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The unsaturated fluorocarbons have been of es-
pecial interest in this Laboratory because of their
high order of reactivity, and consequent suita-
bility for study and for use as synthetic interme-
diates, in marked contrast to corresponding chloro
compounds. . Hexafluoro-1,3-butadiene, the first
fluorocarbon diolefin prepared?® and investigated,
was found to exhibit a chemical reactivity in
many ways rivaling its hydrogen analog. It un-
derwent radical chain type and thermal polymeri-
zation and was readily halogenated and attacked
by neutral permanganate in contrast to the com-
paratively inert hexachloro-1,3-butadiene. The
present paper reports on the thermal reactions of
hexafluoro-1,3-butadiene and of its dimer and
trimer.

The thermal polymerization of conjugated
hydrocarbons has already been studied in the
case of a number of-dienes.’~7 At elevated
temperatures there was appreciable formation of
dimers and in some cases trimers. High molec-
ular weight products were also formed in the
liquid - phase thermal reactions unless special
precautiornis were taken to remove peroxides and
oxygen. Dimerization may be generally repre-
sented by 1,4-addition of one molecule of a diene
to a double bond of a second molecule and the
dimers of butadiene, isoprene and 2,3-dimethyl-
butadiené, and the trimer of butadiene all have
been reported to have cyclohexene struc-
tures 58121518  However, l-phenyl-1,3-butadiene
appears to be an exceptional case and a cyclo-
pentene structure has been assigned to its thermal
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University. The Cornell contracts were administered through Divi-
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dimer.'%1%  Kinetic studies of vapor phase ther-
mal diene dimerizations have indicated a homo-
geneous second order reaction.®™?

Thermal Reactions of Hexafluorobutadiene.—
On the basis of preliminary work, the thermal
reactions of hexafluoro-1,3-butadiene have now
been investigated over the temperature range of
150 to 180°. The reactions were carried out by
heating the diene in steel bombs with not more
than trace amounts of water or oxygen normally
present. The reaction products were hexa-
fluorocyclobutene, dimers which distilled at 88
to 100°, trimers which distilled at 64 to 66°
at 10 mm., and some higher boiling material.
The, higher boiling {ractions were viscous liquids
which indicated that the degree of polymerization
was low, In the higher temperature runs small
amounts of a compound boiling below the dimer
fraction but with the empirical formula CgFy,
was isolated as well. The reaction product was
readily separated into its major components,
which differed by four carbon units, by fractional
distillation. The recovered butadiene fraction
was analyzed by chlorination and separation of
the resulting dichloride and tetrachloride by
fractional distillation. Experimental data are
summarized in Table I. ;

These data indicated that the yields of the
different products were strongly influenced by
reaction temperature. Similar observations have
been made for the thermal dimerization of buta-
diene,* but a comparison of the reactivity of the
two dienes is complicated by the side reactions
i1 the case of hexafluorobutadiene to form cyclo-
butene and trinter. Intramolecular cyclization
became more pronounced as the reaction tempera-
ture was increased, and at 500° and atmospheric
pressure, hexafluorobutadiene was quantitatively
converted to hexafluorocyclobutene when passed
through a heated tube with a five to fifteen second
contact time.' Under comparable conditions,
butadiene undergoes dimerization.”® Although a
trinter has been obtained by heating vinylcyclo-
lexene and butadiene, the yield was very poor.1$
Formation of a trimer proceeded more rapidly
with hexafluorobutadiene, and as shown above
this fraction constituted a considerable portion
of the reaction product. As might be expected

{18a) Since this paper was prepared, Foster and Schreiber, Turs
Jourxay, 70, 2303 (1948), have described the preparatiou of cyelo-
octadienes from 2.chloro-1,3-butadiene, in moderate yield, and from
1,3.butadiene and 2,3.dichloro-1,3.-butadiene, in small yields, and
have drawn our attention to the isolation of an 8-carbon ring dimer
from chloroprene still residues by Brown, Rose apd Simonsen,
J. Chem. Soc., 101 (1944).

