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Gas-liquid chromatcgraphy characternstu.s of some long-chain methyl
ketones
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(Received May 17th, 1978) -

Long-chain methyl ketones have been found as constituents of the lipids from

a wide variety of natural sources, e.g. peat and soil waxes's?, snake skin® marine

crustacea®, insect pheromones®. Recently, Jamieson and Reid? established the pres-
ence of long-chain acetylenic methyl ketones and the corresponding acids in the
lipids of the moss, Fontinalis antipyretica and a preliminary investigation indicated
that these acetylenic compounds were present in a related moss specxes, F. dale-
cardia®.

Current studies in the developing area of pheromone chemistry indicate that
gas chromatography can be of great value for the elucidation of the structures of
long-chain compounds provided that adequate background retention data are avail-
able. The use of gas chromatography as an aid in the identification of long-chain
methyl esters is now well established®'* and it has also been shown'?*3 that the
method can be used when the —-CO,Me group is replaced by -CH,OH, -CH,OAc,
and —CHj; and also when a non-methylene-interrupted olefinic centre is present in
polyolefinic methyl esters.

In the present work, retention characteristics of long-chain methyl ketones
have been determined and used to extend, to these methyl ketones, the system of
identification established for methyl esters.

EXPERIMENTAL AND RESULTS

Methyl ketones were obtained by the reaction of methyl lithium'* with the
long-chain fatty acids obtained from a variety of seed and marine lipids. Gas—
liquid chromatography was carried out with nitrogen as the mobile phase on the
following 6 ft. X 1/8 in. L.D. stainless-steel columns: (1) 5% BDS, 160°; Q) 5%
DEGS, 180°; (3) 109, EGSS-X, 190°; (4) 109 EGSS-X, 210°.

Retention data

Relative retention data and equivalent chain length (ECL) values for a2 number
of olefinic and acetylenic methyl ketones and methyl esters chromatographed on
four columns of different polarity are given in Table I. On each of these columns
the elution patterns of methyl ketones were similar to those of the corresponding
methyl esters but the ketones had slightly greater retention times. ECL values for
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methyl ketones were calculated using saturated straight-chain methyl ketones as
reference compounds and ECL values for methyl esters were calculated as described
previously!®!!. The ECL values for methyl ketones (ECLy) calculated in this way
were slightly greater than those for the methyl esters (ECLyg). The differences,
ECLyx — ECLy, did increase slightly with increasing column polarity, the mean
difference increasing from 0.04 ECL units on the lowest polarity column to 0.20
on the highest polarity column.

It is possible to use the change in ECL values of a particular polyoleﬁmc
compound on going from a high to a low polarity column to estimate the degree
of unsaturation of that particular compound?®. From the changes in ECL values
obtained from columns 1 and 4 it can be calculated that, in polyolefinic methyl
ketones, the contribution of an olefinic group is 0.50 ECL units, and for methyl
esters, 0.46 units. The corresponding values for an acetylenic group are 1.31 for
methyl ketones and 1.22 for methy! esters. These contributions of an acetylenic group
to the variation of retention with polarity of the stationary phase are 2.62 and 2.65
times that of an olefinic group. A similar result was obtained for methyl esters by
Hofstetter et al.'s from ECL values on a polar and a non-polar staiionary phase
and by Jamieson and Reid’” from ECL values on high and low polarity stationary

phases.

Separation factors

Systematic relationships between retention times of methylene-interrupted
polyolefinic methyl esters were first published by Ackman'® who correlated the struc-;
tural variables of these esters, i.e. chain length, number and position of olefinic
groups, to give three types of separation factors. Separation factors have since been
used extensively in the identification of unknown methyl esters from plant and marine
lipids and their use has been extended to other long-chain compounds.

Since there is a close similarity among the relative retention times of methyl
ketones and methyl esters it was expected that there would be an agreement among
the respective separation factors. These separation factors are given in Table 1. It
was found that, for all the types of separation factors, similar values were obtained
for methyl ketones and methyl esters. The effects on Types I and II separation factors
of imtroducing an acetylenic group into the ““carboxyl end-chain® of a polyolefinic
system have been discussed previously'’ and ap additional separation factor, Type
ITIA is given. This factor shows the effect of replacing an olefinic group at the
“carboxyl end” of the chain with an acetylenic group and indicates the increased
interaction of the acetylenic group with the stationary phase.

