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Toxic Fluorine Compounds. IX.! w-Fluorocarboxylic Esters and Acids

F. . M. PATTISON, 8. B. D. HUNT, axp J. B. STOTHERS

Received May 1, 1956

Members of the series of w-fluorocarboxylic esters and acids were synthesized, and their properties were determined.
Toxicological results were found to be consistent with previously reported observations.

Several members of the series of w-fluorocar-
boxylic esters, F(CH,),COOR (n = 1,2,3,4,5,7,9,-
10,11) have been described,? and their toxicological
properties have been correlated with chemical
structure.?? In this communication are described
the members (n = 6, 8) missing from the above
series, and certain higher members.* Alternative
and improved methods have been developed for
preparing the w-fluorocarboxylate esters, and the re-
sults are summarized in Table L.

w-Fluorocarboxylic acids were prepared in order
to compare their toxicity with that of the corre-
sponding esters; many of the acids were also re-
quired as intermediates for other work. Several
methods of preparation were developed, and the
results are summarized in Table II.

Care is necessary in preparing 4-fluorobutyric and
5-fluorovaleric acids, since both show a marked
tendency to form the corresponding lactones by
loss of hydrogen fluoride. For example, in an at-
tempted hydrolysis of 5-fluorovaleronitrile with
concentrated hydrochloric acid, 5-chlorovaleric acid
was formed in 529, yield; this is readily explained
by the intermediate 5-fluorovaleric acid forming
valerolactone, which in turn is cleaved by the hy-
drochloric acid.

Toxicological results are listed in Table III. In
general, the acids are more toxic than the corre-
sponding esters, and the figures for both series con-
form to the toxicity pattern previously de-
scribed.23411 The pronounced difference in tox-
icity between 18-fluorostearic acid, F(CHs);COOH
and 9(10)-fluorostearicacid, CH(CH,) .CHF (CHy)w-
COOH (n = 7 or 8; m = 8 or 7) emphasizes the
high specificity of the w-fluorine atom for pharma-
cological activity. The unsaturated w-fluorocarbox-
ylates (Cy, Ciz, Ci3) have toxicities very similar to
those of the corresponding saturated members;
this fact is consistent with modern concepts of fatty
acid metabolism.

(1) Issued as DRB Report No. SW-27. Part VIIIL. J.
Am. Chem. Soc., 78, 3846 (1956).

(2) Buckle, Pattison, and Saunders, J. Chem. Soc., 1471
(1949).

(3) Pattison and Saunders, J. Chem. Soc., 2745 (1949).

(4) Pattison, Nature, 172, 1139 (1953).

TABLE III
ToxiciTy* OF w-FLUOROCARBOXYLIC ESTERS AND AcIDs
L.D. 50 for mice (intraperitoneal),
mg./kg.
w-Fluorocarboxylate R = C,H; R=H
FCH,COOR® 7.5° 6.6
F(CH,).COOR — 60
F(CH,);COOR 0.7¢ 0.65%
FCH,CH:CHCOOR 1.25 —
F(CH,);COOR >100° >100
F(CH,);COOR 1.61°¢ 1.35
F(CH,)COOR >100¢ 40
F(CH,);COOR 1.75 0.64
F(CH,)COOR 70 >100
F(CH,);COOR 1.65 1.5%¢
F(CH,),COOR >100 57.5
F(CH;),COOR — 1.25
F(CH,;),CH:CHCOOR — 1.55
F(CH;),,CH:CHCOOR — 72
F(CH;);:COOR 7 —
F(CH,)COOR 18¢ 5.77

o Esters and acids were administered in propylene glycol,
and sodium salts in water. Results using the two solvents
are apparently similar, as is indicated by the values for
methyl fluoroacetate in water (8.2 mg. /kg.) and in propylene
glycol (7.5 mg./kg.). ® Methyl fluoroacetate was taken as a
standard for comparison. ¢ Methyl ester. ¢ Sodium salt.
The toxicity of the free acids and of the sodium salts are
very similar, as is shown by the L.D. 50 of sodium 10-fluoro-
decanoate (1.5 mg./kg.) and of 10-fluorodecanoic acid (1.5
mg./kg.). ¢ For comparison, 10-chlorodecanoic acid has
L.D. 50, 68.8 mg./kg. 7 For comparison, 9(10)-fluorostearic
acid has L.D. 50, >400 mg./kg.

