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HISTORICAL

Glyoxal was first isolated in the polymeric state by Debus (6)
in 1856 as & colorless, amorphous, and somewhat brittle mass. The
unimelecular form of glyoxal can be prepared from the Debus product,
which is a mixture of polymers of glyoxal, by distillation with phee-
phorus ventoxide (14). A green gas is obtained which can be condensed
to yellow erystals, m.p. 15°; the green liguid form boils at 50°. Hees
and Uibrig (16) obtained the monomer by heating the polyglyoxzal with
anethole, phenetole, safrole, methyl nonyl ketone, or benzaldehyde, and
Walker (36) by distillation of the polyglyoxal at 150 mn. at 75° to 90°.
The monomer is stable for only a few hours, readily undergoing polymeri-
zation to an ingoluble modification, called parsglyoxal, even when placed
in a freezing mixture. This change occurs immediately in the presence
of a small amount of water; if, however, monomeric glyoxal is poured
into a large quantity of water, it dissolves completely, hydrating ex-
tensively and remaining at least temporarily in the unimolecular form.
Trimolecular glyoxal (14) can be prepared by subjecting cinnamaldehyde,
dissolved in chloroform, to the action of ozome and then warm water.
It resembles polyglyoxsl in general properties, but differs from the lat-
ter and the hydrated unimolecular form in that it reduces Fehling solu~
tion. It seems most remarkable that Fehling solution cannot oxidize
the unimolecular form of glyoxal, but no reference has been found to
contradict this statement.

The structure of the trimolecular form was first supposed to result
from an aldol condensation, and to be CHO-CH(OH)COCH(OH)CO*CHO (1L4).



However, the recent work of Remdnitz (33) led to the conclusion that

trimeric glyoxal is 2,3,6,7-tetrahydroxy-p-dioxano-[b) -p-dioxane
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When the trimer is treated with acetone containing sulfuric aecid as

condensing sgent,awell-crystallized substance is formed.
‘”’\ ,H‘\

This was first prepared by H. 0. L. Fischer and Teube in 1926 (10).
Dyson (8) objected to the dioxane structure for the trimer because of
its non-convertibility into that of tetrahydroxy-p-benzoquinone by
oxidation in the presence of sodium carbonate. He proposed the follow-

inz alternate structure:

However, Raudnitz hes confirmed the earlier statement (14) that the
trimer shows nelither carbonyl properties nor unsaturation, and suggested
that the quinone ring arises by depolymerization end recombination inte
a homoeyclic pattern before oxidation. He thus appears to have the bet-
ter of the argument,

The tetrascetals of glyoxal are, in gemeral, water-clear liguids
with relatively high boiling points and mild fragrent odors, and have



been derived by several different vrocesses. From glyoxal sulfate and
the desired alcohol H. 0. L. Fischer and Teube (10) prepared the tetra~
methyl and tetraethyl acetals, and Beker and Field (3) the tetraethyl
and ecyclic diethylene acetal. Recently, Purves (32) prepared the tetra~
isopropyl and tetrsamyl acetals in the same mammer, but in the presence
of calcium chloride or a2 similar salt to form an insoluble sulfate from
the sulfuriec acid formed. The glyoxal sulfate is obtained from the re-
action of fuming sulfuric scid wpon a tetrahaloethane (27, 28, 38).
Pinner (30) long ago showed that by heatingz sodium ethoxide with di-
chloroacetaldehyde the impure tetraethyl acetal is obtained. Harris and
Terme (14) prepared the same compound by mixing the trimeriec glyoxasl with
absolute ethyl alcohol and hydrochloric acid, the reaction being perform-
ed at ordinary temperature, but they failed to obtain the tetramethyl
acetal pure. MacDowell and McNamee (22) derived tetraacetals from meth-
anol, ethanol, 2-propancl, l-butanol, l-hexanol, 2-ethylbutanol, 2-
ethylhexanol, 2-chloroethanocl, 2-methoxyethanol, and 2-butoxyethanol, the
water and alcbhol being distilled over as a constant boiling mixture,
except with methanol, which was distilled without fractionation. The
sulfuric acid catalyst was neutralized with sodium acetate. Donciu (7)
formed p-dioxano- [ﬂ-_p-diome, the ecyclic acetal of ethylene glycol,

