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hydroxide in 7 cc. of diethylene glycol gave 0.87 g. (78%)
of crude acidic material. Vacuum sublimation and re-
crystallization from aqueous alcohol gave white needles,
m.p. 120.5-121.5° (121°)% indicating that the compound
was cyclopentenecarboxylic acid. The ultraviolet absorp-
tion spectrum of the acid in 959%, ethanol indicated!® that
the double bond was in the a,8-position, Amax. 2210 A., «,
9200.

Treatment of 1.00 g. of the nitrile with 15 cc. of 109,
hydrogen peroxide, 2 cc. of 109, sodium hydroxide and 20
cc. of acetone gave 0.98 g. (829%) of crude cyclopentene
amide, m.p. 161-182°. Vacuum sublimation and re-
crystallization from methanol raised the m.p. to 206-208°.

Anal. Caled. for CéHsON: C, 64.84; H, 8.16. Found:
C, 64.94; H, 7.94.

Fractions b to e were distilled through a Claisen flask

(18) E. Urion, Compt. rend., 190, 1512 (1930).

(18) For a comparison of absorption spectra of «,8-unsaturated
acids, see C. G. Overberger and C. W. Roberts, THIS JOURNAL, T1,
3618 (1949). See also H. E. Ungnade and 1. Ortega, thid., 78, 1564
(1951).
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equipped Wwith a wide bore sausage-shaped receiver. Four
arbitrary fractions were taken. The first three fractions
were then purified by fractional crystallization from petro-
leum ether (b.p. 60-70°) to give 6.5 g. of tetramethylsuc-
cinonitrile, m.p. 168-170° (combined yield with previously
separated material, 44.5 g. (40.7%)), 15.1 g. (13.6%) of
1,1’-dicyano-1,1’-bicyclopentyl, m.p. 94-96° and 19.0 g.
(17.29%,) of the mixed nitrile (III), m.p. 69.5-70.5.

Anal. Caled. for CloHu_\Izi C, 7406, H, 868, N,
17.21. Found: C, 73.96; H, 8.78; N, 17.16.

The fourth fraction, a heavy oil, b.p. 135-145° (0.5 mm.),
amounted to 6.8 g. This apparently contains an addition
product containing two molecules of cyclopentanenitrile
plus one of isobutyronitrile since hydrolysis of 1.00 g. of
this oil with 2.0 g. of potassium hydroxide in 10 cc. of di-
ethylene glycol gave 0.83 g. (68%) of crude acid, m.p. 182-
192°. Vacuum sublimation and recrystallization from tolu-
ene gave a m.p. of 199.5-201.5°.

Anal. Caled. for Ci¢HO¢: C, 61.52; H, 7.74. Found:
C, 61.52; H, 7.72.
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Alkylation with Long Chain p-Toluenesulfonates.

II. Reaction of n-Octadecyl

p-Toluenesulfonate with Mercaptans and Thiophenols!

By Davip A. SHIRLEY AND WiLLIAM H. REEDY

n-Octadecyl p-toluenesulfonate has been examined as an alkylating ageut for a variety of mercaptans and thiophenols.
The n-octadecyl aryl and alkyl thioethers were produced in yields ranging from 40 to 85%,.

We have underway in this Laboratory a program
of systematic evaluation of long chain aliphatic p-
toluenesulfonates as alkylating agents for a variety
of organic types. In the first paper, we reported
the alkylation of phenols with n-octadecyl p-tolu-
erfesulfonate.? The #n-octadecyl aryl ethers were
formed in 50-75%, yields.

It was next undertaken to alkylate mercaptans
and thiophenols with z-octadecyl p-toluenesulfonate,
and it was found that corresponding thioethers
could be obtained in yields in the range of 40 to 85%,
all but one being obtained in above 60% yield.
The compounds alkylated were thiophenol, p-nitro-
thiophenol, 0- and p-thiocresol, #-butyl, decyl, do-
decyl and octadecyl mercaptans, and 1,2-ethanedi-
thiol. The results of these experiments are sum-
marized in Table 1.

RSH 4+ NaOH ~—» RSNa + H;0
RSNa + S04(CH;)sCH; —> RS(CH,)iyCH; 4+ SO;Na

CH; CHj

Several of the thioethers were oxidized to sul-
fones by conventional methods.

Experimental

The #n-octadecyl p-toluenesulfonate used in this work was
prepared as described earlier.?

p-Nitrophenyl n-Octadecyl Sulfide.—p-Nitrothiophenol?
(16.0 g. or 0.103 mole) was added to a solution of 4.1 g.

