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FATTY ACIDS

Vii. THE GAS-LIQUID CEROMATOGRAPHIC PROCPERTIES OF ALL DI-
METHYLENE INTERRUPTED METHYL cis,cis-OCTADECADIENQATES

C. H. LAM and M. S. F. LIE KEN JIE
Chemistry Departiment, University of Hong Rong ( Hong Korg)
{Received Seprember 16th, 1975)

SUMMARY

The gas-liquid chromatographic behaviour of all the dimethylene intsrrupted
methyl cis,cis-octadecadienoates was studied on polar (Carbowax 20M, FFAP,
DEGA, DEGS and Silar 10C”), semi-polar (XE-60) and non-polar (SE-30, OV-101
and Apiezon L) stationary phases. The equivalent chain length of each isomer is re-
corded: the possibility of separation and the retention pattern of these isomers are
discussed.

INTRODUCTION

Only a few isomers of the dimethylene interrupted methyl cis,cis-octadeca-
dienoates have been isolated from natural sources. Methyl cis,cis-5,9- and methyl
cis,cis-11,15-octadecadienoates were present in trace amounts in seed oils®>* and
animal fats®7, respectively. Recently Murawski ez /.8 isolated two of these isomers
(A8e12¢ gnd A%-13) from human milk and these two compounds were also identified
in partially hydrogenated seed oils® %, Of the twelve possible isomers only four {£195:19¢,
ATeile gBed2e gpd A1<-15¢) were previously synthesised!?—14,

Jamieson and Reid' studied the chromatographic properties of the 5¢-9¢
isomer on EGSS-X stationary phase using newly packed and aged columns. Gunstone
et al’? measured the equivalent chain length (ECL) values of 6516 apd ASe.12c
isomers on Apiezon L (APL), XE-60 and DEGS phases. In this paper, we report the
ECL values of all the twelve dimethylere interrupted methyl cis,cis-ociadecadienoates
on five polar, one semi-polar and three non-polar stationarv phases.

All the dimethylene interrupted methyl eis,cis-octadecadienoates were pre-
pared by partial hydrogenation of the corresponding synthetic octadecadivnoates?®,

* Recently renamed?® as Apoilar 16C.



366 C.H. LAM, M. S. F. LIE KEN JiE
EXPERIMENTAL

Partial hydrogenation

A mixture of methyl octadecadiynoates'® (0.8 g), Lindlar catalvst (0.1 g),
guinoline {0.2 g) and ethyl acetate (70 m!) was shaken in an atmosphere of hydrogen.
The rate of hydrogen upieke decreassd markedly after the theoretical amount (124
ml) was absorbed {10 min). The catalyst was filtered off and the filtrate washed suc-
cessively with dilute hydrochloric acid and water. Gas-ltiguid chromatographic (GLC)
analysis of the product showed 98-99 %] conversion into the cis,cis isomers.

The same procedure was applied to the preparation of 4317° (0.28 g} isomer
using isoguinoline (38 mg)!? in place of quinoline. Hydrogenation was stopped after
69 excess (49 ml) of the theoretical amount of hydrogen (46.6 ml) was absorbed.
GLC analysis of the product indicated the presence of the cis,cis-diolefinic isomer
(709} and cis-monooiefinic ester (30%,). Separation and purification of the esters
were achieved using preparative silver ion thin-layer chromatography.

Oxidative cleavage of the methyl cis,cis-octadecadienoates gave the correspond-
ing mono and/or dicarboxylic acid moities only. Infrared analysis showed no absorp-
tion at 965 cm~! indicating the absence of frans isomer.

Gas-liquid chromatography
The GLC results were obtained under the conditions given in Tablel, on a
Pys 104 or Varian 940 gas chromatograph equipped with a flame ionisation detector.

TABLE1]

CONDITIONS FOR GLC
Column length, 2 m.

Stationary phase Temperature Carrier gas Internal diameter
(°C} (nitrogern) (rumn)
fow-rate
(medlmir)
5%, APL 213 90 6.2
1.59% OV-101 185 50 3.1
39 SE-390 190 50 3.1
209; XE-60 185 90 8.2
109, Carbowax 20M 195 50 31
18%, FFAP 260 50 3.1
109, DEGA 185 75 6.2
209% DEGS 1706 50 3.1
109 Silar 10C 170 50 6.2

ECL values

ECL values were calculated from distances between the solvent front and the
peak of the eluted components with saturated methyl esters (Cys, Cye, Cre. Cys and
C,o) as internal standards.

The ECL values of all the dimethylene interrupted methyl cis.cis-octadecadi-
enoates are compared in Fig. 1 and the actual values are recorded in Tables ITI-X.
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Fig. 1. Equivalent chain lengths of cis,cis-diolefinic C;s methyl esters.

