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INTRODUCTION

Acetyl chloride has long been recognized es an important acetylating
agent. For this reason, its preparation from many different sources has been
investigated. Although it had been reported as early as 1857, the action
of chlorine on dry, liquid acetaldehyde to produce acetyl chloride had been
given little attention. Almost no chlorination of acetaldehyde in the va=-
por phase had been done.

The purpose of this work was to investigate the vapor-phase chlorina-
tion of acetaldehyde to see if this reaction could be an economical source
of acetyl chloride. It was also hoped that there could be obtained from
an examination of other products of the reaction additional information
which would be useful in interpreting the reaction.

This work is an extension of the work of Taylor (24) on the vapor-
phase chlorination of ethyl alechol and of Hemm (7) on the vapor-phase

chlorination of paraldehyde,



HISTORY

It hed been generally assumed that the chlorination of acetaldehyde
proceeded by the substitution of the hydrogen atoms attached to the alpha-
carbon atom to give mono=-, di-, and trichloroacetaldehyde (ehloral). It
was in direct contradiction to this view, therefore, that in 1857 Wurtz
(25) reported that the chlorination of dry, liquid acetaldehyde gave acetyl
chloride and a compound (boiling point, 120°) to which he assigned the
formula C4HpCl0p. This compound was later suggested by Simpson (21) to
be identical with the «{~chloroethyl acetate he had produced by the reaction
of acetyl chloride with acetaldehyde.

The idea of producing chloral from acetaldehyde was not abandoned, how-
ever. In 1870, Kraemer and Pinner begen a series of experiments on the
chlorination of acetaldehyde primarily to find a method of producing chloral
by utilizing the lowe~boiling wastes from the distillation of crude ethyl
alecohol. In the first experiment (10, 11), chlorine was passed into acetal-
dehyde cooled by an ice-salt mixture. The first noticeable change was the
separation of metaldehyde. From the beginning almost all of the chlorine
was absorbed. After a short time hydrogen chloride began to be evolved and
the mixture began to darken. The temperature of the chlorination mixture
was gradually raised to 100° during the course of the reaction. At the end
of twenty-four hours after no further absorption would take place, the reac-
tion mixture was a brown mass consisting of a lighter=colored upper layer

containing mostly hydrochloric acid and a darker lower layer. The two layers



were not separated but were distilled together. A considerable quantity of
the material was collected between 90 and 100°, but the main portion distilled
between 160 and 180°., No acetyl chloride, acetic acid ore¢-chloroethyl ace-
tate was detected. The part distilling between 160 and 180° was believed to
be "erotonic chloral™ formed by the reaction of chlorine with the crotonalde-
hyde which had been formed by aldol condensation. A later analysis (17)
established that this compound was sctually o, oL, /3 =trichlorobutyraldehyde.

Kraemer repeated the experiment and got the same results he had observed
previously with Pinner. Still no acetyl chloride or X=-chloroethyl acetate
was detected (12).

In order to prevent the formation of hydrochloric acid, which had cata-
lyzed the formation of crotonaldehyde, Pinner placed marble chips in moist
acetaldehyde. The same procedure was followed as before. This time, however,
a large amount of acetic acid was produced along with a small smount of
chloral (15).

In a more complete analysis of the reaction products, Pinner found ethyli-
dene dichloride, dichloroacetal, and ethyl acetate in addition to chloral, ace-
tic acid, and o4 ot ,3 ~trichlorobutyraldehyde (14, 16).

Work on this problem was then almost abandoned until 1931. In that year,
a French patent stated that the chlorination of paraldehyde below 50°C. in the
presence of mineral acids gave chlorinated paraldehydes which could be separa=
ted into chlorinated aldehydes upon distillation (22).

For the past seventy-five years, alpha chlorination, as reported by
Kreemer end Pinner, has been generally accepted for the chlorination of ace-
taldehyde. It is common to find in textbooks the preparation of chloral

from acetaldehyde by this means.



In 1942 Kato (9) reported in a Japanese patent that acetaldehyde and
chlorine form acetyl chloride directly in the vapor phase but that the re-
action was explosive at high temperatures and stopped with the formation of
ol=chloroethyl acetate at low temperatures; however, the specific area of
patent coverage was the liquid-phase chlorination in solvents using acetic
acid, acetic anhydride, or benzene et "slightly high" temperatures. In ace-
tic acid, the yield was reported to be about 60%.

Shchukina (20), in 1948, reported that the chlorination of acetaldehyde
at 16 to 18° gave a substance having the composition indicated by two moles
of chloroscetaldehyde, one mole of acetaldehyde, and one of hydrogen chloride.
The residue from the distillation of this substance gave "trichloroparalde-
hyde" (melting point, 83-84°C.). At 70 to 80°, dichloroscetaldehyde was
formed; and, at 80 to 90°, trichloroacetaldehyde was formed. Al though few
details of the experiments were given, the last two temperature ranges--70
to 80° and 80 to 90°--suggest that the reactions were vapor=phase; if they
were not, then the reactions must have been carried out with acetaldehyde
under pressure or with paraldehyde. Moreover, it is known from the report
that the reaction was not a continuous-flow reaction, for a certain quantity
of acetaldehyde was chlorinated until no more chlorine was absorbed.

In 1950, Hamm (7) undertook the vepor-phase chlorination of acetaldehyde
to see if chloral could be produced by this means, Because of technical dif-
ficulties, he was soon forced to use the trimer, paraldehyde, which he intro-
duced into the reaction chamber as liquid paraldehyde. The reaction was
carried out at 165 to 180° using an excess of chlorine. The reaction product,
which was collected in receivers containing water, was found to consist of
acetic amcid and chlorinated acetic acids with the possibility of someX=
chloroethyl acetate. When attempts were made to collect the product in dry

receivers, unexplained explosions occurred.



It was the purpose of this work to see if the vapor-phase chlorination
of acetaldehyde could be carried out with safely to give practical yields of

acetyl chloride.



