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Abstract

Silver-resin column chromatography, preceded
by preparative gas-liquid chromatography to re-
move unconjugated esters, has been used to
separate conjugated methyl octadecadienoates into
cis,cis-, oas,trans-, and trans,trans-isomers, also
methyl eleostearate into a- and B-isomers in 91
to 100% purity.

Introduction

VARIOUS PROCEDURES, based upon the formation of
silver ion-olefin complexes, have been developed to
separate geometric isomers of unsaturated fatty esters.
These methods all depend on the difference in stability
between the silver-cts olefin complex and the silver-
trans olefin complex (10). In on such procedure—
argentation countercurrent distribution (CCD)—a
solvent system consisting of hexane and methanolic
silver nitrate is employed to fractionate various mix-
tures of geometric and positional isomers (2,15). Also
silver nitrate-impregnated silicic acid has been used
both in column (17) and thin-layer chromatography
(12) to separate geometric fatty ester isomers.

In a previous publication (6) column chroma-
tography was described with a silver-containing,
cation-exchange resin to separate cis from trams octa-
decenoic esters and mono-trans from di-trans octa-
decadienoates. The unconjugated cis,cis dienes are
held very strongly on the silver-resin column. In this
paper is described the application of the silver-resin
column to the isolation of pure geometric isomers from
alkali-conjugated methyl linoleate, dehydrated ricin-
oleate, and a- and p-eleostearate. Also described is a
preparative gas-liquid chromatographic (GLC) pro-
cedure to separate conjugated and unconjugated
dienes. This procedure, which was used previously on
conjugated and uneconjugated dienes from methyl
linoleate hydrogenated with Fe(CO}; (7), was neces-
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sary because the silver-resin column did not separate
trans unconjugated dienes from conjugated dienes.

Materials and Methods

Materials

Partially alkali-isomerized linoleate was prepared,
according to the procedure of Kass and Burr (9), by
refluxing methyl linoleate with 20% KOH. Methyl
esters prepared from the conjugated acids contained
479% mnonconjugated and 53% conjugated diene by
GLC analysis.

A mixture of transtrans-, cistrans-, and cis,cts-
conjugated octadecadienoates was prepared by de-
hydrating methyl ricinoleate. Ricinoleate was distilled
in the presence of 10% by weight of KHSO, through
a Vigreux column under 0.07-mm of pressure at 110C.
The distilled esters were estimated by GLC analysis
to contain 44.7% conjugated diene, of which approxi-
mately 35% was trans,trans, 45% cis,trans, and 20%
cis,cis.

Pure a- and B-eleostearate isomers were prepared
by crystallization from tung fatty acids by the proce-
dure of Mod et al. (11). UV spectral analysis of the
methyl a-eleostearate gave an absorptivity at 271 mp
of 175.3 and of methyl B-eleostearate, an absorptivity
at 268 mpu of 207.

Preparative GLC

An Aerograph preparative gas-liquid chroma-
tograph model A-700 (5) was used with either a
20-ft X 34-in. coiled aluminum column packed with
30% SE-30 on 60/80 mesh Chromosorb P or a 10-ft X
34-in. aluminum column packed with 30% DEGS on
60/80 Chromosorb W. Operating conditions for the
SE-30 column were: column temperature, 210C; in-
jection temperature, 240C; detector temperature,
243C; collector temperature, 212C; flow rate, 300
ml/min of helium gas. Average retention time for the
conjugated dienes was 2.5 hr. With the DEGS column,
operating temperatures were approximately 15C
lower than those used for the 30% SE-30 column.
Flow rates of 100 to 150 ml/min and sample sizes
of 35 to 50 pl were used. The average retention time
for the conjugated dienes was 1.25 hr. With the
DEGS column, bleed material is found in the separated
fractions. This material, together with any oxidation
products present, was easily removed from the frac-
tions by chromatographing on a column (12X
16.5 mm) packed with 15 g of silicic acid (3).

TABLE I
Recovery of Pure (100¢%) Fatty Esters by Preparative GLC2
Methyl esters R“‘;/Ze""
1. Oleate 90.8
2. Linoleate 92.0
3. Linolenate 90.3
4. Mixture: 1, 2, and 3 94.0

2 Column = DEGS (see text for conditions).
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TABLE II

Effect of Preparative GLC on Double Bond Positions
Methyl trans,trans-9,11-Octadecadiencate from
Dehydrated Methyl Ricinelaidate?

Analyses Before After

GLC GLC
IR, 8,0, , 1.02 1.10
UV, 8y 0 86.3 104.0

Double hond position ;

7 1.7 2.7
8 4.8 5.5
9 41.7 37.8
10 1.0 6.6
11 47.3 43.0
12 3.5 4.4

® Columns = SE-30 (see text for conditions).

Approximately 200 ml of hexane were used to elute
the conjugated dienes from the column.

