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SUMMARY 

Ali the dimethylene interrupted trans,trans-octadecadienoic acids were syn- 
the&cd by lithium metal-ammonia reduction of the corresponding oCtadecadiynoic 
acids, except for the &t~6r isomer, which was obtained by the isomerisation of the 
d2c*6c isomer. The gas-liquid chromato,oraphic behaviour of the methyl esters was 
studied on polar -[Carbowax 20M, FFAP, DEGA, DEGS, Silar 10C (recently re- 
named as Apolar LO) and SP 23301, semi-polar (XE-60), and non-polar (SE-30, OV- 
101 and Apiezon L) stationary phases. The equivalent chain length of each isomer is 
recorded (including the 42r*6c isomer) and the possibility of separation of these isomers 
is discussed. 

lNTRODUCnON 

Further to our study on the gas-liquid chromatographic (GLC) properties of 
the dimerhylene interrupted C18 esters, we have now prepared all (except the 42z-6r 
isomer) trans,trans isomers by lithium metal-ammonia reduction2 of the correspond- 
ing diynoic acids. The A 2f-6t isomer was obtained from the 4’c*6c isomer by isomerisa- 
tion of the ckethylenic bond located between C-2 and C-3 by mercuric acetate? to 
give initially the d*r*6C intermediate, which was further isomer&d in the presence of 
nitrous acidi to the required dzrm6? isomer. Parifkation of the trans,trww compounds 
wzs readily achieved by siiver ion thin-layer chromatography (TLC). 

HotTmann and Meijboom5 have isolated the Ll 11t*15r isomer from tallow, while 
Kuemmel and Chapman6 obtained on hydrogenation of corn oil small amounts of 
the 48’*“2c and Ag’*f3’ isomers. When rats were fed on trielaidin, the dsr.g’ isomer was 
detected in the tissues of the liver’. Of all the tweIve possible trm.s,frans isomers only 
the A6’-zor and 4*‘.‘” isomers were previously synthesiseds_ 

l ForPmviiseeref_L. 
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EBERIMENTAL 

General method bf reduction of ail isomers, except AZ’*7 . 1 -1 
Lithium metal (So0 mg) was added piecewise into a mix&e of octadec%diyndic 

acid (500 mg) and tetrahydrofuran (20 ml) in distilled liquid ammonia (300 ml) under 

reflux for 3 h. Ethanol (2 ml) was added to destroy the excess iithium and the ammonia 
was allowed to evaporate. Extraction with diethyl ether of-the acidified reaction 
mixture gave trans,tran.s-octadecadienoic acid (8Q-90% yield). GLC analysis bf the 
methyl ester derivative showed the presence of Z-look methyl C,&nyno&e. . 

In the preparation of the d12f*16r isomer, the product contzined IO a% enynoate, 
ST,% dienoate and 23 % enoate with ECLiIJr 1oc of 20.30, 19.22, 18.35, respectively. 
And in the case of the dx3r*17c isomer, ammonium sulphate (500 mg) was added to the 
ammoniacal reaction mixture as a proton source for the reduction of the terminal 
acetylene. The product contained 68 o/0 dienoate and 32 o/0 enynoate with ECbiirr lK 
of 19.21 and 21.27. In both instances, the tram isomers were isolated by silver ion 
TLC. 

Preparation of AZ’*“’ 
A mixture of methyl cis,cis-2,6-octadecadadenoate (100 mg}, mercuric acetate 

(300 mg) and methanol (25 ml) was left at room temperature for four days. Ti-~e re- 
action mixlure was then reffuxed for I h, diluted with hydrochloric acid @_M, 20 ml) 
and extracted with diethyl ether after 2 h. GLC analysis of the extract showed the 
presence of methyl irans-2,ci.s-6-octadecadienoate (96 %, ECL,i,,, IOc 19.54) and meth- 
yl cis,cis-2,6_octadecadienoate (4 “/,, ECL,il,r 10c 18.49). The trans-2,cis-6 isomer was 
isolated by silver ion TLC (90 mg, 90% yield). 