EXPERIMEN TAL

Apparatus and Procedure

Al though seversl different arrangements were used, these for the most
part involved minor variations of the first apparatus constructed; conse-
quently, a detailed description of the first will be given with only the
variations pointed out for the others. A description of the run made or
attempted will follow each description of epperatus in an effort to show

clearly the results obtained. In all, eleven different runs were made,

Arrangement No. 1

The first arrangement used is shown in Figure 1 (p. 7). Commereial-
grade nitrogen from a large tank was passed through a ealeium chloride tubs
to the flowmeter. The flowmeter was constructed similar to the one designed
by Benton (1), in which the gas is forced through a cepillary, across which
are connected the arms of a U=-tube filled with a suitable liquid. The flow
of the gas through the capillary causes a pressure difference and, accord=-
ingly, a difference in the heights of the flowmeter liquid. The flowmeter
liquid used was a light mineral oil. It was necessary to calibrate the flow-
meter by allowing nitrogen to flow through it at a constant rate. The nitro-
gen displeced water in a 500-ml. dispensing burette assembled with another
500-ml. dispensing burette filled with water and open to the air. 4s nitrogen
was passed in, water was allowed to drain from both burettes in a way that
maintained the columns of water balanced at the same height in the two bur-

ettes. The method was described by Daniels et al. (3). Because there was
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appreciable water vapor present in the gas collected, it was necessary to
correct for the vapor pressure of water. The time required to displace =
certain amount of water was determined by a stopwatch. After the correc-
tion for the vapor pressure of water, the resultant rate was converted from
milliliters per minute at the reduced pressure to liters per hour at standard
pressure (760 mm. of mercury)., After values for a large number of different
flowrates had been thus obtained, a plot of the square root of the pressure
(the change in height of the flowmeter liquid) against rate of flow was made.
Nearly the straight line which would be expected theoretically was obtained.

From the flowmeter, the nitrogen passed either through the saturaters or
to the preheater directly by means of two three-way stopcocks connecting the
saturaters to the main line. This method permitted the system to be swept
clear of air before a run was begun. The saturaters consisted of two tubes,
each 30 mm. in diemeter and 15 cm. in length, with a fritted-cylinder gas-
dispersion tube sealed in the bottom. The saturaters contained acetaldehyde
which could be kept at 0° by being immersed in an ice-water mixture contained
in a large Thermos vessel. From the saturaters, the nitrogen-acetaldehyde
mixture passed through a steam=heated preheater into the reaction chamber.

In a similar mamner, chlorine from a five-pound tank was passed through
a caleium chloride tube to the flowmeter and from there to the reaction cham=-
ber.

The reaction chamber was a vertical glass tube 20 mm, in diameter and
70 em. in length. Chlorine was introduced through the bottom by means of a
tube tapering to one millimeter in diameter at the jet end 14.5 om. above
the bottom. The nitrogen-acetaldehyde mixture was introduced 15 em. above

the bottom of the reaction tube and about 5 mm. above the chlorine jet.



From 5 em, above the chlorine inlet extended the main reaction zone, which
consisted of a 4b-cm. section of the tube filled with 3-mm. glass beads.
Enclosing the reaction zone were two concentric tubes, 43 em. in length and
30 mm, and 40 mm. in diemeter respectively. The 80=-mm. tube, which was
wrapped with nichrome wire, served to heat the reaction tube; the 40-mm.
tube served to protect the heating unit from the atmosphere. Glass wool
was packed around the top and bottom of each tube to permit the expulsion
of air without allowing free circuleation. Extending downward through the
resction tube weas the thermocouple well with the thermocouple resting 11 om,
above the lower end of the heated zone. This point was chosen arbitrerily;
but, once chosen, it was maintained through all the rums.

The thermocouple consisted of two chromel-alumel junctions in the well
of the reaction tube comnected to two chromel-alumel junctions in a cold well
provided by a Thermos vessel containing an ice-water mixture. The leads from
the thermocouple went to a calibrated Hoskins pyrometer. A graph had been
prepared from which the temperature could be read directly from the pyrometer
reading. It was found that a change in temperature of one degree Centigrade
caused a change in scsle divisions of about 2.8 divisions.

From the reactor, the reaction products passed upward through an inver-
ted Us-shaped tube and then down to & vertiocal Allihn condenser through which
ice water was circulated by means of a centrifugal pump. From the condenser,
by means of three-way stopcocks, the product could be eollected in al ternate
250-ml. receivers immersed in en ice-salt mixture. From the receivers, the
weste gases were passed first through an empty gas-absorption bottle and them
through a gas-absorption bottle containing a suspension of celcium carbonate.
The unabsorbed gases were then drawn through an aspirator through which water

was running just fast enough to produce a slightly reduced pressure. To
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measure the pressure in the system there were manometers befors and after the
gas saturaters and before the aspirator.

The counnections used throughout the spparatus were glass--«ground=-glass
joints or glass seals--with four exceptions: (1} the rubber tubing use& to
connect the banks to the ealeium chloride tubes, (2) the Typon tubing used to
connoct the mencmeters to the system, (3) the Tygon tubing used to hold the
thermocouple well in place in the reaction tube, end (4) the rubber tubing
used to carry the unmbsorbed gasesz from the gas-absorption bottles to the
aspirater.