GLC samples were collected in glass vials supplied
with the Autoprep A-700. Because the samples formed
aerosols in the collection gas, it was necessary to pack
these vials with glass wool and to use tightly fitting
rubber caps for good recoveries. The glass wool had
to be packed evenly and sufficiently tight to offer some
resistance to gas flow. If the glass wool packing was
too tight, the aerosol escaped around the seal between
the collector outlet and the collector vial. Repetitive
manual injections of 35 to 50 pl were made until the
desired amount of sample was collected.

Silver-Resin Chromatography

The technique which was followed for the prepara-
tion of the silver-treated resin, packing of the column,
and sample injection, also for monitoring the sample
was the same as described previously (6). Only the
diameter of the column, sample size, and solvent flow-
rate were varied. A larger diameter column (21 mm)
with a maximum capacity of 1.5 g of sample was
used. With the larger diameter column, optimum
separations were possible with a higher flow-rate of
2 ml/min. With alkali-isomerized methyl linoleate
the nonconjugated diene, being nearly all cis,cis,
could also be separated from the conjugated diene
with a short silver-resin column (50 X 1.8 em) in-
stead of preparative GLC.

The methodology relating to analytical GLC, IR,
UV, and KMnO4KIO, cleavage analyses was the same
as reported earlier (8),

Results and Discussion

The fractionation scheme adopted in this work is
shown in Figure 1. Preparative GLC provided sam-
ples containing 95 to 98% pure conjugated fatty ester
geometric isomers. Samples were then fractionated by
silver-resin column chromatography into the different
conjugated methyl octadecadienoate geometric isomers.
With alkali-isomerized methyl linoleate the uncon-
jugated cis,cts diene was removed by the short silver-
resin column instead of preparative GLC.

The recovery and purity of fatty methyl esters
obtained by preparative GLC were checked by chro-
matographing known samples. Table I shows the
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TABLE III
Analyses of Conjugated Diene Fractions from
Alkali-Isomerized Methyl Linoleate
Fraction
Analysis
d I1 III
Exp. Lit.» Exp. Lit.a
81638
Infrared G0, = 1.30 1.41b —_— = 1.23 1.198®
210,34
Tltraviolet By my = 99,5 112,70 85 my, = 88.2 90.4b
GLC, %:
trans,trans- 96 0
cis, trans- 4 100

® Literature values are for the pure isomers.
b Chipault and Hawkins (4).

recoveries from pure samples of methyl oleate, lino-
leate, and linolenate, also a mixture of the three col-
lected by preparative GLC. Total recovery averaged
90% by weight, based on collection of completely
separated peaks.

To check whether isomerization of unsaturated fatty
esters occurred during preparative GLC, double bond
distribution was determined by KMnO,-KIO, clea-
vage. Table II shows the analysis of methyl
trans,trans-9,11-octadecadiencate (14) before and
after preparative GLC. A 5% increase in bond
migration is indicated, which is probably within the
experimental error of the technique and is not con-
sidered significant. IR and UV absorptivities given
in Table II were higher after preparative GLC
probably because small amounts of oxidative or
polymeric impurities were removed. These experi-
ments showed that good recovery of esters could be
achieved with little alteration of the rather labile
conjugated esters.

Figure 2 gives the silver-resin column separation
of the conjugated diene fraction from alkali-isomerized
methyl linoleate. The starting material for this separa-
tion ecan be obtained by either preparative GLC or
by silver-resin chromatography through a short
column. Analytical GLC showed it to contain 90%
mono-trans (cis,trans and trans,cis) esters, 5% trans,
trans- and 5% cis,cis-conjugated diene. Two definite
peaks were eluted from the silver-resin column; the
larger peak also had a shoulder. The eluate was com-
bined in three fractions as indicated in Figure 2.

Fraction I appeared to be polymeric oxidation
products. The IR absorption curve had a hydroxyl
band at 3300 cm™. There was no conjugated diene
absorption at 230-235 mg. Although GLC gave a few
small peaks with short retention times, the majority
of the sample was not eluted from the GLC column.
Table III includes the analyses of fractions II and
III. The alkali-isomerized sample apparently con-
tained mostly mono-trans-conjugated diene, as shown
by IR, UV, and GLC analysis of the separated frac-
tions. Both GLC and UV analyses indicated that
fraction I has 96% trans,trans-conjugated diene. No
cis,cis-conjugated diene could be detected by GLC
analysis. These results agree with data from argenta-
tion CCD (15) which show that alkali-isomerized
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methyl linoleate is mostly mono-trans-conjugated diene
and has only small amounts of trans,trans- and cis,cis-
conjugated dienes. Fraction III was pure mono-
trans-conjugated diene.

Figure 3 gives the silver-resin column separation
of the conjugated esters prepared by dehydration of
methyl ricinoleate. Unconjugated esters were pre-
viously removed by preparative GLC. The complex
shape of the trams,irans-conjugated diene peak was
caused by contamination from both oxidation products
and bleed-off GLC column material. Because of these
impurities, no quantitative measurements ean be based
on the areas under the curve. For preparative pur-
poses, both of these impurities were readily removed
by silicic acid chromatography. Amnalysis of the con-
jugated methyl octadecadiencate fractions are given
in Table IV. These experimental absorptivities are in
general agreement with published values. For the
cis,trans fraction, the low value of the ratio of ab-
sorptivities at 10.18 p and 10.54 p indicates the ab-
sence of fremsirans conjugation in agreement with
GLC data.

