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'THE CHLORINATION OF ACETONE. /

/-
~

"/This problem originéted in an attempt to make
methyl glyoxal in quantity. Several methods of mak-
ing methyl~glyqxal are mentioned in the literature
but in none of them is acetone used as a starting
point. Since this seemed a new fie1d it was decided
to chlorinate acetone hoping to obtain some product
which'might be easily converted into methyl glyoxal.

Technical acetone was purified and-dry‘chlorihe
weas passed through thls warm acetone in the presence
of sunlight. During the process three distinct steps
" were noticed.ih the reaction. The first step was
completed in the first half hour. During this time
the acetona was held at the temperature of a boiling
water bath and the chlorine was rapidly absorbed with
an evolution of hydrochloric acid., At the end'of this
time the second step in the process set in, which
lasted for two hours. Throughout this period no hydro-
chloric acid was evolved. The chlorine seemed to be
sinmply absorbed with & marked heat of reactlon. During
the first half hour of this period the water bath was
retained, but after that it was noticed that the heat
'of reaction:pas sufficient to keep the temperature‘up
tolBOOG. This seemed to be the critlical temperature

for this s tep of the reaction, for whenever the temper-

atwre exceeded 80°C a violent reaction occurred with a
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flame. As the heat of reaction was so intense during
this step it was frequently necessary to cool the re-
action mixture. _ |
At the end df this period a third step in the
chlorination set in, during which the reaction slowed
'down a little. The heat of reaction was sufficient to
- maintain a temperature of 80°C but at no time did the
‘temperature rise above 80°C, and since the temperature
remained at 80° there was no tendency to flaming and
no necessity for cooling the mixture. Hydrochloric
acid was again evolved during this period thoﬁgh not
as sbundantly as in the first period, which was to be
expected, as it required three and one half hours to
complete this step, whilé only one half hour was re-'
quired for the first. Atvthis time, just six hours
after the operation was begun, chlorine was observed
abo#e the acetone and the reaction was believed to be
complete. Throughout the chlorination a very volatile
gas with an ethereéllodor was freed, which it was im-
possible to condense. During the second step a white
erystalline deposit also began to form. This increased
slowly in quantity until after cooling the mixture at
the end of the reaction, about one gram of the powder
. was obtained. On analysis this powder proved to be
emmonium chloride.
After filtering out the ammonium chloride, the
resulting liqulid was separated into three fractlions by
dist%llation under diminished pressure. Each fraction




was apparently a pure compound. as each had a well
defined boiling point, and the temperature rose
rapidly between the boiling points of the fractions.
As the tiﬁe was limited it was decided to examine
only one of the three fractions. The heaviest
fraction, which was also the one with the highest
boiling point, was sslected for study.

This fraction was a heavy greenish liquid with
a density of 1.42. It was immiscible with water, not
even readting with it on long boiling, but ;as mis-
cible in all proportions with alcohol, ether, and
chloroform, It had a marked effect on the eyes, most
noticeable on slight warming, producing copious tear-
ing and intense pain 1f freed in any quantity. The
vapors were nelther acid nor basic, nor was an acid,
lfbése, of salt formed on bolling it with dilute acids
or bases. It reduced silver nitrate and Fehling's
solution and united violently with dry ammonia and
phenylpydrazine; but not with sodium bisulphite. On
treating the fraction with phenylhydrazine in ethereAI
solution in the presence of potassium carbonate, white
erystals were obtained. The percent of chlorine was
determined by heating the fraction in a sealed £ube
with calcium oxide and precipltating the chlorine from
the water solution of the'product with silver nitraﬂe.
The pergent of chlorine obtained was 65.5. The percent
of chlorine for the formula CHzCOCClzis 65.8. The

welghts for this determination will be found in the
®
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experimental section.

EXPERIMENTAL.

