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IN'.1.'t,:m:uc·n or: 

The purpose of this wor ir was to determi 1e whet her t he vapor- phase 

chlorination of acetaldehyde ~~uld give a. practical yield of t r i ci l oroacet

aldehyde (chloral.) . 

It seemed possible t hat direct vapor-phase chlorination o!: the aldehyde 

would give fewer by- products, involve fewer steps, and be more adapt able to a. 

continuous process than t he present convn.ercial. method of producti on of 

chloral "vmich involves chlorina.tion of liquid ethyl alcohol and subs equent 

distillation f rom sulf uric acid. 

This 'W'Ork is an extension oi' t r1 e wor k of .• • ~. '~·aylor , who investigated 

the vapor-phase chlorinati on o/ ethyl alcohol (27) . 
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i:fLS1'0,iY 

Chloral and its water- addition p.t'oduct , cl lora.l hydrate , r.&ve long been 

important for thei r bactericidal, hyponotic, and llnt.ipyretic properties . The 

relatively recent extensive use of chloral as an intermediate for the superi or 

insecticide 1, 1, l-trichloro- 2, 2- bis (£-c.;iloropne11yl) et hane ( i.; . iJ . T. ) has accen

tuated interest in its production. 

~everal methods have been suggested and u eed t ,} some extent. for the 

production of chloral. 'l'he oldest and still t he most important r,1et hod is 

the chlorination of ethyl :.c,lcohol in the licp.id phase. M,, earl y as LJ32 

Liebig (15 ) prepared chloral by chlorination o ~ absolute l:tlcohol. Production 

by this nethod was of com:.::1.ercial importance by 1873 (6), ,md its perfection 

and its adaptation to a continuous p P.J cess have r ama.ined the m.os t f r uitful 

lines of rE,search for manufacturers (12) ( 7). 

Other methods suf£ested more r ecentl y include: (a) treatment of CG.rbon 

tetrachloride with formaldehyde at high pr essures (8), ( o) electrolytic 

reaction of ethyl alcohol and sodium chloride (9) , and (c) chl orination or 

et hylene chl orohydri.~ (28) . 

There ha.s been some controversy relative to the products of chlorination 

of aldehydes . In the earliest work found listed., ,iur tz in 1857 clain1ed that 

the r eaction of chlorin3 ~iith dry acetaldehyde {liquid- phase ) produced a.cetyl 

chlori de and 0(-chloroet hyl acetate and that the aldehyde ~;r oup was attacked 

excl usivel y unless the aldehyde wa; allowed to remain in Fill excess of chlorine, 

in ,-tiich case the methyl group reacted ()0) . 

In 1870 Pinner ru1d Kr aemer began a series of experiments on t he action 

o f chlorine on acetaldehyde under taken cl1iefly in t he hope o f thus obt aining 



3 

chloral and being able to utilize the valuel ess residue f rom the first run

ings obtained in the distillation o.f crude alcohol. In th0 first experiment 

(18 ) (19) chlorine was passed into aldehyde, which was at first carefully 

cooled in a freezing mixture and was heated to 100° c. only at the close of 

t he r eaction. By this reaction 11') chlor al was produced nor did the experi

menters succeed in any case in detecting acetic acid , acetyl c:.l oride or 

C(-chloroethyl acetate. A pr oduct boiling a t 163-165° was i solated \-tliich 

was at first believed to be 11 crotonic chloral" formed by a ldol condensation 

f ollowed by chlorination. Later experiments established tbe f act tha.t the 

product obtained in t h i s experiment was actually d, «",/-trichlorobutyr

aldehyde ( 21) • 

Kraemer repeated t he experiment and could not detect acetyl chloride 

nor tt -chloroethyl acetate a1!10ng the products of the r eaction (13) . 

In a l ater reaction (20) similar to the f irst, except that .moist frag

moots of marbl e were added to t he i'--CP.ta.ldahyde with a view t o eli.rninating t he 

hydrochloric 2.ci d (which had catal yzed the a.ldol condensat ion) as fast as i t 

was formed, Pinn.er .fo1md thnt by reason of t h e presence of water , the gr eater 

:,roportion of the alde.hyde wns o.."rldi ,~ed, but 50 · rams of a..ldehyde y:i.el ded 15 

to 20 grams of sliehtly impure chloral. 

h . ;~ • ... nchu.kina reported in 19L~8 the.t chlorina t ion o .· a cete.ldehytle at 

16-11° proceeds t hr ough a ::.1w..1stance composed 1)f two moles o ~· chl oro&.cekl de-

hyde , one mol a of aceta ldehyde, 1,.md one J•tOl$ of hydrogen chl ori de , i~'hich on 

dis t i l lation dissoci ates and gives tiL chlor oa.cet.sldehyde. :?rolonged c i1l ori

nation at 7J-J0° gi ves mainl,.r ciichloroacetal.dehyde; w.nile a t ~/J - ; '0° c11loral 

forms mainly, up to 50/ , wit,l1 soI:,.e a:. , fX , ;:J - t r i cr1loro1Jutyral dehyde (25 ) . 'Ih e 

t ~ ' 90° . ~ . . t. . . . 1 . . ' . ., . t . tempera ure l"!:.nJ~c 0 .1.. ',.:;-, , Mu.c.,. l. ::· ·, ·, (;;n ion~c(t r or t ·1e n.uner c t ,..L.O:t'1nt, :u)ns, 

s uggests that this ma;y have been a vnrnr-p':.ca~;e reaction i:r simpl e acetaldehyde 



were used. However, since the report mentions t ha,t a definite quantity of 

aldehyde, 44 grams, was chlorinated until no more chlorim~ w.:: s taken up, it 

mus t be assumed, either ths.t a solvent was used tn hold the acetaldehyde in 

a l iq.iid state, or t.lia,t t he aL:etaldehyde w;i.s confined in a pressure vessel. 

In either case t he r eaction would not be a continuous- flow, vapor-phase 

reaction such as has been attempted i.n this work. 



PRELL\UNARY DISCUSSI ON 

The reaction desired and expected in this work was the substi tution of 

chlorine atoms for the hydro gen at/.>ms of the :methyl group of a cetaldehyde 

5 

wi thout touching the hydrogen atom on the carbonyl carbon. A t,o >d discuf' sion 

of the proposed mechanism of this reaction is given by ,,erth e:L'll ( 29) . Wertheim 

states that in reactions w-ith haloe ens the hydro gen atom o f t he alkyl group 

n P_ict ti:> t he carbonyl is replaced by htdogen a tom. This rep lacE>.ment of hydrogen 

atoms of a ..; etaldehyde by halogen atoms is a rapid reaction even a.t room temper

ature. An explanation of t his may be found in the tautomeric structur es possi

bl e tc, co mpounds which have a hydro gen awm on the carbon a tom joined t o the 

car bonyl group. These two f orms for acetaldehyd e ar e shown b elow: 

H H 
CH.3 - c=o ¢ CH2= C- OH 

Isomer 1 Isomer 2 (Vinyl alcohol). 

