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INTRODUCTION

In connection with a theory as to the mechanism
of aleoholic fermentation, certain of the unknown trioses
were desired iIn order that their properties might be
studleds Those compounds which were of particular interest
were:

eﬁat COH - CHO, CHO = C‘Ha- CHO, and QH?\w/{JEanKG
0

Of these the last was selected as offering greatest
possibilities.

By & rather long syntheses Wohl (1) had prepared the
acetal of the desired compound, but mentioned no attempt to
hydrolize the acetal. The ocbject of this study was therefore
two-fold, first %o repeat the work of Wohl, asnd second to
ﬁevisa; if possible, =z more direct method of preparing this
' pnknown substance.

For convenience in the discussion it is purposed to
#ame this compound glycidic aldehyde, by analogy to glyeid

Qﬁg - ﬁﬁﬁ ~»CEQGH, 3@& glycidic acid CH,- - COQOH«

H
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DISCUSS ION

Schematlcally VWohl's synthesis of the gycidic aldehyde
| scetal may be represented as follows:
CH,OH - CHOH ~ CHnO0H —3 CH,= CE - CHO 2H,0

CH,CH - CHO ghigler—» CHJCL - CH, - CH (0C,H),
2's ‘

AT o - CH {1 KO0H o= -
CEzCL CKz CH {QCRHB):LM Lﬁg CH -~ CH feﬁgﬁﬁiﬁ_

N - . { O ] -~ HOC. [ [ - GH( - ) f .
CH,= CE - CH {00235)1__&.., CE,OH - CHCl - CE (OCH.),

2

CH,OH - CHCL - CH (0c u ), KBy oH, - cH - CH (0C,E.),
0

In repeating this work advantage was.taken of the more
recent publications of Morean (2) on acrolein, and Witzemann
{3} on the preparation of glyceric sldehyde. Loreau claimed
a 70% yield of mcrolein fijm glycerol by employing s mixed
catalyst of potassium sulfate and bisulfate, using an irom
container equipped with 8 stirrer. As this work was on a
much smaller scale it was necessary to employ glase vessels
and the yields were much smaller. The process is nicely
adapted to small secale work, however, as the catalyst is easily
secured and standard apparatus may be employeds. The method is
less troublesome than that of Witzemann, (4) wsing anhydrous
magnesium sulfate as catalyst and on the laboratory scsle gives
about the same yleld. The best results were secured by employ-
ing a good stirrer and allowing the temperature to rise rapid-



1y to 200°. At this temperature considerable charring
ocours, but the yield is much higher than when lower temp-
eratures or slower heating are employed.

| The procedure of Morean for stabilizing the acrolein
was tried and found to work well. The crude acrolein, treat-
ed with sodium bicaﬁggg;e, was kept for sevesfal months with-
out appreciable polymerization in the ice boxs The crude
acrolein was purified by drying with caleium chloride snd
dietilled from s water baths The purified acrolein was
stabilized by the addition of a small amount of pyrogalloel
and could then be kept at least a wesk in the ice box.

Following Witzemann's procedure the acrolein was con-

lverteé to the @&cmarﬁ: propionic aldehyde diethyl scetal.
This proceeds smoothly and the yield is very goed. The con-
version of this product to acrolein acetal was next attempt~
ed. Due to the moisture in the air it was Impossible to
prepare the 60 mesh potassiuom hydroxide in a dry condition
and as Witzemann had previously observed, the yields were
very poor. In an attempt to remedy this difficulty both
sodium ethylate and soda lime were tried. The former pro-
duced almost no unsaturation, and the latter too little to
be practicable. 4is this step was one of the earliest in
the gynthesis, and as the yields were sc low it became
obvious that the method was hardly profitable. Instead of
continuing slong this line we therefore examined other

possible methods.



