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Abstract

A convenient and accurate infrared procedure
was developed for determining the conversion of
azelaaldehydic esters to acetals by measuring
disappearance of the aldehydic C-H stretching
vibration at 2720 em! (3.68 p).

Introduction

LDEHYDE OILS ARE POTENTIALLY valuable aldehydic

triglyceride products. They are conveniently
prepared by reductively decomposing partially or
completely ozonized glycerides such as soybean, lin-
seed, Crambe abyssinica or margarine oils (8-10).
These aldehyde oils are highly reactive chemical in-
termediates and undergo a variety of reactions in-
cluding condensation with urea, amines, diamines,
diols, polyols and phenols (9). However, the alde-
hyde oils, particularly unsaturated ones, exhibit a
relatively short shelf life compared to some of their
derivatives. When contemplating the use or storage
of an aldehyde oil for more than a few days, our re-
search group has found it advisable to remove all
acidic or basic catalysts and to store the oil under
refrigeration and an inert atmosphere. Alternatively,
the aldehyde oil can be converted to a useful and
stable derivative like the dimethyl acetal. This acetal
easily undergoes aleoholysis and can be used to form
other acetals such as the heat-stable, cyclic, ethylene
glycol acetal. In preparing acetal oil derivatives, it
became evident that a procedure for determining the
extent of conversion was lacking. Employment of the
conventional methods of analyses used for aldehydes,
such as gas-liquid chromatography (GLC), molecular
weight combined with wet analyses before and after
conversion or observation of the decreasing infrared
carbonyl band at 1740 to 1720 cm!, could not be con-
veniently applied to the oils.

Although there is much spectral data on aldehydes,
little has been done to establish infrared as an ac-
curate analytical tool for determining the extent of
aldehyde conversion to acetals. Melchior (4) em-
ployed ultraviolet absorption to observe the differ-
ences in the spectra of certain ortho-substituted alde-
hydes in neutral methanol as compared to the same
aldehydes in acidified methanol. Emphasis was
placed on establishing equilibrium constants for these
mixtures both at 2 and 25C. Crowell et al. (3) took
advantage of the ultraviolet spectral changes result-
ing from acetal formation to determine the extent to
which several n-aliphatic, unsaturated aliphatic and
aromatic aldehydes reacted with acidified methanol.
Acetal formation was measured by percent reduction
in absorbance of the carbonyl maxima. Ashdown and
Kletz (1) observed the infrared spectra of various
aldehydes and alecohols in tandem pairs as well as in
mixtures. They observed severel new bands in the
fingerprint region, due to neither reagent but to
hemiacetal formation, as well as a decrease In inten-
sity at 2720 em! (C-H stretching) and 1730 em™!
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(C =0 vibration). Pinchas (6,7) studied the shift
in the aldehydic C-H band of several ortho-sub-
stituted benzaldehydes in the 3000-2600 ecm! re-
gion, but only to elucidate their structure. Brugel
and Ostor (2) found a sharp, but not strong, charac-
teristic infrared band of acetals at 2820-2830 em-L.
Unfortunately, the band could not be used to deter-
mine acetal concentration because of its nearness to
the 2850 em C—H vibration and because a suitable
concentration of the acetal must be presented before
the band is detectable.

‘We have developed a convenient and accurate pro-
cedure for ascertaining the extent of aldehyde oil
conversion to acetal oil by measuring absorbance of
the aldehydic C-H group appearing near 2720 em-!
(3.68 ).

Apparatus and Reagents

Infrared spectra were obtained in potassium bro-
mide cells with a Perkin-Elmer grating spectropho-
tometer, model 337, with slit width programmed
mechanically at position “N” (normal). Methyl
azelaaldehydate (MAZ), 99.8% pure by GLC, was
obtained by fractionally distilling the bisulfite-
purified ozonolysis products of soybean oil methyl
esters (5). Methyl azelaaldehydate dimethyl acetal
(MAZDMA), 100% pure by GLC, was prepared by
refluxing MAZ for 4 hr in the presence of excess
methanol and 2,2-dimethoxypropane, with KHSO, as
the catalyst. Aldehyde oil was obtained from cata-
lytically reduced, completely ozonized, soybean oil.
The dimethyl acetal was prepared by refluxing the
aldehyde oil in excess methanol for 16 hr with Dowex
50W-X8 used as the catalyst.

Procedure

Except for the relative intensity of the aldehydic
C-H group, spectra for azelaaldehydic esters and
aldehyde oils are nearly identical in the 1200—4000
em™ range. MAZ and MAZDMA were chosen to
demonstrate the effectiveness of this new infrared
procedure because the exact- concentration of each
component could be determined more readily than
for their triglyceride counterparts. A series of sam-
ples of different concentration was prepared by weigh-
ing and mixing a known amount of each ingredient.
Absorbance at 2720 em! (3.68 p) was measured ex-
perimentally for each sample, and the absorptivity
for each was calculated according to the equation
A =abe, where A is the absorbance; a, the absorp-
tivity ; b, the cell width; and ¢, the concentration (the
Beer-Lambert law) (Table I). Measurements were
made in a 0.023 mm KBr cell for MAZ and MAZDMA
and in a 0.05 mm KBr cell for the aldehyde-acetal
oil samples. (The KBr cell was not necessary in
preference to a NaCl cell for the work reported
herein.)