It seems probable that t he enol form of acetaldehyde takes par t in the 

reaction with chlorine as follows: 

H H H 
H2c = c - OH + Cl2 --,. Cl CH2 - c-dH ~ HCl ~ Cl CH2 - C= O m-

Chloroacetaldehyde 

H E H 
Cl CH2 - C= O ¢ c1c= c - OH 

H H H li H H 
ClC ==c - OH + Cl2 ~ Cl2C f C gH -+ HCl t- Cl')C - c= o 

Cl ' 
Dichloro8.c etal dehyde 

Another repetition of t he above type of r eacti on ~JOuld l ead to the producti on 

of t r i chloroacetaldehyde or ci'1l ora l. 
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Although discovered early in t he study o f Pinner's work, not ;:nuch 

credence was given at f irst to ,iurtz' s claim that s.cetyl :.hloride .:,:nd 

o<. -chloroethyl acetate ware f'onned by ci1lorination of acetaldehyd.e . H.ore 

credence was 6'iven to Pinner 1 s claim the.t the for mation nf hydrogoo chloride 

caused aldol condensation to col!lpete with simpl e chlorination. It \r,as there

fore decided t o place water and :;1ar'bl e chips in t he apparatus , as l' inner had 

do1e, to oppose this tendency. 

'Yne princip.;1.l products expected. f rom the r eactian, wer e then: 

Chl oroacetaldehyde, dichloroacetaldehyde, chloral, c;(. , d , J' - trichlorobutyr

aldehyde, and some carbon tetrachlor i de, chloroform, z,,nd aldeh;ytie2 f r mn decom

posit ion of p1,uducts. 

In t his work i t was f irst at t empted t-.? use acetaldehyde (boiling point, 

21°) by allowi ng it to ,;apori ze at room tE1nperatuj:e and pass t hrough a t~as 

f l owmeter :in t he same manner as th . chl ~)ri ne g~::1 . :~uch difficult~ w1:1s 

experienced in finding a n(Jfrmeter l i ~:ruia. in i,1hich acetr:i ldehyde ,·ms i n solub le. 

It was fom1d firu:-l ly t h a t lo,..;- vis cosity s:LlJ.cone oil dict int di ss olve an 

ppreciaol'<; amount .< f! cet0l ,..; ehy<i.e. • h"1 short runs were a ctually r.J.ad~? in 

cl:lo.dce for1nEKi in t he r eaction eventu~:lly backed up in t,1Y?- system and cau;sed 

t..:1e polymerization of t he acetaldehy<le, proba0l y to paralc~ehyde (ooil i.ng 

point , 124 °) , which conder1sed at rooi.YJ. temperatur e and filleci t,he a rms of the 

f l mitu.-::ter. Also , it wa:::; f'ound d..1.. O:';'lcult 1.,0 control. t Le no\v o:..' c1cec.11l d ehyde 

vapo :·~ .. from the bottle, a~ L:m Liqu.i.d r.lde11,7ch" cooled upon oo:ilinc;. , .. ince 



in t he f'o:nn of pat:'aldehyde. The r a t e of flow 111as measur ed usin r_ l.iqu.id 

para.ldehyde, whicl1 was later vapori zed in contact with chlortne in t,he 

reaction chamber. 
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I t was decided to do the chlorinations w:i.. th a chlorine-to-ac eta1deh,yde 

:ratio s lig..ritl y in excess of t ne theoretical ratio of three t o one required 

f or t he production of chl oral, a.nd at t he higlwst temperatures c>nd flow r ates 

( ,-..<ith in the limits o f the equipment used) at ·which the r 1;action woul d proceed 

withou t explosion oi' t he r ,_: acti.on mixture. It was th...,ught that t he hi gher 

temperatures :night favor complete Cill.orination in competl tion with t he rever

s ible aldol condensation. 



hpoara.tus . 'l'he apparatus used in t he experiment, which i;.; sho\..,r, diagra:mati

cally i n t ne accompanying figure , coooisted 0 .1. i'ive i'l.mctional assemblies : 

( a ) t i1e chlorina gas supply and f lowneter, (b ) the pltr8ldehyde su pPly md 

meterin.~ device , (c ) t he 111.ixins vtmt,uri and heated r eactio n chamber, Ci ) the 

receiver f or the f inal products, and (e) a wash tower fo r disposal of gases . 

" small ·tank ( 5 l ,}. net weight) of comu:ercial-gr ade chl orine wa. ::-: used . 

'l'he f low of t he chlorine was r egulated by m,:;an"' o ~· t he t ank valve. 'i':'1e f'low 

rate ,:>f ch lorine was measured by allowing i t. to pass t hrough a calibt·e.ted 

f l o,;Leter oi' the type developed by 1enton ( 2) . Conc entrated su ,furic acid , 

1rnich , for bet 1.,er vis i bilit y , had been £?-Ven PL o~·tm:3e- r ea color by t !1e 

addition o i" a 2m;; l l a.mount of f'.olict ;Jhen ,:>h ,ht ; alei n , was \ s ed f or -Lhe i' l ow

:netei· l i quid. / rom t rtc 11.o"''Jilet er t he chlorine passed t nr ouz,,h H zmel l t r ap, 

tJllich during t he experiment contained a f aw drops of water ..:,nd s everal cbips 

o.f mer bl e t o f orestall cl back f lo L·t o.f i1ydro600 (.!h.loride gn t :-:r od1..teed by the 

r ee.ction . 'i'hen t he chlorine passed i a to t he :.:t1l ,::>rine - par"il u e i1yde :,d.xing 

venturi . 

L. : • .:-> .- ,~rads pnr a l :.iehyde wru: use(i . l'Jm s upply ·:.,1' :µ;;raluehyde w.:: s drawn 

f r o t:1 a 100- :.,;l. volumetric fla s ;: inverted and sw.spended i n t.;::e enl ;-,r ged open 

end ~)f a. U- tu;.:,e containiru.!, p8.raldehyue s r.:; t.n,,t ::: cons t.,mt level -, t" :;a ral dehyde 

i>.'as maintained at t he l 2vel 0 1 :.,J-ie :1,out ri o f ;..he f lasv . ·i.'rie 1,m;joint ,-Jd arm o f a 

::;wal ler U- tube was supported in t n e o ther a r m ol' t.he la~i: e ,l- Lu .,e by c'J. sect ion 

of cork, which hel d t he .i.ffi"J.ler tu.'Je tmd r ested on t he e:l :~e m: Ltl e l ar :Ser <)ne 

:mt l eft t.he l atter op e:n i:,,.i ; . buosDhe-'·i c pr essure . 'l't:.c i.::rc.a l l~r . - t u'.'.> e consisted 

) t' ;, b ent lengt h 0 1 one- 111i llli!,et0r- Ltside-"..L : .. 1tieter ,:1:,.p:i.llarv l~ttn1.~ , i."i d1 a 
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95-;nm. length of i'L1c ::;c::,pillar-y Lube ( ,·roi~, n bro!<:01 butted 

