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FATTY AC1 DS 

1. SYNTHESIS OF ALL THE METHYL UNDECYNOATES AND THE 
METHYL cis-UNDECENOATES AND A STUDY OF THEIR GAS-LIQUID 
CHROMATOGRAPHIC PROPERTIES 

All the methyl n-undecyxoates ad t-is-lli~decenoates have been synthesised 
hnd the gas-liquid chromatogrttphic behaviour of both series of isomers was studied 
on polar (DEGS and Sihr 1OC) and non-polar (Apiezon L) stationary phases. The 
possibility of identification and separation ol- these isomers is discussed_ 

IKTRODt_XITIOB 

A systematic study ofthe uralturated C,, tlltty acids K::IS initiated by Gunstone 
and Ismail’_ This study rcvertled some very ~~rntsuai and charxteristic properties of 
positional isomers of‘ unsatur;ited http esters on gas-liquid (GLC) and thin-layer 
chromsto~raph?,~~~l~~ (TLC) and proton magnetic reson:mce spectroscopy’-‘. Biochemical 
studies ol‘tliese isomers have also been conducted and have produced some very inter- 
esting results’-‘. 

Scholtield and Duttoti and .Ackmm and Hoaper“ made extensive use of GLC 
data to predict the equivalent chain length and to identify pal;-unsaturated long- 
chain methyl esters. mainly by applyin, 0 the ridditivity of retention times liw rtliylmic 
functions in aliphatic Fatty acids. 

_A new polar stritionary pliasc. Silar 1OC (a dicyanopropyl silicone), is said’” 
to give high separation factors lbr fittty acid methyl esters by their degree of unsatu- 
tiltion. Wedecided to synthesise the acctylenic and t-is-ethylenic C,, acids and to study 
their behviour on this new polar phnse. 

All ur?decynoic acids here readily prepared by \\ell established nietliods*-4. 
Difiiculty NXS encountered in the osidation of undcc-3-ynol into undec-3-ynoic acid. 
as this preparation resulted in :I niisture of the _ l’” and ..P’ isomers. 

GAS-LIQL’ID CHROMATOGRAPHY 

The equivalent chin lengths (ECL) of all acetylenic and ci.s-eth_v!enic C,, 
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esters on Apiezon L (APL). diethylent a glvcol succinate polyester (DEGS) and Silar 
IOC are compared in Fig. 1 and actual \nlws recorded in Tables I-III_ 

.Ilcrll~-I liIui~~c~~~lroafc~.s 
These isomers gave EC L values rangin g from 1 1.00 to 1 1.17 on the non-polar 

_-\PL column. cscept For _ Izu (I 1.52) and P (1 1.61). for which the values \verc 
signilicantly higher. Three isomers. namely _ I’“, _. lsU and _ I*““. had retention times al- 
most identical with that of the saturated C,, ester. 

On polar stationary phases, the ECL values were found to be in the range 
13_3S--I4-S7 on DEGS and 12-99-14.39 on Silar lOC_ On both phases the .:lJu isomer 
pave the lo\vest ad the ..I yu isomer the highest ECL value_ Values \\-ere also markedly 
increased whx the triple bond was close to the carbomethosy end, as in the .Jzn and 
_ 13U isomers. 

When the chromatographic behaviour of mixtures of these isomers \vas esam- 
ined on polar and non-polar stationary phases (Tables I-Ill), it was possible to de- 
scribe the degree of separation as base-line, twin peak or shoulder_ The results are 
summarised in Table IV. 
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TABLE I\’ 

SEPARATION OF MIXTURES OF METHYL UNDECYNOATES 

Dcgrec. of scpururi~m Dl;fj2rcwcc in ECL wh*s 

_-I PL L$GS Silur IOC 

Base-line =>0_3S (Al-4)’ SO-69 (EI-2) ;-0.33 (Cl-?) 
Twin peak 0.X (A51 >:O_% (E3-4) ::0.3 (a-4) 
Shoulder ‘;.-0.12 (A6-S) 0.26 (E5) O-16 (C5) 
No separation 0.07 (A9) - ._ 

- Samples. 

