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Ethionic acid has been synthesized by treating ethanol with two moles of sulfur trioxide.
into sodium ethylenesulfonate by treatment with aqueous caustic, the over-all yield being 809, based on ethanol.

The acid has been converted
The

stability of sodium ethylenesulfonate under various conditions has been investigated.

Considerable interest in ethylenesulfonic acid,
its salts, and derivatives has been shown in recent
years.!= Therefore, we have investigated the
possibility of preparing sodium ethylenesulfonate
by a simple route from readily available starting
materials.

The original synthesis of ethylenesulfonic acid
involved the treatment of 1,2-ethanedisulfonyl
chloride with water.® Although the yields in the
various steps are good, the procedure is difficult to
carry out on a large scale. Anthes and Dudley’
prepared ethylenesulfonic acid in 669, yield by
heating sodium isethionate with pyrophosphoric
acid. Whitmore and Landau® reinvestigated the
reported syntheses of sodium ethylenesulfonate
from sodium 2-haloethanesulfonate® and from so-
dium ethionate,? obtaining yields of about 509, in
both cases.®

Because of the low cost of the starting materials,
attention was centered on the synthesis of sodium
ethylenesulfonate from ethionic acid prepared
from ethanol and sulfur trioxide. The reactions are
shown in the equations

S0s SO,
C2H50H —_> CgH;,OSOgH —_> HO;SOCHzCHzSOsH

NaOH
—>» CH;~CHSO;Na

Ethionic acid was prepared by treating one mole of
ethanol with one mole of gaseous sulfur trioxide at
0°, raising the temperature, and adding a second
mole of sulfur trioxide at 50°; this is a modification
of a published procedure.!! Heating the product
with aqueous sodium hydroxide converted it into so-
dium ethylenesulfonate. The yield for the three
steps was 809, based on ethanol. For many pur-
poses the solution of sodium ethylenesulfonate can be
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used assuch. If thecrystalline material free from in-
organic saltsisrequired, the aqueous solution can be
evaporated to dryness and extracted with hot 909,
ethanol or glacial acetic acid. This does not yield
pure sodium ethylenesulfonate; other sulfonated
organic compounds contaminate the product.

Several interesting observations were made in
the course of this work. In an attempt to study the
synthesis of ethionic acid in a stepwise fashion,
attention was first centered on the preparation
of ethylsulfuric acid. The addition of one mole
of liquid sulfur trioxide to a solution of one mole of
ethanol in refluxing sulfur dioxide yielded a product
containing 74-869, ethylsulfuric acid, depending on
the length of time elapsed between the preparation
and the analysis. Diethyl sulfate, sulfuric acid and
small amounts of ethionic acid were also present.
The existence of the equilibrium

2C,H;0S0:H T (CyH;)S04 + H,S0,

was readily shown by allowing ethylsulfuric acid to
stand at room temperature for a week or by heating
either ethylsulfuric acid or a mixture of diethyl sul-
fate and sulfuric acid for 24 hours at 50°. In all
three cases a mixture was obtained containing ap-
proximately 45%, ethylsulfuric acid, 259, diethyl
sulfate and 309, sulfuric acid. An equilibrium in-
volving the corresponding methyl compounds has
been postulated, but the equilibrium is attained
much more slowly.'? Various other syntheses of
ethylsulfuric acid were investigated, such as pass-
ing ethylene into concentrated sulfuric acid, with
no better results. Apparently pure ethylsulfuric
acid has never been prepared.!?

Surprisingly, the ethylsulfuric acid purity had
almost no effect on the yield of ethionic acid. Thus,
although analysis showed the presence of only about
509, ethylsulfuric acid in a sample prepared from
ethylene and sulfuric acid, reaction with sulfur
trioxide followed by alkali gave an 829, yield of
sodium ethylenesulfonate. When a mole of etha-
nol dissolved in liquid sulfur dioxide was treated
with two moles of sulfur trioxide'* and the product
was heated with alkali, 77-849, yields of sodium
ethylenesulfonate were obtained, although in this
case, as mentioned previously, more than 809,
ethylsulfuric acid was present after the addition of
the first mole of sulfur trioxide.’® Another unusual
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feature of the synthesis of ethionic acid is the con-
stant presence of about 209, sulfuric acid in the
product. This is probably formed by dehydration
of ethionic acid to carbyl sulfate by sulfur trioxide,
since several samples of ethionic acid on standing
precipitated what appeared to be crystals of carbyl
sulfate.