'l'.he t h e:rr.:1ometer section of Lhe .;a:pillnr y !'.- tube was ,~ eutored ,. cl held by 

i .rron tubL ig i n one hal f e . . rv:ind- gl ass spte.ricd joint ·,:rdch connected into 

t:1e ·.:iain ap~)uratus . 1\ .e pai·aldehyde Wc, G syphoned through Uk t hermom.eter 

c~.pil ltir<J end f lowed thr,mgii a ::,hort 11:mgt h of tubinc into tiw i,; i.xL •./ venturi • 

. .ui the n:Lu.n.; ·.· enturi (11) the cLl ori ne inlet tube w·as d r,um t o a c.: .. p-

;·,:ntu.d. 1".,e purpose oi' i..l:c ·lenturi t,t.s to i1wure thorouc,h r.t:lxl:-:f'. elf' tbe 

cblorin.:1 anc:. .:lldehY"Je vapor~1 i)efore they were introduced i.n t 0 the r ac tion 

sw1stitated for l ow-i.•oilinr; a-::etaldahyde in t l,e experiment . 

The r eaction cLmber consisted of three cc)tic:entric .::. l atm tubus , each 

:;.'orty centimeter s ) n lent:t h .:Jll ,.: 1r:i. th interrwl d:i .. runeters of t;.-Jc,.~ ty- n .. ve ~ 

were s eal ed 'With a !)<'• s te .. ;:ada by s oaki ri.·. ,;1.s bestot- paper 1n 111ate. ·• :. ti1ermo-

coupl e well was lo;.:a ted in t he c ~mter of t h H ln1 ,er.most tu i.m . rt no..i.se<l a 

j unction of .:,,1,.J t.hermocoaple 
0 

,m. < ept at. e con::;tant Lemoeratu,·e of J ,· . ln a 



• 

d 

./ 

a 

D, 
a. chl·~rine tftllk, b. flowmeter, c. trap, d • . paraldehyde feeding device, e. bent glass rod supports, 
r. mixing venturi, g. reaction tube, h. thel'IIOoouple well, 1. wire wound heating tube, J. air Jacket, 
k. hot Junction of the thel'IIOco~ple, 1. cold juncticm, m. to the pyrometer, n. receiver, o. air vent, 
p. water inlet, r. water outlet, s. wash . tower, t. to the powers~t. 

Chlorinating Apparatu• 

~ 
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kept · t ;,, constant temperatur·e of ,y-· • .,,,; 

products were cond ens ed ·i.n 1.:w r ,,e.,1i ve1· . 

.ater wa~: a llowe~~ to t.ric;-:le i nto 

/\ll joints in trre system -war e grounci.- gl nss spherical or s tax a.rd- taper 

connectione , w'ith t he exceptions ol'; the connectiorn: between 1.;,i1e (;i,lori ne 

tank and t ho f lo meter, t he conn ections for the c ,:pil l ary tu )e ) l aced in the 

f lowmeter , c:md t he conn ection i'or t !1e tl:iermo .eteI' t u:_;e and ,,p.wrL:d ;joint 

used f or the r-; e connecti ons . 

'l'ne c.hlori.ne nowmot er wa s cal i brated ( '~'&bl 1 1) 'by Ud~ of 8 :~as bure·(; 

a.ssembl ed f rom t i«> 500- rnl . buret s :md pat terned after one descri i.J ed 'uy ""aniels 

et al (5) . 

* 

fa.bl e 1 

~ali r)ration Data i'or t he Chlorine ?lowr11etar 

Height of Flowmeter Xead 
(inches) 

2.0 

J .7 

5. 7 

11.0 

11.7 

h.a te of' f low of Chlor ine 
~liters/hour l 

L . '/5 

2. 90 

6. 26 

?. 60 

7. J2 

This point was r ead. f rom t he gr aph prepared, not a.c tuall;y- measured . 



bottom oi' t.lie thermometer ,)apill·;ry ::T1L, t :-,.s sur f ace of t :1r.:, liquid at the mout h 

o i' t he volumetric flask (by zl ini.ng t ·, ,, cork a lon · I.L e sypnon tu:.;e) to give 

the r e quir ed drop time . It Wl:L CB1cula ted. , b v UGe of Le per f ect i:Z. l:ls 111.w, 

vapors at room temperat.ur·e and p r e s ;;:u n! . ,.)nc d.r op of ;-xu ·a.ldehyci." :'Ll l i ng 

every 2.lh 4 seconds ,:., elivere<l t .1is amount o pa1·,,J .J eh;7de per liour-. 

b,1 heat.in. t.ne hot Junction ,.ii l,he t. .~erni.oco ;,p e in an oil ba t .• 1,;,i l v tiw cold 

junction ,tas k ept at ti. cons i.ant temperat ure oL o ·J " • by iilll:.crsi on in an ice··· 

1.'ll:lter bath . I t was f ounJ t nat eacu one-t.: egrci s.: rise l.n tr1e t.en1;11;;r at:1.re ,;;~· tne 

oil bati'1 ;!,ave a three-degre e rise ii1 the pyrom.eter r eading . 

Calorinati on :/ rocedure . Thre e lli.f:f er ent r un ~, , ::ac.ll U1lf1er d Lffe 1·en-t conditions , 

were made . 'l'he f irst run i s described in c:i etail , wnile o!l.ly t t1e ch an.::;es in 

condition s are pointed out .r :i r tr1e o i.,her t w,) . 

1"or t '.:;e }·trst run the apparatus -,,as ass ewbl cd ar; shm~n i n tiie diagram. 

. few ch i ps of rn. .. vble ti.nd s everal drops o .;· water w,:re pl aced in the small 

t.ra.p etw~,en t 11E1 cl,lorine flo'll<.meter· and t,He nd.xing vent u.ri. '11-.e t ;;..p was 

opened s o thd a ,"':.tfi l l strea.'11 o:. water t r1cid ed t hrough t he ,rash tmrnr . The 

t erminal of t r:e hot junction oi.' t he t.herw..ocouple was inserted i n t he well to 

the ;,1iti- point o _f the rt,actior. chwJJ..Oeq the cold. j unction h~·s pla.ced i n an 

i:;uostitute cold- trap rec ei ver con tain-

ing chi ps of' ;11srbl u 2nd 10 ml. . oi ~1<:J. t er wo.s s et in pl a ce . ':he r eceive r a l so 

wa s b ~,ersed in an ice- water 1r.ix:ture . ·1he para l dehya e was ::,.~· phoned over, and 

the hoa.ci wa s rui jm,tP- <~, to l'iel i ve r one d rop or ,)tv abehyde eYery t hi r ty- t hr ee 
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seconds , equivalent to one and one-half liters of acetaldehyde vnpo:,·:;, 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 

a chlorine-to-aldehyde ratio of five to one. I t was not i ntended tha t s uch a 

large excess should be used but an error i n calibration of t he ch lorine f low

meter, m ich was l ater corrected, led to use of the rat i o in this one run. 

