J. CHEM. SOC., CHEM. COMMUN., 1994

343

Efficient Electrophilic Fluorination of §-Dicarbonyl Compounds with the Selectfluor
Reagent F-TEDA-BF, {1-Chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane

bis(tetrafluoroborate)}

R. Eric Banks,* Nicholas J. Lawrence* and Altan L. Popplewell
Chemistry Department, University of Manchester Institute of Science and Technology, Manchester, UK M60 1QD

1,3-Dicarbonyl compounds (acyclic and cyclic 1,3-diketones, B-ketoesters, 3-ketoamides) are converted efficiently to
2-monofluoro derivatives, and thence to 2,2-difluoro derivatives, with
1-chloromethyi-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate).

Although the site-selective introduction of fluorine into
biologically active molecules is now well-established as an
invaluable stratagem in medicinal chemistry,! progress is still
hampered by the lack of more generally acceptable fluorinat-
ing agents of both the F~ and F+ delivery classes.?2 The
situation in the latter case has improved markedly recently
with the discovery of easily-handled 1-alkyl-4-fluoro-1,4-
diazoniabicyclo[2.2.2]octane salts,3-5 especially since the cost-
effective bis(tetrafluoroborate) 1 [F-TEDA-BF, (TEDA =
triethylenediamine)] has rapidly become a commercial chem-
ical® with established applications in the pharmaceutical
industry.” The great research potential of 1 and its congeners?
has been revealed in but a few publications so far (fluorination
of resonance stabilized carbanions;® of styrene and related
olefins;® of substituted benzenes;3-8 of steroidal enol acetates
and silyl enol ethers;” of enamines;34-8 and of compounds
containing carbon-metal’-9-10 or carbon-sulfur8 bonds).

The present report aims to establish the important case of
selective monofluorination of 1,3-diketones and related sub-
strates (including B-ketoamides) under neutral conditions—a
synthetic manipulation which best precedes gem-difluorina-
tion via sodium salts; also revealed is the first example of
fluorination « to a cyano group with F-TEDA-BF, 1. The
results reveal that Selectfluor reagent 1 is just as effective
a fluorinating agent as the DesMarteau reagent
(CF350,),NF,11 which is not available commercially and is
both costly and hazardous to prepare.!2

The reaction of 1,3-diketones 2a and 2b with one equivalent
of F-TEDA-BF, 1 under neutralt conditions in acetonitrile at
room temp. proceeds smoothly to give a-fluoro derivatives in
very good yields (Scheme 1 and Table 1). Under the same
conditions fluorination of the ketoesters 2¢ and 2d is a little
slower, but after two days the monofluoro derivatives 3¢ and
3d can be obtained (these resist further fluorination under
neutral conditions); the diethyl ester 2e is not attacked by 1
under neutral conditions, but its sodium derivatives gives the
fluorodiester 3e in excellent yield.

l/c' Monofluorination of the N,N-dimethylketoamide 2f§ oc-
N curs rapidly under neutral conditions to give the monofluoro
derivative. Its N-methyl-NV-(«-methylbenzyl)amide analogue
[ jj (BFy), 2gq suffers fluorination under neutral conditions to give,
N* perhaps not surprisingly, an equal mixture of diastereo-
F isomeric monofluoroamides 3g. Even if the initial fluorination
1 is stereoselective, the monofluoro derivative might epimerize
under the reaction conditions. These are the first examples of
the a-fluorination of secondary amides with F-TEDA-BF;, 1.
Nitriles seem compatible with F-TEDA-BF, 1, as indicated
o o . o o by conversion of the cyanoester PhCH(CN)CO,Et to the
Al 2 T R Mﬂz correspondin.g. a-fluoro prpduct PhCF(CN)COzEt un_der
s & Re neutral conditions (1.5 equiv. 1, at 40°C) in excellent yield
R (92%). Significant applications in synthesis stem from this
2a—g 3ag result, and examples will be reported in due course.
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Scheme 1 Scheme 2
Table 1 Conversion of 1,3-dicarbonyl substrates 2 to monofluorides 3 with 1, at room temp.
Yield (%) Purif. Yield (%)
2 R! R? R3? Method® Time/h  (crude product)? method¢ (pure 3)
a ~(CH>)s— Me n 19 — Tritur. 84
b Ph Ph H n 5 100 Recryst. 84
c Ph OEt - H n 54 88 Chrom. 22
d Me OEt H n 120 57 — —
e OEt OEt Ph b 20 96 Chrom. 93
f Ph NMe; H n 3 96 Recryst. 87
g Ph (£)-N(Me)CH(Ph)Me H n 67 87 Chrom. 80

