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ABSTRACT

The one-pot synthesis of 1,1,1-trifluoro- and 1,1-difluoro-2,2-diarylethanes from arenes and fluorinated hemiacetals in the BF3�H2O system is
described. The reaction is simple, clean, and convenient, eliminating the use of organic solvents and other expensive acid systems. BF3�H2O is
economic, is easy to prepare, and offers ample acidity required for this reaction.

Organofluorine compounds have special properties and
are used in various fields such as medicine and agrochem-
icals. In particular, trifluoromethylated and difluoro-
methylated compounds are found to have a large
number of industrial and pharmaceutical applications.1

Fluorinated drugs containing the trifluoromethyl and di-
fluoromethyl groups are highly important due to their
unique physical and biological properties.2 Some of the
well-known drugs containing the “CF3” group are Prozac
(antidepressant), Casodex (anticancer agent), Celecoxib
(Celebrex, anti-inflammatory),2 and Trifluridine (Viroptic,
antiherpesvirus antiviral).3Roflumilast (anti-inflammatory)2

and Eflornithine (Ornidyl, R-difluoromethylornithine or
DFMO, anticancer)4 are examples of drugs containing the
“CF2H” group.
The preparation of di- and trifluoromethylated com-

pounds has often been achieved by direct di- and trifluor-
omethylation techniques using nucleo- or electrophilic
fluoromethylating agents. Prakash and co-workers have
carried out significant work in the development of novel
nucleophilic trifluoromethylation based on TMS�CF3

(the Ruppert�Prakash reagent).5 The synthesis of fluor-
oalkylated compounds can also be achieved using various
trifluoromethyl containing building blocks. Trifluoroacetal-
dehyde (CF3CHO) is a highly useful synthon for this pur-
pose. The strong electron-withdrawing effect of the
trifluoromethyl group increases the electrophilicity at the
carbonyl carbon and enhances its reactivity. Since fluoral
(CF3CHO) is a gas and its preparation and handling are
difficult, its hydrate and hemiacetal derivatives are used as
convenient trifluoroacetaldehydeequivalents.Theyare stable
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and commercially available at a reasonable cost.6 Trifluor-
oacetaldehyde ethyl hemiacetal has been used for the synth-
esis of awide variety of trifluoromethylated compounds such
as β-hydroxy-β-trifluoromethyl ketones,7 R-trifluoromethyl
amines, R-trifluoromethyl alcohols,8 β-trifluoromethylated
amino acids, amino alcohols, amino esters,6 heterocycles
(β-lactams, piperidines, quinolines),6,9 and aryl-R-trifluoro-
methyl amino alcohols.10 Similarly, the synthesis of a variety
of difluoromethylated analogs including nitrocarbinols and
sugar analogs10,11 has been achieved using difluoroacetalde-
hyde ethyl hemiacetal. Thoughmuch work has been done in
this field, there are only a few reports on Friedel�Crafts
hydroxyalkylation reactions of fluoral or fluoroketones with
arenes in the literatureand inall cases the reactions stoppedat
the carbinol stage.12 To the best of our knowledge, there are
only two reports in the literature on hydroxyalkylation
reaction of 2,2,2-trifluoroacetophenone with aromatics in
the presence of trifluoromethanesulfonic acid (triflic acid)
leading to 1,1,1-triaryl-2,2,2-trifluoroethanes.12d,e

1,1,1-Trichloro-2,2-bis(p-chlorophenyl)ethane (DDT)
has beenusedworldwide as an effective pesticide to control
insect-borne diseases such as malaria. DDT has been
prepared by the acid catalyzed condensation of chloral
with chlorobenzene.13 Today, the use ofDDT is banned in
many countries because of its hydrophobic nature and
persistence due to its chemical stability, leading to bioac-
cumulation and biomagnification in food chains. How-
ever,DDT is still used in somecountries to combat disease-
carrying insects due to its efficacy as a potent insecticide.14

Trifluoroethyl aromatics have received significant
attention in agriculture as insecticides and fungicides.15

However, there are limited studies on the synthesis of
trifluoroethyl aromatics, which include reduction of diaryl
trifluoromethyl carbinols (obtained by addition of aryl
Grignard reagent to ethyl trifluoroacetate),16a replacement
of chlorine by fluorine of 2,2,2-trichloroethyl aromatics,16b

