
V. SYNTHESES OF ALL THE DIMETH’rTLENE-INTERRUPTED METIfYL 
xZfADECADiYHCk4TES ANIZ A STUDY OF THEIR GAS-LIQOI-CHRO- 
fAToG=PEiIC PRCIPERTIES’ 

Aff the dImethylene-inferrupied Fethyl octadecadiynoates have been syn- 
thesised and the gas-liquid chromatographic behaviour of these isomers was studied 
on polar [Carbowax 2OM, FFAP, DEGA, DEGS and War IOC (rcceniIy renamed 
as Apolw tOc)f, semi-poIar (XE-60) and non-p&x (SE-IO, OV-101 and Apiezon L) 
statiunary phases. The possibility of identification and separation of these isomers is 
discussed. The LW.‘~ isomer was found to decompose on most polar phases and the 
d-*0” isomer co&d not be eluted from the Carbowax 20M phase. 

Christie and Holman synthesised the complete series of methylene-interrupted 
c~~,~is-octade~dienois: acids2 and studied the physicaal’-F and some biologicz@ proptr- 
ties of these isomers in detail. The occurrence in nature of several dimethylene- 
ioterrupted octadecadienoic acid isomersh-1L Ied us to prepare the complete series of 
tEe f,S-diacet;yIenic Ci8 acids to study their physical, chemical, and biologica! proper- 
53. 

Afi dimethylene-interrupted octadecadiynoic acids were readily synthesised 
b weI1 established methods’t. Fig. f o&ines the various synthesis routes. Of the 
p I ssibie twelve isomers on@ four (46~JOq 47n*11n$ 4m*s’c and 4 i20J5G) were previously 
S :tfie&edlZ-14 . 
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LP*~ isomer gave the fewest ECL vaiue of aH isomers and there was a signif~ant 
and gradual incnase in the CCL values by the remailing isomers 2s the unsaturmxi 
ce~tres moved aearer to the temkai end oftbe mrbon chain. 

00 ibe po1a.r ststionary phases, the ECL values were lowest on Carbcwax 
2034, rzngiilg from X.~@-22.28, 2nd highest OE Silar ICE phase (Note: a newly 
pAed column) v&h an ECL value rzqing from 22.4k24.29. She DEGS phase was 
fo=axl to be more pdar t&n DEGA -with ECL w&es ranging &om 22.37-23.98 2nd 
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* Baseline separation. 
** Twin pet& separation. 

**= Sfmtider separation. 
5 No sepuatian. 

from 21.59-23.19, respectively. The ECL values of these isomers ranged from 21.1% 
22.47 011 the FFAP phase. 

The d3”eT” Isomer decomposed when Injected onto all p&r stationary phases 
except DE&L A series of components was eluted and the largest peak eluted from 
Carbowax gave an EC5 value of 19.76, FF_4P (20.72), DEGS (2Q.6+, and SiIar LOC 
f20.78). Moreover, the ilZn*6a isomer could net be eiuted from the Carbowax 20M 

column ALI polar coh~~~ns used in this work were net@ packed ad it is noteworthy 

‘FABLE IX 

EQUIVALEhT CHATpt’ LENGTHS OFINDIVTDUAL D=cE?XLENIc c,s METHYL ESTERS 
XND TE-IEIR htIX?XJRES ON DEGS 

fmmer EC_L HI’ H2” H3”‘ ES” fz7.e 
_- 

_+G6ls 23.1s 23.26 - - - - 
_f‘CJC _ - - - - - 
i;: 1’.85 22.37 22.36 - - - - 
J’S 22.40 - - - 22.4s 22.59 

-2 :J.uc 22.59 - 22.5s - - - 
i z.iL% 22.63 - - - - 23.59 
,J .‘.?2E 22.72 - - - 22.75 - 
2 :.x3.? 22.80 - - - - - 
j ~.1~~ 22.86 - - - - - 
2 -r,15r 23.05 - 23s4 - - - 
2, =.uic 2x9s - - 23.93 - - 
L ‘=,na 23.49 _ _ 23.63 - - 

_ Base&e seepzratian. 
** Twin neak separation. 

*+ Sliou&r separation. 

