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INTRODUCTION

The acid—catalyzed Prins type reaction of olefins with aldehydes
and aldehyde—like compounds has been under active study by several
mgmbers of the Department of Chemistry at Oklahoma A. and M., College
for several years. Kohn (16) initiated the study. He was followed
by Yuk (34) and prominently by Hawkins (11,12) and Sturzenegger (29)f

The initial purpose of this investigation was to extend the Prins
type reaction to glyoxal and to the simple aliphatic acetals of
glyq;al.' When it was learned that the commerical 30% solution of
glyoxal does not react with isobutylene under acid conditions, and
that preparation of tetramethyl and tetraethyl acetals of glyoxal
from the commercial glyoxal solution is unsatisfactory because of low
yiglds, the investigation resolved itiself into the preparation of
cyclic acetals of glyoxal from the commercial solution and all avail-
able aliphatic diols. After the reaction of glyoxal with several diols
had been studied, the investigation was extended to include some
alkanolamines and diamines which had not been tested in this reaction.

Since the fundamental purpose of this work was to find new reactions
of the commercial glyoxal solution, little effort was expended in

determining optimum conditions for the reactions.



HISTORICAL

Since Yuk (34) made a study of glyoxal acetals and related com-
pounds in these laboratories and has written a thorough history of
glyoxal in that connection, it seems that only a brief review and
modernization of that history will be sufficient here.

» Glyoxal in the monomeric state is the simplest known colored
organic compound (31). The monomer was obtained by Hess and Uibrig
(14) by heating polyglyoxal with anethole, phenetole, safrole, methyl
nonyl ketone or benzaldehyde. Glyoxal monomer is a yellow, crystaline
compound which-melts to a green liquid at 15° and boils at 50O to give
a green gas (31). The monomer was also prepared by distilling the
polymer with phosphorus pentoxide (10), and by distilling the polymer
at- 150 mm,waﬁr?Eo to 90° (30). The monomer is stable for only a few
hours. Even at 0° it polymerizes to paraglyoxal. A small amount éf
water seems to catalyze the polymerization, but a large amount of water
causes extensive hydration which represses polymerization.

Trimeric glyoxal has been prepared (10). Raudnitz (25) and Dyson
(7) studied the structure of trimeric glyoxal. Although different
structures were proposed, Raudnitz's structure for the trimeric

glyoxal, 2,3,6,7—tetrahydroxy—p—dioxano-[b]»E-dioxane,



is generally accepted as correct.

Acetals of glyoxal have been prepared by various methods, Gener-
ally, glyoxal sulfate has been the source of glyoxal (2,8), though
other methods are now known (18,27,34). Glyoxal sulfate was prepared
by the action of fuming sulfuric acid on a symetrical tetrahaloethane.
Impgre tetraethyl acetal of glyoxal was obtained by heating sodium
gthoxide with dichloroacetaldehyde (23) and by reacting trimeric
glyoxal with absolute ethyl alcohol and hydrogen chloride at ordinary
temperature (10).

A cyclic acetal of glyoxal, E—dioxano—[b]-g—dioxane, was formed by
the reaction of ethylene glycol with glyoxal in the presence of hydro-
chloric acid as a catalyst (6). It was alsé.obtained from the chlori-
nation of ethylene glycol and by the reaction of ethylene glycol and
2,3-dichlorodioxane (3). The corresponding diethylenemercaptal, bis-
trimethylenemercaptal, and tetraphenylmercaptal of glyoxal were
prepared from 2,3-dichlorodioxane and the correspoﬁding thiol (24).

The mixed oxygen-sulfur compounds were not obtained.

The tetraacylals, also called tetraalkanoates, (RCOQ),CH-=CH(OCOR)j,
have been prepared from glyoxal and glyoxal derivatives (1,8,14).