Figure 4 shows the KMnOKIO,4 cleavage analysis
of the trams,trans-, cis,trans-, and cis,cis-conjugated
octadecadienoate isomers from dehydrated methyl
ricinoleate. Double bond migration was indicated in
all three samples. The greatest amount of bond migra-
tion occurred in the trams,irans fraction with only
40% of the double bonds in the original 9,11-positions.
The cis,cis fraction contained approximately 70% of
the double bonds in the 9,11-positions. These results
are in agreement with unpublished data of this labora-
tory on samples prepared by argentation CCD of
dehydrated methyl ricinoleate.

Figure 5 illustrates the separation of «- and g-
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Fie. 5. Refractometric curve for separation of methyl a-
and p-eleostearate.

eleostearate from a mixture. UV analysis of fraction I
gave an absorptivity at 268 mp of 205 and of fraction
II, 179.5 at 271 mp. Paschke and Wheeler (13) re-
ported absorptivity at 271.5 mu of 178.3 and at 269 mu
of 201.0 for a- and B-eleostearic acid respectively,
corresponding to 169.7 and 191.4 for the methyl esters.
Therefore fractions I and II are essentially pure
methyl 8- and a-eleostearate.

These results demonstrate that silver-resin column
chromatography is applicable to the fractionation and
separation of pure conjugated octadecadienoate and
octadecatrienoate geometric isomers. The technique is
suitable for small preparative separations. It is more
rapid, requires less elaborate equipment, and is suit-
able for smaller samples than argentation CCD. Also
the silver resin seems to add greater selectivity since
the separation of conjugated diene isomers is more
complete than those reported by argentation CCD. It
is necessary to remove unconjugated esters. This was
done by preparative GLC. Alternative methods in-
clude fractional distillation (16) or CCD (15). The
conjugated diene isomers from this study are com-
parable in purity with those produced by fraetional
crystallization techniques (1).

REFERENCES

1. Body, D. R., and F. B. Shorland, JAOCS 42, 5 (1965),
2. Butterfield, RB. 0., C. R. Scholfield and H. J. Dutton, Ibid. 41,

397 (1964). .

3. Chang, Ta-Chuang Lo, and C. C. Sweeley, J. Lipid Res. 3, 170

1962).

{ 4. (%hipault, J. R, and J. M. Hawkins, JAOCS 36, 535 (1959).
5. Dimmick, K. P., and E. M. Taft, J. Gas Chromatog. 1(3), 7
1963).

¢ 6. I%mken, E. A, C. R. Scholfield and H. J. Dutton, JAOCS 41,

388 (1964). ]

7. Frankel, E, N., E, A, Emken, H. Peters, V. L. Davison and R. O.

Butterfield, J. Org. Chem. 28, 3292 (1964).

%. Frankel, E. N.,, E. P. Jones, V. L. Davison, E. A. Emken and

H. J. Dutton, JAOCS 42, 130 (1965).

9. Kass, J. P, and G. O. Burr, J. Am. Chem. Soc, 61, 3292 (1939).
10. Lucas, H. J., R. 8. Moore and D. Pressman, Ibid. 65, 227

1943).

¢ 11, )Mod, R. R, E. L. Skau and R. W. Planck, JAOCS 30, 368
1953).

¢ 12.)M0rris, L. J., Chem. Ind. (London) 1238 (1962).

13. Paschke, R. F., and D. H. Wheeler, JAOCS 32, 469 (1955).
14. Schneider, Wilma, L. E. Gast and H. M. Teeter, Ibid. 41, 605

1964).

( 15. )Scho]ﬁeld, C. R., E. P. Jones, R. O. Butterfield and H. J. Dut-

ton, Anal. Chem. 35, 1588 (1963). )

16. Terry, D. E., and D. H. Wheeler, Oil & Soap 23, 88 (1946).
17. de Vries, B., JAOCS 40, 184 (1963).

[Received December 19, 1966]

TABLE IV
Analyses of Conjugated Octadecadienoate Fractions from

Dehydrated Methyl Ricinoleate

Fraction
Analysis - —
tran,trans cis trans €is,cls
Exp. Lit.2 Exp. Lit.® Exp. Lit.a
Infrared a =1.16 a5,
o 1.41b 0EE 1160 1.198v
A10.50 p — 0.8¢
Ultraviolet B my = 990 112.7° g my = B6.9 90.4° Zp5.5 mu = 83.0 90.8
GLCC, %d
onj, diene:
trans,trans 914 0.0 2(5)
cis trans 7.0 99.5 94.0
cis,cis . 0.0 0.0 e
Nonconj. diene 1.6 0.5 .

2 Literature values are for the pure isomers.
b Chipault and Hawkins (4).
¢ Body and Shorland (1).



