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High Efficient Synthesis of Monofluoromethyldisulfides
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Abstract The monofluoromethylthiolation reaction of thiophenols/mercaptans was developed at room temperature using
PhSO,SCH,F as monofluoromethylthiolation reagent, and a series of monofluoromethyl disulfides were synthesized in good
yields. This method features short reaction time, mild conditions, simple operation and no additives. It provides a simple and
convenient way for the efficient preparation of monofluoromethyl disulfides.
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Pl 0 B . 5 = G50 2 R AR R R 2 R
IR, — SR BB R R A B SO,
0 2 VR T P A AT R A R Y — R R
Bunte #; CFH,SSO;Na 14— F i F 4155, DA
R, £E 50 CHEMBURIRIRM M 12 h, A4
AR A B — R 51— 5 2 i1 P)(Scheme 1, a).

(@)  Yi'swork

SH
FCH,SSO3;Na
R 22523 R-S—SCH,F
= MeOH, 50°C, 2h
58-78%
(b)  This work
PhSO,SCH,F
R—-SH R—-S—SCH,F
THF, r.t., 30 min
up to 96%

R= Aryl and alkyl

BR 1 I R % 7 ik
Scheme 1 Methods for the preparation of monofluoromethyl-
disulfides

T SR VR A S A B A T ik, T
T T P (B I ) 22 T ) 28 AR BB ke ) 6 AN R — ik &
Y. TR R R, BATNAAERRES S PhSO,-
SCH,F J b el 2% — 460 FFH 22 ik . A2, &
S W12 s SAE AN HL PR 0 L RE IR AT . AT
PA PhSO,SCH,F 1 g — 96t FF i B A4 5 A — R 51 i B
I SN, AEIR AN S T R0 A T R AR A
(Scheme 1, b).

1 &HR510R

1.1 RNEHTHE
B EARTRIE A B JEY), PhSO,SCHLF 14
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S BRI, SO O AT AL, 4
Wk 1 PR, Bk, SRE &P bR 4-F R F
PhSO,SCH,F HIHEHEIAT A, 4 = E VR E 2 L
LS DB, PR 3a A RN 55%, [FIRTAEEEE|
SO A B R A SOR R Y [ B A B AR A ) AR
(Entry 1). J=EHYRMEZ LN 1 1K, 3a BRI
N 81% (Entry 2); 4 _FWRMIEZ A 11 1.5 B,
RIS EE A 89%, KRB H BRI H i 245 240
il (Entry 3). Bl XFSON AT T 0%, 45 RE Y
R NLAE R 22 B0 R AR BE S IR 3E 4T (Entries 4~11),
TE VUSRI A 3 i = SR N 95% (Entry 4). 7EARPETS
A, 1z B BT RRAG, 7R F 2R H(DMSO) H
KN 79% (Entry 10). 7E N,N-— 1 3 F B/l (DMF)
Y#h 66% (Entry 11), YRI5 FEACIE HI T % SRR
WY B ARER. [EIE, BT RN BRI, 45 R
RER ST, 1% NLAE DY SR HH U 3%
W ARk (Entry 12). I 28, & 4- SR BB A
PhSO,SCH,F #fi s 2 thA 12 1.5, PUSRIEE A,
RN RS, AR SR
R RPIRIE

Table 1 Screening of the reaction conditions

u@—w + @—SOZSCHQF _—
solvent, r.t.
1a 2
CIOS—S—CHzF

3a

Entry n(1a) : n(2) Solvent” Yield‘/%
1 1.5:1 DCM 55
2 1:1 DCM 81
3 1:1.5 DCM 89
4 1:1.5 THF 95
5 1:1.5 CH;CN 89
6 1:1.5 DCE 90
7 1:1.5 EA 87
8 1:1.5 MeOH 85
9 1:1.5 EtOH 86
10 1:1.5 DMSO 79
11 1:1.5 DMF 66
12¢ 1:1.5 THF 96

© 2021 Chinese Chemical Society & SIOC, CAS

“Isolated yields. b DCM: dichloromethane, THF: tetrahydrofuran, DCE: 1,2-
dichloroethane, EA: ethyl acetate; “ Under nitrogen.