with ethylene glycol, glyoxal and hydrochloric acid as catalyst. He also
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obtained the compound as a product from the chlorination of ethyleme gly-
col and isolated an intermediste product. The eyclie acetal can also be
prepared from 2,3-dichlorodioxane (made by chlorination of dioxane) and
ethylene glycol (4). The semiacetal, ocmm(mzn,)z. was obtained by
ozonization of acrolein acetal, OHy=OH(OC,Hs), (12), and by degradation
of glyceraldehyie diethyl acetal with lead tetraacetate (9).

The tetrascylals, (R000),CHOH(OCOR),, are prepared from glyoxal or
ite derivatives and the anhydride of the acid. eym-Tetraacetoxyethane
has been made from glyoxal sulfate and scetic enhydride (10) and from
polyglyoxal and acetic anhydride (16). The tetrsacylals of K-methylens
monocarboxylic acids (19), such as scrylic, K-methylacrylic, and
ol ~phenylacrylic, were obtained from glyoxal sulfate or polymers of gly-
oxal when treated with the corresponding anhydride in the presence of
polymerization inhibitors, A compound halfway between these compounds
and the acetals was derived by the condensation of glyoxal sulfate and
glyeolic acid (10).

O\ H 0 0 0
e s 0 48 i B 8
EC- o—mz Hy0 - /g\ O/LHZ xzc'l\n /3\0 _G=0
X I III

The five-membered ring (structure I) was proposed by the smthors; how=
ever, it is possible to have two other isomers. The six-membered rings
seem more probable since the acetal of ethylene glycol forms a six-mem~
bered ring instead of the five-membered ome (7).

Pew resctions of acetals and acylals have been found in the litera-
ture. The obvious acid-catalyzed hydrolysis of the tetraethyl acetal '



to glyoxal and ethanol was described by Harries and Temme (1%4). Hydro-
genolysis of glyoxal tetrakis(methoxyethyl)acetal under pressure yielded
the dimethyl ether of triethylene glycol (24). The toxicity of glyoxal
tetrabutyl acetal was reported as 8.9 LDgy for rats in grams per kilo-
gran (35). The tetraethyl acetal does not equal paraldehyde as a hyp-
notic (20). Kinetic studies were made on the decomposition of gaseous
_sym-tetraacetoxyethane to acetic anhydride and glyoxal (2), the reaction
having been sucgested by the work of Hess and Uibrig (16). The hydroly-
sis of the tetrsacetoxy compound to recover glyoxal has been patented (21).

The formation of d-chloro ethers from glyoxal by Henry's method (17)
has not been reported in the literature, although this is a well-known
procedure for monoaldehydes, as illustrated with propionaldehyde and
methanol (18).

CE_CH 0RO + CH,0R + HOL — maenzgoox, + EO

The c¢hief interest in such chloro-ethers lies in the ecase with which the
halogsn can be replaced by other atoms,
Wohl and Mylo (37) performed the following reaction:

CEO |

!m + (cEg00)0 + EHOL — W-gaooa,+znzo
The method was similar to Henry's, in which dried hydrogen chloride gas
was passed into the solution. They, however, used the sodium bisulfite
addition product of glyoxal suspended in acetic anhydride. Prudhomme (3)
prepared the same compound from ascetyl hypochlorite and acetylene, the

hypochlorite being derived from hypochlorous acid and acetic anhydride.
2 CH,C00C1 + OCHE=CH -— CO0GE- GEOCOCE,
GHB GHB o



The benzoylated dicysmohydrin of glyoxal was prepared by grainally adde
ing benzoyl chloride to an aqueous solution of glyoxal and potassium
eyanide (1).

