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Copper-Catalyzed Hydroxytrifluoromethylthiolation of Arylpropynones
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Abstract Recently, the preparation of fluorinated compounds through difunctionalization strategies has become a hot
research area in fluorine chemistry. In this work, a copper-catalyzed hydroxytrifluoromethylthiolation of arylpropynones for
the synthesis of the corresponding trifluoromethylthiolated enols was developed. The copper salt and solvent are crucial to the
yields of this reaction. Under optimized reaction conditions, a series of trifluoromethylthiolated enols were obtained in
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moderate to good yields.
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1 Introduction

The incorporation of fluorine-containing groups into or-
ganic compounds can substantially change the chemical,
physical, and biological properties."'’ Among various fluo-
rine-containing groups, the trifluoromethylthio group
(CF;S) has recently experienced a strong acceleration of
interest because of its remarkable properties, in particular
the strong electron-withdrawing effect and extremely high
lipophilicity.”) Consequently, the development of new
trifluoromethylthiolating reagents and new trifluorome-
thylthiolation reactions has provided sought-after strategies
for the preparation of SCF;-containing compounds.”

Recently, difunctionalization reactions have become one
of the most powerful strategies for the preparation of fluo-
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rinated compounds with simultaneous introduction of a
fluorine or fluoroalkyl group with another functional group
into organic molecules. This strategy has been widely ap-
plied in the synthesis of SCF;-containing compounds.' ™
For example, a series of trifluoromethylthiolated alkenes
have been prepared by difunctionalization of alkynes. Cao
and co-workers reported the anti-Markovnikov- and Mar-
kovnikov-selective hydrotrifluoromethylthiolation of ter-
minal alkynes with AgSCF;.”! Recently, Liu'® and our
group'® respectively disclosed the tandem trifluorome-
thylthiolation/aryl migration of aryl propynyl ethers or aryl
alkynoates for the preparation of corresponding trifluoro-
methylthiolated alkenes. The stereoselective bis-trifluoro-
methylthiolation of alkynes was reported by Tlili and
Billard"" as well as by our group.l”” Very recently, Yi and
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Zhang et al™ developed a chlorotrifluoromethylthiolation
of alkynes using CF;SO,Cl as a bifunctionalization rea-
gent.

Oxytrifluoromethylthiolation of alkynes is a useful bi-
functionalization reaction because O-containing groups
(OSO,R, OCOR, OH, etc.) could be readily transformed to
other functional groups. The Billard group™® first reported
the oxytrifluoromethylthiolation of alkynes with an elec-
trophilic trifluoromethylthiolating reagent under BF;¢Et,0
activation (Scheme 1a). Recently, Zhao et al.®™ disclosed
a selenide-catalyzed regio- and stereo-selective difunction-
alization of alkynes to afford trifluoromethylthiolated
alkenyl triflates (Scheme 1b). However, these electrophilic
processes are limited to electron-rich alkynes. To the best
of our knowledge, the oxytrifluoromethylthiolation of al-
kynes bearing electron-withdrawing substituents remains
underexplored. To extend the substrate scope of oxytri-
fluoromethylthiolation, and as part of our continued inter-
est in the difunctionalization reactions,**™® ! herein
we disclose a copper-catalyzed oxidative hydroxytrifluo-
romethylthiolation of arylpropynones with AgSCF;
(Scheme 1c).
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Scheme 1  Oxytrifluoromethylthiolation of alkynes

2 Results and discussion

Our initial attempt began by employing 4-phenylbut-
3-yn-2-one (1a) as the model substrate with AgSCF; and
H,0 as the SCF; and OH sources, respectively (Table 1).
However, the reaction in the presence of (NH,;),S,0g in
MeCN could not yield the desired trifluoromethylthiolated
enol 2a (Entry 1). To our delight, 2a was formed in 32%
yield when catalytic Cu(OAc), was added to the reaction
mixture (Entry 2). The screening of oxidants demonstrated
that original (NH,4),S,0g was the best of choice (Entries
3~35). Subsequently, a series of Cu salts including CuCl,,
CuF,, CuSO,, CuCl, Cu(OTf),, Cu(TFA),, and CuCN were
investigated (Entries 6~12), but none of them gave better
result. The addition of catalytic monodentate or bidentate
ligand was found to be beneficial for the yield (Entries
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13~19). Among the ligands L1~L7 tested, 4,4'-dimethyl-
2,2"-bipyridine (dmbpy, L3) was optimal, affording 2a in
46% yield (Entry 15). Finally, the effect of solvent on the
reaction was examined. Switching MeCN to THF, DMF,
or MeCN/H,O resulted in much lower yields (Entries 20~
22). The use of HOAc or HCO,H as a co-solvent could
sharply improve the yields (Entries 23 and 24), whereas
slightly lower yield was obtained when the reaction was
performed in MeCN/TFA (Entry 25).