EXPERIMENTAL'®

INTERMEDIATES

w-Fluoroalcohols?' and w-fluoronitriles)” have been de-
scribed elsewhere.

Ethyl ?-bromoheptanoate was prepared from tetrahydro-
pyran, as described by Ames, Bowman, and Mason,® b.p.
112°/5 mm.

Ethyl 9-bromononanoate was prepared by two methods:
(a) from sebacic acid by half-esterification,'®!# conversion
to the silver salt, and finally degradation with bromine in

(16) (a) All melting points and boiling points are uncor-
rected; (b) Physical constants and analytical results are
listed in Tables I and II.

(17) Pattison, Cott, Howell, and White, J. Am. Chem.
Soc., 78, 3484 (1956).

(18) Ames, Bowman, and Mason, J. Chem. Soc., 174
(1950).

(19) Swann, Oehler, and Buswell, Org. Syntheses, Coll.
Vol. 2, 276 (1943).
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carbon tetrachloride;® (b) from oleic acid by hydroxylation
with performic acid,?! azeotropic esterification, cleavage of
the glycol with lead tetraacetate,?? reduction of the resultant
ethyl azelate half-aldehyde by the method of Meerwein,
Ponndorf, and Verley, conversion to 9-bromononanoic acid
by conc’d sulfuric and 489, hydrobromic acids, and finally
esterification with ethyl alcohol and conc’d sulfuric acid.
B.p. 132°/1.8 mm.

Anal. Calc’d for CyuHyBrO,: Br, 30.19. Found; Br, 30.10.

Ethyl 18-bromohexadecanoate was prepared by esterifica-
tion with conc’d sulfuric acid and ethanol of 18-bromo-
hexadecanoic acid (4.0 g.). This acid (m.p. 69.5°; Chuit
and Hausser?® report m.p. 70-70.5°) was kindly supplied
by Dr. M. Stoll, Maison Firmenich et Cie., Geneva, Switzer-
land. The crude bromoester was used without purification
for conversion to ethyl 16-fluorohexadecanoate.

FLUOROCARBOXYLATE ESTERS

Some of the preparations listed in Table I have been or
will be described elsewhere; this is indicated by appropriate
references. Certain of the yields and physical constants
differ slightly from those presented earlier, due to minor im-
provements in technique. The following preparations, sub-
divided according to the methods listed in Table I, are
representative of those that are either new, or improve-
ments over existing procedures.

Methods (1) and (2): treatment of sodium fluoroacetate with
a dialkyl sulfate. Ethyl fluoroacetate. Technical sodium fluoro-
acetate (Monsanto ‘““Compound 1080,” containing 90%
sodium fluoroacetate) (60 g., 0.54 mole) and diethyl sulfate
(100 g., 0.63 mole) were mixed and distilled. The distillate
(b.p. 115-120°) was dried over calcium sulfate and redis-
tilled. Ethyl fluoroacetate (51 g., 90%) thus was obtained
as a colorless, pleasant-smelling liquid.

Method (4): esterification of w-fluoroacid. Methyl 7-fluoro-
heptanoate. A mixture of 7-fluoroheptanoic acid (25.1 g,
0.17 mole), methanol (16 g., 0.5 mole), ethylene dichloride
(50.7 ml.), and conc'd sulfuric acid (0.5 ml.) was heated
under reflux for 16 hours.2* After cooling and dilution with
water, the organic layer was washed with dilute sodium bi-
carbonate and with water. Fractionation of the dried prod-
uct yielded methyl 7-fluoroheptanoate (24.4 g., 88%).