Yuk (34) applied Henry's method (13) in the preparation of (X~chloro
ethers of glyoxal. The commercial 30% solution of glyoxal was evaporated

to about half its original volume., The viscous material remaining was



dissolved in the desired alcohol, cooled to 0° to 10° and hydrogen chloride
was passed into the solution; The water-soluble portion was extracted
with ice water. The crude (X-chloro ether which comprised the lower
layer was distilled at reduced pressures. Molecular weight and chlorine
content indicated that a slightly impure product was obtained. It has
been suggested that the (X~chloro ethers are too unstable to be kept at
room temperature (27) or distilled even at reduced pressure (34). The
(X-chloro ether 1,2-dichloro-l,2-dimethoxyethane has been prepsred by
chlorinating 1,2-dimethoxyethylene (27). Here too, the (X-chloro
compound was not isolated. Instead, it was reacted with methanol or
sodium ﬁethoxide to produce the tetramethyl acetal of glyoxal.
Apoﬁher example, 1,2-dibromo-1,2-diethoxyethane, was prepared by bromi-
nating 1,2-diethoxyethylene (19). The CX-bromo ether decomposed readily
to glyoxal, ethanol and hydrogen bromide. The sodium bisulfite addition
product of glyoxal is known to react with acetic anhydride and hydro-
chloric acid to produce 1,2-dichloro-1,2-diacetoxyethane,

CHBCOOE§—5§OCOCHB



EXPERIMENTAL

Prins Reaction of Glyoxal with Isobutylene

The boron trifluoride-catalyzed reaction between glyoxal, as found
in the commercial 30% solution, and isobutylene was conducted in several
steps. Thirty-five milliliters of water was distilled from 100 ml. of
glyoxal solution. The remaining 65 ml. of glyoxal solution was placed
in a three-necked flask fitted with a mechanical stirring apparatus.
The solution was cooled to 0° to 10°. The temperature was kept within
that range while boron trifluoride was bubbled into the solution for
one hour. The mixture became dark reddish-brown. Isobutylene was then
bubbled into the mixture for another hour. The ice bath was removed
and stirring continued while the temperature was brought back slowly to
room temperature. Finally, the reaction mixture was neutralized with a
10% sodium hydroxide solution. |

A portion of the mixture was distilled at atmospheric pressure.

No reaction product of glyoxal and isobutylene was obtained. Instead,
a quantity of highly polymerized glyoxal remained in the distilling
flask. Salting out of the product with calcium chloride and sodium
chloride failed to give any evidence that a reaction had taken place.

Since concentrating the glyoxal by distilling out water caused
éxtensive polymerization, a suitable reaction of the polymer seemed
unlikely. Another run was attempted without the initial distillation

of water from the solution. The addition of boron trifluoride,



isobutylene and neutralization were conducted in the same manner as in

the first run. Again, the desired reaction did not occur.

Preparatién_gi Acyclic Acetals of Glyoxal

Tetramethyl acetal of glvoxal by alccholysis of the tetrabutyl

acetal,

4o .
(C)Hg0) ,CHCH(OC Hg) 5 + LCHOH RN (CH30) 5CHCH(OCH3) 5 + 4C)HoOH

The tetrabutyl acetal of glyoxal was made from the commerical glyoxal
solution in the manner described by Yuk (34). One hundred grams of

the crude tetrabutyl acetal was.dissolved in an excess of methanol to
which 1 ml. of concentrated sulfuric acid had been added. The mixture
was refluxed four hours and the catalyst neutralized with sodium bicar-
bonate; The reaction mixture was distilled at reduced pressure. A
small yield of the tetramethyl acetal was obtained. A large portion of
the reaction mixture distilled between the boiling points of the tetra-
methyl and tetrabutyl acetals. That boiling range indicated that the
various possible mixed methyl butyl acetals had been produced. Since
separation of these compounds at reduced pressure would have been

difficult, this method of producing the tetramethyl acetal was

abandoned,

Tetramethyl acetal of glyoxal from the (X-chloro ether.

HG=0 4 2CH,OH + 2HC1 ~——- CHAOCH-CHOCH, + 2H,0

Hg=0 *oebEgbR » Clj 81 gl 3 + 2Hy

CHBOQH-SHOCHB + 2CH30H ——-—- > (CHy0) nCH-CH(OCH3) 5 + 2HCL
c1 C1

Fifty milliliters of water was distilled from 100 ml. of glyoxal



solution., The remaining 50 ml., of amber, quite viscous, sticky glyoxal
solution was dissolved in 75 ml. of anhydrous methanol. The alcoholic
solution was placed in a three-necked flask fitted with a mechanical
stirring apparatus. The mixture was cooled to 0° to 10° and kept within
that temperature range for 20 minutes while anhydrous hydrogen chloride
was passed into it. The mixture became dark brown. Stirring was con-
tinued for 30 minutes during which time the aspirator pulled air through
the mixture to remove any excess, dissolved hydrogen chloride.