Table 1 Optimization of reaction conditions *

Q/ Me . AGSCE Hzgd;ﬁ?: " ©)\(”\

9 ® “solvent, “solvent, 70°C_ SCF3
M A
a v
: ~
4 | i
Y N
SN - S . S SN L7
Entry Oxidant Additive Solvent Yield®/%

1 (NHy),S,08 — MeCN 0
2 (NHy);S,053 Cu(OAc), MeCN 32
3 Na,S,0q Cu(OAc), MeCN 29
4 K,S,04 Cu(OAc), MeCN 22
5 TBHP Cu(OAc), MeCN Trace
6  (NH4),S,053 CuCl, MeCN 24
7  (NHy),S,03 CuF, MeCN 27
8  (NHy),S,0g3 CuSO, MeCN 15
9  (NHy),S,03 Cu(OTH), MeCN 19
10 (NHy),S,03 Cu(TFA), MeCN 11
11 (NHy),S,053 CuCl MeCN 24
12 (NHy),S,03 CuCN MeCN 19
13 (NHy),S;03 Cu(OAc),/L1 MeCN 38
14 (NHy),S;03 Cu(OAc),/L2 MeCN 35
15 (NHy),S;03 Cu(OAc),/L3 MeCN 46
16  (NHy),S;03 Cu(OAc),/L4 MeCN 41
17 (NHy),S;03 Cu(OAc),/L5 MeCN 33
18  (NHy),S;03 Cu(OAc),/L6 MeCN 40
19 (NHy),S;03 Cu(OAc),/L7 MeCN 34
20 (NH4),S,053 Cu(OAc),/L3 THF 13
21 (NHy),S,053 Cu(OAc),/L3 DMF 19
22¢  (NHy);S,053 Cu(OAc),/L3 MeCN/H,O 8

23 (NH,),S,05 Cu(OAc)/L3 MeCN/HOAc 68

24°  (NH,),S,05 Cu(OAc)/L3 MeCN/HCO,H 89

25 (NH,),S,05 Cu(OAc)y/L3 MeCN/TFA 35
¢ Reaction conditions: 1a (0.1 mmol), AgSCF; (0.2 mmol), H,O (0.3 mmol),
oxidant (0.2 mmol), additive (0.02 mmol), solvent (2.0 mL), under N,, 70 C,
3 h. * Yields determined by '’F NMR spectroscopy using trifluoromethyben-
zene as an internal standard. ¢ MeCN/co-solvent (1.0 mL/1.0 mL).

With the optimized reaction conditions in hand (Table 1,
Entry 19), the scope and limitation of hydroxytrifluorome-
thylthiolation of arylpropynones were studied. As shown in
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Table 2, a series of 4-arylbut-3-yn-2-ones (1a~10) were
converted to the corresponding trifluoromethylthiolated
enols in moderate to high yields. Notably, in all cases,
traces amounts of trifluoromethylthiolated 1,3-diketones
could be detected. This reaction exhibited good functional
group compatibility, and different functional groups such
as methoxy, fluoro, chloro, nitro, cyano, and trifluorome-
thyl were well tolerated. Furthermore, the electronic and
steric effect of substituent groups exerted a clear influence
on this transformation. In general, ortho-substituted (1k)
and meta-substituted (1¢) substrates distinctly affected the
yields, and substrates with electron-deficient moieties (1n,
1o0) gave much lower yields than those with electron-rich
moieties (1b, 1f). Gratifyingly, this transformation pro-
ceeded smoothly for the substrates with a naphthyl group
(Im) or a heterocyclic group (2-thienyl, 1p). The final
concern was that 1-phenylpent-1-yn-3-one (1q) also
showed good compatibility in this reaction system. Nota-
bly, when diaryl propynones (R*=aryl) were subjected to
the standard conditions, cascade trifluoromethylthiolation
and cyclization happened affording trifluoromethylthiolat-
ed indenones as the major products.!'""

