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SUMMARY

The retention behaviour of homologous pyruvate esters on a range of poly-
siloxane stationary phases is reported. The polysiloxane phases studied vary in
character from essentially non-polar to those possessing donor and acceptor character
within the concept of the Rohrschneider classification. The results are considered to-

P T 99
gether with those of simple esters and ketones containing the -C-O-, ~-C—-, —-C-C- and
T ]
—C-CH,-C- structures

INTRODUCTION

Gas chromatography of pyruvic acid would appear to be limited to studies
concerned with the separation of the various acids associated with the Krebs or tri-
carboxylic acid cycle where the methyl esters!~® have been the derivatives generally
considered. The most extensive work relating to the pyruvate esters is that of Sim-
monds and co-workers®, who have shown that methylation with diazomethane and
with methanol-hydrochloric acid each yields two products, namely the methyl ester
plus methyl-2-methylglycidate and 2,2'-dimethoxypyruvate, respectively.

Lovelock® has reported that the electron affinity of a homologous series is
determined principally by the affinity of the common functional group and is relatively
little influenced by the hydrocarbon moiety. Pyruvates were shown!® to possess un-
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usually large cross sections for absorption of thermal electrons, a reaction with free
electrons indicating formation of stable ions and acceptor character.

With certain of the early studies*—¢ the reported position of elution of methyl
pyruvate varied in relation to methyl lactate and, with acid-catalysed esterification, the
dimethoxy compound may have been inadvertently considered.

The identification of the esterification products® has allowed a study of the re-
tention behaviour of homologous pyruvate esters on stationary phases of varying polar
character and possessing some donor and acceptor properties. It has been shown with
simple carbonyl compounds, i.e. esters and ketones, that retardation of elution of
ketones occurs with phases such as QF-1 or OV-210, which possess acceptor character,
to the extent that separation of mixtures is enhanced and it is of interest to consider
more complex but comparable systems.

The present work considers the retention of homologous pyruvate esters on
polysiloxane phases that vary in character from essentially non-polar dimethylpoly-
siloxane to those of accepted donor and acceptor character within the concept of the
Rohrschneider classification. The generally expected enhancement of separation of
keto compounds with acceptor phases is examined by a consideration of simple esters,

T 09T PP 77
ketones and pyruvates containing the —-C-O—,-C—,-C-C-O-,-C-C—-and ~C-CH,-C-
structures.

EXPERIMENTAL

The retention data used were obtained isothermally at 150° using 12 ft. < /4
in. O.D. aluminium columns with 10 % stationary phase on 62-72 mesh acid-washed
and silanized Celatom, as previously reported!!.

The intercepts of the retention plots of the homologous series appropriate to
the various functional groups were calculated from the line of best fit determined by
regression analysis using a simple programmable calculator.

RESULTS AND DISCUSSION

The retention data of the compounds examined are shown in Tables | and 11 as
retentions relative to #n-nonane (Vg) and as Kovdts indices while the characteristics
and composition of the series of polysiloxane stationary phases used have been de-
scribed previously!!. Fig. 1a shows plots of the homologous series on SE-30. The
simple esters and ketones with the same number of carbon atoms have substantially
the same boiling points and their retentions are very similar, i.e. the esters have
marginally higher boiling points and retention than the ketones. The retention and
boiling points of the pyruvate esters are considerably higher than those of the simple
esters and ketones. The conjugated diketones also have higher boiling points than the
simpler series of the same chain length, but their retentions are lower although methy-
lene-interrupted diketones, where the conjugation is lost owing to the presence of a
methylene group, behave similarly to the pyruvate esters except that the slope of the
plot is shallower.

With the donor phenyl columns the retention of all of the series is increased
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progressively but the relative position of each of the series remains unaltered. DC-530,
containing aminoalkyl groups!'?, reacted chemically with all of the series containing the
carbonyl functional group.

With the acceptor columns, the retention of the ketones was preferentially en-
hanced. The retention plots on the acceptor column of lowest polar character, i.c.
F-400, are shown in Fig. 1b where it is apparent that the plot of the simple ketones now
has an intercept greater than that of the alkyl esters. while the plot of the conjugated
diketones is essentially the same as that of the esters. As the acceptor nature of the
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Fig. 1. Retention plots of (1) conjugated diketones, (2) n-alkyl ketones, (3) n-alkyl esters, (4) methylene-
interrupted diketones and (5) pyruvates on (a) SE-30, (b) F-400, (c) QF-1 and (d) SILAR 5CP.
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phase is increased, the sequence of the separations alters. Retention plots on QF-1
(Fig. 1c) show the two ketone series to be separated but with substantially increased
retention compared with the alkyl esters, while with a further increase in polarity. /.e.
on XE-60, the retention of the conjugated diketones has increased relative to the
simple ketones such that the plots are almost superimposed.