In the system, each unit was constructed so that it could be easily re-
moved for cleaning or replecement.

sy

The spparatus, slthough consisting of many parts, was relatively simple

-

in principle. It had been anticipated that ths introduction ol acetaldehyde

into the reaction tube would be a problsm. From the high wvapor pressure,

(]
(<]
=3
g
L 2

o

w 0% (4, 6}, it appeared preferable to introduce an inert gas sabu=
rated with acetaldshyde et that temperaturs. JAn additional advantage of
nsing an insrt gas would be the dilution of the reaeting.gases to give &
less vigorous reaction. A preheater was used so that the nitrogen~-acetalde-
hyde mixture would not have sn adverse cooling effect on the reaction tube,.
The decision to pack the reaction bube with beads came from the belief that
this would promote a more uniform reaction. In order bo prevent harmful
channeling effects, it wss necessary to use s vertical tube, The volums of
the heated part of the resction tube was 856 ml. with the thermocecuple well
in pilace. It was found tha£ the beads had a free space of 40%. The actual
volume of the packed column, therefore, was 34 ml.--the value used in cale

sulating contact tims.
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Ewm No. 1

In the first run, the reaction tube was heated to 112° before the flow
of nitrogen was started. The aspirator was adjusted so that the nitrogen
passed through the flowmeter at nearly the same pressure under which the flow=
meter was calibrated. Chlorine was also permitted to pass through the reac-
tion tube. After the system had been swept nearly free of air, and after the
flow of chlorine had been stopped, the stopcocks on the saturaters were turned
to allow the passage of nitrogen through the acetaldehyde. The flow of chlo-
rine was again begun, When the chlorine and nitrogen flow-rates had been care-
fully adjusted, the alternate receiver was switched in and the time for the
beginning of the run was recorded. At the end of 2.7 hours at 112° end with
a flow-rate of 3.3 libera/hr. for chlorine and for nitrogen, only five grams
of product had been collected.

The product was a colorless liquid which fumed strongly. It was allowed
to stand in a corked test tube where it separated into two layers--asn almost
clear upper layer and a brown lower layer--in about two days. In three days
the entire mixture was black; and after several weeks the mixture had set to
a gol, No tests were run on this mixture.

The acetaldehyde in the saturaters was left in the ice-water mixture
al though the saturaters had been removed from the rest of the apparatus in
the process of cleaning it. It was noticed that white orystals o.f‘ me talde~
hyde, the tetramer, were separating out. This would probably indicate that
hydrogen chloride was backing up into the saturaters, for it is known that
the formation of metaldehyde from acetaldehyde is catalyzed by acids (13).

The formation of both paraldehyde and metaldehyde could account for the small

ﬁ‘ld-
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& run similar to the first but at 150° was attempted using a new bottle
of acetaldehyde. OGreater precaution was taken to prevent the backing-up of
hydrogen ehloride by inereasing the flowerate of nitrogen. The ehlorine flow=
rate had o be increased accordingly,., AL the end of one hour, no product

(more than a few drops} was collected so the run was shut down.

Arrengement No. 2

Apparently there was no way to prevent the polymerization of acetaldehydes
consequently, there appeared the possibility of starting with paraldehyde at
a temperature at which its vapor-pressure was appreciable. Because there were
ne vapor=pressure data on paraldehyde aveilable, the boiling points of paral=-
dehyde at two reduced pressures, 225 and <386 mm., were obtained and found to
be 84,5 and 87.5° respectively. The boiling point at 760 mm. was known to be
124°; hence, with these data the Miles vapor-pressure rule cen be used, assum-
ing paraldehyde to be similar to ethers. The value obtained for 100° was
875 mm.; therefore, it seemed logical to try the same thing as before but
with paraldehyde at 100°.

The only chaunges made in apparabus were in substituting boiling water for
the ice~water and in covering the tube from the saturater to ithse preheater

with asbestos around which a heeting coil weas wound to prevent condensation.

RBun No. 3

The vyrocedure used for the third run was similar to that used in the first
run. When nitrogen was passed through the paraldehyde, the paraldehyde depoly=-
merized so rapidly thet the rum could not be continued., It is known that
pareldehyde is depolymerized almost quamtitatively in the pregence of mineral

acids in the temperature range 45 to 85° and in the pressure range 5 to 80 mm. (2},



Arrangement No. 3
If paraldehyde would depolymerize guentitatively at higher pressures,
its depolymsrization would afford a method of introducing acetaldehyde into
the reaction chember. In a preliminary test, a few milliliters of paralds-
hyde heated in a small distilling flask began to distill at 90%. After the
paraldshyde in the flask had cooled, a drop of 307 phosphoric acid was added.
Wher heating was begun again, the paraldehyde began to depolymerize rapidly
et 40° leaving a small amount of brown tar. In order %o determine the amount
of tars produced, a known weight of paraldehyde from a burette was allowed to
run onto gless beads and a few drops of phosphoric acid contained in a small
Brlenmeyer flask heated by water to 100°. By weighing the flask before the
addition of the paraldehyde and afber its subseguent depolymerization, the
weigh%t of the tars produced could be determined. It was found that the yileld
of tars smounbted to Z.6 to 3.0%, increasing for decreasing rates of addition

]

of the paraldehyde. ~Although the vapor pressure of phosphoric scid st 100°

is about 180 mm. {23), the few drops used should interfere wery little. It
was thus ssen feasible to obtsin the scebtsldehyde through the depolymerization
of paraldehyde.

The next step was the desigaing of a depolymerizer which would deliver a
knowm, constant rate of flow of acetaldehyde vapors. The depolymerizer itself
was a large test itube 40 mm. in dismeter and 20 cm. in length around which an
asbestos jacket containing & nichrome heating coil was placed. Yhe tube
itgell contained o few drops of phosphoric acid and sbout 100 ml. of glass
beads., In the mouth of the test tube was placed a rubber stopper with holes
for the tube admitting the paraldehyde, the tube carrying off the acotalde-

hyde, and the thermometer. The paraldehyde was introduced by mesns of a

capillary tube in the shape of a horizontsl "S¥ asttached to s 50~ml. burette



by means of rubber tubing. The rubber tubing was employed so that = pinech-
cock ecould be used to start or stop the flow of paraldehyde into the depoly-
merizer. The purpose of the S-shaped tube was to permit the level of the
paraldehyde in the burette Lo resch the level of the paraldehyde in the %ip,
thus providing = head of zero., The paraldehyde was dispensed from a 2Z00=ml.
gas buretbe, which wes like a calibrated test tube, to which a 10~-mm. tube
was atitsched by means of a rubber stopper. This tube permitted setbting the
head at any desired level in the burette either by raising or lowering the
gas burette or by replacing the 1l0~mm. tube with others of varlous lengths.
It was planned originally to cdl ibrate the dispensing system by determining
the rates of flow for various levels, but it was decided that a more precise
method would be o set the level b0 give about the rate of flow desired and
to obbaln the actual rate of Fflow from the difference in the paraldehyde
level in the gas burette before and sfter the run.