On the basis of previous reports, a plausible reaction
mechanism was proposed (Scheme 2). Initially, AgSCF; is
oxidized by (NH,4),S,0g to furnish the SCF; radical.>'!
Then, the addition of SCF; radical to arylpropynones gen-
erates radical intermediate A, which is then oxidized to
cation intermediate B by Cu'/(NH,4),S,05 (path A). Final-
ly, the attack of cation B with H,O furnishes the desired
product 2. However, an alternative pathway involving the
formation of Cu™-complex C!"*! can not be excluded (path
B).

L3Cu'L-
path B

P T«

SCF3 Cu”L3 s

-SCF,
CUH 2' Hzo
J 5,02 < pathA cu'Ls

AgSCF5 on o
H20 » Ar X R

SCF3 SCF,

B 2

Scheme 2 Proposed reaction mechanism

3 Conclusions

In conclusion, we have developed a copper-catalyzed
hydroxytrifluoromethylthiolation of arylpropynones with
AgSCF; and H,O as the SCF; and OH sources, respective-
ly. This work represents the first example of oxytrifluoro-
methylthiolation of alkynes bearing electron-withdrawing
substituents. A series of trifluoromethylthiolated enols
were obtained in moderate to high yields. We believe that
this protocol will find applications in the preparation of
useful building blocks and bio-relevant molecules.
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Table 2 Hydroxytrifluoromethylthiolation of arylpropynones “

o)
R Hz0, (NH,);8,05 ™9
Z Cu(OAc),, L3 XXy R2
+ AgSCF; ————————
| / P 9553 T MeCNHCO,H |// SCF,
70°C, 3 h R 2
OH O OH O OH O
©)\/”\ /@)\(u\ Me\@M
F
SCFs e SCF, SCF;,
2a, 78% 2b, 72% 2c, 44%
OH O OH O OH O
SCF SCF
Et 3 n-Bu ® MeO SCFs
2d, 59% 2e, 52% 2f, 66%

OH O OH O OH O
w FW w
. SCF, SCFs SCF,

29, 51% 2h, 53% 2i, 60%
Cl OH O
2j, 55% 2k, 37% 21, 41%
O OH O OH O OH O
saalisaciisas
SCF SCF
* NC ® O,N SCFs
2m, 73% 2n, 36% 20, 26%
OH O OH O
W @AKM
\ SCF3 SCF3

2p, 57% 2q, 61%

“ Reaction conditions: 1 (0.5 mmol), AgSCF; (1.0 mmol), H,O (1.5 mmol),
(NH4),S,05 (1.0 mmol), Cu(OAc), (0.1 mmol), L3 (0.1 mmol), MeCN/
HCO,H (5.0 mL/5.0 mL), under N, 70 ‘C, 3 h, isolated yields.

4 Experimental section

4.1 General information

'H NMR and "’F NMR (CFCl; as outside standard and
low field is positive) spectra were recorded on a Bruker
AM 400 spectrometer. *C NMR spectra were recorded on
a Bruker AM 400 spectrometer. High resolution mass
spectra (HRMS) were performed using a GC/MS TOF
high-resolution mass spectrometer equipped with a liquid
chromatography system. IR spectra were recorded on a
Thermo Scientific Nicolet 380 FT-IR spectrometer.

