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The kinetic runs were carried out essentially as described
by Hine and Haworth.® As noted in Table I, runs were made
in sets using three different hydroxides in cach run to ensure
comparability of results. Each hydroxide was run in dupli-
cate samples, and two aliquots were withdrawn from each
sample for titration at each time. The value obtained for k;
at any time was thus an average of four determinations. The
data for a typical run follows.

Into a nitrogen-purged, 250-mnl. polyethylene bottle were
placed 1.9399 g. of benzil and 100 ml. of dioxane. The solution
was equilibrated in the constant temperature bath, 50 ml. of
0.1476M lithium hydroxide at the same temperature was
added and the bottle vigorously shaken. Two 10-ml. aliquots
were withdrawn as quickly as possible into 10 ml. of cold
acetone and titrated to the phenolphthalein end-point. The
time of withdrawal of samples was noted as zero time, and
the base concentration given by the titration as “initial base
concentration.”” The difference between the base concentra-
tion obtained by an analogous procedure with the omission
of benzil, and the “initial base concentration’ as above, was
subtracted from the original benzil concentration (assuming
that the partial molal volume of benzil was ideal) to correct
for the reaction of benzil before zero time (maximum cor-
rection in any run, 3.3%). The result was taken as the “ini-
tial benzil concentration.”” Samples were then withdrawn at
various times during the runs and titrated analogously to
give the results shown in Table II.

TABLE II

SgcoND-OrpER RATE CONSTANTS FOR THE REACTION OF
BexziL witH LitHiom HyproxXme 1N 679 DioxaNe-
339, WATER AT 49.5°

[Benzil}, = 0.061673f; [LiOH]o = 0.047567(

Time, 10% By,

see, [LiOH] I./mole~t/sce. "t
68,400 0.01887 30.94
86,400 0.01629 29.87
169,200 0.00881 29.17
237,600 0.00558 20.88

20.96 = 0.49

Larger scale run with benztl and lithiwm hydroxide. In a 500
ml. Erlenmeyer was placed a solution of 10.2 g. (0.0485
moles) of benzil in 260 ml. of dioxane, to which was added
0.05 mole of lithium hydroxide monohydrate dissolved in
130 ml. of water. The solution was shaken and 1naintained
in a thermostated bath at 49.5° for 72 hr. (time required for
approximately 907 reaction), after which it was transferred
to a separatory funnel and extracted with several portions of
ether. The solvent was removed from the dried ether solution
to yield only 0.3 g. of semisolid yellow resicice whose infrared
spectra showed it to consist mainly of benzil. The aqueous
portion from the above extraction was evaporaied to a small
volume under reduced pressure and then acidified to yield
9.03 g. (829) of solid acid with a neutralization equivalent of
242 (benzilic acid = 228). Recrystallization from water
vielded henzilic acid, m.p. 149.3-151° (reported’2 m.p. 150°),
neutralization equivalent 231. Evaporation of the filtrates
from the acidification and from the recrvstallization steps
gave only 0.75 g. of solid acid, neutralization equivalent
233. No other products were found.
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Fluorocarbon Sulfides. I. Synthesis of
Bis(perfluoropropyl) Sulfide and
Bis(perfluorcheptyl) Disulfide

GEORGE VAN DykE TIERS
Recetved November 28, 1560

From the reaction of perfluoropropyl iodide with
sulfur at 250° Hauptschein and Grosse! recovered
bis(perfluoropropyl) disulfide and trisulfide, but
at most only a trace of monosulfide, insufficient to
permit isolation. They attributed this to a rapid
attack by sulfur upon the (supposedly) first-
formed monosulfide.! However, the author has now
found that by carrying out the reaction at a higher
temperature, 300°, an appreciable yield (119) of
the mounosulfide is obtained. The mechanism sug-
gested does not satisfactorily explain this observa-
tion, and it appears more likely that the first-
formed disulfide (or perfluoropropylthiyl radical)
subsequently reacts with {free perfluoropropyl
radicals to produce the (stable) monosulfide.

Several years after Hauptschein and Grosse’s
report, Haszeldine and Kidd? claimed that little
or no reaction occurred between 1-iodo perfluoro-
propane and sulfur in a stainless steel autoclave at
temperatures up to 350° (fourteen hours), that
partial reaction occurred at 400°, and that 450°
was required to convert all 1-lodoperfluoropropane
to (principally) disulfide, lesser amounts of mono-
and trisulfide being present in the reaction product
also. It is surprising that Haszeldine and Kidd
failed to recognize their error, (their reaction tem-
perature may have been read from a Fahrenheit
thermometer or themocouple chart), as Hauptschein
and Grosse had reported exactly the same reaction
at a much lower temperature; the latter work! is
of course fully confirmed by the present study.
The ultraviolet spectroscopic data reported by
Haszeldine and Kidd for (C:I1)sS; are incorrect;
apparently much (CiI'7)s8; was in their “pure”
sample.

