Synlett C. Zheng et al.

Ag(l)-Mediated Oxidative Radical Trifluoromethylthiolation of

Alkenes

Changge Zheng**®
Yang Liu?

Jianquan Hong®
Shuai Huang?®

Wei Zhang®
Yupeng Yang?

Ge Fang®

2 Key Laboratory of Synthetic and Biological Colloids, Ministry
of Education, School of Chemical and Material Engineering,
Jiangnan University, Wuxi, Jiangsu 214122, P. R. of China
cgzheng@jiangnan.edu.cn

bSchool of Chemical Engineering, Xinjiang Agricultural
University, Urumqi 830052, Xinjiang Uygur Autonomous
Region, P. R. of China

Received: 11.03.2019

Accepted after revision: 29.04.2019

Published online: 15.05.2019

DOI: 10.1055/5-0037-1611546; Art ID: st-2019-10143-|

Abstract A simple, mild, and efficient method for an oxidative radical
trifluoromethylthiolation of alkenes through AgSCF;/K,S,05 system has
been developed. This reaction provides a straightforward way to syn-
thesize a variety of useful a-SCF;-substituted ketone compounds from a
wide range of alkenes in moderate to good yields.
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The trifluoromethylthio (SCF;) group exhibits many
unique properties in extremely high lipophilicity, strong
electron-withdrawing effect, and desirable bioactivities,’
with the highest Hansch parameter (7R = 1.44) among com-
mon fluorine-containing groups.? Introducing the SCF;
group into the small molecules efficiently can bring great
effects to its physical and chemical properties as well as
metabolic stability.?> The trifluoromethylthiolated com-
pounds show increasingly important application prospects
in medicine, pesticide, and materials.* Therefore, the new
effective approach for trifluoromethylthiolation of organic
molecules has always drawn great attention in considerable
progress of synthetic methods. Many trifluoromethylthiola-
tion approaches have been developed by using nucleophil-
ic,> electrophilic,® and free-radical SCF; reagents.” The tri-
fluoromethylthiolation through the SCF; radical pathway
has been a hot topic in this field very recently.® In 2014, the
primitive AgSCF;/K,S,05 system was developed and
achieved addition/ring-closing reaction of activated alkenes
through SCF; radical by Wang.”® Due to the biological activi-
ties of drug molecules with the a-SCF;-substituted ketone
motifs, the a-SCF;-substituted ketone analogues have been
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important structural motifs in medicinal chemistry, such as
cefazaflur and cephalosporin derivatives.® Numerous a-
SCF;-substituted ketone compounds have been synthesized
and achieved significant advances in the field of organofluo-
rine and medicinal chemistry.

In general, synthetic methods of a-SCF;-substituted ke-
tone compounds were developed mainly through reaction
of different SCF; sources and corresponding starting mate-
rials such as a-halo ketones, ! aryl ketones,!! carboxylic ac-
ids,'? and others!3 (Scheme 1, a). In view of some shortcom-
ings of these synthetic methods, such as preactivation being
required for the substrate, harsh reaction conditions, poor
substrate tolerance, and no high reaction yield, an efficient
trifluoromethylthiolation method has always been the key
pursuing goal for the synthesis of a-SCF;-substituted ketone
compounds, especially in using readily available substrates
under mild conditions.

Recently, Singh reported the synthesis of a-SCF;-substi-
tuted ketone through reaction of alkene substrates, with
Langlois’ reagent in the presence of CS, and eosin Y
(Scheme 1, a).'¥ Unfortunately, these results cannot be sup-
ported by the '°F NMR spectroscopy in its Supporting Infor-
mation. The chemical shift of -61 ppm (°F NMR spectros-
copy) in that paper suggests the a-CF;-substituted ketone
compounds rather than a-SCF;-substituted ketone com-
pounds.’> Inspired by the above inadequate research status,
we have been trying to develop the effective approaches for
convenient synthesis of the a-SCF;-substituted ketone com-
pounds through readily available raw material styrene and
more stable AgSCF;. Herein, we report a simple mild syn-
thetic method for a-SCF;-substituted ketone compounds
through trifluoromethylthiolation of alkenes with AgSCF;
(Scheme 1, b).
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Scheme 1 Syntheses of a-SCF;-substituted ketones

