl;,
500 MHz) J: 7.84~7.80 (m, 2H), 7.10~7.05 (m, 2H),
3.56 (dd, J=17.5, 5.5 Hz, 2H), 3.40 (dd, J=7.5, 5.5 Hz,
2H), 2.08 (s, 3H); °C NMR (125 MHz, CDCl;) §: 190.3,
176.1, 164.3 (J=251.3 Hz), 134.8 (J=2.5 Hz), 131.2 (J=
8.8 Hz), 115.3, 114.6 (J=21.3 Hz), 40.7, 35.5, 18.7;
HRMS calcd for C;,H,;FOS; 285.9956, found 285.9951.

2-(1,3- R IRIA-2- T 56 )-2- B 3 -1-(3,5- IR %K
ZHHQ2q): FEWAA. H NMR (CDCls, 500 MHz) J: 7.79
(d, J=1 Hz, 2H), 7.75 (s, 1H), 3.61 (t, J=6.5 Hz, 2H),
3.42 (t, J=6.5 Hz, 2H), 2.11 (s, 3H); *C NMR (125 MHz,
CDCly) 0: 188.6, 180.0, 142.3, 135.9, 130.1, 122.2, 114.5,
41.0, 35.5, 19.0; HRMS calcd for C;,H;,Br,0S; 425.8240,
found 425.8246.
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2-(1,3- R IR -2- W 36 )-2- A Y 3 -1-(3,4- &) FK
£ ZBA2r): #EWAK;, "TH NMR (CDCl;, 500 MHz) o:
7.82 (d, J=2 Hz, 1H), 7.58 (dd, J,=7.5 Hz, J,=2 Hz,
1H), 7.44 (d, J=8.5 Hz, 1H), 3.56 (dd, J=7.5, 6 Hz, 2H),
3.38 (dd, J=17.5, 5.5 Hz, 2H), 2.06 (s, 3H); *C NMR (125
MHz, CDCls) J: 188.8, 179.0, 138.6, 134.8, 131.7, 130.4,
129.5, 127.8, 114.4, 40.8, 35.4, 18.8; HRMS calcd for
C1-H,0CLOS; 335.9271, found 335.9267.

2-(1,3- R IR -2- 30 58 )-2- 1 FR AL -1-(3- i -2,6- —
S0)ZK H2s): ¥R, H NMR (CDCls, 500 MHz) 6:
7.29~7.28 (m, 1H), 7.11 (t, J=8.5 Hz, 1H), 3.70 (t , J=
5.75 Hz, 2H), 3.44 (t, J=6 Hz, 2H), 2.21 (s, 3H); "°C
NMR (125 MHz, CDCl;) ¢: 187.0, 182.8, 156.8 (d, J=
248.8 Hz ), 141.3, 128.6 (d, J=7.5 Hz ), 126.0 (d, J=3.8
Hz ), 119.0 (d, J=20 Hz ), 116.7 (d, J=22.5 Hz ), 114.3,
41.3,35.3, 18.2; HRMS calcd for C,,HyCL,FOS; 353.9177,
found 353.9183.

2-(1,3- B SRR -2- W1 6 )-2- 3 F 26 -1 -1 oy 56 2, T
(2t): WA, 'TH NMR (CDCls, 500 MHz) §: 8.27 (d,
J=3 Hz, 1H), 7.59 (d, J=4.5 Hz, 1H), 7.10 (t, J=4 Hz,
1H), 3.55 (t, J=6.25 Hz, 2H), 3.35 (t, J=6.25 Hz, 2H),
2.29 (s, 3H); *C NMR (125 MHz, CDCl5) 6: 180.3, 179.2,
141.6, 134.8, 133.9, 127.3, 114.3, 41.0, 34.9, 19.3; HRMS
caled for CigH,40S5 344.0363, found 344.0369.

2-(1,3- B R IR -2- 30 3 )-2- g PP k- 1-(6- T 43 ) 25
ZT(2u): AWK H NMR (CDCL, 500 MHz) J: 8.32
(s, 1H), 7.85 (dd, J=21.5, 8.5 Hz, 2H), 7.74 (d, J=8.5 Hz,
1H), 7.18 (t, J=7.8 Hz, 2H), 3.95 (s, 3H), 3.57 (t, J=6.25
Hz, 2H), 3.43 (t, J=6.25 Hz, 2H), 2.11 (s, 3H); °*C NMR
(125 MHz, CDCl3) §: 191.6, 174.0, 159.2, 136.3, 133.8,
130.8, 129.8, 127.6, 126.3, 126.0, 119.3, 116.1, 105.7,
554, 40.6, 35.6, 18.9; HRMS calecd for C;;H;40,S;
348.0312, found 348.0316.

2-[(R 52 ) (it F 2 ) FHY SR ]-1,3- - o (4a): 38 EA4 7K
f&; '"H NMR (CDCls, 500 MHz) 6: 7.48~7.46 (m, 2H),
7.38~7.35 (m, 2H), 7.28~7.25 (m, 1H), 3.47~3.42 (m,
4H), 2.08 (s, 3H); *C NMR (125 MHz, CDCl;) 6: 141.5,
139.7, 128.9, 128.2, 127.3, 118.8, 39.2, 37.6, 17.1; HRMS
caled for C;H,S5 240.0101, found 240.0106.

2-[(4- 3 2K 58 ) (Wit P 38 ) Y 2 -1,3- - HE i (4b): 3%
G ifR; '"H NMR (CDCls, 500 MHz) §: 7.46~7.42 (m,
2H), 7.07~7.02 (m, 2H), 3.46~3.43 (m, 4H), 2.06 (s,
3H); *C NMR (125 MHz, CDCly) &: 161.7 (J=246.25
Hz), 137.5 (J=3.75 Hz), 130.7 (J=7.5 Hz), 117.6, 115.2
(J=21.3 Hz), 39.2, 37.7, 17.1; HRMS calcd for C;;H;,FS;
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