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The visible light induced multicomponent reaction of styrene, carbon disulfide, amine and ethyl difluo-
robromoacetate for the synthesis of thiodifluoroesters is disclosed. This developed protocol offers a facile
and general route to access various valuable thiodifluoroesters in moderate to good yields. Preliminary
mechanistic studies revealed that a radical process might be involved in this transformation.
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Sulfur-containing compounds [1-8], especially organic dithio-
carbamates, are ubiquitous in various bioactive compounds [9-
11]. For example, they are commonly used in medicinal chemistry
and have been used in cancer treatment [12-14]. Their biologi-
cal properties and key role in agriculture have led to the devel-
opment of synthetic methods for these compounds. In addition,
they also serve as useful synthetic intermediates [15-17], linkers
in solid-phase organic synthesis [18]. Therefore, the development
of efficient and novel methods to synthesize this important sulfur-
containing compound will be of great value for the screening of
bioactive molecules.

The difluoroalkyl motif is an important class of fundamentally
important scaffolds. A variety of biologically active drugs contain-
ing CF, moiety have been reported [19-21]. Ethyl difluorobromoac-
etate is an important reagent for introducing difluoroalkyl groups
into organic compounds [22-27]. At present, various method have
been discovered for introducing difluoroalkyl groups. Han group
realized a photocatalytic cascade reaction of bromodifluoroacetate
esters with indole-derived alkenes, providing an unknown type of
tetracyclic tetrahydro-y -carboline derivatives [28]. The palladium-
catalyzed difluoroalkylative carbonylation of aryl olefins with ethyl
bromodifluoroacetate was described by Wu group [29]. The nickel-
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catalyzed tandem reaction by difluoroalkylation—alkylation of N-
vinyl-2-pyrrolidinone with difluoroalkyl bromides and dialkylzinc
reagents was successfully conducted by Zhang group [30]. In 2019,
the perfluoroalkylative pyridylation of alkenes via 4-cyanopyridine-
boryl radicals was developed by Li’s group (Scheme 1a) [31]. The 4-
cyanopyridine-boryl radicals generated from 4-cyanopyridine and
B,(pin), played an important role in the catalytic cycle. Studer
and coworkers realized the three-component Minisci reaction of
quinolines or pyridines with o-bromo carbonyl compounds and
enamides mediated by dual photoredox and chiral Brgnsted acid
catalysis (Scheme 1b) [32]. Li and Han’s group demonstrated that
N-heterocyclic carbene could also catalyzed radical difluoroalkyla-
tion of olefins (Scheme 1c) [33]. The dearomative difunctionaliza-
tion of indoles could be readily achieved via this reaction. In line
with our interesting in visible light induced reactions [34,35] and
radical reactions [36-40], herein, the visible light induced mul-
ticomponent reaction of styrene, carbon disulfide, amine and
ethyl difluorobromoacetate for the synthesis of thiodifluoroesters is
disclosed.

Initially, a template reaction of styrene, morpholine, ethyl 2-
bromo-2,2-difluoroacetate and carbon disulfide was chosen to
screen the reaction conditions. In the presence of fac-Ir(ppy)s; as
photocatalyst, the reaction can be smoothly conducted to pro-
vide the corresponding product in 85% yield irradiated by blue led
(Table 1, entry 1). Other photocatalyst such as Ru(bpy);Cl,, Eosin Y
and [Acrt-Mes]ClO4~ were not effective for this reaction (Table 1,
entries 2-4). Screening of common organic solvents revealed that
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Scheme 1. The difluoroalkylation reaction of olefins.

Table 1
Optimization of the reaction conditions.?

O
@
©/\ [ j fac- Ir(ppy)3 (1 mol%) j\

Cu(OT, (10 mol%), KaCOs S F
Br>ﬂ]’ov €S,  blue led, CHClg, rit. O~
J )

Entry Variation from the standard conditions Yield (%)
1 None 85

2 Ru(bpy)3;Cl, instead of fac-Ir(ppy)s 51

3 Eosin Y instead of fac-Ir(ppy)s 34

4 [Acrt-Mes]ClO4~ instead of fac-Ir(ppy)s Trace
5 DCE instead of CHCl3 72

6 THF instead of CHCl3 21

7 DMSO instead of CHCl3 50

8 Acetone instead of CHCl3 Trace
9 PhCl instead of CHCl; Trace
10 CuOTf instead of Cu(OTf), 60
11 Cu(OAc); instead of Cu(OTf), 31

12 CuO instead of Cu(OTf), 43
13 Cu, 0 instead of Cu(OTf), 65
14 CuCl instead of Cu(OTf), NR
15 Cs,CO3 instead of K,CO3 35
16 ‘BuOK instead of K,CO3 NR
17 DBU instead of K,CO3 NR
18 Pyridine instead of K,COs 31

19 Without CuOTf 32
20 Without fac-Ir(ppy)s NR
21 In the dark NR

2 Reaction conditions: styrene (0.2 mmol), ethyl 2-bromo-2,2-difluoroacetate
(0.4mmol), carbon disulfide (0.4mmol), morpholine (0.2mmol), base
(0.4mmol), PC (1 mol%), metal catalyst (10 mol%), solvent (2mL), for
24 h under N, at 25 °C, NR=no reaction.

b Isolated yield.

