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The importance of trifluoromethylated molecules has under-
gone regular growth during the last years, and asymmetric
molecules with the CF; group borne by a chiral carbon have
become more popular. However, methods used to achieve
such molecules are still limited. The building block strategy
has been the method most employed these last years and
stereocontrolled trifluoromethylation reactions have begun to
emerge as potential valuable alternatives. Trifluoromethyl-
ation of chiral molecules, by using diastereoselective induc-

tion, seems promising and already gives good results in cer-
tain cases. However, although actively studied to this day,
the enantioselective trifluoromethylation of prochiral com-
pounds is still not very efficient even if some interesting re-
sults have been already described. Nevertheless, such reac-
tions still present a challenge in terms of efficiency.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

1. Introduction

Fluorine occupies a specific place among all of the ele-
ments of the periodical classification because of its high
electronegativity and its specific properties. This singular
nature of the fluorine atom, combined with the unique
physical and chemical properties that fluorine imparts to
compounds that contain it, explains the importance of or-
ganofluorine chemistry.!! Indeed, the specific physicochem-
ical properties of fluorinated organic compounds are of
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huge interest in a wide range of applications.!'~2l Conse-
quently, organofluorine chemistry has been steadily grow-
ing to become, today, a field of great importance with a
distinctive role in highly diverse technological developments
(fluoropolymers, pharmaceutical and agrochemical prod-
ucts, material science, etc).>

Among fluorinated compounds, trifluoromethyl-substi-
tuted molecules constitute a particular class of compounds
with specific properties, such as polarity, thermal and meta-
bolic stabilities, as well as the high lipophilicity brought by
the CF; moiety that enhances the compounds bioavail-
ability. Thus, these molecules are very useful, particularly in
the pharmaceutical and agrochemical fields.
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In the last two decades, many reliable methods have been
reported for the introduction of a CF; moiety into organic
compoundsP! and anionic trifluoromethylation has
emerged, in recent years, as one of the most powerful strate-
gies. Numerous reagents have been developed to overcome
the great instability of the CF3; anion and to allow nucleo-
philic trifluoromethylation.[7]

Recently, emergence of drugs, such as Befloxatone (anti-
depressant)® (1) and Efavirenz (anti-HIV)P! (2), in which
the CF; moiety is located at an asymmetric center, has
underlined another important synthetic challenge: how can
such chiral compounds be prepared? Many solutions have
been developed for this purpose with more or less success.
Nevertheless, direct asymmetric trifluoromethylation re-
mains the most “elegant” approach, but this method still
represents an important challenge which mobilizes many

organofluorine chemists (Figure 1).
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Figure 1. Drugs with CF; group at asymmetric carbon.

In this microreview, after a brief overview of the recent
developments to circumvent this challenge, we will focus on
the most representative results obtained in stereoselective
trifluoromethylation with particular attention given to the
first attempts in enantioselectivity.

2. The “Indirect Way”: a-CF; Chemistry

Because of growing interest in asymmetric trifluorome-
thylated carbons and the difficult challenge of direct enan-
tioselective trifluoromethylation, the first and most used
strategies to achieve such structures circumvent the diffi-
culty by stereocontrolled reactions to prochiral trifluorome-
thylcarbonyl groups. Asymmetric reduction of, or nucleo-
philic addition to, such moieties have been largely exem-
plified in the literature.!'%7 One of the most representative
example is the Bristol-Myers Squibb’s HIV drug Sustiva
(Efavirenz, 2), which is produced by the asymmetric ad-
dition of an organometallic compound to a trifluoromethyl-
carbonylated substrate (Scheme 1).['!]

The same strategy has also been applied to the synthesis
of chiral a-CF5 amines.'°!2IMore recently, the use of chiral
trifluoromethylated oxazolidines (3), which arise from fluo-
ral, has also been described to achieve asymmetric trifluor-
omethylated compounds via an iminium intermediate.[3]
Hemiketals (4) or ketals (5) of fluoral can also be directly
involved in the asymmetric aldol reaction or SN, processes
(Scheme 2).110¢]
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Scheme 1. Asymmetric synthesis of Efavirenz.
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Scheme 2. Use of fluoral derivatives.

