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HE polymorphism of the saturated monacid 1,3-

diglycerides of the series dieaprin through di-

stearin was deseribed by Malkin, Shurbagy, and
Meara (1). The even members of this series were
recently re-examined by Baur ef al. (2). The x-ray
diffraction analyses of the monacid unsaturated 1,3-
diglycerides of oleic (3,4), linoleic (3), linolenic (3),
elaidic (4,5), brassidic (4), and eruecic (4) acids have
also been reported. '

The only diacid 1,3-diglycerides whose x-ray data
have been reported thus far are l-stearyl-3-myristin,
1-palmityl-3-lanrin, and l-myristyl-3-caprin (6). It
therefore seemed desirable to study the polymor-
phism of the saturated-unsaturated diglycerides. The
purpose of this paper is to report the physical data
including results of x-ray diffraction for three un-
saturated diacid diglycerides obtainable from stearie,
oleie, and elaidic acids.

Experimental

Preparation of Intermediates. The oleyl, elaidyl,
and stearyl chlorides were prepared from the respec-
tive highly purified fatty acids by methods described
by Wood et al. (7). The l-monostearin, m.p. 81.5°,
was prepared by the method of Malkin and Shur-
bagy (8), and the l-monoelaidin was prepared by
the method of Fischer (9) as modified by Daubert
(10). Reaction of l-monostearin with triphenylchlo-
romethane in quinoline solution to prepare 1-trityl-
3-stearin, m.p. 66°, was carried out essentially by the
method of Verkade and van Der Lee (11).

Preparation of 1-Stearyl-3-elaidin. 1-Trityl-3-ste-
arin (9.0 g.) was dissolved in a mixture of guinoline
(6 ml.) and dry chloroform (25 ml.). To this solu-
tion elaidyl chloride (5 g.) was slowly added. The
mixture was allowed to stand with oceasional shaking
for two days at room temperature. After dissolving
the mixture in ethyl ether (250 ml.), the mixture
was washed successively with eold 0.5 N sulfuric acid,
5% potassium carbonate solution, and water, and
then dried over anhydrous sodium sulfate. The ethyl
ether was removed from the filtered solution on a
steam bath in vacuo, and the residue washed repeat-
edly with ethanol. In order to remove the trityl
grouping accompanied by a shift of the elaidyl group
from the 2 to the 5 position, the oily residue dissolved
in dry petroleum ether was cooled to 5°C. and dry
hydrogen chloride was bubbled through the solution
for 20 minutes. When the mixture had stood at room
temperature for one hour, the supernatant. liqnid was
decanted, diluted with ethyl ether (220 ml.), and the
solution washed successively with water, 5% potas-
sium bicarbonate, and finally water. The solvent
was removed from the filtered liquid, which was
dried over anhydrous sodium sulfate, and the resi-
due dissolved in a 2:1 mixture of ethyl ether and
95% ethanol. Slow crystallization several times from

1 Qontribution No. 763 from the Department of Chemistry, Univer-
sity of Pittsburgh.

2The authors are indebted to Procter and Gamble Company for a
Research Fellowship grant during the course of this investigation.
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this mixture of solvents yielded a product melting
at 65.5-65.9° C.; mol. wt. (12), 618 (caled. 623);
iodine value, 40.5 (caled. 40.7).

Anal?® caled. for C,,H,,0,; C. 75.19; H, 11.97.
Found: C, 75.01, 74.87; H, 11.81, 11.63.

1-Stearyl-3-olein, m.p. 52°, mol. wt. 614 (ecaled.
623), iodine value 40.1 (caled. 40.7) was prepared
by essentially the same procedure.