The trans-2,cis-6 isomer (90 mg) in diethyl ether (20 ml) was vigorously shaken 
with a mixture of nitric acid (6 M, 20 ml) and sodium nitriti (2 M, 20 ml) for 3 h. 
The GLC analysis of the isolated product gave a shouIder peak with ECLi,,, fK of 
19.72 and 19.84. Methyl tr~s,rran.s-_, 3 6-octadecadienoate (30 mg, 33 o/0 yield) was 

-l-ABLE I 

CONDITIONS FOR GLC 

c01ltmn lea,& 2 In. 

Starionary phase Temperature Cprrier gas Internal 

( “CJ (nitrogen/ diameter 

30 w-rate (mm) 
(mlfmin) 

, 

5 % Apiezon L -200 IOU 3.1 
3 % SE-30 190 3.1 
1.5 % ov-101 190 

iz 
3.1 

20% xE-60 190 95 6.2 
10% Carbowax 2OM Zoo 4@ 3.1 
10% FFAP 195 40 3.1 
lOoA DEGA 195 80 6.2 
10% si&%r 1oC 165 70 6.2 
20% DEGS 140 40 3.1 
IQ% SP 2330 170 50 6.2 _ 
- 
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isolated by silver ion TLC. Xnf&ed analysis (cik~-~): 3ooofs) (C-H), 1720(s) (C=O), 
~1660@) (C-C) and 970(s) (C-H bending’atthe trans ethylenic bonds). The following 
nucIear magnetic resonaske signals (t) were observed: 

CH, -(CH& CH,- CR&H- (CH&- CHfCH- COOCH, 
9.1 8.76 7.8 4.62 7.8 4.09 3.1 6.3 

Number 
of (3) (18) (21 (21 (41 (0 (0 (3) 
PFOtOElS I 

Oxidative cleavage of the methyl trans,trans-octadecadienoates gave the corre- 
sponding mono- and/or dicarboxylic acid moieties only. 

SP 2330 
DEGS 
War 1OC 

DEGA 

FFAP 

carbowcx tClr-3 

Fig. 1. Eq&vaknt chain lengths of rrans,trmrr-dioletinic Cl8 methyl esters. 
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EzQifIyALENi- CHAIN LENGTHS OF INDIVIDIIAL rruns,rrum-DIOLEFXMC C, M&-KYL 
FSTERS AND-THEIR MIXTURES ON APIEZON L 

Isomer ECL -Al’ .A_,?* a** A#” AS’ 
- 

&WS raw i&i? - - - - 
&‘,7’ 17.47 - - - ’ - - 
#‘.h’ 17.42 - - - - - 
&l.sx 17.43 - - - 17.43 - 
&&I02 17.40 - - - - 17.43 
~",'I' 17.41 - 17.41 - - - - 
&.t.:zz 17.43 - - 17.46 - - 
&x.131 17.49 : - - - - 
&OI.li(l 17.59 - - - - 17.43 
~llt.Ibt 17.61 - - - - - 
~l2r.m 17.72 17.72 i7.69 17.72 - 
&3t.ne 17.65 - - - n.59 - 
&‘.bc 18.14 - - - - - 

* Baseline separation. 
-* Twin peak separation. 

l ** Shoulder separation. 
5 No sepaxxtion. 

RF3uLl-s 

The GLC results were obtained under the conditions given in Table I on a Pye 
104 or Valian 940 chromatograph equipped with a flame ionisation detector. Equiv- 
alent chain length (ECL) values were calculated from distances between the solvent 
frcnt and the peak of the eluted components with saturated esters (&, C16, C& Cl9 
and C,,) as internal standards. 

TABLE ItI 

EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL rrans,rrans-DIOLEFINIC C, METHYL 
ESTERS AND T%IEXR MIXTURES ON SE-30 

&.6’ 18.17 18.15 18.13 - - - 
AZ’.” 17.66 17.68 - - - - 
Jd’,” 17.s - - - - - 
/pm 17.61 - - - - - 
~6'.'0' 17.56 - - - 17.58 17.57 
~"Jl' 17.59 - - 17.62 - - 
&x,“’ 17.65 - _ _ - - 
49',"' 17.68 - - - - - 
&Or,I*r 17.70 - - - - - 
&l’.‘“’ 17.70 - - - - 17.57 _ 
&2K.‘SZ 17.86 - - 17.86 - - 
&?X.17a 17.76 - 17.80 - 17.76 - 
&‘.6’ 18.13 - - - - - 
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EQUFfALI%NT CHAIN LENGTHS OF RtDlVlDUAL zruns,rrcms-DIOLEFINI CCisMETKYL 
EspEsANDTHlaR MiXTURES ON OV-101 