RESULTS

On the three non-polar stationary phases (APL, SE-30 and OV-101) the meth-
yl cis,cis-octadecadienocates gave ECL values below 18.00 with the lowest values
recorded on APL ranging from 17.39 to 17.88. SE-30 and OV-10t gave aimost iden-
tical retention behaviour with ECL values ranging from 17.47 to 17.85 and 17.51 to
17.99, respectively. On these three pon-polar phases, the A%¢:9¢, .19¢ and A7e-11¢
isomers gave the lowest ECL values, while 4%°-16¢ exhibited the highest value. The

A%=5¢ jsomer had a higher ECL value on APL than 4°°7¢ but not on OV-1¢1 and SE-
36.
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TABLE Ii

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF ciscis-BIQLE-
FINIC C;s METHYL ESTERS ON APL

486182 17.41 17.41 —

Isomer ECL Al A2 A3 AL 45¢
AZebe 17.69 — 17.69 — — —
A3eTe 17.54 — — 17.54 — —
114:.8: 17.42 _ —_— —_ . —_
Asese 17.3% — — 17.3¢ 17.41 —
ATels 1741 — — —

Afet2e {747 — 17.46 — — 17.43
Asete 1749 — - - 1746  —

_A196,14¢ 17.59 —
Aite15e 1768 17.67 — — — —
Ar3edse 17.88 —_ — —_ — _
_/j 13¢,17¢ 17_66 — —_ —_ —_— —_

* Bassline separation.
** Twin peak separation.
Shoulder separation.
¥ No separation.

xR

TABLE ifl

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF cis,cis-DIOLE-
FINIC C,s METHYL ESTERS ON OV-i0t

Isomer ECL BI* B2** B3** B#*** RSt

Arese 1762 — - - — -~
pete 1764 — — - - —
giese 3755 — — — — —
35e.9¢ 1747 17.47 — — — -

_A46e,10e 17.47 _ — — — 17.53
ATeate 17.51 — — 17.51 — -
Jfseiizc 17.55 — 17.36 — 17.61 —
A9c,lSc 17_63 —_— _ — —_ 17.53
Al 1771 — — — — —
Ailease 17.78 — —_ 17.77 17.76 —

Aqretse 1795 17.95
ABere 3772

5
&
1
!
t

!
J
!
!

* Baseline separation.
** Twin peak separation.
*** Shoulder separation.
¥ No separation.

Orn the semi-polar XE-60 phase, the ECL values were in the range 17.87 1o
18.79 with A%%%¢ and A< jsomers exhibiting the lowest and highest values, re-
spectively. There was a significant and gradual increase in the ECL value for each
isomer as the double bonds “moved away™ from the carboxyl group in the system;
and in the cases of 4357° and A412-1%¢ {somers characteristicaliy high ECL values were
recorded.

QOn the polar phases, the isomers exhibited a similar retention ECL pattern
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TABLE IV

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF cis,cis-PIOLE-
FINIC e METHYL ESTERS ON SE-30

Fsemer ECE ci* [ora c3 " cg " 5T

425.6C 17-62 — — —_ P
43eTe 17.68 — — - 17.65

!

Aee8e 17.56 — — 17.55 — —
Asese 17.52 — - - 17.52  17.52

Aseee 17.51 —_ — — —
A?e.llc 17’52 —
£fBe-12e 17.60 17.60 — — — —

A%e23e 17.63 — 17.6% — — 17.62
Arese 1772 — — — —

A iic,15¢ §7.76 _—
Auetss 1799 i7.9% 18.00 — - —
_A13c.17e 17.82 _ —_ _ _ —

* Raseline separation.
-t - -
Twin peak separation.
*** Shoulder separation.

TABLEV

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF cfs,cis-DIOLE-
FINIC C,; METHYL ESTERS ON XE-60

Isomer ECL DF* D2>** D3*™* 48
A2ese 17.87 17.89 — — —

g3 18.17 — 18.17 — —
Lbede 17.96 — 17.97 — —
A5ese 18.05 — — — 18.69
Lse.10e 18.14 — — — 18.09
dTente 18.16 — — 18.2¢ —
A8e12e 18.23 18.23 — — —
Azel3c 18.32 — — 18.33 —

Amc.uc 18.42 — — — —_
Al!c.lSc 18.50 _ — —_ —
gu=16e 1879 — — — —

4»:l3¢:.1‘.'e i8.50 _— — — _—

* Baseline separation.
** Twin peak separation.
*** Shoulder separation.
¥ No separation.

as on the XE-60, but with higher ECL values. The nighest ECL values were obtained
on Silar 10C phase ranging from 18.49 to 19.89. The DEGS phase was more pofar
than the DEGA phase and the ECL values ranged from 18.55 to 19.84 and from 18.56
to 19.57, respectively. Carbowax 203 and FFAP showed =nearly identical retention
behaviour with ECL vzlues ranging from 18.32 to 19.16 and from 18.33 to 19.18,
respectively.