Technical acetone was used. It was dried over

‘anhydrous calcium chloride, and as it contained a

Iarge amount of water it was found necessary to re-
peat the drying. During the drying it lost nearly
onethird of 1ts volume. After flltering, it was
distilled and the fraction boiling between 56°C and
65°¢ only was used. 326ce of this acetone were
placed in & flask connected with a léng reflux con-
denser so arranged that a constant stream of dry
chlorine could be passéd through the acetone. The
flask was placed on a boliling water bath for the first

"half hour, and was in a_position'where it would be in

direct sunlight for the greater part of the six hour
period, during which the chlorine was admitted.

As stated before, the reactidn occurred in three
distinct steps. During the first period chlorine was
rapidly absorbed, and a large amount of hydrochloric
acld was evolved. This was the only part of the

chlorination in which it was found necessary to heat

the acetone, and the steam of a boiling water bath was

sufficient here. During the second period the action
was very vigorous, a flame starting up in the tube*

through which the chlorine entered whenever the temper-



ature rose sbove 80°C. As the heat of reaction was

so great it was frequently necessary to cool the
flask with a stream of cold water to prevent this
flaming, and in one instence it was necessary to

shut off the chlorine and admit alr before the action
could be controlled. Whenever this‘burning occurred
1t‘was noticed that carbon and hydrochloric acid were
formed as if some volatile hydrocarbon were completely
decomposed by chlorine in a reaction resembling that
of turpentine.and chlorine. During the third period
the action was not quite so intense. The temperature
did not rise above 80°C,'there was no burning and
hydrochloric acid was again evolved.

It was noticed during the second period of
chlorination that small white crystals were beginning
to form, and after cooling the reaction mixture about
one gram of these was filtered out. 6n examination -
these crystals were found to be insoluble in alcohol,
ether, acetone, or toluene, but soluble in water.
They readily sublimed and on -analysis proved to be
ammonium chloride.

After flltering out the crystals‘an attempt was
‘made to separate the reaction mixture into fractions
by distillation, but it was found impossible to obtain
fractions with definite boiling points and distillation -
in vacuo was then resorted to. The vacuum was obthined
with ean ordinary filter pump, and while the ﬁressure 4
was diminished between the limits of 30.5cm. and 40.5 cm



1t remeined fairly constant at 34.3 cm. The follow-
ing fractions were obtained after boiling off and

discarding a few cc. of unchanged acetons.

cé Presgsure Collected at
1st Praction 53 40.54 em.  55°C = 65°C
2nd Fraction 113 40.54 cm. 70% - 80°C
3rd Fraction 55 40.54 cm. 145° -155°C

The greater part of the first fraction came over at
63°C, of the second at 73°C, and of the third at 153°¢.
All three fractions wgfe clear liquids, the first two
colorless, the third, green and all three affected the
eyes. |

The 153°C fraction was selected for examination.
It seemed to be a stable compound, heavy and oily, not
hydrolyging with water, dilute acids or bases, although
dilute ammonium hydroxide split out some of the chlorine
as ammonium chloride. On oxidation with fuming nitric
scid 1t was found impossible to split out more than a
small part of the chlorine even when this was carriéd out
in a preésure bottle for a perlod of several days. The
percent of chlorine was determined by heating a .5 gram
sample of the fraction with calcium oxide in a seaied
glass tube. The tube was placed in an iron pipe sealed
at both ends and heated intensely fér several hours.
After cooling, the powder was washed with about 1Q00ce
of warm water, acidulated with nitric acld and the

solution was filtered off. The chlorine was precipi-

tated from this solution with silver nitrate and f£il-




‘tered, washed and weighed as silver chloride.
welght of sample ; «5904 gms.
welght of silver chloride 1.5628 gms.
percgnt~of chlorine determined . 65.5
percent of chlorine calculated - 65.8
By this ﬁethod the percent of chlorine was determined
as 65.5, the percent of chlorine calculated for
CHzCOCClz was 65.8. | | -
The compound reduced Fehling's solution and
silver nitrate readily, and reacted violently with
dry ammonia gas and pﬂenylhy&raiine base, but not with
a saturated solution of sodium bisulphite, even when
warmed, or with phenylhydrazine hydrochloride. When
dry ammonia was passed into 5c¢c of ﬁhe fraction sur- .
rounded by a freezing mixture a white crystalline salt
was obtained, but this salt decomposed so repidly on
exposure to room temperature it was impossible £c ob-
tain its melting point or even to examine its crystalline
form under the microscope. When d?y ammonla was passed
into a solution of the compound in ether a reaction -
also occurred, but very slowly, with the formation of
a very'small amount of the white crystals. The study
of these crystals was then dropped, and the reaction
with phenyl hydrazine was more clbsely examined. As
the reaction with phenylhydrazine was so violent, solutions
of the compound and phenylhydrazine in alcoho%,chlgro-
- form and ether were tried. It was found by using

