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Biologically active fluorinated derivatives have
been mentioned by Schrader! and Knunyants?
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among the derivatives of 2-fluoroethyl chloroform-
ate. In two preceding papers®* we have described
a number of 2-fluoroethylurethan derivatives. Si-
multaneously with our investigations Sawicki, Ray,
and Oliverio®~" have also published papers about
the preparation of new fluorinated urethans.

The inhibiting action of fluoroacetic acid and 2-
fluoroethanol, respectively, on the growth of ex-
perimentally produced malignant tumors has al-
ready been mentioned by us.®® However, due to the
rather high toxicity of both compounds, an at-
tempt was made to find less toxic, biologically ac-
tive derivatives. It appeared possible that the de-
rivatives of 2-fluoroethylurethan would meet these
requirements because their pharmacological tests®
only show the appearance of toxic symptoms after
a longer period of latency.

The compounds were too toxic in the chemothera-
peutical experiments,i so that no significant effect
could be observed. However, in some cases there
was a slight but definite therapeutic activity toward
cancer and we have therefore continued the prep-
aration of further derivatives in the hope of find-
ing less toxic members of the 2-fluoroethyl series.
The new derivatives thus prepared are listed in
Table I.

Some of the newly prepared derivatives have a
toxicity of over 200 mg./kg./rat. The biological
and probable insecticidal activity, which was ob-
served by us in previous investigations,'* will be
reported elsewhere.

TABLE 1
PREPARATION AND PROPERTIES OF 2-FLUOROETHYLURETHAN DERIVATIVES
R—NR'—COOCH,F Method B
B.P, M.P, of prep- Yield, Nitrogen

R R’ °C. Mm. °C. aration % Caled. Found
C.H; H 116-117 30 A 90 13.589 13.52
150-CsH; H 110 30 A 91 9.40 9.28
C.H, H 126-128 10 B 83 8.53 8.39
tert-CiHy H 100 25 A 94 8.60 8.34
CHg==CHCH, H 98-100 5 B 77 9.52 9.46
CsHiz H 63 A 88 7.43 7.27
>CH, >CH, 91-93 12 B 90 9,78 0.77
(l-Csz-CsI‘L, H §1-82 B 79 6.66 6.36
2-CH;-4-Cl-CsH, H 88-89 B 81 6.06 6.01
2-CH;-5-Cl-CgH;; H 84-85 B 77 6.06 6,00
CeHs CeHs 83-84 C 69 5.40 5.33
p-CH;CO-CeH, H 153-154 A 81 6.25 6.14
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EXPERIMENTAL

2-Fluoroethanol was prepared in 509, yield from ethylene
chlorohydrin and potassiuma flvoride by ultraviolet irradi-
ation as described by Oldh and Pavl4th,'?

2-Fluoroethyl chloroformale was prepared in 729, vield by
the method of Oldh and Pavldth.4

General procedures for the preparation of the 2~fuoroethyl-
urethan derivatives. (A). A 0.1-mole portion of the amine
was dissolved in 40 ml. of absolute ethyl ether in a three-
necked round-bottomed flask fitted with a reflux condenser,
a mechanical stirrer, and a dropping-funnel; then 6.32
g. (0.05 mole) of 2-fluoroethyl chloroformate was slowly
dropped on to the ice cooled solution. The stirring was con-
tinued for an hour after which time the precipitated amine
hydrochloride was filtered. The ether was removed by dis-
tillation and the remaining oil was fractionated in vacuo.
If erystalline the product was recrystallized from hexane.

(B). A 0.1-mole portion of the amine was dissolved in a
solution of 4.8 g. (0.12 mole) of sodium hydroxide in 25 ml.
of water. The resultant solution was cooled in an ice-water
bath and efficiently stirred while 12.65 g. (0.1 mole) of 2-
fluoroethyl chloroformate was dropped into the mixture.
Stirring was continued without further cooling for 2 hr.
The 2-fluoroethylurethan formed was extracted with ether,
the ether was evaporated, and the residue was fractionated
in vacuo. In the case of crystalline products the substances
were recrystallized from hexane.