(19) F. I1. Wisslow and W. T. Miller, Jr., unpublished work.
{20} Moor, Strigalyva and Shilyaeva, C. 4., 30, 365 (1936),
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TaBLE I
THERMAL POLYMERIZATION OF HEXAFLUOROBUTADIENE
b
Reaction conditions Conversion,3 Cyclobutene Low b. p. Pn])git::; Trimer High b. p.
No. Time, hr, Temp., °C o CuFs CsFi12 CsF12 C1sF1s residue
1° 44 150 83 6.4 0 67 19 1.5
24 44 150 79 6.7 0 67 15 1.1
3% 44 150 77 6.9 0 65 18 1.9
4/ 5 160 39 5.3 0 88 3.6 0.2
547 5 160 37 5.6 0 89 3.2 0.5
697 18 180 94 14 2.0 40 30 3.9
it 18 180 94 14 2.5 38 33 4.1
g4/ 44 180 99° 14 5.1 33 34 6.0
¢ Conversions are calculated on the basis of all reaction products recovered including intermediate fractions. ? Vields

expressed as weight per cent. of hexafluorobutadiene converted.
/ Dissolved gases removed by distillation,

¢ Catechol, 0.3 g., added.
100% because of losses in handling.

on the basis of a stepwise reaction mechanism,
heating hexafluorobutadiene with excess dimer
yielded considerably more trimer than was ob-
tained directly.

The presence of oxygen or an anti-oxidant
such as catechol did not affect the composition
of the products as shown in Table I by the results
of reactions 1, 2 and 3 further supporting a molec-
ular type thermal reaction and in all cases the
residues were indicated as very low polymers.
These results differ considerably from those ob-
served with the hydrocarbon dienes where the
presence of oxygen generally leads to appreciable
vields of high polymer.

With the exception of hexafluorocyclobutene,
the structures of the thermal reaction products of
hexafluorobutadiene have not been proved. The
lack of related compounds was a major handicap
to this work. However, some progress was made
toward assigning structures to the dimer prod-
ucts. Analyses and molecular weight deter-
minations confirmed the molecular formula,
CsFys, and the presence of more than one isomer
was indicated by the absence of a sharp boiling
point and failure to obtain a plateau in the cooling
curve, Chlorination confirmed this conclusion,
and yielded tetrachloride, and hexachloride in
approximately 2.5 to 1 molar ratio. Both chlo-
rides were saturated to permanganate in acetone.
‘The presence of structural isomeric chlorides was
not excluded.

The dimer skeletons derivable from hexa-
fluorobutadiene  without carbon-carbon or
carbon-fluorine bond rearrangements, which are
capable of yielding tetrachlorides are listed below.

1 11 III
. (@ C—C—C=C .
ﬁ/ \$—c=c ¢ doc ICI/ ——c\ﬁ
¢ c—c—C=C ¢ ,C
N/ ®) < ] e
C=C—C—

Little direct evidence was available to indicate
a preferred structure. All of the hydrocarbon
dimers formed from dienes which have been ex-

¢ Charged under nitrogen, ¢ Charged under air.
¢ Complete reaction; the conversion is less than

amined®%1%1415 with the exception of the dimer
from 1-phenylbutadiene!” have been indicated
as cyclohexene ring compounds, By analogy,
hexafluorobutadiene would undergo a similar
reaction to form structure I. However, one of
the interesting differences between fluorocarbon
and hydrocarbon chemistry is the more ready
formation of cyclobutane structures with the
highly fluorinated systems. Examples are the
cyclobutane dimer formed by heating tetra-
fluoroethylene,?! chlorotrifluoroethylene,?t:22  or
unsym.-dichlorodifluoroethylene,?»22  and the
cyclization of hexafluorobutadiene to hexafluoro-
cyclobutene described above. In addition, the
thermal reactions of the dimer fraction could
be best explained by assuming a cyclobutane
structure for at least one of the isomers.

No data were collected with specific reference
to the non-planar cyclodctadiene structure III.
It is planned to continue work on the hexafluoro-
butadiene dimer structures by oxidation. Dif-
ferent acids should be obtained from I, II and
II1.