The first possibility which occurred was based on the
work of Taylor, Macliullen and Gammal (5) on hypochlorous
acid and hypochlorites. They found that on shaking a car-
bhon tetraﬂhleii&e golution of sleohol with an agueous sol-
ution of hypochlorous acid that a practically quantitative
éial& of ethyl hypochlorite was secured with almost no oxi-
dation. This led to hope that in a similar manner & carbon
tetrachloride solution of aerélein might add hypochlorous
acid at the double bond much more rapialy than it was oxi-
dized« Severaml trials indicated, however, that thwugh the
hypoehlorous acid rapidly disappeared, that almost no add-
itione® product was obtained. Although oxidation is thus
much too rapid, yet it is true that in one case a smsll
yield of additional product did result.

"he other method which sppeared to offer possibilities
was the partial hydrolysis of the dichlor or dibrom addition
products Thus no matter which of the halogens were removed,
CH,CL = CHCL - CHO + Bg0 ____<:c}izmi - CHCL = CHO

CchL -~ (HQH - CHO
the product should be capable of being converted to the de-
sired glycid by the removal of-HﬁLs The literature on the
subject is quite meagers lioreau found that heat was evolv-
ed on treating acrolein dichloride with water, but did not
further investipate the change« The dichloride was therefore
prepared and treated with water under different conditions.

In every case however the product was identifled as chlor



acrolein GEE==CGL - CHO« This has praviously been pre-
pared only by heating the dichloride for some time with
sodium acetate solution. Our results would indicate that
the removal éf HCL is relatively casy. Even in strong
- HCL the dichloride decomposed in this same fashiones
Recourse was then had to acrolein dibromide, but a
trace of moisture in the preparation was sufficient to
cause the decomposition into Brom acroleine

cﬁzﬁr - CHBr - CHO

This would not appear to confirm the result of Lobry de
Buyn (6} who thought glyceric aldehyde to be formed on
hydrolysis of the dibromide. Wohl {(7) however, found only
complex condensation produets on hydrolysis with baéium
hydroxide solution.

Although none of the above methods leads to useful
results, two alternative methods still appear argilable.
The firet is the addition of hypochlorous amcid under
snhydrous conditions, and the second the preparation of
Cﬁgeﬁ - CHCL - CH (Qﬁgﬁéil and its hydrolysis in alkaline
solution to either,

cagaﬂ - CHCL - CH (Ocaﬁs}zar cazux. - CHOH -« CH (ocgﬁs}a

This work was cecarried out at the suggestion and under
the direction of Dre. A+ L» Raymonde.
Acknowledgement is also made to Proffessor H. J. Lucas

for suggestions, especially as to the experimental.



EXPERTMENTAL

The Preparation of Acrolein.

W 466}gm. of Kzseéand 30 ng of §§304 were intim-
itely mixed and placed in a 3 liter balloon flask. To this
was then.addeé 120 gna of‘glyeerol and the mass well mixed.
This flask is equipped with a stopper contalning a ther-
hsmﬁtsr, dropping fannel for the introduction of additiounsl
glyeerol, and & vapor tube. The vapor tube leads inte a-
short condenser and intoc a 1 liter balloen flask, equipped
with a thermometer, containing about 100 gm. Na Gl‘ané heated
’b& a water bath to 70°. Thence the vapors are led into a
long well cooled condenser and into an 1lce cooled recseivers
The resction flask was heated by aaid of serveral burners to
sbout 200°. After a reasonabls length of time he@ever, only
very small traces of acrolein were found in the recaiver
and not a sufficient gquantity to encourage the fepitition of
this procedure.

2« In this attempt, instead of using K8804 and KESQ4,
the corresponding gquantities of §32304 and §33304 were
employed. This method apparently did not fare any better
- than the previous and was obviously discardeds

3. The quantities of the dehydrating eatalysta were
reversed, that is 400 gm. of KH$9¢ and 80 gm. of E@894 were
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 gaken, with 120 gnm. of glycerol as before. This mixture was
heated slowly with several burmers. At about 130°, the
‘mixture suddenly burst open and began to svolve large quan-
tities of dark brown foem. The flames were immediately re-
duced ana the temperature allowed to éro§ to 90°. TPFull heat
| was then agaln anolied, with increasing foaming. A% this
point some liquid pacssed over into the first receiver, and
kof this a few drops collected in the final receiver. The
mass éaula éot be gotten to 200° with the burners available,
“and only a small amount of the liquid was obtained. It was
‘evidant however that the reaction was progressing faversbly.