CHO

\
| + 2 ¢ + 20k — € + 2 KC1L
. o 3 e

The addition of hydrogen sulfide to glyoxal has not been reported
in the literature. However, the literature research did reveal a reac-
tion between glyoxal and mercapto compounds giving unstable, readily
dissociated products (34).



EXPERIMENTAL

All glyoxal used im this work was the commercial 30% solution mamm-
factured by the controlled vapor-phese oxidation of ethylene glyecol (23).
Assay of our samples for carbonyl content by the hydroxylamine hydro-
chloride method showed 367 present, caloulated ss glyoxal. Preecipitation
of the bisulfite addition compound from a saturated solution of sodium
bisulfite gave yields indicated 344 glyoxel present; this is satisfac-
tory agreement since the bisulfite method is not regarded as guantita-
tive. Attempts to determine glyoxal volumetrically by the sodium sul-
fite method used for formaldehyde failed entirely, discoloration and un-
reasonable titers of alkali resulting., The precipitation of the osazone
with 2,4-dinitrophenylhydrazine (25, 26) gave 42% apparent glyoxal, In
this method, the reagent was prepared by dissolving 1 mole of 2,4-dini-
trophenylhdrazine in 60 moles of 2 N hydrochloric acid and 1/100 volume
of ethanol. The mixture containing the sample was slowly refluxed on:a
water bath for 12 to 24 hours and the osazone filtered from the warm
(55°) 1iquid, washed with cold dilute hydrochloric seid, then with water,
and dried in a vaecuum desiccator.

Other resgents used were storeroom materials of ordinary grade.

Preparation of Acetals
Glyoxal tetrabutyl acetal was prepared according to the method of

& + uwmm  ———  (20),0HCH(0R),+ 4 H,0
MacDowell and McNemee (22). The reaction was carried out in the follow-
ing mammer: 200 ml, of ccmmercial glyoxal solution and 1.0 ml. of con~



centrated sulfuric acid catalyst in a 500-ml. distillation flask were
treated with an excess of p-dutyl alechol, which was maintained through-
out the resction. Water and butyl slecohol were distilled contimmously
as an azeotrope uatil only butyl alcohol came over. At first the water-
alechol distillation was performed in vacuo at approximately 35°, but
geveral runs with no spparent yleld showed that it was necessary to in-
crease the temperature to complete the reaction. Without the increase
a large smount of charring occurred during subsequent distillation of
products, indicating incomplete breakup of glyoxal polymers. The later
runs were conducted at atmospheric pressure with some darkening before
the last trace of water had been removed. When no more water could be
distilled the scid was neutralized by adding anhydrous sodium scetate,
and the acetic acid formed was distilled over with more butyl alcohol.
The reaction mixture was cotled and washed with water to extract sodium
sulfate. The mixture was returned to the distillation flask and the
product dried by azeotropiecally distilling over the water with the ex-
cess butyl alcohol, the acetal being steble in basic solution. Further
rapid distillation gave a rough cut at 100 to 220° (25 mm.), the liguid
having a yellowish color presumebly due to unimolecular glyoxal.

The crude derivatives of glyoxal collected from the guick vacuum
distillation were fractionated through a 30-plate Oldershaw column at
65 mm,, yielding ome short platesu at 13‘1-. and one lomg one st 177°. It
was impossible to contimue efficient fractional distillation of the high-
er products undor the same conditions, since equilibrium could not be
attained in the column, The stillpot was therefore attached to the

Todd semimiero column, where fractionation was continued with no diffi-



culties and s third platesu obtained at 187-8° (5 mm.). All three
fractions had a slightly yellow ecolor btut after subseguent refractiona~
tion in the Todd column the products were water-clear.

With the isolation and purification of the three cuts accomplished,
the structure identification of the First and Third Cute was undertaken.
The Second Out was ssesumed to be the tetrabutyl acetal of glyoxel. How
ever, the literature values (22) for the boiling point and the density
are 162° at 10 mn, and 0.890 at 20° respectively; these are not in
good agreement with our values of 177° at 65 mm. and 0.969 at 29°, since
the boiling point should be about 195° at 65 mm. (caleulated by means of
the Hags-Newton egquestion). The observed molar refraction, 85.1, is in
fair asreement with the theoretical value, 87.1. The molecular weight
of 308 for the scetal was determined from its depression of the freezing
voint of benzene, while the theoretical value is 318. The results of the
determination of glyoxal as the 2,4-dinltrophenylosazone were consistent-
1y high: found, 23,85, 23.82, 24.00%#; calculated 18.2%.

