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Ozonolysis of Olefins, I1'; Linseed Oil as a Renewable Resource for Alkyl 3,3-

Dialkoxypropanoates
Martin Mittelbach,* Norbert Poklukar

Institute for Organic Chemistry, Karl-Franzens-Universitdt, Graz, HeinrichstraBe 28, A-8010 Graz, Austria

A new approach to the synthesis of alkyl 3,3-dialkoxypropanoates,
which are important intermediates in organic synthesis, starting
from fatty acid esters is described. Thus, ozonolysis of methyl
linoleate and methyl linolenate in alcoholic hydrogen chloride
affords a reaction mixture, from out of which the alkyl 3,3-
dialkoxypropanoates can be isolated by fractional distillation in
60—65% yield. Even linseed oil, which contains high amounts of
linolic and linolenic acid, can be used as starting material, after
conversion into the methyl esters by methanolysis. Byproducts of
the ozonolysis can be oxidized to the corresponding carboxylic
acids which are valuable intermediates in oleochemistry.

Alkyl 3,3-dialkoxypropanoates (3) are protected deriva-
tives of the unstable esters of formylacetic (malonalde-
hydic) acid and important intermediates for the synthe-
sis of heterocyclic compounds such as coumarins,? iso-
xazoles,® porphyrins,*> and thiadiazines. Further,
ethyl 3,3-diethoxypropanoate (3b) is used as starting
material for the preparation of antihypertensives,’
cephalosporins,® alkaloids,® spermine metabolites,® and
photographic sensitizers.!® For further applications of
the commercially available compounds 3b see Lit.!!

Due to the importance of compounds 3, numerous
methods for their preparation have been published. In the
first reported synthesis of 3b, ethyl formate and ethyl
acetate were condensed to ethyl formylacetate which was
then acetalized to 3b.'2 Other preparations of 3b consist
of the addition of tetrachloromethane to ethyl vinyl
ether,!? or the reaction of acetylene with diethyl carbona-
te in the presence of sodium ethoxide.!* Compound 3b
has also been obtained by a modified Reformatsky
reaction involving triethylorthoformate and ethyl bro-
moacetate.” Other approaches started from ethyl 3-
ethoxyacrylate,'> ethyl propynoate, ' ketene,!” ethene!®
and substituted ethenes,'® 1,3-dioxane derivatives,2° hy-
droxyacrylates,?’ or aminopropanoates.?? All these me-
thods are multistep syntheses, requiring either expensive
starting materials and reagents, or giving poor overall
yields. Recently, the haloform reaction of 4-alkoxy-1,1,1-
trichloro-3-buten-2-ones was reported to give alkyl 3,3-
dialkoxypropanoates in good yields.23
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We describe here a novel strategy for the synthesis of
compounds 3 starting from renewable, natural poly-
unsaturated fatty acids, which possess the structural
element (CH=CHCH,), (n > 2).

Ozonolysis of methyl linoleate (1) or methyl linolenate (2)
in alcoholic hydrogen chloride gave C, and C, fragments
(and also C, fragments from 1). Surprisingly, the bifunc-
tional C, fragments consisted mainly of esters 3 and only
minor amounts of dialkyl malonate and 1,1,3,3-tetraal-
koxypropane; this fact has also been observed in the
ozonolysis of the model compound 1,4-cyclohexadiene.’
The other main products were the C, compounds dialkyl
nonanedioates 4a,b and alkyl 9,9-dialkoxynonanoates
5a,b which were obtained in a combined yield 0f 90 %. In
addition 1,1-dialkoxyhexanes 6 and alkyl hexanoates 7
were formed in the case of 1 and 1,1-dialkoxypropanes 8
and alkyl propanoates 9 in the case of 2. From the
ozonolysis mixture, the product 3 could be separated by
fractional distillation in 61—67 % yield with a purity of
97-98 %.