1.2 R¥RR

1E PR AR BT, X RIS E AT T
e HARGEFR IR 2. NSLIGgE BT LR, Z 5k
XTSRRI BRI #R A R E e, AR, it
FEIRIN L IEA T T HR[E(3a). HR3b). FBo)iL S
R B[P EE3d). HIAZE(3))], #RAEDS LA F5 R4S
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FIAHR I — R A Y. R, BTRg T BH
SO, RN AR AT BRI i 2 B B RRAG. bhln 2-F
FIRTRE IR 89% (3f), 41 FF S FE KRR N
64% (3K), 2,6 — FERE RN 62% (3g). th4h, 2-%
Ty RE L 96% U 2453 2 B AR =4 (31). 405 M
EbAin 2-37 35 28 - E IR AT 2-57 5 2 e f}ir“/f\ﬁt?
3 AAEELL 56%F1 61%[1) 7 BSUSCR A3 F A M. 174 (3m,
3n).

2 HMERMIGRE
Table 2 Substrate scope for thiophenols

SSCHF
O/ * PhSO,SCH,F — o O/

/©/SSCH2F /©/SSCH2F OSSCHZF

3a, 95% 90% 3¢, 95%
3d, 92% 3e, 93% 3f, 89%
SSCH,F
39, 62% 3h, 89% 3i, 73%
SSCH,F SSCH,F SSCH,F
\O/ i: i: :O/ O
3j, 93% 3k, 64% 31, 96%
S o)
@ )—SSCH,F ©: )—SSCH,F
N N

3m, 56% 3n, 61%

#3 BiBEDIRE

Table 3 Substrate scope for mercaptans

THF
RSH + PhSO,SCHF ——— o RSSCHZF
r.t., 30 min
2
©/\SSCH2F /@ASSCHzF ©/\/SSCH2
cl
4a, 93% 4b, 91% 4c, 94%
/|
o SSCH,F
SCH2
4d, 32%
SSCH,F
0,
4f, 80% de, 29/"

o
& N HNJkoJ<
NW\SSCHZF FHZCSS\)\WO\

49, 91% 0
4h, 69%

“Reaction conditions: thiophenol (0.5 mmol) and PhSO,SCH,F (0.75 mmol)
in THF (2 mL) at r.t. for 30 min. ? Yield of isolated product.

B J5 5 52 T BRI I DA Z R B2 A & A M. sk
3 R, RIREE . 4-FZ R IREEAD 2- K3 ZIREE, #REE LA
F5 IR R H AR ) (da~4e). KEEM LGNS, t
UNIE+ B R AR B A DL 80% AL 2 75 B AH B P24
(4f). ZAAmilE, than 2-Whimg FRBREE, SN IIBCRACHN
32% (4d), 1M 2-MEMRJE . BREE, MIRELL 91% MR A3 3
PN (4g). X TR BH I = SR PRI, 7E 1% N 2
AR, YA EREN 29% (4e). AR, X T
P BRAT A, N-GRUT S8 R )- L e 2 R R ik,
TEZ N A T AELL 69% 7= 15 2724 (4h).

PRk, SHZ SN BIPLERHEAT T IFT. B2 RTHISC
BRI IE S, PhSO,SCH,F %o 4 e A 1) — i FF B B A S
R K RS BATNANRIE T PhSO,S-
CH,F F1 PY-H tb 50— S R B IS0 S B, FREH T
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“Reaction conditions: mercaptan (0.5 mmol) and PhSO,SCH,F (0.75 mmol) in
THF (2 mL) at r.t. for 30 min. * Yield of isolated product.

HL 7 8% DO R B AT B IR BEATLER. A T 3R iE 1 S R ALER,
BAM T — R 5286, £ 4-EEE A PhSO,S-
CHH BRI, 43 SN B B AR 2,6- 80T -
4- Eﬁ;@tﬁ&@}(BHT)?FDIEIHﬂﬁﬂﬁﬂ*%{M%(TEMPO) —
IR N TT% 0 53%:; N B T 3R )
1,3-4%%4@[1 LA-ZREEEZR, PR N 77%H0
80%. SLHG L AR, I NHIHI 1% ) B H A 15 2 B
S, Rz RN ATREAEEBHERE. BT
PhSO,SCH,F "HAA1EZ 5y i (1) S—S B, T iy (W) )
i 7 EEAT RS R, AT DME N SR AR
F1 PhSO,SCHoF KA SEAZ AR SR, PRIk, FRATTHE I %
SR HLEE AT e By (B 1E AR % B PhSO,S-
CH,F # SCH,F E’J R, TR AR A A, R
IRFE(PhSO,) & — X F B &, ik A HE—DRK
NI 67 251 ( PhSO, )L, Azl Ak B A A
(PhSO,H) (Scheme 2). HE— 5 ML FEABTESEAT .

