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ABSTRACT

o ; OH
BuOK
< )LR +  PhSO,CF, R1—|—CF3
TR (or PhSOCF3) DMF R,
-50°C to RT

The first alkoxide- and hydroxide-induced nucleophilic trifluoromethylation of carbonyl compounds, disulfides, and other electrophiles, using
phenyl trifluoromethyl sulfone la (sulfoxide 1b) is reported. The trifluoromethyl sulfone 1a or sulfoxide 1b acts as a “CF;~” synthon. Both
sulfone 1a and sulfoxide 1b are commercially available and can also be conveniently prepared from trifluoromethane. The new methodology

provides a convenient route for efficient trifluoromethylation.

In the past two decades, organofluorine compounds haveCF;) developed by us previously is considered to be a
attracted much attention due to their unique properties andstraightforward, convenient, and versatile methddS—

unusual reactivities.Among them, trifluoromethyl group

CF; was commonly prepared from ozone-depleting trifluo-

(CRs)-containing compounds are of particular importance for romethyl halides, but recently, we reported its non-Freon-
different applications in the fields of materials, pharmaceu- based preparatidh.

ticals, and agrochemistry. Although many trifluoromethyla-

Since the 1990s, there has been increasing research interest

tion methods have appeared in the literature, including in trifluoromethylation using trifluoromethane (g as a

organometalli&, nucleophilic? electrophilic? and radical
trifluoromethylations, fluoride-induced nucleophilic trifluo-
romethylation with (trifluoromethyl)trimethylsilane (TMS
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trifluoromethylating precursor. GH has low toxicity and

is not ozone-depleting. It is a side-product of the multistep
industrial synthesis of Tefloff. The efficient production of
CRsH has been disclosed via fluorination of methane with
hydrogen fluoride and chlorin®. Shono and co-workets
used electrochemically reduced 2-pyrrolidone base to depro-
tonate CEH to generate the trifluoromethyl anion equivalent
that reacts with aldehydes and ketones. Troupel &ako
reported that cathodic reduction of iodobenzene generates a
strong base, which deprotonatess8Finducing its addition

to aldehydes. Thereafter, two research groups carried out
extensive studies on the nucleophilic trifluoromethylation
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using CRH as a precursor. Normant and co-worket8have
demonstrated the trifluoromethylation of aldehydes byHZF
potassium dimsylate in DMF. They suggested that the CF
DMF adduct was the key intermediate in the trifluoromethyl
transfer process. Roques, Langlois, and co-wotkegported
the nucleophilic trifluoromethylation of carbonyl compounds
and disulfides with CgH and different bases in DMF. GH

bond of sulfonela or sulfoxide 1b. The generation of
pseudohalide CF species is somewhat similar to the
reaction between benzenesulfonyl halides with alkoxides.
Nucleophilic displacement of the trifluoromethyl group has
been reported for trifluoromethyl aryl sulfones with sodium
methoxide'® Similar reaction between trifluoromethyl aryl
sulfone and Grignard reagents has been reported for the

N-formylmorpholine adduct was also developed as a stable preparation of sulfonels.More recently, Cheburkov et al.

reagent for the trifluoromethylation of nonenolizable carbonyl
compoundd? Under similar consideration, piperazino hemi-
aminal of trifluoroacetaldehyde was also used as a trifluo-
romethylating agerit2°However, trifluoromethane-derived
methods have their drawbacks: first of all, trifluoromethane
is a low-boiling gas (bp-84 °C) and thus its handling as a

reported that perfluoroalkyl sulfones react with metal hy-
droxides in water or alcohol solution and with ammonia to
form fluorinated sulfonic acid derivativég&However, alkox-
ide- and hydroxide-induced nucleophilic trifluoromethylation
using trifluoromethyl sulfones or sulfoxides has not been
previously reported.

reagent in the laboratory is not convenient; second, the quoted Herein, we wish to report the first alkoxide- and hydroxide-

trifluoromethylations do not work well with enolizable
carbonyl compounds.