The parald ehyde and chlorine were allaw-ed to flow through the S'!Jstem 

wit ho ut heating for about fifteen minutes to displace air f r om t he system. 

After f ifteen minutes the :Powerstat used to heat t.rie wire coil wa s turned up 

gr adually so that the r e action chamber was heated t o 110° within a period of 

f orty - f ive minutes. After the tenperature r eached 110° the substiiu~ r eceiver 

was r eplaced with a clean receiver containing chips of marbl e and 10 ml . of 

wat er . The r saction chamb er ,·ms t hen heated to 175° during t he cou r se of an 

hour . During t he r emainder of t ne run the rat e of flow o f t he reactants was 

held constant, and t he t anp erature was k ept between 165- 100°. The r ecei ver 

was r eplaced once more duri.n,~ the run wi t h n cl ean r e ceiv er containine marble 

chips and 10 ml . of water. The run wa ,; closed dolt!l after 53 . 25 hours of 

continuous ope~~ati ,n. The r eaction went smoothly the entire time, wit h no 

explosions or incidents a.f any kind . 

'l'he run yielded approximately 100 m.l. of bright yellow liquid , i ncluding 

,-rater . Only one liqui d phase wa n ob s erv ed . Nor e marbl e and an add itional 

10 ml. of wat er were added t.? t he combi ned portions , i-Jhic h were kept in an 

open t est t ub e in an ice- i:ater m.ixtur e for s everal days , and finally in an 

open test tube at room tanperature . .:JJ.ssolved hyuroeen ct, lor i de , and 

pos sibly other consti .. tu8J:rt s , r (;;act.eu v· .. r;orousl y ,·1ith t he marble tn, Li .. :rst 

.' ... nd !.'l ever c eased entil·el y to reac t . Tho liciui d proc..1.J.ct. b eca.me FJ .mo s t 



colorless upon standing and t hen r:radually assumed a pale or ange-brown tint 

and syrupy consistency . 

The second run was similar to i..he first except t hat t he flow rate of 

paral dehytle 1·r.!cis adjus ted to one drop every 2L:. .1,. seconds equival ent. to t wo 

liters of a ceta ldehyde vapors per h~-,ur, while t he now rate ·f chlorine was 

adj us ted to g;i.vo a head :J f e. ; inches , eq:lival en t b 6 . 26 llters of chlorine 

ga s per '.10ur. Thi:.; co nstituted a c hlorine-to-aldehyde ratio oi' J . 13 t o one • 

. ecei ·, ers were e:xchanged s everal tim(:;s and each new rec1:;iver contain,~ m.c1rble 

cr,ips and 10 ml . o f ·,,rater. The run wa:; closed down af ter J l;. 25 h"urs 1:·t i t hout 

incitiant . 

The run yiel ded 200 ral. o, bright yellow liquid , i ncludin;;. W8.ter, wll.i.ch 

was treated like t ho bat ch from t he first run. This liquid likewise reacted 

wi t h marble an d became almost colorless and finally ,Ia:cken ed and becai"!le syrupy 

upon stf:.nding. Howevar, this batch, r esultinf, from a run usino.; a lower 

chlorine- to-al dehyde r a t io , darkened more u ian the f irst and af ter a week 

as sumed a dark-brown color . 

'l'he, t hird run was intended to '!:)e pr ecis ely like the s econd except t hat, 

f a- ;_, he pur pos es o f eff ectin. easier sept.ration anc. aru1clys i s of t he products, 

wat er and :marbl e wer e to be eliminated both ;:'rom the small trap preceding 

t te ,.nl:x:int -.rent uri a nd f ror:-. the cold- trap rec.:.iiver .. 

How~1er, it w;.~ s found thlit 1·J:i.t hout t he 'rtater a...'1d marble , explosions 

occurred i n t.h e r eaction cluunber a t any temperature above 1.25°. The equip

ment was dismantled and cl,_,ancd , reass $ bl ed and checked for l ealdng j oints . 

Then , t he run was tried again 11;i't,h t he swn, r esults . ,; compromise was t han 

tried in which a f ew chips of mar bl0 v.nrl s <c:· veral drops of water wer e plac ed 

only in t he small tra :, preceding t he ;.d.x:in:: V' S" .. nturi . 'Ihe ex:plosion:} still 

occurred at 125°. 0 r'i.ntll_y t .;ie terapera t· Y' e wan lo fiered t o 110- 120 , and a run 



was made. After about 40 ml. of product was collected in t he cold trap 

0 receiver, explosions occurr·ed even at t emper a t ur es a s low a s 105 . The r un 

wa s closed down after 13 . 25 hours of' operation. 

The run yielded 46 ml. of br ight yellow liqui 0. v.Jit h bl ack por ticL ,s of 

free carbon sus pended in the upper portion. This batch was stored in the 

receiver and kept in an ice- water bath f or half a day and t hen distilled. 
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Separation. 'l'he reaction products were expected to include pri.ncipaJ ly c :·1l oral 

with some unreacted aldehyde, chloroacetaldehyde , dichloro a cet aldehyde, ex, o<., 

/-trichlorobutyraldehyde, and carbon tetrachloride. Therefore , t he f irst 

s eparation attempted was a VclI'iation of a met hod r ecommended by 3eachell and 

'..,veda (1) for t he purification o :..· chloral. By this met hod five per cent by 

weight of concentrated sulfuric acid i s added t o the r eaction mi x ture and the 

whole i s distilled to yield chloral i n a s tate o f purity suff icient f or us e 

in t i1 e manufacture of D. D. T. For t he purpos es of' thi s experiment, in order 

to remove some of t he water t hat had b een added, a l arge excess o f sulfuric 

acid wa s add ed . When two milliliter s of r eaction mi..'Cture f rom. run number 

one comb ined with ei ght mil l i liters of s ulfuric a.c:i.d were distilled, al most 

all o f t he two milliliters d istilled over within the naITow :range 110-120°. 

Howevei:· , when a larger quantity, fi ve milliliters , of t he s ame batci:1 of 

r eaction mixture pl us 20 ,al. of sulfuri c acid Waf~ dis tilled over, a lmost all 

o f t he f ive mill i liters was a e;ain recov ered; ::>ut the boil i :r1;; tauperat ure 

0 
vari ed f ro m 115- 157 • Approxima tel y th e same r e sul ts were ob t e.in ed when the 

mixture of product and sulf uric.: a cid was distilled irrun<":dia tel y- ,,s when the 

product wa:] allowed to stand overni gh t i n suli'uric aci d ..:1 ei.'ore d i s til lation. 