All the evidence found supports the structure for the First Cut as

2, 3-didutoxy-1,-dioxane, shown as product of the following egquation:

aro %g’c’o\mz
cRe —+ 2 G H,ON | HOCH,CH,0R—» ° | | = + 280
Ao 2 %59?\_9/“‘2

The formation of the First Cut, which is a mixed acetal of butyl
alcohol and ethylene glycol, depends upon the presence of the latter
in a commercizl solution of glyoxsl., Guest and McNamee (1) found that
a 304 solution of glyoxal contained 10% ethylene glyeol. Therefore
increasing the amount of glycol should increase the yleld of the First

Cut. This was found to be the csse; in a new rum in which 25 ml. of
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ethylene’ glycol was added to 150 ml., of glyoxal solution before treat-
ment with butyl aleochol, 4.2 g. of the acetal was obtained before in-
terruption of electrical service prevented further operation of the
fractionating colwm. The fractionation was not contimued afterward
since an increase of yield was already apparent, the regular run having
given only 3.3 g. of First Cut from 200 ml. of glyoxal. The physical
congtants sre tebulated below in order to show the conformity of the

observed valucs with the theoretical ones.

Table 1
Properties of Tirst Cut

Experimental fﬂm

Carbon content, per cent 61.42, 61.82 62.07
Hydrogen content, per cent 10.25, 10.60 10.34
Glyoxal, per cent® 2k.58, 24.50 25.00
Molecular weight®*® 226, 228 232
liolar refraction 61.2 60.0
Boiling point at 85 1m. 140°

Refractive index, aﬁ” ' 1.4324

Density at 29.8°, g./ml, 0.98%

* By 2,A-dinitrophenylbydrazine method.
*% By depression of the freezing point of benzene.

The strueture, 2,3,5,6-tetrabutoxy-1,b-dioxane, postulated for the
Third Out is in excellent agreement with the physical data obtained.



CHO
¢mo + b oyEgOE —» cngogg-go%

/

E 0K

2n20+c'_gl iy
5P s
Table II
' Properties of Third Cut

Experimental
Carbon content, per cent 64.60, 64.04
Hydrogen content, per cent 10.92, 11.22
Molecular weight* 350, 359
Molar refraction 102,2
Boiling point at 10 mm, 198°
Refractive index, nﬁ’o 1.4315
Density at 299, g./ml. 0.957

* By depression of the freezing point of benszene,

Theoretical
for CaoHio06

63.80
10.70

101.9

The 2,3,5,6-tetrabutoxy-1,4-dioxane gave little or no osamone and

an oil layer, presumably the original sample, remained. The concentra~-

tion of the acld was increased to 6 X but with no better results.
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Table III

Yields of Butylated Products from 35% Glyoxal Solution
(200 m1. = 246 g.)

Weight, g. Yield, §

Forerun 38.0
2,3-Dibutoxy-1,i-dioxane 3.3 1.1
Intermediate 10.9

Glyoxal tetrabutyl scetal 95.5 20.3
Intermediate 28.7

2,3,5,6-Tetrabutoxy-1, 4-d1oxane ho.o 14.3
Residue (both distillations) 60 (spprox.)