Linseed oil, which contains high amounts of polyunsatu-
rated fatty acids, can also be used as starting material. Itis
converted into the methyl esters by methanolysis,2 then
ozonized to give ester 3a which is isolated in 60 % yield by
fractional distillation (purity: 97 %). Further oxidation of
the byproducts with ozone according to Lit.?* affords a
mixture of practically useful methyl esters, which may be
separated by distillation. Another method is the oxid-
ation of the various distillation fractions with a mixture of
hydrogen peroxide and formic acid;?® this affords the
corresponding acids, mainly azelaic acid, a valuable
intermediate for the synthesis of polymers and
plasticizers.

Methyl linoleate (1) and methyl linolenate (2) were purchased from
Aldrich Chemical Co. and were of 99 % purity. Linseed oil was of
local provenance; the fatty acid composition was analyzed by GC:
palmitic acid 6.3 %, stearic acid 3.4 %, oleic acid 17.5 %, linoleic
acid 17.0 %, linolenic acid 55.5%.
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The different reaction products in the ozonolysis mixture were
identified ecither by comparison with authentic samples or by
GC/MS using a Hewlett Packard MSD instrument, the ratio of the
products being determined by FID detection.

Methyl 3,3-Dimethoxypropanoate (3a) by Ozonolysis of Methyl
Linoleate (1):

Methyl linoleate (1; 5.5 g, 18.7 mmol) is treated with a 1 M solution
of HCl in MeOH (100 mL) and then ozonized with a 4-5 vol%
03/0, mixture at 0°C, until formation of I, is observed in a KI
solution, which is connected to the reaction vessel. Nitrogen is
bubbled through the mixture for 5 min. The mixture is then slowly
heated to reflux temperature und refluxed until all peroxides have
been destroyed (ca. 30 min). The solution is neutralized with solid
NaHCO,, filtered, and evaporated under reduced pressure. The
resultant oil is dissolved in CH,Cl, (20 mL), this solution is dried
(Na,S0,), and the solvent is evaporated. The residue is distilled
through a short Vigreux column to give 3a; yield: 1.7 g (61 %); bp
79--80°C/26 mbar (Lit.2% bp 66—67°C/14 mbar).

Relative peak area of the components formed by ozonization is
determined by GC: dimethyl malonate 0.01, methyl 3,3-dimethoxy-
propanoate (3a) 1.0, 1,1,3,3-tetramethoxypropane 0.05, 1,1-dim-
ethoxyhexane (6a) 0.7, methyl hexanoate (7a) 0.4, methyl 9,9-
dimethoxynonanoate (5a) 1.8, and dimethyl nonanedioate (4a) 1.5.

Ethyl 3,3-Diethoxypropanoate (3b) by Ozonolysis of Methyl Linole-
nate (2):

The analogous ozonolysis of methyl linolenate (2; 5.26g,
18.0 mmol) in dry EtOH (150 mL) gives 3b; yield: 4.6 g (67 %); bp
102-105°C/26 mbar (Lit.?? bp 92-95°C/14 mbar).

Relative peak area of the ozonolysis mixture: diethyl malonate
0.016, ethyl 3,3-diethoxypropanoate (3b): 1.0, 1,1,3,3-tetracthoxy-
propane 0.011, methyl 9,9-diethoxynonanoate (5b) 0.46, methyl
ethyl nonanedioate (4b) 0.56.

Methyl 3,3-Dimethoxypropanoate (3a) by Ozonolysis of Methyl
Esters from Linseed Oil:

Methyl esters from linseed oil (20.0 g), prepared by methanolysis of
linseed 0il,%* are ozonized in a 1 M solution of HCI in MeOH
(160 mL) described for 1 to give 3a; yield: 7.5g (60%); bp
78-79°C/26 mbar.

Relative peak area of the components of the ozonolysis mixture
(without consideration of methyl palmitate and methyl stearate):
dimethyl malonate 0.03, methyl 3,3-dimethoxypropanoate (3a) 1.0,
1,1,3,3-tetramethoxypropane 0.01, 1,1-dimethoxyhexane (6) 0.1,
methyl hexanoate (7a) 0.09, 1,1-dimethoxynonane 0.24, methyl
nonanoate 0.21, methyl 9,9-dimethoxynonanoate (5a) 1.18, dim-
ethyl nonanedioate (4a) 1.01.
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