Initially, our investigation is carried out to optimize the
reaction conditions by treating the model substrate styrene
(1a) with AgSCF; in the presence of various oxidants (Table
1). Selecting K,S,05 as the oxidant and DMSO as the solvent,
the reaction system provided a 72% yield of the desired
product 2a (entry 1) under air atmosphere at room tem-
perature. Since the molecular oxygen is essential for the for-
mation of a-SCF;-substituted ketones, the reaction under O,
atmosphere gave the corresponding a-SCF;-substituted ke-
tone in unsurprisingly significant higher yield even at room
temperature (86%, entry 2). With the slightly increase of re-
action temperature to 35 °C, the reaction achieved an excel-
lent yield (92%, entry 3). Testing the other solvents such as
MeCN, DMF, NMP, and dioxane, the lower or worse yields
show that these solvents had no efficiency to improve the
reaction (entries 4-7). No observable reaction occurred in
other solvents such as DCE, MeOH, and toluene (entries 8-
10). Obviously, trifluoromethylthio (SCF;) radical can be
conveniently generated by mixing AgSCF; and K,S,0; to-
gether in polar solvents such as MeCN, DMSO, and DMF. The
evaluation about other S,04%" salt indicate that Na,S,0g and
(NH,),S,04 were less efficient than K,S,0s (entries 11 and
12). No reaction occurred by using the other oxidants such
as Selectfluor, TBHP, and NFSI (entries 13-15). This trans-
formation was completely inhibited under N, or in the ab-
sence of S,04%". It demonstrated that O, and S,04%>" were in-
dispensable in this reaction system.

Based on the optimized reaction conditions (Table 1, en-
try 3), the substrate scope of oxidative trifluoromethylthio-
lation for aryl alkenes was investigated (Scheme 2). The
substrates with electron-donating groups such as methyl,
phenyl, tert-butyl, naphthalene ring, methoxy, ethoxy, and
phenoxy (1b-h,t,u) were compatible with the reaction sys-
tem to afford the corresponding products in good yields
(2b-h,t,u 67-88%, Scheme 2). The higher yield with the
methyl substituent in para position compared to ortho or
meta position (2b, 88%; 2¢, 75%; 2d, 73%) indicated that ste-

Table 1 Optimization of Reaction Conditions?

o
©/\ oxidant SCF3
+ AgSCF3 ——— >
Oy, solvent, temp., 3 h
1a 2a
Entry Oxidant Solvent Temp (°C) Yield (%)°
1¢ K,S,04 DMSO 25 72
2 K,S,04 DMSO 25 86
3 K,S,04 DMSO 35 92
4 K,S,04 MeCN 35 56
5 K,S,05 DMF 35 67
6 K,S,04 NMP 35 49
7 K5S,04 dioxane 35 23
8 K5S,04 DCE 35 trace
9 K,S,04 MeOH 35 0
10 K5S,04 toluene 35 0
1 Na,S,04 DMSO 35 81
12 (NH_),S,04 DMSO 35 49
13 Selectfluor DMSO 35 trace
14 TBHP DMSO 35 0
15 NFSI DMSO 35 0
164 K,S,04 DMSO 35 0

2 Reaction conditions: 1a (0.5 mmol), AgSCF; (0.75 mmol, 1.5 equiv), and
oxidant (1.0 mmol, 2.0 equiv) in solvent (5.0 mL) at the given temperature
for3 h.

bYields determined by '°F NMR spectroscopy using 4,4-difluorobiphenyl as
internal standard based on 1a.

¢Under air atmosphere.

