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IHYOBUCTION

The purpose of this work was o celtermine whether the vapor-pihase
chlorination of acetaldehyde would give a practical yield of tricnlorozcet-
aldehyde (chloral).

It seemed possible that direct vapor-phase chlorination of thne aldehyde
would zive fewer by-products, involve fewer steps, and be wore adaptable to a
continuous process than the present commercial method oi production of
chloral wnich involves chlorination of liculd ethyl alcohol anc subsequent
distillation from sulfuric acid.

This work is an extension of tiie work oi .. me saylor, who investigated

the vapor-phase cilorination o ethyl aleotiol (27).
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HISTORY

Chloral and its water-zddition product, cliloral hydrate, have long been
importent for their bactericidal, hyponotic, and entipyretic properties. The
relatively recent extensive use ol chloral as an intermediate for the superior
insecticide 1,1,1-trichloro-2,2-bis(p-cihloronuenyl)ethane (L.L.1.) has accen—
tuated interest in its production.

“everal methods have been sugpested and used i» some extent for the
production of cihloral. The oldest and still tie most imporiaut nmethod is
ithe chlorination of ethyl slconol in thne licuid phase. is early as 132
Liebig (15) prepared chloral by chlorination o absolute alcohiol. Iroduction
by this method was of camnercial importance by 1273 (6), mnc¢ its perfection
and ils adaptation to 2z continuous process have remained the most frailful
lines of research for manufscturers (12)(7).

Other methods suggested more recently include: (a2) trestment of cerbon
tetrachloride with formaldehyde at high pres:zures (8), () electrolytic
reaction of ethyl alcohol and sodium chloride (9), and (c) chlorination of
ethylene chlorohydrin (23),

There heas been some controversy reletive to the products of chlorination
of aldehydes. In the earliest work found listed, .urtz in 1257 claimed that
the reaction of chlorin: with dry escetaldehyde {liguid-phese) produced acetyl
chloride and o(-chloroetinyl acelate and that the aldehyde .roup was sttacked
exclusively unless the aldehyde wa: allowed to remain in an excess of chilorine,
in which case the methyl group reacted (30).

In 1870 Pinner and fruemer bhegen a series of experimentc on the action

oi ehlorine on acetaldehyde undertaken chiefly in tiie hope ol thus obtaining



coloral and being able to utilize the valueless residue from the first run-
ings obtained in the distillation of ecrude alcohol., In the first experiment
{12)(19) chlorine was passec into aldehyde, which was at first carefully
cooled in a freezing mixture znc was heated to 100° C. only at the close of
the reaction. 3y tiis reaction no chloral was produced nor did the experi-
menters succeed in any case in detecting acetic acid, scetyl c.loride or
A-chloroethyl ecetate. & product boilinz at 163-165 was isolated wiich
was at first bhelieved to be "crotonic chloral” formed by aldol condensation
followed by chlorination., Later experiments establiched the lact that the
product obtzined in this experiment was actuslly &, «, /i—t.ric'nlomb:..xt.:fr-
aldehyde (21).

Kraemer repeated the experiment and could not cetect zcetyl chloride
nor & -chloroethyl acetate among the products of ihe reaction (13).

In a later reaction (20) similar to the first, except that moist frag-
ments oif marble were zdded to the aceisldelhyde with & view to eliminating the
hydrochloric scid (which had catalyzed the aldol condensation) as fast as it
was {ormed, Pinner found that by ﬁ'eason of thie presence of water, the greater
sroportion of tne aldehyde was oxidized, mut 50 rams ot sldchyde yielded 15
to 20 grams of slightly impure chloral.

Yo ne .Gchukina reported in 1942 that cilorination o' acetaldehyde st
16-18° proceeds thirough & suusvance composed of two moles ol chloroscetslde-
hyde, one mole of acetzldehyde, #nd one mols ol hydropen chloride, which on
dlstillation dissociates anc pives &0. chnlorozcetsldehyde. “rolonged chlori-
nation at 7-0° rives mainly dichlorosceisldehyde; wnile at .'\'J-‘;Oo citloral
forms mainly, up to 50, with some &, ot,/5-—:.ric?xloro;.ru't._w;ra.ldehyrie (25). ‘'he
temperature renre of 7 .=-'§i0°, witlen e nentioned ror the hiner chilorinstions,

suggests that this may have been a vapw-phaze resction 17 simple acetaldehyde
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were used. However, since the report mentions that a definite quantity of
aldehyde, L4 grams, was chlorinated until no more chlorine w:s taken up, it
must be svsumed, either thet & solvent was used to hold the acetaldehyde in
a licquid state, or that the acetasldehyde was confined in a pressure vessel.
in either case the rcaction would not be s continmious-flow, vapor-phase

reaction such as has been attempted in this work.