4. In this attempt the flask was heated with the aid of
- geversl Meker burnerss While the yield of acrolein was
appreciable for a short time, yetAthe mass soon ¢charred and
the yield decreased rapidly.

H« The mixbure was now heated slowly %o provent char-
ring until the temperature of foaming was reached, this
.gssisting in produecing a reasonable circulstion which is
‘n@eeasary‘ Above this temperature all heat was applied and
the sdditional glycerol slowly admitted. This method gave
a f&irlg good yield of acrolein, but as the previous trial
,aftar procesding nicely for ébout two hours begins to char
badly, and has to be discontinued because the charring on

the flask prevents eirculation and induces more charring.
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The erude acrolein accumulated during these experiments
wa3 combined and treated with ﬁaﬁﬁ@s. After fractionation a
yield of 190 gme of acrolein (B1°-53°) was obtainei. This
was soon used up and a new quantity was desired. The sppar-
atus was changed ip thaet the reaction flask was.incréaaeﬁ to
§ liters and egquipped with & motor driven glass stirrer.

6. The chafige in the flask consisted of 133 gm K3$64 and
666 gnm af KHSQ4 and 200 gm glycerole The mixture was slow-
lyheated and, as soon as liquid enough, the stirrer was start-
ede The mixture has the faverable gquality of bacéming qaiﬁe_
- fluid at a low temperature and is fairly essily agitated in
this manner. As the temperature reachsd 150° violent foam-
ing toék place and the vapors pegan to pass out very rapidly.
Glyderol was now added at a corresponding rate as the vapors
gondensed and the temperature raised to 190° - 200°, However
it was soon found that %the higher ﬁhe tempersture thevbettar

tha yield of acrolein with time, but the mixture also had a
;,tanéeﬁay to develop g=s bubvles at the hot glass surface and
to char. These char spots immedistely increase in size an&‘
prevent the stirring asction %o = serious degree. After a
time the entire mass became sticky und tarry, in which the
stirrer broke off the paddle. After 500 gm of glycerol ﬁaﬁ
| been added, the heating was continued until no worse vapors

came off at 250°. The crude acrolein wss treated with

' NaHCO, end separated from the excess water.



Results: Glycerol.added,EOOd- 500 700 g
Acrolein theoretical 426 "
dcrolein crude 192 *
Yield - 46%

7. A4Another run with the same spparatus, using 160 gm

K,S0

27"74°
facts. By careful watching and control of the heat,char-

800 gn LH30, and 240 gm glygerol showed the following

ring can be reduced to a nepligible degree. The mixture,
however slowly browns, indicating some decomposition. This

~ has a deterrent effect on the acrolein yield. It therefore
is very apparent that the higher temperatures give a nmuch
better yield, the optimim being at 200°. llowever at this
temperature the charring becomes serious even when stirred
vigorously with a good stirrer. The stirrer used consisted
of the familliar tee glass form, as large as would permit in-
sertion into the flaskse 1If a stirrer could be secured which
would cover the entire heating surface aud thus break up

the char spots, the problem would be solved. 3ince this im-
plies special apparatus, the best yields in standard appar-
atus will be obtained by the aid of high speed, effective
stirrers in smell flssks and small quantities of catalyst.
This is due to the fact that the openings in smsall flasks are
compapondingly larger than those of iarger flaskse In clean-
ing the reaction flask, the soluble matter is first removed

- with the aid of warm water, then very concentrated sodium
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hydroxide solution is bolled in the flaske The cauastic
aids effectively in the rcmoval of the tarry matters

Results:
Glycerol used 240 71000 1240 gm
Acrolein theorstical 752 "
Acrolein crude 220 "
Yield 29%

Properties of Acrolein.