ZSOm. _ECL-- CZ’ C2”~ c-y’ a**’ or 

&UC L8.14~ 18.14 IS.18 - - - 
@‘.T’ 17.74 17.74 - - - - 
A”.” 17.55 - - - - - 
p.pc 17.59 - - - - - 
AS’.“” 17.59 - - - 17.60 - 
~7'.11' 17.60 - - 17.62 - - 
A%lZ~ 17.66 - - - - - 
A9',13' 17.68 - - - - 17.77 
A'O',"C r7.71 - - - - - 
A”‘*” 17.73 - - - - - 
Al2r.166' 17.84 - - 17.84 - 17.77 
A’3’.17’ 17.79 - 1719 - 17.75 - 
A”.S’ 18.12 - - - - - 

l saseline separation. 
l * Twin peak separation. 

l ** Shoulder separation. 
s No separation. 

The ECL values of ail the dimethylene interrupted methyl trans,wzn.s-octa- 
decadienoates are compared in Fig. 1 and the actual values are recorded in Tables 
I I-XI. 

Methyl trans,trans-octa~eca~~enoates 
On all the ten stationary phases studied, the AZt~6f isomer gave the highest 

TABLE V 

EQUWALENT CHAIN LENGTHS OF INDLVIDUAL rrans,mzns-DIOLEFINIC Cls METHYL 
ESTERS AND THEIR MKXTURES ONXE-60 

.tkm7ef ECL DZ’ D2*+ 03”’ D4’*’ Di’ 

42'*6' 

A".?' 

AJ'2.f 

d5t.9' 

A6I.10' 

p."' 

A",U' 

A9'.'U 

-@.f4t 

&lZ,l% 

#2'.'6C 

p3'.'7C 

&f.6-= 

18.84 
17-98 
17-84 
1730 
1793 
17.96 
18.02 
18.07 
IS.10 
18.16 
1826 
18.28 
18.99 

- 
- 
- 
- 

- 
- 
- 
- 
- 
17.96 
- 
- 
- 
- 
- 
18.32 - - - 
- 

- - 

17.93 17.94 

- 

- - Gao - - - 
- - - 
-. - 18.00 
- lfm!? - 
18.12. ~- - 

- - - 

* Basezine separation. 
~** Twin peak separation. 
l ** Shoulder sepzuztion. 

* No se&ration. 



~Lw~ -EC.L EL' EZ" -Y"' El'*' ES= 
- 
&t.sf 19.28 19.28 - - - - 
/jw* H3_64 - - i3.63 - 
@.sc 18.36 - - - - i8.40 
/JS’.9C L8.44 - - - - - 
,,d’.PX K45 - - - 18.46 - 
/y’J” 18.43 - - - - - 
get.12r I%52 - - - - 18.40 
‘f91.lY 18.55 - - - - - 
~f”t.xa 18% - 18.56 - - - 
&IL’5 18.64 - - - f8.64 - 
p2’,‘6’ 18.88 - 18.89 18.83 - - 
&l’.“’ 18.78 18.81 - - - - 
~2L6’ 19.16 - - - - - 

* Baseline separation. 
l * Twin ~z%!c separation. 

** Shoulder separation. 
* No separation. 

ECL value of the series. On the three non-polar stationary phases (Apiezon L, SE-30 
and OV-161) these isomers gave ECL values below 18.00, except in the case of the 
d2t.6t isomer. The lowest values were recorded on Apiezon L, ranging from 17.40 
to 18.19, while SE-30 and OV-101 gave an almost identical retention pattern, with 
ECL values ranging from 17.56 to 18.17 and 17.55 to 18.14, respectiveIy. 