Very recently, a diastereoselective aldol reaction with o-
CF; enolates was developed to reach chiral trifluoromethyl-

ated compounds with good diastereomeric excess
(Scheme 3).532!
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Scheme 3. Diastereoselective aldol reaction of a-CF; enolates.

2. The “Direct Way”: Stereocontrolled
Introduction of the CF3; Group

2.1. Diastereoselective Strategies

2.1.1. Nucleophilic Trifluoromethylation

Since the emergence of a nucleophilic method for the in-
troduction of a CF3 group, this strategy has been the most
studied. Stereocontrol of the reaction that is most described
is the diastereoselective one, which consists of performing
the reaction between a “ CF3” equivalent reagent and a chi-
ral electrophile. This strategy has been largely employed
and, generally, gives good results. Because of its commercial
availability and its easy handling, the Ruppert—Prakash rea-
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Scheme 4. Diastereoselective trifluoromethylation with CF;SiMes.

gent (CF3SiMejs) has been largely employed for such a pur-
pose. Thus, for instance, trifluoromethylated amino acids
(7),1'4 sugars (8),['] steroids (9),['®! and amines (10)!!7] have
been synthesized with such a strategy (Scheme 4).

Nevertheless, the observed diastercoselection is very de-
pendent on the fluoride sources used. For example, in the
synthesis of 10, the obtained de was only 70% when CsF
was used instead of TBAT. Furthermore, it is generally no-
ticed that the de decreases when the electrophilic site of the
molecule moves away from the chiral part. Thus, in trifluor-
omethylated steroids, if total diastereoselectivity was ob-
tained with 9, no asymmetric induction was observed in 11
(Figure 2).1181
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Figure 2. Diastereoselective trifluoromethylation of steroids.
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Scheme 5. Diastereoselective trifluoromethylation of sugar with
CF;lL.
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Alternatives to CF;SiMes, based on the use of CF;l,
have been envisaged.['2% Nevertheless, the diastereoselec-
tivities are generally lower than those observed with the
Ruppert reagent (Schemes 5 and 6). Furthermore, the gas-
eous form of CF;I makes these alternatives unsatisfactory.
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Scheme 6. Diastereoselective trifluoromethylation of sulfinimide
with CF,1.

2.1.2. Radical Trifluoromethylation

Even if the radical approach, with the use of the electro-
philic radical ‘CF;, is rarely compatible with stereoselecti-
vity, a few diastereoselective inductions have been observed
(Scheme 7). The first diastereoselective reaction was de-
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Scheme 7. Diastereoselective radical trifluoromethylation.

893

WWW.eurjoc.org



MICROREVIEW

T. Billard, B. R. Langlois

scribed by Kitasume and Ishikawa starting from CF;l or
CF;Br.2!! Even if the mechanism is unknown, a radical
process can be reasonably supposed. Starting from CFsl,
lithium enolates of chiral N-acyloxazolidinones can also be
trifluoromethylated under radical conditions with satisfac-
tory diastereoselectivities.’?l Despite these interesting re-
sults, the strategy to achieve chiral trifluoromethylated com-
pounds through this process remains anecdotal and cannot,
reasonably, present a general synthetic interest.

2.1.3. Electrophilic Trifluoromethylation

To this day, only a few reagents are able to realize electro-
philic trifluoromethylation./>3! Nevertheless, some attempts
at diastereoselective trifluoromethylation have already been
realized with chiral nucleophilic molecules®® or by adding
chiral Lewis acids to prochiral compounds (Scheme 8).[%
For the moment, these preliminary results are still modest.
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Scheme 8. Diastereoselective electrophilic trifluoromethylation.

