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A C K N O W L E D G M E N T  
General  assistance by L. Schouten;  GLC determinat ion of triglye- 

eride composition by J .  Venekamp. 
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Preparation of Malonaldehyde Acetals by 
of Polyunsaturated Fatty Esters I 

Ozonolysis 

P. FITTON, E. H. PRYDE and J. C. COWAN, Northern Regional Research Laboratory, 2 Peoria, Illinois 

Abstract 
Malonaldehyde acetals were prepared in more 

than a 70% yield by ozonotysis of the methyl 
esters of linseed oil, safflower oil and linoleic acid, 
and by ozonolysis of linseed oil alone. Malonalde- 
hyde tetramethyl aeetal could not be separated 
readily frmn eaproaldehyde dimethyI aeetat by 
fractional distillation. However, conversion of 
the methyl acetals to propylene glycol aeetals re- 
sulted in sufficient spread in boiling points for 
their effective separation by distillation. 

Introduction 

I N" OUt¢ LABOR&TOBIES, studies have been made on the 
reaction of ozone with unsaturated fat ty acids and 

on the chemistry of the products, as part  of a pro- 
gram to increase the utilization of linseed and soybean 
oils. 

It  has previously been reported (5) that ozonolysis 
of methyl oleate in methanol at 0C, followed by reduc- 
tion, usually by zinc and acetic acid, gives the prod- 
ucts expected by cleavage of the 9,10 double bond, 
pelargonaldehyde and methyl azelaaldehydate, in high 
yields. Methyl azelaaldehydate is, of course, also 
formed by the ozonolysis of all fat ty acids in which 
the first site of unsaturation is at C9. It  is, therefore, 
a readily accessible product from the ozonolysis of oils 
rich in these unsaturated acids, such as linseed and 
soybean oils. Methyl azelaaldehydate is a potentially 
important monomer intermediate, and preliminary 
studies on polymers from pentaerytheritol aeetal have 
already been reported (7). 

Since methyl azelaaldehydate is produced only from 
the first 9 carbon atoms of the fatty acid molecule, an 
investigation was started to recover useful reactive 
products from the other half of the molecule. Ozonoly- 
sis of methyl linoleate would be expected to give 1 
mole of caproaldehyde, 1 mole of malonaldehyde, and 
1 mole of methyl azelaaldehydate. Similarly, methyl 
linolenate should give 1 mole of propionaldehyde, 2 
moles of malonaldehyde, and 1 mole of methyl azela- 
aldehydate. Accordingly, malonaldehyde should be a 
major product of the ozonolysis of oils rich in these 
acids. As a simple fl-dialdehyde it should be a reac- 
tive and potentially useful product. 

Malonaldehyde has been prepared previously as its 
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tetraalkyl aeetal by the acid-catalyzed condensation 
of an allyl-alkyl ether with a trialkylorthoformate (3), 
a nlethod limited by the high cost of the orthoformate 
ester, by the ozonolysis of 1,4-dibutoxybut-3-ene (2), 
and by the ozonolysis of the esters of fat ty adds (1). 
Ozonolysis of methyl linoleate in methanol at 0C, fol- 
lowed by reduction with hydrogen and a 3% pal- 
ladium-on-barium-sulfate catalyst reportedly (1) gave 
a mixture of aldehydes. Treating this mixture with 
a catalytic arnt of H2SQ in methanol gave the 
methyl acetals. These were separated by distillation 
in good yields; however, the products were not char- 
acterized, and Ilo mention was made of impurities. 
Attempts were made to repeat this work. 

Results 
The methyl esters of linseed oil fat ty acids were 

ozonized and the product was reduced. Reduction 
was slow if a 3% palladium-barium sulfate catalyst 
was used. Lindlar catalyst (4) gave better yields more 
rapidly. In Figure 1 are shown analyses by gas-liquid 
chromatography (GLC) of the acetals produced from 
both catalysts in the reduction of ozonolysis products 
of linseed oil asters. As clearly seen, tile amt of malon- 
aldehyde formed relative to the other :products is 
high when Lindlar catalyst is used. 

