
Concentration-Dependent Reactions of
Deoxofluor with Arylglyoxal Hydrates: A
New Route to Polyfluoro Ethers
Rajendra P. Singh and Jean’ne M. Shreeve*

Department of Chemistry, UniVersity of Idaho, Moscow, Idaho 83844-2343

jshreeVe@uidaho.edu

Received June 21, 2001

ABSTRACT

In concentrated solutions (CH2Cl2) at 25 °C, arylglyoxal hydrates, ArCOCHO‚H2O (Ar ) 3,4-OCH2O-C6H3-, 4-MeO-C6H4-, 4-Me-C6H4-, 4-F-C6H4-,

Ph-, S-CHdCH-CHdC-) (2a−f) with Deoxofluor gave fluorinated ethers, ArCF2CHFOCHFCF2Ar, (3a−f) in >90% yields as meso/racemic mixtures
(∼1:1). Under very dilute conditions, mixtures of ArCF2CHO (major) (4a−f) and ArCF2CF2H (6a−f) (minor) were obtained. The structures of 3b
(racemic) and 4a (meso) have been confirmed by single-crystal X-ray analysis.

Fluorine or a fluorinated group is a highly important
substituent in the field of organic chemistry, most often
bringing about some remarkable changes in the physical,
chemical, and biological properties of new compounds/
materials that make them suitable for diverse applications
in the areas of materials science, agrochemistry, and
industry.1-4 Although a wide variety of methods have been
developed for introducing one or more fluorine atoms into
organic compounds,5 the use of Deoxofluor as a nucleophilic
fluorinating reagent is gaining in popularity.6-8 Utilization
of Deoxofluor in the conversion of a simple system such as
an aldehyde or a ketone into the corresponding difluoro
derivative is well explored,7 but this methodology has not
been extended to polycarbonyl compounds. In our continuing
efforts to introduce fluorine into organic compounds nucleo-
philically,8 we discovered a new route to aryl polyfluorinated
ethers by the reactions of arylglyoxal hydrates with Deoxo-
fluor.

Treatment of2a (2 mmol) with Deoxofluor (1) (4.5 mmol)
in dichloromethane (3 mL) at room temperature for 4 h
afforded3a and4a as a meso and racemic mixture (∼1:1)
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in 91% isolated yield. Under similar reaction conditions,
various arylglyoxal hydrates (2b-f) were also converted into
aryl polyfluoro ethers (3b-f and4b-f) in >90% isolated
yields. (Scheme 1). Both the meso (3a-f) and racemic (4a-

f) compounds were separated by flash chromatography using
a methylene chloride and pentane mixture (1:2) as an eluting
solvent. Each of the meso compounds gave two sets of
signals in the19F NMR spectra centered at about-110 ppm
(CF2) (ABX pattern) and-138 ppm (CHF) as a doublet of
multiplets. In the racemic products, the signals due to CF2

were essentially identical to those for the meso cases, but
the signal due to CHF was observed at about-146 ppm as
a doublet of multiplets. In the13C NMR spectra of meso
and racemic products, a characteristic shift was observed due
to the CHF carbon, i.e., in meso compounds as a doublet of
triplets at about 107 ppm withJ ) 238 Hz and in the racemic
species as a doublet of triplets at about 103 ppm with the
sameJ value as in the case of meso. Finally, the structures
of 3b and4a have been confirmed by single-crystal X-ray
analysis.

When the reactions described in Scheme 1 were carried
out under very dilute conditions, aryl polyfluoro ethers were

not formed, but rather difluoro aldehydes or tetrafluoro
derivatives were formed. For example, the reaction of2a (1
mmol) with Deoxofluor (1) (2.5 mmol) in methylene chloride
(200 mL) at 25°C for 4 h afforded a mixture of5a (75%)
and 6a (25%). Under similar reaction conditions, various
arylglyoxal hydrates (2b-f) also gave a mixture of5b-f as
major and6b-f as minor (Scheme 2). Reaction of concen-

trated solutions of nonhydrated aryl glyoxals (7g-i) in
methylene chloride with Deoxofluor produced the tetrafluoro
derivatives (8g-i) in excellent isolated yields, whereas only
trace amounts of difluoro products (9g-i) were found
(Scheme 2).

The reaction mechanism for the formation of difluoro or
tetrafluoro products is similar to that of the reaction between
simple aldehydes and ketones6b,7 with Deoxofluor. The
mechanism for the formation of fluorinated ethers is tenta-
tively described in Scheme 3. Fluorination of the carbonyl
group R to the phenyl or substituted phenyl group likely
occurs first to giveA. It is known that Deoxofluor fluorinates
alcohols, ROH, to produce the corresponding fluorinated
derivative, R-F. When the hydrated arylglyoxal (A) reacts,
the formation of a fluorinated alcohol (B) is expected.
Fluorine-containing alcohols with fluorine on theR-carbon
are unstable with respect to loss of HF or can react with HF
under highly concentrated conditions to give an unstable
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Scheme 1

Table 1. Reaction of Aryglyoxal Hydratesa with Deoxofluor at
Room Temperature

productsb (% yieldc)substrate
(as hydrate) meso racemic

1a 3a (47) 4a (44)
1b 3b (48) 4b (45)
1c 3c (47) 4c (46)
1d 3d (45) 4d (45)
1e 3e (46) 4e (44)
1f 3f (47) 4f (46)

a All reactions were carried out with 2 mmol of substrate and 4.5 mmol
of Deoxofluor in 3 mL of dichloromethane.b Meso and racemic products
were separated by flash chromatography and characterized by spectroscopic
analysis.c Isolated.

Scheme 2
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intermediateC. A second molecule of the fluorinated alcohol
(B) attacks at the highly nucleophilic carbon ofC, which
results in the formation of an intermediateD. Under acidic
conditions (HF), the formation of etherE is not surprising
(Scheme 3). As a result of the presence of Deoxofluor,
fluorination of the carbonyl groupR to the phenyl or
substituted phenyl group could also occur later in the process.
Under very dilute conditions, if appropriate nucleophiles are
not available, the intermediatesB, C, andD easily decom-
pose. It should be noted that nonhydrated aryl glyoxals do

not form polyfluoro ethers even when water is present in
the reaction mixture.

In summary, a new application of Deoxofluor to give
polyfluoro ethers is reported. Depending on the concentration
of the reaction solution and the degree of hydration of the
arylglyoxal, fluorinated ethers or tetrafluoro and difluoro
derivatives are selectively produced. Further studies of
Deoxofluor with other substrates are continuing.
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