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ABSTRACT: An electrophilic trifluoromethylthiolation of  ©H Q0 R®

. . . . S, DMAP or NEtg CF3
allylic alcohols produces the corresponding allylic trifluor- gt J\/\R:‘ * @;(N -SCFy - 2 . R %T/Ls 3
omethanesulfenates, which spontaneously rearrange into R? S CHZClp, it Rz Q
trifluoromethyl sulfoxides via a [2,3]-sigmatropic rearrange- 1.2 equiv {7 epmargacs
ment. The reaction is straightforward and proceeds in good to
high yields for the preparation of various allylic trifluoromethyl sulfoxides.

he electron-withdrawing trifluoromethyl group (CF;) in research toward new ways of synthesizing trifluoromethyl sulfur

combination with sulfur atom at different oxidation states is compounds,” we discovered by serendipity the formation of
in the mainstream of organofluorine chemistry in ways that trifluoromethyl sulfoxides in reactions employing allylic alcohols
reflect a renaissance of an under-investigated research field.' as reactants and an electrophilic SCF; source. Inspection of the
Rapid progress in modern synthetic chemistry associated with a literature revealed a single case of such a reaction, which was
better understanding of fluorine effects’ has led to a re- carried out with gaseous and highly toxic CF;SCl reagent on 2-
examination of the chemistry of S(O),CF;-bearing molecules propen-1-ol. Moreover, the yield was low and a mixture of
(n =0, 1, or 2). Indeed, outstanding recent contributions have sulfenate/sulfoxide was obtained (Scheme 1)."” Therefore, we
supplied the toolbox with new reagents and enabled the
development of synthetic methods for many S(0),CF, Scheme 1. Direct Access to Trifluoromethyl Sulfoxides from
molecules. Of the fluorinated motifs in vogue, the trifluor- Allylic Alcohols
omethylthio group, SCF;, occupies a place of choice by virtue of Sundermeyer et al. (1986) o
its exceptional lipophilicity that it confers to molecules (Hansch Z~""SCF,
hydrophobic parameter: 7 = 1.44 versus 0.55 for SO,CF, 0.88 %/OH + CF4SCI Pyt CHZClz 0
for CF;, and 1.04 for OCF3)'.3 In terms of electron-withdrawing 37% yield /\/é -
character, the SOCF; and chiefly the SO,CF; groups have much 100 /7 3
higher Hammett substituent constants than the SCF; and the This work
CF, group.” Taft’s 6* parameters that describe the steric effects OH [N-SCF4J* R3
of substituents are 2.73, 4.30, and 4.41 for SCF;, SOCF;, and reagent CF
SO,CF;, respectively.® The class of SOCF; molecules remained REETRY DMAP 1%2\5 '

o or NEtg , I
under-developed compared to the many examples of both lower R CH,Cl, R« ©
and higher oxidation state congeners SCF; and SO,CF;. up to 92% yield 17 examples
Notwithstanding, the SOCF; motif is found in a wide variety « non gaseous and highly toxic reagent
of N-arylpyrazoles that include the Rhéne—Poulenc insecticide * mild conditions
' ‘ : ; + wider substrale scope

Fipronil. Indeed, the SOCF; group is very appealing for the - high yields
conception of new drugs and agrochemicals with potential
excellent biological profiles. Current methods for the con-
struction of the SOCF; motif include the difficult selective mono- focused our attention, on the one hand, on the replacement of
oxidation of CF; sulfides and the nucleophilic trifluoromethy- CF;SCl and, on the other hand, on a wider range of allylic
lation of sulfinyl halides or sulfinic esters with TMSCF;."* The alcohols as a general and easily available class of reactants for the
direct trifluoromethylsulfinylation was performed on (het)arenes construction of relevant new trifluoromethyl sulfoxides (Scheme
with the aid of triflinate salts CF;SO,M (M = Na, K) in the 1).
presence of triflic acid® or phosphoryl chloride,” or with N- At the onset, 1-phenyl-2-propen-1-ol (1a) was chosen as a
SOCEF; succinimide as CF;S(O)* donor source.® These literature model allylic alcohol to study its reactivity with N-trifluor-
surveys clearly point out a lack of methods, and thus it is highly
desirable to develop alternative routes to further explore the Received: March 14, 2015
potential of SOCF;—featuring molecules. As part of our ongoing Published: April 1, 2015
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omethylthiosaccharin, Shen’s reagent A, which has been
presented as the most efficient trifluoromethylthiolation agent
for alcohols.'! What is worthy of note, however, is that we did not
obtained the thioperoxide like for nonallylic alcohols but instead
the allylic trifluoromethyl sulfoxide 2a. Results of the
optimization of the reaction conditions that include screening
of the solvent, the base, and the CF;S* donor source are listed in
Table 1. Among the solvents evaluated, CH,Cl, proved to be the