4.2 General procedure for hydroxytrifluoromethyl-
thiolation of arylpropynones

A mixture of arylpropynone 1 (0.50 mmol), AgSCF;
(208.9 mg, 1.0 mmol), H,O (27 pL, 1.5 mmol), (NHy),-
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S,05 (228.2 mg, 1.0 mmol), Cu(OAc), (18.2 mg, 0.1
mmol), and 4,4'-dimethyl-2,2-bipyridine (18.4 mg, 0.1
mmol) was added tube that was sealed with a septum. The
mixture was evacuated and backfilled with nitrogen three
times. MeCN (5.0 mL) and HCO,H (5.0 mL) were added
to the tube. Then, the tube was stirred at 70 ‘C for 3 h.
After the reaction was complete, saturated NH,4Cl solution
was added. The resulting mixture was extracted with
EtOAc for three times. The combined organic layer was
dried over anhydrous Na,SO, and concentrated under re-
duced pressure. The residue was purified by silica gel
column chromatography to give product 2.
(E)-4-Hydroxy-4-phenyl-3-(trifluoromethylthio)but-3-
en-2-one (2a)!"’: yellow oil, 102.7 mg, 78% yield. 'H
NMR (400 MHz, CDCly) d: 7.56~7.51 (m, 2H), 7.44~
7.38 (m, 1H), 7.38~7.32 (m, 2H), 2.48 (s, 3H); °C NMR
(101 MHz, CDCly) o: 201.7, 195.0, 135.7, 127.9, 131.3,
129.1 (g, J=312.1 Hz), 128.7, 95.4, 25.2; '°’F NMR (376
MHz, CDCl;) §: —45.85 (s, 3F).
(E)-4-Hydroxy-4-p-tolyl-3-(trifluoromethylthio)but-3-
en-2-one (2b): yellow oil, 99.2 mg, 72% yield. '"H NMR
(400 MHz, CDCl,) J: 7.48 (d, J=8.2 Hz, 2H), 7.16 (d, J=
7.9 Hz, 2H), 2.48 (s, 3H), 2.33 (s, 3H); °C NMR (101
MHz, CDCl;) d: 200.6, 193.7, 141.0, 131.8, 128.1 (q, J=
312.1 Hz), 127.9, 127.6, 94.0, 24.1, 20.5; "°F NMR (376
MHz, CDCl;) 6: —45.89 (s, 3F); IR (film) v: 3678, 2933,
1609, 1397, 1100, 825, 750, 565 cm™'; MS (ESI) m/z: 277
[M+H]+, HRMS (ESI-TOF) calcd for C12H12F302S [M+
H]': 277.0505, found 277.0506.
(E)-4-Hydroxy-4-m-tolyl-3-(trifluoromethylthio)but-3-
en-2-one (2¢): yellow oil, 61.0 mg, 44% yield. '"H NMR
(400 MHz, CDCl;) o: 7.30 (s, 2H), 7.19~7.18 (m, 2H),
2.44 (s, 3H), 2.27 (s, 3H); *C NMR (101 MHz, CDCl5) ¢:
200.6, 194.2, 136.7, 134.6, 131.0, 128.2 (q, J=312.1 Hz),
128.1, 126.7, 124.8, 94.3, 24.2, 20.3; "°F NMR (376 MHz,
CDCl3) 9: —45.84 (s, 3F); IR (film) v: 3661, 2987, 1695,
1409, 1107, 738 cm™'; MS (ESI) m/z: 277 [M+H]";
HRMS (ESI-TOF) calcd for C|2H12F3OQS [M + H] * .
277.0505, found 277.0503.
(E)-4-(4-Ethylphenyl)-4-hydroxy-3-(trifluoromethylthio)-
but-3-en-2-one (2d): yellow oil, 85.9 mg, 59% yield. 'H
NMR (400 MHz, CDCl) o: 7.51 (d, J=8.2 Hz, 2H), 7.18
(d, J=8.2 Hz, 2H), 2.63 (q, J=7.6 Hz, 2H), 2.49 (s, 3H),
1.19 (t, J=7.6 Hz, 3H); C NMR (101 MHz, CDCl;) ¢:
201.7, 194.6, 148.2, 133.0, 129.2 (q, J=312.1 Hz), 129.1,
127.4,95.1, 28.9, 25.3, 15.1; "’F NMR (376 MHz, CDCl,)
0. —45.87 (s, 3F); IR (film) v: 3676, 2969, 1609, 1397,
1102, 1018, 838, 751 cm™'; MS (ESI) m/z: 291 [M+H]";
HRMS (ESI-TOF) calecd for C|3H14F3OQS [M + H] * .
291.0661, found 291.0662.
(E)-4-(4-Butylphenyl)-4-hydroxy-3-(trifluoromethylthio)-
but-3-en-2-one (2e): yellow oil, 83.2 mg, 52% yield. 'H
NMR (400 MHz, CDCl;) o: 7.50 (d, /=8.2 Hz, 2H), 7.16
(d, J=7.9 Hz, 2H), 2.58 (t, J/=8.0 Hz, 2H), 2.48 (s, 3H),
