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A new electrophilic difluoromethylating reagent has been developed. The S-(difluoromethyl)diarylsulfonium tetrafluoroborate has been shown

to be effective for the introduction of an electrophilic difluoromethyl group into the following nucleophiles: sulfonic acids, tertiary amines,
imidazole derivatives, and phosphines. The reagent failed to transfer the difluoromethyl group to phenols, carbon nucleophiles, and primary
and secondary amines.

A difluoromethyl group is known to be isosteric and isopolar and difluoro diaziriné have been the most commonly used
to a carbinol (CHOH) unit and can act as a hydrogen donor reagents to introduce a difluoromethyl group to oxygen,
through hydrogen bondingThese properties make it a very  sulfur, phosphorus, and nitrogen nucleophiles for a long time.
attractive building block in medicinal chemistry and drug It is worth mentioning that the difluoromethylation power
discovery. Because of this unique lipophilic ¢gbH sub- of fluorosulfonyldifluoroacetic acid, difluorodiaziridine, chlo-
stituent character, methods for the introduction of gHCF  rodifluoromethane, and 2-chloro-2,2-difluoroacetophenone is
building block are becoming increasingly important. In spite due to a singlet difluorocarbene generated in situ by their
of this, and in contrast to trifluoromethylation procedures, decompositiort. To the best of our knowledge, an electro-
new methods for the direct introduction of a difluoromethyl philic reagent for the direct introduction of a “@f"”
group to organic molecules are still relatively sparse. building block is yet to be reported. This might be due to
Although several new methods for the coupling of a the acidity of the proton in the GH group, which can lead
difluoromethyl moiety to electrophilic carbon have been to the protonation (deactivation) of the nucleophilic substrate
reported recently, there are few methods for the synthesisand to the decomposition of the reagent. In our opinion, this
of O- andS-difluoromethyl ethers, esters, gfphosphonium phenomenon makes it more difficult to find an appropriate
salts, andN-difluoromethylated heterocyclic compounds. difluoromethylating reagent compared to the trifluoromethy-
Chlorodifluoromethanéfluorosulfonyl-difluoroacetic acid, lating agents.
In contrast to electrophilic difluoromethylating agents,
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nium (1) andS-(trifluoromethyl)diphenylsulfonium salt&)

constitute an important subset of these reagents (Figure 1).
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Figure 1. Electrophilic trifluoromethylating agents.

They are known to be powerful electrophilic trifluoromethy-
lation agents, which are successfully used for the trifluo-
romethylation of a wide range of substrates differing in
reactivity® However, neithe&(difluoromethyl)dibenzothiophe-
nium nor S-(difluoromethyl)diphenylsulfonium salts have
been previously reported. Our aim was to explore the

Scheme 1. Preparation of
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chemistry of these compounds and ascertain their use as

electrophilic difluoromethylating reagents. Herein, we wish

to report the results of our studies toward the synthesis of cation. This is supported by the fact that after the solvent

S-(difluoromethyl)dibenzothiophenium triflate arg&k(dif-
luoromethyl)diphenylsulfonium tetrafluoroborate and dem-

was removed a quantitative amount of dibenzothioph@he (
was recovered. To support the formation of ®€difluo-

onstrate the effectiveness of these reagents in electrophilicromethyl)dibenzothiophenium cation, the cyclization reaction

difluoromethylation reactions.

Our first target was the preparation®{difluoromethyl)-
dibenzothiophenium triflate8) (Scheme 1). 2-[(Difluorom-
ethyl)sulfanyl]biphenyl %) was prepared by reacting 2-bro-
mothiophenol (3) with difluorochloromethane followed by
Suzuki coupling of the resulting sulfidet with phenyl-
boronic acid. 2-[Difluoromethyl(sulfinyl)]biphenyl7) was
obtained from the oxidation of the sulfide with-chlorop-
erbenzoic acid. An alternative reaction pathway consisting
of oxidation of 2-(difluoromethylsulfanyl)bromobenzer (
followed by Suzuki reaction also proved to be successful.
However, in the latter case, the overall yield was lower.