The preparation of the hexachloride, CsClgFy,,
from the dimer fraction indicated the presence of
a dimer with a structure formed by rearrange-
ment as well as condensation. Formation of
hexachloride by ring cleavage of tetrachloride
was unlikely because chlorination at 0 and 100°
yielded the same tetrachloride: hexachloride ratios
and because of the observed difficulty of cleaving
known fluorinated cyclobutane compounds with
chlorine,

The absence of a sharp boiling point also in-
dicated the presence of more than one isomeric
trimer.

Thermal Reactions of Hexafluorobutadiene
Dimers.—When the hexafluorobutadiene dimer
fraction was heated in a glass bomb at 200° for
one hundred and sixty-four hours, 409 was
converted into a remarkable isomeric compound,

(21) Harmon, U. S. Patent 2,404,374, July 23, 1046

(22) Henne and Ruh, TrHIS JoUurNaL, 69, 279 (1947). The
thermal dimerization of tetrafluoro- and of the chiorofluoroethylenes

to form cyclobiitanes was also carried out independently by Mlller
and his associates as a part of the fliiorocarbon war research program.
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CsFy1, which boiled at 80° and melted at 40°.
Reheating the recovered high boiling CsFp
vielded a total conversion for the two cycles of
about 659, of the original fraction to the low
boiling isomer. The purified low boiling com-
pound was entirely stable to permanganate and
to chlorination, Its formula was checked by
molecular weight determinations and by analysis.
These facts require a fused tricyclic structure
stichas IV. Sucha compeund could be formed by
Ch ~u«~~uf---.cxrz

o
CFQ“‘“CP"‘“‘LF“"CFZ

intramolecular condensation of c¢is-dodecafluoro-
1,2-divinyleyclobutane, 1la, or dodecafluoro-1,5-
cyclodetadiene, IIT, without rearrangement of
groups. Evidence for the ready formation of
cyclobutane rings in fluorinated systems has been
preseated above. The stability of a simple
cyclobutane ring was also demonstrated by
passing 1,2-dichlorohexafluorocyclobutane and ex-
cess chlorine through a heated glass tube. No
reaction occurred until pyrolysis temperatures
approaching 500° were reached. The relatively
high melting point of 40° of the saturated CgFy
suggested a symmetrical structure, but no other
direct chemical evidence was available to support
the structure postulated for this unusual material.
However, preliminary X-ray diffraction studies
on the crystalline CsF» compound by Professor
J. L. Hoard and Mr. R. W. Broge of this Labora-
tory have yielded results which are consistent
with the tricyelic structure proposed above.

In addition to the low boiling isomer, a white
infusible polymer was isolated in low yield from
the bomb reactions of hexafluorcbutadiene dimer.
This polymer was insoiuble in acetone, pentane,
ethyl alcohol, carbon tetrachloride, benzene,
(CgFys, and 1,1,2-trichlorotrifluoroethane and de-
composed on heating above 300°.

A 609, yield of the low boiling saturated CsFie
isomer was obtained by passing the dimer fraction
through a hot tube at 500°. The recovered
dimer fraction was recycled, but did not yield
additional low boiling CsFi2. The recovered
material was chlorinated and yielded only tetra-
chloride, indicating the absence of triene, and it
was considered significant that the physical prop-
erties of this tetrachloride fraction were not iden-
tical with those of the tetrachloride fraction iso-
lated by direct chlorination of hexafluorobuta-
diene dimer as described above. Approximately
five per cent of the dimer fraction underwent de-
polymerization in the hot tube reaction. The
C4Fs product isolated was hexafluorocyclobutene
which, under the conditions of the experiment
would have been formed from hexafluorobuta-
diene.. No products. boiling higher than CgFy
were obtained from the hot tube reactions.

Thermal Reactions of the Hexafluorobuta-
diene Trimer.—The trimer was found to undergo
polymerization when heated at 300° in a sealed
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tube. After one hundred and sixteen hours,
approximately 359, C,.F1s fraction was recovered,
309, boiled from 175 to 200° at 10 mm., probably
C,y fractions, and the remainder did not distil at a
bath temperature of 300° under 1.5 mm. pressure.
Less than 5%, low boiling material was formed
and the recovered C,sFis was indicated as approxi-
mately equivalent in unsaturation to the starting
material by permanganate titration. Partial
depolymerization occurred when the trimer was
passed through a hot tube at 520°.