Preparation of 1-Oleyl-3-elaidin. The direct esteri-
fication of the monoglyceride with the acid chloride
to produce the diglyceride was earried out by a modi-
fication of the procedure of Malkin et al. (1). To a
solution of l-monoelaidin (5.5 g.) in quinoline (5
ml.) and chloroform (30 ml.) was slowly added oleyl
chloride (4.2 g.). The mixture was refluxed on a
steam bath for three hours under anhydrous condi-
tions. After cooling to room temperature it was
dissolved in ethyl ether (300 ml.) and the solution
washed with cold 0.5 N sulfuric acid, 5% bicarbon-
ate solution, and distilled water. The ethyl ether was
removed by suction after drying the solution over
anhydrous sodium sulfate and the syrupy residue
taken up in petroleum ether (30 ml.). This solution
was slowly cooled to 5° and then the small amount
of unreacted monoelaidin which precipitated was
filtered off. When the petroleum ether had been
removed, the residue was dissolved in methyl aleohol
and cooled to 5°. The product was recrystallized
several times from a 2:1 mixture of ethyl ether and
methanol: melting point 28.8°C.; iodine value 81.5
(caled. 81.8) ; mol. wt. 632 (caled. 621).

All three diglycerides when hydrogenated (13) in
ethyl acetate with a palladium black catalyst yielded
1,3-distearin (m.p. 79.0°).

X-ray Diffraction Analyses. The x-ray diffraction
patterns of the diglycerides were made by the usual
powder method previously described (5,6). The low-
melting glyeceride, 1-oleyl-3-elaidin, was maintained
in the solid state by placing the nylon tube contain-
ing the sample in a brass block mounted on the
pin-hole camera and circulating cold water (15°C.)
through the block. In order to avoid fogging of the
pattern, careful regulation of the water temperature
was necessary so that no moisture condensed on the
block or specimen.

The unstable polymorphic forms were obtained by
carefully melting the specimens packed in nylon
tubes, immediately immersing the tubes in a small
acetone-dry ice bath, and then holding for three min-
utes at —70°. The specimens were transferred to
the x-ray unit without melting. After exposure the

‘specimens were removed and melting points deter-

mined on the specimens directly. Detailed x-ray data
are shown in Table 1.

Discussion

Baur et al. (2) found two polymorphic forms for
each of the even, saturated diglycerides, dilaurin
through distearin. Both of these forms were classi-

3 The microchemical analyses were performed by George Stragand.
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TABLE I
X-ray Spacings, in &, for the Diglycerides

1-Stearyl-3-olein 1-Stearyl-3-elaidin ?}-e(l);?g%n
Beta, Betag Betar | Betas Betas
(hkl)
{ Long Spacings
001 484 VS | 390 V8 | 525 VS | 50.3 VS | 485 VS
002 239 VS| 194 M [ 261 8 25.1 8 24.3 M
003 16.1 VS | 130 M 17.6 8 16.6 VS | 16.1 8
004 9.70 VW 12.6 VW
005 9.69 M 7.80 W+ | 105 M 9.87 W 9.68 W
006 8.06 M 6.52 VW | 8.84 M 8.31 W 8.04 W
007 6.83 W 8.25 W
008 6.02 M 6.59 W 6.24 W 6.04 W
av.d | 482 39.0 52.6 50.0 48.4
M.P.} 52.0 | ... ! 65.9 62.0 28.8
Short Spacings
| 512 VW 518 W 5.03 W 5.08 W 4658
{4748 488 VW | 4.58VS 461Vs | 458W
. 4.62VS 467 VS 420 W 420 W 424W
4.46 M 151 M 3.86 VS 3.90 V§ 4.07M
411 M 438 W 3.76 VS 3.75VS | 3.818
3.78 VS 419 M 327 VW | 342VW| 3708
3.73 M 401 M 3.04 VW | 314VW| 340M
3.63 M 3.88 S— 2.50 M 2.52 M 3.26 W4
2.95VW| 3.78M 2.40 M 240 W 314 W
270 VW[ 36TM 2.29 W 225 W 29TW
246 M 351 M+ | 220VW | 216 W 283 W
235VW| 330VW | 216W 210 W 270 M
226 VW| 297VW | 2.08M 2.03 W 2.56 W
217 M 2.84 W 1.92 W 1.98 W 2.42 M
208 VW| 260VW | 186 W 191 VW! 232W
200 VW, 236VW | 180 VW | 1.86VW| 226W
1.88 W 219VW | 1.69VW | 176 VW| 2.18M
177 VW[ 206 VW | 163VW | 157TW 2.09 M
175 VW! 1.94VW | 1.57VW 2.02 W
1.76 VW | 1.489 VW] 1.98 W
1.365 VW! 1.88 VW
1,322 VW 180 VW