2.2. Enantioselective Strategies

At this moment, the lone tentatives of enantioselective
trifluoromethylation of prochiral compounds with chiral
trifluoromethylating reagents have been realized by a nucleo-
philic strategy. Indeed, as we said previously, the radical
method does not seem very adaptable for such reactions
and the low availability of electrophilic trifluoromethylating
reagents is still a limitation for such studies. Logically, the
Ruppert-Prakash reagent has been the most studied. The
first enantioselective trifluoromethylation reaction with
CF5SiMe; was published in 1994.P4 The chirality is
brought about from a fluoride anion associated to a chiral
cation, namely a cinchonium derivative (Table 1). The hy-
pothesis is based on the fact that the chiral ammonium salt
should be closely associated with the pentacoordinate spe-
cies arising from CF3SiMes and that it is this close coordi-
nation that would induce the enantioselectivity.
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Table 1. Enantioselective trifluoromethylation with cinchonium
fluoride catalysis.

1) CF;SiMe
Toluene | —78°C F3CXOH
2) HCl aq. R "R*
19
(10-20%mol)
Entry R! R? R3 R* ee [%] Yield of
19 [%]
1 CF; CF; Ph H 46 (R) >99
2 H CF; Ph Me 480l 91
3 H CF; Ph iPr 51[al 87
4 H CF3 l’l-C7H15 H 15[“] >99

[a] Absolute configuration not determined.

The observed ee’s do not exceed 51% (Entry 3) and de-
crease considerably when non-aromatic carbonyl com-
pounds are used (Entry 4), which leads to the vision that
n-n stacking interaction between the carbonyl compound
and cinchonium occurs. In unpublished results, Prakash de-
scribed the highly enantioselective trifluoromethylation
(95% ee) of 9-anthranaldehyde (unknown yield) by a sim-
ilar strategy but by using a quinidinium-derived fluoride
instead of a cinchonium one; however, the amount of chiral
fluoride is not given.[>’! The same reaction, conducted with
a cinchonium salt, led only to 45% ee (Scheme 9).>4

=
OH
H F
S NI

|
N~ H b\
(10 mol-%) H CFs

CF;S1Me;
Toluene / -78°C
(98%) [ee = 45% (R)]
(ee =95%)
CF;SiMe;
CH,Cl,/-78°C

Scheme 9. Enantioselective trifluoromethylation of 9-anthranal-
dehyde.

The results are not necessarily so surprising because it is
well-known in catalytic reactions that by using quinquina
alkaloid derivatives the enantioselectivity is often depend-
ent on the choice of the catalyst for a given reagent. These
observations have been confirmed by a Pfizer research
group which succeeded to improve enantioselectivity by
designing a new cinchonine derivative (Scheme 10).12¢)
However, this catalyst did not prove to be generally appli-
cable and the same high ee with other various carbonyl
compounds was not observed.
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Scheme 10. Enantioselective trifluoromethylation with optimized
cinchonine-derived fluoride.

Another chiral fluoride source has been envisaged by
synthesizing chiral TASF analogs.?”l Nevertheless, one
more time, the observed ee did not exceed 52% (Table 2).

Table 2. Enantioselective trifluoromethylation with chiral TASF
analog.

+
Ph, " [PhsnF,

):;N S (10 mol-%)
Ph
3
L Et,0 / ~78°C .

fl H

RTH 5 Har R Cr,
Entry R Yield [%)] ee [%]
1 Ph 96 52 (S)
2 p-OMePh 97 37lal
3 p-CF5Ph 90 24lal
4 p-CIPh 93 30lal
5 0-MePh 98 33lal
6 1-naphthyl 71 12l
7 (E)-PhCH=CH 99 18[al
8 Cyclohexyl 88 106l

[a] Absolute configuration not determined.

Other “chiral activations” of CF;SiMe; have been tested
by using Lewis base. Thus, attempts to enantioselectively
trifluoromethylate benzaldehyde with quinine activation
have been realized.?®! However, only modest yields and low
ee’s were observed (Table 3). The best observed ee is only
21% and required a more hindered trifluoromethylated rea-
gent (Entry 4).