On the semi-polar XE-60 phase, the ECL values ranged from 17.84 to 18.84, 

TABLE W 

EQUXVALENT CXAIN LENGTHS OF INDXVXDUAL rruni,trans-DIOL CIS =HW. 
ESTE_RS AND THEIR MIXTURES ON FFAP 

Isomer ECL FI* - FL?** F3” F4”’ FS# 

&‘,“’ 19.32 - - - - - 
p*7c 18.63 - - 18.&I - - 
p*.sz 18.42 - - 18.40 - - 
_~S’.P’ 18.41 - - - - 18.54 
&‘.‘“’ 18.46 - - - - - 
_,p.x*r 18.45 18.45 - - - - 
p.ur 18.47 - - - - - 
@,U’ 18.51 - 18.54 - - 
@¶‘.“’ 18.55 - - - - 18.54 
d”‘.‘“’ 18.68 - - - 18.76 - 
&IL’5 18-88 18.90 - - - - 
p’,“’ 18.86 - 18.85. - 18.87 - 
&:,6c 19.31 - - - - - 

+ Basf2 line separation. 
** Twin peak separation. 

*** Shoulder separation. 
* No separation. 
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EQWALENT CHAIN LENGTHS OF INDIVIDUAL trmrs,rrms-DIOLEFLIC C,, METHYL 
EsTFss ANSTHEER MXFUKES ON DEGA 

Lwmer ECL Gf G2*’ G3’*’ G4”* G5’ 

19.63 
18.82 
i8SO 
18.55 
18.59 
18.61 
18.67 
18.73 
18.78 
18X6 
19.16 
19.13 
19.74 

- 
- 
- 
- 
- 
- 
- 
- 
18.76 
- 
- 
19.15 
- 

- 
- 
- 

18.61 
- 
- 

18.86 
- 
- 
- 

18.80 
- 
- 
18.60 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
18.56 
- 
- 
- 
18S9 
- 
- 
- 
- 
- 

- 
IS.72 
- 
- 
- 
- 
18.72 
- 
- 
- 
- 
- 
- 

l kiisdine separation. 
l * Twin psk separation. 

-** Shoulder separation. 
D No separation. 

with the 4dr*st isomer exhibiting the lowest value in the series. Unlike the behaviour 
of&e d13c*17e isomerl, the 4 13ts17p isomer gave an ECL value ;vhich was slightly higher 
than that observed for the 41ZtJst isomer. There was once more a significant and grad- 
ual increase in the ECL value as the double bonds moved closer to the o-end of the 
molecule. 

Of the polar phases, the newly employed SP 2330 phase furnished the highest 

TABLE TX 

EQUIVALENT CHAIN LENGTHS 0-F INDIVIDUAL trms,rmzs-DIOLEFIN C,s METHYL 
ESTElZS AND THEIR MDXURES ON SILAR 1OC 
-- 
Isomer ECL Hi’ K2” H3” H4”’ H.Si . 

p.6’ 19.64 - - - - - 
43r.71 18.75 18.76 - - - 18.66 
,p.s* 18.44 - - 18.44 - - 
&‘_9’ 18.54 - - - 18.58 - 
4l%.‘O’ 18.60 - - - - 18.66 
p.1” 18.64 - - - - - 
#!Gur 18.71 - - - IS.68 - 
d9Z.X3X 18.77 - - 18.77 - - 
d'O','C' 18.80 - 18.81 - - - 
d”‘.‘” 18.92 - - - - - 
4ur.m 19.22 19.21 - - - - 
4ZS.1’ 19.21 - 19.22 - - - 
4Zt.6c 19.84 - - - - - 

* Baseline separation. 
-** siti peak separation. 
“‘Shoulder sepafation. i 

‘ No scpamtion. 
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EQUIVALENT CHAIN LENGTHS OF INiNIDUAL trm.s,frm.s-DlOLZFINK C,, METHYL 
EsrERsANDTHEfR MDXURES ON DEGS 

-~ 
ISOt7BT ECL 11’ IF 13** 14.” 155’ 

19.59 
18.99 
18.59 
18-62 
18.68 
18.68 
18.74 
18.80 
18.88 
18.99 
19.25 
19.24 
19.69 

19.61 - 
18.98 - 

- - 
- 18.74 

- - 
- - 
- - 
- 19.23 
- - 

- - - 
15.61 - - 
- 18.73 - 
- - 18.79 
- - - 

- - - 
- 18.78 18.79 
18.98 - - 
- - - 
- - - 
- - - 

l Baseline separation. 
** Twin peak separation. 

