[1956] Organic Fluorine Compounds. Part V1. 1521

304. Organic Fluorine Compounds. Part VI.* The Enolates
of Alkyl Fluoroacetates.

By ErNsT D. BERGMANN and S. SZINAIL

Treatment of ethyl fluoroacetate with sodium alkoxide or hydride gave an
enolate which could be alkylated with benzyl bromide, p-bromobenzyl
bromide, ethyl bromoacetate, and allyl bromide. Fluorosuccinic acid is too
alkali-sensitive to be accessible by alkaline hydrolysis of its alkyl esters. The
reaction with allyl bromide gave a saturated product, believed to be ethyl
1-fluorocyclobutane-1-carboxylate.

ENOLATES of the esters of aliphatic acids are generally not stable; they are quickly
transformed into the corresponding acetoacetates and are, therefore, not alkylated by
alkyl halides or similar reagents. Analogously, when in certain Michael reactions products
of the type (RO,C),CH-CH, CH:C(ONa)-OR’ are formed, the course of their methylation is
explained by the assumption that they rearrange to RO:C(ONa):C(CO,R):CH,"CH,CO,R .2 2
Even if, perhaps for steric reasoms, stable enolates are formed, as, e.g., from diethyl
3-methylbutane-2 : 3-dicarboxylate and triphenylmethylsodium, they do not appear to be
very reactive.3 Phenylacetates, on the other hand, give enolates which are both relatively
stable and sufficiently responsive to alkylating agents.#10 The enolate of diphenylacetic
acid has been isolated in crystalline form by Schlenk, Hillemann, and Rodloff,!! and its
alkylation reactions have been studied.’» 13 It appeared possible that negative substituents
other than phenyl would have an analogous effect. Indeed, it has been found that ethyl
fluoroacetate, when treated with sodium alkoxide or sodium hydride, gives an enolate
which forms ethyl ay-difluoroacetoacetate sufficiently slowly to permit alkylation with
reactive alkyl halides, such as benzyl or allyl bromide and ethyl bromoacetate. Normal
alkyl halides fail to give significant amounts of alkylated fluoroacetates.

Benzyl bromide gave ethyl o-fluoro-g-phenylpropionic acid in 27 and 209, yield,
respectively, when alcoholic sodium ethoxide or sodium hydride in ether was employed for
the preparation of the enolate. Analysis and molecular refraction supported the formula
of the ester, which could be converted into the corresponding acid and its amide without
loss of the fluorine atom. Analogously, p-bromobenzyl bromide and sodium ethoxide led
to a 209, yield of ethyl g-p-bromophenyl-2-fluoropropionate, from which the free acid and
the amide have been prepared.

With ethyl bromoacetate, a 25:5%, yield of diethyl fluorosuccinate was obtained which,
however, lost fluorine even under mild conditions of alkaline hydrolysis. Also with
aqueous ammonia only fumaramide was obtained. In an attempt to circumvent the
alkaline hydrolysis of the fluorosuccinate, dibenzyl fluorosuccinate was prepared from the
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enolate of benzyl fluoroacetate and benzyl bromoacetate. The ester decomposed partly
even upon distillation under 1-25 mm. pressure; upon hydrogenolysis, only fumaric acid
could be isolated. A similar instability has been noted for «p-difluorosuccinic acid which
in contact with water gives acetylenedicarboxylic acid.14

The product isolated in 459, yield from allyl bromide, and the amide prepared from it,
gave the correct analytical results for the expected ethyl 2-fluoropent-4-enoate and the
derived amide; however, the ester was saturated towards bromine and catalytically
activated hydrogen, and did not show the characteristic 15 infrared band for mono-
substituted ethylenes at 1643 cm.™ (sec Fig.). Also the C-H stretching frequencies in the
3010—3040 and 3075—3095 cm.? regions and the C-H out-of-planc deformation
frequency at 985—995 cm.! were absent. As Grewe 1% has observed that 4g-allyl-
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1:2:3:4:9:10: 4a: 10a-octahydrophenanthrene-10-carboxylic acid isomerizes spon-
taneously to the compound (I), it is assumed that ethyl 2-fluoropent-4-enoate (II)
isomerizes 17 spontaneously to ethyl 1-fluorocyclobutane-1-carboxylate (III). The infrared
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spectrum shows, indeed, a band at 927 cm."1, where a band typical of the cyclobutane ring
is said to occur.!® The C-F band at 1030 cm."! has also been found; the ester-carbonyl
frequency is situated at 1740 cm.™1, whilst for ethyl fluoroacetate McBee and Christman 19
report a frequency of 1778 cm. L.

Analogous attempts to prepare and utilize the enolate of ferf.-butyl instead of ethyl
fluoroacetate failed. This enolate is formed only at high temperatures, at which the
conversion into terf.-butyl ay-difluoroacetoacetate is too rapid.