,~hen 20 ml . of product from run number one was added to 20 ffLl . of conc entra ted 

sulfuric a cid , allowed t o s t.,n d ov ernight and then disti lled t.hr ough a 
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three-ball Snyder column, 1 5 of distillate boilinc within t.he range 

0 
104-126 was r ocover ed. However , i11hen this 15 ml. of di still.a. te was added 

t o 15 ml. of sulfuric acid and redistilled, the ro il.inf behavior was erratic. 

About 13 ml. of d i stillate was r ecovered; 7. 5 ml . distilled over within the 

range 102-110°; af ter this t he temperature we.11t rapidl y up t o 144 °, then 

dropped to 110° , then ascended a gain to 150° and higher. 

No s eparation was effected by this method. In fact, t he l a r ge r,ercmtaee 

of recovery in onch. case above indica.ted that eve.11 t he water was not b eing 

eff ectivel y removed; and the erratic results indicated t hat decomposition 

and/or polymerization were t aking pl ace . It was t herefore decided to try 

phosphoric ac i d as a milder a gent during distillation. 

Twenty- f ive milliliters of r eaction mixture f r om run number one was 

added to 20 ml. of 85 per c ent phosphoric a cid , allowed to stand 16 hours and 

then distilled through a t hree-ball Snyder column. l ifteen milliliters of 

distillate boiled over 1rJi thin the range 104-110° a.."li eig..11t millil iters 

·within t he rc!J1Ge llU-112°. The total a.'llount, o.f d.is t illat.e ·was 23 ml. The 

first fraction of 15 ml . was a dded to 15 ml. of phosphoric acid and r edis

tilled . .fo urteen milliliter s oi' d'._stillate, boiling within t he r anee 

0 
104-106 , -ww recovered . i~s c: check, 40 ml . o f r action mixture f ro;ri run 

number t wo wa.?, submitted to like treatment except tha"t t he mi.-v.:ture of product 

and phosphoric acid was allowed to stand only one hour. In this cas e the 

r esults shown i n 't abl e 2 wer e obtained. 



Table 2 

Ilesults of Distillation of 40 ml. ::,f Run No. 2 .i :eaction 
Hixture from 85 per cent Phosphoric Acid 

Cut No. Boiling-Point 1-l.ange Volume of Distillate 
(° C.) (ml.) 

1 95-100 2 

2 101-105 5 

3 105-110 8 

4 110-115 8 

5 115-120 4 

6 120-125 5 

7 125-127 2 
34 Total 
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Again, no separation wi,,s obtained. However, the r esults in these last 

three distillations, particularly the f irst and s econd in which the total 

0 boiling ranee was 104-112 , seemed significant in i ndicating that a. major 

portion of t Le· product mieht he a s ing le low-boiling compound 1,;hich distilled 

f rom phosphoric acid i n combination ,dth water. It was t hought that t he 

shorter time durinr; which t he r eaction mixture s tood in combination idth 

phosphoric acid prior to distil l.a tion rai6ht account for the presence of 

s lightl 1r hi gher-boilinr: fractions i n the final didillation. 

i :xper:iJnents with e t her e~'Ctract ions of small amounts of r eaction mixture 

no'i1 r evea l ed t he surpris i:n,::: fact thP,t while ether ,-ould extract B.bout 75 per 

::mt o: ·unt r "'a t cd r eaction mi::d,ure i t v-1::mld ?:h.-tract only a minute :,ortion of 

r eaction m.i.xt ure ,-t1i::..~ had been completely neutralized wit h rodi um hyd roxide 

or sodium bicarbonate. It had been ev"lden t f rorn the beginninp; th<1.t, the 
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reaction mixture was acid, but this a cidity was attributed t o the presence of 

hydrogen chlori de formed during the r eaction . However , it 1.-ms now ev idmt 

that a considera:11e part of t i·,e products ,,f the reaction WM, ort:anic ac:i.d . 

'.:ioparation was now att anpted by ether extraction of 40 fol. of reaction 

mix.tu.re f rom run number one. This mixture "\·ms expected t o cont1:1in, b esid es 

the chlorinated products , water, calcitun. chloride, calcium c::i.rbonate and 

hydro /i:€!"1 chloride. Twel ve milliliters of aqueous r esidue l eft from t his 

extraction was discarded . The ether extract wns then neut r·alized wlth 

sodium hydroxide and the etrier layer was sepa rated a."'1.d dri~,d over :. ri erite. 

'J.be wat er layer was acidified with hydrochloric a cid and r1gair'! extra.cted w:i th 

e ther . However, since th e volume o r water wa.s now about 200 l'.11., i"nd since 

the oreanic products seen1ed quite water-solubl e , this second e,'Ctractlan was 

not complete, ev e.'1. though several extractions were made . The •-1 t her layer 

was now s eparated and dried over Drierite, and t he wat er 12.yer was dh;carded. 

After drying overnight the two ether extracts were decanted , axld each 

was distilled. The ethe:r- l a;rer -,,.,hich had been separated from the basic 

solution and should have contained the neutral products of ti, (; r eaction 

yiel ded only one milliliter of -.: a rk- 's)rown liquid. 111is con.firmed 01u- con

clusion that most of the reaction product::' were orga.11ic acids . However , 

t he ether l ayer 1:bich had been separated i'rorn the a.cidic solut.ion and which 

shoul d have contained all the organic acids from the r eaction yiel ded only 

12 :.ul . of dark red- i'J ro ':m liquid . ;il.JO n t 15 ml., or half Lhe ort~anic po r tion 

of the reaction mixture , wnr; thus not extracted. 

Like results were o;)k,ined by a ;similar c>..xtraction of 40 n l. of reac-

tion mixtur e f rom run number two . 

Since so much of t h e organic portion of the mixture Wfts lost in the 

excess of water added i n a tter.'lptL1,';': ~eparntion in the above extractions , 
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the remainder of the r eacti on mixture f rom run nu.'Ilber t wo (run number one was 

now exhausted) wa::; sub jected. t o a simple e ther ro..-traction without a t te:r.:ipt a t 

s eparation. One hundred and fifteen r.rl.lliliters 'Jf Ll1e mix.tu.re was extracted 

by 2.75 !iil. of ether i n porti ons varyine f rom 15 to 100 r.11. each . f ,.n aqueous 

r esidue of a.bout 30 ml. was disca rded . T'.ne e ther extract ,·.a'..:: dri ed vd.th 

L'rierite overnigh t, and t he ether was distilled t o l eave 92, ;;J.l . o f dark

brown l iquid which still m nta:ined 10- 15 ml. of ether. This r esi due ·t:a.s 

stored over J r i erite p en.cling its analysis . 

J;.naJ,ysis. Solubilities were first checked. The r eaction 1n.:;._'Ctur e proved to 

be soluble i n all organic solv ents, except for turbidit y caused by t he water 

present , and in water. .i'. ·wh ite precipitate of calcium salt w;_ s obtm.ned in 

both sulfuric acid and phosphor ic a cid. ,Jhen completely neu ·· r a l becl with 

sodium bicarbonate or sodium hydrox.i.de t he :r-e action mixture had · a sweet, 

f ruity odor indicative of t he presence of an ester • 

.,_;_x:t racts of t i1e r eaction JIJ.ixtures did not decolorize 0. f ive per cent 

) rorn.ine ro l.ution nor a t-wo per cent potassium. permanganate solution. 'l'his 

indic ated that &.11 products of the r eaction were saturated, a s was expected. 