The mixture was distilled rapidly at 70 mm. without regard to
fractionation. Forty milliliters of clear liquid was distilled and 15 g.
of residue remained in the still pot. The residue was probably poly-
merized glyoxal. After standing overnight in the refrigerator, the
distillate showed a light brown color. The odor of hydrogen chloride
was easlly discernible. The crude (X-chloro ether was dried over
calcium chloride. Without any further attempt at purification, it was
dissolved in 50 ml. of anhydrous methanol. The mixture was heated to
60° and kept there until no more hydrogen chloride was given off. The
reaction mixture was fractionated through a Todd column. No yield of
the tetramethyl acetal was detected. The distillate had the odor of
hydrogen chloride. It seemed that enough hydrogen chloride remained

in the mixture to destroy any acetal which might have been formed.



Tetraethyl acetal of glyoxal from the (X(-chloro ether.

HC=O . 20 HOH + 2HC1 ——--> C,H-O-CH-CHOC,Hr+ 2H,0
HS:O A5V > Lafls 81 81 plg+ 2Hy

508?-8?002H5 + 202H5OH ——— (02H5O)ZCHCH(OCZH5)2+ 2HC1

CoHl
Seventy-five miililiters of glyéxal solutiqn was dissolved in 100 ml. of
95% ethanol. The alcoholic solution was cooled to 0° to 10° in a three-
necked flask fitted with a mechanical stirring apparatus. Hydrogen
chloride was passed into the solution for two hours at 0° to 10°. The
ice bath was removed and the temperature rose slowly to that of the
room.

Since the homologous compound prepared from propyl alcohol is
insoluble in water, a separation of the ethyl homolog seemed possible.
ihe‘ethyl compound, however, remained soluble even in ice water
saturatedrwiﬁh sodium chloride.

Fractionation of the reaction mixture at 45 mm. through a Todd
colgmn gave a plateau at 52° to 51,°. Twenty-five milliliters of the
distillate from that cut was dissolved in 125 ml. of absolute ethanol
and dried over anhydrous sodium sulfate for one day. The mixture
?emained acid. Calcium oxide was added to neutralize the acid and to
take up any water present. The reaction products were fractionated at
45 mm, through a Todd coiumn. The boiling point went no higher than
L0°. Since the tetraethyl acétal boils from 90° to 92° at 17 mm., it
seemed reasonable to conclude that no tetraethyl acetal had been
produced by the above procedure. No attempt was made to identify or

characterize the product(s) formed.



Another method of removing water from the glyoxal solution was
attempted in the next run, Seventy-five milliliters of glyoxal solution,
200 ml. of 95% ethanol and 150 ml. of benzene were distilled. The dis-
tillate separated into two layers. The upper layer comprised about 84%
of the total distillate and contained 85% benzene, 15% ethanol and only
0.5% water (20). The lower layer contained 32% water, 11.6% benzene
and 58% ethanol. The upper layer was returned to the distilling flask.
When no more water could be distilled, 100 ml. of absolute ethanol was
added to the mixture to assure an excess. Anhydrous hydrogen chloride
was passed into the mixture as in the previous run. The reaction
mixture separated into two layers, but after saturation with hydrogen
chloride the two layers became homogenous.

The reaction mixture was attached to a reflux condenser and
heated to 60°. Air was pulled through the reaction mixture to remove
the excess hydrogen chloride and the hydrogen chloride produced by the
reaction of the ((-chloro ether with ethanol., Air, however, did not
remove all the hydrogen chloride. The reaction mixture was allowed to
stand over calcium oxide to dry as well as to neutralize the acid
present. It was fractionated at 45 mm., through a Todd column. A cut
was taken between 1150 and 1180° The boiling point and refractive
index indicated that the tetraethyl acetal had been produced.