The sulfonation of ethylsulfuric acid is a rather
unusual reaction. The mechanism would be readily
understandable if ethylene were an intermediate,
since the reaction would then involve an electro-
philic attack by sulfur trioxide on the double bond.
However, the formation of ethylene at —10°% is
highly unlikely and no ethylene could be detected
at 50°. An alternative mechanism would involve an
electrophilic displacement of hydrogen by sulfur
trioxide. Although such displacements are rare,
sulfur trioxide is a very strong electrophilic reagent
and the removal of a proton would be facilitated by
the formation of a quasi six-membered ring.

CH,CH,
e “

A
H\Oss/

There are numerous statements in the literature
regarding the instability of sodium ethylenesulfon-
ate.’” Two reactions are possible, polymerization
and hydration of the double bond. To investigate
the suppression of polymer formation, sodium
ethylenesulfonate was prepared by neutralizing
pure ethylenesulfonic acid with aqueous sodium
hydroxide in the presence of various possible poly-
merization inhibitors; the results are shown in
Table I. The superior results obtained with so-
dium nitrite in comparison with the organic inhibi-
tors were undoubtedly due to the greater solubility
of sodium nitrite in water. That cupric acetate in
small quantities can enhance the polymerization of
vinyl monomers is well known, and it would appear
that sodium sulfite was taking part in some sort of
oxidation-reduction polymerization.

TABLE 1

ErFECT OF POLYMERIZATION INHIBITORS ON THE STABILITY

oF Sop1uM ETHYLENESULFONATE

Sodium ethylenesulfonate
recovery, %

After 3

Inhibitor® Immediately months
None 74 36
p-t-Butylcatechol 90 43
p-Nitrobenzoic acid 87 58
Hydroquinone monobenzyl ether 91
Sodium nitrite 96, 99°
Cupric acetate 38
Sodium sulfite 43

s Approximately 0.19% based on the weight of sodium
ethylenesulfonate. On a larger scale.

Table II shows the effect of temperature and pH
on solutions of sodium ethylenesulfonate contain-
ing hydroquinone monobenzyl ether or sodium ni-
trite as stabilizers. Although both compounds
acted as stabilizers under all conditions investi-
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gated, it is obvious that sodium ethylenesulfonate
1s unstable at 100° at pH 10, presumably because of
a base-catalyzed hydration of the double bond to
torm sodium isethionate.® Why sodium nitrite
was a better stabilizer than hydroquinone mono-
benzyl ether under these conditions is not known.
Very surprisingly, sodium nitrite appeared to be a
poor stabilizer in heated solutions at pH 7.

TaBLE 11

STABILIZATION OF SoDIuM ETHYLENESULFONATE SOLUTIONS
witih HyDROQUINONE MONORBENZYL ETHER AND WITI
Son1uM NITRITE

Sndig;n etliylenesulfonate recovery, %%

With
ltydroquinone With

Temp., monobenzyl sodium No
°C. pII etlierd nitrited stabilizer
100 10 33 76 9
100 3 97 100 40
50 10 102 97 7
50 3 100 99 31
@ After heating for 24 hours. ®0.1% based on sodium
ethylenesulfonate.

Crystalline sodium ethylenesulfonate is surpris-
ingly unstable and thus far efforts to stabilize the
solid material have been only partially successful.
Thus, p-t-butylcatechol and p-nitrobenzoic acid, as
shown in Table I, did not prevent solid sodium
ethylenesulfonate from polymerizing on standing at
room temperature, presumnably because of poor
dispersion in the aqueous solutions used to prepare
the sodium salt. Similarly, when an alcoholic solu-
tion of ethylenesulfonic acid was neutralized with
alcoholic sodium hydroxide in the presence of hy-
droquinone monobenzyl ether, pure sodium ethyl-
enesulfonate crystallized. The purity of this prod-
uct dropped to 509, after 2.5 months at room
temperature, probably indicating that an insuffi-
cient amount of stabilizer had been carried down
with the precipitate. Unfortunately, the stabilizing
effect of sodium nitrite on solid sodium ethylene-
sulfonate over a period of time was not determined.