Retention plots of the most polar of the columns, i.e. XF-1150 and SILAR
SCP (Fig. 1d). show that the conjugated diketones now have significantly greater
retentions than the simple alkyl ketones. While the conjugated diketones, owing to
their boiling points, might have exhibited somewhat higher retention on low-polarity
phases, the behaviour observed with phases of increasing acceptor character is to be
expected. Retardation of the acceptor carbonyl group with modest acceptor phases'?
is readily apparent together with the more significant interaction of the conjugated
carbonyls with the more polar acceptor phases. The retention of the pyruvate esters
on the acceptor columns is enhanced with respect to the methylene-interrupted dike-
tones.

The retention increments due to the carboxyl group of the n-alkyl esters on
various phases have been reported previously'! and were found as the intercept of the
linear retention relationship calculated from the line of best fit determined by regres-
sion analysis where the abscissa was considered as the total number of carbon atoms
due to the alkyl groups. With the esters previously reported, the incremental value for
the carboxyl group was observed to increase as the polar character of the stationary
phase was increased. Reasonable reproducibility of those values isindicated by two
reports using SE-30 where the value of 324 (ref. 11), as shown in Table Il and ob-
tained by considering n-alkyl esters at 150°, is higher. as expected, than the value of
290 reported by Zulaica and Guiochon'? for dibasic esters at 220°, Table I1I shows
values of increments calculated for the carbony! group in simple alky! and in diketones

il

and the —C-C-O- structure of the pyruvate esters.

TABLE III
RETENTION INCREMENTS FOR CARBONYL FUNCTIONAL GROUPS
Stationary (@) () 0o O O O (0]
phase I it T I i i
-C-0- -C- -C-C- -C-C-0- ~C-CH,-C-
SE-30 324 265 354 (177) 480 596 (298)
DC-230 320 304 384 (192) 528 642 (321)
DC-530 377 391 — — —
OoV-7 363 351 446 (223) 596 701 (351)
DC-710 417 391 497 (249) 666 767 (384)
oVv-25 507 - — —
10024 Phenyl 548 532 658 (329) 789 914 (457)
F-400 417 421 507 (254) 680 766 (383)
F-500 473 463 547 (274) 748 830 (415)
XE-60 539 581 710 (355) 903 1050 (525)
ov-225 558 609 719 (360) 900 1050 (525)
QF-1 - 571 589 700 (350) 921 1001 (500)
SILAR 5CP 663 688 818 (409) 1057 1218 (609)

XF-1150 718 736 876 (439) 1116 1305 (653)
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Values for the individual carbony! group in the two series are shown in brackets
in Table 111 where it is apparent that the increments observed with the conjugated
diketones are lower than for the simple alkyl ketones. With the methylene-interrupted
diketones the situation is dependent on the type of stationary phase considered such
that with the lower polarity phases, i.e. SE-30, DC-230, the increments are somewhat
higher than for an isolated carbonyl while with the more polar phases the increments
are all increased as compared with the conjugated diketones but are still somewhat less
than for an isolated carbonyl. A diketone where the carbonyl groups are separated by
two methylene groups exhibits greater retention than a comparable methylene-inter-
rupted diketone and the incremental value on acceptor phases would be closer to the
value for the isolated carbonyl group. The reduction of interaction on separation of
the functional groups is, of course, expected, but for conjugated carbonyl groups a
much greater value might have been expected. The retention behaviour of conjugated
compounds has not been extensively studied.

Hofstetter and co-workers!®, with a variety of unsaturated methyl esters, ob-
served a uniform increase in retention with the presence of non-conjugated unsatura-
tion and on the basis of limited data an accentuated effect with conjugation of double
bonds, either with the ester carbonyl group or with themselves, was apparent.

More detailed studies of the methyl octadecenoates!®, octadecadienoates!’ and
some acetylenic esters'® show that retention is increased when unsaturation occurs
near the chain ends but that a double bond at the 43 position frequently shows greater
retention than at the 212 position where conjugation with the carbonyl group occurs.
From studies of the isomeric butenoic esters'®, it is evident that the shape of the mole-
cule under the resulting steric hindrance is of considerable importance in the retention
observed, such that screening of an effective functional group in the solute minimizes
its interaction with similar types of groups in the solvent present.
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