(1) A report of work done under contract with the U. S. Department
of Agriculture and authorized by the Research and Marketing Act.
The contract is being supervised by the Southern Regional Research
Laboratory of the Bureau of Agricultural and Industrial Chemistry.

(2) D. A. Shirley and W. H. Reedy, THIS JOURNAL, T8, 458 (1951),

(3) C.C. Price and G. W. Stacy, #bid., 68, 499 (1946),

(0.102 mole) of sodium hydroxide in 150 ml. of water. -
Octadecyl p-toluenesulfonate (42.4 g. or 0.100 mole) was
then added and the resulting mixture stirred and heated to
reflux for 20 hours. The hot mixture was placed in a sepa-
ratory funnel and the aqueous layer separated. The oily
layer was washed two times with hot 3 NV aqueous sodium
hydroxide solution, two times with hot 3 N hydrochloric
acid, and finally several times with hot water. The re-
maining organic material was recrystallized once from
methanol and once from petroleum ether (b.p. 70-90°) to
give 26.3 g. (659 yield) of p-nitrophenyl #-octadecyl sul-
fide melting at 68-69°.

Anal. Caled. for CoHaNO,S: 8, 7.87. Found: S, 7.89.

The mercaptans and thiophenols listed in Table I were
alkylated with #n-octadecyl p-toluenesulfonate in general
accordance with the procedure given above.

p-Aminophenyl #-Octadecyl Sulfide.—A solution of 10 g.
of stannous chloride dihydrate in 100 ml. of glacial acetic
acid was added to a solution of 5.0 g. (0.012 mole) of p-
nitrophenyl #-octadecyl sulfide in 100 ml. of glacial acetic
acid. The resulting mixture was heated to boiling for 30
minutes and then poured into 100 ml. of 6 N hydrochloric
acid. The white solid which precipitated on cooling was
collected by filtration and suspended in water. The mix-
ture was made alkaline with excess 6 N sodium hydroxide
and benzene added to dissolve the organic material. The
benzene layer was separated and washed two times with
water. Most of the benzene was removed by distillation,
and ethanol was added to the hot solution. Cooling pre-
cipitated 3.2 g. (709, yield) of amine melting at 70-71°.

Anal. Caled. for CoHuNS: S, 8.48. Found: S, 8.44.

p-Nitrophenyl #-Octadecyl Sulfone.—A mixture of 5.0 g.
(0.012 mole) of p-nitrophenyl n-octadecyl sulfide, 4.0 g.
(0.025 mole) of potassium permanganate, and 200 ml. of
glacial acetic acid was heated to reflux temperature for three
hours. Sodium bisulfite solution and hydrochloric acid were
added to destroy excess potassiuin permanganate and man-
ganese dioxide. The mixture was added to excess ice-water
and the precipitated solid collected by fltration. The
product was recrystallized from ethaunol and the yield of
sulfone, melting at 82-83°, was 4.0 g. (74%,).

Anal. Caled. for CasHuNOS: S,7.29. Found: S,7.36.

Phenyl n-Octadecyl Sulfone.—Phenyl n-octadecyl sulfide
(5.0 g. or 0.0138 mole) was oxidized to the sulfone as de-
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TABLE |

ALKYL aND ARYL 7#-OCTADECYL SULFIDES

Componud Mole of Mole of Sotvent for Yield,b Melting Molecular  Sulfur analyses, ¢
R = CH3(CH2; thiol ester recrystallization® G point, °C. formula Caled. TFFonnd
Rs—C D 0.057  0.050  Petroleum cther SO 55.5-56.5  CuHeS  8.84 870
== (b.p. 35-60°)
RS~ Y A0l 100 Acetone 61 3839 CuHuS  8.51 858
CH;™
RS~ H—CH 101,100 Petroleum cther 5 52.5-53 CoHuS 851 8.4
— (b.p. 35-60°)
RS(CH,);CH; 10V .100 Acetone 74 29-30) CopH S 9.36 911
RS(CH:)%CH, .103 .100 Methyl ethyl ketone 70 $4-45 CasH3sS 7.51 7.56
RS(CH,),CH; .104 . 100 Methyl ethyl ketone 73 50.5-51.5 CyoHeS 7.05 7. 14
RS(CH.),,CH, .105 100 Benzenc 62 63.5-64.5° CagHreS 5.92  5.99

« All products were recrystallized once froni ethanol or methanol and onc or two times from the solvent listed in this col-

winn,
been reported as 62-64°8 and 98-09°.6

scribed above.  The product, formed iu 579, yield, melted

ut 61-62°.

Angl. Caled, for C24H42OQS: S, 8.12. Found: S, 7.93.