An attempt was made to duplicate the preparation of glyoxal tetra-
methyl scetal claimed by MacDowell and McNamee (22). Commercial glyoxzal
solution (100 ml.) was evaporated to near dryness in a 500-ml. beaker
and digsolved in methanol, 0.3 ml. of concentrated sulfuric acid catalyst
was added, and a total of 2 liters of methyl alcohol was added in por-
tions. Methanol and water were distilled over without fractionation at
the rate of 600 ml, per hour. At the end of this time the distillate
still gave a positive test for water, so that the yield of the acetal
was not expected to be g-o.at. The sulfuric acld was neutralized with
golid sodium carbonate, and the mixture was distilled under vacuum. The
amount of higher fractions was negligible and no further attempt was
made to isolate the products. This result was expected, since methanol
forms no aseotrope with water and comseguently dehydration by distilla~



tion faills; the patent is believed impractical in this case,
In first attemptes to prepare the cyclic acetal of glyoxal with
ethylene glycol (p-dioxano«[b]p-dioxzane), 100 ml, of commereial glyoxal,

e o\

B

I
AN s N (“2

0
p— 2e” O
CHO —+— 2 HOCH,OH,0R —=

e —c2

100 ml. of ethylene glyecol, 0.5 ml. of conceantrated sulfuric acid, and
a third component to remove the water azeotropically were mixed and dis-
tilled. Benzene, toluene, and mylene were added in successive trials,
but only xylene removed appreeciable amounts of water, The inability of
these components to accomplish dehydration must be due to the capacity
of the glycol to bond with water and lower its partlal pressure.

In the next run the water was removed with butyl alcohol before the
addition of ethyleme glycol. 1In a distillation flask 100 ml., of com-
mercial glyoxsl, 0.5 ml. of concentrated sulfuric acid and excess of
butyl alcohol was distilled as described in the preparation of the tetra-
butyl acetal. After the water had been removed 100 ml. of ethylene gly-
col was added and the remaining butyl alcohol distilled over. The sul-
furic acid was then neutralized with sodium acetate and the mixture dis-
tilled at 25 mm. to remove the acetic acid and excess ethylene glycol.
The flask was then cooled, whereupon the cyclic acetal crystallized out
and was filtered off, The crystals were distilled, giving a white solid.
Upon one recrystellization from benzene they melted at 133-134"; liter-
ature value, 137° (3).
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Preparation of Alpha~Chloro Ethers

The 1,2~dichloro~l,2-dipropoxyethane was prepared according to the
nethod of Henry (17) by saturating a mixture of the aldehyde and alcchel

CHO
G0 + 2 O3Hp0H +  HOL — C5H,0CHC1CHCL00,H, 4 2 Hy0

with dry hydrogen chloride. The commercial solution of glyoxal (150 ml.)
wag evaporated to approximately 75 ml. of a viscous licuid. This viscous
liguid and 250 ml. of propyl alechol were placed in a three-necked flask
fitted with s mechanical stirrer and = gas diffuser. While the mixture
was held at 0-10° in a ice dath, dry hydrogen chloride gas was slowly
introduced., About four hours were reguired to saturate the mixture with
the gas snd as the reaction progressed, the mixture darkened a little.
After stirring for half en hour longer at 0-10°, the reaction products
were poured into a water-ice mixture. The lower layer comprised about
200 g. of crude product. The agueous layer was saturated with caleium
chloride in an attempt to inerease this yleld, tut the additional amount
of insoluble material separated was insignificsnt. The crude product
was treated with anhydrous calcium chloride, placed under vacuum for
thirty minutes to remove the dissolved hydrogen chloride, and stored in
the refrigerator overnight with no change in the appearance or odor of
the liguid. However, one batch similarly treated but allowed to stand
at room temperature for twelve hours became dark brown and developed a
strong odor of hydrogen chloride. Thus it is apperent that this compound
is unstable like other o{-chloro ethers.