Friedel�Crafts reaction of R-trifluoromethyl benzyl
alcohol (prepared by reduction of R-trifluoromethyl
acetophenone),16c and treatment of arenes in trifluoroace-
tic acid with sodium borohydride.16d All these methods
havemany disadvantages such as high toxicity of reagents,
poor yields, and the involvement of multistep procedures.
During our recent studies on Friedel�Crafts reactions

and acid catalyzed synthetic transformations under various
superacidic conditions, we found that boron trifluoride
monohydrate (BF3�H2O) is a very effective acid catalyst
for thepreparationof sulfides fromcarbonyl compounds,17

nitration of aromatics and preparation of alkyl nitrates
using metal nitrates,18 halogenation of deactivated arenes
using N-halosuccinimide,19 the Fries rearrangement of
phenolic esters,20 and preparation of di- or triarylmethane
derivatives from heteroaromatic and aromatic carboxalde-
hydes, respectively, andanthracene derivatives fromphtha-
lic dicarboxaldehyde under relatively mild conditions.21

Herein, we describe the synthesis of 1,1,1-trifluoro-2,2-
diarylethanes (3a�i) and 1,1-difluoro-2,2-diarylethanes
(4a�h) from arenes and fluorinated acetaldehyde hemiace-
tals in a single step inBF3�H2Owithout theuse of anyother
organic solvents. 1,1,1-Trifluoro-2,2-diarylethane and 1,1-
difluoro-2,2-diarylethane derivatives are the fluoroanalogs
of DDT.22 BF3�H2O plays a dual role, as an efficient acid
catalyst as well as a suitable medium for this reaction.

In 1986 Guy et al. reported trifluoroethylation of ben-
zene using various acid catalysts such as AlCl3, SbCl5,

Scheme 1. Synthesis of 1,1,1-Trifluoro-2,2-diarylethanes (3a�i),
1,1-Difluoro-2,2-diarylethanes (4a�h) under BF3�H2O Cata-
lyzed Conditions and Mixture of Carbinol 5a and Ether 5a0
under Less Acidic Conditions
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FeCl3, and H2SO4.
23 1,1,1-Trifluoro-2,2-diphenylethane

was obtained only when 100% H2SO4 was used (70%
conversion). Formation of carbinols 5a and ether 5a0 was
observed in other cases. However, in our present method
fluoral hemiacetal 2a and difluoroacetaldehyde ethyl
hemiacetal 2b undergo condensation reactions with aro-
matics in an excess of BF3�H2O to afford 1,1,1-trifluoro-
2,2-diarylethanes and 1,1-difluoro-2,2-diarylethanes in
excellent yields (Scheme 1). These reactions are examples
of the Friedel�Crafts type reactions known as
hydroxyalkylation.24 Our group and others12b,c,13,21,25,26

have used similar methodologies for the synthesis of
various biologically active heteroaryl systems.

Activated aromatics are found to undergo hydroxyalkyla-
tion reactions readily with fluoral hemiacetal in BF3�H2O.
Reactions with electron-rich aromatics such as p-xylene

and mesitylene were carried out at room temperature over
a short period of time leading to the expected 1,1,1-
trifluoro-2,2-diarylethanes (Table 1, entries c, d). How-
ever, in the case of deactivated arenes, the reaction condi-
tions were varied depending on the degree of deactivation.
Reactions of fluorobenzene and chlorobenzene with tri-
fluoroacetaldehyde methyl hemiacetal in BF3�H2O (50
equiv) at 60 �C resulted in the formation of the products in
high yields (87�88%) (Table 1, entries f, g). For bromo-
benzene, when the temperature was elevated to 75 �C, the
corresponding product 3h was obtained in 90% yield.
Condensation of monosubstituted arenes with fluoral
hemiacetal led to para�para0 diaryl compounds as the
major products along with other regioisomers (Table 1).
The reaction of fluoral hemiacetal with nitrobenzene did

not afford the corresponding trifluorodiarylethane product
3j even when the amount of BF3�H2O and reaction time
were increased (75 equiv, 75 �C, 48 h). However, the inter-
mediate carbinol 5j was obtained in 56% yield (Scheme 2).