Since the removal of water from a 75-milliliter sample of glyoxal
solution by the method described here required 56 hours of continuous
distillation, production of the tetraethyl acetal in quantity by this
procedure did not seem feasible. The ultimate yield of tetraethyl

acetal of glyoxal based on the initial quantity of glyoxal was 20%.
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Preparation of Glyoxsl Tetraacetate

Since it is known that alcohols boiling above 100° convert acidified
glyoxal solutions to the tetraacetals, and since acetic acid is cheap and
boils above 1000, the conversion represented by the following eauations

was attempted:

1.
HC=0 Ho
iog + LCHACOOH > (CH4C00) ;CHCH(OCOCH;) 5 + 2H,0

Glyoxal tetraacetate is known (1,8,14), and would presumably function
satisfactorily in the Prins reaction with olefins.

A flask containing 250 ml. of glyoxal solution, 450 ml. of glacial
acetic acid and 1 ml, of concentrated sulfuric acid was attached to an
Oldershaw column and the mixture distilled. Distillation was continued
until 265 ml. of distillate had been collected below 104°. The reaction
mixture became an amber color early in the distillation and grew progres-
sively darker until it was almost black. It was discarded as being
devoid of the expected compound.

Toluene was added in the second attempt so that the toluene-water
azeotrope which boils at 84° to 850 (15) would prevent high temperatures
during distillation. After the distillation had proceeded about two
hours, a white solid appeared in granular form. The quantity of this
material increased and the color darkened until the distillation was
stopped. Even though the temperature went no higher than the boiling
point of the toluene-acetic acid azeotrope, 103° to tho, there was
extensive charring. This reaction mixture was also discarded.

In the third attempt no catalyst was used. Water was distilled
from 85 ml. of glyoxal solution, 100 ml. of acetic anhydride and 60 ml.

of acetic acid. Here again extensive charring occured. No tetraacetate
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of glyoxal was thought to have formed.

In the fourth attempt E—dioxano—[b]—g—dioxane was refluxed two hours
with an acetylating mixture. The acetylating mixture contained three
moles of acetic anhydride, two moles of acetic acid and oﬁenhalf milli-
liter of orthophosphoric acid. Sodium acetate was added to destroy the
catalyst. The acetic énhydride and acetic acid were removed by distilla-
tion. A white solid crystallized from the residue. It was identified
by mixed melting point as the starting material E-dioxano—[b]—g—dioxane,
No glyoxal tetrzacetate was thought to have formed. For the preparation

of R-dioxano-[b]—g—dioxane, see below.

Preparation of Cyclic Acetals of Glyoxal

The procedure used in the preparation of the cyelic acetals is
described in detail for the 1,2-ethanediol reaction and is referred to
thereafter as the general procedure. Briefly, one-half mole of glyoxal,
two moles of the diol and one-half milliliter of sulfuric acid were
distilled until all the water was removed. The catalyst was neutralized
with anhydrous sodium acetate. Purification methods are described
separately.

1,2-FEthanediol and glyoxal. Water was distilled from a solution

of 85 ml. of the commercial glyoxal, 124 g. of 1,2-ethanediol and 0.5
ml. of concentrated sulfuric acid. When all the water had been removed
as indicated by a sudden increase in the boiling point, distillation
was stopped. The catalytic effect of the acid was nullified with
anhydrous sodium acetate. Distillation of the reaction mixture was
resumed, The boiling point went to 190°. m;ﬂmttwmmehme

1,2-ethanediol and a clear liquid which crystallized to a white solid



distilled. The boiling point ulﬁimately reached 2150. Only a few grams
of charred material remained in the still pot. The solid was filtered
out of the 1,2-ethanediol and recrystallized three times from isopropyl
ether containing 5% ethanol. It was recrystallized twice from benzene.
The melting point of the product became constant, though not sharp,

at 106° to llOO. The melting point of the expected compound, p-dioxano-

« °>/ e
WAV

is reported in the literature as 134° to 135° (2,34).

[b]-g—dioxane,

Since Yuk (34) found that 2,3,5,6-tetrabutoxy-1,4-dioxane (I) was
produced by one of the side reactions, or more accurately, by an
incomplete reaction in the preparation of tetrabutyl acetal of glyoxal,

|
0 o
|
'/\ )
HO-C | CH H
|

H o

0

/\
ChHgOﬁ

HOC, H 0
I k 9 4 4G, HqOH s 2(C, Ho0) ,CHCH(0C, Ho) ,

C,HgOCH ~ CHOC,Hg

II

it seemed likely that an analogous reaction could have taken place in

the 1,2-ethanediol reaction with glyoxal
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Another run was made to produce an adequate quantity of the product(s)
for fractionation through a Todd column. The results of the second run
exactly duplicated those of the first.