4Under N,.

ric hindrance can also be used for understanding the reac-
tion of the substrates with electron-donating groups. The
substrates with electron-withdrawing groups such as ha-
lides, cyano, nitro, ester, and carboxyl (1i-s) can also be tol-
erated in this reaction system with slightly lower yields (2i-
s, 56-71%, Scheme 2). Generally, aromatic substrate with
electron-donating substituent (1a-h) can stabilize the reac-
tive intermediate efficiently to give the products in higher
yield than those of the electron-withdrawing substituents
(1i-s). Comparing with aromatic substrates with fluorine
atom substituent in ortho (2m, 67%) and para position (2i,
67%), the pretty lower yield of the electron-withdrawing
substituent in meta position (2n, 60%) indicated that the
electronic effect remains a key influence factor to the reac-
tion. With the strongest electron-withdrawing nitro sub-
stituent, nitrostyrene 1q,v,w generated 2q,v,w in a lower
yield (56-65%) than all other products. Furthermore, the
reaction system can be suitable for the heteroaryl substrate
2-vinylpyridine (1x) to give the desired product 2x in good
yield of 75%.
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Scheme 2 Substrate scope with arylalkenes. Reagents and conditions: 1 (0.5 mmol), AgSCF; (0.75 mmol, 1.5 equiv), and K,S,0g (1.0 mmol, 2.0 equiv)

in DMSO (5.0 mL) at 35 °C for 3 h. Isolated yields are given.

Inspired by these promising results, the aliphatic
alkenes and less reactive B-substituted styrenes were ex-
amined to further broaden the scope of substrate under the
standard reaction conditions (Scheme 3). Satisfactorily,
these substrates can also be tolerated in the reaction system
to afford the desired products. The terminal olefin, both 1-
decene and cyclohexylethene, gave the desired compounds
3a and 3b in moderate yields. The lower yield of 3¢ can be
attributed to the larger steric hindrance of cyclohexene
substrate than cyclohexylethene. A good yield of 3d indicat-
ed that the aromatic nucleus always plays an important role
in stabilizing the reaction intermediate. The less reactive 3-
substituted styrene substrate was also efficiently trifluoro-
methylthiolated through the reaction system to give the
corresponding products 3e,fgh in 55-64% yield, respec-
tively, with excellent regioselectivity.

Known for its unique pharmacological activity, the SCF;
group can generate some unexpected effects and unparal-
leled results. Exactly, direct trifluoromethylthiolation of or-
ganic molecular is still a fascinating strategy for a medicinal
chemist in modifying the known and common drugs.!® The
feasible method could be also employed to introduce the
SCF; group into complex molecules smoothly, such as 3-vi-
nylestrone and N-benzoyl-L-tyrosine ethyl ester (Scheme
4).17 The corresponding products 4a and 4b were obtained
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Scheme 3 Scope with aliphatic alkenes and B-substituted styrenes.
Reagents and conditions: 1' (0.5 mmol), AgSCF; (0.75 mmol, 1.5 equiv)
and K,S,04 (1.0 mmol, 2.0 equiv) in DMSO (5.0 mL) at 35 °Cfor 3 h.
Isolated yields are given.
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in 71% and 63% isolated yields, respectively. The results sug-
gest that this method of oxidative trifluoromethylthiolation
is convenient for natural products and drugs to provide the
corresponding a-SCF;-substituted ketone compounds.

standard 9
conditions SCF,;
0% NH X ——> 0% “nH | X ¢
~© \/Ow =
o (0]
4b, 63%

Scheme 4 The strategy to introduce SCF; groups to complex drug
molecules. All reactions were performed under standard conditions.

The following experiment was carried out in order to
elucidate a plausible reaction mechanism (Scheme 5). First-
ly, we had known exactly that the presence of O, and S,04?"
was necessary to this reaction through condition optimiza-
tion experiments (Table 1). When radical-trapping reagent
2,2,6,6-tetramethyl-1-oxylpiperidine (TEMPO) was added,
the reaction was completely suppressed to give only trace
products and the TEMPO-trifluoromethylthio adduct under
the optimal conditions, which were detected by F NMR
spectroscopy and LC-MS (see the Supporting Information).
This result suggests that the reaction may proceed via a
radical pathway.