I N -PhSO, . H
Ph&,SCHzF * RSH ———= RSSCHF —— RSSCH,F

0 H

2 A B

B2 ArREf S miLEE

Scheme 2 Proposed mechanism for the reaction

i EPTIR, fRIE T AR AR LY SR e i

http://sioc-journal.cn/ 1119



BIKE

MR

7R, AN B AT A v R B — R 2k BRI )
%, BITIERA RV BRAE AT S ML R PR
To TN e i A, v o g
I TR T — ORI T I

3 SLIEES
3.1 UES5HF

HREGE . S0E . B I 2 i FH B 1 Bruke
W] 400 MHz i 3732 4 A2 1 I 4R Uk 3 A (AVANCE
HDWsE, LA TMS 1ERAR, ARG A, K3 75
W Agilent 5973N B4 Tk {X Il %€ . IR {1 A Thermo Ni-
colet IN10 MX BT A6 FEACI €, [l H KBr M
i, WA PR, Ja m A A WRS-1C 6 s
3.2 ZWHE
3.2.1 PhSO,SCH,F X 7| 9 & pk,

fE—> 250 mL =TT, # PhSO,SNa (9.81 g,
50 mmol)¥#f#AE 80 mL ) DMF 1, F4218 %% CH,CIF
(13.7 g, 200 mmol), F-7E80 C F &M 12 h. FH/= i H —
SRR A =k, BRI & ke — Ik, s
B, FHESEREZM. R ETRVCR
BK) © (LR CTg)=T7 © 1143 B A4k =4 PhSO,S-
CH,F®* 4.0 g, 72 40%. '"H NMR (400 MHz, CDCL) ¢:
7.98~7.93 (m, 2H), 7.66 (t, J=7.4 Hz, 1H), 7.57 (t, J=
7.6 Hz, 2H), 6.02 (d, J=50.7 Hz, 2H); '’F NMR (376
MHz, CDCly) §: —186.38.

322 b3 a6

£ 5 mL RS, I PhSO,SCH,F (154.5 mg,
0.75 mmol)F1 2 mL FI VUSRS, FHEX 51 E N 4- 508
Bify(72.3 mg, 0.5 mmol), 7EZ I T 30 min. K™=
FHECZS G B 2250, 8 P R IR IE M2 CR il k) 45 218
IR 3a (97.8 mg, 95%). HL&4) 3b~3n 1 4a~
4h 116 7% [A 3a.

1-(4- SR B )-2-(C HH R ) — B Tk (3a): 0 VA%,
95.4 mg, “& 95%. '"H NMR (300 MHz, CDCl;) 6: 7.52
(d, J=8.5 Hz, 2H), 7.30 (d, J=8.5 Hz, 2H), 5.66 (d, J=
51.7 Hz, 2H); "’F NMR (282 MHz, CDCl;) §: —185.97;
C NMR (101 MHz, CDCly) &: 135.24, 134.17, 130.73,
129.41, 92.88 (d, J=223.0 Hz); HRMS (EI) calcd for
C;H,CIFS, 207.9583, found 207.9592.

1-(4- 15 7K 38 )-2-(5i 38 ) B Tk (3b): T 8 W 1A,
112.1 mg, % 90%. 'H NMR (300 MHz, CDCl;) §:
7.51~7.42 (m, 4H), 5.66 (d, J=54.3 Hz, 2H); ’F NMR
(282 MHz, CDCly) : —186.08; C NMR (101 MHz,
CDCly) 6: 135.23 (d, J=3.5 Hz), 131.67, 130.14, 121.45,

1120 http://sioc-journal.cn/
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92.21 (d, J=223.1 Hz); HRMS (EI) calcd for C;H¢BrFS,
251.9078, found 251.9083.