PRELTMINARY DISCUSSION

The reaction desired and expected in this work wes the substitution of
chlorine atoms for the hydrogen atoms of the methyl group of acetaldehyde
without touching the hydrogen atom on the carbonyl carbon. 4 ro:d discussion
of the proposed mechenism of this reaction is given by .ertheim (29). Jertheim
states that in reactions with halogens the hydropgen atom of the alkyl group
next to the carbonyl is replaced by halogen atom. This replacement of hydrogen
atoms of acetalcdehyde vy hzlogen atoms is a rapid reaction even at room temper-
ature. 4n explanation of this may be found in the tautomeric structures possi-
ble t» combounds which have a hvdrogen atom on the carbon atom joined to the
carbonyl group. These two forms for acetaldehyle are shown below:

H H
CHB— =0 $CH2::C — OH

Isomer 1 Isomer 2 (Vinyl alcohol).
It seems probable that the enol form of acetaldehyde takes part in the
reaction with chlorine as follows:
H H H

HC=C— 0OH 4+ C1,, —» C1lCH,,— C — —» HC1 + C1lCH, —C=0

2 2 o1 2
Chloroacetaldehyde

C1CH,—C=0 == C1lC=C—0H

H H H H H H
ClIC=C—0H+Cl, —» 1L 0—=0— 3l —> HOL + C1L, C—=—C=0
2 2 oL 2

Bichloroacetaldehyde
inother repetition of the above Lype ol reaction would lead to ithe nroduction

of trichloroacetaldehyde or crnloral.



/lthough discovered early in the study of “inner's work, not much
credence was ziven at first to .urtz's claim that scety] c¢lloride &nd
A ~chloroethyl acetate waere fomeda by cinlorination of zcetaldehyde. liore
credence was given to Pinner's claim ihat the formstion o hydrozen chloride
caused sldol condensation to compete with simple chlorinstion. It was there-
fore decided to place water and marble chips in the apparatus, as 'inner had
done, lo oppose this tendency.

ihe principal products expected from the reaction, were then:
Chloroscetaldehyde, dichloroacetaldehyde, chloral, o, d, /5 ~tricialorobutyr-
aldehyde, and some carbon tetrschloride, cihloroform, and aldehiydes from decom—
position of products.

In this work it wes first attempted to use acetaldehyde {(boiling soint,
210) by allowing it to vaporize at room lempsrature anc pass throuzh a sas
flovmeter in the same manner as th. chilorine gas. Mueh diificulty was
experienced in finding a flowmeter 1liruid in wnlch acetslaehyde was insoluble.

It was found finslly thst low-viscosity silicone oil dic¢ not dissolve an

{ ok

porecianle amount -/ zcetaluehyde. .w» short runs were actually wmade in
witleh aceinldehyvie vapors were meterad turouph a flowmeter containing silicone
0il and caused to react with culorine at 90-120°, However, tue hydrogsen
citlorice formed in the reaction eveniuilly backed up in tL:ie system and caused
tae polymerization of the acetaldenyde, probasly to parszliehyde (ooiling
zoint, l2l+°}, wnici: condensed al room lemperature and filled uie arms oi the
flowseter. Also, it was found diilicull to control the {low ol acetaldehyde
vepory from the botile, as Lhe Liquid aldehyde cooled upon boiling. - ince

L

th- diliiculties experienced in cortrollin: znd measurine tlie [ow of acet-

aldehyde vapors seemad iLiw g ounisale, 1L wss tucn ceclded v use zcealdshyde



in the form of paraldehyde. Yhe reiec of flow was meassured nsing liquid
paraldehyde, which was later veporized in contact with chilorine in the
reaction chamber.

It was decided to do the chlorinations with = cnlorine-to-zcetaldshyde
ratio slishtly in excess of tie theorebtical ratio of three to one reguired
for the production ol chloral, and al the hicshest temperatures and flow rates
(within the limits of the equipment used) at which the rwaction would proceed
without explosion of the r-action mixture. It was thonght that the hirher
Lemperatures might favor compleie calorination in coupetition with Lhe rever-

sible aldol c¢ondensation,



AP dIMANTAL

Lpparatus. ‘the apparatus used in the experiment, wrich is shown diagramati-
celly in tne accompanying figure, consisied o. five functionzl assemblies:

(a) the chlorine gas supply and flowmeter, (L, the parsldenyae supply ond
meterin. device, (c¢) the mixin: venturi and Leated reaction chamber, (i) the
receiver ror tie final products, and (e) & wash tower for disposal oi gases.

5 smell tank (5 lo. net welpht) of commercial-crade chilorine was used.
ihe flow of the cnlorine was regulated by means o. the tank valve, ‘he flow
rate o/ chlorine wes measured by #llowing it to pass through a calivrated
flovieter of the type developed by ‘enton (Z). Concentrated su.furic acia,
wiieh, Ior betier visibility, had been miven an orange-red color by tue
addition o) a =ucll amount of solic phenoicht alein, was used ifor ine flow-
meter ligquid. srom tne flowmetier the chlorine passed tarough & cmell urap,
winich durin: the experiment contained & few drops ol water «nd several ciiips
ol nerble to iorestell o vack {low of nydrogen c¢nloride go: roduced by the
resction. lhen the cnlorine passed iato Lhe culorine-paralienyde :ixing
venturi.