Cyclization of the sulfoxide®) was carried out by addition
of triflic anhydride to the solution in dichloromethane at 0
°C.%* The reaction mixture was allowed to warm to room
temperature, and after 2 h sfirring, it was analyzed b{’F
NMR. Surprisingly, in spite of the fact that only a trace
amount of sulfoxide (7) was detected, difluoromethyl trif-
luoromethanesulfonat& @) was identified as a major product
instead of the expected sulfonium compou8d Formation
of the difluoromethyl ester of triflic acid can be explained
by the in situ difluoromethylation of the trifluoromethylsul-
fonyl anion by theS-(difluoromethyl)dibenzothiophenium

(6) (a) Yagupol'skii, L. M.; Kondratenko, N. Y.; Timofeeva, G. Kh.
Org. Khim.1984 20, 115-118. (b) Umemoto, T.; Ishihara, $. Am. Chem.
S0c.1993,115, 2156—2164. (c) Umemoto, T.; Ishihara, S.; AdachiJK.
Fluorine Chem1995,74, 7782. (d) Umemoto, T.; Ishihara, S. Fluorine
Chem.1999,98, 75-81. () Umemoto, T.; Adachi, Kl. Org. Chem1994,
59, 5692—-5699. (f) Yang, J. J.; Kirchmeier, R. L.; Shreeve, JJMOrg.
Chem.1998 63, 2656-2660. (g) Ma, J.-A.; Cahard, 3. Org. Chem2003
68, 8726—8729.

(7) Endel’'man, E. S.; Danilenko, V. S.; Trinus, F. P.; Yufa, P. A;
Fadeicheva, A. G.; Muravov, |. |.; Fialkov, Y. A.; Yagupol'skii, L. M.
Khim.-Farm. Zh.1973,7, 15-19.
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was repeated at-80 °C and the reaction mixture was
monitored by low-temperaturé®= NMR. Under these
circumstances, no trace of difluoromethyl trifluoromethane-
sulfonate was detected. However, a doublet observed at
—101.7 ppm in the!*r NMR havingJ = 56.8 Hz as the
coupling constant indicates the formation of &r(difluo-
romethyl)dibenzothiophenium catiom 2 h at —80°C, the
conversion was 15% relative to the sulfoxide. Apart from
the doublet and the starting material’'s signals, no other
signals were observed in th8F NMR spectrum.

To compare the reactivity of th&-difluoromethyl(diben-
zothiophenium) cation to that of th&-trifluoromethyl-
(dibenzothiophenium) cation, any report of the reaction of
the latter with a triflate anion was checked in the literature.
It was found that in the case &-(trifluoromethyl)diben-
zothiophenium triflate a high temperature of 20G is
required to transfer the trifluoromethyl group to the triflate
anion%®

Having established the instability &-(difluoromethyl)-
dibenzothiophenium triflate at room temperature (the cation
is too reactive towards the anion), a different approach was
pursued’ Considering the fact that in the case &t
trifluoromethyl sulfonium cations th&-(trifluoromethyl)-
diphenylthiophenium salts (2) are less reactive than the
appropriates (trifluoromethyl)dibenzothiophenium onek)(
we decided to prepare &@r(difluoromethyl)diphenylsulfo-
nium derivative.

2-[(Difluoromethyl)sulfinyllbromobenzen&®) was reacted
in benzene with triflic anhydride at-6 °C. Aside from the
unreacted sulfoxide, a significant amount of difluoromethyl
trifluoromethanesulfonate was identified B NMR, after
2 h of stirring. A multiplet at—98 ppm having a pattern
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matching the expected (difluoromethyl)sulfonium cation was
a!sq observed_m the rgactlon m|xt.ure._ We concluded thqt Table 1. Reaction ofL.3 with Sulfonic Acid Salts
similar to the dibenzothiophene derivative, under the condi- GFH

tions needed for the formation of the sulfonium cation, the s 0 . 9
cation reacts with the triflate anion. To increase the stability @“J@i + R-§70 m CHCN R-§-0~CFH
o (o]
4

of the desired (difluoromethyl)diphenylsulfonium cation,

) - MBF,

introducing electron-donating substituents onto the phenyl BFs 13 1 - Ph-S-CgHMe, 16

ring seemed a reasonable approach. 15 M=Na K
Difluoromethyl phenyl sulfoxid®(11) was prepared from S S@nhg maeral product concn ___convn (%2 yield()*

difluoromethyl phenyl sulfidgby oxidation withm-CPBA. 1 Osoma SOCFH  60°C/2h 100 77