CHCl3 was suitable for this multicomponent reaction (Table 1, en-
tries 5-9). Among the copper sources tested, it is noteworthy that
only moderate yields was obtained when Cu(OAc), CuOTf, CuO or
Cu,0 was subjected to this reaction (Table 1, entries 10-13). CuCl
was not suitable for this reaction (Table 1, entry 14). The base also
plays an important role in this reaction. Lower yield was obtained
when K;CO3; was replaced by other bases (Table 1, entries 15-
18). Further optimization of the reaction conditions revealed that
Cu(OTf),, Ir(ppy)s and visible light is indispensable (Table 1, en-
tries 19-21).

With the optimized reaction conditions in hand, the sub-
strate scope and limitations of the homodimerization reac-

Chinese Chemical Letters 34 (2023) 108131

O.

® O ®
s A

F s7s  F SJ\S F
F F F
o~ o~ O
(o} 0 o

M1, 85% M2, 76% M3, 70%

EOJ E] E]

B W°“ @**r

M4, 71%

) ) )
A A A

s F L s77s kL S F e
O~ Br o ¢ O~
o] o) o)
M7, 86% M8, 78% M9, 65%

® ® )

X
S 7 kL F S ESk
o~ O~ F o
o e} o}
F™ ™~ M0, 65% &7 w1, 60% F F
F o M12,61%
3 3 3
N N N
s)\s F 5)\5 E )\s .
F F F
O o o
0 o} 0
M13, 72% M14, 62% M15, 70%
& O 0
j\ N N
sT s F . S)\S F e s)\s F o
jona e o o~
cl o o} o}
M16, 68% M17, 72% M18, 62%

Scheme 2. Structures of the target products. Reaction conditions: styrene
(0.2mmol), ethyl 2-bromo-2,2-difluoroacetate (0.4mmol), carbon disulfide
(0.4mmol), morpholine (0.2mmol), K,CO3 (0.4mmol), fac-Ir(ppy)s (1 mol%),
Cu(OTf), (10 mol%), CHCl; (2 mL), for 24 h under N, at 25 °C. Isolated yield.

tion were examined (Scheme 2). For substituted styrene, both
electron-donating groups and electron-withdrawing groups were
all well tolerated in this reaction, and the corresponding prod-
ucts can be isolated in moderate to high yields (M1-M11).
It should be mentioned that ethyl 2,2-difluoro-4-((morpholine-
4-carbonothioyl)thio)-4-(perfluorophenyl)butanoate was also ob-
tained smoothly when 1,2,3,4,5-pentafluoro-6-vinylbenzene was
subjected to this system (M12). In addition to morpholine, other
amines were also screened. To our delight, thiomorpholine and thi-
azolidine were also found to be suitable for this procedure (M13-
M18), affording the desired product in moderate yields.
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Scheme 3. Gram-scale reaction.
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Scheme 5. Proposed reaction mechanism.

To demonstrate the practicability of the photocatalytic reaction,
a scale-up reaction (5 mmol) was conducted (Scheme 3). To our de-
light, the isolated yield was similar to that from the small-scale re-
action. The scalability of the developed process made this protocol
very attractive for organic synthesis and industry production.

To shed some light on the mechanism of this reaction, some
control experiments were performed. When 2 equiv. free rad-
ical scavengers (TEMPO or BHT) are added to the photocat-
alytic reaction system, the desired conversion is completely in-
hibited (Scheme 4). The intermediate ethyl 2-(2,6-di-tert-butyl-
4-methylphenoxy)-2,2-difluoroacetate was confirmed by HRMS.
These results suggest that current photocatalytic reactions are car-
ried out by free radical pathways.

According to the aboved mentioned observations and previous
reports [41-47], a proposed reaction mechanism was described in
Scheme 5. The excited photocatalyst Ir(Ill)* was produced from the
irradiation of Ir(Ill) by visible light. Then oxidative quenching of
the excited Ir(Ill)* catalyst by ethyl 2-bromo-2,2-difluoroacetate oc-
curred to give Ir(IV) and difluoromethyl radical I. Difluoromethyl
radical I was captured by styrene to deliver benzyl radical IV.
Meanwhile, catalyst Cu(l) coordinates with thiocarbamate anion to
generated intermediate II, which is oxidized by Ir(IV) to give Cu(Il)
comples III, with the concurrent liberation of Ir(Ill) catalyst. Then

Cu(III) species V was formed via the reaction of benzyl radical IV
and Cu(Il) comples III. Finally, the desired product is delivered af-
ter reductive elimination from Cu(Ill) intermediate V, and the Cu(I)
catalyst is released to maintain the copper catalytic cycle.

In summary, the multicomponent reaction of styrene, carbon
disulfide, amine and ethyl difluorobromoacetate for the synthesis
of thiodifluoroesters induced by visible light is developed. Various
of valuable thiodifluoroesters in moderate to good yields were gen-
erated smoothly. Preliminary mechanistic studies revealed that a
radical process might be involved in this transformation. Further
mechanistic studies and applications of this strategy to more com-
plicated materials and drug candidates are underway in our labo-
ratory.
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