Experimental’®

Analytical Procedures.—Sodium ethylenesulfonate was
determined by quantitative hydrogenation in water solu-
tion in the presence of a palladium~charcoal catalyst. Other
possible components of the reaction mixtures were shown
not to interfere.

The sulfonation mixtures were analyzed as follows. A
sample was added to cold water and diethyl sulfate was ex-
tracted with petroleum ether; the extracted diethyl sulfate
was hydrolyzed to potassium ethyl sulfate by heating with
methanolic potassium hydroxide and the excess base was
titrated. The standard Zeisel method for ethoxyl was run
on a separate sample; correction of the ethoxyl content by
that due to diethyl sulfate enabled calculation of the amount
of ethylsulfuric acid present. Sulfuric acid was determined
by titration of a neutralized sample with barium chloride
using tetrahydroxyquinoline as a colorimetric end-point in-
dicator. Ethionic acid was determined by conversion to
sodium ethylenesulfonate with 1009, excess base at 60° for
one hour, the ethylenesulfonate being determined by
quantitative hydrogenation.l® Although the analyses were
not very precise, they served to show the trends in the re-
actions.

Preparation of Sodium Ethylenesulfonate.—Eiglity grams
(1 mole) of sulfur trioxide (Sulfan B, General Chemical Co.)

(18) Analyses were performed by the Analytical Division of Hercules
Experiment Station.

(19) We are greatly indebted to Dr. A. E. Reynolds and Mr. R. H.
Phillips of these laboratories for the development of this procedure.
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was distilled into a flask containing 45 g. (0.98 mole) of
ethanol (water content 0.24%,) over a period of 80 minutes.
The vapors were passed over the surface of the alcohol, which
was stirred and kept at 0—-5°; the reaction was exothermic
but not violent. The temperature of the flask was then
raised to 50° and a second mole of sulfur trioxide was dis-
tilled in at the same rate. No condensable material was
found in a Dry Ice-trap connected to the flask, and only a
small amount of air, free of unsaturates, was obtained in a
gas collector. Ethionic acid was obtained as a viscous, pale
amber oil, which deposited white crystals on standing.

The ethionic acid was added drop by drop to a solution of
128 g. (3.2 moles) of sodium hydroxide in 384 ml. of water
kept at 65° and the resulting solution was heated at 65-70°
for two hours. The solution was cooled, neutralized to pH 8
with sulfuric acid, chilled and filtered. The precipitate of
Glauber salt was washed with three 50-ml. portions of ice-
water. Analysis showed that the combined pale yellow
filtrates (557 g.) contained 17.99, sodium ethylenesulfon-
ate, a yield of 80%,.

Preparation of Ethylsulfuric Acid in Sulfur Dioxide.—To
a refluxing solution of 33.5 g. (0.73 mole) of anhydrous
ethanol in 100 ml. of liquid sulfur dioxide was added 58.4 g.
(0.73 mole) of liquid sulfur trioxide at a rate of approxi-
mately 0.5 ml. per minute. The sulfur dioxide was allowed
to distil overnight, the last traces being removed n vacuo,
and ethylsulfuric acid was obtained as a pale amber oil.

Anal.: CzH;,OSOzH, 86; (CgHg)QSO‘, 7; HzSO‘, 6

Repetition of the experiment on an eight-mole scale gave
the following results.

Anal.: CszOSOxH, 74;
ethionic acid, 5.

Stability of Ethylsulfuric Acid.—Two 5-g. samples of
ethylsulfuric acid were placed in glass-stoppered bottles;
one was allowed to stand one week at room temperature, and
the other was heated 24 hours at 50°.