These ethyfenic isomers gttve ECL values which were smaller than 1 1.00 on 
APL, with the exception of2.f9’ (1 I_ 10). There was little difrerence in rbe retention 
tinles aniong these isomers, although it was possible to recognize that ~1~‘~ had the 
fowzst ECL value in the series. On polar phases, the ECL values ranged from 11.2s 
10 12.29 on DEGS and 11-03 fo 12.19 on Sifar IOC. Both sets of ECL vnlues pve an 
almost parallel plot except in the case where the double bond was located betlvcen 
C, and Ci, ;a :.I” isomer had identical ECL values on DEGS and Sifnr 1OC. Relatively 
higf~ values were obtained tiw. f3’ and :I”, while 1 1” again gave the lowest ECL value. 

The behaviour of misturcs of these isomers on polar and non-polar starkmary 
phases is given in Table V. 

TABLE V 

Base-line 0.45 (Bl)‘ 0.71 (Fl) ..; 0.46 ( D I-1) 
Twin peak ::0.21 (132-S) 0.60 (F2) -0.3 (Dj-$1 _ 
Should~2 0.1-l ( B6) zO_‘j (Fj-J) -- 

- su1llp1cs. 

SYNTHESIS AND PROPERTIES 

I-Decyne (19 g, 0-13s mole) in anhydrous dietfly ether (50 ml) xx added fo 
cthyf nl;tgnesIunl bromide (prepared from ;t.S g of nxl~ncsium, 12 g of erhyf bromide 
and 200 ml ofdieth_vf erfwr) at 5’ and r&used for 1 11. The suspension was ilien cooled 
to O-3 .‘ and dry carbon dioxide gas was tlushed througf~ the rencrion fiztsk. An eso- 
tfiermic reaction ensued and the passage ofcarbon dioxide gas was stopped \\ hen the 
teniperature dropped to 5’. Dilute sufpfwric acid (2 41, 100 ml) was added and tfle 
acidic frxtion isolated in the usual way. Distillation Fave undec-2-ynoic acid (‘J-4 g. 
37.591 yield, b-p. 116-12O’jO_2 mm: ref. 11: lO3”jO.3 mm). 

Undec-2-ynoic acid (5 g) was retlused mith 147: boron tri!luoride-methanol 
conipfes (10 ml) and anhydrous methanol (50 ml) for 20 min_ The solurion \vas 
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dituted with water nnd extracted with light petroleum (b-p. 60-SO”)_ The crude methyl 

undccynoate (5.5 g) was purilicd by preparative silver ion TLC. Cleavage osidation” 
of the methyl ck-undcc-2-enoate gave nonanoic acid as the only monobzlsic acid. 

Didec-3-_woi_ I-Nonyic (25 g. 0.20 mole) in anhydrous diethyl ether (100 ml) 
wxs added to ethyl magnesium bromide (prepzired from 9.6 g of magnesium, 44 g 

of ethyl bromide and 400 ml of diethyl ether) and reffused for I 11. The suspension 
was cooled and gaseous ethylene oxide (30 g) KZLS flushed through the reaction vessel 
over a l-h period and the reaction mixture Ieft overnight, durin, ‘7 which time it formed 
:I semi-solid mixture_ The ethereal mixture was then heated to rcllus and the ether 
gradualiy replaced by benzer,e (250 ml) until the distillation temperature reached 60. _ 
Cold dilute sulphuric xid (2 AZ, 500 mlj was added and the mixture estrxred \vi-ith 
diethyl ether. Distillation 91ve undec-3-ynol ( 19.5 g, 5s ii, yield, b-p. 54-62’/0.25 mm)_ 