Since it was thoug.11t t hat. the principal pr oducts 'WOUld be chl orinated 

nl d 121hydes, cl assif ication tests were a ttempted to ~:ee vinether thi s W.S c": true. 

'Iest s wi. th both ?ehling sol uti on and Jen edict sol ution gave c·)pious r ed 

precipi i:.,ates indicatint: t he presence of aldehydes in t he r eaction mixture. 

Ho·,1ever, no sol id was pr ecipitated 1\lhen s odium bisulfi te i·m'.s a dti ~d t o a 

-,rater oo luti on of th e r ea.cti,m :w l.xt ure. .U so , the r f:,su l ts of t he ,. chiff 

t.es t were uns; tisfactor y ; in the presence ·) i' Lh c. .fuchsin- al dehyde r ea0ent 

the r eact ion mixture ;' ave a f aint purpl e only after ten minut es . 
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Confirmation of the pr esence o : chlorinated compounds wa2 so1;.@t t hrough 

various color tests. Heating a few drnps of reaction mixture i n three: milli

liters of 20 per cent ~-Odium hyd roxide covered by a two-raillilneter layer of 

pyr.l.dinu r,ave a clear pi nk to deep- red color in the :_1yridine lf'.yer indi c ating 

tlie pre ... ence of a trichloromet.h.yl compound ( 23 ) . Similarly , he ating a few 

;..:.rops of t he r eaction mixture 1d th phloroglucinol, coolin g, , ., - . 
Ell a. aaning 

potassium hydroxide gave .. 1 dee p red-brown color indic ative of t Le pr esence of 

h t ricL.loromethyl compound (l i,. ) . However, the result s were only partially 

succes d 'ul .:or a color reaction of ch loral su t gested by Pese z (17) in which 

ti .. e colors yellow-pink, violet, blue, orange-red, vi olet and red are success

ively noticed when chloral L . slowl y heated in a solution ::>: sulfur ic acid , 

potass ium uromide and r e sorcinol an:i t h en t r eated wi.th wa t er and .finnlly 

sodium hytiroxide . The only t:.wo colo:::-s oi' the seri es thnt were definitel y 

distinguished wer e t ne initial yel101\·- pink, ancl a f aint bl ue ring ;;,t s taee 

three. I t could c-heref or e l.> e ussumed from this t est only that oome of the 

grX>ups prese:i. t i n chlora.'.. m.i{_;ht b e present in the r ~iaction mixture • 

.3o t11 t i1e t ,,sts fo r aldehyde s and the t c-3sts .for trichl orou.r,t l,fl compounds 

thus ;::ave mixed results , some beinz positive and soiue ne eati ve or doubtful. 

It was Lhen Htta11pted to conf irm the pr'c:saic e and i dentity o _;_· any ,d dehydes 

t . ,, ·-1~· ' d . t· (3\, ( 21 ) . presen oy u1e m.GU\.ing o 1.· e1·1va J.Ves o 

i'rep::ratims o f th e ox::ime, semi carbazone , and 2 , i+- d.init rop1.le:,sl h;{dr azone 

wer e a -:_ ta:n.pted. No z:eriva t i ves were o·.)tain~;d in a:ny case . A r eac tion was 

o .:.d~.::.d.ned with t '.1e 2 , h- cli:ni t r'.)phenyl hydruzi ne , but the p:r·o ,:llct di t 11ot melt 

' · ' .. · t .. t · · ".~-.0 c:,J.t. .wu::;:: 1. ·was Hea eCi abov e j w • 

' lso, chloral hydrat e f roia Ure 1~ tor er oom was dis t.i.llec: with tiw f indings 

t hwt: the hydr ate distilled almk· 3. t 9'' 99° t,- ' and immc.::dia t sl f recrystallized 

i n the rondens er and r eceiver; thr: hydratr3 dtsti.lled from an e qua l anount of 



water at a constant trnn.perature of r f r,nd imm•:di atel y r ecrystallized; and 

t t e hydrate distilled f rom phosphoric acid. at a canstant tenperature of 

0 
96- '; 7 . These observations cast doubt t hat the pro ducts o f this r eaction 

wbich distilled f ro:£1 phos;)horic acid over the ran:;e 95-127° (s ee ': 'ab l e 2 ) 

contained any considerable a mount of chloral or t he lower- boilin;- al dehydes 

co;-1taining l ess chlorine . 

.?t nally preparation o f an i ntermediate cf isa.ti."1, melting at 175°, 
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as r eported in Orga."lic 3ynt h eses (16 ) was twice attanptad. The r efer ence 

stated t hat chloral by th.ls pro cedure gave 1:.U-91 per cent yiel<l of the solid 

inter mediate ; wher,eas two attempts using a por tion of the r eacti on r:rl..xture 

as a r r,actant P.",ave no y5 elds whatso evs r of any solid or ganic cmnpound . 

I t was t heref or e concl uded t hat chloral or other aldehyri. es W:ir e pr esent 

only in trace smmmts and formed no considerabl e b:>dy of the pro ducts of this 

reactfon. It was a> ncluded , al s o, that the trichlora.'llethyl compounds indica

t ed by the color tests were compounds other th2n chloral and probabl y consis

ted principnlly of simple chl orof orm and/or carbon tetrachlor i de formed by 

decorn.positi on o r res.gm ts and products. 

I t was at t his point t.hat experi ments 1:tlth e ther extraction rev ea l ed 

t h a t e.. oonsiderabl e porti on or t h e r Gacti on pro<luctG we:c.?, OJ~eani c acids . 

I dent ification based on t h.is knowJ...,dr,e :imrrtediatel.y proved more f rui t ful. 

Fi r s t , some o.'...' the dat a already obtained were more r eadily expl a ined. 

The f ruity , ester -lik 2 odor obt a ined on neutr alization o.i' t h e reaction 

;nixture wl tl1 '.,ase is indicative o.f t l· e 9resence :)f t he Ol - chl oroethyl a c etate 

reported by durtz . Also , t.he boiling points of 113- 116 ° ;:nd 119-121 ° reported 

i' )r this ester and the report t hat the ester r eadily decompos es i n -:-..rater to 

yield acetlc acid, a ce t aldehyde am hydr ogen chlor i de (10) ar e i n line wi. t h 

a ccumulated ,ia ta. 
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In ao.dition, a degr ee of correlat i on coul 1 be t r aced ;Jet wGen the boiling

temperature data contained in Tabl e 2, and boiling- Lemper ature da ta f ound (22) 

f or a cetic acid- water mixtures ( Tabl e J) . 

