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Synthesis of a-Trifluoromethylthio Acetophenons

Wang, Jian-Yong*""' Ma, Lan®' Li, Yan“ Wang, Xi-Sheng™*
(“ Hefei National Laboratory for Physical Sciences at the Microscale & Department of Chemistry,
University of Science and Technology of China, Hefei 230026)
(® School of Light Industry and Engineering, Qilu University of Technology (Shandong Academy of Sciences), Jinan 250353)

Abstract Trifluoromethylthiolation/oxidation of styrenes with easiy-handling AgSCF; used as the trifluoromethylthiolating
reagent has been described, which furnished a series of a-trifluoromethylthio acetophenons. A variety of substituted styrene
could be bifunctionalized via radical process in a mixed solvent of dimethyl sulfoxide (DMSO) and CHCl;, with potassium
persulfate used as the oxidant under mild conditions. A simple and efficent method for the facile construction of various
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o-trifluoromethylthio acetophenons is thus demonstrated.
Keywords styrene; trifluoromethylthiolation; radical
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VBN =5 SR, fEB AL e i T S AR e PER
75 B E AN AE AR ) B

BAVNH— BTl B B RAR AT B
RPN R, 2014 FEM HRFR T
AgSCF,/K,S,05 7R R, i = # i 2 5 2 iR 5]
R, SELT =R BRI MR T A R 2016 4R
i AgSCF3/K,S,05/L R R, FEMRAZEAE T 5 &4 =
SRS R, ORI A R T =R T R R A
V. IR B SRR AL RS S RS AL A
P B T ROV A S SR s, T DU R
HHESTE P AW TR, BA R RAEN
PE. B4 o- =T BEIR G OT A A A — =2
o-TRARHE 25 = P R AR A R AR s iy
TR LR AV oD i SR EEAL, B S =%
R EEARFIEBATEH, S a- = R K 2B &
BRI T, Singh AN TR A ) I 2K 206
AR BEA R B SEHLZ R AV & . A TARfE
AgSCF3/K,S,05 7R &, 1ETL TR IMNMAEM 24T, @
I B S SRR BeA S, SEEL T AN R ECA )
G-Eﬁ EF' th%iﬁ Zﬂﬁ E/‘J%ﬁk

1 &HR510R

1.1 REFHMK

1% FHOR 207 1a fENBAR KA, DA AgSCF; 1F 8 =9k
FRB YR, K,S,05 TE WM, 7260 C TR 24 h, &
ITBA 16% HIRZ REUSC R AT 21 = 5 FF R ZE 4k /S8 =) 2a.
X AT AT SR R, M {EH Na,S,05 fE NE A

FIEE, WS B A TR, 1A HAE N PhI(OAC),
NSFI i}, JUPA KA RB(F 1, Entries 1~4). Ffij5, &
TSI — S I S R AT, R IR F IS A AR 4
AT I 2230 S K AR 1, Entries S, 6). i
R R A AT NN R B R P, 7R AR R
, IEF 22%(F 1, Entry 7). {EXH R SAR £ T
G & B, 2418 Ff DMSO/CHCl; (V/V=2/1, 3.0 mL)
i, AT LA E] 49% 7 #(3 1, Entries 8~11). M {E&S
T, RBCER] AR T2 68%(F 1, Entry 12).
Ja, BEMA K,S,08 FHEFEKE 1.5 equiv., KM HINCE
WA $E1m(69%, = 1, Entry 13).