1.57~1.51 (m, 2H), 1.31~1.28 (m, 2H), 0.85 (t, J=7.2
Hz, 3H); "C NMR (101 MHz, CDCl3) §: 200.6, 193.6,
145.9, 131.9, 128.2 (q, J=312.1 Hz), 128.0, 126.9, 94.0,
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34.6,32.2,24.3,21.3, 12.9; "’F NMR (376MHz, CDCl;) ¢:
—45.87 (s, 3F); IR (film) v: 3673, 2960, 1681, 1603, 1403,
1101, 747 cm™'; MS (ESI) m/z: 319 [M+H]"; HRMS
(ESI-TOF) caled for CsHgF30,S [M+H]": 319.0974,
found 319.0973.
(E)-4-Hydroxy-4-(4-methoxyphenyl)-3-(trifluoromethyl-
thio)but-3-en-2-one (2f): yellow oil, 96.9 mg, 66% yield.
'H NMR (400 MHz, CDCl;) §: 7.65 (d, J=8.9 Hz, 2H),
6.86 (d, J=8.9 Hz, 2H), 3.80 (s, 3H), 2.49 (s, 3H); "°C
NMR (101 MHz, CDCl3) d: 200.4, 192.5, 161.3, 130.4,
128.2 (q, J=313.1 Hz), 126.8, 112.2, 93.5, 54.4, 24.3; "°F
NMR (376 MHz, CDCl;) §: —45.97 (s, 3F); IR (film) v:
3668, 2965, 1602, 1253, 1100, 837, 752 cm™'; MS (ESI)
m/z: 293 [M + H] "; HRMS (ESI-TOF) caled for
C1oH,F30;S [M+H]': 293.0454, found 293.0455.
(E)-4-(4-Fluorophenyl)-4-hydroxy-3-(trifluoromethyl-
thio)but-3-en-2-one (2g): yellow oil, 71.7 mg, 51% yield.
'H NMR (400 MHz, CDCly) 0: 7.62~7.58 (m, 2H), 7.05
(t, J=8.6 Hz, 2H), 2.49 (s, 3H); "C NMR (101 MHz,
CDCl3) 8: 200.5, 192.8, 163.4 (d, J=251.5 Hz), 130.8 (d,
J=4.0 Hz), 130.3 (d, J=9.1 Hz), 128.0 (q, J=312.1 Hz),
114.1 (d, J=22.2 Hz), 94.1, 24.1; '’F NMR (376 MHz,
CDCl3) 8: —45.91 (s, 3F), —107.30 (s, 1F); IR (film) v:
3667, 2984, 1603, 1406, 1104, 841, 748 cm™'; MS (ESI)
m/z: 281 [M + H] "; HRMS (ESI-TOF) caled for
C11HoF,40,S [M~+H]": 281.0254, found 281.0254.
(E)-4-(3-Fluorophenyl)-4-hydroxy-3-(trifluoromethyl-
thio)but-3-en-2-one (2h): yellow oil, 74.5 mg, 53% yield.
'H NMR (400 MHz, CDCl;) : 7.32~7.31 (m, 2H),
7.25~7.22 (m, 1H), 7.13~7.09 (m, 1H), 2.48 (s, 3H); "°C
NMR (101 MHz, CDCl;) d: 201.5, 193.9, 162.0 (d, J=
248.5 Hz), 137.7 (d, J=7.1 Hz), 129.6 (d, J=8.1 Hz),
129.0 (q, J=312.1 Hz), 124.4 (d, J=3.0 Hz), 118.2 (d,
J=21.2 Hz), 115.8 (d, J=23.2 Hz), 95.5, 25.0; '’F NMR
(376 MHz, CDCL3) §: —45.80 (s, 3F), —112.27 (s, IF);
IR (film) v: 3670, 2983, 1610, 1435, 1098, 877, 749 cm ™ ;
MS (ESI) m/z: 281 [M+H]"; HRMS (ESI-TOF) calcd for
C1HoF,40,S [M~+H]": 281.0254, found 281.0256.
(E)-4-(4-Chlorophenyl)-4-hydroxy-3-(trifluoromethyl-
thio)but-3-en-2-one (2i): yellow oil, 88.7 mg, 60% yield.
'H NMR (400 MHz, CDCls) §: 7.50 (d, J=8.6 Hz, 2H),
7.33 (d, J=8.6 Hz, 2H), 2.48 (s, 3H); >C NMR (101 MHz,
CDCl3) 6: 200.5, 192.9, 136.6, 133.0, 129.2, 128.0 (s, J=
312.1 Hz), 127.2, 94.2, 24.1; "F NMR (376 MHz, CDCl5)
5. —45.84 (s, 3F); IR (film) v: 3663, 2978, 1607, 1397,
1092, 1013, 835, 750 cm™'; MS (ESI): m/z 297 [M+H];
HRMS (ESI-TOF) caled for C;;HoCIF;0,S [M+H] :
296.9958, found 296.9956.
(E)-4-(3-Chlorophenyl)-4-hydroxy-3-(trifluoromethyl-
thio)but-3-en-2-one (2j): yellow oil, 81.4 mg, 55% yield.
'H NMR (400 MHz, CDCly) d: 7.51 (t, J=1.9 Hz, 1H),
7.43~7.35 (m, 2H), 7.29 (t, J=7.9 Hz, 1H), 2.48 (s, 3H);
C NMR (101 MHz, CDCl;) d: 201.5, 193.9, 137.4, 134.0,
131.2, 129.3, 129.0 (q, J=312.1 Hz), 128.6, 126.8, 95.5,