The reaction of the sulfoxidel() with 1,2,3,4-tetramethyl-
. ~ ' \ \ .
benzene in the presence of triflic anhydride was found to be 2 ‘< }303”'3 < > SO CFH  4s°Cladays 82 67
O :

complete in 2 h by*F NMR (Scheme 2). As in previous
3 HO@SOSNa H

4 SO;Na AC%fsoscaH 60°C/1 day 88 78
Scheme 2. Preparation of

SOsCFH 1t days 100 84
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cases, difluoromethyl trifluoromethanesulfonate was also . * The conversions were determined By NMR on the basis of the
. . . . internal standard. The conversions refer to the substradsolated yields.
detected in the reaction. To avoid further decomposition of reagent-SO,0M group in substrate (molar ratic} 2.5:1.0.9 Known
the product, the triflate anion was replaced by tetrafluorobo- compounds. See ref 3.
rate having a weaker nucleophilic character. The obtained
S-(difluoromethyl)diphenylsulfonium tetrafluoroborafie3f
proved to be stable for several weeks at room temperature
and for several months in the refrigerator. Only 13% amounts of alcohols, and we could not detect any product

decomposition was observed after 3 months storage2t in the case of phenols_, th|0|<_)henols, an_d carbon nucleophiles.
°C Because O-nucleophiles with less basic character seemed to

work well, we expected that phenols and alcohols with
stronger acidic character would react. However, neither
d pentafluorophenol and 2,4,6-trinitrophenol nor hexafluor-

decomposes within several hours in THF, alcohols, and . . . "
. : . .. oisopropanol reacted under a variety of reaction conditions.
DMF. However, it proved to be quite stable in acetonitrile : . .
Because sulfonic acids were considered to be one of the

and dichloromethane. In acetonitrile, only 2% decomposition L : . .
. most promising substrates, their reactions were studied more
was observed in 3 days at room temperature. Phenyl 2,3,4,5-

. . o thoroughly. Li, Na, and K salts of benzenesulfonic acid were
::)ec:;aif[rigit?r/(l)%huir:%S;gé?\eig)sga‘ls'r:gefﬁtsl??gsﬁttrheeggs dﬁﬁgn the reactec_i under similar conditions. The highest reactivity_was
CR:H transfer ability of the reagent was the formation of found in th? case of .K sglt, but S0 was the concomitant
the expected CEDCRH in a CD,OD solution (see Sup- decomposmon. Conslldermg these tvyo factors and the

) X ; i solubility of the sulfonic acid salts, sodium salts seemed to
porting Information). After 40 min, 100% conversion was be the best choice
observed on the basis &fl and*°F NMR. |

h ity of th qi itile with We obtained high conversions using aromatic sulfonic
€ reapt|V|ty ofthe rgagent was tested In acetqnltrl ewith 4cids having both electron-withdrawing and electron-donat-
the following nucleophiles: alcohols, phenols, thiophenols

: . ) . ! X ' ing substituents. The reaction also proved to be selective in
carboxylic acids, sulfonic acids, 1-(trimethylsilyloxy)cyclo- o ~ase of phenolic as well as vinyl phenylsulfonic acid

hexene, aniline, imidazole, pyridine, potassium cyanide, and derivatives. Among aliphatic sulfonic acids, 10-camphor-

lithium phenylacetilide. In the case of nucleophiles bearing g fonic acid also afforded the desired product in high yield
acidic hydrogen, the reactions were attempted with and and purity
without alkali carbonates or alkali bicarbonates. Alkali Althougﬁ carboxylic acid sodium salts such as sodium
sulfonates, carboxylates, and imidazole were found to be they o - ie acetate or sodium 4-phenylbutyrate afforded the
(@) Prakash. G. K. 5. Hu. 3. Wang, ©rg. Lot 2004.6, 43154317 desired difluoromethyl esters on the basid®fNMR, they
rakasn, G. K. 5.; AU, J.; Wang, Wrg. Lett. ,0, - . ili
(9) Prakash. G. K. S.: Hu, J.: Matﬁew,gr.; Olah. G. Aogew. Chem., ~ Were not stable enough to be separated by silica gel column
Int. Ed. 2003,42, 5216—5219. chromatography.