Trifluoromethyl iodide (CEl) has also been successfully
used as a nucleophilic trifluoromethylating agent under the
activation of electron-donating tetrakis-(dimethylamino)ethy-
lene (TDAE)¥*2Motherwell and Storel° reported the nucle-
ophilic trifluoromethylation using trifluoromethylacetophe-
noneN,N-dimethyl-trimethylsilylamine adduct. Langlois and
co-workers also have reported nucleophilic trifluoromethy-
lations of nonenolizable carbonyl compounds using trifluo-
roacetic acid derivatives¢d trifluoromethanesulfinic acid
derivatives'® and trifluoroacetophenorié. More recently,

a nucleophilic trifluoromethylation method using trifluoro-
actetamides from amino alcohols was repotféd.

We previously reported a reductive trifluoromethylation
using trifluoromethyl sulfides, sulfoxides and sulfones as
trifluoromethyl (CR) group precursordHowever, under the

induced nucleophilic trifluoromethylation of carbonyl com-
pounds, disulfides, and other electrophiles, using trifluoro-
methyl phenyl sulfonda (sulfoxidel1b). The trifluoromethyl
sulfonelaor sulfoxidelb can be used as a “GF synthon.
Both phenyl trifluoromethyl sulfong&a and sulfoxidelb are
commercially available (bp 203C/760 mmHg forla, bp
85~87 °C/10 mmHg forlb) and can also be conveniently
prepared from trifluoromethane in high yielt,sThus, the
new methodology provides a convenient route for efficient
nucleophilic trifluoromethylation.

Potassiumtert-butoxide {BuOK) was first used as a
nucleophile to attack the sulfur center of phenyl trifluoro-
methyl sulfonela generating trifluoromethyl anion (Scheme
1). Into an equimolar mixture of sulforiea and benzaldehyde
4 in DMF at —50 °C was slowly added a DMF solution of
'BUOK (2 molar equiv). The reaction mixture was stirred at
—50°C for 1 h and then warmed to room temperature over

reductive condition, where magnesium metal was used, thea period of 2 h. 1-Phenyl-2-trifluoromethyletharlwas

reaction only worked with chlorosilanes as electrophiles,
while attempts to react with carbonyl compounds failed. We

anticipated that by using a nucleophilic base such as

alkoxides, the carbonsulfur bond of trifluoromethyl phenyl
sulfone la or sulfoxide 1b can be cleaved to give a
trifluoromethyl anion (CE) synthon that can undergo
addition to carbonyl compounds (Scheme 1). The driving

Scheme 1. Mechanistic Consideration
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force of this substitution is the formation of a strong S
bond (348-551 kJ/mol}® and the high polarity of the €S
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produced in 71% vyield (Scheme 2).

Scheme 2. Trifluoromethylation of PhCHO withLa
0 OH

H b CF3
DMF, - 50 °C to RT
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PhSO,CF3 (1a),'BUOK
tatl e

Shono and co-worketgound that when they used GHY/
‘BuOK/DMF to react with benzaldehyde &0 °C, benzyl
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Table 1. Trifluoromethylation of Benzaldehyde by Ph&F; Induced by Alkoxide or Hydroxide

benzaldehyde sulfone 1a alkoxide solvent temperature time yield (5,%)
a 1 equiv 1 equiv t-BuOK (2 equiv) DMF —-50°C 1h 71
b 3 equiv 1 equiv t-BuOK (2 equiv) DMF —30°Ctort 30 min 91
c 1 equiv 2 equiv t-BuOK (2 equiv) DMF —50°Ctort 3h 84
d 3 equiv 1 equiv MeONa (3 equiv) DMF —30°Ctort 3h 30
e 3 equiv 1 equiv KOH (8 equiv) DMF rt 20 h 45
f 3 equiv 1 equiv t-BuOK (2 equiv) DMSO re 1h 76

aYields were determined b{F NMR on the basis of the amount &f used.