It was desirable to secure o rapid mixzing of nibrogen with the acetal-
dehyde vapor after its formation and to inject the mixture into the resction
chamber before polymerization could cause any condensation. Lo aceomplish
this, there was constructed a mixing venturi in which nitrogen from a jetb
was mixed with the scsbaldehyde as it passed through a censtrieted tube.

No other changes were made in bthe apparatus,

In this run, it was desired to have a flowerate of three liters per hour
for each of acetaldehyde, chlorine, and nitrogen; however, difficulties in
adjusting the tank valves on the chlorine and nitrogen tanks gove flow-rates
a lidtle different from those desired,

In preparing for the run, after the system had already been swept clear

by nitrogen and chlorine, the heating coils for the reaction tube snd the
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depoclymerizer were turned on. Nitrogen wes then allowed to begin flowing while
the paraldshyde level was adjusted tc give the desired rate of flow. The
paraldehyde was alsc sllowed to begin flowing. The aspirator was turned on
o give a slightly reduced pressure, the temperstures of the reaction tube and
depolymerizer were adjusted %to 140° and 100° respectively, snd chlorine was
sbtarted flowing. After the temperabure of the reaction tubs was adjusted to
150°, the gas flow~rates were reguiated to give as nearly as possible the de=-
ired rates., After minor edjustments had been made from time to time over a
period of sn hour, the conditions remained nearly constant. The alternats
receiver was switched in, and the runwas begun.

Tho run was shut down alter twelve hours of convinuous operation with
no difficulties. Adjustments in flow-rates and temperature were made only
twice during the run. One unexpected discovery was that the carbonaceous
matber =nd tars in the depolymerizer appsared to be much less than 3% as ine
dicated by the clean appesrsnce of the glass beads. The chlorinetion of 47 g.
of scetaldshyde had ylelded 39 ge of yellow product which gradually became
colorless as it evolved chlorine upon approsching room temperaturs.

The flow-raite of acetaldehyde from the perfect gas law was calculated
to be 2.1 liters/hr. at 150° and 740 mm.; tho flow-rabte of chlorine was 4.6
liters/hr.; sad the flowerate of nitrogen was 5.8 liters/hr,

The conbact bime is the average length of time the reactants are in the
reaction tube. It is seen, therefore, that the combact time in seconds will
be obtained by dividing the volume of tie reaction tube, im milliliters, by
the‘rate of {flow of the reactents, in milliliteré per sec&nd. For this reac-
tion the contact time was found to be 11 seconds.

The ratvioc of chlorine to acetaldehyde was 4.5 bo 3.1, or 1.5 %o 1.0.



A deseription of the further treatment of the product cbtalned is given
P Ll 5 &

mnder the section on anslysis.

Arrsngement No. &

The receivers in the previous runs had been cooled by sn ice-salt mix~
ture contained in & large erock. This had necessitated the frequent renewsl
of ice =nd salt. To eliminate this, the 260-ml. receivers wers replaced by

100~ml. long~-necked receivers which were placed in Thermos vesssls. Other-

wise the apparatus was not changed.

It wos intended that this run would be wader almost the smme conditions
as the previous one in order that more dabts on the resstion produchs could
be obtained. In this rur, the chlorinetion was allowed to continue for fortye

o

seven hours during which 141 g. of paraldehyde was used giving 145 g. of pro-
duct, vhich, as before, beeame colorless upcon gtending. #fn additional 20 ml.
of yellow viscous liguid were collected in the well below the reaction tube,
The rates of flow at 1£0° and 740 mm. were the following: acetaldehyde, 2.8
liters/hr.; ehlorine, 4.3 1i%ers/hr.; and nitrogen, 3.5 liters/hr. The con-

taet time was 12 seconds. The ratic of chlorine to acetaldshyde was 4.3 to

2.8, or 1.5 to 1.0,

Arrzngement Ho. &
For this run the apparatus was simplified by the substitution of a

Priedrich condenser cooled by tap walter for the Alliln condeuser cooled by

ice~wnter. The effluent gases from the gas absorption botiles were passed

onn to 2 gas absorption wwer, as shown in Figure 2, p. 17. This arrange-

ment was used for all the rest of the rums.
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o No. §

In thie run it was to be determined whether or notl a reactlon tempersture
of 250° could be stiained without a flash occurring. TInstead of following the
procedure used formerly, this time the reaction was sterted at 150° and ine-
ereased gradually to 2BD° over a two-hour period.

The reachion was allowed bto econbtinue at this tempersture for 8.9 hours,
during which 14 z. of c¢hlorinsted product were collecﬁed‘from 17 g+ of paral-
dehyde. The product after cooling to room bemperabure was colorless.

The flow rates at 250° and 740 mm. wore these: acetaldehyde, 2.5 liters/
hr.3 chlorins, 4.8 1iters/hr.; and mdtrogen, 2.5 liters/hr. The contact time
was 10 seconds. The ratio »f chlorine  acetaldehyde was 4.8 o 2.5, or

1.9 %o 1.0,

Immedistely after Run No. 6, ancther receiver was switched in and Run
Ho. 7 was begun primerily to determine the upper tempersture-<or flash pointe=
limit for the recetion. The rates of flow of peraldshydehyde, nitrogen, and
chlorine were the ssme initially; but, during the run, the chlorine flows
rate began decreasing. An atbempt o remedy this caused the chlorine Ilow-
rate to rise rapidly to sbout © 1iters/hf. at a time when the temperature
was above 300°, At this point there occurred a small swount of charring at
the top of the beads used as packing in the reaction tube and extending down-
ward aboub 10 om. indo the beads. As the flow-rate of the chlorine was
brought beek to 4.8 liters/hr., it was observed that about 10 em. from the
top of the beads a liguid hed begun refluxing with docomposition. This was

not acturlly a "flash” point, so “the temperaturs was allowed to increamse fur-

ther %o about 225°. After en hour when the charring from the refluxing liguid
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had become excessive, the run was shut down, During the last hour, the con-
ditions had remsined nearly constant.