The chloro ether was fractionated in the Todd semimicro column,
and a platean was observed at 106-107° (15 mm.).
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ehloride, cooling the samsle, and eoidifying with nitrie scid. The
chloride wss precipitated ss silver chloride by eddition of oxcess
silver nitrate sclutlon. The g:reéipita;te was Filbtered, washed with very
dilute sitric seld, dried ot 1007 and finmelly weighed oz silver chloride.
.%m sttt was node to prepare 1, 2«dichlore-1,2-dinecthozyethans iu
the sape neymer as the p‘zfafgjyl éerimtivé‘_ Dry Wyrérogen chloride gas
wae added to n aalﬁtﬁ.m of corsontreted slvowal {3130 nl, of ‘%ﬂ”‘{ godi-
tion eveporsted %o 6 viscous 1iguid) &Tﬂﬁ methyl sleshol {250 s1.}. Afer
the solution Deeame ssturated with hydrosen chlordde the vroducts were

g

powred into sn lee-water mizbure, btut there wos ro seporetion of o chloro-

3

sther loyer. Bven with o laovee oxssss of waber 3% woe still imoesible

5 %

to form two Iraiseible leyers. The soludicn voe sstursted with ool

"3

He

ehloride tut vith no Lettoy reolts, Dther sexfroetion of the nizture

*]

wos abiempied bul oving te the lorge omount of bydrogen ehloride vreasnt
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sven the ether was soluble,

Prine Heoetion with Allyl Bromide
The resction of glyoxal tetrelmtyl acetal with ollyl bromide was

attempted o fimd if glyoxsl could be alded into the double bomd of allyl
“bromido. f’ﬁha reaction was csrrisd out in the followlap nammers %o

6.08 moles {25 g.} of the acedal, which had Deen cocled in on lce bath,

5 g. of boren triflueride cotalyst was slowly added, changing the cclor
%0 a dark brown. The addition of 081 meles (50 z2.) of reziiezti?;iied
211yl tromide canwed no apparent resetion. After 24 hours the mixture
wag p:nure_d.‘ inte execess sodium hydroxide solution %o nembralize the acid
catelyst. 4 sample was removed and shteanm distillistion atbempbed ’ha’a n&

product wos obtalmed. The remadning portlon was exbracted three times



‘_!’43
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with ether and the coubined extracts were 61‘.:_@6. over solid potassium
earbonete, Tho solution was first distilicd ab zbout 40 wm. without ve-
gord Tor fractions %o remove tzrry preducts. Bpoa T ?aﬂtiaml distiile-
tion ot 9% mm, in the Todd semimicre ceolumn the tetrsaceial was recovered

as the main product and decompesition was spparvent ab higher temperstbuarss.

¥

Beaution with Hydrogen Sallide

- gt ! : : ; - ] z " o
Ten wl., of 30% solution of glyoxpl, 20 mi., of waler and 23 wi, of

soncantreted sulfuric acid was added %o a 125 ml, Trleancyew
nixture vas cooled with runming waber % room besperoture, and hydrogen

gulfide was added slowly by mesus of & gos diffuser ovey o pewiod of

T

three hours. Ab the end of tuls tilme a yellowish-brown wrecipitate hed
Torned., This wag filtered off and zw&s&i@é several tiues with wsber. I3
was ingeluble in waber, ether, vaﬁh&ﬁml, benzens, glacisl acefie sam, and
earhon dig’tﬂfida, saclh both hot and cold. The practically odorless,
anorphous mtarial nelied with (’l@ﬂﬁﬁ@@&iﬁii@ﬂ Delow 90° and, if sllowved

to remsin in condact with the alr, turne dark in spyecrance, Slnce o

gimolé weans of purifying it was found, it was not further studied,
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DISCUSSION

This research in the preparation of the ascebals of giyomal was
initiated o find & starding material sultoble for non-agueous reaciions
of glyvoxal, especially the Prins-type resction. The tebrabukyl acetal
was chosen becsuse bukyl slechel formeg 2 water-rich azeetrope, and the
aleolol phase conld De returned to the nizbure.

In 211 the resctions iunvelving slechels o hemi-scetel of glyozal
can be posthulsted as the intermedisie product.

E 0
Sy o \ffﬁaegﬂg
uFgQF, 00y

0, By OCHOR
CHO ~+ 2 C)HgOH —.