The synthesis (by the same general method),
purification, and physical properties of bis(per-
fluoroheptyl) disulfide are also reported. It is of
interest that attempted oxidation of this disulfide
by fuming nitric acid resulted in preferential elim-
nation of higher sulfides. Such purification was
apparently not achieved by simple reerystallization,
for despite a good melting range, the sulfur analys:s
was high; formation of a solid solution is suggested.
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EXPERIMENTAL

Bis(perfluoropropyl) sulfide. Perfluoropropyl iodide,® 105
g., (0.36 mole) was treated with 11.5 g., (0.36 g.-atom) of
sulfur in a 180 ml. stainless steel rocking autoclave* for 10
hr. at 300°. By fractional distillation of the reaction product
there was recovered 37.4 g. of (n-C;F7):8:, b.p. 123°, n%
1.3231, (53%), Amax = 2394 &, emox 327, W1/, = 7150 cm.~1;
and 11.0 g. (n—C;F1).S;,! b.p. 155.5°, n3’ 1.3594, (14.5%),
Amax = 2448 A, emax = 1540, W1/, = 8700 em.~%; and in
addition 7.0 g. (n—C;F1):8, b.p. 88°, n%} 1.2872, (119,),
Amax Delow 2100 A, and e (2100 A) = 70, « (2400 A) = 14.

Anal® Caled. for CeFuiS: C, 19.479,;F , 71.879,. Found:
C, 19.5%; F, 72.19,.

The infrared spectrum of the liquid monosulfide very closely
resembles those of the disulfide and trisulfide, (the band
at 12.59 u reported for the trisulfide® was spurious, as it is
completely absent in my preparation),t but may be distin-
guished from them by the presence of medium-strength
bands at 8.75 u and 14.90 y, and the virtual absence of those
at 9.24 u and 14.70 u.

Bis(perfluoroheptyl) disulfide. Perfluoroheptyl iodide,®
61.6 g. (0.124 mole) and sulfur, 3.96 g. (0.124 g.-atom) were
divided equally between two 30 ml heavy-walled borosili-
cate glass ampoules, which were gealed and heated for 17
hr. at 255° &= 5°. The ampoules were chilled in liquid air
and opened cautiously, then warmed to melt the crystalline
product; after filtration to remove iodine ecrystals
liquid had % 1.3305 (supercooled), and weighed 45.8 g.
(about 95% yield, crude). A small amount, recrystallized
from carbon tetrachloride and from benzene-heptane had
m.p. 37.5°-39.5°, but the sulfur analysis was high: caled. for
CuaFaS2, S, 8.00%; found, 8, 8.657,. It appeared that
higher sulfides were present. The remaining material, 44.0 g.,
was refluxed for 65 hr. with 25 ml. of red fuming nitrie acid.
There was recovered 41.5 g. of colorless product having
n% 1.3242 (supercooled), from which 25.2 g. was distilled
through a 10-cm. packed” fractionating column. Crystalline
bis(perfluoroheptyl) disulfide, 20.1 g., having b.p. 246.5°
and m.p. 38.5°-39.5° (recrystallized from carbon tetrachlo-
ride) was thus produced in 609, yield.

Anal. Caled. for CuFuS:; C, 20.96Y;; F, 71.049; &,
8.009;. Found: C, 21.09; F, 71.3%,; 8, 7.99%.

Its ultraviolet spectrum (2.00 mg./ml. in isooctane) had
Amax = 2387 A, e0x 389, width at half-height, W'/, = 7340
em, !
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pentanoic Acid
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In connection with a study of structural require-
ments for the formation of g-lactones from g-
hydroxy acids,! our attention was attracted to re-
ports? that 3-hydroxy-3,4,4-trimethylpentanoic
acid (I) undergoes dehydration by various acidic
agents to yield g-tert-butyl-y-butyrolactone (II).

CIHR CH, o (‘ZHZ
CH;COH cH. / C=CH,
| >cH |
CHs(ilCHs CHs(IJCHg CHS(‘JCHg
CH;, CH, CH,
ILR=H II 111
Ia. R=CH;

Curiously, this formulation of the lactonic product
appears to have been widely accepted,® despite the
fact that the generation of such a structure from 1,
presumably by way of 3-fert-butyl-3-butenoic acid
(III), would be contrary to the Markowunikotf rule.
On the other hand, even though a ncopentyl type
aleohol system is present in I, the two isomeric un-
saturated acids which can be prepared from I or its
esters by dehydration under milder conditions, and
which are also convertible to the lactone, have been
shown to possess the unrearranged structure IV (or
IIT).* However, all attempts to establish the con-
stitution of the lactone by methods based on
hydrolysis, oxidation, or reduction were reported
to be unsuccessful .

As I, and also IIT and IV, by treatment with acid
under sufficiently vigorous conditions might be
expected to undergo rearrangement leading to
8,8,v-trimethvl-y-valerolactone (V), it was of
interest to note that the melting point recorded for
“IT77 (99-100°) is the same as that reported for V as
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