Crude has a 1ightvyellow colore The purified is color-
less. rure acrolein bolls at 52.5°C at 760 me.m., has a .
dec;&edly pungent odor, and a very aggressive action on the
mucous membrames and eyes, producing tears ard great discom-
forte The reactions involving its use and preparation are
therefore best carried out in a hood or well ventilated

position.

Preparation of B chloro Propionic Aldehyde Acetal

l. 380 gm of sbsolute ethyl alcohol were saturated at
0°® with 3dry HCL gas, prepared by dropping cdbne EEL into
efna. 32304 and passing the resulting gas through cdne
32304 in a wash bottle. The flask contalning the satur-
ated alcohol is surrounded by an ice bath and ejuipped with
a stoppeff, containing a Adropping funnel ané a glot in the
side for the removal of the trapped aix- Through the
dropping furnnel 100 gm of acrolein were slowly added with

constant sgitation. After the addition of all of the



] Qe

‘acrolein the mixture was agitated for about an hour and then
‘allowed to stand. The alcohol and acétal form distinct lay-

- ers and were geparated with the aid of s separatery funnel.
The scetal was then trsated with NalCO,4 until neutral to moist
litnaus. The nixture of Na CL and acetal was filtered in

& Buchner funnel under strong suction and washed with a little
absolute alcohol. The filtrate was further washed several
times with cold water, and dried over night with Kaﬂﬁsa

The acetal was distilled at 8 m. m. and came over at 54° -

6%

Resulta: :
Acrolein 190 gnm
Alcohol 380 "
~ Acetal theory 220 "
Acetal yield 560 ™
Yield 26%

Freparation of Acrolein Diethyl Acetal

1. 50 gm of the chlor acetal were placed in a 250 CeCe
ReBe flask and 100 cc of 60 mesh dry XCH slowly added. The
mixture was well agitated during this addition. A4after all
of the KOH was added the mixture was heated in a paraffine
bath to 200°. Jome liquid came over at 76° - 80°, the boil
point of the alcohol, while the remainder at 150°, apparent-
ly some of the unchanged acetsl. Considerable &iffiénlty
was met in this procedure due to the powdering of the X0H
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to 60 mesh. XOH is very hygroscopil snd irritating to
handle while powdering. "The screehlng wss more difficultes
The screen would take s chaffpe of the powder, and immediate-
ly clog up, due to the KOH beéoming molate. VApparently from
the results the X0H employed was not dry enough, resulting
in the failure. |

‘2« A modification of the procedure was made by the
use of sodium ethylate. 24.5 gﬁ of Na were dropped into
150 gm of absolute alechol and refluxed until all was dis-
solveds The mixture was then cooled in an ice bath and
the acetal slowly added. After allowing to stand for an
hour the mixture was fractionated as beforevin a paraffine
bagh. The alcohol came over at 70° - 80°, but no inter- |
mediate ifraction until 160°, which Bhows the unchanged
acetals Evidently the ethylate while <asy to prepare and
anhydrous does not lend itself to this reaction.

Js Another modification employed was the use of soda
lime Ca{OH), (NaOH). 100 gm of 60 mesh soda lime was add-
ed to the acetal. This addition showed no evidence of heat.
On heating in the paraffine bath to 200°, no noticesable
gquantities of product were obtuinei and no reaction was ob-
served. On dismantling the apparatus it was found that the
unchanged acetal was held in the powder. This indicated
that £ao great an excess of soda lime had been used, sbout

6 fold.



4, Accordingly a 100% excess was used. 70 gm of the
- acetal were treated in this way. The mixture of acetal and
soda linme formed s gomogenous cream colored moiat ball in
the flaske The mass was heated slowly in a paraffine bath,
to allow the hest to penetrate into the entire mass evenly.
At 120° the mass suddenly darkened and gave out vapors at
- 126° at a vexry rapid rate. Apparently the reaction was pro-
ceeding in the right direction, heating was eonfinue& until
the mass was charreds |

5. 49 grn of the acetal were treated with 1245 gm of 60
mesh CaQes This mixture behaved Just as the soda lime trial
end gave the came results.