&ro 0, HgOCHOR W, OyfigOTROOL T,
' €1, B50CH00, By

ugofEoL

The first two products were dofiniitely identifisd, bubt the third,
glyoxal btetrobubtyl acebdal, is gomevhat In doubt. It wes regarded as the
acetal since it was the larpest fraction, even though the bolling point
did not agree well with the liferature value. Iater as additionsl dsta

were obtained the purity of the sompls bocame ‘&On’btftﬂ.v. Thus it geems

thet =2dditional work should he done to werify the structure.
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The residue from the dlstillation probably contains such other con-
densation products of the hemi-agetal ss the following, derived from one

mole of zlyoxal and fwo moles of the hemi-acetsl.

: O
gy %ﬁﬂ/ \ " \GG%I’

G“EQW\G/ ~No” G;;;*" iy

This product wewld be snnlogous iﬁ@ thet of condensing acetone and $ri~
meric glyoxal (10, 33).

The 2,3-dibaboxy-1,M-dicoxsne has not been reported ln the literature,
but the diethozy homolog has been obtalned from the resetion of
2,3~diekloro-1, -dioxane and oither absolute ethamel (35) or sodium
ethoxide (B}. 2,3,5,5~tetrabutoxy-1,U-dioxane ond its homolegs could
probably be prepared from 2,3,5,6-tetrachloro-1,l~diczane {3) through
the Williemson synthesis, |

The total yield of bubylated aceteals wes only about 35% of the
theoretical amount based on glyoxal {Table III) wheress HocDowell and
MeNamee (22) obtained a yield of 85.8% of the v'fﬁetx‘abutyl acetal., Seversl
factors may exnlain so lov o yield of producte.

1. The ylelds were bosed upon » 355 conbont of glyomal in the come
mereial solubicn, as given by our sssoy. Since @uest and Helawee (11)
unse the figurs 28.87%, ond our mothods unquestionsbly incluied other
eorhonyl cormpounds, the 3,‘;:,: ig doubtless toc high by ab Least 5.

2. Mo atterpt was mafe fo obtain uexiium ylelds of the neceétals by

o

perfeeting technigne through repetition.
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3, The high value for the glyoxsl conmbent in the totrabutyl s@eﬁal,
signifyine the presence of some unidentified glyoxal-rich compound,
accounts for sonme of the glyozul.

L, The azeoirepic distillate comtains an indeberminate amount of
glyozal. | |

The chief inberest in chlore others lies in the emse with which
the halogcm_ linked into the wpesitions czn be replaced by other atoms
or groups, lesding particulsrly to the formation of cysnc sthers, ether
amides, ether thiogmides, alkoxy aclds and esters, branched-chain alde~
hydes, alkoxy tertisyy aleohols, end kete ethers. The lsst mentioned
are ecapable of conversion inbe 'heﬁereeyclic compounds of varying de-
gress of p‘hy:sidl@gicai sctivity.,

The f£inal onelytical dsba for the 1,2~diehloro~l,2-dipropoxyethane
were nod fzﬁ.l:,r satisfoctory oving fo the instability of the conpound.
Eowever, it is beiiem that the chloro ether con be obtolinod pure if
fractionated at lewer preesures. While the pressure remsined at 135 mm.
the chdorine conbtent wos Lairly cloze to t}'w thsoretics) smount, buk
when it wog incroased the chlorine conbent drevpsd, prosunsbly oving %o
loss of hydrogen chloride. Hwven if it iz Impossible to lsclete a per-
feetly vure sample of the 1,,Zudiah:;,omal,V2~§1}pmpwye‘thafﬁe, stable de-
rivetives conld surely be prepared.

The preparation of the 1,2-dichiore~i,2-dimethoxyethane might have
been successful il the selution had been saburated m%h caledunm chloride
while the mixture romained below 10%, and then extracted mith benzene
or pebrolewn other. Wnen o mizbure of water snd the prooyl derivative

vag alloved 3o remelszn ob roon texporsiture for o fow Dowrs the ¢hlore
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ether layer dinavpesred.

The kmowa cormound 2,3-dichlore-l,l-dioxane iz o chloro sther of

el

ethylens glyeol, and 1t would be interestlas to see 1F it could Yo nre-
vared by the chloro ether procedurs.

