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proposed to proceed via a thiiranium ion intermediate, which was : i R ' CHH%C;J : h R
further attacked by the carboxylic acid or amide to generate the e o ' e
corresponding trifluoromethylthiolated lactone/lactam. X Ot pe i % i

Halolactonization, a fundamental reaction that stereo-
selectively forges two carbon-heteroatom bonds, repre-
sents a powerful synthetic transformation that enables the
synthetic chemists to build up molecular complexity in a
predictable manner." Mechanistically, the reaction was proposed
to proceed via a nucleophilic attack of a carboxylic acid to an
electrophilic halonium ion that is generated from the reaction of
an olefin with an electrophilic halogen reagent.” Likewise,
sulfenofunctionalization of alkenes using electrophilic sulfur
reagents,” one of the most vigorous approaches for the
introduction of a valuable thio group that allows further
manipulations, was proposed to undergo a similar thiiranium
ion intermediate.”” Because the CF,S group is generally
considered as a pseudohalide,* we speculate whether the reaction
of an olefin with an electrophilic trifluoromethylthiolating
reagent, such as triﬂuoromethylthiosuccinimide,5 trifluorome-
thylthiophthalimide,® or trifluoromethylthiosaccharin 2” that was
developed in our laboratory recently, could form an analogous
trifluoromethyl-substituted thiiranium ion intermediate A or B.
Subsequent nucleophilic attack of the thiiranium ion by the
carboxylic acid would generate trifluoromethylthiolated lactone
C and/or D (Figure 1). Thus, the overall process would
constitute a new efficient method for the incorporation of the
trifluoromethylthio group into small molecules. Currently,
development of efficient methods for the incorporation of the
trifluoroemthylthio group into small molecules under mild
reaction conditions is of great interest due to the beneficial effects

= & (0]
HOpt. 4 HOY O'“\b CF Q
e o pathway a R
&<n 5-ex0 SCFa
1 A c
Q.0 “ 0y 0
; : HOY_O s-'CF 4 pathway b SCF.
=SCFA BT ——i 3
M-8k é" < G-endo R
\ @R
O---activator
2 L= B D

Figure 1. Proposed trifluoromethylthio lactonization reaction.
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of the trifluoromethylthio group for the drug-like molecules, such
as enhanced lipophilicity and improved metabolic stability.”

Herein, we describe a Lewis acid promoted trifluoromethylth-
io lactonization/lactamization of olefins using trifluoromethylth-
iosaccharin 2 as the electrophilic trifluoromethylthiolating
reagent and 1.5 equiv of Me;SiCl as the activator. Notably,
even though intermolecular trifluoromethylthio functionaliza-
tion reactions of olefins have been reported previously,” to the
best of our knowledge, the current method represents the first
intramolecular trifluoromethylthio lactonization/lactamization
reaction of olefins.

The trifluoromethylthio lactonization of 2-(1-phenylvinyl)-
benzoic acid 1 with trifluoromethylthiosaccharin 2 in the
presence of different Lewis acids or Brensted acids as the
activator was initially chosen as a model reaction to optimize the
reaction conditions. In general, reactions of 2-(1-phenylvinyl)-
benzoic acid with trifluoromethylthiosaccharin in the presence of
1.0 equiv of HCI-Et,O or Me;SiCl” occurred smoothly after 2 h
at room temperature to give a single product 3a in 57% and 61%,
respectively, as determined by "’F NMR spectroscopy (Scheme
1, entries 3 and 7), while reactions using p-toluenesulfonic acid or
(8)-2-(diphenyl( (trimethylsilyl)oxy)methyl)pyrrolidine as the
activator occurred in less than 5% yield (Scheme 1, entries 1—2).
To probe whether the halogen anion played an important role for
the reaction, we further studied the reaction using #Bu,NCI or
nBu,NBr as the activator under otherwise identical conditions,
and formation of the trifluoromethylthio lactonization product
was observed in less than 5% yield (Scheme 1, entries 5—6).
These results indicated that the lactonization was promoted by
either a Lewis acid or a Brensted acid. It was further discovered
that the amount of the activator is important for the yield of the
product. When 1.5 equiv of Me;SiCl was used as the activator,
the desired product was formed in quantitative yield and was
isolated in 95% yield (Scheme 1, entry 8). In contrast, the yield of
the product was decreased to 51% when 0.5 equiv of Me;SiCl was
used (Scheme 1, entry 9). We further studied the effect of
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Scheme 1. Optimization of Lewis Acid or Bronsted Acid
Mediated Trifluoromethylthio Lactonization®
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entry activator solvent temp  time yield (%)°
1 TsOHH,0  CH5;CN it 2h <5¢
2 SilyletherY  CHsCN it 2h <5
3 HCIFEt,0 CH3CN it 2h 57
4 HCIEt,0 CHaCly t 2h 8
5 nBugNCI CH3CN rt 2h <5%
6 HBU4NBF CHaCN t 2h <5¢
7 TMSCI CH3CN rt 2h 61
8 TMSCI CH3CN it 2h 99(95)"
9 TMSCI CH4CN rt 2h 519
10 TMSCI CH,Cla rt 4h <5
11 TMSCI CHoCly 60°C 6h 75
12 TMSCI CHCl3 rt 2h 15
13 TMSCI toluene rt 2h <5
14 TMSCI acetone it 2h <5
15 TMSCI THF r 2h <5
16 TMSCI CH3CN rt 2h <5h
17 TMSCI CH3CN it 2h <51