The yields from the soda 11m@k§§§ Ca0 treatment were
combised and fractionatede The liquid boiled at 84°, with
& vigoroua'&ecom@osition, turning the entire liquid brown.
This may have been due to the presemseacf some of the un-
" decomposed chlor acetal. HCL was noted in the last fraction

coming over Jjust before the end of the distillation.

Hypochlorous Acid and Acrolein

1. 25 gu of CaCO were placed in a liter graduate filled
with water. The graduate was provided with a motor driven

stirrer and a tube for introducing the CL, into the solution.

2

The chlorination was continued until all of the 03003 had dis-

- solved. A quantity of CaCO, was now added, until the sol-

3
ution remsined turbid after standing some time. The solution
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was then filtered to remove the excess garbonate. 500
cc of GCLé and 22 ce Qf acrolein were thoroughly mixed
and shaken with the HOCL solution. This action produced
an avpreciable warminge. After being well agitated for

some time the OGL, layer was removed, and the agueous

4
layer extracted with 200 ce of Zther. The agueous layer
after the extraction by CCL4 and ether.aid not smell of
HOCL and was rejected. Both extrasctions were dried with
anhyd. Na2394 over night and evape:ated to abcﬁt'56 143
and combineds. This residue was then vacuum distilled.
On distillation the 6&14 came over in copious quantities,
however only about lcc of liquid came bver near 118°, tle
boil. point of the aldehyd at 30 me.ms This was a light
brown heavy liquid, with an odor resembling cloves. The
yield is neglipibles Acrolein was not noticed in the
distillates

2+ On the belief that perhaps a large excess of GLR
had been employed, the run was repeated, the CACO, sol-
ution being chlorinated until about .5 n in HOCL as deter-
mined by iodine titrations 25 gm of acrolein were mixed
with 500 cc of CCL,. 4s the acrolein was added to the 0634
- a small whitish precipitate was noted. The CGL4 solution
was then mixed with the IOCL solubtion, {(the carbonate
having been removed by filtration.) The mixture was well
agitated for sams‘time, ice asdded to keep the temperature

from rising too muche. It was allowed to stand over night
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and then separated. 7The water solution was tested for
HOCL and showed a positive result. The CﬁL4~1ayer wag
evaporated to 50 c¢c and the vacuum distilled, bubt no dis-
tiliate was obtained in the desired regon. Either the
acrolein had polymerized before contact or had been ox-
i&izeé t0o the acid by the HOCL.

3+ The phenomensa of the whitish precipitate in the
mixing of acrolein and ﬁGL* was investigated and found to
~ be due to the use of moist acrolein and moist CCL - When
bet@wggents;were dry the action was not observed, and a
'eoléglass§ﬁciatian resultede Another run on 25cc of |

acrcirin &5& R00 cc CCL, was made using a 6 n solution

of %QCB; Ee&ﬁ%%ag agai: noted. The mixture was well
shaken and allowed a 30 minute contact and then separated.
The water layer had lost its yellow color, buﬁ 8till show-
ed some HOCL. The CCL, layer was dried with anhyd K,C0,
and was left over night. The solution had a light yellow

4

color and was quite c¢lear. The CCL, was now evaporsated
%o 40ce. and the vacumn distilled at 30 meme. A dark

brown residue resultedis« The odor of acrolein was noted in

both the water layer sml in the CCL, distillates

1. 100 gm of purified acrolein was dissolved in 225 gm of

CCL, and placed in a flask cooled by means of an ice bath.



«15-

333 dried by passing through cince. 53304 is slowly led
into the acrolein until 127 gm are sbsorbed. ‘During

the addition 8 large quantity of heat was given outes The
chlorination procesded very smoéthly and at a falrly rapid
rates The mixture of Dichlor seé acrolein was then evap-

orated and distilled at 14 me m. , ¥73/D°,

Results: .
Aerolein 100 gm
Dichlor theory 226 "
Dichlor yield 196 "
Yield 86 5%
Propertiess.