solutions of the compound and phenylhydrazine in ether



* 1ﬁ a rétio of ‘five of ether to one of cqmpouhd or
phénylhydrazine and by mixing the two solutions

in the presence of potassium carbonate that the
reaction could be controlled so that the crystals
formed only after two or three minutes, and it

took two or three hours for the reaction to run to
completion. By‘filtering and washing these crystals
immediately with ether, a mass of very light stable
white crystals was obthined. Under the microscope

they seemed to be very thin and transpafent with

the following shapes.

L,

In the formatlon of these crystals water was evolved.
The melting point of the unpurified crystals
was 237°C. On attempting to recrystallize from water
slight decomposition took place and the resulting
crystdls had a melting point bf 239°C. These crystals
sublimed readily and dissolved easily in water, but were
insoluble in ether and chloroform. The water solutlon
of the crystals gave a test for chlorine ions. On
treating the water solution with a strong solutior of

sodium hydroxide no ammonia was freed, but on heating

the crystals directly with calcium oxide, ammonia wag



freed. On boiling the crystals with dilute |
acids or even with concentrated hydrochloric acid
no decbmposition took place. After cooling, the
crystéls siﬁply settled out of solution again.
Finally a Kjeldahl determination of the nitrogen
in the crystals was made with the following

results.
lce NH4OH =7.003470666 gms. of N.
wt.of No.of No.of Wt.of %of/
sample cec.of cc.of N. rep- N.
* NH4OH NH40H resented
used to equl to by ce of
neutralize N. in NH40H
acid sample
Blank I 53.9 »
Sample I .1256  50.9 3. .01411998 8.29
Blank II 54.74
Sample II 1.0576 29.8 24,94 .08655841004 8.34

The percent of nitrogen calculated for the formula

CHzC(NHCgHg5)2CClz 1is 8.49. o

SUMMARY

Three distinct products were obtained by this
method of chlorinating acectone. It was not determined
why the chlorination took this form. However, some
nitrogen compound, possibly pyridine, must have been
present as an impurity in the acetone, which on treat-
ment with chlorine ylelded ammonium chloride. Either

the ccmpound itself or the ammonium chloride acted as




a catalyzer and caused the formation of the three
products. The vclatile‘by-product'was also probably
 d decomposition product of this impurity.

The percent of chlorine determined in the product
examined points to the empirical formula CzHzClz0 for
this product. Since the determination of the percent
" of nitrogen in the crystalline product obtained from
the reaction of this substance with phenylhydrazine
agrees with the percent of nitrogen calculated for the
formula CHzC(NHCgH5)2CCLz it is highly probable that
the formula for the compound is CHzCOCClz. For if
the point attacked by the‘phenylhydrazine is the
oxygen, and if the product formed is not a hydrazone,
| but one with two NH@gHs5 groups substituted for the |
oxygen, and with no unsaturated valence it would indicate
that each end of the chain 1s saturated, the one with
hydrogen, the other iith chlorine. The fact that the
crystalline product is stable and gdes not revert to
the ﬁ@tOné on boiling with aclids, 1s also explained by
the formula CHzC(NHCgH5)2CClz . That a carbonyl group
is present in the product examined is indicated by the
tbactions with silver nitrate, Fehling's solution, dry
aﬁﬁonia ahdﬁphenylhydrazine. These reactions would
then lead t& the béiief that the substance CHzCOCClz was

‘one of the products of this method of chlorinating;acetone.

June 26, 17/7
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