The conditions for the run as a whole varied too much to allow accurate
calculations to be made., Assuming that the rates of flow for this run were
the same as for the previous run, the conbtact time was estimated to be approxi-

mately 9 seconds,

Run No. 8
Over a period of 25 hours, 45 g. of paraldehyde gave 38 g. of chlorinated
products. The rates of flow at 250° and 740 mm. were these: acetaldehyde,
1.8 liters/hr.; chlorine, 5.7 liters/hr.; and nitrogen, 4.3 liters/hr. The
contact time was 10 seconds., The chlorine to acetaldehyde ratio was 5.7 to

1.8, or 3.2 to 1.0.

R Yo. 9

It was decided to attempt a run at 350°., As before, after the desired
rates of flow were obtained at a lower temperature, the temperature was slowly
increased. At 290°, smoke appeared in the condenser. At 300°, the acetalde-
hyde began to burn brightly in the chlorine about 3 cm. above the entering
gases. No product was collected.

The rates of flow at 300° and 740 mm. were the followings acetaldehyds,
4.3 liters/hr.; chlorine, 8.7 liters/hr.; and nitrogen, 4.6 liters/hr. The
contact time was 7 seconds. The ratio of chlorine to acetaldehyde was 8.7 to

4..5, or 200 to 1;0.

Run No. 10
Over a period of 16.5 hours, 31 g. of acetaldehyde was chlorinated give-

ing 21 g. of products. At 250° end 740 mm., the flow=rates were as follows:



acetaldehyde, 2,0 liters/hr.; chlorine, 4,7 liters/hr.; and nitrogen, 4.4
liters/hr. The contact time was 11 seconds. The ratio of chlorine to ace-

taldehyde was 4.7 to 2.0, or 2.4 to 1.0.

Run Fo. 11
In this run an excess of acetaldehyde was used. After four hours, the
chlorination of 43 g. of acetaldehyde had given 27 g. of reaction products in
the receiver and sbout 5 g. in the well below the reaction tube. The rates of
flow at 250° and 740 mm. were these: scetaldehyde, 11 liters/hr.; chlorine,
4,7 1iters/hr.; and nitrogen, 4.4 liters/hr. The contact time was 6 seconds.

The ratio of chlorine to acetaldehyde was 4.7 to 11, or 0.43 to 1.0.

A sumary of the runs made is given in Table I,



TABLE I

SUMMARY OF RUNS

21

Uontact CH. CHO )
?empiratare Time Ci,/bﬁ CHO Buration & Proéuct
Run (°C,) (sse.) 2’778 (hours) (gs) {z.)
1® 112 - - 2.7 - 5
2° 150 - - 1.0 - 0
5P 150 - - - - -
4 180 1l 1.5 iz 47 &9
5 150 1z 1.5 47 141 148
6 280 10 1.9 Ge9 17 14
7 525 9 1.8 1.0 - -
8 250 19 S.2 25 .45 38
kg 300 7 2.0 - - -
1o 250 1n el 16,5 a1 21
1l 280 6 .43 4 43 27
a. Polymerization of acetaldehyde took vlace.
be Pareldehyde was carried over into the reaction tube.
¢. Combusblon eccurred.
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AnalEin
A few milliliters from Run No. 4 were distilled to see whether it would

be worthwhile to attempt a fractionation of the product. Fuming occurred early
in the distillation but decreased as the distillation progressed.

In another preliminary investigation, to 13 ml. of the crude product dis-
solved in 50 ml, of ether was added a strong potassium carbonate solution until
the mixture was basic., After agitation in a separatory funnel, the water layer
was drawn off and retained. The ether layer was poured off into a flask which
was then heated to drive off the ether., There remained 6.5 ml. of black liquid
which was distilled from a small distilling flesk. The fractions obtained and

the refractive indices are listed below in Table II.

TABLE II

DISTILLATION OF A PORTION OF RUN NO. 4
AFTER PRELIMINARY TREATMENT

Boiling Range Volume EI?
(°c.) (ml.)
4]1-42 1.0 1.35
42-75 0
75-88 2 18 1,38-1.39
88=90 0.5 1.408
90-93 (dec.) 0.5 (discolored)

e ————— T T e e e . T T T T T

211 the refractive indices were taken by a Fisher refractometer.

It is probable that most of the material obtained from the ether extrac-
tion of the basic solution had undergone aldol condensations to give the large
amount of non-distillable residue.

One-~half of the baesic water solution was made acidic with dilute hydro-

chloric acid and extracted with ether, after which the ether was evaporated.
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There was left behind about 0.6 ml. of & viscous liquid with a sharp odor.

The other half of the basic solution was ecidified with phosphoric acid,
and the mixture was distilled., Only one milliliter of distillate was obtained
between 65 end 99°, Almost all of the remaining liquid was distilled over at
99°, leaving behind erystals of potassium phosphate.

All fractions collected gave positive tests with 2,4=-dinitrophenylhydra-
gzine, The derivatives prepared, even after two or three recrystallizations,
still geve wide melting ranges indicating mixtures.

It was at this point that 146 g. of product from Run No. 5 was obtained.
Vhen it wes discovered that the conditions for Runs No, 4 and 5 were almost
identical, analysis of the former was abandoned in favor of thoroughly inves=-
tigating the latter.

The analysis of the products from Run No. 5 was begun with the determi-
nation of the amount of acetyl chloride as the primary objective. Three
methods were tried: the first was the reaction of the products with ethyl
alcohol, followed by the fractional distillation of the resultant mixture;
the second was the reaction of the products with ethylmagnesium bromide, fol=-
lowed by hydrolysis and fractional distillation; and the third was the frac-
tional distillation of the erude product.

In the first method, to 50 g. of absolute alcohol was added 25 g. of
product, slowly at first with shaking emnd frequent immersing in ice water,
for the reaction was quite vigorous. The mixture was allowed to stdnd for 52
hours, Potessium carbonate and water were edded to neutralize the acids pres=-
ent, The oily upper layer and the aqueous lower layer were separated in a
separatory funnel.