Vel oPe=rade pareluehyvie was used. he supply o psraldehyde w:s drawn
from & 1lU0-:1. volumetric flasi: inverted and suspended in Lue enlsrged open
end »f & U-tube containing paraldehyde so wnrt 2 constant level i paraldenyde
was maintained at the level o: uhe moutit ol ihe [lask. (e unjointed am of a
smaller U-tube was supported in wie other arm of Lie larre !=-luse by a section
oi' cork, which held the =mnller tute and rested on the ed-e ov the larzer one
ut left the latter open © r#twmosvheric pressure. i2¢ cmelier -tube cousisted

>t & bent lenzth ol one-millimever~iside-divmeter ceplllary tube, with a



95-mm. length of [ine cepillary tube (frou 2 broken BC;BG Lhermonstor,; sutted
up to ihe end of its shorter arm and held by Troon tubing.

ihe thermometer section of tie capillary !'-tube was ceatered ind hield by
lypon tublup iv one nalf o & round-glass sphericel joint uhieh connectad into
Lae aain apopratus. e paraldehyde wars sypioned through the thermometer
ceplliary end flowed througii 8 short length of tubing inle tie nidi. venturi,

In the mixing venturi {11) the cilorine inlet tube was drawn o & cap-
1licry, the end of which vise located in the throat of thac veaturi. rhe per-
aldenyde was Introduced thrrign sn opening in Lhe wixiar weit bebinl the
vanturl, Tie purpose ol the venlurl wes to insure thorouph niixing ol thie
chlorin: and zldehyde vapors before they were introduced into the r action
coamoser, but its eff'eciivomess was 0o doubt lost when licuid parsl:chyde was
substituled r low-ihoillnr acetzldehyde in tie experiment.

The reaction cuember consisted orf three conceniric :lass tubes, sach
iorby centimeters ‘n length ac. with internul diameters of twenty-ilve,
hirty-five, and forty millimeters, r«spectively. The paralcehyde ond

cilorine wlsture passed through s ilmmermost tube, Tthe gocont tuue was

(41}

woime witi 2 nicovoms heatlng coil anc wmo sepsrated fmow t e lnner tube by a

dced atr wpace. the Laird tupe war sepnraled {rom the second by - dead oir
space end served to irsulatlc it from Lby stwosphere. The enis of the tabes
were sealed withh a peste imde by soakin asbeslos paper in wate . ¢ loermo-
couplz well was located in tie center of the Dnnermost wioe. 1L soused a
doibled curomel-slumel junction Wemocouple. Y e ot junction -0 Lue
Lhermnocouple was kept at tie minway polni ol the resction chamber. The cold
junction of iie thermocouple wa. <epl at ¢ constant temperature ol 9%, in a

Uewar 1lasg containin:. a waler-ice oizuure. ‘he themmocoupls wa. comnected

1o a calibrated oskinz o romnster.
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ch‘i-ﬁrine tank, b. flowmeter, c. trap, d. paraldehyde feeding device, e. bent glass rod supports,
mixing venturi, g. reaction tube, h. thermocouple well, i. wire wound heating tube, j. air jacket,
hot junction of the thermocouple, l. cold junction, m. to the pyrometer, n. receiver, o. air vent,
water inlet, r. water outlet, s. wash tower, t. to the powerstat.

Chlorinating Apparatus

ot
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Fro.. Lue rzaction chamber the geses pessed inls the recsiver, wilceh was
wept at = consteat temperature of 0 ., i ¢ waler-ice wixture. the rsaction
products were convensed in wue rocsiver,

ine excess chlorine aau lue nydrmpen cnloride fommed pessed unconcensed
Lo & wesh tower filled witn Loscnig rinpgs., ater was allowes Lo tricale into
the top of iue tower snd was drawn oll ab Ui osase, Zince the btower was
vented to the atuwosohere, Lite pressure inside tus sysben was giuospheric.

211 joints in the system were ground-glass spiericul or stecard-taper
connections, with thne exception: or': ihe connection: between tne chilorine
tank and tnec {lowvmeter, ths comnections for the coplillary tuve slasced in the
Ilowmeter, and tihe comnection Lor tne thermo cter tuvce and cpierical joint
placed in tne parsldehyde-"=edin. uvevice. Gum rubber or lvioa tubln: was
used for these comiections.

The chlorine lowmeter was calibrated (L’ablg 1) by use Hf o sas buret
assembled from two 500-ml, burets =nd patilernsd aiter one descrived LY ~anliels
et al (5).

lable 1

calinration vata for the chlorine “lowmeter

Heizht of Flowmeter tead nete of Flow of Uhlorine
{inches) Jiters/hour)

2.0 Le7D
3.7 2,90
I { 5435
65 6. 26
11.0 7.60

j—-Lo 7 I" - 1.;2

* This point was read from the grapii prepared, not actually measured.
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the paraldehyde-feedin  aevice wac vzliorcted oy counbing tie drops
contained in one uilliliter mnd bthen adjustin. L .= Fo ght o0 nesa selween Lie
bottom o1 the thermometer cepilisry =nu taes surlece of tns liwuld at thie mouth
oi the volumetric {lask (or slicing t.c cork alon ‘tii¢ syphon tuse) to pive
the reguired drop time. It wa: calculated, b use of tie perfect cas law,
Liat 3.0 mle of wrunldehypde were equivalent to two lilers oo zcetaldehyde
vapors at room temperature and prescure, mnc drop of paraldelpde ‘clling
every <24..L seconds nelivered taie amount o peveldehylc psr Lour.

ine zoskine pyrometer wes connected Lo Lag tuermocouple wuw celiorated
by heeldn we Dot juaction ol Lire bhermocoup e in an oil bal. wiilc tie cold
Junction was kept &t & consianl temperature of 0'} ve Dy lmuersion in sn ice-
water batn., [t waes found thet eacii one~uegrec rise in tne tamperatire ol e
oil hata save a Luree-cegree rise in the pyrrometer roading.
calorinati on “rocedure. Three diiferent run:z, zach wicer diflerent conditions,
were made., The “irst run is described in detail, wnile onliy tue chanes in
conditions are pointed out isr the ouner two,