Di-n-octadecyl Sulfone.—Di-n#-octadecyl sulfide (5.0 g. or
0.0093 mole) was oxidized as described previously. Tle
product, m.p. 103-104°, was formed in 439, yield.

Anal. Caled. for CaeHnOzS! S, 5.61. Found: S, 5.46.

The melting point of octadecyl sulfoue has been reported
previously as 98-99°¢ and 105.5-106.5°.%
p-Aminophenyl #-Octadecyl Sulfone.—Three graims
(0.0068 mole) of p-nitrophenyl #-octadecyl sulfone was re-
duced with 7.0 g. (0.031 mole) of stannous chloride in acetic
acid iu accordance with the procedure outlined above for the
reduction of p-nitrophenyl #n-octadecyl sulfide. There was
obtained 2.0 g. (729 yield) of amine melting at 110-112°,

Anal. Caled. for CoHNO:S: S, 7.83. Found: S, 7.70.

19,22-Dithiatetracontane.—An attempt to produce the
dithio ether from 1,2-ethanedithiol and two equivalents of

(4) V. C. Barry, L. O’'Rourke and D. Twomeny, Proc. Roy. Irish
Acad., B1B, 223 (1947),

(5) B. A. Hunter, Iows Siale College J. Sci., 18
36, 1474 (1942)1.

216 (1941) {C. 4,

b All yields are based ou starting n-octadecyl p-tolueunesulfonate.

¢ The m.p. of n-octadecyl sulfide hias previously

n-octadecyl p-toluenesulfonate by the general procedure out-
lined above gave a mixture of compounds which could not
be separated. A 43%, yield of the dithioether was obtained
by the procedure given below. A mixture of 2.4 g. (0.025
mole) of 1,2-ethanedithiol, 28.0 g. (0.066 mole) of #-octa-
decyl p-toluenesulfonate, and 5.0 g. (0.048 mole) of solid
sodium carbonate was heated with occasional stirring for
ten hours at 120-130°. Hot water was added to the mix-
ture, and the resulting two liquid layers separated. The
oily layer was washed several times with hot water. The
organic layer was recrystallized from ethanol, triturated
with 200 ml. of ether, and then recrystallized from a mix-
ture of equal parts of petroleum ether (b.p. 35-60°) and pe-
troleum ether (b.p. 70-90°). There was obtained 8.5 g.
(43%,) of white solid, m.p. 70-72°.

Anal. Caled. for CHzSe: S, 10.70. Found: S, 10.83.
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Alkylation with Long Chain p-Toluenesulfonates.

III.* Reaction of n-Octadecyl

p-Toluenesulfonate with p-Tolylmagnesium Bromide®

By Davip A. SHIRLEY AND WiILLIAM H. REEDY

Reaction of #- octadecyl p-toluenesulfonate with p-tolylmaguesiiun bromide allows forination of p-n- -octadecyltoluenc

and hexatriacontane.

It is proposed that the hexatnacontane was formed by the action of magneslous bromide on the

octadecyl p-toluenesulfonate, and that the magnesious bromide came from the interaction of magnesiuni bromide and excess

magnesium present in the Grignard reagent.

Evidence for this proposal includes (a) observed formation of hexatriacontanc

from octadecyl p-toluenesulfonate and magnesious bromide, and (b) abseice of hexatriacontane in the reaction product of
octadecyl ester and Grignard reagent containing no magnesium metal.

The reaction of lower alkyl esters of p-toluene-
sulfonic acid and Grignard reagents has been
studied extensively by Gilman and co-workers 3
and Marvel and co-workers.%® This reaction,
which is illustrated below, allows formation of the

(1) Preceding paper; D. A. Shirley and W. H. Reedy, THIs JOUR-
NAL, 78, 4885 (1951).

(2) Presented before the Sixth Southwest Regional Meeting of the
American Chemical Society, San Antonio, Texas, December 9, 1950.

(3) H. Gilman and N. J. Beaber, THis JournaL, 45, 839 (1823);
47, 518 (1925).

(4) 8. 8. Rossander and C. & Marvel, bid., 50, 1491 (1925).

(8) J. W, Copenhaver, M, I'. Roy and C. 8. Marvel, ¢bid., 87, 1312
(1935).

hydrocarbon, R-R’, in yields varying from a few
per cent. to about 60%,.

R'MgX + CH«<  DSOR —>

cid_HSOMeX + R-R/

As a part of a general program of evaluation
of long chain alkyl p-toluenesulfonates as alkylating
agents for a variety of types,! we initiated an
examination of the reaction of the Grignard
reagent with the long chain ester. Selected for
initial study was the reaction of #-octadecyl p-