1.2 RMNEYHRRE

TERM IR BLEAET, AL TR R LR ) iE
FPEEAT THEFR (R 2). B eH 82 7 Al L ] 4 0k
TEAFINL BB R RBAE DL, 8 LA A 45 21 R 4T e
BEBEY 2b~2d(E 2); X T FIEBUR K 205,
AT A 3 PRI (R 2, 2e~2g). HHUREEH s R 5
T, AT UL LA AR R B CR S 2 B BR P IGR 2,
2h~2m), JOHE YHUREE BN IRE T, v LR 3|
il bR, X HONEE— AT AR TR RE. BEJS,
PAVHELE TR TR R RLTE R anE s, B
B SRUFEEBURE, #TLAR R 50% LA o Bl
(£ 2, 2n~2q). ¢ LATR, TR FREIE 248
T BARHI 2R 245, #T LIS 3 o 45 31 R 4 i fie
IR AN AL B AR X e SIS AT . Horp, SRIE
EAEAEXIAL (2D, 2e, 2h, 2j, 21, 2n, 20, 2p)ER Al A7 UM 3R
(2¢, 2f, 2i, 2k, 2m, 2q), #FREDE LA P45 3] R AF RS

R RPBFMAL

Table 1  Optimization of reaction conditions
(0]
X AgSCF3/Oxidant SCF3
©/\ Cat., Solvent, 60 °C, air ©)K/
1a 24 h 2a
Entry Oxidant (equiv.) Cat. (mol%) Solvent (mL) Yield/%
1 K,S,05 (3.0) None MeCN (1.0) 16
2 K,S,05 (3.0) None MeCN (1.0) 14
3 PhI(OAc), (3.0) None MeCN (1.0) Trace
4 NFSI (3.0) None MeCN (1.0) Trace
5 K,S,05 (3.0) Cul (20) MeCN (1.0) Trace
6 K,S,05 (3.0) AgNO; (20) MeCN (1.0) 0
7° K,S,05 (3.0) None MeCN (1.0) 22
8 K,S,05 (3.0) None DMF (1.0) 0
9 K,S,05 (3.0) None DMSO (1.0) 20
10 K,S,05 (3.0) None DMSO/CHCl; (V. V=1 : 1, 1.0) 27
11 K,S,05 (3.0) None DMSO/CHCl; (V . V=2 . 1,3.0) 49
12¢ K,S,05 (3.0) None DMSO/CHCl; (V . V=2 . 1,3.0) 68
13¢ K,S,05 (1.5) None DMSO/CHCl; (V . V=2 . 1,3.0) 69 (70)

“1a (0.1 mmol), AgSCF; (0.15 mmol, 1.5 equiv.), K»S,0s, slovent, 60 ‘C, 24 h. "’F NMR yields with PhCF; (0.1 mmol) as an internal standard. ® K,HPO, (0.15
mmol) was added. ¢ Reaction was performed under O, atmosphere. “ Isolated yields were displayed in parentheses.
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Table 2  Substrate scope of different styrenes

AgSCF3/K28208

o}
N SCF,
DMSO/CHCl; (VIV = 2/1), 60 °C, Oy, 24 h R—!/
2

SCF3;

/©)J\/SCF3

2b, 56% (51%)

/©)f\/sca

2h, 56% (53%)

\©)J\/SCF3

2m, 63% (51%)

©T

2c¢, 64% (70%) 2d, 52% (44%)

Cé

2i, 60% (59%)

QO

2n, 60% (51%)

2j, 64% (62%)

SCF5 /@)\/SCFs /@)\/SC&
MeO,C

20, 62% (66%)

©\)J\/SCF3 /@)\/SC% Me\©)J\/SCF3 ©\)J\/SCF3
OMe

2e, 54% (61%) 2f, 53% (49%) 2g, 43% (42%)

o

SCF

2l, 62% (60%)

\©)J\/SCF3

2q, 69%(59%)

2k, 65% (61%)

2p, 65% (54%)

1 (0.1 mmol), AgSCF; (0.15 mmol, 1.5 equiv.), K»5,05 (0.15 mmol, 1.5 equiv.), DMSO (2 mL), CHCl; (1 mL), 60 C, O,, 24 h. "°F NMR yields with PhCF; (0.1

mmol) as an internal standard. Isolated yields were displayed in parentheses.

