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Abstract

Transformations of hydroxy to keto fatty
esters have been monitored successfully by con-
verting the hydroxy compounds to their tri-
flucroacetyl (TFA) or trimethylsilyl (TMS) de-
rivatives followed by gas-liquid chromatography
(GLC). The TFA derivatives have shorter re-
tention times, are better separated from the keto
esters, and permit more complete resolution of
saturated and unsaturated hydroxy fatty esters
than the TMS derivatives. Improved methods
for derivative preparation which are rapid and
convenient are described. Methyl dimorphecolate
(methyl 9-hydroxy-trams,trans,10,12-octadecadi-
enoate), which is thermally unstable and cannot
be chromatographed as the trifluoroacetate or
free hydroxy compound, was chromatographed
satisfactorily as the trimethylsilyl ether.

Introduction

uE PURPOSE of this investigation was to develop
T a GLC method for monitoring conversions of hy-
droxy fatty esters to the corresponding keto fatty
esters. Hydroxy fatty esters are difficult to analyze
by GLC because they have long retention times, they
tail, they interact with polar substrates, and some
are thermally unstable. In addition, the separation
of saturated and unsaturated hydroxy fatty esters,
e.g. methyl 12-hydroxystearate and methyl ricinoleate,
is generally unsatisfactory on packed columns,

A number of investigators have tried to improve
the GLC analysis of hydroxy fatty esters by use of
derivatives such as acetates (1-4), methyl ethers (5),
trimethylsilyl ethers (6,7), and trifluoroacetates (8,9).
TFA and TMS derivatives appear to be more suitable
for this purpose than acetates or ethers because they
have shorter retention times and are more eonven-
iently and rapidly prepared (6,9,10). However, a
direct comparison of THA and TMS derivatives has
not been made. In this paper these derivatives are
compared with regard to their retention times on
various packed columns, how their method of prepa-
ration influences quantitation, their usefulness in
separating methyl 12-hydroxystearate from methyl
ricinoleate, and their suitability for monitoring con-
versions of hydroxy to keto fatty esters.

Experimental
GLC Apparatus

A laboratory-constructed, programmable instru-
ment equipped with dual columns and a 4-filament
thermal conduectivity detector was used in conjune-
tion with a 1-mv recorder. All analyses were con-
duected isothermally using on-column injection. Col-
umns and operating econditions are described in “Re-
sults and Discussion.”

1 Presented at the AOCS Meeting in Philadelphia, October 1966.
2W. Utiliz. Res. Dev. Div.,, ARS, USDA.
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Thin-Layer Chromatography (TLC)

Silica Gel G echromatostrips were used as previously
reported (17). The developing solvent was 70% Skel-
lysolve F—30% diethyl ether (v/v). Spots were de-
teeted after spraying with a 256% H,80, solution and
charring.

Materials

The preparation of the methyl esters of ricinoleic
(11), 12-hydroxystearic (12), 12-ketostearic (13), di-
morphecolic (14), 9-hydroxystearic (15) and 9-keto-
stearic (15) acids has been described. Except for
methyl dimorphecolate, these esters contained no im-
purities detected by GLC. Ultraviolet spectral analy-
sis indicated a methyl dimorphecolate content of 93%
(15) in the sample used. Methyl stearate was pur-
chased from the Hormel Institute; trimethylehloro-
silane and hexamethyldisilazane from Perco Supplies,
San QGabriel, California. Trifluoroacetic anhydride
was obtained from FEastman Organic Chemicals.
Reagent-grade pyridine was dried over barium oxide
before use.

Derivative Preparation

TFA Derivatives. To 5-10 mg of hydroxy ester in
a 14-dram vial was added 100 ul ehloroform and 50
u1 trifluorcacetic anhydride (TFAA). The solution
was shaken for 30 sec and allowed to stand for 5 min
at room temperature. Trifluororacetic acid, excess
TFAA, and solvent were removed by evaporating the
solution under a stream of nitrogen. The residue was
diluted to a 10% solution with chloroform, prior to
GLC analysis.