Method (5): fluorination of bromoester with potassium
fluoride. Ethyl 7-fluoroheptanoate. In a 250-ml. round-bot-
tomed flask equipped with a mercury seal stirrer and reflux
condenser was placed a mixture of ethyl 7-bromoheptanoate
(35 g., 0.15 mole), ethylene glycol (110 g.), and anhydrous
potassium fluoride (13.55 g., 0.23 mole). The mixture was
heated at 130° for eight hours with vigorous stirring. The
reaction mixture was cooled, diluted with three volumes of
water, and thoroughly extracted with ether. After drying
over magnesium sulfate and removal of the ether, fraction-
ation yielded ethyl 7-fluoroheptanoate (10.5 g., 40.3%).

Method (7): fluorination of bromoester with silver fluoride.?
Eithyl 7-fluoroheptanoate. To ethyl 7-bromoheptanoate (11.85
g., 0.05 mole), contained in a 50-ml. round-bottomed flask
equipped with a reflux condenser and caleium chloride tube,
was added pure, dry silver fluoride (13.5 g., 0.11 mole).
The mixture was shaken at room temperature for a few
minutes, and then heated in a water-bath at 60° with con-

(20) Hunsdiecker and Hunsdiecker, Ber., 75, 291 (1942).

(21) Swern, Billen, Findley, and Scanlan, J. Am. Chem.
Soc., 67, 1786 (1945).

(22) Scanlan and Swern, J. Am. Chem. Soc., 62, 2305
(1940).

(23) Chuit and Hausser, Helv. Chim. Acta, 12, 463
(1929).

(24) Clinton and Laskowski, J. Am. Chem. Soc., 70, 3135
(1948).
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stant shaking. A yellow precipitate of silver bromide was
rapidly formed. The temperature was raised slowly to 80°
to complete the reaction. The mixture was cooled in an ice-
bath, diluted with ether (20 ml.), and filtered. The silver
residue was washed thoroughly with three additional por-
tions of ether. The combined extracts were washed with
water and dried over sodium carbonate. After removal of
the ether, fractionation yielded ethyl 7-fluoroheptanoate
(3.0 g., 34.1%,).

FLUOROCARBOXYLIC ACIDS

Some of the preparations listed in Table II have been
or will be described elsewhere; this fact has been in-
dicated by appropriate references. The following prepara-
tions, subdivided according to the methods listed in Table
II, are representative of those that are either new, or im-
provements over existing procedures.

Method (10): hydrolysis of an ester by aqueous sodium
hydrozide. 11-Fluoroundecanoic acid. This method is suitable
only for those acids which have little tendency for ring
closure. Ethyl 1l-luoroundecanoate (2.5 g.) and 109
aqueous sodium hydroxide (25 ml.) were heated under reflux
for 40 minutes. The mixture was acidified with conc’d
hydrochloric acid, cooled, and extracted with ether. The
fluoroacid (2.07 g., 949%), after recrystallization from 30-
60° petroleum ether, thus was obtained as a colorless solid.

Method (11): Knoevenagel reaction.®® 13-Fluorotridec-2-
enoic actd. A mixture of 11-fluoroundecanal!t (1.37 g., 0.0073
mole), malonie acid (0.76 g., 0.0074 mole), and piperidine
(5 drops) was dissolved in pyridine (8 ml.). There was an
immediate evolution of carbon dioxide. After standing for
three days in the dark, the mixture was poured into water
and extracted with ether. The ether extract was washed with
dilute hydrochloric acid and with water, and then was
extracted thoroughly with 5% aqueous sodium carbonate.
After acidification of the basic solution, the fluoroacid was
extracted with ether. The extracts were washed with water
and dried over sodium sulfate. The ether was removed and
the residual oil was left overnight in the refrigerator. The
resultant crystalline mass was recrystallized from cold 30—
60° petroleum ether using an acetone-Dry Ice-bath, yielding
colorless needles (0.57 g., 34%).
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(25) Jenny and Grob, Help. Chim. Acta, 36, 1936 (1953).