FF R ) = G R AL ). (B SRR AR A BRI I
(2d, 2g), JSIE F WA PR, X AT REAR BT Oz Af
RIBEAS T L (1 BEAT

1.3 RNHIBHZR

N T IR S SATLER, FRATTAE AR 1 s A 5 A 43 il
A 0.5 equiv. 1 1.0 equiv. 1) B HEEF 3R] 2,2,6,6-P1 F 2
Wk BE A B AL N(TEMPO) AT I 24k, &I 4 0.5
equiv.i) TEMPO B, 50T AR 2| 51% B ARr=4) 2a,
MG TEMPO 53 1.0 equiv.i, A K E] H
FRre i 4 (£ 3, Entries 1, 2). ZEART A 1.0
equiv. [T R SE IR, ANRERS BIARTES Y 2a(F 3,
Entry 3). X625 FULH T 1% = N AT el i 3 B &R
AT, BEJS, N TR E R A R R IR, TERAR%
#Tﬁﬁ?&f%%ﬁ,&ﬁ%ﬁﬁﬁﬁ%zu%&
Entry 4). iX—25 500 B =90 b 1 485 1 mT e SRR T4
[17]
gE4 DL U0 SEI0 i 45 AL Sk aE! ",
IR LR Al BEROPLEE: 1 2t =5 IR SR AR R A i i
FRAFAE R = A =S A B R 2, X A S BOR 2
Wi(la)fF 2065 | R iR A, AR A
PR E R B, BB AR C, B SRS
FEMN = EFRELTY o-=FFMERX LI 2a
(Scheme 1).

2 #ig
i FRBRATT/ NI JB ) AgSCF3/K,S,05 [ H 3 = 45 F

234 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

®3 BT

Table 3 Mechanism research

(0]
N AgSCF4/K,S,0g SCF,
DMSO/CH3CI (VIV = 2/1)
1a 60 °C, 24 h 2a
Entry Condition Yield/%
1 TEMPO (0.5 equiv.) + O, 51
2 TEMPO (1.0 equiv.) + O,
3 1,4-Dinitrobenzene (1.0 equiv.) + O, 0
4 N,
AgSCF,
Kzszos
SCFs SCF
©/\ scF3 ©/\/ 02 ©)\/ 3
B
(e} (0]
A ©)\/SCF3 o] ©)J\/SCF3
2., -
C 2a
B 1 TR s R

Scheme 1 Possible mechanism

TIEAL IR 2R, KR T 2K L I =980 Bt 2k A /48U A 5 1B
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N=S BRI, (EH 5151 KoS,0s AN, o s
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KOG BN =T TR AL,

3 X
3.1 UEFE5HF

AR . Bl A E G 5K A Bruker-400
(&% 400 MHz . Bl 100 MHz. #iil 376 MHz)f# H
AL REILIRACI 58, 4 0l 4 FH DY FR R b Bl = &
B BE AR, KW, 4-FRELR, +-FEREED
J#i M. Sinopharm Chemical A &) W 3, = 7% J5 fd H .
K,S,04 M Sinopharm Chemical A & 3L H H 3% .
AgSCF; /&% Buchwald /NHRIE (175721 &7 Hoph
IR LT B SCIRF T 1) % (8 AR Bh AR,

3.2 LWHE

B =S (31.4 mg, 0.15 mmol) Al i R4
(40.6 mg, 0.15 mmol)#&K I B TS Tt (1) 50 mL Jx
R . A TN i (1a, 0.1 mmol), —H
TEAA(2.0 mL), SA6(1.0 mL), K1z S B 78 5 in
I 60 C, M 24 h 5, AHEER, §H R E
=R, TR T, W4s, 27 B[t
A VCAEE) @ M(CRR B =10 11132 H A=) 2.
3.3 EMEEIE

IE 1) A B Y RAEEHE Y 5 22 SCHR[15~18]

1- R HE2- = S I BR JE-1- 27 (22)! Y 'TH NMR (400
MHz, CDCLy) §: 7.97~7.95 (m, 2H), 7.64 (t, J=7.6 Hz,
1H), 7.52 (t, J=7.6 Hz, 2H), 4.53 (s, 2H); >C NMR (101
MHz, CDCl3) &: 192.0 (s), 134.7 (s), 134.3 (s), 130.8 (q,
J=307 Hz), 129.0 (s), 128.4 (s), 38.4 (q, J=2.0 Hz); "°F
NMR (376 MHz, CDCl;) 5: —41.4 (s, 3F).