Table 1. Screening of reaction parameters

screening of

base, CF;S* A S LF3
donor solvent (l:l)
IEECIY 2a
[N-SCF;]* reagents
0 .0 O Me
s’ ;
CL«N ~SCFs N-SCF; R" SCF,
D, R =Ph
A O B O E.R=Ts
OSCF, ’
SO,CF4
F IPh
base solvent CF,S* donor yield (%)%
Screening of Base and Solvent”
1 NEt, CH,Cl, A 70
2 NEt, MeCN A 57
3 NEt; THF A S1
4 NEt; toluene A 47
3 DMAP CH,CL, A 72
6 DMAP MeCN A 68
7 DABCO CH,CL, A 65
8 DIPEA CH,Cl, A 18
Variation of the Amount of base
9 DMAP (1.2 equiv) CH,Cl, A 84
10 DMAP (0.1 equiv) CH,Cl, A 47
Screening of the CF;S* Donor Source
11 DMAP CH,CL, B 39
12 DMAP CH,CL, C 49
13 DMAP CH,CL, D 0
14 DMAP CH,Cl, E 0
15 DMAP CH,CL, F 0

“Yields were determined by ""F NMR using trifluorotoluene as an
internal standard. ®Reaction conditions: 1a (1 equiv, [1a] = 0.05 M),
base (2.2 equiv), CH,Cl,, 30 min, then A (1.2 equiv in CH,Cl,), room
temperature, 1 to 12 h (TLC monitoring). DMAP = 4-
dimethylaminopyridine. DABCO = 1,4-diazabicyclo[2.2.2]octane.
DIPEA = N,N-diisopropylethylamine.

most appropriate over CH;CN, THF, and toluene in the
presence of triethylamine as the base (entries 1—4). Next, other
bases were tested, and we found that DMAP gave improved
yields, in particular when the amount of base was optimized to
1.2 equiv (entries S—9). Other tertiary amines gave lower yields,
whereas inorganic bases failed to produce the allylic trifluor-
omethyl sulfoxide 2a. By using 10 mol % of base only, we could
reach a moderate yield of 47% (entry 10). This result indicated
that once N-trifluoromethylthiosaccharin has reacted, it liberated
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a strong base able to deprotonate the allylic alcohol. Next, a
screening of other CF;S* donor sources was performed (entries
11-15). The structurally related N-SCF;-phthalimide, Muna-
valli’s reagent B,'” reacted to provide 2a in 39% yield as
compared to the 84% by means of reagent A. Shen’s sulfenate C
gave a moderate 49% yield."® Disappointingly, neither Billard’s
reagents D and E'* nor Shibata’s reagent F were effective in this
reaction.'® Finally, the influence of the order of addition of the
reaction components on the yield of 2a revealed a clear
preference for an addition of the CF;S* donor onto a mixture of
starting allylic alcohol and base in CH,Cl,.

With the optimized reaction conditions in hand (Table 1,
entry 9), we next sought to examine the substrate scope (Scheme
2). A wide range of 1-aryl-2-propen-1-ols (1a—i) were subjected
to the trifluoromethylthiolation with the aryl group featuring
either electron-donating substituents at different positions (Me,
MeO) or electron-withdrawing substituents (Cl, CF; CN,
CO,Et). Whatever the nature of aryl substituents, the

Scheme 2. Substrate Scope and Limitations™”
OH A (1.2 equiv) R3
DMAP
. J\/\Rs AN _CF4
R2 CH20|2, rt R2 ICI)
TR e ) 2a,R=H, 84%
XL o R = pMe, 76%
| & 2¢, R = p-OMe, 75%
2d, R = m-OMe, 87%
2e, R = 0-OMe, 92%
A CF3 2f, R =pCl, 81%
S 2g, R = p-CF3, 80%
O 2h, R = p-CN, 80%
2j, 77% 2i, R = p-CO,Et, 88%
F F
W s L SJ\/\ s L
\ o \ o
2k, 66% 2|, 85%
AN
ShORE
O
=2/3
2m, 54%%
2n, R = Me, 69%°
== OOC
S S,c;F3 20, R = n-Pr, 59%
o) Ng LF3
2p, 70%° 5 2q, 47%"®
unreactive substrates
/U OH OH
Ph 4 Ph V\Ph )\1/\%
r s t