If  the ozonolysis product was reduced with zinc 
and acetic acid, a more complex mixture of products 
was obtained, and of this mixture, malonaldehyde was 
only a minor constituent. 

The aldehydes in methanol were converted to their 
methyl acetals by standing overnight with a catalytic 
amt of H2S04, after which time the add was removed 
by stirring the product for 2 hr with a large excess 
of sodimn carbonate. This step was necessary to re- 
move every trace of acid; otherwise failure to do so 
always led to much polymerization during distillation 
of the acetals. Fractionation of the acetals was not as 
straightforward as one would be led to believe from 
reference 1, and complete fraetionation could not be 
achieved even when a spinning band distillation column 
was used with a reflux ratio of 120:1. Malonal- 
dehyde tetramethyl aeetal fractions were always con- 
taminated with 5-10% of eaproaldehyde dimethyl- 
acetal, aud methyl azelaaldehydate fractions always 
contained ca. 10% dimethyl azelate (6). 

Other alcohols were tried as common ozonization sol- 
vents and aeetalating agents without much success. 
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With ethanol, the products could still not be separated, 
and with such glycols as propylene and 2-methyl- 
pentan-2, 4-diol, the yields of malonaldehyde were de- 
creased drastically. However, when a mixture of 
malonaldehyde tetramethyl aeetal and caproaldehyde 
d_imethyl acetal was heated in propylene glycol with 
a trace of acid, the propylene glycol aeetals that 
formed could be separated by a 3-in. Vigreaux eol- 
mnn. Since the reaction can be run in methanol, the 
malonaldehyde-caproaldehyde methyl acetal mixture 
separated from methyl azelaaldehydate by a relatively 
crude distillation. The malonaldehyde tetramethyl 
acetal mixture was heated in propylene glycol with 
a trace of HeS04; after 4 hr, the malonaldehyde di- 
propylene glycol acetal was readily isolated by distil- 
lation. The yields were good: malonaldehyde, 70% 
and methyl azelaaldehydate, 90%. 

Malonaldehyde was characterized as its dianil, 
identical to a sample prepared from authentic 1,1,3,3- 
tetraethoxypropane (8). 

Experimental 
Gas-liquid chromatograms were run on an F&M 

Model 500 programmed temp chromatograph, using 
a 2-ft silicone rubber column and a flow rate of 50 ml/  
min. The temp was increased from 75C at a rate of 
l lC/min .  

Ozonolysis of Methyl Esters of Safflower Oil. Methyl 
saffiowerate (69% methyl linoleate) (40 g) was dis- 
solved in absolute methanol (450 ml) and a stream 
of ozonized oxygen was passed through the solution 
cooled to 0C until an aliquot of the solution no longer 
decolorized a solution of bromine in methanol. Lindlar 
catalyst (0.5 g) was added and a stream of hydrogen 
was bubbled through the stirred solution, which was 
cooled in an ice water bath until a filtered aliquot did 
not liberate iodine from an aqueous potassium iodide 
solution. After filtering, coned HeSO4 (0.5 ml) was 
added and the solution was allowed to stand overnight 
at room temp. 

Solid sodium carbonate (20 g) was added and the 
mixture was stirred for 2 hr. After filtration the meth- 
anol was removed to leave a light yellow oil which 
was then distilled in a 2-in. Vigreaux cohmm to give 
the following fractions: 

Fraction 1, bp 83-127C/20 mm (75% yield of a 
crude mixture of malonaldehyde and caproaldehyde 
methyl aeetals) ; fraction 2, bp 63-69C/0.1 ram, 2.51 
g; fraction 3, bp 84-87C/0.1 ram, 26.75 g (95% yield 
of crude methyl azelaaldehydate dimethyl acetal). 