With the same idea, activations of the Ruppert—Prakash
reagent with (DHQD),PHAL or BINAP have also been
tried. However, if the obtained yields are better, no ee have
been observed.??! Recently, a new class of nucleophilic tri-
fluoromethylating reagents have been described, namely tri-
fluoroacetamides and trifluoromethanesulfinylamides of
gem amino alcohols.[” Because such compounds arise from
chiral amino alcohols, their use in enantioselective reactions
has been studied. Since benzaldehyde seems to be a “chal-
lenging compound” to be stereoselectively trifluoromethyl-
ated, studies have been conducted with it.?% A lot of tri-
fluoroacetamides of various silylated chiral gem amino

Eur. J. Org. Chem. 2007, 891-897

Table 3. Enantioselective trifluoromethylation with chiral Lewis
base.

A

OH
CF;SiRy/DMF/r.t. /IT
= > Ph CE

Ph” H
MeO Ho H
N

\ 0,

N /(5 mol-%)
Entry CF;SiR; Yield [%0] ee [%0]
1 CF3SiMe; 49 9lal
2 CF;SiPhMe, 39 6lal
3 CF;SiMePh, 35 12fal
4 CF;SiEt; 24 21fal

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[a] Absolute configuration not determined.

alcohols have been synthesized and tested for enantioselec-
tive trifluoromethylations, but only two of them gave mod-
est ee (Scheme 11).

o) Buy,N* Ph;SiF~ OH
Py THF/r 1, oA H
Ph” H > CF,
~N
Ph, s
y Ph
Me;SiO  N—/ o (71%) [ee = 10% (S)]
o)
20 CF
~
Ph S A
MejSi0 N=— & (86% ) [ee = 5% (R)]
o=
CF
21 3 )

Scheme 11. Enantioselective trifluoromethylation with trifluoro-
acetamides of chiral amino alcohols.

The addition of a third stereocenter, directly bearing the
CF; group, brought only slight ameliorations (Scheme 12).

0 Csk OH
glyme/r.t. ~H
Ph)J\H o Ph™ CF,
Ph (65%)
Me;SiO N~ [ee =20% (S)]
“o=st
2

Scheme 12. Enantioselective trifluoromethylation with trifluorome-
thanesulfinamides of chiral amino alcohols.

To this day, the best ee that has been obtained with this
family of reagents is only 30% by employing trifluorome-
thanesulfinamide 22 with N-benzylcinchoninium fluoride
activation, but the yield decreases to 49%.

3. Conclusion

To this day, the best manner to build a chiral carbon
center bearing a CF5 group remains the asymmetric reac-
tion of prochiral trifluoromethylated molecules. Neverthe-
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less, the diastereoselective introduction of a trifluoromethyl
moiety into chiral molecules has shown some interesting
results and is under constant progress and development.
Such an alternative could become the new efficient strategy
in the future.

Enantioselective trifluoromethylation is always a great
challenge in organofluorine chemistry. Some interesting re-
sults have been already obtained by a nucleophilic strategy,
but the overall results present an important lack of general-
ity and they remain for the moment substrate-dependent.
However, this strategy remains pertinent and further devel-
opments are under study in our laboratory and others.

The recent work of Togni et al.[>*?l in the field of electro-
philic trifluoromethylation has opened the way to a new
promising alternative for the success of the enantioselective
trifluoromethylation of nucleophilic compounds. Togni
says, at the end of his article, that they are studying the
possible asymmetric development of their method.

Finally, we cannot present the recent progress in asym-
metric trifluoromethylation without citing the strange re-
sults that have been observed, which includes the potential
self-disproportionation of trifluoromethylated enantiomers
that was recently described by Soloshonok.!! Such an un-
usual phenomenon should be taken into consideration for
further research in enantioselective trifluoromethylation.

Since the first ee published in 1994, no real advances have
been obtained, despite the efforts of the researchers. Thus,
the enantioselective trifluoromethylation reaction will be-
come the new “Grail quest” for chemists!
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