alcohol and benzoic acid were formed by the competing We also attempted to carry out the reaction by using a
Cannizzaro reaction. Russell and Rodtfesepeated the  catalytic amount oBBuOK. However, when a small amount
reaction using excess GHF (9.5 equiv) andBuOK (2.2 of 'BUOK was introduced, only a low yield of produgtvas
equiv) at— 50 °C, and 67% yield of trifluoromethylated obtained (after hydrolysis), which can be monitored'#y
product5 was formed and no benzyl alcohol was detected. NMR. Introduction of additional'BuOK increased the
They mentioned that the high reaction temperature with product yield, and an excellent yield Bfvas achieved when
excess base could lead to Cannizzaro reaction and jeopardizexcessBuOK was used.
the nUC|eophi|iC triﬂuoromethylation. In our reaCtion, as An excess ofBuOK (2 equiv) was found to be he|pfu| to
shown in Scheme 2, only traces of benzoic acid and benzyl achieve high yields in the trifluoromethylation reactions.
alcohol were detected by NMR. This implies that in our There are several reasons and advantd8e€K reacts with
reaction at low temperature, the Cannizzaro reaction rate isyater readily and may be partially hydrolyzed during storage
much slower than theert-butoxide-induced tl’ifluoromethy- and hand”ng_ Furthermore’ excéBsOK also removes the
lation process. The reaction conditions have been optimizedmgisture from the solvent and reagents. More importantly,
(Table 1). When excess benzaldehyde was introduced, theaxcessBuOK in the reaction mixture eliminates the pos-
yield of product5 could be improved in terms of the amount sibility of hydrolysis of CR~ to form CRH. It is known
of sulfonelaused (Table 1, entry b). that CRH can be deprotonated BBuOK and undergo
BesidesBUOK, sodium methoxide (C¥DNa) and potas-  trifluoromethylation of carbonyl compoundst! Thus, the
sium hydroxide (KOH) were tried as nucleophiles (Table 1, present methodology allows the preparation of trifluoro-
entries d and e). Both of them worked but gave lower yields. methylated products in high yields in the case of noneno-
There are several possible reasons. First of all, both sodiumjjzgple aldehydes (Table 2, entries3). Similarly, noneno-
methoxide and KOH cannot readily dissolve in DMF, which jizapje ketones can also be easily trifluoromethylated using

affects the reaction rate. Second, unlike potasstent this methodology (Table 2, entries-12). Since there is no
butoxide, sodium methoxide may react with benzaldehyde cannizarro reaction between ketones dBdOK, these
via a Meerweir-Pondorff-Verley-type reduction pathwa. reactions can be carried out even at higher temperatures (such

Third, KOH has lower nucleophilicity thalBuOK, so the a5 25°C). Due to the lower reactivity of ketones compared
reaction rate can be slow. Here, Cannizzaro reaction mayyyith aldehydes, the ketone reactions need a slightly longer
still happen as a competing side-reaction, but it should not ¢jy,e (2-3 h) to go to completion. However, with enolizable
be a dominating factor to affect the yield since excess aldehydes and ketones, only low yield @80%) of tri-

benzaldehyde is presetit. _ _ fluoromethylated products were observed, because of the
It is worth noting that DMF is not the only convenient competing and facile aldol reactions.

solvent for the reaction. Dimethyl sulfoxide (DMSO) was

also used, and the reaction worked well (Table 1, entry f).

This indicates that the GFDMF adduct21%11ajs not a

necessary intermediate for this new type of nucleophilic
) : O : ; and 13).

trifluoromethylation. From a mechanistic point of view, o .

however, it can be reasonably postulated that the intermediate ANOther advantage of the reaction is the simple workup

specie2 (in Scheme 1) is formed and could act as a real Procedure. Since the byproduct of the reactiotersbutyl
trifluoromethylating agent. benzenesulfonate, it can be readily hydrolyzed tatebutyl

alcohol and benzenesulfonic acid derivatives. Aqueous
(18) Barrera, M. D.; Cheburkov, Y.; Lamanna, W. B.Fluorine Chem washing thus can remove most of the byproducts and