fied as beta-like on the basis of strong 4.6 A short
spacings. Following the suggestion of Malkin et al.
(1), they called the two forms beta-a and beta-b.
Beta-a has characteristic strong short spacings of 4.6
and 3.7 A and a medium 3.9 spacing, whereas beta-b
has characteristic strong short spacings 4.6 and 3.75
A. In contrast to the data of Malkin et al. (1), Baur
et al. (2) have shown that the beta-a short spacings
are uniformly associated with the lesser long spacing
for each diglyceride. Daubert and Sidhu (5) for 1,3-
dielaidin associated the beta-a form with the greater
long spacing.

In the case of dipalmitin and distearin Malkin (1)
observed only the lesser long spacings, and these were
associated with the beta-a type short spacings. This
discontinuity was not confirmed by Baur et al. (2),
who obtained both the beta-a and beta-b patterns
for these two diglyeerides. However no x-ray evi-
dence has been reported for an alpha form for any
diglyceride.

Daubert (6) presented x-ray data for 1-stearyl-
3-myristin which corresponded more closely to the
beta-b form because of the absence of a 3.9 line
whereas the other diacid diglycerides examined had
the beta form.

In the case of the monacid diglycerides of oleic,
linolei¢, and linolenic acids, the x-ray data indicated
a single polymorphic form for each glyceride which
bore no relationship to any of the known glyceride
struetures (3). The unusual feature was that these
three glycerides had a strong short spacing in the
4.7 A region plus one additional strong line which
was different in each case.

The unsaturated diglycerides, dielaidin (4,5), and
dibrassidin (4), paralleled the saturated diglycerides

in the existence of beta-a and beta-b forms, while
dierucin (4) (a cis acid containing compound) is
similar to diolein (3,4).

The stable form of 1-stearyl-3-olein has a long spac-
ing similar to that for distearin but does not possess
the same characteristic short spacings. Although the
3.9 line of a typical beta-a pattern is missing, there
is an additional strong line at 4.74 similar to that
shown for the c¢is unsaturated diglycerides.

The unstable form however gives all the charac-
teristic lines for a beta-a type, also an exceedingly
shorter long spacing than the stable form. The long
spacing and its higher orders of reflection are the
same as those for 1,3-diolein (3,4). The pattern for
this form was not readily obtained by the techniques
employed as only one attempt out of four was sue-
cessful in producing this unstable form, and no melt-
ing point was observed for it. To distinguish the two
polymorphic forms, the stable form is designated as
beta, and the unstable form as beta,. The subscripts
1 and 2 hold no further significance.

The long spacings for both crystalline forms of
l-stearyl-3-elaidin are identical to those for the two
forms of dielaidin (4,5). But whereas both com-
pounds possess the same stable structure, dielaidin
has an unstable form of beta-b type, and l-stearyl-
3-elaidin yields a beta short-spacing type unstable
form.

The pattern for 1-oleyl-3-elaidin is a beta type.
There may be additional polymorphic forms, but
the limitations of the equipment prevented their
realization.

The conclusions are that no alpha forms exist for
any of the diglycerides examined and that two of
the diglycerides are unusual in that they can exist
in two polymorphic forms which are of the same
short-spacing type, namely, beta. An interesting
fact concerning the stable forms of the three diglye-
erides is the absence of a fourth order reflection in
the long spacings.

Summary

Chemical and physical data are reported for the
three diacid 1,3-diglycerides obtainable from stearie,
oleic, and elaidie acids. Two of these are new, namely
1-stearyl-3-elaidin and 1-oleyl-3-elaidin.

X-ray data have revealed one form for 1-oleyl-3-
elaidin and two forms for the other two diglycerides,
with considerable individuality in the diffraction pat-
terns of the compounds.
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