“Reaction conditions: 2-(1-phenylvinyl)benzoic acid 1a (0.05 mmol),
electrophilic trifluoromethylthiosaccharin (0.05S mmol), activator
(1.0-1.5 equiv) in solvent at room temperature 2—6 h. "Yields were
determined by "’F NMR analysis of the crude reaction mixture with an
internal standard. “2-(1-(4-Chlorophenyl)vinyl)benzoic acid was used.
4(8)-2- (Dlphenyl((trlmethylsﬂyl)oxy)methyl)pyrrohdme €2-(1-(4-
Methylphenyl)vinyl)benzoic acid was used. "Me;SiCl (1.5 equlv) was
used, isolated yield. $Me;SiCl (0.5 equiv) was used. B
fluoromethylthiosuccinimide was used. “Trifluoromethylthiophthal-
imide was used.

different solvents. Reactions in other solvents such as toluene,
acetone, THF, CH,Cl,, or CHCI, were less efficient (Scheme 1,
entries 10—15). Furthermore, when trifluoromethylthiosuccini-
mide or trifluoromethylthiophthalimide was used as the
electrophilic trifluoromethylthiolating reagent, formation of the
desired product was observed in less than 5% yield (Scheme 1,
entries 16—17). These results were in agreement with our
previous observation that trifluoromethylthiosaccharin is much
more reactive than trifluoromethylthiosuccinimide or trifluor-
omethylthiophthalimide because of the stronger electron-
withdrawing property of the sulfonyl group as compared to
that of a carbonyl group.” Since compound D was not observed
under these reaction conditions, it is likely that transition state B
was the main form of the thiiranium ion intermediate because of
two conjugated phenyl groups that could stabilize the tertiary
carbon cation (Figure 1). Subsequent nucleophilic attack of the
cation by the carboxylic acid through a 5-exo cyclization pathway
generates trifluoromethylthiolated lactone C. In agreement with
this assertion, an inseparable mixture of C/D (R = H) in a 10:1
ratio was observed to form in 50% yield when 2-vinylbenzoic acid
was reacted with reagent 2 after 3 h at room temperature, since
the thiiranium ion intermediate was stabilized only by one phenyl
group.

Having established the best conditions for highly selective
trifluoromethylthiolactonization, we assessed the potential of
this reaction for a variety of substituted 2-(1-phenylvinyl)benzoic
acids and 4-arylpent-4-enoic acids, as summarized in Scheme 2.
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Scheme 2. Scope of Me;SiCl Mediated Trifluoromethylthio
Lactonization®”
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“Reaction conditions: compound la—r (0.3 mmol), electrophilic
trifluoromethylthiosaccharin (0.45 mmol) Me;SiCl (0.45 mmol) in
CH,CN at room temperature for 3 h. “Isolated yields. “80 °C.

In most cases, the trifluoromethylthio cation induced cyclizations
of substrates la—r were completed to give the corresponding
lactone products within 3 h at room temperature, except for the
reaction of 2-(1-(2,5-dimethylphenyl)vinyl)benzoic acid which
required 80 °C. It is likely that the ortho-methyl group of the
phenyl ring makes the double bond sterically slightly hindered
that requires higher activation energy for the electrophilic
trifluoromethylthio cation to get close to the double bond. In
general, only the five-membered lactones via the exo-cyclization
pathway were observed. The structure of compound 3j was
further confirmed by X-ray diffraction of its single crystals (see
Supporting Information for details).

The success of trifluoromethylthio lactonization reactions led
us to study the reactions of trifluoromethylthiosaccharin with
vinyl benzamides. Under the standard reaction conditions,
various vinyl benzamides reacted with trifluoromethylthiosac-
charin 2 to give the corresponding trifluoromethylthiolactams in
high yields (Scheme 3). Likewise, only the exo-tirfluoromethylth-
io lactamization products were observed as determined by '’F
NMR spectroscopy.

Since a chiral carbon center was established in the cyclization
reaction, it provides an opportunity to explore the asymmetric
trifluoromethylthio lactonization/lactamization.> Although we
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Scheme 3. Scope of Me;SiCl Mediated Trifluoromethylthio
Lactamization™
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“Reaction conditions: compound 4a—h (0.3 mmol), electrophilic
trifluoromethylthiosaccharin (0.45 mmol) Me;SiCl (0.45 mmol) in
CH;CN at room temperature for 3 h. bIsolated yields.

tried many catalysts derived from different chiral Lewis acids, the
best enantioselectivity (23% ee) was observed when a 10 mol %
Et,AICI/(S)-BINOL was used as the catalyst.'’ Clearly, there is
still room for improvement of the enatioselectivity of the
trifluoromethylthio lactonization/lactamization.

HO._.O 9,0
" N-SCFy
Me !

10 mol % EtzAIC

10 mol % (S)-BINOL
CHCla
0°C,24h

40% yield by '%F NMR
23% ee

In summary, we have developed a Lewis acid mediated
trifluoromethylthio lactonization/lactamization of gem-disubsti-
tuted alkenes. The reaction proceeded with excellent selectivity
via an exo-cyclization pathway. It was proposed that a thiiranium
ion intermediate was initially formed, which was further attacked
by the carboxylic acid or amide to generate the corresponding
trifluoromeththiolated lactone/lactam. Further investigation of
the corresponding asymmetric trifluoromethylthio lactoniza-
tion/lactamization is ongoing in our laboratory.
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