Attempts o mnly 2, b-ginitroviienylhyéirazine to the deberminstion
of glyexal end ite hydrolyzsble derivatives have lod to indecinive re—.
terature hes seversl references to the determina.

the osogone, p-nitrophenylogazone, znd 2,4-~dinie

n the method wag applied ts commerciasl glyoxel solu-

tions it geave resulis than obicined viae hydroxyla~

tey  this mey be attributed to gly-

‘.u

nine byl ‘=0w10“i€i_e v goldium blgElid

colaldenyde in the conmerclal solution, which would be pongfunctional

C

toverd Lydroxylemine sod seodlmm bisulfite but hind tyo 4

In addition, the 2,4
Trobly basic, may

>, G-Gitnbory-1, A-df 0%~

ane, gove eszentislly t etical resulits for glyexel content. The

Becond fat gove velues fer too Algh, as alresdy neted. The Third Ounk
vrachtically failed %o react with 2,4-dinitroshenylhydrazine; this
stebility is 2% prosent wvosceoundsble. The 1,2-ddnropoxy~l,2-dishiloro-

ethane, on the other hand, 1in one uaduplicated snd therefore untrusivorthy

rn, gove ooually usoccouwntatle results dhat were too high, ovesr for

counling of the setive chlorine shome with tie bydraszipe instosd of

ogacone Tormation:

3HE,00101
| —+ 2 s,
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The preparation of y-diozano- [Y}]ag-c};ioma by 'B;-;Iz,.a zlcoholyals of
some other flyoxel acetal haog not been roported in the litorabure.

O E _©

0, HgOCTO0, T e’ N7 e
—+ 2 menoE08 2 2l | | 41 Gl OH
6, HlgOCHOT, 2;19 | | B0 /c N _on,

It ic = new and simple mothod for *‘hc prepareticn of cerdain scebals
unobtainable from commercial glyoxal By azeotropic dehydration methé&s.
This process might be adsptable to the preparation of tetrsscetoxyethane
fron glyozel end aeetic acid ingtead of acetic axﬂ:gydride as star ing
matoriale.

The Prins-type ronetion was abberplted woon the tetrabutyl accbal
and gllyl bvmi&a. A% least three reagons ean be sugzested for failure
of the renctioy. _

1. The ackivity of the bromime inm allyl bromide rmight make this
compound iiffimﬂt to use since more-complex products would then de
expected in tho recction. Bobter resulie night have been obiolned with
atyrene. _

2, From the work of Houklne (15) it iz Imown that methylal mey
s82 into double bonﬁ.q to ferm seversl compounds. However, ne acetals of
higher molsenlor migg;m have over beon investirsted. Grester success
wight haove been obtalined i 1*mzpl tedrencthyl aeetel could heve been
uzed oo the storting woterisl instesd of the tebrabutyl.

3. Acetals ofglyoxal mey be inhoreatly less resctive than simple
ecetals. This is sugposted 'by the recovery of cans"&er ble tetrebutyl

egeetsl in the ren tricd.



Since formaldehyde and hydrogen svlfide are well known to yield the

3 E,00 + 3ES ——ng?/s\-?nz + 3mp
8\%8
eagily purified 1,3,5~trithiane in strongly ~cid solutions, the reaction
of glyoxal and hydrogen sulfide was tried under the same conditionms.
However, only an ill-defined product, probably polymeriec, resulted.
Since it was readily oxidiged, a structure containing thiol groups seems
probable .



SUMMARY

In the preparation of the tetra-p-butyl acetal of glyoxal two
nev compounds have been isolated and their structures have been establis-
ed. The agetal of ethylene glycol has been prepared by a new method.
The acetal of methanol could not be obtained from glyozal and methancl.

Henry's method for the preparation of -chlorc ethers was applied
to glyoxsl with the isolation and identification of a new compound, 1,2~
dichlore-1,2~dipropoxyethane. Preparation of the methoxy derivative
was attempted without success.

A golid material was obtained from the reaction of hydrogen sulfide
and glyoxal but attempts to purify it failed. :
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