Jor the Jirst run lhe apparalus .as sssenbled as snouwn in the diagram,

few chips of marble and several drops o) water w re pl:sced in lie suall

trap betwoen tne chlorine flowmeter and tue nixdng venburi. lhe tap wes
opened so izt a smell stream o1 water trickled through the wash tower. ihe
terninel of tie hot junction oi the lhermocouple wuos insertea in the well to
the wic-point ol the reaction chsmocerjy the cold junction wrs placed in an
ice~water mixture in & ower ilask. suvstilute cold-trap receiver contain-
ing chips of azrble end 10 ml, of water wss set in plece. Lhe receiver also
was ircersed in an ice-water mixture. ihe paraluehyde was o) phioned over, and

tiie head was adjusted 1o deliver one arop oi »ecaliehyde every thirty-iiree



seconds, equivalent to one and one-half liters of acetaldehyde vapois per
hour. The chlorine tank was opened and adjusted to give a flowmeter head of
11 inches equivalent to 7.5 liters of chlorine gas per hour. This constituted
& chlorine-to-aldehyde ratio of five to one. It was not intended that such a
large excess should be used but an error in calibration of tre chlorine flow-
meter, which was later corrected, led to use of the ratio in this one run.

The paraldehyde and chlorine were allowed to flow through the svstem
without heating for about fifteen minutes to displace air from the system.
Lfter fifteen minutes the Powerstat used to heat the wire coil was turned up
gradually so that the resction chamber was heated to 110° within a period of
forty~-five minutes., /fter the Lemperature reached 1100 the substitmtz receiver
was replaced with a clean receiver containing chips of marble and 10 ml. of
water. The rcaction chambher was then heated to 1750 during the course of an
hour. During the remainder of tie run the rate of flow of the reactants was
held constant, and the temoerature was kept between 165-180°. The receiver
was replaced once more durin: the run with & clean receiver containing marble
chips and 10 ml. of water. The run wac closed down after 53.25 hours of
continuous operatiom. The reaction went smoothly the entire time, with no
explosions or incidents of any kind.

The run yielded approximately 100 ml. of bright yellow licuid, including
water. Only one liquid phase was observed., Llore marble and an additional
10 ml, of water were added to the combined vortions, which were kept in an
open test tube in an ice~uater mixtwe for several days, anc finally in an
open test tube at room temperature, Jlssolved hydrogen ciloride, and
possibly other constitusnts, rescted viporously with the marble atv iirst

and never ceased entirely to react. The licuid product becaniz zlimost
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colorless unon standing and then sradually assumed a pale orange-brown tint
and syrupy consistency.

The second run was similar to ine first except that the {flow rate of
paraldehyde was adjusted to ons drop every 2,.. seconds eguivalent o Lwo
liters o' scetaldehyde vapors per hour, winile the flow rate { cnlorine was
adjusted to igive & head oI 2,5 inches, squivalent to 6.26 liters of chlorine
zac per oour. Thic constituted a chlorine-to-aldeihyde ratic of 3.13 to one,

eceivers were exchanged several times and caeh new receiver contained marble
cnips and 10 ml. of water. Thz run wa: closed down zfter 3/.25 hours without
incicent.

The run ylelded 200 wi. o. bright yellow liquid, includin: water, which
was treoted like thc batch rom the first run. This liquid likewlse reacted
with marble and became almost colorless and finally darkencd and became syrupy
upon stending. However, this batch, resultin: from 2 run using & lower
ciilorine~to-2liehyde ratio, darkened more unan the first and aiter a wesk
assumed 2 dark-brown color.

The third run was intended to be precisely like the second except that,
far Lhe purposes o efiectin easier seperation anc anslysis of the products,
water and merble were to ve eliminated both “rom the smell itrap preceding
bue sixing venturl znd froo the cold-trap recuiver.

iowever, it wss founc that without the water and masrsle, explosions
occurred in the reaction chamber ot any tsmperature zbove 1250. fhe equip-
ment wes dismantled and cl-aned, resssembled and checked {or leaking joints,
Then, tie run was tried again wilh the sam results. & compromise was than
tried in which a few chips ol marble and scveral drops of waler were placed
only in the small tra: preceding the uixin: venturi. The explosions still

occurred at 1250. #iaally the tempersture wac lowered to 110-1200, and 2 run
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was made. After about L0 ml. of product was collected in the cold trap
receiver, explosions occurred even at temperatures as low as 105°. The run
was clc-ased down after 13.25 hours of operation,

