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are known to occur®® produced no other peaks than the
ones reported above. Thus, the n.m.r. data also
point to the exclusion of structure 1I.

Since evidence exists for addition of the selenium-
trichloride group as a first step in addition reactions of
selenium tetrachloride, reaction in this case probably
proceeds by eyclization of the intermediate 1T1.

@—CEC—Q 4 SeCl,  —
cl
m +HCl + Cl
Se CsHs

Evidence that such an intermediate is involved is
provided by the isolation of the tellurium analog of 111
from the reaction between tellurium tetrachloride and
diphenylacetylene.’® The authors do not report or
consider the possibility of further conversion to 2-
phenyl-3-chlorobenzotellurophene, so it can be as-
sumed that the tellurium analog of IIIis more stable.
However, it should be possible under appropriate con-
ditions to produce the benzotellurophene analog of I.

Several experiments with sulfur tetrachloride sub-
stituting for selenium chloride have not led to an
isolatable product, but further work will be carried
out with this and other nonmetallic halides.
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A novel synthesis of 3,3,3-trifluoropropyne, CF;C=
CH, has been discovered which gives high product
vields (7569) from a readily available starting material
in conventional glass apparatus. 1,1,2-Trichloro-3,3,3-
trifluoropropene, CF,CCl=CCl,,} reacts exothermi-
cally with zinc dust in solvents such as dimethyl-
formamide, N,N-dimethylacetamide and N-methyl-2-
pyrrolidone to give a ziuc salt of 3,3,3-trifluoropropyne.
(Anhydrous zinc chloride is normally added to reduce
the induction period.) Addition of water liberates
3,3,3-trifluoropropyne in excellent yield and purity.

solvent

chlz
H:0
(CFsC=C),Zn or CF;C=CZnCl 4+ ZnCl, —> CF;C=CH

Acetic acid and absolute ethanol were relatively
ineffective as reaction solvents: yields of about 109
of 3,3,3-triflucropropyne were obtained in forty-eight-
hour reactions at steam bath temperatures and the
balance of the starting material was recovered. With
dry dioxane no reaction occurred at reflux temperature
even after six hours. Solvents such as formamide

(1) A, L. Henne, ¢t al., J. Am. Chem. Soc., 68, 3478 (1941); CFsCCl=
CCl: is available from Columbia Organic Chemical Co., Columbia, 8. C.
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and 959 ethanol alter the course of the reaction.
Yields of 3,3,3-trifluoropropyne varied from 129, to
329, and a variety of partially reduced products were
obtained, including the previously uncharacterized cis-
and trans-1,2-dichloro-3,3,3-trifluoropropenes. Similar
reductive eliminations of vinylic halogen from 1,1,1,-
4,4,4-hexafluoro-2,3-dichlorobutene-2 in a zinc-absolute
ethanol mixture? and in a zinc—formamide mixture®
have been observed. The former reaction gave a 309,
vield of 1,1,1,4,4,4-hexafluoro-2-chlorobutene-2. The
latter yields an appreciable percentage (41.29;) of
(trans) 1,1,1,4,4,4-hexafluorobutene-2. Dehalogena-
tion to yield 1,1,1,4,4,4-hexafluorobutyne-2 also oc-
curred in each case.

Procedures previously described for the preparation
of 3,3,3-trifluoropropyne include the dehydrohalogena-
tions of CF;CH=CHX*7 and CF;CX=CH,,%" de-
halogenations of CF;—CX=CXH?"*? and the reaction
of sulfur tetrafluoride with propiolic acid.! Although
vields obtained in these reactions may be comparable
with or even superior to those described herein, the
usefulness of this new synthesis is readily apparent.

A logical mechanism for this reaction involves de-
halogenation of 1,1,2-trichloro-3,3,3-trifluoropropene
to yield 1-chloro-3,3,3-trifluoropropyne, which in turn
immediately reacts with zine to yield the zinc acetylide.
The ready reaction of the trichlorotrifluoropropene with
zinc may be contrasted to the sluggish reaction of 1,2~
dichloro-3,3,3-trifluoropropene?; the electron with-
drawing power of the additional 1-chloro atom ap-
parently facilitates the initial reaction with the zine.