1-(4- 3 3E)-2-(F 38 ik (3e): L iiiAk, 77.8
mg, =% 95%. '"H NMR (400 MHz, CDCl;) d: 7.62~7.54
(m, 2H), 7.04 (t, J=8.7 Hz, 2H), 5.67 (d, J=51.8 Hz, 2H);
F NMR (282 MHz, CDCly) §: —113.44, —186.11; °C
NMR (101 MHz, CDCl3) 0: 162.82 (d, J=248.7 Hz),
132.39 (d, J=8.4 Hz), 131.76, 116.28 (d, J=22.2 Hz),
92.72 (d, J=222.6 Hz); HRMS (EI) calcd for C;H¢F,S,
219.9358, found 219.9359.

1-(F80 1 3 )-2-Cxf FR A 368 ik (3d): L (A4, 85.6
mg, % 92%. 'H NMR (300 MHz, CDCl3) d: 7.49 (d,
J=38.1 Hz, 2H), 7.15 (d, J=8.0 Hz, 2H), 5.66 (d, J=51.9
Hz, 2H), 2.35 (s, 3H); "F NMR (282 MHz, CDCLy) ¢:
—186.32; >C NMR (101 MHz, CDCl;) J: 138.30, 132.95,
130.15, 129.86, 92.62 (d, J=222.2 Hz), 21.06; HRMS (EI)
calcd for CgHGFS, 188.0130, found 188.0127.

1-(F0 366 )-2-( T R 366 ) A i (3e)™): 9k 3% €03
£, 90.1 mg, & 93%. 'H NMR (400 MHz, CDCly) o:
7.38 (d, J=6.7 Hz, 2H), 7.21 (d, J=12 Hz, 1H), 7.08 (d,
J=17.3 Hz, 1H), 5.65 (dd, J=51.8, 1.1 Hz, 2H), 2.35 (s,
3H); "F NMR (282 MHz, CDCLy) §: —186.32; *C NMR
(126 MHz, CDCly) d: 139.06, 136.15, 129.74, 128.96,
128.71, 126.27, 92.68 (d, J=222.5 Hz), 21.32; MS (EI)
m/z: 188.1 (M ).

1-(980 3 )-2-( 408 28 3 ) R Bk (30 9% B (i
&, 86.7 mg, & 89%. 'H NMR (300 MHz, CDCly) o:
7.83~7.60 (m, 1H), 7.24~7.18 (m, 3H), 5.63 (d, J=51.8
Hz, 2H), 2.46 (s, 3H); ’/F NMR (282 MHz, CDCl;) ¢:
—186.95; *C NMR (151 MHz, CDCl;) §: 138.27, 135.00,
130.54, 130.40, 128.20, 126.80, 92.31 (d, J=222.5 Hz),
20.23; MS (EI) m/z: 188.1 (M").

1-(2,6- — FH BRI IR )-2- (3 FH 6 it ik (3g): ¥R T £
WAk, 60.9 mg, “F 62%. '"H NMR (300 MHz, CDCl5) 6:
7.21~7.06 (m, 3H), 5.60 (d, J=52.1 Hz, 2H), 2.59 (s,
6H); "’F NMR (282 MHz, CDCLy) §: —186.96; °C NMR
(101 MHz, CDCly) o: 142.81, 134.20, 129.64, 128.50,
91.09 (d, J=222.3 Hz), 21.94; IR (KBr) v: 3395, 2922,
2848, 1941, 1646, 1582, 1461, 1421, 1376, 1311, 1245,
1167, 983, 773, 710, 421 cm '; HRMS (EI) calcd for
CoH, FS, 202.0286, found 202.0293.

1-(2,4- = F L IR J6)-2-(B0 32 ) B Bk 3™ 3% 3%
IR, 89.0 mg, 7% 89%. 'H NMR (400 MHz, CDCl;)
8: 7.57 (d, J=17.8 Hz, 1H), 7.05~6.99 (m, 2H), 5.61 (d,
J=51.9 Hz, 2H), 2.44 (s, 3H), 2.31 (s, 3H); "’F NMR (282

Chin. J. Org. Chem. 2021, 41, 1117~1123
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MHz, CDCl;) §: —187.03; *C NMR (101 MHz, CDCl,)
5: 139.08 , 138.91, 131.97, 131.96, 131.48, 127.55, 92.15
(d, J=222.3 Hz), 21.03, 20.34; MS (EI) m/z: 202.1 (M").