The solid was fractionated at atmospheric pressure in anticipation
of a more thorough separation. The distillate was divided into five
fractions although the boiling point varied only 3.50 —~from 212° to
215.,50° The melting points of the first and fifth cuts were found to
be identical and found not to have changed from the 106O to llOO range.
Molecular weight determinations by the freezing point depression of
benzene were made on the first and fifth cuts. They were found to be
145 to 143 respectively. The theoretical molecular weight of IV is

146.1Lk. The molecular weights as determined agreed so well with the



theoretical value that it was assumed IV had been produced as the major
product.

1,2-Propanediol and glyoxal. After the general procedure was

applied to this reaction mixture, forty milliliters of crude product was
rapidly distilled. This crude product was fractionated at atmospheric
pressure through a Todd column. Twenty-one milliliters of distillate
was collected at 218° to 218.5°. A reflux-ratio of eight-to—one was
used. The take-off rate was eight milliliters an hour. The boiling
point increased steadily to 230° after the 218° fraction was taken.
Distillation was stopped. Two milliliters of liquid residue remained

in the still pot. A small quantity of white solid crystallized from the
residue when it cooled. No attémpt was made to identify or characterize
this solid. Two structural isomers, 2,6-dimethyl—2—dioxano—[5]—E-

dioxane (VI) and 2,7—dimethyl-3—dioxano—[b]—R-dioxane (Vi1),

HGZO  HOGH, o CH3 H/ 0\ / \
HiIO ' i HOIH-CH3 —————— / /AHCH
\

jﬁ/// \\\\iﬁ//// \\\\IHCH
LA

However, no effort was expended in their separation. Characterization
of the fraction collected at 218° to 218050 was conducted as though it

were one pure compound. It probably contained the two isomers.
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Properties of the 1,2-propanediol-glyoxal reaction product(s)

Found Theoretical

Molecular weight 175 174.19
Carbon content, % 55.3, 54.9 55,16
Hydrogen content, % 7.9, 8.3 8.10
Refractive index, ngoo 14417

Molecular refraction 41.7 41,32
Density, g./ml. at 20° 1.107

Boiling point at 744 mm. 218-218.5°

1,3-Propanediol and glyoxal. The general procedure was applied

and the reaction product was distilled at 120 mm. and 180° to 2250, A
white solid crystallized out of the water-clear distillate. The solid
was filtered out of the excess diol and recrystallized four times from

isopropyl ether containing 5% ethanol. The predicted reaction

HGO HOCH + CH2 0 0—CH
.2 CHy --H--3 O:CH o Hy + 2Ha0
HCZO HOCH, CHQ—— N0—CH;
| VIII

is believed to have produced 2,2'-bi-1,3-dioxane (VIII).

Properties of the 1,3-propanediol-glyoxal reaction product

Found Theoretical
Molecular weight 172 174.19
Carbon content, % 55.2, 55.6 55.16
Hydrogen content, % 8.4, 8.3 8.10

Melting point 155-156°
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1,3-Butanediol and glyoxal. The general procedure was followed and

the reaction mixture was distilled rapidly at reduced pressure. The
crude product was fractionated at 11 mm, through a Todd column. The
boiling point increased steadily to 140° and leveled off. After five
milliliters of distillate was collected at 140° a white solid appeared
in the take-off head and made further distillation impossible. The
distillate collected at 1&0O also solidified., It was recrystallized
once from isopropyl ether in preparation for characterization. The
compound,‘2,2'—bi—(A-methyl—l,B-dioxane) (IX), is believed to have been

produced by the following reaction:

H-C=0 HOGH, . CHz— 0\ 0—CH
+ 2 e —Es o 2 Jme 0Hy,  + 2H,0
H-C=0 HOCHCH \SH——O 0—CH
Hy CHs
IX

Properties of the 1,3-butanediol-glyoxal reaction product

Found Theoretical
Molecular weight 198 202,24
Carbon content, % 59.2, 59.5 59,38
Hydrogen content, % 9.3, 9.3 8.97
Melting point 94-95°
Boiling point at 11 mm. lhOO

2,3-Butanediol and glyoxal. While the general procedure was being

applied, the reaction mixture became quite dark and viscous. Distilla-~
tion of the reaction product was attempted, but pyrolysis occurred even

at 5 mm,
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Another run using a milder catalyst was made. The sulfuric acid
generally used was replaced by orthophosphoric acid. The resulfs of the
first run were duplicated.

