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In concentrated solutions (CH,Cl,) at 25 °C, arylglyoxal hydrates, ArCOCHO-H,0 (Ar = 3,4-OCH,0-C¢H3-, 4-MeO-C¢H,-, 4-Me-CgHy-, 4-F-CgH,-,

1
Ph-, S-CH=CH-CH=C-) (2a—f) with Deoxofluor gave fluorinated ethers, ArCF,CHFOCHFCF,Ar, (3a—f) in >90% yields as meso/racemic mixtures
(~1:1). Under very dilute conditions, mixtures of ArCF,CHO (major) (4a—f) and ArCF,CF,H (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 Treatment oRa (2 mmol) with Deoxofluor {) (4.5 mmol)
substituent in the field of organic chemistry, most often in dichloromethane (3 mL) at room temperature for 4 h
bringing about some remarkable changes in the physical,afforded3a and4a as a meso and racemic mixturey:1)
chemical, and biological properties of new compounds/
materials that make them suitable for diverse applications (2) For the use of organofluorine compounds in medicinal and biomedical
; ; ; ; chemistry, see: (a8Biomedical Frontiers of Fluorine Chemistr@jima, I.,

!n the ?ffas of mater!als sc_lence, agrOChemIStry' and McCarthy, J. R., Welch, J. T., Eds.; ACS Symposium Series 639; American
industry:—* Although a wide variety of methods have been chemical Society: Washington, DC, 1996) @rganic Chemistry in Med-
developed for introducing one or more fluorine atoms into icinal Chemistry and Biomedical Applicationbiller, R., Ed.; Elsevier:

: d&th fD fl | hili Amsterdam, 1993. (c¢) Welch, J. T.; Eswaraksrishnan,Faorine in
organic compounasthe use of Deoxofluor as a nucleopnilic Bioorganic ChemistryJohn Wiley and Sons: New York, 1991. (d) Filler,

fluorinating reagent is gaining in popularity® Utilization Rf.; Kirk, K. Bi?IogicaI Propertiesaof Fluorinated ICompound3$11hkemistry
; ; ; of Organic Fluorine Compounds II: A Critical Reew; Hudlicky, M.,
of Deoxofluor in the conver§|on ofa S|mple SySt.em Sl,mh as Pavlath, A. E., Eds.; ACS Monograph 187; American Chemical Society:
an aldehyde or a ketone into the corresponding difluoro washington, DC, 1995; pp 1031022. (e) Elliot, A. J. Fluorinated
derivative is well ex |0red but this methodolo has not Pharmaceuticals. I'Chemistry of Organic Fluorine Compounds II: A
P ' 9y .. Critical Review; Hudlicky, M., Pavlath, A. E., Eds.; ACS Monograph 187;
been extended to polycarbonyl compounds. In our continuing American Chemical Society: Washington, DC, 1995; pp H1925. (f)

efforts to introduce fluorine into organic compounds nucleo- Sholoshonok, V. A., EdEnantiocontrolled Synthesis of Organo-Fluorine
philically,® we discovered a new route to aryl polyfluorinated %?Qﬁ‘;‘#&dgbnifeﬁgthgtaigggé"e”ge and Biomedical Targefsn
ethers by the reactions of arylglyoxal hydrates with Deoxo-  (3) For the use of of organofluorine compounds in agrosciences, see:
fluor. (a) Cartwright, D. Recent Developments in Fluorine-Containing Agro-
chemicals. InOrganofluorine Chemistry: Principles and Commercial
Applications Banks, R. E., Smart, B. E., Tatlow, J. C., Eds.; Plenum: New

*Tel: 208-885-6215. Fax: 208-885-9146. York, 1994; pp 23#257. (b) Lang, R. W. Fluorinated Agrochemicals. In

(1) For the general applications of organofluorine compounds, see: Chemistry of Organic Fluorine Compounds Hudlicky, M., Pavlath, A.
Organofluorine Chemistry: Principles and Commercial Applications E., Eds.; ACS Monograph 187; American Chemical Society: Washington,
Banks, R. E., Smart, B. E., Tatlow, J. C., Eds.; Plenum: New York, 1994. DC, 1995; pp 11431148.
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in 91% isolated yield. Under similar reaction conditions,
various arylglyoxal hydrateb—f) were also converted into
aryl polyfluoro ethers 3b—f and 4b—f) in >90% isolated