TMS Deriwatives. Two workup procedures were
used. In Procedure 1 the unmodified reaction mix-
ture was directly analyzed by GLC. In Procedure 2,
excess starting material and ammonium chloride were
removed from the reaction mixture prior to GLC
analysis. Procedure 1. To a 1-dram vial (polyethylene
stopper) containing 5-10 mg of hydroxy ester was
added 0.5 ml pyridine, 100 xl hexamethyldisilazane,
and 40 pl trimethylchlorosilane. The contents were
shaken for 60 sec, and the mixture was analyzed or
further purified as follows: Procedure 2. The mix-
ture was filtered through a fine, sintered glass fun-
nel, and volatiles were removed from the filtrate by
evaporation at aspirator pressure. After the residue
was diluted with chloroform, the solution was
analyzed.

Results and Discussion
Derivative Preparation

THFA Deriwatives. The procedure described in the
experimental section for converting a hydroxy com-
pound to its trifluoroacetate is somewhat simpler
than other reported methods (8,9), Excess trifluoro-
acetic anhydride was removed by evaporation under
a stream of nitrogen instead of destroying it with
added water or butanol (8). These last two reagents
give rise to peaks which can interfere with the analy-
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sis. By use of a much lower ratio of TFAA to hy-
droxy compound than that reported (9), trifluoro-
acetic acid was easily removed. The residue was
redissolved in CHCI; rather than TFAA (9), because
CHCI; is less toxie, less volatile and more readily
available.

Methyl 12-hydroxystearate was converted com-
pletely to its trifluoroacetate as shown by GLC and
TLC. The reaction of methyl ricinoleate with TFAA,
however, was accompanied by some decomposition
(TLC). The reaction produced a yellow ecolor which
became darker on standing. Peak areas were signifi-
cantly lower for the methyl ricinoleate derivative
than for the methyl 12-hydroxystearate derivative.
The difference in peak areas between these two de-
rivatives is discussed later.

TMS Derivatives. Methyl 12-hydroxystearate re-
acted completely to form the TMS derivative in 1
min as shown by GLC and TLC., When Procedure
1 was applied to methyl ricinoleate, TLC indicated
by-products were present. Peak areas (GLC) were
considerably lower for the methyl ricinoleate deriva-
tive than for the methyl 12-hydroxystearate deriva-
tive. Removal of extraneous compounds after TMS
ether formation by filtration and evaporation (Pro-
cedure 2) is simpler and more convenient than an-
other published method (10) which involves water
extraction.

The necessity for removing extraneous compounds
after derivative formation was investigated. Some
workers (16) stated ammonium ehloride did not inter-
fere with GLC analyses. Others (10) found the ex-
traneous compounds undesirable. To determine
whether differences in workup (Procedures 1 or 2)
would affect peak areas, methyl 12-hydroxystearate
and methyl ricinoleate as their TMS ethers were an-
alyzed separately. Methyl stearate was used as an
internal standard.

‘When the TMS ethers of methyl ricinoleate and
methyl 12-hydroxystearate were prepared by Pro-
cedure 1 (extraneous compounds not removed) peak
areas were greater by only 0.6 and 3.0%, respectively,
than when these derivatives were prepared by Pro-
cedure 2. A Carbowax column (Table I, No. 4) was
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the TMS derivative thus affected peak area only
slightly.

To determine if the resolution of a mixture of
methyl 12-hydroxystearate and methyl ricinoleate, as
their TMS ethers, was influenced by the method of
preparation, mixtures of the ethers prepared by Pro-
cedures 1 and 2 were analyzed. On polar columns
(No. 3-5), the derivatives prepared by either pro-
cedure were not separated (see Table I). On Apiezon
L eolumns (No. 1 and 2) the mixture prepared by
Procedure 2 was somewhat resolved, but the mixture
prepared by Procedure 1 failed to emerge. Pyridine
and/or ammonium chloride apparently prevent elu-
tion of the TMS ethers under these conditions.

Both TFA and TMS derivatives of methyl 12-
hydroxystearate and methyl ricinoleate which had
stood for several days at room temperature showed
no significant decrease in peak area compared to
freshly prepared samples.

Separation of Methyl 12-Hydroxystearate, Methyl
Ricinoleate, and Methyl 12-Ketostearate

Comparison of Packed Columns. To separtae these
three components various packed columns were ex-
amined. On polar columns the keto ester was easily
separated from the hydroxy esters (Table I, No. 3-5),
but the hydroxy esters were not resolved satisfac-
torily. On the 20% Apiezon L column (No. 1), as
shown in Figure 1A and Table I, methyl 12-hydroxy-
stearate was partially separated from the other esters,
but these were not separated from each other. In the
absence of the keto esters, the hydroxy esters were
only partially resolved on this column.