Experimental

Hexafluorobutadiene.—Hexafluorobutadiene was pre-
pared by dechlorination of 1,2,3,4-tetrachloroheéxafluoro-
butane. The tetrachloride was gradually added to a hot
stirred suspension of zinc dust in absolute alecohol and the
diene fractionally distilled out as formed utilizing a partial
condenser topped by a short packed column. The product
was refluxed over phosphorus pentoxide to remove alcohol
and then redistilled through a 70 X 1.2 cm. glass helix
packed ‘low temperature column. The fraction b. p. 6.5
to 7.5° (uncor.) was taken for polymerization studies.

Thermal Reactions.—The polymerization bombs were
steel “‘lecture’’ cylinders?? in which the conventional valve
was replaced by a plug bearing inlet and outlet tubes
equipped with brass needle valves. The bombs were
thoroughly washed and dried before each run, but the
walls were coated with iron oxide. The diene was dis-
tilled through a drying tube packed with ‘*Drierite’’ di-
rectly into the bombs under dry oxygen-free nitrogen.
The nitrogen was purified by passing it through a series of
wash bottles containing Fieser solution,?! lead acetaté
solution, and concentrated suifuric acid, followed by a
phosphorus pentoxide tube. In those experiments where
the effect of oxygen was tested, a slow stream of dry air
was passed through the bomb after it had been charged
with diene. The vapor phase was about 200 cc. After
the first three experiments this procedure was discarded in
fuvor of charging the bomb under dry air and distilling
out 10 to 20 g. of diene to sweep out dissolved gases. The
polymerization bombs were heated in a constant tempera-
ture oven controlled to «0.5°, and the reaction times in-
clude the timne necessary for the bomb to warm up from
room temperature. At the conclusion of a run, the bombs
were cooled rapidly to room temperature and the contents
transferred to a cold still pot under a carbon dioxide at-
mosphere. It was preferable to carry out the transfer
and distillations under an inert atmosphere to avoid oxi-
dation since perfluoro olefins in general undergo- ready
oxidation to yield acid halide type productsinair. The re-
action product was distilled through a 75 X 1.0 helix
packed column with Dry Ice trap in series. The Dry Ice
trap condensate consisted of recovered hexafluorobutadi-
ene and hexafluorocyclobutene, b. p. 0.0°.% This mix-
ture was analyzed by chlorination under a Dry Ice reflux
condenser with illumination from a quartz mercury vapor
lamp. The 1,2-dichlorohexafluorocyclobutane, b.
60.4,% resultmg from the cyclobutene and the 1,2,3, 4-
tetrachlorohexaﬂuorobutane, b. p. 134.1°,%7 resultmg
from the diene were readily separated by fractional dis-

tillation. The dimer fraction, CsF};, was collected from
96 to 100° with most of it distilling from 98 to 100°.
Anal. Caled. for CsFpp:  C, 20.56; mol. wt., 324,

Found: C, 29.3, 29.6; mol. wt., 326, 331.
In the higher temperature runs, a lower boiling dimer was

(23) As supplied by the Mathieson Company.

(24) Fieser, Experiments in Organic Chemistry, 2nd ed., D. C.
Heath and Co., New York, N. Y., 1941, p. 395.

(25) Harmon?®! has reported b. p. 5 to 6°; Henne and Ruh?? have
reported b. p. 1.13°,

(26) Harmon#! has reported b. p. 58-59°;
reported b, p, 59.87°.

(27} Determined by [ M. Phelan

Henne and Ruh?? have
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collected over the boiling range 80 to 85°. The behavior
of this compound is described below. In the first five
runs, the trimer fraction was too small for convenient
fractional distillation, and was separated from the higher
boiling residue by simple distillation. It was collected
over the boiling range 165 to 185° and distilled largely
from 175 to 180°. In subsequent runs the residue from
the C;3Fy; distillation was fractionally distilled at 10 mm.
and the trimer, CFys, collected, b. p. 62 to 68°, largely
b. p. 64 to 66°.

Anal. Caled. for CnFlsZ
29.8.

The quantitative results for the hexafluorobutadiene
polymerizations are given in Table I. The amounts of
hexafluorobutadiene charged for the eight reactions for
which data are given was as follows: Reaction (1), 305
g.; (2), 253 g.; (3), 196 g.; (4), 328 g.; (5), 327 g.;
(6),350¢g.; (7),390 g.; (8),418g.