“Yields of isolated pure products. bReaction conditions: 1 (1 equiv,
[1] = 0.05 M), base (1.2 equiv), CH,Cl,, 30 min, then A (1.2 equiv in
CH,Cl,), room temperature, overnight. “NEt; was used instead of
DMAP. Reaction time: 1 h. “2m was obtained in equilibrium with 3%
of sulfenate. “Contains 20% of sulfenate. Yield was determined by '°F
NMR using trifluorotoluene as an internal standard.
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corresponding allylic trifluoromethyl sulfoxides 2a—i were
obtained in good yields in the range 75—92%. The sterically
more demanding naphthyl group as well as the 2-furyl- and the 2-
thienyl heteroaromatics also led to high yields (2j—I). All these
allylic trifluoromethyl sulfoxides 2a—1 were readily synthesized
definitely owing to their stable conjugated olefin-(het)arene
motif. If ones deviate from this pattern, the reaction was still
possible, but it led to a lower yield of 54% as in the case of
phenethyl derivative 2m (Scheme 2). We found that triethyl-
amine gave better yields than DMAP for this substrate and the
following ones 2m—q. Starting allylic alcohols bearing a
disubstituted olefin moiety are suitable substrates to allow the
reaction to take place in moderate to good yields (branched 2n—
o and terminal 2p products). This is true as far as alkyl groups
(Me, Bu) are considered, but substrates 1s and 1t featuring a
phenyl substituted olefin failed to produce the corresponding
sulfoxides. In these two cases, the primary reaction products were
the sulfenates, which were obtained within a short reaction time,
but they decomposed rather than rearranged into the desired
sulfoxides. As to the issue of trisubstituted olefinic substrate 1r,
the sulfenate was formed but rapidly evolved to the
corresponding conjugated diene by elimination.'® Finally, the
simplest allylic alcohol, 2-propen-1-ol, was engaged in the
reaction to yield sulfoxide 2q accompanied by the corresponding
sulfenate (47%, sulfoxide/sulfenate = 1.35:1).

From a mechanistic point of view, YF NMR monitoring of the
reaction of 1a clearly indicated the formation of the intermediate
sulfenate (6 = —53.1 ppm), which quickly turned into the allylic
trifluoromethyl sulfoxide 2a (§ = —72.7 ppm) (Scheme 3). This

Scheme 3. Enantiomerization of Trifluoromethylsulfoxides
via [2,3]-Sigmatropic Rearrangement

OH
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is the result of a [2,3]-sigmatropic rearrangement similar to the
rearrangement of allyl p-tolyl sulfoxides discovered by Mislow in
1966 and of allyl trichloromethyl sulfoxide reported by
Braverman in 1967." Obviously, the cyclic rearrangement
mechanism is inaccessible to simple alkyl and aryl trifluoromethyl
sulfenates.'" The rearrangement is facilitated by the presence of
the electron-withdrawing CF; group and easily occurs at room
temperature. With the aim of preparing enantiomerically
enriched trifluoromethyl sulfoxides, we engaged (R)-1-phenyl-
2-propen-1-ol in the trifluoromethylthiolation to end up with 2a

A

CFa

=N
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but unfortunately as a racemic compound. The reaction is an
equilibrium lying far to the side of the sulfoxide during which the
intermediate sulfenate racemizes. Support of the rapid
interconversion of sulfoxide enantiomers came from HPLC
analysis, which showed incomplete peak coalescence at rt with a
plateau-type “Batman” elution profile. At 5 °C, enantiomers of 2a
were separated by HPLC, collected and kept at 5 °C for 72 h
without any enantiomerization until the sample was warmed up
to rt, which has the effect of triggering the enantiomerization. It
follows from this study that stereospecific construction of
trifluoromethyl sulfoxides is jeopardized."®

This novel methodology offers an unprecedented access to
several new fluorinated sulfoxides likely to be useful
intermediates in organic synthesis.'” The sulfoxides could easily
undergo further chemical transformations as illustrated in
Scheme 4 with the chemoselective reduction of either the olefin
or the sulfoxide function.*’

Scheme 4. Functional Group Interconversions of Allylic
Trifluoromethylsulfoxide 2a
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In conclusion, we have reported the synthesis of trifluor-
omethyl sulfoxides via a [2,3]-sigmatropic rearrangement of the
intermediate sulfenates that were generated in situ by
trifluoromethylthiolation of allylic alcohols. The reaction does
not require gaseous and highly toxic reagent and is suitable for a
wide range of reactants to give the desired trifluoromethyl
sulfoxides in good to high yields under mild conditions. A unique
feature of these fluorinated molecules is their rapid enantiome-
rization around room temperature, whereas nonfluorinated
sulfoxides require higher temperature. The present methodology
expands the toolbox of organic chemists for the preparation of
trifluoromethylsulfur compounds at different oxidation states.
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