No sign of decomposition of the A2:5¢ and /A3°'7¢ isomers on the polar phases
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TABLE VI
EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF cis,cis-BDICLEY
FINIC C,s METHYL ESTERS ON CARBOWAX 20M

Isomer ECL  EIT g2 E3*™ BT ES®
Azeese 18.32 — — — i5.46 -
A3e-7e 18.83 — — — 18.53 —

W 18.37 — — - — —
Lf5e2= 18.32 — 18.35 — — 18.42
Asems 1845 — — 1826 — —
ATt 546 1846  — — — -
SgBerze i8.52 — — —_ — 18.42
Jene 1359 — - ~ - —
Aoete 1872 — 1870  — — —
Juesse 188y — - 1881 — -

ABetse 1916 19.16 — — — —

‘_,let.17e 18.82 _— _ p— — —

* Baseline separation.
W . -
Twin peak separation.
*** Shoulder separation.
¥ No separation.

TABLE VII

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF cis,cis-DIOLE-
FINIC C;; METHYL ESTERS ON FFAP

Isomer ECL FI* F2rT F3™" Fad

A3ese i8.43 - 18.43 — —
e 18.62 — — — 18.46
J4e.Be 18.33 - — — —_
45¢9¢ 18.38 18.38 — — —
A8et8e 18.44 — — — 18.46
A7c.1ic 18,50 — —_ —_— —
Asedle 1860 — — 1860 —

Asene 1867 — - - -
Aoetse 1871 —
Auetse 1885 18.83
Ae-is= 1918 i19.19 —
Auere 18390 — - - -

!
|
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* Baseline separation.
e .
Twin peak separation.
*** Shoulder separation.
¥ No separation.

was observed as previcusly reported!® in the case of the corresponding diacetylenic
esters.

Mixtures of these isomers were also examined (Tables II-X)} and the resulis

are summarised in Table XI. The degree of separation is described as base-tine, twin

peak and shoulder. On the nen-polar stationary phases the efficiency of separation of

the isomers on APL and OV-101 was almost identical, but better than on SE-30.

Among the polar phases studied, Silar 10C and DEGA were superior in separating
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TABLE VIIf

EQUIVALENT CEHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF cis,cis-DIOLE-
FINIC C,; METHYL ESTERS ON DEGA

Esomer ECL GF* G2 G3*~ G£™T Gs¢

Arese 18.56 — 18.55 — — —
372 18.93 — — £8.94 - —
AteBe i8.63 — - — — 18.62
Asese 18.66 18.66 — £8.65 — —

AGe.s0c 18.81 . — — — —

ATedte  jgg3y - — 1283  18.69
Aseze 3209 1890 — — -
4% fg01 — ~ — 1895 —

idc.1ée 19.09 — . _ i _
ditetse 1018 1918 — - - -
Alz:.!ﬁc 19.57 - _ — _ —
Ai3c.17e 19.25 _ . — _— —_

* Baseline separation.
“~ Twin peak separation.
*** Shoulder separation.
£ No separation.

TABLE IX

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF cis,cis-BDIOLE-
FINIC C,; METHYL ESTERS ON DEGS

Isorier ECL HI" H2*~ H3™ He™  Hs¢
A3ebe 18.55 19.75 — — — —

A3e7¢ 1910 — — — — 18.92
Aee8e 1882 — — 1884 — 18.92
AFe%e 1878 — 18.78 — — -
Aseie 1885 — — — — —
A7ee 1897 — — — 1898  —

ASt.IZc 19_00 p— — —_ - -
Ao 1914 — - = - -
Aweise 1930 19.20 — i%.19 — -
Amesc g8 — 1928 — 19.28 —
e 19ge — — — —
A!.Se.!.‘h 19.49 —_— — — —_ —

* Baseline separation.
** Twin pezk separation.
=** Shoulder separation.
f No separation.

these isomers. As demonstraied by the examination of the mixiures of these isomers,
the ECL values are highly reproducible on all stationary phases studied.

DISCUSSION

On the semi-polar and polar stationary phases the retention pattern (Fig. 1)
of zll the isomers studied shows a general increase in the ECL value from 4255 to
AetTe with characteristic high retention values for the 43¢ and 4%2°:*°° isomers.
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TABILEX
EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL AND MIXTURES OF cofs,c/s-DIOLE-

FINIC C;: METHYL ESTERS ON SILAR i0C

Isomer ECL i » 3= P2 Ist
Jrese 18.49 — — - - —
A3e.te 19.15 — — - - —
AfeBe 18.87 — 18.86 - — —
A5¢.9¢ i8.80 . — _— — -
ASe.10e 19.06 19.06 — - - -
Aie1ze 19.09 — - 19.08 19.10 15.18
At 1931 — - - 19.18
Ao 1930 — 19.30  — 1923 —
Aeite 1936 - 1937 — —
Auelss 1953 1950 — - - -
Ae16c 10 g9 — - — —
A3etie 1957 — — - — —

* Baseline separation.
* % - -
Twin peak separation.
*** Shoulder separation.
¥ No separation.