The Dichlor i{s a slightly yellow heavy liguid, fair-
ly mobile. It bhas a slight nof unpleasant'odorﬁ vwhen
in contaet with water 1t evolves much heat and pives off
& slight odor, with very irritating vapors. This was em-
pecially noticeable when cleaning apparatus which had con-
tained the Dichlors.

~1e 20 gm of the Dichlor was plaée& in a flask to which
was thén added 20 cc of water. A great deal of heat was
soon noticed, more so during the first part of the dilation
than later. After cooling deww the mixture was extracted
by ether. “he ether extract was then evaporated and the

residue vacuum distilled at 30 meme A liquid distilling
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at 57° results,only in small quantities. This product
did not reduce %ilve-, and gives off HCL fumess It has a
‘grafannaly irritating odor ani soon baeomeé very viscosd
‘on contact with sire It evidenlly does not have any of‘
the properties of t{he arigiﬁai nor of Oxy chlor propion
aldehyde, GHESL - CHOH ~ CHOs Or investipation of the
literature it was found that the boiling point of chlor
acrolein, EHé==GEL ~ CHO, corresponds to the beiliﬁg point
of the‘preduct‘

2+ 20 gm of jJichlor sm 10 c¢¢ of water were next tried.
this was then treated with Gaﬁ@s until no more reaction
was noteds 7The slodse was filtered off and the filtrate
extracted with ether. After the evaporation of the ether,
the soiution was distilled under 30 m.me. and yielded &
product at B7%.

-3+ .In the next experiment 20 gm of the Dichlor and
100 ec of 12 p HCL were mixeR in a 200 cc balloon flask.
‘Hueh heat wag evolved on mixing. The resulting liquid
was of a light yellow color and was extracted with about
200 c¢c of ethere The ether waé evaporated and the residue
distilled under vacuum with no result.

4« dmploying the same treatment, 20 gm of Dichlor and
50 cc .of 6n iy 3§4 were mixed, thé mixture evolving very
l1ittle heat, but on refiuxing the color of the solution

first darkened, becasme a 4dark brown. The mixture was ex-
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tracsed as before with 200 cc sther, the ether evaporated,
and the residue distilled at 30 w.me 4 sticky tarry residue

refusing to distill resulted. Ihe U

2304 had evidenily caused

the condensation of the aldehyds.

Preparation of Dibrom Acrolein

1. 107 gm of purified acrolein was dissolved 1n 500 c¢

of 0024, The ac?alein solution was placed in a 1 liter
, (a19m in 250ecClly)

:balle@n flask surrounded by ice and the Erg dad—been added
slowlye The reaction proceads along very nicely with evole
ution of heat. ihen all of the 3r2 had been added the mix-
ture retained a =light color of the Bry indicating a slow
reaction at the ends The G@ﬁé was now distilled off.
Copious fumes of a cho¥king nature began to ewolve and issue
from the spparatus. The color of the solution changed from
-8 light orange to a 1light green and then to = light red. On
aistilling the product s small smount came over below 70° at
256 mems The main product came over steadily at 75°-85° at
85 me.m. It was a very heavy oily liquid, and carries with it
the already described fumes, snd is of a slight dark yellow
color. On investigation of the literature that the constan’s
of the Brom scrolein cag'é CBr - CHO sgree very well with those
ef t&e product. ZEvidently the slight amount of moisture in
the 6034 and Brg was sufficient to catalyze the reaction to

the Unsaturation of the compounde.
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SUMMARY

1. Acrolein and several of its derivatives have been
ﬁregared in an endeavor to synthesize glycidic al&ehyde
Ch «~ CH - Cﬁﬁ’

2No”

2, 1t hes been found that in contact with water,
hypoehlorous seid does not add spprecisbly to the duble
bond in acrolein.

3. 1t hee been found that the hydrolysis ot zcrolein
gichloride does not readily occur, but that unsatuwm tion

to form chlor and brom scrolein predomirvztes,
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