1-(4-(BUT 38) 2 35)-2-(F80 PR 358 ) — AL TB (3 9% 38 0
&, 83.3 mg, 7% 73%. 'H NMR (400 MHz, CDCl;) o:
7.55~7.50 (m, 2H), 7.39~7.34 (m, 2H), 5.66 (d, J=51.8
Hz, 2H), 1.31 (s, 9H); ”F NMR (376 MHz, CDCl;) o:
—185.85; *C NMR (151 MHz, CDCl;) d: 151.49, 132.97,
129.71, 126.26, 92.73 (d, J=222.3 Hz), 34.64, 31.24;
HRMS (EI) caled for C;H;sFS, 230.0599, found
230.0594.

1-(36 P ik )-2-(4- AR RS DR ) i Tk (3)): 3 VA,
100.1 mg, %% 93%. '"H NMR (400 MHz, CDCl;) d: 7.54
(d, J=8.5 Hz, 2H), 6.86 (d, J=8.5 Hz, 2H), 5.66 (d, J=
52.0 Hz, 2H), 3.80 (s, 3H); "’F NMR (282 MHz, CDCl;) 6:
—186.30; *C NMR (101 MHz, CDCl;) d: 160.29, 133.50,
127.17, 114.76, 92.56 (d, J=221.9 Hz), 55.36; HRMS (EI)
caled for CgHoFOS, 204.0079, found 204.0084.

1-Co R 2 )-2-(2- 28U 28 DR 5 ) Bl K (3k): 38 (VR
1K, 65.7 mg, “Z 64%. 'H NMR (400 MHz, CDCl) 6:
7.69 (d, J=8.4 Hz, 1H), 7.31~7.27 (m, 1H), 6.98 (t, J=
7.6 Hz, 1H), 6.89 (d, J/=8.2 Hz, 1H), 5.67 (d, J=51.8 Hz,
2H), 391 (s, 3H); “F NMR (376 MHz, CDCl;) o:
—185.91; *C NMR (151 MHz, CDCl;) d: 157.42, 130.55,
129.35, 124.33, 121.24, 110.98, 92.85 (d, J=221.5 Hz),
55.93; IR (KBr) v: 2924, 2837, 1579, 1474, 1433, 1311,
1272, 1240, 1181, 1162, 1129, 1059, 1020, 974, 789, 747,
706 cm”'; HRMS (EI) caled for CgHo,FOS, 204.0079,
found 204.0085.

1-(F P 3 )-2-(Z5-2-35) R Bk 31): A ([ 44, 107.7
mg, F5H 96%. m.p. 42~44 C; 'H NMR (400 MHz,
CDCl) : 8.05 (s, 1H), 7.85~7.78 (m, 3H), 7.66 (dd, J=
8.6, 1.9 Hz, 1H), 7.55~7.44 (m, 2H), 5.69 (d, J=51.7 Hz,
2H); "F NMR (376 MHz, CDCl;) §: —185.99; *C NMR
(101 MHz, CDCL) §: 133.11 (d, J=3.2 Hz), 132.94,
132.23, 128.61, 127.72, 127.35, 127.15, 126.39, 126.27,
126.11, 92.11 (d, J=222.9 Hz); IR (KBr) v: 3054, 2950,
2920, 2848, 1646, 1586, 1499, 1422, 1337, 1314, 1267,
1197, 1131, 1081, 1001, 976, 816, 737, 699, 628, 477, 466
cm '; HRMS (EI) caled for CHoFS, 224.0130, found
224.0123.

2-((COR R RS ) B R ) 2R JEME MR (3m): VR B A,
65.7 mg, 7°# 56%. '"H NMR (400 MHz, CDCl;) 6: 7.91
(d, J=8.1 Hz, 1H), 7.82 (d, J=7.9 Hz, 1H), 7.46 (t, J=7.4
Hz, 1H), 7.36 (t, J=7.4 Hz, 1H), 5.78 (d, J=51.0 Hz, 2H);
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"F NMR (282 MHz, CDCl;) §: —187.12; *C NMR (151
MHz, CDCly) d: 169.57, 154.59, 136.09, 126.46, 125.02,
122.46, 121.18, 91.62 (d, J=226.1 Hz); IR (KBr) v: 3061,
2926, 2850, 1460, 1425, 1312, 1237, 1082, 1020, 1007,
757,727, 703, 700, 430 cm™'; HRMS (EI) calcd for CgHe-
NFS; 230.9646, found 230.9654.