~Nusepuation. 
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TABLE X 

Isomer Lt’ewEy pcded mhmn 

ECZ, 11' 1.2" 13** f&*’ IS”’ 

&“.6’ 23.92 - - - - - 
/f&7’ - - _ - - - 
/JdC’SC 22_*- - - 22.46 - 
~#‘,S” 22.62 - - - 22.46 - 
~6;.1cc 22.79 - 22.79 22.89 - -- 
j,a.1:‘? 22.95 22.95 - - - - 
#‘.“’ 23.05 - - 23.05 - 23.10 
~sQ,13a 23.14 - 23.14 - - - 
LflOC.I<C 23.24 - _ - - 23.10 
~llE.iSC 23.43 23.43 - - - - 
LjnT,16Z 3479 _ - - - - - ._ 
~E3‘%17c 23.95 - - - - - 

= ?&ad& sepzxtion. 
‘r TV& pe& sepzr&bn. 

l ** No sepaation. 

&dcairunr: 

EcL Jp” $2” J3” x4‘“’ Js‘*- 

23.38 - - - - - 
22.61 - - - - - 
21.93 21.93 - - - - 
22.05 - 22.06 - - - 
22.29 - - - - - 

22.45 22.46 - 22.44 22.52 - 
22.53 - 22.53 - - 

22.63 - - - zz.52 - 
22.72 - - 22-s - 22.81 
22.96 - - - - 22.5I 
23.70 - - - - - 
23.31 - - -- - - 

to pobt out that, when the .d3G*7r isomer was injected onto an aged fin constant use 
for about one ye2~) Sii2r IOC &o~~xI, this isomer did not Show any s@IS Of decor& 

position. A3 isomers were srrbsecpently ream on f&e aged Silar EOC cofrrmn (Tabte 
X) md the correspcnding ECL vafne of eack individual isomer was on an average 
0.53 frz&ior;ai chti kngfh (FCL) lower than that obse,wzd OE the new& packed 
Silar ZOC columns Nevertheless, the two setS of d&a produced 2 coherent paiafief 
plot. No i,mmediate cxpknatio~ could be givers for this unexpected behaGour of the 
LP*‘~ isomer. From the above observation it seems &at LP@~ and 43aJQ isomers are 
very labile conpo-an&; tkey see= to polymerice on contact with the polar groups of 
the stationary FkZSes at, high temperatures (E9Q205E) or fsomerise into less pofar 

substances. A separate stntdy has now bceen designed to investigate further this unusuat 
behaviou 2nd to detetie the nature of this deviation. 

SEPaEPATTON OF MIXTURES OF MET-WC OCFADECADEYN3ATES 

0.21 (A3) 
>O.IS fH2-3) 
>0.26 fc2-3) 
Z&f9 @2-3) 
> 0.29 (E2-3} 
>0.26 @2-3) 

0.34 (G2; 
0.46 (k-2) 

wJ.26 W-3) 
>a27 (x2-3) 



Mixtures Gf these kGmerS were afs~ examined OR al: avaifa& stationary 
p 9ses including the aged Sikr mc cohmn (TabIes 11-X) and it is pGSS&fe tG 

dr ;&be the d egret of separation as baseline, twin peak or shoulder. The results are 
s: marized In T.&e X1. On the ~GII-~G~F stztionary phases the eEiciency of sepa- 
E ion of the isomers on SE-30 ~s-‘as almost identical to that of OV-102, but better than 
o- AFL phase. The War 1GC phase was superior in separating these isomers tG any 
o_ rhe other polar stationary phases. On afl phases, the ECL vahe was \;ery repro- 
& :ibIe, as demonstrated by the examination of mixtures of these isomers. 

~,.f-Hepfadecadpe. komine (165 g, i -03 mole) was slowly added to a mixture 
of Whexadiene (41 g_ 0.5 mole) in dietSryE ether (150 m1) at 0-j”. The solvent and 
any excess broth were removed under reduced pEessure and &e CT&de f,2, j&j_ 

terrabromohexane in tetrahydrofuran (THF) (ICI ml) was then added to a sodium 
amide suspension in liquid ammonia (prepared from 64 g of sodium, 2 g Of irOn(lrl) 
&rate and 2.5 I of liquid ammonia) and stirred for X.5 h. I-Bromcundecane (I 10 g, 
0.5 mole) in TKF (100 ml) was then added and the reaction mixture stirred overnight. 
Distillation of the ethereal extract gave 1,Sheptadecadiyne (10.5 g, 10.4% yield, 
b.p. 8%94”/0.05 mm Hg). 