Fraction 1 was dissolved in propylene glycol (100 
ml), coned H2S04 (0.5 ml) was added, and the mix- 
ture was heated on a steam bath for 4 hr. After cool- 
ing, the product was diluted with ether (100 ml), 
then solid sodium carbonate was added to neutralize 
the acid, and after having been washed with aqueous 
sodium carbonate the solution was dried. Removal 
of ether left a light yellow oil, which distilled into 
the following fractions : 

Fraction 1A, bp 37-43C/0.95 ram, 1.7 g; fraction 
1B, bp 43-56C/0.95 ram, 4.59 g (caproaldehyde pro- 
pylene glycol aeetal) ; fraction 1C, bp 76-82C/0.95 
ram, 3.46 g; fraction 1D, bp 84-87C/0.95 ram, 10.62 g 
(malonaldehyde dipropylene glycol acetal). Fraction 
1C contained 50% of malonaldehyde dipropylene gly- 
col acetal, and fraction 1D, 95% by GLC analysis on 
a 2-ft silicone column. The total yield of malonalde- 
hyde dipropylene glycol acetal was 65%. 

Ozonolysis of Methyl Esters of Linseed Oil. The 
methyl esters of linseed oil (13.3% methyl linoleate 
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and 51.1% methyl linolenate) (72 g) were ozonized in 
methanol at 0C. The ozonolysis products were re- 
duced, and the acetals formed as above. Fract%nation 
of the resulting oil gave malonaldehyde tetramethyl 
acetal (65-70C/0.3 mm, 33.12 g, 71%) and methyl 
azelaaldehydate dimethyl acetal (110-115C/0.3 mm, 
46.61 g, 91%). 

The malonaldehyde tetramethyl acetal fraction was 
shown by GLC analysis to contain 10% of caproalde- 
hyde dimethyl acetal. 

Ozonolysis of Linseed Oil. Linseed oil (36 g) was 
dissolved in ethyl acetate (400 ml), and methanol 
(100 ml) was added. The mixture was then saturated 

o 

aSO~ 
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FIG. 1. Analysis by GLC of acetals from the reduction of the 
ozonolysis product by [A] 5% Pd/BaSO~ or [B] Lindlar cata- 
lysts. The main peaks are: a) caproaldehyde dimethyl aceta], 
b) malonaldehyde tetramethyl aceta]s, c) methyl azelaa]dehy- 
date dimethyl acetals, and d) methyl azelate. 
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with ozone at 0C, and the product reduced by stirring 
with Lindlar catalyst (0.5 g) under an atmosphere 
of hydrogen at 0C. Methanol (600 ml) was added and 
the acetals were formed as above. The methanol was 
removed and the resulting oil distilled. 

The total wt of volatile material collected, bp 40- 
95C/20 mm, was 20.91 g (81% of a crude mixture 
of malonaldehyde and caproaldehyde methyl acetals). 

The volatile material was heated for 3 hr on a 
steam bath with propylene glycol (50 lnl) and H2S04 
(0.2 ml). After the cooled solution was diluted with 
ether, it was washed with saturated sodium bicar- 
bonate solution, and then ether was removed. The re- 
sulting oil (16.57 g) was distilled. 

Fraction 1, bp 37-40C/0.1 ram, 0.787 g; fraction 2, 
bp 41-45C/0.1 Into, 1.94 g; fraction 3, bp 48-49C/ 
0.1 mm, 9.44 g. Fraction 2 contained 50% malonalde- 
hyde dipropylene glycol acetal and fraction 3, 90% by 
GLC analysis. The total yield was 40%. 

The residue from the initial distillation was dis- 
solved in 10% sodium methoxide in methanol (200 
ml), and the solution was refluxed for 3 hr. The 
cooled solution was diluted with ether and washed well 
with water. After drying, the ether was removed and 
the resulting oil was distilled to give methyl azelaalde- 
hydate dimethyl aeetal (115-120C/0.3 ram, 11.97 g, 
54%). 