best substrates. Low yields were obtained using equimolar

In the course of testing the stability of the new reagent
(Table 1) in different dry solvents, it was found that it
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In the course of testing some nitrogen nucleophiles it was secondary amines is knowhThe preparation of-(difluo-
found that, in the presence of primary and secondary aminesromethyl)imidazolium derivative®2@—25) has not yet been
the reagent decomposed without transferring theHZfFfoup reported in the literature. Perfluorinated imidazolium salts
to the nitrogen atom. However, tertiary amines and certain are of interest as hydrophobic ionic liquitts.
nitrogen-containing heterocyclic compounds reacted readily ~ 10 test the reactivity toward phosphorus nucleophiles,
even at room temperature to give difluoromethylammonium Was reacted with phosphines (Scheme 3). In the case of

salts and N-difluoromethylated heterocycles (Schemg3,  {riPhenyl phosphine, we observed only 15% conversion after
1 day of stirring at room temperature. However, by repeating

the experiment in the presence of at least 15% of diisopropy!
azodicarboxylate, 100% conversion was achieved in 16 h.
Other phosphines worked equally well under similar condi-
tions. Although (difluoromethyl)triphenylphosphonium tet-

Scheme 3. Reaction of 13) with Imidazoles, Phosphines, and
Tertiary Amine$8

MeCN, it, 16 h 1 BFa 2 mior?oRd—gt rafluoroborate is a new compound, other related salts were
- RZ-\N‘P—CFZH 18 R1=R2=Me, R%=Ph already known: for example, the tetrachlorobismutate salt
Rl R2 Yield: 60-70% 3 12 3, hesized b . ibh Ioh hi ith Bi-
W Ph.S.C..HMe R 19 R'=R?=Me, R®=p-Tolyl was synthesized by reacting triphenylphosphine with Bi
) I 12
R® 15 (CR)s.
+ R2 R2+ In conclusion, the first member of tt&(difluoromethyl)-
A mechimen gy Ko diphenylsulfonium ion derivative family has b the-
CF,H RI-N Ny — N IN-CF2H iphenylsulfonium ion derivative family has been synthe
N .\ yewmsee =) sr, sized. It has been shown that it is a useful electrophilic
- -S- e . . . .
©/ - s T difluoromethylating reagent for varied oxygen, nitrogen, and
20 R'=R“=H 23 R“=H, R"=CF,H h h | hil
oF © 43 21 R1=Me, R2=H 24 R2=H,R3=Me p Osp orus nuc eOp les.
4 22 R'=R?=Me 25 R?=Me, R3=Me
. Acknowledgment. Support of our work by the Loker
PR3 cat. DIAD / CH,Clot, 16 h 4 26 R=Ph Hydrocarbon Research Institute is gratefully acknowledged.
- RsP—CFH 27 R=4-Fluorophenyl
Yield: 72-83% BE. - 28 R=Cydlohexyl Supporting Information Available: General experimen-
- Ph-S-CgHMe, (15) 4

tal procedure and spectroscopic data of all the products. This

a|solated yields. (The conversion referred to the substrate which material is available free of charge via the Internet at
was found to be 100% in all cases.) Reagent/substrate (molar ratio)http://pubs.acs.org.
= 1.05:1.0. In the case of non-N-alkylated imidazole, 2.1 equiv of

reagent was used. OL070195G
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Pritzkow, H.; Klaus, R.; Reimann-Andersen, S.; SundermeyerAligew.
Chem.1990,102, 80-81.
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W.; Naumann, DJ. Fluorine Chem1999,94, 207—-212.

19). Imidazole derivatives were found to be one of the most
reactive substrates as evident by their exothermic reaction
with 13. It should be noted that the synthesisNaflifluo-
romethyl-ammonium compounds from tertiary aNeformyl
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