Hexafluorobutadiene Dimer.—The dimer fraction of
b. p. 96 to 100°, as indicated above, was utilized for the
following experiments. .

Chlorination.®—Chlorine, 41 g., was passed into 81.7 g.
CsF1; while the reaction mixture was illuminated by a mer-
cury vapor lamp. The light source was placed about one
foot away to minimize heating effects and the chlorination
flask was niaintained at O to 5° by circulating ice water
through a cold finger. The reaction product was washed
with 59, sodium hydroxide solution, dried, and fraction-
ally distilled at 20 mm. pressure to yield the following
fractions: 6.5 g., Dry Ice-trap condensate; 2.6 g., b. p.
55 to 90.5°; 59.7 g., b. p. 90.5 to 94.0°; 4.3 g., b. p.
94.0 to 138.0°; 27.0 g. b. p. 138.0 to 139.5°; 3.1 g.,
residue.

The same general procedure as above was carried out
with 81.5 g. of CsFp,. However, the liquid was main-
tained at reflux during the chlorination and varied in
temperature from 100° at the beginning to over 200° at
the end of the run. The reaction product was washed
with 59, sodium hydroxide solution, dried, and refraction-
ally distilled at 20 mm. pressure to yield the following
fractions: 7.1 g. Dry Ice-trap condensate; 4.9 g., b. p.
91 to 94°; 68.0 g., b. p. 94 to 127° but principally at
94 to 97°; 1.7 g., b. p. 127 to 138°; 25.8 g., b. p. 138
to 140°,

A heart cut from redistillation of the combined fractions
of b. p. 90 to 97° at 20 mm. was found to be saturated to
potassium permanganate in acetone; b. p. 203° 90.5 to
91.5° at 20 mm., »n2%p, 1.3870.

Anal. Caled. for CsClFi.:
20.6, 20.7.

A heart cut from redistillation of the fraction of b. p.
138 to 140° at 20 mm. was also saturated to permanganate
in acetone; b. p. 261° 139 to 140° at 20 mm.; %D
1.4040.

Anal. Caled. for CsClgFp: C,
Found: C, 18.0, 18.1; Cl, 39.6, 39.3.

The molar ratio of tetrachloride to hexachloride was
estimated as 2.5 to 1.0 for the low temperature reaction and
2.8 to 1.0 for the high temperature chlorination; agree-
ment within experimental error.

Thermal Reactions.—Hexafluorobutadiene and its uu-
saturated dimer, C;3F);, reacted as follows.?® A steel
bomb was charged with 40 g. of CsFy; and 10 g. C,Fg and
heated for twelve hours at 170°. No unreacted hexa-
fluorobutadiene remained, and 39.8 g. of CsFy; and 7.5 g.
of CjoF;s were obtained. The yield of Cy;F1s was consid-
erably higher than that derived solely from C,F; under
comparable conditions and indicated that formation of
C12F1s proceeded through interaction of CsFy and CyFs.

The unsaturated dimer of hexafluorobutadiene was par-
tially converted by heating into an isomeric saturated com-
pound.

A sealed glass bomb tube containing 56.7 g. of CsFy,

C, 29.65. Found: C, 29.7,

C, 20.62. Found: C,

17.88; Cl, 39.63.

(28) The chlorination experiments were carried out by R. L.
Fhrenfeld.
{29} ‘This experinient was carried out by Oscar Blum.
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b. p. 96 to 100° was heated at 200° for one hundred and
sixty-four hours. The volatile reaction products were dis-
tilled out of the bomb to leave 2 g. of white solid residue.
Upon slow heating the solid began to darken at 300° and
underwent slow decomposition at 400° without melting.
The solid was insoluble in acetone, pentane, ethyl alcohol,
carbon tetrachloride, CsFy (satd.), 1,1,2-trichlorotri-
fluoroethane and benzene. The liquid product was sepa-
rated into the following fractions by distillation through
a small Vigreux column: 19.0 g., b. p. 82 to 86° (solid at
room temperature); .6.7 g., b. p. 86 to 96°; 15.3 g., b. p.
96 to 100°; 3.7 g. residue. The 98 to 100° portion of the
recovered CgFj; was reheated under the same conditions to
vield additional low boiling CsF;;. However, no infusible
solid was formed in this reaction.