Table 3 

Boiling Temperat ures at Atmospheric Pres sur e 
of i' cetic :.cid- :. ,a t er 1d.x:tur es 

.. 'i cetic acid (molB per cent) 

o.o 

5. 0 

10. 0 

20 .0 

30. 0 

40.0 

50.0 

60.o 

70 .0 

[-30 .0 

90 . 0 

95 .0 

100.0 

3oiling ?oint ( 0 c.) 

100 . 0 

100.3 

100 . 6 

101. 3 

102.1 

103 . 2 

104. 4 

105. 8 

107.5 

110.l 

llJ. 8 

115.4 

118.1 

Investi gation of t he aci d products was ber;un by det er mi ni ng neutrnli ::a

t ion equivalen ts . 'l'he e quivalent weights were r un on portions of re,action 

mixtures on whi ch no s eparation, except the r emoval of' s ome o:f: t !ie wat er, had 



been a t tanpted. 'l'ho r esults were as follous : nn i ndicated Hei gh t of 127. 5 

f or a portion of run number one d istil l ed fr·oi,, :,;ulfuric a ci d ; 127. 5 and 
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128. 8 for porti'.ms o.c run rn.uD.b er one distilled .:1.rK't redisttlL;d f rom phos

phoric add; 124 and 1 25 f or portions extracted w'i.th ether , after neutraliza-

tion and s ubsequent acidifica tion , .from run number h-v0 . These equivalents 

confirmed t hat a high proportion of t he reaction :1.1.L'<:ture was acid . The 

weights obtained are h i gh f or simple acetic acid ( 60) but are near an 

average o f t he weights of chloroacetic ac:Ld (95 ), dl.chloroacetic acid (130), 

and tric hl or oacetic aci d (165) . Al so , i L was noted that G(-chloroet/iyl ace

tate (123) would yield tw:> aci ds , acetic acid and hydr ochl ori c acid, upon 

hydrolysis so that the indicated equivalent weight \\Ould be only half of 

the actual equivalent wei ght. The presence of any neutral compounds such 

as aldehydes , carbon tetrachloride, chlorofor1r,, or even water would add to 

t he ob served equivalent weights . Arry dissolved hydrochloric acid v.uuld 

lower the observed. equivalent weights. 

Pr eparation o.f' derivatives of the acids was now begun. The i'irst 

d ,.,rivatives were prepared from portions of r eaction products extracted with 

ether, after neutralizati on and subsequent a cidificati on, from. run number 

two . An anilide was obtained which melted at 129-130° a f ter the s econd 

recrysta.lliz a.tion. The melting point of t h e anilide of chloroacetic a cid 

is lis ted as 134°. A benzylisothiuronium derivative melted at 146-14.8° 

after t r.e f irst recrystallization. A mixture of t his derivative wit h t he 

original r eagent (melti ng point, 150-151°) melted at 124-141° . 'I'he 

correspondi ng derivative of trichloroacetic acid melts a t 149°. A _£-phe...nyl

phenacyl bromif e derivative melted at 103-104° after the second recrys t alli

zation. A mixtur e of this derivative with the oriF,in~l r ea gent (meltine 

~ 0) 0 point, 125.5 melted at 87-101. No definite indications were received 



from this derivative. The meltine po:in-t. CJ.i.' t L., corre::;pon(irv ueri vativE~ of 

a cetic acid (ill 0 ) is clm,est b t he o:,served ;•,dt in;c:; lloint ; but tl:e ;:,e lting 

point o -:' the derivative of cr1loroc.cetic c1 ci ,, i s 116°. Pre.pa.ratiom:; of 

At this time preparation :) "L tile ,tt ·t hyl esters was attempted using 50 ml. 

of t he ether extr a.ct taken f r,Jm 1:•un muuber two , 60 rnl . of :m1.:; t nyl alcohol, and 

3 ml . of concentrated sul furic a c i d . :ifter esterifi cation .c1.s cons idered 

compl ete , distillati on oi.' l,.he r- , action mixture was beeun . .C.i..stil l..ation began 

at 45° . The temperature went i~apidly up to 57°, ancl 3eve:cal millil ::.-1. ;:r s 

. 0 
crone over at 57-59 • The distillate col1acted within this range wac consider-

ed to be the met hyl ester of acetic a cid (boili!li_: point, 5?. l O j . 

H t erwards , t he tanperature wa"lt gradually up to 70°, an(l distillation 

was stopped :!'or fear the ho t sulfuric acid would decompos e t he es te.rs . The 

distillate was r ecombine(' with t he r '-'sidue f rom t i1c J istillin,.; f' l aslc :,nd 

t he w'nole was neutralized w:i.iJ1. \":ater and solid sodium ca r bonate . The water-

i nsoluble l ayer which s eparated at this poi..'1.t was ranoved and t..hc i,·nter l ayer 

wa s d i s carded. Onl y about ten milliliters of ester wa s r ecovered. This 

l-unount ,1as distilled and t he boiling points r ecorded at every ~ . 2 ml. were 

plotted . Distillation ;)egan at 65° and the temperature went quickly up to 

125°. C·.t 125° t he temperature curve began. to flatten out .:ind about a t hird 

o f the distillate was collected wi thin the range 125-132° . This vra.s consi der-

ed to be the methyl ester of chloroacetic a ci d (boi ling poin.t , 131. 5°) . From 

132° t he ta:nperat ur e curve swung up gr aduaily to 142° thm ci.t once dropped 

sl i ghtly to 140° . I t is possible that t his portion of t he curve indica t ed 

the pres ence o f the methyl ester 0 1.' dichloroacetic acid (boiling point , 

143.0° ), but insufficient dis til late was collected t o show a J.efi nite pl a t eau 

in t he temperature cur ve. 
0 

,,cyond 142 the temperature curve went sharply up 
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to 200°, but only decomposition pro ducts were obtained . Not all t he i nforma

tion desired was o btained f rom t hi s esterif i cati on . I t was inte:ided that 

esterii'ication should lower and spr ead t he boiling points of the several 

cl"ilorinated a cids so that they could be separated and i dentifi ed by distilla

tion. However ., a poor choice of es ter fi was made i n t hc:'l. t only t he methyl 

ester of chloroacetic a cid i s relatively water-insoluble. 'l'he ri,et hyl esters 

of })0th formic acid ( possib le d ecomposition product) and acetic acid are 

quite water - soluble. These two esters wer e t b.en l ost in th e .. eut ralization 

process befor e the final distilla tion above was carried out . 'l'his explains 

why the temperatur e curve plat eau at 57- 59° noticed in t he pr eliminer y 

partial distillation was not noticed in the final distilla tion . 

However., since the supply of reaction products was r unning low., it was 

decided to do a direct distillation o f t he hs·t 48 inl. of extract f rom run 

number two rather than a ttempt a different esterification. It ,:as expected 

that the chlorinated acids present i«>uld decompose b elow their boiling points ., 

which proved to b e t he case., but v al uable information was r eceived concerning 

the remainder of t he reacti on ( Table 4) . 