25.0; 'F NMR (376 MHz, CDCl3) §: —45.75 (s, 3F); IR
(film) v: 3665, 2980, 1514, 1397, 1104, 888, 738, 552
ecm™'; MS (ESI) m/z: 297 [M+H]"; HRMS (ESI-TOF)
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caled for C;HoCIF;0,S [M+H]":
296.9960.
(E)-4-(2-Chlorophenyl)-4-hydroxy-3-(trifluoromethyl-
thio)but-3-en-2-one (2k): yellow oil, 55.2 mg, 37% yield.
'H NMR (400 MHz, CDCl;) 0: 7.34~7.23 (m, 4H), 2.47
(s, 3H); *C NMR (101 MHz, CDCl;) §: 199.7, 195.2,
135.9, 131.2, 130.8, 129.4, 129.2 (q, J=312.1 Hz), 128.8,
126.6, 97.8, 24.5; "’F NMR (376 MHz, CDCl;) 9: —45.31
(s, 3F); IR (film) v: 3673, 2990, 1588, 1400, 1104, 753
em '; MS (ESI) m/z: 297 [M+H]"; HRMS (ESI-TOF)
caled for C; HyCIF;0,S [M+ H] " : 296.9958, found
296.9957.
(E)-4-Hydroxy-4-(4-(trifluoromethyl)phenyl)-3-(trifluo-
romethylthio)but-3-en-2-one (21): yellow oil, 68.0 mg,
41% yield. "H NMR (400 MHz, CDCL;) d: 7.66~7.61 (m,
4H), 2.52 (s, 3H); °C NMR (101 MHz, CDCl;) §: 200.6,
193.1, 138.1, 131.7 (q, J=33.3 Hz), 127.9 (q, J=312.1
Hz), 127.9, 124.0 (q, /=3.0 Hz), 122.6 (q, J=272.7 Hz),
94.7, 24.0; F NMR (376 MHz, CDCl;) 0: —45.72 (s,
3F), —63.05 (s, 3F); IR (film) v: 3676, 2990, 2899, 1400,
1321, 1068, 889 cm™'; MS (ESI) m/z: 331 [M+H]";
HRMS (ESI-TOF) caled for C,HoFs0,S [M+H]":
331.0222, found 331.0221.
(E)-4-Hydroxy-4-(naphthalen-1-yl)-3-(trifluoromethyl-
thio)but-3-en-2-one (2m): yellow oil, 114.3 mg, 73% yield.
'H NMR (400 MHz, CDCL;) J: 7.86 (d, J=8.1 Hz, 1H),
7.81~7.79 (m, 1H), 7.67~7.65 (m, 1H), 7.47~7.40 (m,
3H), 7.38~7.36 (m, 1H), 2.53 (s, 3H); *C NMR (101
MHz, CDCl;) é: 200.3, 195.7, 132.5, 132.2, 129.6, 128.6,
1279 (q, J=312.1 Hz), 127.5, 126.1, 125.3, 125.0, 123.5,
123.4,97.1,24.2; "F NMR (376 MHz, CDCl;) §: —45.48
(s, 3F); IR (film) v: 3676, 2990, 2905, 1515, 1403, 1116,
1061, 783 cm '; MS (ESI) m/z: 313 [M+H]"; HRMS
(ESI-TOF) caled for C;sH,F;0,S [M+H]": 313.0505,
found 313.0503.
(E)-4-(1-Hydroxy-3-oxo-2-(trifluoromethylthio)but-1-en
yl)benzonitrile (2n): yellow oil, 52.0 mg, 36% yield. 'H
NMR (400 MHz, CDCl;) o: 7.67 (d, J=8.4 Hz, 2H), 7.61
(d, J=8.4 Hz, 2H), 2.51 (s, 3H); °C NMR (101 MHz,
CDCl;) ¢: 200.6, 192.8, 138.8, 130.8, 128.1, 127.8 (q, J=
312.1 Hz), 116.9, 113.7, 94.7, 23.9; 'F NMR (376 MHz,
CDCl3) 9: —45.68 (s, 3F); IR (film) v: 3672, 2928, 2231,
1530, 1401, 1105, 840, 732 cm '; MS (ESI) m/z: 288
[M+H]"; HRMS (ESI-TOF) caled for C;,H,F;NO,S
[M-+H]": 288.0301, found 288.0298.
(E)-4-Hydroxy-4-(4-nitrophenyl)-3-(trifluoromethylthio)-
but-3-en-2-one (20): yellow oil, 40.3 mg, 26% yield. 'H
NMR (400 MHz, CDCl;) o: 8.22 (d, /=8.2 Hz, 2H), 7.67
(d, J=7.9 Hz, 2H), 2.51 (s, 3H); *C NMR (101 MHz,
CDCl;) 6 200.6, 192.7, 148.0, 140.6, 128.5, 127.8 (q, J=
313.1 Hz), 122.2, 94.8, 23.9; "°F NMR (376 MHz, CDCl,)
0. —45.68 (s, 3F); IR (film) v: 3673, 2996, 2899, 1527,
1401, 1107, 862, 832, 708 cm™'; MS (ESI) m/z: 308 [M+
H]"; HRMS (ESI-TOF) calcd for C;;HoF5NO,S [M+H]":
308.0199, found 308.0199.
(E)-4-Hydroxy-4-(thiophen-2-yl)-3-(trifluoromethylthio)-
but-3-en-2-one (2p): yellow oil, 76.9 mg, 57% yield. 'H