1-(4- AR R 3 2- = R P AR 2 - 1- 2 (2b) % 'H
NMR (400 MHz, CDCl3) 0: 7.93 (d, J=8.8 Hz, 2H), 6.96
(d, J=8.8 Hz, 2H), 4.48 (s, 2H), 3.89 (s, 3H); °C NMR
(101 MHz, CDCls) d: 190.5 (s), 164.5 (s), 130.9 (q, J=
307.3 Hz), 130.9 (s), 127.8 (s), 114.3 (s), 55.7 (s), 38.3 (q,
J=1.9 Hz); YF NMR (376 MHz, CDCl;) §: —41.4 (s,
3F).

1-(3- AL ) -2- = U B 4 -1- 4 (20) > 'H
NMR (400 MHz, CDCly) 6: 7.51 (d, J=7.6 Hz, 1H), 7.48
(s, 1H), 7.42 (td, J=7.6, 1.2 Hz, 1H), 7.18 (d, J=8.0 Hz,
1H), 4.51 (s, 2H), 3.87 (s, 3H); “C NMR (101 MHz,
CDCly) 8: 191.8 (s), 160.1 (s), 136.0 (s), 130.7 (q, J=307
Hz), 130.0 (s), 121.0 (s), 120.7 (s), 112.6 (s), 55.5 (s), 38.4
(q, J=2 Hz); ""F NMR (376 MHz, CDCl3) 5: —41.5 (s,
3F).
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1-2- AR R I )-2- = i P AR 2E-1- 2 )™ 'H
NMR (400 MHz, CDCl;) 6: 7.88 (d, J=7.6 Hz, 1H), 7.50
(t, J=7.2 Hz, 1H), 7.08~7.00 (m, 2H), 4.43 (s, 2H), 3.95
(s, 3H); *C NMR (101 MHz, CDCl;) 8: 193.2 (s), 159.0
(s), 135.2 (s), 131.4 (s), 130.9 (q, J=307 Hz), 124.7 (s),
121.1 (s), 111.6 (s), 55.7 (s), 42.5 (q, J=2.0 Hz); "’F NMR
(376 MHz, CDCly) 6: —41.6 (s, 3F).

1-(4- F 3 K 36)-2- = i AR 26 -1- 21 20)°: 'H
NMR (400 MHz, CDCLy) 6: 7.85 (d, J=8.0 Hz, 2H), 7.30
(d, J=8.0 Hz, 2H), 4.50 (s, 2H), 2.44 (s, 3H); °C NMR
(101 MHz, CDCly) 8: 191.2 (s), 145.4 (s), 132.2 (s), 130.7
(q, J=307.0 Hz), 129.6 (s), 128.5(s), 38.4 (q, J=2.0 Hz),
21.8 (s); ’F NMR (376 MHz, CDCl3) 5: —41.4 (s, 3F).

1-3- 3 E)-2- = H T E-1-28@2n" ) 'H
NMR (400 MHz, CDCl3) d: 7.75~7.73 (m, 2H), 7.45 (d,
J=17.6 Hz, 1H), 7.39 (t, J=7.6 Hz, 1H), 4.50 (s, 2H), 2.43
(s, 3H); *C NMR (101 MHz, CDCl;) 6: 192.1 (s), 138.9
(s), 135.0 (s), 134.7 (s), 130.8 (q, J=307.0 Hz), 128.9 (s),
128.8(s), 125.6(s), 38.5 (q, J=2.0 Hz), 21.3 (s); '°’F NMR
(376 MHz, CDCLy) 5: —41.4 (s, 3F).

