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Abstract

Dialkyl fluoromalonates have been prepared by treating the sodium derivatives of the parent dialkyl malonates with elemental fluorine.
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1. Introduction

Due to the increasing demand for biologically active mol-
ecules containing fluorine, considerable effort has been
devoted to developing the methodology for introducing sin-
gle fluorine atoms into small molecules which can then be
used as building blocks for making more complex structures.
In this context, the preparation of dialkyl fluoromalonates has
attracted much attention since they are particularly useful in
the preparation of fluorinated heterocyclic systems [2-8].
Their preparation has been accomplished by multi-step syn-
theses [4-6,9,10], by the more direct procedures of halogen
exchange [11] and by the treatment of alkali metal deriva-
tives of the parent esters with perchloryl fluoride [7,12-14]
or one of the ‘electrophilic fluorinating agents’ that have been
introduced over recent years [15-22]. We have already
shown that elemental fluorine can be used to fluorinate 1,3-
diketones and 1,3-ketoesters in high yield [1], but when we
attempted to carry out the fluorination of 1,3-diesters (dialkyl
malonates) under similar conditions (i.e. passing fluorine
through formic acid solutions of substrates at ambient tem-
peratures), no reaction with the substrate occurred. To our
knowledge, the only successful use of elemental fluorine for
the preparation of dialkyl fluoromalonates is from the fluor-
ination of the carbanion derived from diethyl nitromalonate
[23]. In this experiment, the dialkyl malonate was dissolved
in aqueous sodium bicarbonate and fluorine was passed
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through the resulting solution. However, this technique does
not have general applicability since most other dialkyl malon-
ates are insufficiently acidic to form solutions in this way.
We now wish toreport a general procedure for the conversion
of salts of dialkyl malonates into the corresponding 2-fluoro
compounds using elemental fluorine.

2. Results and discussion

A series of sodium salts of dialkyl malonates was prepared
by treating the parent esters with sodium hydride or sodium
alkoxide in acetonitrile, and then fluorine (10% v/v in nitro-
gen) was passed through the resulting suspensionsatca. — 15
°C (Scheme 1).

NaH or NaOAlk —
RCH(COOR"), ———————> RC(COOR"),

10% F2 in N2

Na* T RCF(COOR')Z

Scheme 1.

The results of these experiments are summarised in Table 1.

Where the overall conversion was less than complete, it is
believed to be due to incomplete salt formation, rather than
incomplete reaction between the salt and fluorine. Improving
the conditions required for complete salt formation should
enable total conversion to be achieved.

Simply passing fluorine through acetonitrile solutions of
the above diesters failed to give any fluorinated product,
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Fluorination of sodium derivatives of esters of malonic and substituted malonic acids

R R’ NaH NaOEt F, Conversion Yield (%) Reference
(%)

H Et 1 - 2 71 3724230 [2,4-7,9-14]

H Et 2.25 - 3 94 142+37"°

Me Et 1 - 2 74 59 [16,19]

Me Et - 1 2 42 59

"Bu Et 1.25 - 2.3 66 69 [6]

OMe Me 1.25 - 29 75 51

NO, Et 1.25 - 2 100 73 [22,23]

NO, Et - 1 2 77 89

Cl Et 1.25 - 2 97 40 [18]

Ph Et 1.25 - 1.2 72 41 [7,12,15,16,18,21]

* Diethy! fluoromalonate.
" Diethyl difluoromalonate.

except in the case of diethyl nitromalonate. Due to the elec-
tron-withdrawing effect of the nitro group in this compound,
the acidity of the 2-hydrogen was sufficient for limited fluor-
ination to occur when an acetonitrile solution of the com-
pound was exposed to fluorine. But more importantly, when
the experiment was repeated in the presence of a base (potas-
sium fluoride), the conversion was 70% and the yield of
diethyl fluoronitromalonate was 85%.

This work represents yet another example of how elemen-
tal fluorine can be used in a controlled way for site-specific
fluorination.

3. Experimental details

In a typical experiment, the dialkyl malonate (12.5 mmol)
in dry acetonitrile (10 ml) was added over 30 min to a
suspension of degreased sodium hydride (12.5 mmol) in dry
acetonitrile (50 ml) at room temperature under an atmos-
phere of dry nitrogen. After some 45-60 min, the mixture
was cooled and maintained at ca. — 15 °C while fluorine
(diluted to 10% v/v in nitrogen) was passed through the
stirred suspension over ca. 1 h. After purging the system with
nitrogen, the reaction mixture was filtered, the filter cake
washed with acetonitrile and the combined filtrate and wash-
ings fractionated under reduced pressure. The identity of the
products was determined by NMR spectroscopy and mass
spectrometry {dimethyl fluoromethoxymalonate (nc) iso-
lated by preparative GC; m/z (CI,NH;): 198 (M ™ + NH,¥).
FNMR (CDCl; 8: —124.4 (s) ppm. 'H NMR &: 3.90 (s,
COOCHS;); 3.57 (s, OCH;) ppm] and the yields and con-
versions calculated from the composition (determined by
NMR spectroscopy) of the weighed fractions.

Diethyl fluoronitromalonate [ 23] was also prepared by (i)
passing fluorine (ca. 55 mmol) diluted to 10% v/v with
nitrogen through a cooled (ca. — 15 °C) suspension of dry
potassium fluoride (100 mmol) in a solution of diethyl
nitromalonate (25 mmol) in dry acetonitrile (50 ml) over 2
h or (i1) first adding a solution of diethyl nitromalonate (25

mmol) to a suspension of sodium ethoxide (25 mmol} in dry
acetonitrile (50 ml) at room temperature, and then passing
fluorine (ca. 55 mmol) diluted to 10% with nitrogen through
the cooled (ca. — 15 °C) suspension. Both of these reactions
were worked-up in a similar manner to the general method
outlined above.
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