The hydroxy compounds were then converted to
their TMS derivatives in the presence of the keto
ester. As previously noted, the TMS ethers were not
resolved on polar columns. On the 20% Apiezon col-
umn, the three components were partially separated
(Fig. 1B and Table I). However, the proximity of
the keto ester and TMS ether peaks reduced the use-
fulness of this separation. Even less resolution of
these derivatives was observed on the 2% Apiezon
column (No. 2).

A mixture of the keto ester and the trifluoroacetates
of the hydroxy compounds showed no separation of

used for these studies. The method of preparation of the TFA derivatives on the polar columns. On the
TABLE I
Retention Times of Some Oxygenated Fatty Etsers on Packed Columns?
TMS TFA
Column Helium Hydroxy derivatives derivatives Methyl
Teénp, fllyw’ compounds of of 12-keto-
. ml/min stearate
No. Length and packing Me Ri® Me12-HOc  MeRiP Me12-HO¢ MeRi® Me 12-HO¢
25.5 27.8 25.5
10 £t—209 Apiezon L on
1 60/80 mesh Gas- 250 30 20.3 22.1 23.6
Chrom P 10.5 11.6 22.9
10 £#6—29 Apiezon L on 70/80
2 mesh AW-DMCS¢ Chromosorb 245 30 Ll L 13.5 14.6 7.1 83 .
G
6.4 6.6 5.3
8 ft—-159% Degs® on 70/80 2.0 2.0 4.9
3 mesh Gas-Chrom P 220 50 2.1 2.1 5.2
3 ft—59, (arbowax 20 M on
4 60/80 mesh HMDS! 210 50 5.0 5.0 1.8 1.8 1.4 1.4 3.68
Chromosorb W
5 f+—109% FFAPh on 70/80
mesh AW-DMCS 220 50 15.8 15.8 4.3 4.3 3.9 3.7 12.1¢8

Chromosorb W

& (glumns were made of 14 in, 0.D. stainless-steel or aluminum. Retention times are in minutes.

b Methyl ricinoleate.

¢ Methyl 12-hydroxystearate.

4 Acid-washed dimethyldichlorosilane.
¢ Diethylene glyeol sueecinate.

f Hexamethyldisilazane.

£ Retention time was not changed significantly by other compounds present during analysis,

" FFAP (a trade name) was purchased from Varian Aerograph,
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Fra. 1. Separation of methyl ricinoleate, methyl 12-hydroxystearate, methyl 12-ketostearate, and TMS and TFA derivatives.
Column: 10 ft %4 in. aluminum; 20% Apiezon L on 60/80 mesh Gas-Chrom P; 1A, 1B, 1C, temperature 250C, helium flow 30 ml/

min; 1D, temperature 220C, helium flow 50 ml/min.

20% Apiezon L column, both the trifluoroacetates
and the keto ester were fairly well resolved (Fig, 1C
and Table I). The TFA derivatives were almost com-
pletely separated at lower temperature and greater
gas flow (Fig. 1D). Methyl ricinoleate and methyl
12-hydroxystearate were thus better separated in the
presence of methyl 12-ketostearate as their TFA than
as their TMS derivatives.

Thermal Decomposition of TFA Derivatives. Ex-
amination of Figures 1C and 1D reveals a shoulder
on the peak corersponding to the trifluoroacetate of
methyl 12-hydroxystearate (peak 2)., This shoulder
is more pronounced at 250C (Fig. 1C) than at 220C
(Fig. 1D). At 260C the peak area of the shoulder
increased markedly. The same trend was observed
when the TFA derivatives of methyl 12-hydroxy-
stearate or methyl ricinoleate were analyzed sepa-
rately under these conditions. Because the peak areas
of the shoulders were temperature dependent, the
compounds corresponding to these shoulders appeared
to be decomposition products formed on the 20%
Apiezon column. Such decomposition produets did
not form on the polar eclumns at temperatures of
220C or below.