1-(2- F 6 3 )-2- = 4 B 9 -1- 20 i 2g) ) 'H
NMR (400 MHz, CDCly) 6: 7.67 (dd, J=17.6, 0.8 Hz, 1H),
7.48~7.44 (m, 1H), 7.33~7.30 (m, 2H), 4.46 (s, 2H),
2.54 (s, 3H); C NMR (101 MHz, CDCl) : 194.7, 139.8,
134.6, 132.7, 132.5, 130.7 (q, J=307.0 Hz), 129.1, 126.0,
40.4 (q, J=2.0 Hz), 21.6; "’F NMR (376 MHz, CDCl;)
0: —41.4 (s, 3F).

1-(4- G0 3 )-2- = 50 F B 56 -1- B 2y 'H
NMR (400 MHz, CDCLy) 6: 7.91 (d, J=8.4 Hz, 2H), 7.49
(d, J=8.8 Hz, 2H), 4.47 (s, 2H); *C NMR (101 MHz,
CDCLy) d: 190.9 (s), 140.9 (s), 133.0 (s), 130.5 (q, J=
308.0 Hz), 129.8 (s), 129.4 (s), 38.2 (q, J=2.0 Hz); "°F
NMR (376 MHz, CDCl3) 5: —41.4 (s, 3F).

1-(3-FK I )-2- = 5 T R 2E-1- 2B (20 '"H NMR
(400 MHz, CDCly) 8: 7.93 (d, J=2.0 Hz, 1H), 7.85~7.82
(m, 1H), 7.63~7.61 (m, 1H), 7.47 (t, J=8.0 Hz, 1H), 4.48
(s, 2H); *C NMR (101 MHz, CDCl;) 6: 190.8 (s), 136.1
(s), 135.4 (s), 134.2 (s), 130.5 (q, J=308.1 Hz), 130.3 (s),
128.5 (s), 126.5 (s), 38.2 (q, J=2.0 Hz); ”F NMR (376
MHz, CDCly) §: —41.4 (s, 3F).

1-(4-1RZEHE)-2- = i AR - 1- 225" "H NMR
(400 MHz, CDCl3) 6: 7.81 (d, J=8.4 Hz, 2H), 7.65 (d, J=
8.4 Hz, 2H), 4.47 (s, 2H); >*C NMR (101 MHz, CDCL) ¢:
191.2 (s), 133.5 (s), 132.5 (s), 130.7 (q, J=306.7 Hz),
130.0 (s), 129.8 (s), 38.2 (q, J=1.9 Hz); F NMR (376

http://sioc-journal.cn/ 235
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MHz, CDCly) 9: —41.4 (s, 3F).

1-(3- 18 2% 36 )-2- = 4 F B 56 -1- 2 B k)1 'H
NMR (400 MHz, CDCl;) 6: 8.08 (t, J=1.6 Hz, 1H),
7.89~7.86 (m, 1H), 7.78~7.75 (m, 1H), 7.40 (t, J=8.0
Hz, 1H), 4.48 (s, 2H). *C NMR (101 MHz, CDCl;) o:
190.7 (s), 137.1 (s), 136.3 (s), 131.4 (s), 130.5 (q, J=308.1
Hz), 130.5 (s), 126.9 (s), 123.3 (s), 38.2 (q, J=2.0 Hz); "°F
NMR (376 MHz, CDCl;) 5: —41.4 (s, 3F).

1-(4- R 3 )-2- = 5 AR 2 -1- 2D "H NMR
(400 MHz, CDCl3) d: 8.02~7.98 (m, 2H), 7.19 (t, J=8.4
Hz, 2H), 4.49 (s, 2H); *C NMR (101 MHz, CDCl;) ¢:
190.4 (s), 166.4 (d, J=258.6 Hz), 131.2 (d, J=10.1 Hz),
130.6 (q, J=307.0 Hz), 116.2 (d, J=22.2 Hz), 38.2 (q, J=
2.0 Hz); "F NMR (376 MHz, CDCly) 6: —41.5 (s,
3F), —102.6 (s, 1F).