1,2,3,-Propanetriol (glycerol) and glyoxal. The expected reaction

did not take place when the general procedure was applied to these
reactants., Instead 75 to 80 grams of brown resin was produced. From
thg_difference between the amount of the triol added initially and that
regovgred it appeared that nearly the theoretical amount had reacted,
Characterization of the resin was not undertaken. No other attempt

was made to produce the desired reaction.

2,3-Dihydroxybutane-1,4-dicarboxylic acid (tartaric acid) and

glyoxal. The racemic form of the acid was used in the general procedure,

The expected reaction was as follows:

HTIO HQCHCOOH ut HOOCCﬁ///, \\\ ﬁ//// CHCOOH

+2 | e—=— > + 2H50

HCZO HOCHCOOH HOOC Q\\\\ /// ///QHCOOH

but as water was removed by distillation the mixture became quite dark
and viscous and gave the oror of caramel. A black, brittle solid was

produced, Its chemical character was not determined..

Miscellaneous Reactions Attempted

2-Hydroxyethylamine and glyoxal. The reaction mixture comprised

80 ml. of glyoxal solution and 122 ml. of 2-hydroxyethylamine (ethanol-
amine). It was expected to give the following reaction:
HCZO : HCZN-CHZCH2OH

+ 2HN-CHpCHROH ~=-=p | +  2H0
HCZ0 | HC=N-CH,CH,OH
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The glyoxal solution was cooled to 0° to 10o and stirred thoroughly while
the amine was added slowly. The reaction mixture became quite hot even
though it was kept in an ice bath. After all the amine had been added,
the mixture was stirred for 30 minutes. It was fractionated at 20 mnm.
through a Todd column. A fraction which comprised nearly 80% of the
mixture was taken at 85° to 86°, This fraction was identified as
2-hydroxyethylamine by its refractive index (17) and by its picrate
q§rivative (28)° It appeared that little or no reaction between the
amine and glyoxal had taken place even though an unusually large

amount of heat was produced when the two compounds were mixed.

‘ Oxamide and glyoxal., The reaction mixture was made up of 80 ml.
glyoxglhsqlution and 50 g. of oxamide. It was refluxed for six hours.
The mixture darkened considerably. The oxamide remained insoluble,
and altogether evidence of any favorable reacgion was lacking. By
analogy, the reaction as follows was expected:

N

HCZO HZN—CZO H?447 \\\C:
HlZO ' HoN-CZ0 R HC Cz0

\/

2-Hydroxyprop ionic acid (lactic acid) and glyoxal. The general

procedure was applied in the expectation of the following reaction:

() .0
HCZO HO-CZ0 ut O:C/// \\\CH//// \\\CIO
HC=O e HO—éH CHay R CHBéH AH\\\\ ///éHCHB i



NN
CH,CH lH
ANV

HCHB

-0

As water was distilled from the reaction mixture, however, the color of
the mixture became progressively darker until it was almost black. The
tarry mass remaining in the distilling flask solidified upon cooling.

It was discarded as devoid of the wanted product(s).



DISCUSSION

Glyoxal in very dilute solutions exists as the hydrated monomer,
but as the concentration increases the hydrate also increases in

molecular weight.

4 Ho0 —=mn3

At a 30% concentration glyoxal is believed to exist largely as a

trimer or tetramer (4). The Prins type reaction of glyoxal with
isobutylene is thought to have failed because of the stability of the
hydrated trimer or tetramer. Depolymerization of these polymers is
evidently much more difficult than the depolymerization of formaldehyde
chains in formalin,

Yuk (34) learned that l-butanol would not degrade the glyoxal
polymer at 35°., Temperatures above 100° seem to be necessary for
depolymerization of glyoxal., Slow and incomplete degradation resulted
with l-butanol (B.P. 1170) but excellent results were noted with
1,2-ethanediol (B.P. 197.4°) Difficulty of removal of water from the
reaction mixtures and insufficiently high temperatures for degradation
of the glyoxal polymers are contributing factors in the near failure of

ethanol to produce the tetraethyl acetal.