2-((COR P ) R ) 2R IR BE M (3n): VR B AR,
65.6 mg, “%F 61%. 'H NMR (400 MHz, CDCl;) o:
7.76~7.65 (m, 1H), 7.57~7.48 (m, 1H), 7.40~7.31 (m,
2H), 5.81 (d, J=51.1 Hz, 2H); F NMR (376 MHz,
CDClLy) 0: —188.68; °C NMR o: 161.76, 152.54, 141.79,
125.24, 124.86, 119.65, 110.46, 90.99 (d, J=225.5 Hz); IR
(KBr) v: 3049, 2927, 1774, 1496, 1450, 1314, 1237, 1217,
1129, 1093, 988, 923, 801, 743, 594 cm '; HRMS (EI)
caled for CgHgFNOS, 214.9875, found 214.9872.

1-7F 2 -2- (560 368 ) — i Tk (da): YR B V4K, 88.6
mg, 7% 93%. '"H NMR (300 MHz, CDCl5) d: 7.36~7.28
(m, 5H), 5.41 (d, J=51.9 Hz, 2H), 4.04 (s, 2H); '°’F NMR
(282 MHz, CDCly) 6: —185.88; *C NMR (101 MHz,
CDCl;) 6: 137.00 (d, J=66.4 Hz), 129.36, 128.49 (d, J=
11.5 Hz), 127.50 (d, J=25.7 Hz), 93.36 (d, J=219.6 Hz),
43.88 (d, J=124.7 Hz); IR (KBr) v: 3062, 3030, 2927,
2854, 1948, 1601, 1495, 1454, 1420, 1313, 1232, 1200,
1071, 1028, 979, 756, 699, 564, 471 c¢cm '; HRMS (EI)
caled for CgHoFS, 188.0130, found 188.0136.

1-(4- 80 )25 35 ) BBk (4b): 5 (B A,
82.6 mg, % 91%. 'H NMR (400 MHz, CDCl;) o:
7.33~7.28 (m, 2H), 7.27~7.23 (m, 2H), 5.47 (d, J=51.9
Hz, 2H), 3.99 (s, 2H); ’F NMR (376 MHz, CDCl;) ¢:
—185.33; *C NMR (101 MHz, CDCl;) 6: 135.50 (d, J=
54.3 Hz), 133.45 (d, J=17.7 Hz), 130.64 (d, J=7.9 Hz),
128.67 (d, J=17.7 Hz), 93.49 (d, J=219.7 Hz), 43.07 (d,
J=121.6 Hz); IR (KBr) v: 3397, 3028, 2925, 2850, 1897,
1596, 1418, 1405, 1312, 1229, 1199, 1093, 1016, 980, 833,
808, 736, 638, 504 cm™'; HRMS (EI) calcd for CsHgFCIS,
221.9740, found 221.9746.

1-(3 FF 202K 2 0 i Fok (de): 3 71K, 97.3 mg,
FZ 94%. "H NMR (400 MHz, CDCly) 6: 7.30 (t, J=7.2
Hz, 2H), 7.24~7.18 (m, 3H), 5.61 (d, J=52.0 Hz, 2H),
3.10~3.05 (m, 2H), 3.05~2.99 (m, 2H); "°F NMR (376
MHz, CDCly) §: —188.10; *C NMR (101 MHz, CDCl5)
0: 139.67, 128.60, 128.51, 126.45, 93.83 (d, J=219.8 Hz),
41.24, 35.48; IR (KBr) v: 3027, 2960, 2924, 2850, 1724,
1603, 1496, 1453, 1312, 1262, 1072, 1029, 977, 799, 748,
698, 564, 490 cm'; HRMS (EI) caled for CoH;FS,
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202.0286, found 202.0293.

2-((COR R L ) s 2 ) R L Ik MR (4d1): T BT AR, 351
mg, 7% 32%. '"H NMR (400 MHz, CDCl;) d: 7.41~7.38
(m, 1H), 6.35~6.32 (m, 1H), 6.29 (d, J=3.2 Hz, 1H),
5.42 (d, J=51.8 Hz, 2H), 4.04 (s, 2H); ’F NMR (376
MHz, CDCl3) §: —185.80; *C NMR (151 MHz, CDCl5)
J5: 149.69, 142.77, 110.66, 109.27, 93.30 (d, J=219.1 Hz),
36.71; IR (KBr) v: 2929, 1591, 1501, 1421, 1404, 1313,
1241, 1209, 1150, 1011, 973, 935, 884, 810, 737, 707, 598,
cm '; HRMS (EI) caled for C¢H;FOS, 177.9922, found
177.9925.