A convenient synthesis of fer¢.-butyl fluoroacetate from isobutene and fluoroacetic acid
in the presence of concentrated sulphuric acid or boron trifluoride-ether complex is
described.

EXPERIMENTAL

Ethyl o- Fluoro-B-phenylpropionate.—(a) A solution of ethyl fluoroacetate (53 g., 0-5 mole) in
anhydrous alcohol (100 ml.) was added dropwise (30 min.) to a solution of sodium ethoxide
{from sodium (11-5 g.) and anhydrous alcohol (200 ml.)]. After 1 hr. at room temperature,
freshly distilled benzyl bromide (94 g., 0-55 mole) was added slowly (1 hr.) at 20° with vigorous
agitation. The mixture was kept for 12 hr., filtered, and distilled through a short Vigreux
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column, the fraction of b. p. 95—145°/20 mm. being collected. Fractionation of this distillate
gave benzyl ethyl ether, b. p. 129—130°/20 mm. (50 g.), and ethyl a-fluovo-B-phenylpropionale
(26 g., 27%), b. p. 136—137-5°/20 mm., d3*® 1-1211, #L¥® 1-4890, [R]y 50-51 (Calc.: 50-75)
(Found : C, 67-2; H, 6-8; F, 9-4. C,;H,;0,F requires C, 67-4; H, 6-7; F, 9-7%).

(b) Sodium hydride (12 g., 0-5 mole) was suspended under nitrogen in anhydrous ether
(200 ml.), and at 0°, a solution of ethyl fluoroacetate (53 g., 0-5 mole) in ether (200 ml.) was added
during 4 hr. (If evolution of hydrogen does not set in within 10 min., reaction is initiated by
addition of two drops of anhydrous alcohol.) Stirring was continued for 4 hr. more, and
anhydrous alcohol (50 ml.} and a solution of benzyl bromide (94 g.) in anhydrous ether (200 ml.)
were added successively. After 21 hr. the mixture was poured into the theoretical quantity of
209, sulphuric acid, the organic layer separated, and the aqueous phase extracted twice with
ether. The combined ethereal solutions were washed with 109, sodium hydrogen carbonate
solution, dried, and distilled; the product (20 g., 20%) had b. p. 136—137-5°/20 mm.

a-Fluoro-B-phenylpropionic Acid.—The preceding ester (6-8 g.) was added to a solution of
potassium hydroxide (2-8 g.) in anhydrous alcohol (20 ml.), and after 30 min., the precipitate
was filtered off, washed with alcohol and ether (weight, 6-5 g.), and dissolved in water, and the
solution acidified with hydrochloric acid and extracted with ether. Distillation (b. p.
103°/0-3 mm.; 155°/10 mm.) or recrystallisation from low-boiling light petroleum gave the pure
acid (5-2 g., 90%), m. p. 73-2° (Found : C, 64-5; H, 5-7; F, 11-1. C,H,O,F requires C, 64-3;
H, 54; F, 11-4%).

a-Fluovo-B-phenylpropionamide—A mixture of the ethyl ester (2-0 g.) and concentrated
aqueous ammonia (20 ml.) was stirred at 50—60° until homogeneous. On cooling, the amide
crystallized. It was recrystallized twice from water and melted at 134° (yield, 1-0 g., 60%)
(Found : C, 64-9; H, 6-3; F, 11-2. C,H,,ONF requires C, 64-7; H, 6-0; F, 11-49,).

Analogously, the following compounds were prepared from p-bromobenzyl bromide.2
Ethyl B-p-bromophenyl-a-fluovopropionate, b. p. 102°/0-3 mm. (yield, 20%) di° 1-4280, n}’
1.5230, [R]y 5883 (Calc.: 58-71) (Found: C, 47-8; H, 4-8; Br, 28-8; F, 6-8. C,,H,,0,BrFF
requires C, 48-0; H, 4-4; Br, 29-1; F, 6-9%). PB-p-Bromophenyl-a-fluovopropionic acid, from
benzene, m. p. 159°, yield 839, (Found: C, 43-5; H, 3-2; Br, 32.6; F, 7.8. C,H,O,BrF
requires C, 43-8; H, 3-3; Br, 324; F, 7-7%). B-p-Bromophenyl-a-fluoropropionamide (from
water), m. p. 167°; yield, 52%, (Found : C, 43-6; H, 3-4; N, 6-1; F, 7-8. C,H,ONBrF requires
C,439; H,37; N, 57; F, 7.7%).

Diethyl Fluovosuccinate.—The enolate of ethyl fluoroacetate was prepared from sodium
ethoxide as described above, and ethyl bromoacetate (91-8 g.; 0-5 mole) was added. Diethyl
fluorosuccinate forms a liquid, b. p. 70—71°/0-8 mm., which could not be obtained pure; yield
24-5 g. (25-5%); % 1-4240, d3® 1-1090, [R]y 44-23 (Calc.: 42-34) (Found: C, 48-5; H, 6-5.
Calc. for C;H,30,F : C, 50-0; H, 6-7%). With sodium hydride as enolizing agent, a yield of 8 g.
(8%,), b. p. 68—72°/0-5 mm., was obtained.