The oily layer after being dried over magnesium sulfate weighed 10.5 g.

A simple distillation gave the data in Teble III.



TABLE IIXI

DISTILLATION OF THE MIXTURE RESULTING FROM TREATING A
PORTION COF THUE PRODUCT FROM RUN RO, b WITH ALCOHOL

Boiling Range Volume 25
Fraction (°C.) (ml.) Zp
1. T1=76 : 20 1,365
2, 76-80 5.0 1,858
S 80-120 0.6 1,375
4, 120-140 0.2 1,401
5. 140-146 0.4 1.416
8 146-153 1.8 1.420

Fraction 1 should consist mostly of ethyl acetate (boiling point of the
ethyl sleoholeethyl acetate azeotrope, 71.8°; boiling point of ethyl scetate,

g
77.1°; ethyl acebate, E; 1,3728). Praction & could contain acetal (boiling

point, 104°; E;P 1.3819). TFraction 5 was probably ethyl chloroacetate (boil-
ing point, 144°;l£go 1.4216). TFrom the relatively low recovery, it was de-

cided that this method would be unsatisfactory for quantitative estimations.
In the second method, an excess of the Grignard reagent, ethylmagnesium
bromide, was added to 25 g. of the product slowly end with vigorous stirring.

5

It was neeessary to ool the mixturs in ice during the addition. The mixture
was then allowed to come slowly bo room bemperature and was afterwards warued
to complets the reaction. UBydrolysis was accomplished by pouring the liquid
into a mixture of ice and dilute sulfuric scid. Nore ether was added, and

the aqueous layer wes extracted repeatedly with small portions of ether. After
evaporating off the ether and drying the olily layer over magnesium sulfste, the
volume of the dry solution obtained was 16.5 ml. (15.7 ge)e A fractional dise

tillation of the solution gave the results in Table IV.



TABLE IV

DISTILLATION OF THE MIXTURE RESUL TING FROM TREATING A
PORTION OF THE PRODUCT FROM RUN NO. 5 WITH ETHYLMAGNESIUM BROMIDE

Boiling Renge Volume 25

Fraction (*C.) (ml,) 2p
1, 35«50 2,6
2 50-T0 0.6
3. 70-82 0.4
4, 82-94 2.0 1.396
b. 94-110 0.6
6. 110-130 3.0 1.4186

7. 130-184 5.0

The product from the reaction of ethylmagnesium bromide with acetyl
chloride is S-methylpentanol-3 (boiling point, 122.5°% nid 1,4196). With
acetaldehyde the reaction product is butanol~2 (boiling point, 99.5°%;

312)2 1.3924). It is probable that fraction 6 was composed largely of 3=
methylpentanol-3. The small amount of fraction 5 does not necessarily indi-
cate that a small amount of butanol-2 was formed, for solubility in water may
have interfered in its recovery by ether extraction. It was concluded that
this method would be good enough for the determination of acetyl chloride and
esters of acetic acid even though it was not necessarily the most desirable
from the operational viewpoint. Moreover, the accuracy of this method for
determining other components of the mixture was questionable.

The third method used in separating the products was the frectional dis-
tillation of the crude product. This method had not been tried first because

it was hoped that e satisfactory method of stabilizing the mixture against

decomposition could be found., A fractionation of 25 ml. gave the data in



Table V. A charred residue remained.

throughout the distillation.

TABLE V

Fuming occurred at the receivers

DISTILLATION OF A PORTION OF THE PRODUCT FROM RUN NO. 6

-

Boilh.;g Range Volume ‘ 233
Fraction (*C.) (ml,)
1. 35«47 0.2 1,372
2, 47-55 0.2 1,383
3. 55=50 0.6 1.385
4. 60=70 0.4 1.385
Se 70=T77 0.9 1.398
6. 77«80 1.0 1.400
7. 80-83 1.0 1.405
8. 83-85 2.3 1.413
9. 86«90 1.4 1.422
10. 90-93 3.7 1.440
11, 93-98 1.6 1.440
12. 98=102 2.0 1.435

Fraction 2 was probably acetyl chloride (boiling point, 51-52°; _n_Dzo 1.3898).

Fraction 12 could contain chloroacetyl chloride (boiling point, 105°%; _1_150

1.4541).

There was still sufficient product from Run No. 5 left to attempt other

methods of separation, but it was considered inedvisable to use more until the

procedure for quantitative estimation had been developed.

Runs No. 6 and No. 7,

which were made about this time, provided product for the next method.



Since the compounds formed in the treatment of the product with ethyl al=-
cohol are spprecisbly soluble in water, and since the potassium carbonate solu-
tion used in neutralizing the mixbture may have caused aldol condensations, the
next method which was tried was to fractionate the alcoholic mixture directly
with no previous separation attempted. In a trial distillation, when a mixture
of 4 ml, of product and 10 ml, of esbsolute aleohol were distilled, the data in

Table VI were obtained.

TABLE VI

DISTILLATION OF THE MIXTURE RESULTING FROM TREATING A
PORTION OF THE PRODUCT FROM RUN NO. 6 WITH ALCOHOL

I

Fraction 3011.21:5.1)1:!150 v‘(,il‘n.; -n-ﬁz
1. 50=70 0.2 1,356~1,385
2. 70«80 4.2
3. 80-85 4.0 1,386
4. 85«86 2.0
5. 86-141 0
6. 141-146 2.0 1,418
7. 146-153 0.6 1.420

Fraction 2 should consist of a mixture of ethyl asleohol end ethyl acetate;
hence, the refractive index was not taken. Fractions 6 and 7 probably contained
ethyl chloroacetate (boiling point, 144°; Eg) 1.4216) and ethyl dichloroacetate
(boiling point, 158°; Ego 1.4386).