1-(3 P 3k )-2- = 28 YL — I K (de): 3 40 00 ] 4K
49.3 mg, 77 29%. m.p. 39~41 C; 'H NMR (400 MHz,
CDCly) d: 7.43 (d, J=7.5 Hz, 6H), 7.34~7.26 (m, 8H),
7.26~721 (m, 1H), 4.51 (d, J=51.8 Hz, 2H); '°’F NMR
(376 MHz, CDCly) §: —187.52; *C NMR (151 MHz,
CDCly) 0: 143.22, 129.98, 128.00, 127.20, 89.83 (d, J=
219.6 Hz), 71.70; IR (KBr) v: 2924, 2855, 1489, 1441,
1303, 1184, 1029, 966, 757, 733, 695, 626, 527, 489 cm ™ ';
MS (EI) m/z: 243(100) [M—SSCH,F]".

1 e R -2-(BRU FF 28 ik (4f): oA, 108.8
mg, % 80%. 'H NMR (400 MHz, CDCl3) J: 5.58 (d,
J=52.1 Hz, 2H), 2.84~2.78 (m, 2H), 2.54~2.47 (m, 2H),
1.68 (dt, J=14.8, 7.1 Hz, 2H), 1.59 (dt, J=14.8, 7.2 Hz,
2H), 1.36~1.18 (m, 14H), 0.89~0.84 (m, 3H); '°’F NMR
(376 MHz, CDCl;) §: —188.51; *C NMR (151 MHz,
CDCly) d: 93.91 (d, J=220.0 Hz), 40.21, 34.07, 31.92,
29.64, 29.60, 29.54, 29.36, 29.09, 28.40, 24.65, 22.69,
14.10; IR (KBr) v: 2924, 2853, 1465, 1377, 1311, 984, 711
cm '; HRMS (EI) caled for Ci3HyFS, 266.1538, found
266.1541.

2-(2-((FFF8) i 3 ) £ 30 L R (4g): TR BT LA,
92.8 mg, /“% 91%. 'H NMR (400 MHz, CDCL) o:
8.54~8.52 (m, 1H), 8.51 (s, 1H), 8.46~8.43 (m, 1H),
5.62 (d, J=52.0 Hz, 2H), 3.26 (s, 4H); ’F NMR (376
MHz, CDCl3) §: —184.09; *C NMR (101 MHz, CDCl5)
5: 154.96, 144.97, 144.23, 142.75, 93.68 (d, J=220.4 Hz),
38.37, 34.45; IR (KBr) v: 3066, 2923, 1579, 1527, 1475,
1404, 1312, 1231, 1159, 1108, 1059, 967, 831, 704, 406
cm '; MS (EI) m/z: 139(100) [M—SCH,F]".

N-(GUT 28 5 )-S-( 96t Joe B % ) ~F e 20 R FH i (4h):
LAk, 103.1 mg, 7%% 69%. 'H NMR (400 MHz,
CDCly) d: 5.62 (d, J=51.8 Hz, 2H), 4.60 (s, 1H), 3.78 (s,
3H), 3.41~3.10 (m, 2H), 1.46 (s, 9H); "F NMR (376
MHz, CDCl;) §: —185.79; *C NMR (101 MHz, CDCl,)
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0: 171.09, 155.03, 93.38 (d, J=219.9 Hz), 80.32, 53.43,
52.64, 42.44; IR (KBr) v: 3328, 2976, 1695, 1512, 1435,
1368, 1313, 1248, 1162, 1047, 981, 880, 708 cm '; HRMS
(ED) caled for C,oH;sFNO4S,299.0661, found 299.0660.

$#H B#1 KL (Supporting Information) 1A% 3a~3n
4a~4h % PhSO,SCH,F ] '"H NMR, ""F NMR, “C NMR
BE LI b KL A] DL A B AR TI) ) 35 (http:/sioc-
journal.cn/) I F %k,
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