Methyl 2,tSottadecadiynoate. I ,j-Heptadecadiyne fi0. I g, 0. I mole) in an- 
hydrous diethyl ether (30 m1) was added tu ethyfmagnesium iodide (prepared from 
2.4 g of magnesium, 15.5 g cf ethyl iodide and 150 mI of diethyl ether) at O-5" and 
reRrrxed for f II. The suspension was then cOGled to 0-j” and dry carbon dioxide 
gas was fiushed through the reaction Aask. An exothermic reaction ensued and the 
pass-zge of carbon dioxide gas was stopped when the temperature dropped to 5”. 
DiIute hydrochloric acid (j itr, IO0 ml) was added and the acidic fraction isolated in 
the usual way. Re-crystaEisation of the crude acid from rr-hexanc gave pure 2,6-octa- 
decadiynoic acid E6.3 g, 55% yield, m-p. 64-fS.j0; aaa!.: C = 77.950,<. K = E0.24% 
(crrlccl. C = 78.2f. %, H = 10.21 %*)f_ The acid (2.2 g, O.OM mote) was reflused with 
14% boron: tri&ioride-‘methanoi complex (LO ml) and anhydrous m=thanoI (30 mt) 
for 20 min. The sofution was diluted with water and extracted with Iz-hexane (three 
times 30 ml). Pure methyl 2,6-octadeczdiynoate (1.5 g, 65% yield) was obtained. 

Methyl 3,7- and 4,8-ocradecad$xoate,r (P*7a, A*.‘@) 
The corresponding 1,5-hexadecadiyne (7 “/< yield, b-p. S6-9O”fO.Oj mm Hg) and 

1, pentadecadiyne (I 3 o/O yield, b.p. 63-W/0.02 mm Kg) intermediates were prepared 
in ? manner similar to E,S-fieptadecadiyne by appropriate chain-extension methods. 

3,fOc~adpcadiJ~~r-f-ol. 1,j-Hexadecadiyne (Ij.5 g, 0.87 mole) in THF (50 ml) 
W:; ; added to a suspension of W&m amide (prepared from 7 g of iithium, I g of 
ire :(TIT) nitrate and 2 1 of Equid ammonia) and stirred for I h. Excess ethylene oxide 
(8 gt 2.0 m&s) was added to the suspension and:the mixture WZS stirred for 38 h 
Era :er reff ux. _The crude ocfadecadiynot was p&ied by s&a CO!UEHl ChFOmatGgr~p@ 

% g3 18% yield). 



~,&%:~~~GY&~-I-o~. 1,5-Pentadecadi_ae (26.8 g, 0-G mole) fn THE (50 ml; 
was added to a srrsperrsion of Iithium amide (prepared from 7 g of lithium, 1 g ol 
iron@IIf nitrate and 2 i ofammonia~~and &rred for 1.5 h. 3-BromotetrahydropyranyL 
propal;of (22 g_ OB9S mole) ELI THF (50 ml) was then added and the reactio-, miutuie 
was s&-red overnight. The ethereal extract was shaken with dilute sulphrrric aciti 
(0.2 _M, 1W ml) and the pure octadecadiynol isolated by. column chromatograph; 
(IO g, 29% yiefd). 

Me&yl3,7- ~zd 4,8-acto~ecad~~~u~~es. Both octaciecadiynoic acids were ob- 
rained by chromic acid oxidation. Chromic acid (prepared from 2.25 g of chromium 
triotide, I .5 mI of concentrated H,S& and diluted to 8 mf with water] was added t< 
3,7-octadecadiyn-l-01(4.5 g, 0.017 mofe) in acetone (50 ml] at G-Y. The mtvture wa: 
then stirred for 30 min aE room temperature, dikted with water and extracted witi-: 
diethyl ether. The acidic fraction was isolated and on re-c?ysta:rIisation gave pure 
3,?-oceadecadiynoic acid (1.4 g, 33 % yield, m.p. 93-94”; anal.: C = X.20%, H = 
1O.W “A). 

4,&-Octadecadiynoic acid (4.0 g, 3S ok yield, m-p. 95-95.5; aoal. : C = Z.3. iS y& 
H = IO.31 “/E) was similarly obtained. EsterWatio~ of the acids gave pure methyl 
octadecadiynoates. 