The run yielded 46 ml. of bright yellow liquic with black perticles of
free carbon suspended in tue upper portion. This batch was stored in the
receiver and kepl in an ice-water bath for half a day and then distilled.
Separation. The reaction products were expected to include principally ciloral
with some unreacted aldehyde, chloroacetaldehyde, dichloroacetialdehyde, o(, o,
/B»trichlorobutyraldehyde, and carbon tetrachloride. Therefore, the first
separation attempted was a variation of a method recomnended by Zeachell and
“veda (1) for the purification o. chloral. By this method five per cent by
weight of concentrated sulfuric acid is added to the reaction mixture and the
whole is distilled to yield chloral in a state of purity sufficient lor use
in tiie manufacture of D.U.T. For the purposes of this experiment, in order
to remove some of the water that had been added, a large excess of sulfuric
acid was added. When two milliliters of reaction mixture frowm run number
one combined with eight milliliters ol sulfwric acid were distilled, almost
all of the two milliliters distilled over within the narrow rauge 110-120°.
towever, when a larger cuantity, five milliliters, of the came batch of
reaction mixture plus 20 wl. oi sulfuric acid was distilled over, almost all
of the five milliliters was again recovered; but the boilin temperature
varied {ron 115~157o. Approximately the same resulis were obteined when the
mixture of product anc suliuric acid was distilled immediately as when the
oroduct was allowed to stand overnight in sulfuric acid celore distillation.
when 20 ml. of product from run number one was added to 20 wl. ol concentrated

sulfuric acid, allowed to stand overnight and then distilled through a
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three-ball Snyder column, 15 ml. of distillate boiling within the range
104-126" was rocovered. However, wien this 15 ml. of distillaie was added
Lo 15 ml. of sulfuric acid and redistilled, the boilins behavior wass erratic.
sbout 13 ml. of distillate wes recovered; 7.5 ml. distilled over within the
range 102—1100; after this the temperature wenl repidly up to 1!;40, then
droppad to 110°, then ascended again to 150° and higher.

lio separation was effected by this method., In fact, the large percentage
oi recovery in cach case above indicated that even the water was not belng
effectively recmoved; and the erratic results indicated that decomposition
and/or polymerization were taking place. Il was therefore decided to try
phospnoric acia as & milder agent during distillation.

Twenty-iive milliliters of reaction mixture f{rom run rnumber one was
2dded to 20 ml. of 85 per cent phosphoric acid, allowed to stand 16 hours and
then distilled through a three-ball Snyder column, Lifteen milliiliters of
distillate boiled over within the range 104~110° and eight milliliters
within the range 11J-112°. The totsl amount of distillate was 23 ml. The
first fraction of 15 wl. wzs added to 15 ml. of phosphoric acid and redis-
tilled. fourteen milliliters of d:stillate, boiling within the ranpge
lOA-lOéo, was recovered. /s @ check, 40 wl. of r action mixture frou run
number two was submitied to like treatment except that the mixture of product
and phosphoric acid was allowed to stand only one hour. In this case the

results shown in Jable 2 were oblalined.
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Table 2

itesults of Distillation of 4O ml. of Run No. 2 :eaction
Hixture from 85 per cent Phosphoric Acid

Cut Ko. 3oiling-Point Lange Volume of Distillate
(°c.) (1. )
1 $5-100 2
2 101-105 >
3 105-110 8
b 110-115 8
5 115-120 L
6 120-125 5
7 125-127 il
34 Total

Again, no separation wes obtained. However, the results in these last
three distillations, particularly the first and second in which the total
boilins range was 104-112° , seemed significant in indicating that 2 major
portion oi ti:e pmoduct mirht be 2 single low~-boiling compound which distilled
from phosphoric acid in combination with water. It was thought that the
snorter time durinz which the reaction mixture stood in combination with
phnsphoric acid prior to distillation mi_ht account for the presence of
slishtly higher-boiling fractions in the final distillation.

sxperiments with ether exiractions of small amounts of reaction mixture
now revealed the surprisinc fact that wnile ether would extract about 75 per
cent of wntr-ated reaction mivture it wonld oxtract only & ninute nortion of
reaction mixture vhid had been completely neutralized with sodium hdroxide

or sodium bicarbonate. IbL had been evident from the beginnine that the
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reaction mixture was acid, but tnis acidity was attributed to the presence of
hydroren chloride formed during the reaction, However, it wes nowr evident
that a considerable part of tue producls of the reaction wa: orranic acid.
coparation was now attempted by ether extraction of LD wl. of reaction
sixture from run number one. This mixbture was expected to contszin, besides
the chlorinated products, water, calcium chloride, calcium carbonste and
nydrogzen chloride. Twelve milliliters of aagueous residue left from this
extraction was discarded. The ether extract was then neutralized with
sodium hydroxide and the ether leyer was separated and dried over .ricrite.
ihe waler layer was acidified with hydrochloric acid and again extracted with
ether. However, since the volume of water was now sbout 200 ml., ¢nd since
the organic products seemed quite water-soluble, this second extraction was

i

not complete, even though several extractions were made. The cther layer
was now separated and dried over Urierite, and the water layer was discarded.

After drying overnisht the two ether extracts were decanted, and each
was distilled. The ether layer which had been separated from the basic
solution and should have contained the neutral products of t..c reaction
vieldad only one milliliter of Cark-orown liquid. This confirmed our con-
clusion that most of the reaction product: were organic acids. However,
the ether layer which had been separated irom tie acidic solution and which
should have containsd all the organic acids from the reaction yielded only
12 wl. of dark red-browm liquid. Aboubl 15 ml., or half the organic portion
I the reaction mixture, was tims not extracted.

Tike results were obbsined by s similar extraction oi 40 (. of reac-
tion mixture from run nuaber two.