“n = neutral conditons, b = basic conditions. » Crude yields were estimated from percentage conversions judged by 'H NMR analysis.
¢ Recryst. = recrystallisation; Chrom. = flash or dry flash chromatography; Tritur. = trituration.
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Table 2 Synthesis of gem-difluorocarbonyl compounds 4 from 2 or 3
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Reactant ratio

Yield (%) Purif.  Yield

R! R2 R3 Methode [molar, 1:2 (or 3)] Temp/°C Time/h _ (crude)< method? (pure)
2b Ph Ph H n 2.1 RT? 192 96 Recryst. 78
3¢ Ph OEt F b 1.1 RT 24 95 — 95
2f Ph NMe, H n 32 40 647 93 Chrom. 91
3f Ph NMe, F b 1.2 RT 27 84 Chrom. 73

* 1l = pneulrdl CONANIONs, D = pasic conditions. ° K1 = room temp. < Crude yields were estimated from percentage conversions judged by
IH NMR analysis. 4 Recryst. = recrystallisation; Chrom. = flash or dry flash chromatography.

Prompted by the increasing utility of biologically-active
compounds containing difluoromethylene groups,!3-1¢ difluor-
ination of dicarbonyl compounds with F-TEDA-BF, was
studied (Table 2). Difluorination of 2b under neutral condi-
tions proved extremely slow; when treated with two equi-
valents of 1, a near-quantitative yield of the corresponding
o,a-difluorodiketone was obtained, but only after an eight day
reaction period at room temp. Difluorination of 2¢ occurred
even more slowly. However, the sodium enolate of 3c reacted
rapidly to give the difluoro derivative 4¢ in excellent yield.
Difluorination of the amide 2f proceeded only slowly, but
nevertheless gave the difluoroamide 4f when treated with an
excess of 1 for 27 days at 40 °C in acetonitrile. Alternatively,
and more conveniently, the sodium derivative of the mono-
fluoride 3f can be converted cleanly to 4f after only one day.

In summary, electrophilic fluorination of all the dicarbonyl
compounds studied, except for diester 2e, proceeds efficiently
at 20°C under neutral conditions with F-TEDA-BF,. The
monofluoro derivatives 3 resist attack under these conditions,
as indicated by their extremely slow difluorination when the
reagent is present in excess. Fluorination occurs more rapidly
with those compounds which exist (at least in part) in enolic
form (as measured by 'H NMR in CDCl;). For example, 2f
and 2g have keto:enol contents of 2:1 and 2.4:1, respec-
tively. The monofluoro derivatives exist solely as their keto
forms and consequently are not easily fluorinated further by 1.
This appears to indicate that the reaction is occurring via the
enol or enolate and is ionic in nature.

We thank Dr Ray Fisher (Peakdale Fine Chemicals,
Glossop) for helpful discussions and financial support.

Received, 14th September 1993; Com. 3/055291

Footnotes

+ Neutral conditions: The substrate (1 mmol) was stirred with
F-TEDA-BF, 1 (1 mmol) in acetonitrile (10 cm?) at room temp. When
fluorination was complete (as judged by TLC), the reaction solution
was concentrated in vacuo, and the residue was partitioned between
water and dichloromethane. The organic layer was washed twice with
water, dried (MgSO,) and evaporated in vacuo. Residues were
purified further as indicated in Tables 1 and 2.

1 Basic conditions: A solution of the substrate (1 mmol) in dry
tetrahydrofuran (THF) (15 cm?®) was added to an oil-free suspension
of NaH (1.22 mmol) in THF (2 cm?). The resulting suspension (or
solution) was stirred at room temp. until no more hydrogen was

evolved (ca. 15 min). F-TEDA-BF; 1 reagent (equiv. as stated) was
then added and the resulting suspension stirred at room temp. until
the reaction was complete (as judged by TLC). The solvent was
removed in vacuo and the residues purified as stated in Tables 1 and 2.
§ Made by Claisen condensation of N,N-dimethylacetamide with
methyl benzoate.

9 Made by Claisen condensation of N-methyl-N-(a-methylbenzyl)-
acetamide with methyl benzoate.
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