ECL values and stationary phase polarity

Details of the nature and quantity of the stationary phase, the support ma-
terial and the operating conditions have traditionally provided an indication, at least
to the experienced chromatographer, of the apparent polarity of a gas chromato-
graphic column. Column polarity has never been adequately defined although this has
not been through lack of application'®. It has been suggested that for fatty acid
methyl esters and related compounds, column polarity is defined as the degree of
separation on a particular column of an unsaturated molecule relative to its saturated
analogue. The extent of this separation for a particular column will be dependent
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TABLE IT : S L
SYSTEMATIC SEPARATION FACTORS FOR METHYL KETONES AND METHYL ESTERS
Colurn 7 » N k
£ 2 3 4

MK ME MK ME MK ME MK ME

Type I

4/7 22:5 4,7,10,13,16 1.07 117 1.12  1.11 1.12  1.12 1.10 1.11
22:4 7,10, 13,16 ’ o
5/8 20:5 5,8,11,14,17 106 1.07 1.10 1L.11 112 1.1l 1.16 1.14
20:4 8,11, 14,17 -
5/8 20:4_ 5,8,11, 14 i.07 1.08 1.10 1.12 1.15 1.14 1.21 1.16
20:3°  8,611,14
6/9 18:4 6,9,12,15 .13 1.13 1.19 1.16 1.23 119 1.20 1.19
18:3 9,12, 15
6/9 18:3 6,9,12 1.13 1.12 1.16 1.15 1.20 1.21 1.21 1.19
18:2 9,12 .
6a/9 18:4 6a.9,12,15 207 2.03 223 226 2.38 236 221 223
18:3 9,12, 15
6a/9 18:3 6a,9,12 207 203 221 220 2.38 2.36 219 223
18:2 9 12
6a/9 18:2 6a,9 206 206 223 2.20 236 234 2,19 225
18:1 Y]
8/i1 20:3 8,11,14 1.10 1.09 1.10 1.13 1.18 1.18 1.12 115
20:2 11, 14 i
8af1t 20:3 8a,1l, 14 197 191 2.13 216 227 2.28 207 210
20:2 11, 14
8a/il 20:4 8a,11,14,17 197 194 212 214 224 226 2,08 210
20:3 11, 14,17
Type IT

4,7,10, 13,16, 19 1.27 127 128 129 134 134 1.33 132

N TERR]

, 13, 16, 19 1.27 129 131 1.2 134 1327 132 130

5,8,11, 14,17 1.25 1.25 134 132 136 136 133 133

126 1.25 1.34 1.32 1.39 140 133 L36

> S+ ae
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ot
M
-
3

11, 14,17 126 1.25 1.30 1.29 1.36 1.36 130 1.30

+

&
UNSHNBNNNR

36 18:4 6,9,12,15 128 128 136 132 138 133 132 1.33
18:3 6,9, 12 ,

3/6  18:3 9,12,15 127 127 136 131 135 135 133 133
18:2 9,12

3/6  18:4 6a,9,12,15 127 127 134 134 134 135 133 1.33
18:3 63,9, 12 :

6/9 18:2 9,12 1.16 118 122 122 - 129 129 128 1.29
18:1 9 o

6/9 18:3 6a,9,12 117 i17 122 122 130 133 135 129
18:2 6a,9 - :

39 183 9,12,15 147 150 160 160 165 170 1.69 1.72
18:1 9 : '

39  18:4 6a,9,12 15 148 148 165 163 174 181 L72 172
18:2 6a,9 , A
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TABLE Il (continued)

Column

MK ME MK ME MK ME MK ME

Type IHI :
22:5 17,10,13,16,19 1.19 1.18 1.17 1.16 1.19 1.18 1.15 1.17
22:5 4,7,10,13,16 :
20:4 8,11,14,17 1.18 1.16 1.20 1.20 1.16 1.17 1.15 1.17
20:4 5,8,11,14 - s
18:3 9,12,15 1.13 1.13 1.15 1.13 1.13 114 1.10 1.12
18:3 6,9,12 : -

Type III A
18:4 6a,9,12,15 1.83 1.80 1.88 191 192 196 190 197
18:4 6,9, 12 15 .
18:3 6a,9,1 1.84 1381 i91 191 198 1.98 190 192
18:3 6,9, 12
20:3 8a,11,14 1.79 1.79 191 191 193 1.87 1.89 1.82
20:3 8,11,14
20:4 83, 11,14, 17 183 1.87 192 192 195 1.88 ) 1.90 1.83

20:4 8 ,11,14,17

principally on the structure of the stationary phase and also on a series of variable
parameters such as the loading of the stationary phase, operating temperature etc.
In the case of fatty acid methyl esters and related compounds column polarity has
been characterised by the ECL value of an arbitrarily chosen unsaturated standard
(18:3 n — 3 is most useful). A high polarity column will have a high ECLs.5 n_s
value and a low polarity column will have a low value.

In recent years one of the most useful approaches towards a general treat-
ment of polyester liquid phase polarity has been to consider polyesters, not as a
broad range of different types, but rather as a single class of substance whose
polarity will depend on a varlety of chromatographic factors. A general ECL relation-
ship has been developed in the form:

ECLyx = axECLyg:5 n—3 + bx

where ax and by are computer-derived constants for the fatty acid methyl ester X*°.
This relationship was obtained by processing retention data for a series of cis,cis-
methylene-interrupted polyolefinic esters. Tables of ECL values for each of the esters
corresponding to a range of ECLg:3 ,_; were compiled and sections of these tables
and their application to fatty acid analysis have recently been discussed!’.