1-(3- 3 2% 36 )-2- = 40 F B 56 -1- 2 B 2m)™™: 'H
NMR (400 MHz, CDCly) 0: 7.75~7.72 (m, 1H), 7.67~
7.64 (m, 1H), 7.54~7.49 (m, 1H), 7.38~7.33 (m, 1H),
4.49 (s, 2H); *C NMR (101 MHz, CDCl5) §: 190.8 (d, J=
2.0 Hz), 162.9 (d, J=49.5 Hz), 136.6 (d, J=6.0 Hz), 130.8
(q, J=8.1 Hz), 130.5 (q, J=308.1 Hz), 124.2 (d, J=4.0
Hz), 121.4 (d, J=22.2 Hz), 115.2 (d, J=22.2 Hz), 38.2 (q,
J=2.0 Hz); ”F NMR (376 MHz, CDCL) §: —41.4 (s,
3F), —111.1 (s, 1F).

1-(4- 0 2R 56)-2- = i AR 2 -1- 2 2n)™: 'H
NMR (400 MHz, CDCl3) : 8.06 (d, J=8.4 Hz, 2H), 7.83
(d, J=8.8 Hz, 2H), 4.49 (s, 2H); *C NMR (101 MHz,
CDCls) 6: 190.9 (s), 137.5 (s), 132.8 (s), 130.3 (q, J=
308.1 Hz), 128.8 (s), 117.5 (s), 38.0 (q, J=2.0 Hz); "F
NMR (376 MHz, CDCls) 5: —41.4 (s, 3F).

4-(2-( =5 R JL)) £ TR K YRR B (20)1 Y 'H
NMR (400 MHz, CDCLy) 6: 8.16 (d, J=8.4 Hz, 2H), 8.01
(d, J=8.4 Hz, 2H), 4.53 (s, 2H), 3.96 (s, 3H); *C NMR
(101 MHz, CDCls) 8: 191.8 (s), 166.0 (s), 137.9 (s), 135.1
(s), 130.7 (q, J=307.5 Hz), 130.3 (s), 128.5 (s), 52.8 (s),
38.6 (g, J=1.9 Hz); F NMR (376 MHz, CDCl;) o:
—41.4 (s, 3F).

1-(4- = 50 32 28 3 )-2- = U A 2 -1- 2 B (2p) '™ :
'H NMR (400 MHz, CDCl;) d: 8.07 (d, J=8.0 Hz, 2H),
7.79 (d, J=8.4 Hz, 2H), 4.51 (s, 2H); *C NMR (101 MHz,
CDCly) d: 191.2 (s), 137.3 (s), 135.5 (q, J=33.3 Hz),
130.4 (q, J=307.0 Hz), 128.8 (s), 126.1 (q, J=4.0 Hz),
123.3 (q, J=273.7 Hz), 38.2 (q, J=2.0 Hz); “F NMR
(376 MHz, CDCl3) 0: —41.4 (s, 3F), —63.3 (s, 3F).

1-(3- =550 FF 3 2R 3 )-2- = G F AR - 1- T (2 )
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'H NMR (400 MHz, CDCL) J: 8.2 (s, 1H), 8.15 (d, J=8.0
Hz, 1H), 7.90 (d, J=8.0 Hz, 1H), 7.68 (t, J=7.6 Hz, 1H),
4.52 (s, 2H); "C NMR (101 MHz, CDCl;) J: 190.8 (s),
135.2 (s), 131.7 (q, J=33.3 Hz), 131.5 (s), 130.6 (q, J=
4.0 Hz), 130.4 (q, J=308.1 Hz), 129.8 (s), 125.2 (q, J=
4.0 Hz), 123.4 (q, J=273.7 Hz), 38.1(q, J=2.0 Hz); "F
NMR (376 MHz, CDCly) 6: —41.4 (s, 3F), —62.9 (s,
3F).

HBh A4 &l (Supporting Information) 141 1) 2 1L 1L
Tk, PLHEIGUE ) SEE P R, DA RS Y R ALTE K
(B Bk, S, X Seb kb nT DL A 9 AT ) ik
(http:// sioc-journal.cn/) I T %k,
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