*** Shoulder separation. 
t No separation. 

ECL values for most isomers. The 44’*8r isomer gave the lowest ECL value in the series 
on almost every polar stationary phase. Carbowax 20M and FFAP produced quite 
similar ECL results with values ranging from 18.36 to 19.28 and 18.41 to 19.32, 
respectively. Silar 1OC gave ECL values which were higher than those observed on 
DEGA, but were lower than those found on the DEGS phase; and the ECL values 
ranged from 18.44 to 19.64 (Silar lOC), 18.50 to 19.63 (DEGA) and 18.59 to 19.59 

TABLE XI 
EQUIVALENT CHAIN LENGTHS OF INDIVIDUAL rrum,trms-DIOLEFINIC METHYL 
ESTERS AND THEIR MIXTURES ON SP 2330 

fsomer ECL JI’ 52.’ J3’*’ JCp JS= 

19.81 

18.92 
18.58 
18.65 
18.69 
18.78 
18.87 
18.93 
18.97 
19.10 
19.22 
!9.27 
19.93 

- 
- 
- 
- 
18.69 
- 
- 
- 
- 
- 
- 
19.27 

- 
- 
18.59 18.58 
- 
- 
- 
-.- 
- 
18.91 
- 
- 
- 
- 

- 
18.86 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

- - 
- 18.78 

19.00 - 
- 18.78 

- - 
19.00 - 
- - 
- - 

* Basefise sepamtion. 
** Twin peak separation. 

*** Shoulder separation. 
p No separation. 
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TABLE-XII 

SEPARAkION OF MIXTURES OF METHYL rr~~~~r~~-OCTADEC~~N~AT~ 
- 

SIatiomry phase Baseiine Degree of separrrion (di&rence in ECL) 

Twin peak Maul&r No separation 

APL 
SE-30 
OV-101 
xE-60 
Carbowax 20M 
FFAP 
DEGA 
SiIar 1oC 
DEGS 
SP 2330 

0.47 (Al) 
0.51 (Bl) 
0.40 (Cl) 
0.42 (Dl) 
0.50 (El) 
0.43 (Fl) 
0.35 (Gl) 
0.47 (Hl) 
0.60 (11) 
0.58 (Jl) 

>0.29 (AZ?-3) 
so.27 (B2-3) 
>0.24 ((Z-3) 

0.32 @2) 
0.32 (E2) 

20.21 (F2-3) 
0.25 (G2) 

20.33 (H2-3) 
so.40 02-3) 

0.39 (52) 

0.22 (A4) 
0.20 (B4) 
0.20 (0%) 

>0.20 (lx-q 
>0.19 w-8 

0.18 (F4) 
>O.lS (G3-4) 

0.17 (H4) 
0.26 (I4) 
0.34 (J3) 

0.19 (As) 
0.14 (BS) 
0.16 (CS) 
0.14 @5) 
0.16 (E5) 
0.14 (F5) 
0.15 (G5) 
0.15 (HS) 
0.20 (15; 

~0.32 (J4-5) 

(DEGS). The SP 2330 stationary phase was claimed as a semi-polar phase9, but for 
these framtrans isomers this phase gave the highest recorded ECL values for nine 
isomers in the series. The ECL values ranged from 18.58 to 19.81. 

No sign of decomposition of the 8zr.6’ and d3r*7t isomers on the polar stationary 
phases was observed, as previously reported’O in the case of the corresponding diacet- 
ylenic esters. 

Mixtures of these isomers were also examined (Tables Ii-XL) and the results 
are summarised in Table XII. The degree of separation is described as baseline, twin 
peak and shoulder. On the non-polar stationary phases the efficiency of separation 
of the isomers was best on OV-101, while SE-30 and APL gave almost identical per- 
formances. Amongst the polar phases, FFAP, DEGA and Silar IOC were superior in 
separating these isomers. The ECL values are highly reproducible on all stationary 
phases (including the newly studied SP 2330 phase), as demonstrated by the examina- 
tion of the mixtures of these isomers. 
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