I$Terrcldec&iyne. 1,5-Tetradecadiyne (27-4 g, 35 % yield, b-p. 6%WjO.05 
mm Hg, tit. 12&228”/13 mm Eigi6) was prepared in a similar mamer as described for 
i,5-beptzdecadiyne by appropriate chain-enension procedure. 

i-C~~~rLI-48-tle~mdecadiyrze_ I,%Te’cradecadiyne (27.4 g, O-14 mole) in THF 
(50 ml) was added to a suspensiorr of lithium amide (prepared from 1.4 g of lithium, 
0.5 g of iron(ETI) nitrate and 2 h of ammonia) and stirred for t h. l-&omo-3-chloro- 
propane (39 g, 0.2 mole) in THF (40 ml) was then added and the mixture stirred 
over&&t. The ethereal extract was d&t&d rmtii! the temperature rezcbed SW@.05 
mm Mg. The crude chforoheptadecadiyne w2s percolated (rz-hexane as etuent) through 
2 sika gel column; (30 g) to give a Z&t yellow coloured 85 % pure I-chloro-4,8-heptx- 
decadiyne (35 s, 94% yield). 

l&erlzyZ 5,9-ocrcra’ec&&u~~e. i-Cbforo+-heptadecadiyne (35 g, 0.13 mole) 
was heated at EW in dinethyl suiphoside (100 ml) In the presence of sodium cyanide 
(9 g_ 0. IS mote] for 3 h. The isolated cyan0 derivative was left in 25 % (w,‘w) of 
hydrogen cb&x-ide-methanol (4W ml) for 20 h. The reaction mixtire was pour-d 
into ice (5@? g) and extracted with light petrolerrm (b.p. 6WW”). The crude ester pi ts 
subsequently pexofated throngb a silica gef (20 g, n-hexane as eIuent) column 2 t 
then refhxed v&h sodium hydroxide (12 g, 0.3 mole) in methanol (6600 Mi) for f 1. 
The acidic fraction was isolated and re-crystalfisation from n-hexane gave pure oc L 
decadiynoic acid (9.2 g, 3I %, m-p. X-51.5”, anal.: C = 78.48 %? II = 10.2’7 %f. I ,e 
acid was converted to its methyl ester using boron tauoride-methanol complex_ 



57-59/0.1 118-I24/16 
81-83~4.0 rOO,i20 
69_72j4_0 94-96/X 
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cter was then hydrofysed to the acid snd the latter purified by re-CrystaUisation from 
&CX2Ile. 

l,Mkccadiyne (43% yield, b.p. ?6-82”,/15 mm Hg, 90% pure) and ICkhforo- 
5.9-hexadecadiyne (83 % yield) were obtained by appropriate chain-extension methods 
from I ,5-hexadiyne. 

Met&i 9,13-octadecu&ynoare. 16-Chtoro-5,9_hexadetadiyne (38. I gF 0.15 mote) 
was refkxed in the presence of sodium iodide (I5 g, 0.1 mole) and sodium diethyl 
malonate (prepared from 2.27 g of sodium, 16 g of diethyl malonate and anhydrous 
ethanol 150 mf) for 16 h. The malonic ester derivative was isolated and hydrolysed 
with potassium hydroxide (27 ,o, 0.75 mole) in ethanol (2’75 ml) to the corresponding 
diacid (29.9 g), The crude diacid derivztive (12.5 5) was refhxed with sulphuric acid 

(0.25 M, 250 m1) in dimethyl sulphoxide (250 ml) for 24 h. The hydrolysis product 
w.vas isolated and esterified. Methyl 9,13-octadecadi>--noate was isolated by sifica gel 
cotumn chromatography (5 g, 34% yield). Pure 9,13-octadecadienoic acid ws ob- 

j-z&z f5464.5 77.95 10.24 
A-Z.?* 93-94 78.20 10.09 
L-",fC 95-95.5 78.15 IO.31 
4 r.9r 51-51.5 7S.48 IO.27 
Lj -,x00 57-57.5 56.5-57 20 7s.50 10.40 
2 I.IIC 48-48.5 4SG8.5 13 75.39 10.45 
3 r.I2c 53-53.5 52.5-53 20 is.42 10.42 
&! ',lliS 53.5-54.5 'is.32 IO.OS 
_I ?C?.LiC 6fA2 78.43 10.42 
/J C.1C.z 75-76 Z-77.1 14 77.85 10.10 
_i r.16o z-79 78.32 10.33 
,J *a.1iu 62-62.5 7iX6 LO.76 

~Uncorr&&. 
=* ckICUiZte&C = 75.21%, H = 10.21%. 



-9EFERENCES 