One of the most useful applications of this approach has been the correla-
tion of the slope constant a, with the degree of unsaturation of unus2al polyolefinic-
acetylenic methyl esters'®. In the present work a similar procedure is applied to long-
chain methyl ketones and a comparison is made of the computer-derived constants
for a series of polyunsatusated methyl ketones and the corresponding constants for
methyl! esters. , ;
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TABLE II1 .
COMPUTER DERIVED CONSTANTS FOR POLYOLEFINIC COMPOUNDS
Polyolefir MK : ME
’ a b No. of a b No. of
results results

18:3 n—6 0.928 1.091 31 0.909 1.480 68
18:4 n—3 1.257 —4.598 22 1.258 — 4.661 77
20:2 n—6 0.714 6.767 15 0.647 8.127 62

- 20:3 n—6 0.882 3.820 15 0315 3.208 65
20:3 n-—-3 0.945 3.013 10 0.986 2.189 17
20:4 n—6 -1.221 —2.508 i4 1.119 — 0.509 67
20:4 n—3 1.346 —4.527 17 1.350 — 4.606 62
20:5 n—3 1.554 —8.320 17 1.518 — 7.602 73
22:4 n—6 1.352 —3.124 10 1.266 — 1.448 33
22:5 n—6 1.451 —4.833 6 1.441 — 4.600 22
22:5 n-3 1.627 —7.851 11 1.527 — 5.843 38
22:6 n—3 1.732 —9.585 9 1.792 —10.726 40

The variations with column polarity of the ECL values of a series of poly-
olefinic methyl ketones were computer processed and the computer-derived constants
for these ketones are given, along with previously published data for methyl esters
in Table III. The computer-derived constants for a series of acetylenic methyl ketones
and methyl esters are given in Table IV. The constants for the methyl esters were
derived from a larger number of samples than had been used previously!”. There
is good agreement of the slope values (g) for the methyl ketones and those of the
~corresponding methyl esters. The effect of changing the functional group at the
““carboxyl end” of the molecule does not markedly alter these slope values.

TABLE IV

COMPUTER DERIVED CONSTANTS FOR ACETYLENIC COMPOUNDS

Acetylenic MK ME

a b No. of a b No. of
results results

18:2 6a,9 1.092 — 0.978 19 1.198 — 3.029 25

18:3 6a,9,12 1.522 — 8.811 40 1.531 — 8.992 61
a.sn-

18:4 6a,9,12,15 1.819 —13.871 26 1.836 —14.210 26

. a.75)"

20:3 8a,11,14 1.484 — 6.192 30 i 1.509 — 6.738 54
(1.50)"

20:4 8a, 11, 14,17 1.976 —15.247 6 1.851 —12.745 13

. "Ref. 17.

Since the slope values are dependent on the degree of unsaturation the in-
crements due to an olefinic group were calculated and these are shown in Table V.
The mean incremental values were similar for both methyl ketones and methyl
esters and these mean values were used to calculate the increments due to an ace-
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TABLE V-

INCREMENTS OF SLOPE VALUES (@) FOR POLYOLEFINIC METHYL KETONES AND
METHYL ESTERS

No. of olefinic groups Mean slope value (a)  Increment a per olefinic group

MK ME MK ME
2 0.714  0.647 0.357 0.323
3 0918 0936 0.306 = 0312
4 1.275 1.248 0309 0316
5 1.544 1495 0.309 0.299
6 1732 1.792 0.289  0.298

Mean 0316 0.310

tylenic group (Table VI). The increment due to an acetylenic group was 2.65 times
that for an olefinic group in methyl ketones and 2.92 in methyl esters. These values
are larger than those obtained from differences in ECL values using only two col-
umns of different polarities but similar to those obtained for acetylenic methyl esters
by Hoflstetter er al.'®> and by Jamieson and Reid’. -

TABLE VI

INCREMENTS OF SLOPE VALUES (¢) FOR ACETYLENIC METHYL KETONES AND
METHYL ESTERS

MK ME

a a a a a a

(total) (olefinic (acetylenic) (total) (olefinic) (acetylenic)
18:2 6a,9 1.092 0.316 0.776 1.198 0.310 0.888
18:3 6a,9,12 1.522 0.632 0.890 1.531 0.620 6.911
20:3 62,11, 14 1.464 0.632 0.852 1.509 0.620 0.889
18:4 6a,9,12,15 1.819 0.948 0.871 1.836 0.930 0.906
20:4 8a, 11, 14,17 1.742 0.948 0.794 1.851 0.930.- . 0.921

Mean 0.837 - 0.905
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