AgSCF; 7—» Ag'SCF3
- Ag*

S,0¢%"
0 o R
R)J\/SCF3 4—2 F{/'\/SCF3 4—1 éCFs
B A

Scheme 5 Plausible mechanism

Based on the above results and previous reported,® a
plausible mechanism was proposed about the reaction pro-
cess via a radical-type pathway as shown in Scheme 5. Ini-
tially, the SCF; radical was triggered by the Ag(II)SCF; spe-
cies from the oxidation of Ag(I)SCF; by S,04%". The reaction
of alkenes 1 with SCF; radical gave the alkyl radical inter-
mediates A. The participation of O, in the last step of reac-
tion with A achieved the final products B.

In summary, we have developed a convenient and effi-
cient method to provide a range of different a-SCF;-substi-
tuted ketone compounds through oxidative trifluorometh-
ylthiolation of alkenes with AgSCF;.'8-2' A preliminary
mechanistic investigation suggests that this reaction pro-
cess via a radical pathway. With the extensive reaction tol-

erance, mild reaction conditions, and the easy-to-get raw
material, this method achieve a useful and practical strate-
gy for the synthesis of trifluoromethylthiolated ketones
with great potential application of synthetic, medicinal,
and agrochemical research.
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penta[a]phenanthren-17-one (4a)!”
In an oven-dried 50 mL Schlenk tube equipped with a stir bar
were added 3-vinylestrone (140.1 mg, 0.5 mmol), AgSCF; (156.7
mg, 0.75 mmol), and K,S,0g (270.3 mg, 1.0 mmol). The Schlenk
tube was evacuated and refilled with oxygen balloon. DMSO (5
mL) was then added by syringe. The reaction mixture was
stirred for 3 h at 35 °C. The crude reaction mixture was purified
by column chromatography on silica gel to get product 4a.
White solid, 0.141 g, 71%. 'H NMR (400 MHz, CDCl5): 8 = 7.78-
7.66 (m,2 H),7.44(d,J=8.2Hz, 1 H),4.51 (s,2 H),3.01 (d,J=5.1
Hz, 2 H), 2.63-2.45 (m, 2 H), 2.38 (td, J = 10.7, 3.8 Hz, 1 H), 2.26-
1.99 (m, 4 H), 1.75-1.45 (m, 6 H), 0.95 (s, 3 H). 13C NMR (101
MHz, CDCl,): 8 = 191.8 (s), 146.9 (s), 137.5 (s), 132.4 (s), 130.7
(q,] = 306.4 Hz), 129.0 (s), 126.0 (s), 125.8 (s), 50.6 (s), 47.9 (s),
448 (s), 38.3 (q,J = 1.6 Hz), 37.7 (s), 35.8 (s), 31.5 (s), 29.3 (s),
26.2 (s), 25.5 (s), 21.6 (s), 13.8 (s). '9F NMR (376 MHz, CDCl;):

=-4139 (s, 3 F). HRMS (ESI): m/z [M + HJ]" calcd for

C,1H,4F50,S: 397.1449; found: 397.1444

(21) Radical Trapping Experiment
Styrene (1a, 10.5 mg, 0.1 mmol), AgSCF; (31.3 mg, 0.15 mmol),
K,S,04 (54.1 mg, 0.2 mmol), TEMPO (31.2 mg, 0.2 mmol), and
4,4'-difluorobiphenyl (19.0 mg, 0.1 mmol) were added to a
Schlenk tube. The Schlenk tube was evacuated and refilled with
oxygen balloon. Then DMSO (1.0 mL) was added by a syringe.
The mixture was stirred at 35 °C for 3 h. Trace of the desired
product 2a and TEMPO-trifluoromethylthio adduct were
detected by '°F NMR spectroscopy with 4,4'-difluorobiphenyl as
the internal standard (6 = -115.78 ppm) based on 1a. The same
time, the reaction mixture was analyzed by LC-MS
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