(CeHy)2804, 13; H,SO,, 13;

Anal, Room temp. 50°
C.H;080;H 47 44
(C2Hs5)S0. 18 25
H,S0. 25 28

Equilibrium between Ethylsulfuric Acid and Diethyl Sul-
fate.—A mixture of 25 g. (0.162 mole) of diethyl sulfate and
15.9 g. (0.162 mole) of concentrated sulfuric acid was heated
at 50° for 24 hours, cooled and analyzed.

Anal.: CzH(,OSOaH, 42; (C2H5)2304, 21, HzSO4, 27.

Ethylsulfuric Acid from Ethylene and Sulfuric Acid.—
Two moles of 100.5%, sulfuric acid was placed in a gas wash-
ing bottle which was heated to 70°. Ethylene (Matheson)
was passed in at a rate of 300 ml. per minute until two moles
had been absorbed, nine hours being required. Using 989,
sulfuric acid, 11 hours were required for one mole of acid
to absorb one mole of ethylene. In both experiments a
dark-brown oil was obtained.
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Anal, 100% acid 98% acid
C:H;0S0;H 47 55
(CeH5)804 27 24
H,S0, 18 21
Ethionic acid 4 0

Ethionic Acid from Ethylsulfuric Acid Prepared from
Ethylene and Sulfuric Acid.—To 1.5 moles of ethylsulfuric
acid, prepared as described above from 100.59, sulfuric
acid and ethylene, was added 1.5 moles of liquid sulfur tri-
oxide at such a rate that the temperature remained at 50°.
The resulting dark-brown oil was converted into sodium
ethylenesulfonate as described previously. The yield based
on ethylene was 82%,.

Ethionic Acid from Ethanol and Sulfur Trioxide in Sulfur
Dioxide.—One mole of anhydrous ethanol dissolved in 60
ml. of liquid sulfur dioxide was placed in a flask and two
moles of sulfur trioxide dissolved in 160 ml. of sulfur di-
oxide was added drop by drop to the refluxing solution;
the resulting mixture was refluxed for ten hours. The
sulfur dioxide was distilled, the last traces being removed
in vacuo and the resulting ethionic acid, obtained as a pale
amber oil containing white crystals, was converted into
sodium ethylenesulfonate. The yield was 779, based on
ethanol.

Several repetltlons of the above experiment gave yields of
81-847%, no increase in yield being found when a 109, ex-
cess of sulfur trioxide was used.

Stabilizers for Sodium Ethylenesulfonate.—Five-gram
samples of ethylenesulfonic acid were dissolved in 25 ml. of
water and titrated in the cold to a pH of about 8 with 2 M/
sodium hydroxide. The resulting solutions, after the ad-
dition of 0.005 g. of stabilizer, were evaporated to dryness
in vacuo from a bath at 50°. The results are shown in
Table I, the analyses being calculated on a dry basis.

Hydroquinone Monobenzyl Ether and Sodium Nitrite as
Stabilizers for Sodium Ethylenesulfonate.—A 209, solution
of sodium ethylenesulfonate in water was prepared from
ethylenesulfonic acid and sodium hydroxide. One portion
of this solution was stabilized with 0.19, hydroquinone
monobenzyl ether based on sodium ethylenesulfonate, a
second portion was stabilized with 0.19, sodium nitrite,
while a third was not stabilized. The stabilized and un-
stabilized solutions were treated as shown in Table II.

Hydroquinone Monobenzyl Ether as a Stabilizer for Crys-
talline Sodium Ethylenesulfonate.—A solution of 5 g. of
ethylenesulfonic acid and 0.005 g. of hydroquinone mono-
benzyl ether in 100 ml. of alcohol was neutralized to pH 8
with a concentrated alcoholic sodium hydroxide solution.
The mixture was chilled and filtered, the white crystals of
sodium ethylenesulfonate being dried to constant weight
tn vacuo at room temperature. An 899, yield of pure so-
dium ethylenesulfonate was obtained. After 2.5 months
at room temperature the purity had dropped to 50%.
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