2002 117, 13. _ _ simplifies the purification process.
(29) Trifluoromethyl phenyl sulfide, sulfoxide, and sulfone are all

commercially available. A number of reports on their preparation have ~ The novel trifluoromethylating method was also found to
appeared in the literature. See: (a) ref 11 (a). (b) Gerard, F.; Jean-Mannel,work with disulfides. As shown in Scheme 3 Ph&B;

M.; Laurent, S.-JEur. Pat. Appl.1996 EP 733614. (c) Chen, Q.-Y.; Duan, . t . S
J-X.Chem. CommurL993 918. (d) Yang, J.-J.; Kirchmeier, R. L.; Shreeve, (1 €quiv) and'BuOK (2 equiv) reacted with diphenyl
J. M. J. Org. Chem199§ 63, 2656. disulfide 6, 1.2 equiv) at temperatures betweeB0 °C and

(20) Hassner A., Stumer, C., EdSrganic Syntheses Based on Name . . . e _
Reactions and Unnamed Reactipfergamon: New York, 1994; p 251.  100M temperature in 30 min to give quantitative conver

(21) Stahly, G. PJ. Fluorine Chem1989 43, 53. sion (87% isolated) of trifluoromethyl phenyl sulfidé

It is noteworthy that phenyl trifluoromethyl sulfoxidib
worked equally well aga, and similar trifluoromethylations
were observed with aldehyde and ketone (Table 2, entries 6
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Table 2. Reaction of Trifluoromethyl Phenyl Sulfondd) Scheme 3. Trifluoromethylation of PhSSPh witha

or Sulfoxide (Lb) (2 equiv) with Nonenolizable Carbonyl PhSO,CF3 / tBUOK

Compounds (1 equiv) an8uOK (2.5 equiv) in DMF between Ph—8—S8—Ph S Ph—S—CF;
DMF, -30 °C ~r.t.

—50 °C and Room Temperature 6 7

entry giﬁsgmd ;rgl:r::tromethylating product yield® (%) ::;;n’:‘)'gl R

The 1a/'BuOK trifluoromethylation method was also

78560 applied to other systems. For instance, methyl benzoate can
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OH be trifluoromethylated to generate 2,2,2-trifluoroacetophe-
2 H 1a CFs 62 -784(d) none in 30% vyield at temperatures betweeb0 and—20
o OH °C. CRCu can be generated in situ witte/'BuOK and
3 /@AH 1a /©)\CF3 8 789 copper iodide (Cul) and then further react with iodobenzene
Et o Et OH at 80°C for 20 h to given,a,a-trifluorotoluene in 26% yield.
4 ﬁ H 1a /©)\CF3 76 78.7(d) We also attempted the use of other types of sulfones such
Ph . L as methyl trifluoromethyl sulfonel€) as the trifluoromethy-
¢ 7230) lating agent. When diphenyl disulfide was used as the model

o
I
-
o
o
n
w

substrate, however, the reaction only gave a minimal yield

i 'y of product7 (~ 2%). This is probably due to the facile
6 ©)LH b @CFS 68 T85E deprotonation of the methyl group BBuOK, leading to other
o HO, CF3 products.
7 1a 86 745 In summary, potasiuntert-butoxide-induced trifluoro-
o o oF methylation using phenyl trifluoromethyl sulfone (PhSO
" “ e 7ss CFs, 1a) or sulfoxide (PhSOC# 1b) enables us to transfer
A cl cl [O O - ' CF; group into nonenolizable carbonyl compounds and
Q HO. CF, disulfides in high yields. Since both compouridsand 1b
o 1a 83 747 are stable high-boiling liquids that can be readily produced
on SA® J liqu
2 o ON frpm nonozone-depletlng tnfluoromethane_, the repqrted new
N HQ SR T trifluoromethylating method offers an inexpensive and

convenient synthetic methodology. Investigations to extend
the scope of this novel type of fluoroalkylation methodology

73 750 to reactions such as difluoroalkylation using difluoromethyl
sulfones or sulfoxides are underway.
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(**F NMR: — 43.3 ppm). This reaction was even more facile
than that of carbonyl compounds. OL035045U
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