TABLE X1

SEPARATION OF MIXTURES OF METHYL ¢is,cis-OCTADECADIENGCATES

Srationary phase  Degree of separation (difference in ECL)
Baseline Twin peak Shoulder No separation
separation separation separatiosn
APL 0.27 (Al) >0.15 (A2-3) 0.10(A4) 0.05(AS)
GV-101 0.48 (B1) >027 (B2-3) 023{B4) 0.16(B3)
SE-30 0.35 (C1) =016 (C2—) 011 (C5 —
XE-60 0.36 (D1} 0.21 (B2) 0.16 (093} 062 (b4
Carbowax 20M 0.70 (1) >0.36 (E2-3) 0.31 (E% .20 (ES)
FFAP 0.80 (F1) 0.42 (F¥2) 0.35 (F3) 0.18 (F49)
DEGA 0.52 {G1) >0.27 (G2-3y 0.18(G4) 0.15(G5)
DEGS 0.65 (H1) >0.38 (H2-3) 031 (H4) 0.28 (HS)
Silar 16C >0.43 (J1-2) 0.25 (I3} 0.19 (I8) 0.12 (I5)

On the non-polar stationary phases, 429-%¢ gave almost identical ECL values as 437
except on APL phase where A2%8¢ exhibited a significantly higher value. A similar
ECL pattern was reported on the methylene interrupted methyl cis,cis-octadecadi-
enoates'®, methyl cis-octadecenoates'® and methyl cis-undecenoates?® 2t series.

Haken and co-workers??~2° studied the retention behaviour of series of aliphatic
saturated and branched chain esters on various stationary phases and attributed the
influence of the polarity of the stationary phase on the retention increment of the
homologous series of aliphatic esters to the boiling point, polarisability, steric effect
and the molecular shape of the esters; they also pointed out the chang? in retention
index of the unsaturated ester especially where conjugsation occurred®.

We believe that the polarisability and the degree of exposure of the unsaturated
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centres of the fatty esters studied t¢ the polar functional groups of the semi-polar
and polar stationary phases are the two major operating factors to influence the re-
tention time. On the non-polar stationary phases the boiling point of the compound
may be a dominating factor in addition to minor contributions from the two other
aforementioned factors.

On the semi-polar and polar phases (except FFAP) the A429%¢ jsomer furnished
the lowest ECL value of the series. This low ECL value of the 42¢-5¢ jsomer is probably
due to the delocalisation of the =-electrons of the ,-C; double bond, as this un-
saturated centre is in a conjugative position to the ~-COOMe group, thus “reducing”
the nuember of polar cenires in the molecule. On the non-polar stationary phases, the
conjugation effect may inecrease the boiling point instead, resulting in A426:6¢ to- show
a higher ECL value then expected.

The ECL values of the 43¢7¢ isomer are significantly higher than 445¢ on all
stationary phases studied. This characteristic behaviour is apparent in all instances
where the unsaturated centre is located at the A® position. It can, therefore, be as-
sumed that the increase in ECL value of the A3¢7¢ jsomer is most likely due to the
acidic nature of the methylene group situated between the ~-COOCH; group and the
unsaturated centre at C;—C,. This active methylene seems to add to the polarity of the
molecule.

In the remaining isomers, the unsaturated centres move gradually away from
the —-COOCH; end and the ECL values increase steadily, presumably due to a better
degree of exposure of the unsaturated centres to the polar groups of the polar sta-
tionary phase. On the non-polar phases the increase is Iess significant as the unsaturat-
ed centres move towards the w-end of the chain. In these instances it is probable that
the slight increase in the ECL values is due to the difference in boiling point of the
1somers.

On all phases the /125-15¢ isomer gave the highest ECL values. This charac-
teristic behaviour of all A@—! isomers is most likely due to the strong positive inductive
effect exercised by the terminal methy! group on the double bond, which becomes more
readily polarisable and ailows thereby a stronger interaction with the stationary phase.

The A13°17¢ jsomer exhibits a high ECL value mainly due to its unhindered
exposure of the double bond at the end of the chuin.

Further work is necessary to correlate the molecular shapes of the stationary
phase and that of the compound being chromatographed; also, the energies involved
during the partition process should be taken info account in order to obtain a clearer
picture of the retention behaviour.
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