Since so much of the organic portion of the mixture was lost in the

excess of water added in attempting separation in the above extractions,
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the remainder of the reaction umixture from run number two (run number one was
now exhausted) wa: subjected to a simple cther extraction without attempt at
separation. One hundred end fifteen milliliters of the uixiture was extracted
by <75 wl. of ethier in portions varying from 15 to 100 ml. each. :/n agueous
residue of about 30 ml. was discarded. The ether extract wes dried with
crierite overnight, and tiie ethier was distilled to leave 9¢ ul. of dark-

brown liquid which still contained 10-15 ml, of ether. This residue was

stored over Orierite pending its analysis.

tnalysis. OSolubilities were first checked. The reaction :mixture proved to
be soluble in all organic solvents, excepl for turbidity caused by tihe wabter
present, and in water. = white precipitate of calcium salt w s ootained in
both sulfuric acid and phosphoric acid. when completely neuiralized with
sodium vicarbonate or sodium hydroxide the reaction mixture had s sweet,
fruity odor indicative of the presence of an ester.

xtracts of tihe reaction mixtures did not decolorive = rive per cent
yromine solution nor a2 two per cenl polassium permanganate solubion., This
indicated that &1l products of the rcaction were saturated, as was expected.

Since it was thought thal the principal products would be chlorinated
aldehydes, classification tesis were attempted to uee whether this wzs true.
Tests with bobl rehling solulion and denedict solubion gave copious red
precipitates indicating the presence of aldehydes in the reaction wixture,
dowever, no solid was precipitaied when sodium bisulfite wes =2died to a
vater solution of the reaction mixture., Ilso, the resulis of the .chiff
test were uns:tisfactory; in the presence of ihe ruchsin-aldehyde reazent

the reaction mixture ‘ave &« faint purple only after ten minutles.
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Confirmation of the presence ol chlorinated compounds was sought through
various color tests. leatinz 2 few drops of reaction mixture in three milli-
liters of 20 per cent sodiuwa hydroxide covered by a two-millimeter layer of
pyridiae gave & clear vink to deep-red color in the vyridine layer indicating
tite presence of a trichloromethyl compound (23). Similarly, hcating a few
crops of the reaction mixture with phloroglucinol, cooling, snd adding
potassium hydroxide gave & deep red-brown color indicative of lie presence of
& trichloromethyl compound (1i). However, the results were only pariizlly
gested by Pesez (17) in which

succesciul Jor a color reaction oi chloral su;-

L

4

tiue colors yellow-pink, violet, blue, orange-red, violet and red are success-—
ively noticed when chloral iv slowly heated in a solution o suliwic acid,
potassium Uromide and resorcinel anc tnen treated with water and finally
sodium hyuroxide. The only two colors of the series thalt were definitely
dislinguished were tiue initial yellow-pink, anc¢ a faint blue ring «t stage
tiree. It could therelore Le assumed from this test only that some of the
groups present in chlora. might be present in ihe reaction mixture.

soth the tosts for aldehydes and the tests for trichlorowetiyl compounds

thus -ave mixed results, some beins positive and soie negative or dountful,
It was then attaapted to confirm Lhie prosence and identity ol any aldehydes
present by the making of derivatives (3) (2¢).

Prep:ratias of the oxime, semicarbazone, and 2,/ -diniirvopuenylirrdrazone
were altaapted, MNo derivalives were obtaincd iIn any caze. L reaciion was
ouvteined with tue 2,h-dinitropnenyligpdrazine, bul the product did not mellb
mlbloug: 1t was neatea above 3@00.

. 1so, chloral hydrate from Lie storercom was distilled with tihe findings

wd sy ; 2 - " 2 0 - &
ithot: bhe hydrate distilled alons at 90-997, and imacdiatsly recrystallized

in tne condenser and recelver; itne nydrate distilled from an equal amount of
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water at a constant temperature of 97° snd imm-diately recrystallized; and
the hydrate distilled from phosphoric acid at & constant temperziure of
96-‘-70. These observations cast doubt that the products of this reaction
which distilled fro:i phosnhoric acid over the ran:e 95—1270 {sec lable 2)
contained any considerable amount of chloral or the lower-boilin aldehydes
containing less chlorine.

inally preparation of an intermediate of isatin, melting et 1750,
as reported in Organic Cyntheses (16) was twice attempted. The referasnce
stated that chloral by this pmcedure gave #0-91 per cent yield ol the solid
inteamediate; whereas two attempts using a portion of the reaction wixture
as a rcactant vave no yields whatsoever of any solid orzanic coupound.

It was therefore concluded ‘hat chloral or other aldehy es were present
only in trace amounts and formed no considerable body of the products of this
reaction., It was concluded, also, that the trichloramethyl compounds indica-
ted by lhe color tests were compounds other than chloral snd probably consis-
ted principally oi simple chloroform and/or carbon tetraciloricde formed by
tecompositd on o1 reagents and products,

it was at this point ithat experiments with ether extraction revealed
that 2 consideranble portion o the rcaction products were organic acids.
Identification based on this knowl:dpe imuediately proved more fruitful,

Mirsi, some ol the data slrecady obtained werc more readily explained.
Iive fruity, ester-lik: odor ootained on nemntralization of the reaction
mixture with .ase is indicative of tiie nresence of the o-chloroethyl acetate
reported by ~urtz. Also, tle boiling points of li.13-1160 and 119-1210 reported
ior this ester and the report that the ester readily decomposes in water to
yield acetic acid, acetaldsiyde end hyarogen chloride (10) are in line with

accumilated iata.
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In addition, a degree ol correlation could be traced hetween the boiling-
temperature data contained in Table 2, and boilin;-lemperature deta found (22)

for acetic acid-water mixtures (Table 3).