296.9958, found
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NMR (400 MHz, CDCLy) 6: 8.23 (dd, J=4.0, 1.3 Hz, 1H),
7.64 (dd, J=5.0, 1.3 Hz, 1H), 7.07 (dd, J=5.0, 4.0 Hz,
1H), 2.47 (s, 3H); *C NMR (101 MHz, CDCl;) 6: 201.4,
183.9, 137.5, 136.6, 135.7, 129.1 (q, J=313.1 Hz), 127.6,
92.8, 25.2; F NMR (376 MHz, CDCly) 0: —45.23 (s,
3F); IR (film) v: 3674, 2993, 1513, 1408, 1096, 858, 718,
562 cm™'; MS (ESI): m/z 269 [M+H]"; HRMS (ESI-
TOF) caled for CoHgF30,S, [M+H]™: 268.9912, found
268.9910.

(E)-1-Hydroxy-1-phenyl-2-(trifluoromethylthio)pent-1-
en-3-one (2q): yellow oil, 84.6 mg, 61% yield. '"H NMR
(400 MHz, CDCl) 6: 7.57~7.50 (m, 2H), 7.41 (d, J=7.3
Hz, 1H), 7.37~7.33 (m, 2H), 2.97~2.83 (m, 2H), 1.15 (t,
J=17.4 Hz, 3H); °C NMR (101 MHz, CDCl;) d: 204.5,
192.9, 134.5, 130.1, 128.0 (q, J=312.1 Hz), 127.7, 126.8,
93.8, 29.9, 8.1; 'F NMR (376 MHz, CDCl;) §: —45.79
(s, 3F); IR (film) v: 3673, 2984, 1530, 1397, 1100, 692,
543 cm~'; MS (ESI) m/z: 277 [M+ H]"; HRMS
(ESI-TOF) caled for Cj,H,F30,S [M+H]™: 277.0505,
found 277.0507.

Supporting Information Preparation of substrates. 'H
NMR, “C NMR, and "°F NMR spectra for all new com-
pounds. The Supporting Information is available free of
charge via the Internet at http://sioc-journal.cn/.
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