The mean absorptivity for the entire range was
2.47 = 0.07 g/(mm X meq). The decrease in absor-
bance at 2720 em™! as the acetalization of an aldehyde
oil proceeds is shown in Table II.
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TABLE I
Absorbance of Methyl Azelaaldebhydate (MAZ)-methyl Azelaalehydate Dimethyl Acetal (MAZDMA) Mixtures at 2720 cm™?
Sample composition Aldehyde MAZ Ab P

Number content, ’ Absorbance Sorpeivity,

MAZ, g MAZDMA, g meq/g mole % g/mm/meq
1 0.0114 0.0932 0.586 13.2 0.032 2.87
2 0.0149 0.1173 0.605 13.7 0.036 2.59
3 0.0192 0.0930 0.919 20.5 0.052 2.46
4 0.0265 0.0898 1.22 26.9 0.070 2.49
5 0.0493 0.1345 1.97 41.9 0.118 2.60
6 0.0202 0.0267 2.31 48.5 0.186 2.56
7 0.0725 0.0589 2.98 60.5 0.170 2.49
8 0.0832 0.0452 3.48 69.7 0.201 2.51
9 0.0929 0.0308 4.08 78.9 0.223 2.41
10 0.1171 0.0229 4.49 86.4 0.254 2.46
11 0.1194 0.0093 4.99 94.1 0.265 2.31
2 0.0000 5.837 100.0 0.295 2.39

Results and Discussion
The appearance of a (C-H) stretching vibration
0]

|

in aldehydes (C—-H) near 2720 ecm™! accompanied by
the carbonyl stretching absorption band at 1740-
1720 em-! is excellent evidence for the presence of an
aldehyde group. Ordinarily, aldehyde conversion
to acetal can be followed by disappearance of the
stronger of the two bands at 1740-1720 emt. How-
ever, in the azelaaldehydic ester and aldehyde oil
samples we have prepared, disappearance of this
band is masked by the ester carbonyl (C = O) stretch-
ing vibrations. Therefore, the aldehyde-to-acetal re-
action was followed by the fading of the medium
(C-H) band appearing at 2720 em? (3.68 n).

For any given cell thickness, absorption in the alde-
hydic C—H region (2720 em™1) was stronger for MAZ
than it was for aldehyde oil because of the higher con-
centration of aldehydic C—H in the former compound.
Because saturated fatty esters are present in the orig-
inal oil, aldehyde oils seldom contain more than 3.25
to 3.50 meq carbonyl/g compared to 5.37 meq C=0O/g
for MAZ. Accordingly, considerable variation in cell
thickness was necessary. Absorbance resulting from
the aldehydic C—H stretching in MAZ and aldehyde
oil were measured in 0.023 mm and 0.05 mm KBr
cells, respectively.

From absorbance values found for each MAZ/
MAZDMA mixture an average absorptivity for the

TABLE IT
Conversion of an Aldehyde Oil to its Dimethyl Acetal

Aldehyde -
Number Absorbance * content, Cor;x(\)rleers(;on,

meq/g °

1 0.291 ’ 2.36 0.0
2 0.221 1.79 24
3 0.165 1.34 43
4 0.103 0.83 65
5 0.050 0.40 83
6 0.040 0.32 86
7 0.032 0.26 88

8 0.022 0.18 92.4

4 Absorbance at 2720 c¢cm-! with a 0.05 mm KBr cell.

Mean absorptivity = 2.47.
Average difference = 0.07.
Standard deviation = 0.09.

entire range was calculated. Mean absorptivity was
2.47 = 0.07 g/(mm X meq). This value was used to
calculate the percent conversion of an aldehyde oil
to an acetal oil (Table II).

Alcohols must be absent in samples used for
carbonyl determinations because of formation of
hemiacetals, which do not show the C-H stretching
vibration at 2720 cm'. Hemiacetal formation was
demonstrated for a number of pelargonaldehyde-n-
butyl aleohol solutions of different concentrations by
spectrophotometric determination of the residual al-
dehyde. The amount of hemiacetal formed depended
upon the amount of alcohol present (alcohol/aldehyde
mole ratio—hemiacetal, per cent conversion): 0.146-
14.3;0.66—44.1; 1.04-54.3; 1.36-65.3 ; 2.64-74.6 ; 8.0-ca.
100. The aldehyde concentration as determined spec-
trophotometrically remained constant over a 3-day
period. Initial readings were made at least 20 min
after the alecohol and aldehyde had been mixed. Anal-
yses by GLC of certain of the samples showed that
aldehyde disappearance resulted from hemiacetal
rather than acetal formation, since peaks for butanol
and pelargonaldehyde were the only major ones de-
tected. A minor peak for pelargonaldehyde dibutyl
acetal indicated that the acetal was present only in
trace amounts.
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