Fumardiamide.—When diethyl fluorosuccinate was heated with aqueous ammonia at 50°
for 0-5 hr., a crystalline product of m. p. 265—268° (decomp.) was obtained. By analysis and
comparison with an authentic specimen 2 it was shown to be fumardiamide (Found : C, 42-2;
H, 5:7; N, 25-6. Calc. for CCHO,N,: C, 42-1; H, 5-3; N, 24-5%,).

Benzyl Fluovoacetate.—A mixture of ethyl fluoroacetate (106 g.), benzyl alcohol (108 g.), and
toluene-p-sulphonic acid (2 g.) was heated under a Fenske column, so that the ethanol formed
distilled off continuously. After the desired amount of alcohol had been removed and the
mixture cooled to room temperature, it was washed with 10%, sodium carbonate solution and
water and dried; the product (129 g.; 789%,) had b. p. 137—141°/22 mm.

Benzyl Bromoacetate—The same method was employed, but toluene (140 g. per mole) was
added, in order to facilitate removal of the alcohol as azeotrope (90 ml.); the product (yield,
859%,) had b. p. 166—170°/22 mm.

Dibenzyl Fluorosuccinate.—An ethereal solution of benzyl fluoroacetate (16-8 g.) was added
dropwise to sodium hydride (2-4 g.) in refluxing ether. The mixture was stirred for 1 hr. at
reflux temperature, and benzyl bromoacetate (22-9 g.) added dropwise. After 12 hr., the
mixture was poured into ice-water, containing sulphuric acid (50 g.). After being repeatedly
washed with 109, sodium carbonate solution and water and dried, the product was distilled at
1-25 mm. The distillation was accompanied by decomposition, and the last two fractions were
strongly coloured. The last fraction, b. p. 160—190°/1-25 mm. (8 g.) after having been
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decolorised with Norite and redistilled (b. p. 165—170°/1 mm.), gave analytical results
indicating that it consisted of impure dibenzyl fluorosuccinate.

Ethyl 1-Filuovocyclobutane-1-carboxylate.—From ethyl fluoroacetate (55 g.) and sodium
ethoxide (11-5 g. of sodium) the enolate was prepared as above; it was treated with freshly
distilled allyl bromide (66-5 g., 0-55 mole). Working-up gave the desired ester (I11) (33 g., 45%),
b. p. 76—76°/35 mm., d;*® 1-0062, ».¢® 1.4090 (Found : C, 57-5; H, 7-8; F, 13-0. C,H,,0,F
requires C, 57-5; H, 7-6; F, 13-09%). When an attempt was made to hydrogenate this ester
(644 mg.) in 969, alcohol (13 ml.) at 29°, using platinum oxide as catalyst, only 0-8 ml. of
hydrogen was absorbed.

1-Fluorocyclobutane-1-carboxyamide—A mixture of the foregoing ester (1-5 g.) and con-
centrated aqueous ammonia (10 ml.) was stirred at 80—90° until dissolution was complete.
After 12 hr. at room temperature, the solution was repeatedly extracted with ether, and the
ether residue recrystallized from low-boiling light petroleum; the product (0-85 g., 739%) had
m. p. 70—71° (Found : C, 51-3; H, 7-2; N, 11.9; F, 16-0. C;H,ONF requires C, 51-3; H,
6-9; N, 12.0; F, 16-2%). In contradistinction with the ethyl ester, the amide slowly absorbed
hydrogen, activated by platinum oxide. However, no stoicheiometric quantities of hydrogen
were consumed even after 2-5 hr. (total absorption : 0-283 mole).

tert.-Butyl Fluoroacetate.—A mixture of fluoroacetic acid (78 g., 1 mole), isobutene (112 g.,
2 mole), and concentrated sulphuric acid (3 ml.) or boron trifluoride-ether complex (3 ml.) was
shaken for 2 hr. at room temperature. The slightly exothermic reaction was kept under control
by immersing the bottle in ice-water from time to time. After 12 hr. at room temperature, the
product was cooled to —15° and poured into a mixture of sodium hydroxide (70 g.),
water (250 ml.), and ice (250 g.). The aqueous layer was extracted with ether, and the organic
layer, combined with the extract, washed with 2N-sodium hydroxide solution and water, dried,
and distilled twice; the ester (75%,) had b. p. 42°/20 mm.

Analogously, lert.-butyl chloro- and bromo-acetate and ethyl fer¢.-butyl malonate can be
prepared in good yield. As far as the use of concentrated sulphuric acid is concerned, the
method is an adaptation of that of Fonken and Johnson 2 and of Johnson, McCloskay, and
Dunnigan.2s

The carbon and hydrogen determinations were carried out according to Bodenheimer and
Goldstein,?* the fluorine determinations according to Eger and Yarden.?
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