(C). A 0.1-mole portion of the amine was dissolved in 25
ml. of benzene and 6.32 g. (0.05 mole) of 2-fluoroethyl
chloroformate was added; the reaction then was continued
and worked up as under (A),
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The reaction of thiolacetic acid with olefing has
been found to be generally applicable, and to give
high yields of thiolacetates.? Hydrolysis of these
thiolacetates provides an excellent route for the
synthesis of thiols.? Oxidative chlorination of
thiolacetates is utilized herein as a route to the
preparation of alkanesulfonyl chlorides from olefins.

Douglass and Johnson included two thiolesters
in their general study of the oxidative chlorination
of divalent sulfur compounds.® They obtained a

(1) This investigation was carried out as part of American
Petroleum Institute Research Project 48B, given in part
at the 126th Meeting of the AMERIcAN CHEMICAL SOCIETY,
New York, N. Y., September 1954 (p. 6-0 of Abstracts).

(2) (a) The first report of this reaction was B. Holmberg,
Arkiv. Kemi, Mineral Geel., 12B, No. 47, 3 (1938). (b) The
literature concerning this reaction, together with numerous
further examples, may be found in the Ph.D. dissertation
of W. A. Hewett, Northwestern University, August 1955.

(3) L. B. Douglass and T. B, Johnson, J. Am. Chem. Soc.,
60, 1486 (1938).
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71% yield of ethanesulfonyl chloride from ethyl
thiolacetate and a mixture of benzyl disulfide,
benzyl phenylmethanethiosulfonate, and phenyl-
methanesulfonyl chloride from benzyl thiolacetate.

In the present study the thiolacetates were pre-
pared in yields of 92-969, from 4-methyl-1-pentene,
2-methyl-2-pentene, and cyclohexene. Oxidative
chlorination of these thiolacetates by the method
of Douglass and Johnson® gave 779,, 629, and
729, yields of the corresponding sulfonyl chlorides.

The method is, therefore, applicable to the prep-
aration of primary, secondary, and cycloalkane-
sulfonyl chlorides from the olefins in overall
vields of 58-719,. Compounds in which the sulfur
atom is attached to a secondary carbon atom ap-
pear not to have been subjected to oxidative chlo-
rination of this type before.

The addition of thiolacetic acid to olefins occurs
exclusively in an anti-Markownikoff manner,? so
the sulfonyl chlorides prepared from them should
be of high purity. Their structures should corre.
spond to those of the thiolacetates. However, to
make certain that rearrangement does not accom-
pany the oxidative chlorination of thiolacetates to
sulfonyl chlorides, the sulfonyl chloride from 1-
ethyl-2-methylpropyl thiolacetate (I) was reduced

CH:COSH

Cls + H:0
(CH;).CH—CHCH,CH; ————> (CH,),CH—CHCH,CH,

|
SCOCH, S0.C1

1 \ / LiAlH,
OH-

(CH;),CH—CHCH,CH;

S!H

with lithium aluminum hydride to the thiol. The
2,4-dinitrophenyl sulfide derivative of this thiol
was found to be identical with that obtained from
the thiol prepared from the original thiolacetate.
Since rearrangement is more likely to occur with
a secondary thiolacetate having a tertiary hydrogen
on an alpha carbon, such as I, than for other types
of thiolacetates it seems safe to conclude that re-
arrangements will not often occur in this reaction.
2-Phenyl-1-propanesulfonyl chloride was pre-
pared by oxidative chlorination of 2-phenylpropyl
thiolacetate with the purpose of synthesizing 2-
methyl-2,3-dihydrobenzothiophene-~1-dioxide from
it by ring closure. This is potentially a route to
cyclic sulfones of this type from styrenes, but Frie-
del-Crafts type ring closures were unsuccessful in
our hands in this instance. '

EXPERIMENTAL*

1-Ethyl-2-methylpropyl thiolacetate Thiolacetic acid (E'ast-
man Kodak Co., practical grade) was purified by distilla-
tion prior to use. One hundred fifty-two and two-tenths

(4) Microanalyses were by Miss Hilda Beck.