Table 1. Reaction of Aryglyoxal Hydratéswith Deoxofluor at
Room Temperature

yields. (Scheme 1). Both the mesa(-f) and racemic4a—

products® (% yield®)
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| (@ hydrare) s racemie
Scheme 1 la 3a (47) 4a (44)
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(4.5 mmol) (2 mmol) F—C—F F—C—F a All reactions were carried out with 2 mmol of substrate and 4.5 mmol
1 Ar Ar of Deoxofluor in 3 mL of dichloromethan&.Meso and racemic products
a: Ar = 3,4-OCH0-CgH3-; b: Ar = 4-MeO-CgHy-; 3af daf were separated by flash chromatography and characterized by spectroscopic
C:Ar=4-Me-CoHy-s d: Ar= 4-F-CoHa- &: Ar=Ph (oo (racemic) analysis.© Isolated.

1
f: Ar=8-CH=CH-CH=C-

f) compounds were separated by flash chromatography usin
a methylene chloride and pentane mixture (1:2) as an eluting
solvent. Each of the meso compounds gave two sets of
signals in thé®F NMR spectra centered at aboetu110 ppm
(CF,) (ABX pattern) and—138 ppm (CHF) as a doublet of
multiplets. In the racemic products, the signals due tg CF

not formed, but rather difluoro aldehydes or tetrafluoro
derivatives were formed. For example, the reactio@af1

gmmol) with Deoxofluor ¢) (2.5 mmol) in methylene chloride

(200 mL) at 25°C for 4 h afforded a mixture oba (75%)
and 6a (25%). Under similar reaction conditions, various
arylglyoxal hydratesZb—f) also gave a mixture db—f as
major andéb—f as minor (Scheme 2). Reaction of concen-

were essentially identical to those for the meso cases, bu_
the signal due to CHF was observed at abe46 ppm as

a doublet of multiplets. In thé3C NMR spectra of meso

Scheme 2

and racemic products, a characteristic shift was observed due 00

to the CHF carbon, i.e., in meso compounds as a doublet of
triplets at about 107 ppm with= 238 Hz and in the racemic
species as a doublet of triplets at about 103 ppm with the
samel 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

(4) The ability of fluorine to change the properties of organic molecules

has been discussed extensively elsewhere. For example, see: Smart, B. E.

Characteristics of €EF systems. IrOrganofluorine Chemistry Principles
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and references therein. (b) Singh, R. P.; Majumder, U.; Shreeve, J. M.
Org. Chem 2001, in press. (c) Singh, R. P.; Chakraborty, D.; Shreeve, J.
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trated solutions of nonhydrated aryl glyoxalggfi) in
methylene chloride with Deoxofluor produced the tetrafluoro
derivatives 8g—i) in excellent isolated yields, whereas only
trace amounts of difluoro product®d—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 ketofies with Deoxofluor. The
mechanism for the formation of fluorinated ethers is tenta-
tively described in Scheme 3. Fluorination of the carbonyl
group a 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 arylglyoxah] reacts,
the formation of a fluorinated alcohoBJ is expected.
Fluorine-containing alcohols with fluorine on tlecarbon
are unstable with respect to loss of HF or can react with HF
under highly concentrated conditions to give an unstable

Org. Lett., Vol. 3, No. 17, 2001



Scheme 3
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intermediateC. A second molecule of the fluorinated alcohol
(B) attacks at the highly nucleophilic carbon G@f which
results in the formation of an intermedidde Under acidic
conditions (HF), the formation of ethét is not surprising
(Scheme 3). As a result of the presence of Deoxofluor,
fluorination of the carbonyl groupx 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 intermediat®& C, andD easily decom-
pose. It should be noted that nonhydrated aryl glyoxals do

Org. Lett., Vol. 3, No. 17, 2001

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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