Cut ·N o . 

1 

2 

3 

4 

5 

6 

'l'able 4 

Inf ormation from Direct Distillation of a 48- ml . .:.xt ract 
of 11.eaction Products 

Boiling 
J.ange 
( 0 c . ) 

38- 64 

90-103 

105-112 

112-115 

115-164 

165-175 

Volume 
(ml.) 

6 

3 

9 

10 

3 

5 

1 . 3540 

1.3960 

1.3930 

1.3800 

1.h025 

1.4416 

D 25 
( g . / ml . ) 

l.1169) 
) 

l.0748) 

1.1704) 
) 

1.1~134) 

Probabl e Compound 

ltcetic acid; 
N,1 1..3718 
D.u 1.049 

Chlorinated acids 
end decomposition 
produc t s . 

As shmm i n t he above tab le , 20 ml. of t hi s extract, or half of t he total 

qunn ti. t y , exclud..i.nr; t he f i rs t nine milliliters which was mos tly et her left 
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f rom extraction use, boil ed over within the r ange 103-115° Bnd had a r efractive 

index and dens i t:r c1- u:-, r oaching that of a.cetlc acid. :3ince aceti c acid is 

expected f r om hydrolysis o f b') t b acetyl chloride and o<..- c::J.o:roet hyl acetate , 

i t was not surprisin, tha.t it should fo nu the principal p Drt of the r eaction 

m:L"{ture after it was accepted tlrnt t!.1e r eaction proc eeded as claimed oy : .. Urtz. 

Cut n1.uT.ber four from foe a bove d:i.stil.la tion, containing t he portion con

si dered l i kely to :) e most nearly pure acetic acid , 1-ms used t .J prepare 

<t'ierivatives . 'Thr ee uer-lvatives wer e obtc1ined c otu'irm:ing the presence of 

a cetic a cid (Table 5) . 



Table 5 

Derivatives of Acetic Acid. f rom Run Number T'wo 

verivative 

Anilide 

;e-Toluidide 

.12.-Br omophmncyl 
ester 

Heltinj, Point 
Observ;d ( 0 c. ) 

10S -112 

143 . 5-146 

81.5- 83. 5 

Helting Point in the 
Literature ( 0 c . ) 

114 

147 

85 
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This concluded the major part of t his work. But , since it, wa s obvious 

that. the acetyl chlorides must have been the first products formed in both 

runs one a.11d two , and since the acetyl chlorides are lower- boiling than their 

correspondine acids and might therefore be cap t?ble of separation by simple 

distillation, u thi rd run, described on page 1/p was ma.de in which water and 

marble were not pre::;ent in the sys t em. It waf., found impossible to make this 

run et t emperatures above 120°, a s eompared t o t he 165-1go0 f or -Lite other 

two runs , so that, this run was not strictly under vapor-phase oo ndi tions , and 

precis ely the same pro a'ucts could not be expected . 

The only effort made at sepa.cation or i ,, entification of the h6 rr.l . of 

products from this l ast run was a direct distil lation o.f t}ie r eaction mixture, 

after it ha{i stood f') r eight hours, t h r o ugh. an eirbt- bc.111 ... nyder co l umn . The 

boiling-temperature curv e was errati c, having c1 rouncL:t~ penk wLth its climax 

a.t 86° (13 ml . ) 1-md t hen a valley at 72° (2:) ml.) . ;~o pl ateau was found in 

t he temperature curve at 55° , the boiling point of acetyl ch l ori.de . tio.-rever , 

t , , --~ -1t , t l t 1 t t 119° w:l • ' • ·, • t d t · ,1ere vias a ael.ui' e on s 10:t· , p ,3 enu a n1.ca nay 1rn.ve UK;lCB e 1ie 

presence of some £X'. - chloroetJ1yl acetate (boili ng 0oint, ll')-121 °) . 



Combination and r ,::;distillation of the cuts from the first distillation 

gave an even more en-a tic curve wt th f our peaks and a s many weL~-o.efined 

valleys . Sim~e no '.iefi nite stable products were di s t inguishable, tile r eac

tion mixture f rom t.riis run was dis carded. 
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'.l"nis r.0rk has di s clos ed t he s ignificant :"a c t t.hat at t.enperatures of 

0 
165- 180 chlorin.e and par aldei1yde r eact t o give a c e ..,yl c hlori de, chlorimted 

acetyl chlorides , and probabl J D(-cill , ,; -,,tllyl acetate r athe;· than chlorinated 

al dehydes . All of t i.e pr imt,r y ;.;roductE wer e s1.i'Jsequent l y L.ydrol 7 zed to t he 

corresponding acet ic a cids ·oy t i1e Hat er which :nad Geen plac ed in t he cold

t rap receiver. 

I nclud ini.~ the Tu.ethyl es ter s four d erivativefi w:re r: ecur ed t ) conf irm the 

produ ction of acetic acid ; twt) d.er ivat.ive :.0 c on f irmed that o f c h loroa cetic acid ; 

an ester o f di ch loroacetic aciJ was !Jossibl y ol,tained; :,nd one derivat·.v e was 

obtained .for trichloracetic a c i d . 

One plaus i bl e expl aJiati,)n or' t he course tak en by t his r eactt.on is th,::t a t 

the hi 1:.,h temperatures used direct subs t :Uut.ion of a chlorine a to'1'l for the 

hydr ogen a tom on t he carbonyl e;roq.i proceeds more rapidJ..y than t he Lautome:ri sm 

t o t he er,ol f orm which L , r e quired before su:)stitut i on o r· t irn hydrob en a t oms 

of t he raet hyl group can t ak e pl a.ce. I f this .l.s t he cese , u s e oi' barium 

i1ydroxicle as c:. c· t al yFJt t.1 promote enolization as suggested by Conant a. d 

Thompson (4) and confi r !l1ed by Schreck (24) rnHy :vet permit nroduction of 

chloral by a vapor - phase chlorination of a cetaldehyde . 

Hoi·rnver- , prou uc tio n oi' Lh e a cety l c hlor ide ~ o:,r t ±iis process u i @*1t be 

pro f ita :)l e if t he chlorides coul d be r ecovered a s such and not hydr ol yzed 

to the acids . 'Th.is wou ld r equire the elimination of 1i.rater f rom t i1e system 

and the experience of t his work lnciicate G vh :;it u nder these conditions 

change s ,,mst ie man . t o avoid explos i ons . One ru ch ch::1n ge llli.:-;ht '_;e t he 

mere r eduction of thc flow ra.tes of \. he ch lorine, or pa.ral dehyde , or bot h . 



Other possibilities are t '. ie int r·od.uction n :. ~m i n:a~r1, !.'}:i::; '..:u ch HS cu.rbon 

dioxide :)r :nit.rog:en itrto t h e systa11 o:t' L h o w 0 e ,,,: ca t &l ysts such ns cu Qrous 

c ,loride . 
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