Alcoholysis of tetrabutyl acetal of glyoxal by methanol is; no
doubt, an equilibrium reaction of several steps. The experimental
results discussed previously support that conclusion. Since the
l-butanol could not be conveniently removed from the reaction mixture
as it was produced, the reaction could not be forced to completion.
The reaction equilibrium is unfavorable for the formation of the tetra-
methyl acetal of glyoxal.

The consistent failure of formation of the tetraacetate is not
adequately understood. The formation was tried at both high and low
temperatures, with and without a catalyst. The reaction of acetic
anhydride and acetic acid with E~dioxano=[5]—p—dioxane could produce
several equilibria. The possible intermediate compounds in route to
the formation of the tetraacetate are equilibrium possibilities. Since
the tetraacetate is quite sensitive to acids and bases, the reaction
would be forced far to the left. The failure of this specific method
for producing the tetraacetate is therefore attributed to unfavorable
equilibrium conditions.

Though no gquantitative determination of yield was made on any
of the cyclic acetal preperations, evidence of excellent yields of
IV and VIII from 1,2-ethanediol and 1,3-propanediol respectively
was noted. The yields of VI and IX in the cases of 1,2-propanediol
and 1,3-butanediol respectively were comparatively low. There was a
complete lack of expected products from the 2,3-butanediol and the
2,3-dihydroxybutane-l,4~dicarboxylic acid reactions. In review it
may be observed that primary hydroxyl groups have reacted exception-

ally well, whereas secondary hydroxyl groups have reacted with
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difficulty in two cases and not at all in two other cases. It was also
noted that in the two cases of positive reaction of secondary hydroxyl
groups that a primary hydroxyl group was also present., This is in
keeping with the relative ease of converting the several types of
alcohols into simple acetals.

From the analogous reactions of mercapto compounds with glyoxal
(24,26), it appears that the oxygen in the acetal is supplied by the
alcohol. Since alcohols lose the hydrogen from the hydroxyl group with
difficulty decreasing in the order tertiary > secondary > primary (5,9),
the low yields of VI and IX can be explained. The failure of 2,3~butane-
diol and 2,3-dihydroxybutane-1,4~dicarboxylic acid to give the expected
analogous reactions can be attributed to the same effect,

Because primary hydroxyl groups reacted so well, it was predicted
that l,é,B-propanetriol would react

HC=O  HOCH CHy—O0. 0—CHy
|+ “cHoH  -HI-3 Ho-ci \CHG<' “XCHOH  + 2Hy0
HC=0  HOCH, CH—07"

and the secondary hydroxyl group would remain inactive. The failure of
the reaction to give the desired product is ascribed to cross-linking
and polymerization.

The reaction of 2-hydroxypropionic acid with glyoxal. probably
failed because of the polymerized nature of both reactants. Quite
possibly glycolic acid, HOCH2000H, would have succeeded in the reaction.
The compound then to be expected is known (8).

The obvious failure of the melting point of IV to agree with litera-
ture values may be attributed to the presence of a little di(p—dioxano);

[b,e]-E—dioxane (I11), which could have been produced by the reaction.



SUMMARY

The glyoxal trimer or tetramer found in the 30% commerical solu-
tion was found to be inactive toward isobutylene in the Prins type
boron trifluoride-catalyzed reaction.

A known compound, E—dioxano—[b]—g—dioxane, was produced by a
simplified method.

Three new compounds, 2,2'-bi-1,3-dioxane (I), 2,2'-bi-(4-methyl-

1,3-dioxane) (III), and 2,6-dimethy1—g-dioxano-[b]-g-dioxane (111),

CHQ——O c H 0—CH,

O)H- (0 H&H cufc 2_>H-c( /\CH2
\CHz— 0—CHS CH— No— CH
Gy s

I IT

CHBH/\Y/\
NN /HC“

ITT
were prepared from glyoxal and characterized. The 2,7-dimethyl
isomer of III was probably also present with it, but was not
isolated.
Glyoxal tetraacetate was not obtained from agueous glyoxal and
acetic zcid by simple dehydrative distillation nor from.g—dioxano-[b]—

p-dioxane by acid-catalyzed acetolysis in acetic acid and acetic anhydride.
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