ilable 3

Soiling lemperatures at /tmosprneric Pressure
of /cetic ‘eid-ater iixtures

scetic acid (mole per cent) 30iling Point (° C.)
0.0 100.0
50 100.3

10.0 100.6
20.0 101.3
30.0 102.1
40.0 103.2
50.0 1044
60.0 105.8
70.0 107.5
30.0 110.1
90.0 113.8
95.0 ' 115.4
100.0 118.1

Investigation of the acid products was begun by determining neutraliza-
tion equivalents. The ecuivalent weightis were run on portions ol rsaction

mixtures on which no separation, cxcept the removal of some of Lhe water, had



been attempted. The resulis were as follows: an indicated weight of 127.5
for a portion of run number one distilled rrow sulfuric acldjy 127.5 and
128.8 for portions o: run number one distilled and redistillcd from phos-
phoric acid; 124 and 125 for portions extracted with ether, aiter neutraliza-
tion and subseguent acidilication, {rom run number two. [hese eouivalentis
con{irmed that a high proportion of the reaction mixture was acid. The
weights obteined are high for simple acetic acid (60) but are near an
average of the weights of chloroacetic acid (95), Jdlchlomacetic acid (130),
and trichloroacetic acid (165). ZAlso, i was rnoted that &X-chloroeti vl ace-
tate (123) would yield tm. acids, acetic acid and hydrochloric acid, upon
hydrolysis so that the indicated equivalent weight would be only hsli of

the actual sgquivalent weight. The prosence of any neutral compounds such
as eldehydes, carbon tetrachloride, chloroform, or even water woulc add to
the obcserved equivslent weights. Any dissolved hiydrocnloric acid would
lower the observed equivalent welghts,

Preparation o: derivatives of the acids was now begun. The lirst
d:erivatives were prepared from portions of reaction products extracted with
ether, after neutralization and subsequent acidification, from run number
two. An anilide was obtained which melted at 129-130° after the second
recrystallization. The melting point of the anilide of chloroacetic acid
is listed as 134°. / benzylisothiuronium derivative melted at 146-148°
after the first recrystallization. & mixture of this derivative with Lhe
original rcagent (melting point, 150-151°) melted at 12,-141°, The
corresponding derivative of trichloroacetic acic melts at lh?o. A p-phenyl-
phenacyl bromice derivative melted at 103-104° after the second recrystalli-
zation. 4 mixture of this derivative with the original reagent (melting

point, 125.5%) melted at ©7-101°. ilo definite indications were received



fronm this derivative. The melting poinl ol LLo correspondin: verivative of
acetic acid {1110} is closest b5 tie ouserved selting point; but the nelting
point o the derivative of culorozcetic aci. is 116°. Freparations of

the amide and phenylhydrazide were atrempted withoot succes:z,

At this time preparation oi tiic s thyl esters was atienmpied using 50 wl.
of the ether extract taken {rouw run number two, U nl. of metuyl alcohol, and
3 ml. of concentrated sulfuric acid. ~fter esterificalion .as oconsidered
complete, distillation ol Lie r action mixture was begun. Listiliation began
2t ASO. ihe temperature went rapidly up to 570, and several miililii ors
came over at 5?—590. The distillabte collecled within this range wacs consider-
ed to m.-,- the methyl ester of acelic acid (boilin: point, 3'(.1"’).

ifterwards, tie temperature weat gradually up to '}'OO, and distillation

was stopped for fear the hot sulfuric acid woula decompose Lhe eslers. The
distillate was recombinec with the rosidue rom the distilling: ilask -nd

the whole was neutralized with water and solid sodium carbonate. the water-
insoluble layer which separated at this point was removed and Lhic water layer
was discarded. Only about ten milliliters of ester was recovered. Tuls
maount was distilled and the boiling points recorded at evary 0.2 al. were
plotted. Distillation sesan at 65° and the temperature went quickly up to
125%. 't 125° the temperature curve begane to flatten out and about a third
of the distillate was collected within the range 125-1320. This was consider-
ed to be the methyl ester oi chloroacetic acid (boiling point, 131. 5°).  From
].320 the temperature curve swung up gradually to 142° then &t once dropped
slishtly to 140°. It is possible that this portion of the curve indicated
the presence of tne metnyl ester o1 dicnloroacetic acid (poiling point,
143.0°) s but insufficient distillate was collected to show 2 cefinite plateau

in the temperature curve. —eyond 11.;,20 thie temperature curve wenl sharply up
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to 200°, but only decomposition products were obtained. Illot all tie informa-—
tion desired was obtained from this esterification. It was intended that
esterification should lower znd spread the boiling points of the several
ciilorinated acids so that they could be separated and identified by distilla-
tion. However, a poor choice of esters was made in that only the methyl
ester ol chloroacetic acid is relatively water-insoluble. The wsthyl esters
of both formic acid (possible decomposition product) and acetic acid are
quite water-soluble., These two esters were then lost in the _eutralization
process before the final distillation above was carried out, This explains
why the temperature curve plateau at E?—SQQ noticed in the preliminsry
partial distillation was not noticed in the final distillation.