Asacomparative study,wealso conducted thehydroxyalk-
ylatonofaromaticswith fluoralhemiacetal2ausing triflic acid
having an acidity greater than BF3�H2O. The reaction was
faster as expected, and the reaction had to be properly
controlled to avoid undesired side reactions (Table 2).

Table 2. Reaction of Fluoral Hemiacetal 2a and Arenes in
Presence of Triflic Acid

aThe ratio of regioisomers was calculated based on 19F NMR of the
mixture before column chromatography. bTraces of transalkylated pro-
ducts were also observed in NMR. Reaction was also carried out at �40
�C for 30 min. However, the product was obtained in lower yield (76%).

Table 1. Reaction of Fluoral Hemiacetal (2a) andArenes (1a�i)
in Presence of BF3�H2O

aThe ratio of regioisomers was calculated based on 19F NMR of the
mixture before column chromatography.

Scheme 2. Condensation of Fluoral Hemiacetal with Nitro-
benzene in Presence of BF3�H2O
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The hydroxyalkylation reaction of aromatics was also
carried out with difluoroacetaldehyde ethyl hemiacetal 2b
to afford the desired 1,1-difluoro-2,2-diarylethane. The
results are summarized in Table 3. Reaction of 2b with
benzene at 0 �C led to 1,1-difluoro-2,2-diarylethane 4a

in 45% yield in 30 min. Hydroxyalkylation of arenes
(particularly activated arenes) with difluoroacetaldehyde
ethyl hemiacetal was carried out at low temperatures under
controlled conditions. Reactions of trifluoromethoxyben-
zene and fluorobenzene with 2b were completed within 60
and 20 min, respectively, at 0 �C (Table 3, entries d, e).
Reactions of chlorobenzene and bromobenzene were car-
ried out at 0 �C in 0.5 h followed by gradual warming to
room temperature over 0.5 and 1.5 h, respectively.
(Table 3, entries f, g). Reactions of deactivated arenes such
asp-difluorobenzene requiredmore time (Table 3, entry h).
Condensation of monosubstituted arenes with 2b pro-
ceeded with high regioselectivity (>85%) to afford para
�para0 diaryl compounds as the major products.

Similar to other superacid-catalyzed hydroxyalkylation
reactions reported earlier,25,26 the mechanism of hydro-
xyalkylation of aromatics using fluorinated hemiacetals is
believed to involve superelectrophilic activation of the
hemiacetal and subsequent reaction of the resulting gitonic
1,3-dicationic species 7a,b/8a,bwith the arene to give 9a,b/
10a,b. The reaction between benzene and fluoral hemiace-
tal 2a was periodically monitored, and formation of
carbinol 5a and ether 5a0 (Scheme 1) was observed after
just 1 h. Formation of carbinol 5a and ether 5a0 requires
two types of intermediates 7a and 8a, respectively.
Protonated ether 9a,b and carbinol 10a,b in BF3�H2O
undergo subsequent reaction with arenes to give the
corresponding final fluoroalkyldiaryl compounds 3 and 4

(Scheme 3).

In summary, the direct synthesis of 1,1,1-trifluoro-2,2-
diarylethanes and 1,1-difluoro-2,2-diarylethanes has been
achieved by BF3�H2O-catalyzed Friedel�Crafts hydro-
xyalkylation of arenes with trifluoroacetaldehyde methyl
hemiacetal and difluoroacetaldehyde ethyl hemiacetal,
respectively, in high yields and purity. BF3�H2O plays a
dual role, both as an acid catalyst and as a solvent,
eliminating the use of expensive acids and organic solvents.
This methodology can be widely applied for the develop-
ment of fluoroanalogs of DDT, which are potentially
biodegradable with greater insecticidal and pesticidal
activities.
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Table 3. Reaction of Difluoroacetaldehyde Ethyl Hemiacetal
(2b) and Arenes (1a�h) in Presence of BF3�H2O

aThe ratio of regioisomers was calculated based on 19F NMR of the
mixture before column chromatography. bReactions were carried out at
0 �C for 30 min followed by gradual warming to room temperature.

Scheme 3. Plausible Mechanism for Reaction of Fluorinated
Hemiacetals with Arenes under BF3�H2O Catalyzed Condi-
tions