A similar treatment of Run No. 7 gave the data in Table VII.
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TABLE VII

DISTILLATION OF THE MIXTURE RESULTING FROM TREATING A
PORTION OF THE PRODUCT FROM RUN NO. 7 WITH ALCOHOL

Boiling Range Volume 368
Fraction (*C.) (ml.)
1. 70=85 6.7
2. 86«80 2.7 1.385
S. 90-140 0.8
4, 140-146 1.1 1.407
5. 146154 1.2 1.420
6. 164-160 0.6 1.422

It now appeared that the best procedure for the enalysis of the product
would be the reaction of the product with ethyl elcohol followed by a good
fractional distillation. Loweboiling fractions known to contain both ethyl
alecohol and ethyl acetate could be analyzed by running saponification equiva-
lents, a standard procedure in the anslysis of aleoholic beverages (18). Be-
fore carrying out this procedure, four more runs were made so that the same
analyses could be made on allthe products at about the same time.

In preparing the mixtures for fractionation, it was desired to use 25 ml.
of the product and 75 ml. of alecohol. For Runs Nos. 5, 8, and 11, there was
enough product left; but there was not enough for Runs Nos. 6 and 10. Owing
to an error in caleculating the acetaldehyde flow-rate in Run No. 6, these two
runs appeared to be almost identical insofar as the ratio of chlorine to
acetaldehyde and the contact time were concerned; therefore, they were com-
bined for the purpose of analysis.

In carrying out the esterifications, absolute ethyl alcohol was allowed

to drop from a dropping fumnel into the product contained in a three-neck



flask fitted with a reflux condenser and a mechanical stirrer. The flask was
at first cooled by an ice-salt mixture and afterwards allowed to come to room
temperature slowly. The mixture was poured into glass-stoppered flaske where
it remained for use. As a security measure, only hslf of the mixture=-50 ml.=--
was used for the fractional distillation through the Todd column. In the frac-
tional distillation, the fractions were collected in weighed, glass-stoppered

Erlenmeyer flasks. The data obtained appear in the following tables.

TAELE VIII

FRACTIONAL, DISTILLATION OF 46.2 g. OF THE ALCOHOLIC MIXTURE
CONTAINING 14,6 g. OF CHLORINATED PRODUCT FROM RUN NO. 6

Fraction ('g-) i Eﬁgl
1 65=70 2,54
2 TO=T73 4,33
3 73-75 4.91
% 76-78 1.72
] 78-80 l.44
6 80-86 12.70
7 85«90 3.00
8 90-92 3.47

Residue .22
Total recovery 37.33

e -—
-—

H




TABLE IX

FRACTIONAL DISTILLATION OF 45.7 g. OF THE ALCOHOLIC MIXTURE
CONTAINING 14,8 g. OF CHLORINATED PRODUCT FROM RUN NO, 8

Bolllng Range “Welght

Fraction (°c.) (g.)
1 to 65 1.25
2 66=T0 2400
3 70=-73 9.22
4 73«75 3.58
5 75«78 6.84
6 78«80 98
7 8083 6.94
8 83~-86 08
9 86=90 2,52

10 9082 1.31
11 92-96 2.84
12 96«100 1.04
13 Residue 6.17

Total Recovery 44.77
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TABLE X

FRACTIONAL DISTILLATION OF 44.7 g. OF ALCOHOLIC MIXTURE
CONTAINING 13.9 g. OF CHLORINATED PRODUCT FROM RUN WOS. 6 AND 10

--e- e B -

s T o = ey -

Fraction (*c.) (g.)
1 45-65 02

2 65=70 1.97

3 T0=738 17.48

% 73=75 l.22

5 76=78 5.70

6 78=80 «51

7 80-83 4.41

8 83-88 «56

] 88«90 88

10 90-92 4,96

11 Residue 4.77

Total Recovery 42,78
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T4BLE X1

FRACTIONAL DISTILLATION OF 44.8 g OF ALCOBOLIC MIXIURE
COMTAINING 13.8 g. OF CHLORINATEDL PRODUCT FROYM RUN NO,. 11

Boiling Range Taight

Fraction -~ (°C.) (ge)
1 45=565 1.82
Z 5570 7?3
3 TO=T73 6.78
4 7375 2,06
5 76=78 4,5€
8 78=80 6.54
7 8085 281
3 8530 4,62
g Residue 2460
Total Hecovery 88,72

Saponificaﬁion equivalents were determined on the combined fractions 1 to
5 for Rum Yo. 5 and 2 %o 6 for the others. Before saponification eguivalents
could be run, however, it was necessary i delormine first the amount of free
acid in the mixture by titrating weighed samples with sadium hydroxide.

The saponifications were carried oub in 10Q-ml. round-bottom standarde

o=

seper flasks cormected with short condemsers. Three samples and one blenk

1

were hested simultensously for six hours in 2 waber bsth heated to 85°. To
carry oult the ssponificsilon, 25 ml, of abosut one normal a2lcoholic potassinm
hydroxide wes pipetted into esch flask. A 2-ml. pipetie was used to transfer

e three flasks. The smount of 1iquid delivered by the pipetie

had been previcusly determined by weighlng three 2-ml. deliveries. &t the
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end of the saponifiecation, the material was titrated with 0.140 W hydroehlorie
acid, The titration of the blank gave the millieguivalents of potassivm hy-
droxide added to each flask. The hydrochloric acid used along with the hydro=
ghloric acid kuown % be present originslly and determined previously gave the
amount of excass base., The difference in the number of millieguivalents added
and the number found represents the milliequivelents of ester present. The
weight of the ester was found by—multiplying the nuaber of milliegquivalents by
0.088, the grams of ethyl acebabte por millieguivalente From the weight of the
sample, the per cent of ester ecould he ealoulated. From this and the totsl

weight of the combined fractions used in the saponification, the total smount

g
of ethyl acetate in the combined fractions could be ealeulsted. This was used
ofe,

to determine the grems of ethyl scebtste in the mixture obtained initially by

mixing the produet with ethyl slcohol. By converting

)

this to grams of sestyl
chloride, the per cent of secotyl chloride in the origimel product and the per-

centage yield could be determined., A summary of this is given in Table XII,

TABLE XII

RESULTS OF AWALYSES

Acetyl Total yield
chloride of acetyl Acetaldehyde
in product chloride Chlorinated Yield
Run %) (g+) {g.) &
5 &4 54 141 21
8 47 19 45 24
6 and 10 65 24 48 27