Ozonolysis of Methyl Linoleate. Methyl linoleate 
(50 g) was ozonized in methanol (350 ml) as de- 
scribed, and the product reduced with hydrogen and 
Lindlar catalyst (1 g). The methyl aeetals were pre- 
pared as before and distilled in a 2-in. Vigreaux 
colmnn to give fraction 1, bp <50C/0.2 mm, 39.23 g 
(a mixture of 60% malonaldehyde tetramethyl aeetal 
and 40% eaproaldehyde dimethyl acetal) and fraction 
2, bp 115-120C/0.2 ram, 42.01 g (a 91% yield of crude 
methyl azelaaldehydate dimethyl aeetal). 
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Vinyl Esters of Some Aldehydic Acid Acetals I 

E. H. PRYDE, D. J. MOORE and J. C. COWAN, Northern Regional Research Laboratory, 2 Peoria, Illinois 

Abstract 
Vinylation of azelaaldehydie and brassylalde- 

hydic acid cyclic aeetals from ethylene glycol gave 
excellent yields of the vinyl esters. Under condi- 
tions of the vinyl exchange reaction" used, acyelic 
aeetals from monohydric alcohols cleaved to give 
enol-ethers as major, inseparable impurities. Rad- 
ical-initiated polymerization of the pure vinyl 
esters of the aldehydic-aeid cyclic acetals resulted 
in erosslinking when initiation was by either per- 
oxide or azobis(isobutyronitrile). 

Introduction 
ALDEItYDIC readily obtained by ozonolysis of 

unsaturatedESTE~S'fatty acid esters, are versatile com- 
pounds that undergo a wide variety of reactions (8- 
10). For example, selective alcoholyses may be carried 
out on the dimethyl acetal of methyl azelaaldehydate 
to obtain various ester-aeetal derivatives of azela- 
aldehydie acid in good yield (12). We have described 
the evaluation of certain of these ester-acetal deriva- 
tives as external plasticizers for poly(vinyl chloride) 
(PVC) (11). Possible internal plastieizers for PVC 
are the vinyl esters of aldehydic acid aeetals. This 
paper describes the preparation and preliminary stud- 
ies on the polymerization of the vinyl esters of azela- 
aldehydic and brassylaldehydie acid aeetals. 

Experimental 
Gas-Liquid Chromatographic Analyses. Gas-liquid 

chromatographic (GLC) analyses of the vinyI esters 
were carried out on an F&M model 500 programmed 
temp gas chromatography unit equipped with a 1/4 

Presented at the AOCS lVIeeting, Toronto, October 1962, 
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in. x 4 ft copper column packed with 20% butanediol 
sueeinate on 60-80 mesh Chromosorb W. The runs 
were made isothermally at 185C with a flow rate of 
50 ce/min. 

All other GLC analyses were carried out in a ~ 
in. x 4 ft stainless-steel column packed with 20% sili- 
cone rubber on 60-80 Chromosorb P. The column was 
programmed at a rate of 7.9°/rain from 100-275C with 
a flow rate of 50 ce/min. 

Aldehyde Esters. Methyl azelaaldehydate and 
methyl brassylaldehydate were obtained by ozonization 
in methanol of soybean methyl esters and methyl 
erucate, respectively, followed by reductive decomposi- 
tion of tile ozonolysis products either by zinc and 
acetic acid or by catalytic hydrogenation (2,8,9). The 
aldehyde esters were purified by forming the sodium 
bisulfite adduets, regenerating the aldehyde ester with 
10% NaOH, then fractionally distilling (7). Based 
on the aldehyde content of the crude aldehyde esters, 
75-80% recoveries of pure products were obtained by 
this purification procedure. 

Acetal Esters. Aldehyde esters were converted to 
dimethyl acetals in 90-95%, yields by using 2,2-di- 
methoxypropane as a water scavenger (8). Conver- 
sion of the dimethyl acetal of methyl azelaaldehydate 
to dibutyl, distearyl and ethylene glycol aeetals, and 
of the dimethyl acetal of methyl brassylaldehydate to 
the ethylene glycol acetal, was carried out by selective 
aleohotyses in the presence of potassium acid sulfate 
as reported (12). 

8-(1,3-Dioxola~n-2-yl)octanoic Acid. The hydrolysis 
of methyl azelaaldehydate ethylene glycol acetal to 
the azelaaldehydie acid ethylene glycol acetal [8-(1,3- 
dioxolan-2-yl)oetanoie acid] is described in detail as 
a representative example. Methyl 8- (1,3-dioxolan-2-yl) 
oetanoate (87.3 g, 0.379 mole) was added to 400 ml 