tiowever, since the supply of reaction products was rucning low, it was
decided to do 2 direct distillation of the lrst 45 ml., of extract I'rom run
number two rather than attempt a different esterification. It as expected
that the chlorinated acids present would cecompose below their boiling points,
which proved to be the case, but valuable information was received concerning

the remainder of the reaction (Table L4).
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Table 4

Infomation from birect Uistillation of a Li-nli. .xtract
of lteaction Products

Cut o, Hoiling Volumne N%s 025 Probable Compound
Lange (ml.) 4 (g./mls)
{2 6.)
1 _38“' 6£} 6 l.35h~0 Boes "!‘t’her; E:U 10315-97
2 90-103 3 1.3960 - -
3 105-112 9 1.3930 1.1169) rcetic acid;
Néi 11,3712
L 112-115 10 1.3800 1.0748) U7 1.049
5 115=164 3 1.4025 1.1704) Chlorinsted acids
) and decomposition
6 165-175 5 1.4416 1.4134) producte,

As cshown in the above table, 20 ml. of this extract, or half of the total
quantity, excluding the first nine milliliters which was mostly ether left
from extraction use, boiled over within the ransze 103-115° and had a refractive
index and density aunroaching that of ascetic acld. Cince zcetic acid is
expected from hydrolysis o boti acetyl chloride and o(-ciloroethyl acetate,
it was not surprisin that it should iorm the principal part of the reaction
mirture after it was accepted that the reaction nroceeded as claimed Hy ‘urtz,

Cut number four from the above distillation, containing the nortion con-
sidered likely to be most nsarly pure acetic acid, was usced to prepare
derivatives. Three derivatives were obtained confirming the presence of

acetic acid (Table 5).
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Table 5

Derivatives of Acetic fcid from Run Number Two

Derivative Melting Point lelting Point in the
Observed (° C.) Literature (° C.)

Anilide 108 =112 11

p-Toluidide 143.5-146 147

p=Sromopnenacyl
ester 2l.5- 83.5 85

This concluded the major part of this work. But, since it was obvious
that the acetyl chlorides must have been the first products formed in both
runs one and two, znd since the acetyl chlorides are lower-boiling than their
corresponding acids and mignt therefore be capsble of separation by simple
distillation, o third run, described on page 1), was made in which water and
marole were not present in the system. It was found impossible to make this
run 2t temperatures above 120° , as compared to the 165-190° for the other
two rune, so Lhat this ran was not sirietly under vapor-phace conditions, and
precisely the same products could not be expected,

The only effort nade at separation or iientification of tre 46 nl. of
products from this last run wes & direct distillation of Lhe reaction nixture,
after it hat stood for eight hours, through an eirtit-ball onyder column, The
boiling~temperature curve was erratic, having & round.: p=ak with its climax
at 36° (13 ml.) =nd then & valley at 72° (20 ml.). Io plateau was found in
thhe temperature curve at 550, tne boiling point ol acetyl cnloride. lowever,
there was & definite but shox--t plateau et 1190 wihica may heve iadicated tie

. . : . L B
presence of some & -~chloroetliyl acetate (boiling -oint, 119-121").



Comhination and rodistillation of the cuts from the first distillation
gave an even wmore erratic curve with four peaks and as neny weli-cefined
valleys. OSince no uefinite stable products were distinguishable, tne reac-

tion mixture from this run was discarded,.



DL JUSSION O dalULES

This work has disclosed the significant Zact that st tamperatures of
165-1800 chlorine snd peraldehyde react to sive ace.yl chloride, chlorimted
acetyl cnlorides, and propzbl; -chl . .sotiyl acetate ratiier then chlorinsted
cldehydes. 411 of lie primery sroducts were subsecuently liydrolrzed to the
corresponding acetic acids by bine weter whicn had Leen placed in this cold-
trap receiver.

Includin; the nethyl esters four derivatives were secured 1o conflirm the
production of zcetic acid; two cerivatives conlirmed that of chlorpacetic acidg
an ester of dichloroacetic acid was possibly obtained; ~nd one derivative was
obtainea for trichloracetic acid.

One plausible explanstion or the course taken by this reaction is that at
the hirh temperatures used direct subsbtitution of a chlorine aton for the
nydrogen atom on the carbonyl srow proceeds more rapidly luan the Lautomerism
to thie enol Torwm which i: reouired before substitution o tue hydro.en atoms
of the methyl group can take place. If this is the czse, use o barium
nydroxide as & cetalyst to promote enolization as suggested by Uonant wnd
Thompson (4) end confirmed by Schreck (24) may yet permit nmduction of
chloral by = vepor-phase chlorination of acetaldehyde.

ilowever, production ol e acetyl chlorides by tihis process uight ve
profitanle if the chlorides could be recovered as such and not hiydrolyzed
to the acids., This would require the élimination of water from Lue system
and bhe experience of this work indicates thel under these conditions
changes must e mac . Lo avoid explosions. Ono sudh change micht “o the

mere roductlon of the flow rates of +he ciilorine, or paraldehyde, or both,
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Other possibilities are tlie introduction o. an inert vas cuch as carbon

dioxide or nitrosen inlo the systean or iLne use o7 celelysts such as

vy
oLl

orous
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