Experimental

3,3,3-Trifluoropropyne.—Zinc dust (36.0 g., 0.5 mole 909%
purity), 3.4 g. (0.025 mole) of fused zine chloride, and 200 ml. of
dry redistilled N,N-dimethylacetamide, were placed in a 500-ml.
three-necked flask fitted with a thermometer, addition funnel,
stirrer and water cooled condenser leading to a Dry Ice~acetone
trap. The reaction mixture was heated to 100° and the slow
addition of 50.0 g., (0.025 mole) of 1,1,2-trichloro-3,3,3-tri-
fluoropropene was started. An exothermic reaction usually
occurred within 10 min., raising the temperature above 100°.
Heating was discontinued and the temperature was maintained
at 95-105° by adjusting the olefin addition rate and by directing
an air blast on the flagk. Addition was complete in approxi-
mately 1 hr., and the solution was allowed to cool to 50-60°.
An infrared spectrum of the reaction solution showed the presence
of a strong C=C absorption at 4.65 4. No produet was present
in the Dry Ice trap at this time. The slow addition of 100 ml. of
water with stirring was started and completed in 30 min.;
the temperature was maintained at 50-60° by use of a heating
mantle. An immediate vigorous gas evolution commenced and
product collected in the Dry Ice trap. Heating was continued
for an additional hour.

The produet which collected in the Dry Ice trap was distilled
directly into a steel sample cylinder and weighed; yield of
CF,—C=CH, 17.7 g. (75.3%), b.p. —48° to —47°/705 mm.
Identification was based on boiling point, infrared spectrum, and
mass spectrographic analysis. The boiling point coincides with
that reported in the literature.® The infrared spectrum shows a
C—H band at 2.99 u, a strong band at 4.62 u (—C=C—), and
strong absorptions at 8.0 to 8.5 u (—CF;). The mass spectrum
gave a parent peak at 94. Analysis by vapor phase chromatog-
raphy (squalene—Pelletex) indicated a purity of at least 99%.

Reactions run using dimethylformamide and N-methyl-2-

(2) A. L. Henne and W. G. Finnegan, J. Am. Chem. Soc., T1, 298 (1949),
(3) W. G. Finnegan, Ph.D. dissertation, Ohio State University, 1949.
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(6) R. N. Haszeldine, 1bid., 2495 (1951).

(7) A. L. Henne and M. Nager, J. Am. Chem. Soc., T8, 1042 (1951),
(8) W. G, Smith, et al., ibid., 81, 3165 (1959).
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pyrrolidone as solvents gave similar results, except that the
latter solution jelled midway during the addition of water and
stirring stopped. A 76.59, product yield was obtained never-
theless.

Reaction of CF;CCl—=CCl, with Zinc Dust in Formamide
Solution..—The reaction was run as above, uging 100 g. (0.5
mole) of 1,1,2-trichloro-3,3,3-trifluoropropene and 200 ml. of
dry, redistilled formamide as the reaction solvent. The initial
exothermic reaction commenced after about 5 min., low boiling
material began to reflux shortly thereafter and condensation of
trifluoropropyne and monochlorotrifiuoropropene was observed
in the trap. The reaction temperature dropped progressively
to 60-65°, depending on the rate of addition of trichlorotrifluoro-
propene. Addition was completed in 1.5 hr. and the reaction
mixture was stirred and refluxed for an additional 4 hr.; condensa-
tion rate of low boiling products in the trap had markedly de-
creased by this time. The reaction was worked up by distilling
the intermediate boiling products into a Dry Ice-acetone cooled
trap at slightly reduced pressure and combining these with the
originally trapped product. Distillation of the combined prod-
uct mixture through a 3-ft. center-rod column (condenser and
receivers were cooled to —10°) gave the following fractions:
(barometric pressure 702 mm.): CF;C=CH (trap), 10.0 g.,
21.3%, b.p —48° to —47°; CF;CCl=CH,,} 6.0 g., 9.2%,
b.p. 13-15°; midcut, 3.2 g., 4.9%, b.p. 16° —50°, n%p 1.3511;
CF;CCI=CHCI (trans-dichloro), 18.5 g., 22.69%, b.p. 51-52°,
n®p 1.3638; mixed (frans) CF;CCl=CCIH and CF;CH=CCl,,
8.1 g., 9.9%, b.p. 52-58°, n?»p 1.3648; CF;CCl==CHCI (cis-
diehloro), 5.0 g., 6.19, b.p. 58°, 22D 1.3795; and CF;CCl=CCl,,
5.1 g., 5.19, (distillation residue). The material balance
amounted to 78.99;. The three dichlorotrifluoropropenes are
distinguishable by their proton n.m.r. speetra. 1,1-Dichloro-
3,3,3-trifluoropropene, although not isolated frem the trans-
dichloro isomer is recognizable because of the relatively large
coupling factor between the C-2 proton and the fluorines on the
adjacent CF; group giving a quartet with widely separated
peaks, r = 3.85, Jgr = 6.4. The irans isomer, b.p. 51-52°,
exhibits a quartet which is well resolved although the peaks
are close together, » = 2.92, Jgr = 1.1. The cis isomer, pre-
viously unreported, gives only a single broadened peak, r =
3.35, Jer < 0.2, indieating extremely weak coupling between
proton and the CF; fluorines. The infrared spectrum for the
cis isomer shows a C==C absorption at 6.22 u. The mass spec-
trum shows parent peaks at mass units of 164, 166, and 168 in
the expected ratio of 9.6:6.2:1. Vapor phase chromatography
indicated & minimum purity of 95%. The major contaminant
was identified as 1,1-dichloro-3,3,3-trifluoropropene on the basis
of parent peaks at 164, 166, 168, and the absence of mass 116
(CF,CCl*) in its mass spectrum.