The isomerization of hexafluorobutadiene dimer was also
carried out in the vapor phase. The 30-cm. middle sec-
tion of a 60 X 3 cm. glass tube was heated by an electric
combustion tube furnace and the midpoint temperature
maintained at 500 = 10° while 187.7 g. of CsFy, b. p.
96 to 100°, was passed through the tube at a rate of 11.7
= 1.8 g. per hour. No carbonization and only slight
etching of the tube was observed., The reaction product,
184 g., was collected at room teniperature. Only 0.2 g.
was recovered from a Dry Ice trap and nothing condensed
in a liquid oxygen trap arranged in series. Distillation
yielded the following fractions: 12.1 g. Dry Ice trap-con-
densate; 114.3 g.,b.p.78t0 83°; 7.7 g.,b. p. 83 to 95°;
44,0 g., b. p. 95 to 101°; 3.1 g. residue. The fraction of
b. p. 78 to 83° was chlorinated but very little chlorine
absorption was observed. The chlorination product was
fractionally distilled and neglecting a small forerun and
residue boiled sharply at 80°. This fraction had a freez-
ing point of 40.1° (cooling curve) and was saturated to
permanganate in acetone.

Anal. Caled. for CsFy:
Found (80° b. p. fraction):
321, 823.

The Dry Ice trap condensate was shown to consist of
hexafluorocyclobutene and low boiling CsFs.

The fraction of b. p. 95 to 101° was recycled through
the hot tube at 500 ° and the product fractionally distilled
to yield: 0.2 g. of Dry Ice trap condensate; 3.7 g., b. p.
89 to 95°; 36.4 g., b. p. 95 to 100°; 2.0 g. residue. No
low boiling CsF}, was recovered. The fraction of b. p. 95
to 100° was chlorinated and distilled at 20 mm. pressure
to yield: 1.2 g. Dry Ice trap condensate; 37.0 g., b. p.
96 to 100°; 0.7 g. residue. The composition of the frac-
tion b. p. 96 to 100° at 20 mm., #?*p 1.3952, was shown
to be C5C14F12.

Anal. Caled. for CsClFis:
Found: C, 20.5; Cl, 30.7.

Hexafluorobutadiene Trimer.—The trimer of hexa-
fluorobutadiene underwent polymerization on heating.
A 50.0-g. sample of C;3Fys, b. p. 65 to 66° at 10 mm. was
heated at 300° for one hundred and sixteen hours in a sealed
glass tube. Distillation of 48.6 g. of the product through a
short Vigreux column at 10 umim. yielded the following
fractions: 4.2 g., Dry Ice trap condensate; 16.8 g., b. p.
62 to 68°; 26.3 g., residue. The unsaturation of the re-
covered Cp,Fy; fraction, b. p. 62 to 68° at 10 mm., and the
starting material were compared by measuring the volume
of potassium permanganate solution required to produce
a lasting pink color under identical conditions. No dif-
ference in unsaturation was detected. Distillation of
24.0 g. of the residue from a Claisen flask vielded 7.1 g.,
b. p. 175 to 200° at 10 mm., and a residue which did not
distill with a final bath temperature of 320° and 1.5 min.
pressure. By comparison with the boiling points reported.
for fluorocarbons,?® the distillate was indicated as probably
a Cy fraction. When the trimer was passed through a
nickel tube at 520° with a contact time of ten seconds,
depolymerization occurred. Approximately 159 was
converted into hexafluorocyclobutene and 209, into the
low boiling CsFis isomer.

C, 29.65; mol. wt., 324.1.
C, 29.8, 29.9; mol. wt.,

C, 20.62; Cl, 30.44.

{30) Grosse and Cady, Ind. Kng. Chem., 89, 367 11047).
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Summary

Hexafluorobutadiene has been shown to be a
highly reactive compound resembling in general
butadiene rather than the relatively inert hexa-
chlorobutadiene,

The thermal reactiong of hexafluorobutadiene

H. H. Jarre anp G. 0. Doak

Vol. 71

were investigated over the temperature range
150 to 180° and hexafluorocyclobutene, dimers,
which were formed in largest amount, and trimers
isolated as the principal products.