11 61 19 43 25
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It is interesting it note that im every case the reaction 2t 250° pro-
duced a little more acetyl chloride than the one at 150°. Incressing the
ratio of chlorine to acetaldehyde from 0.43 ts 2.2 increassed the amount of
acetyl chloride but decreased it from 2.2 ko 3.2. It was sssumed that the
decrease was dus to the formation of chloroacetyl chlorides. To confirm this,
the 6.17 g of residue from the fractionation of the slecholie mixture from
Eun No. 8 (see Table IX, p. 30) was frectionated to give 2.91 g. of distil-
. 24
late between 138 and 150° (n; 1.4227). This wes probably mostly ethyl
chloroacetate (boiling point, 144°; 5;9 1.4218). On thet assumption, the
product consisted of eboutb 18% by woight of chloroacetyl chloridse-a yield
of abont 7% |

For a compsrison, residuss from Run No. 5, Run Hos. § and 10, and Rum
No. 11 were also fractionated, but no distillate could be collecied shove
92, 100 and 92°, respectively because of excessive decowmposiiion.

4t the end of the anelysis, the products collected from Bun Nose § and
Bewthe only two remaininge-were stlll colorless.

There still remained one fraction wnich existed in sufficient guentity
to deserve some attention. This was fraction 8 from the fractionation of
the alcoholic mixﬁure from Run No. 5 (see Table VIII, p. 23). DBetween 80

and 85°, 12,7 g. of the liquid (d§4

= .882;‘254 1.%384) had been colleched
with most of it die*%illing at 84°. The fraction gave a yellow precipitate
with 2,4~cinitrophenylbydrazine, was oxidized by cold basic potassium permene
ganate solution, and did net decoclorize a dilute sclution of bromiuse in

carbox tetrachloride. It was soluble in water and sther. Hesating with sodium
hydroxide gave a vhite precipitate., From these tests it was believed that

the compound was & satwrated aldehyde. Be reacting 1t with dimethyldihydrore-

sorcinol, the "dimethone" devivative (melting point, 146~148°) was prepared.
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An attempt o prepere the 2,4~dinitrophenylhydrazone gave a substence having
s vide melting renge. TIwo recrystsllizations gave a substence scfieuing at
134~137° and melting at 165«170°, Ffrom & preparation of the p=-nitrophemyl-
hydrazone using glecisl ecetic scid as the solvent, a compound was obtained
welbing at 180-185°,

It had been seon originally that the three prinecipal possibilities were
chloroacetaidehyde (boiling point, 85°), aldol {dsc. point, 84=85°), and

crotonaldehyde (boiling point, 10&°), which is a dehydration product of

oldol. & comparison of these =nd fractlon & sare given in Teble XITI.
& &

TABLE XIXI

COMPARISOR OF PROPERTIES OF FRACTION 6 WITH THOSE OF SINILAR COMPOTRILS

2,4-Dini~ p-Nitroe
trophenyl~ phenylhy=-

dt Dimethone hydrazone  drazone
BoePe 4 nt MePs MePe MePe
(°c.) (g./ml.) b= (°c.) (°c.)  (°C.)
. o 24 24 )
Fraction 6 30«85 0,882 1,384 145-148 134-137  180~185
165-170
Aldol , d.84=85 146-148 109~111
. 2045 20.5 '
Crotonaldehyde 102 0.8862 1.4362 188 190 186
Chloroacetaldehyde 84 158

From these data it was concluded that fractlion 8 consisted of s8ldol and cro=

tonal dehyde.,



DISCUSSIOR

The chlorination of acetaldehyde may involve either an ionic or a free-

radical mechanism. & proposed mechenism is the formation of a carbanion by

-

the removal of an XAehydrogen as a probton (8):

HH H H

._.:+ LR ] se an . -’ ve of

CHCHO =5 5 |H:G:Crag €————p H2Ci:0:Re
1 T .

HH
+ ,g%gg%g“*“"“‘““‘? HiG:C:sQ ¢ E¢l§
Cl

The prosess could be conitinued to give chloral,
The wneatalyzed thermal decouposition of acetaldehyde between 300 and

500° gives as the main products methane and earbon monoxide (19). Catalyzed

by diethyl ether, the thermal decomposition is interpreted as follows (5):
ES
GE$CED == CHgCO*

¥
Cﬁsc + GO

The ehlerination of scevaldehyde o gliwe acetyl chloride may than be exn-
plgined by the follewings
CH,CHO RN CH,CO® + HC1
CHgCO® + Cly ——> CIHZC0C1 4 C1°

It is reasonsble to assume that the reason for the old conbroversy over

the products from the chlorination of acetaldehyde has been due te the fact



that two different mechanisms have been involved. Under ionic conditions,
chlorinated aldehydes predominate; under free-radical conditions, acetyl

chloride andé chlorinated acetyl chlorides predominate.



SUMMARY

The chlorination of acetaldehyde was carried out safely and smoothly at
the temperatures of 150 and 250° and with several ratios of chlorine to ace-
taldehyde to give yields of acetyl chloride varying from 21 to 27%. It was
found that, while acetyl chloride was formed in every case, the ylelds were
highest at 250°. Inoreasing the ratio of chlorine to acetaldehyde increased
the yleld up to a ratio of sbout 2 to 1 but then decreased it as the higher
ratios increased the formation of chlorinated acid chlorides.

A free-radical mechanism is proposed, in which the acetyl radical re-
acts with chlorine.

Suggestions for further work include (1) the comple te snalysis of the
reaction products, (2) the use of catalysts to increase yields of acetyl
chloride, (3) the use of higher ratios of chlorine io acetaldehyde to attempt
the production of mixtures of chlorinated acid chlorides, and (4) the vapor-
phase chlorination of propionaldehyde to see how specifically the <CHO group

is attacked.
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