Anal. Caled. for (ci8) C:HCLFs: C, 21.84; H, 0.61; CI,
42.99; F, 34.56. Found: C, 21.66; H, 0.81; Cl, 40.65; T,
34.34.

New Catalysts for the Oxidation of Sulfides to
Sulfones with Hydrogen Peroxide
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It has recently become of practical economic im-
portance to have a method available for the oxidation of
hydroxyl groups containing sulfides to the correspond-
ing sulfones which eliminates secondary degradative
oxidation reactions, gives good yields, simplifies prod-
uet isolation and purification, and conserves reagents.
The method described below using tungsten, mo-
lybdenum, and vanadium ecatalysts with hydrogen
peroxide in water substantially meets these require-
ments.

(1) Deceased, June 5, 1960.
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A large variety of methods for oxidation of sulfides
to sulfones has been reported in the literature.2—*
The desired products are obtained in a wide range of
vield, purity, ease of experimental manipulation, and
economic applicability. The oxidation of sulfides to
sulfones is most generally carried out utilizing 309,
hydrogen peroxide in glacial acetic acid. The inter-
mediate sulfoxide is formed readily but the sulfone
reaction is slower, generally requiring heat. There
are several variations in procedure. An excess over
the two moles of hydrogen peroxide needed to satisfy
the stoichiometry of the reaction is slowly added with
cooling. The mixture is allowed to react at room
temperature overnight to form the sulfoxide, and then
warmed on a steam bath to give the sulfone. Al-
ternatively, the reaction solution is refluxed for at
least one half hour after the hydrogen peroxide addition.
The hydrogen peroxide can in some cases be added
directly to the refluxing glacial acetic acid solution.
In preliminary work on the oxidation of hydroxyethyl
sulfides, it was often found that acetic acid esters con-
taminated the sulfone product. Yields often were
not so high as subsequently attained by the new method.
1t also was found in the case of 2-sulfonylethanols that
the use of neutralizing bases during product isolation
and purification to remove acetic acid residues resulted
in at least some catalyzed dehydration to vinyl sul-
fones. Very water-soluble products requiring neutra-
lization of acetic acid before removal of water for iso-
lation gave products containing a great amount of
acetate salts.

Also in preliminary work, it was found that reactions
of 2-thioethanols with hydrogen peroxide in water
alone without catalyst required reflux in the presence
of a large excess of hydrogen peroxide for a long period
(0.5~1 day) to give impure sulfones in poor yields.®

The described drawbacks in the use of hydrogen
peroxide are eliminated by the use as catalysts of in-
organic compounds of tungsten, molybdenum, or
vanadium in dissolved or colloidal form in aqueous
solutions without the use of glacial acetic acid. The
metals are in their highest oxidation state. This
improvement is particularly useful for the prepara-
tion of 2-sulfonylethanols but has much wider appli-
cability.¢—8

Generally, the subject reactions are carried out at
60-75° by adding 319, hydrogen peroxide (with
efficient stirring) to the molybdenum, vanadium, or
tungsten catalyst containing aqueous mixture at such
a rate that the peroxide concentration is kept low. The
very rapid preferential oxidation of sulfides and sulf-
oxides at low hydrogen peroxide concentration and
moderate temperature, in effect, eliminates the loss of
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