Hexafluorobutadiene dimer and trimer fractions
were shown to be mixtures of isomers. On
heating, the dimer was partially converted into a
remarkable lower-boiling saturated and highly
stable isomer for which a fused tricyclic structure
was proposed. Hexafluorobutadiene trimer po-
lymerized slowly on heating, Both dimer and
trimer were partially depolymerized by passing
through a hot tube.

lrHaca, N. Y, RECEIVED AUGUST 21, 1948
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Disproportionation of Aromatic Stiboso Compounds. I.

Mechanism'

By H. H. Jarre? anp G. O. Doax?

Stibosobenzene and its derivatives are known to
disproportionate in the solid state at moderately
elevated temperatures according to the equation®

4ArSbO—> (Arzsb)zo + szOa

In order to determine the mechanism of this re-
action and possibly to elucidate the effect of struc-
ture on the stability of the carbon—antimony bond
we have chosen to investigate the rate of the above
reaction. The present paper is concerned with
stibosobenzene alone: the effect of substitution
will be presented in a later paper.

Experimental

Benzenestibonic acid, prepared by a method
described previously,* was reduced in concentrated
hydrochloric acid and ethyl alcohol with sulfur
dioxide in the presence of a trace of hydriodic
acid. The resulting solution of phenyldichloro-
stibine was hydrolyzed by dilute aqueous ammonia
or sodium hydroxide.? The precipitated stiboso-
benzene was washed with 10 to 12 liters of water,
alcohol and ether, and dried <n vacuo.

Stibosobenzene, prepared in this manrer, was
obtained as an amorphous colorless solid, soluble
in formic and acetic acids, but insoluble in other
common organic solvents and in water. So far it
has not been possible to prepare it in a crystalline
state. The compound does not possess a well-
defined melting point, but sinters at approximately
154°, although this temperature varies somewhat
with the rate of heating. The molecular weight is

{1) Presented before the Division of Physical and Inorganic Chem-
istry at the New York Meeting of the Ametican Chemical Society,
September 17, 1947.

(2) Present address: Syphilis Experimental Laboeratory, School of
Public Health, University of North Carolina, Chapel Hill, North
Caroling,

3y H. Schwnidr, Axsn., 421, 174 (16203,

AY GO Deak and HLOh Steinman, Tius Jorksat, 68, 1087
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unknown. Cryoscopic measurements in formic
and acetic acids gave anomalously large depres-
sions, probably due to reaction with the solvents.
By analogy with antimony trioxide which exists
in a bimolecular and a polymolecular form,? and
with aromatic arsenoso compounds, which have
molecular weights four times the formula weight,’
stibosobenzerne is probably not monomolecular.

In preliminary experiments it was demonstrated
that the disproportionation of stibosobenzene at
100° yielded bis-(diphenylantimony)-oxide in
quautitative vield. The product was identified by
melting point and analysis. In an atmosphere of
nitrogen no side reaction could be detected. It
was further shown that extraction of a mixture of
stibosobenzene, antimony trioxide and bis-(di-
phenylantimony)-oxide with five portions of
ether (40 ml. each) permitted quantitative recov-
ery of the bis-(diphenylantimonly)-oxide, without
contantination with stibosobenzene or antimony
trioxide.

To determine the rate of disproportionation,
samples of stibosobenzene (0.25 to 0.75 g.) were
permitted to rearrange in large test-tubes in an
atmosphere of nitrogen in a constant temperature
bath maintained at fixed temperatures between 75
and 100°. Samples were withdrawn at accurately
measured intervals, chilled in ice and extracted
with ether. The extracts were evaporated ¢n vacuo
at room temperature and dried to constant weight.
The bis-(diphenylantimony)-oxide was weighed
and analyzed and the fraction of the original ma-
terial that had rearranged was obtained from these
data. The rate constants, k;, were calculated
from equation (1) below by the method of least
squares using from 6 to 14 experimental points.

(5) A, F. Wells, “Structural Inorganic Chemistry,” Clarendon
Press, Oxford, 1045, p. 414,
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