The TMS derivatives, in contrast to the TFA de-
rivatives, showed only a slight tendency to decompose
at 250C on the 20% Apiezon column. This difference
may result from greater thermal stability of the TMS
ether relative to the trifluoroacetate. The decomposi-
tion products from the mixture of the TFA deriva-
tives of methyl 12-hydroxystearate and methyl ricin-
oleate appeared to be C18 monoenes and dienes. Their
retention times were similar to those of methyl oleate
and methyl linoleate. When analyses were performed
as in Figure 1D, decomposition was minimized, and
a satisfactory qualitative analysis was possible.

Quaniitation. Factors affeeting quantitation of the
TFA and TMS derivatives on polar columns were
examined briefly. Methyl stearate was used as an in-
ternal standard. Per cent composition of the deriva-
tive and methyl stearate mixture as determined by
peak area (triangulation) was compared to the per
cent composition determined by weight per cent. The
best agreement between observed and calculated values
was obtained with a well-conditioned Carbowax col-
umn (No. 4).

Separate analyses of the TFA and TMS deriva-
tives of methyl 12-hydroxystearate on this column
showed the observed values were 97.3% (average of
5 trials) and 95.3% (average of 2 trials), respec-
tively, of the calculated values. By use of correction

factors these results could be made quantitative. In
contrast, the observed value for the TMS ether of
methyl ricinoleate on this column was only 79.0% of
the calculated value. Analysis of the TFA derivative
of methyl ricinoleate was also far from quantitative.
Differences between the values obtained for the de-
rivatives of methyl 12-hydroxystearate and the de-
rivatives of methyl ricinoleate may result from
greater adsorption of the latter compounds on the
column, their partial decomposition after formation
and during analysis, and differences in detector re-
sponse. On other polar columns, e.g. FFAP (Varian
Aerograph), polyethylene glycol succinate, and a
newly prepared Carbowax column, observed values
for both the TFA and TMS derivatives of methyl 12-
hydroxystearate were significantly lower than those
obtained on the well-conditioned Carbowax column.
These results suggest that column conditioning and
type as well as the structure of the TFA or TMS de-
rivatives influence quantitation.

Analysis of Methyl Dimorphecolate

Methyl dimorphecolate has been shown to dehy-
drate during GLC analysis to conjugated trienes (4).
Acetylation provided no protection (4). GLC analy-
sis of the TFA or TMS derivatives of methyl di-
morphecolate was investigated to defermine if these
derivatives dehydrated less readily during analysis
than the parent compound. Chromatography of the
trifluoroacetate of methyl dimorphecolate was not
successful. Either this derivative did not form, or it
decomposed on the column; it did not elute from the
column. In view of the tendency of methyl dimor-
phecolate to be dehydrated by acidic catalysts (18,19),
this result was not surprising. The conditions used
for this analysis were the same as those deseribed be-
low for the TMS derivative.

Morris and co-workers (4) found that methyl di-
morphecolate decomposed not on the GLC columns
but in the flash heater. In the present investigation,
an atterapt was made to eliminate decomposition by
injecting the ester directly on column. Extensive de-
hydration still occurred. As shown in Figure 2A,
the broad peak which eluted at 2.6 min was probably
a mixture of conjugated trienes. For comparison,
Figure 2B shows the chromatogram of the methyl
esters of tung oil which are composed mainly of mixed
conjugated trienes. Under these conditions methyl
dimorphecolate would have a retention time of ca. 5
min. Dehydration of methy! dimorphecolate was as
extensive at 200C as at 220C.
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Fi¢. 2. Analysis of methyl dimorphecolate and derivatives. Column 8 ft 14 in. stainless-steel; 5% Carbowax 20 M on 60/80
mesh hexamethyldisilazane-treated Chromosorb W; helium flow 50 ml/min. Temperature: 2A and 2B, 220C; 2C and 2D, 200C.

The TMS ether of methyl dimorphecolate (pyri-
dine, ete., not removed) was successfully chromato-
graphed (F'ig. 2C). The presence of only a slight
amount of triene (4.5-5.3 min under the conditions
of Fig. 2C) shows that little of the TMS derivative
decomposed. The same stability was observed at 220C
as at 200C. Methyl dimorphecolate and methyl 9-
hydroxystearate, as their TMS ethers, were well sepa-
rated from each other and from methyl 9-ketostearate
(Fig. 2D). The use of trimethylsilylation thus
provided a convenient method for following the
conversion of methyl dimorphecolate to methyl 9-
ketostearate.
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