L’ruf~c-3-_wok crc-irl_ Chromic acid ( 15 ml) (prepared from 13.4 g of chromium 
trioxidc and 10 ml of concentrated sulphuric acid, diluted to 50 ml with wat_k) \v;ts 
added to a cooled soIution of undec-3-ynol (4 g. 0.024 mole) in acetone (100 nil) 
and stirred for 30 min_ The acidic fraction was isolated in the usual way, estcrificd 
and purified by preparrhve TLC ( I _ I ,g, 23Afl;; yield)_ However, GLC analysis on ZOY-;; 

DEGS showed that this was contaminated with_ 23 ]?l, of methyl undcc-4-ynoatc. 
Oxidation of the semi-hydrogenated product save octanoic and heptanoic 

acids in a ratio of about 4:l and some propanedioic and butanedioic acids. Final 
purification of methyl undec-3-ynoate was achieved by preparative GLC on ;I 20:‘: 
DEGS column_ 

i_htk-4_wo/. Pent-4-ynol (25.2 g. 0.30 mole) in anhydrous tetrtlh~drofllrtln 
(TH-F) (100 ml) x\as added to a suspension of lithium amide (prepared from 5.6 g 
01~ Iithii L, 1 g of iron( III) nitrate and 2 I of ammonia solution) and stirred for 1.; 11. 
I-Bromohesanc (66 g, 0.40 rnoie) in THF (100 ml) \vas added and the misture stirred 
overnight. Distillation of the ethereal extract gave undec-4-ynol (32.4 g, 64]‘:, >-icld, 
b-p. 70-S4”jO_Ol mm: ref. 13: 135140’f20 mm). 

Dirdec4_woic acid. Undec-4-ynol (4-S 9) gave crude undec-l-unoic xcid (3 g, 
51 fi, yield) by chromic acid oxidation as described in the preprwatfon of undec-3- 
ynoic acid- The crtide acid w’;1s esterified and purification by silica column chromato- 
graphy gave pure methyl undec-Ltynoate (2-S g_ 47_6:ti, yield). 

Ckivage osidtltion of the cis-undec-4-enoic acid ~ *wve hcptanoic and butanc- 
dioic acids only_ 

Met/l-d rmdec-5-Jizoate /A ==j 
!-Ch~orodec-b-we. 1-Bromopentdne (75 p, 0.496 mole) in THF ( 125 ml) was 

added to a suspension of lithium acetylidc (prepared from 7.0 g of lithium. 2 1 of am- 
monia solution and xetylene) prepared by the titration procedure*‘_ Lithium amide 
(prepared from 7 g of lithium, 2 g of iron( 111) nitrate and 1.5 1 of ammonia solution) 
was carefully added to the reaction mixture and stirred for a further 1 h. I-Bromo-3- 
chloropropane (96-O g, 0.61 mole) in THF (150 ml) was added and the reaction 
mixture was stirred overnight_ The ethereal extract could not be distilled beyond 
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52@/12 mm owing to excessive foaming. Howver. GLC analysis indicated the presence 
of SOX, of I-chlorodec-4-yne (57.5 g) in the product. No further purification of this 
product was attempted, but the reaction \Y;LS carried through to the nest stage in- 
stead. 

I-C?-f~~zof/~~~-~-~./z~~_ Impure i -cMorodec-4-yne (55s g) was heated at 120- 130 ’ 

for 3 11 with sodium cyanide (19.6 9. 0.40 mole) in dimethul sulphoside ( 125 ml). The 
mixture was cooled. diluted with water (500 ml) ar.d extracted with light petroleum 
(b-p_ 60-SO”). Removal of the solvent under reduced pressure gave a crude nitrile 
(44-S g)_ 

d/crlz_r/ rrfztl~,c-~-~-/zorrl~. The crude nitrile (MS g) was left .in a solLit ion of‘ 25 y:, 
(wv/\v) lwdrogen chloride in methanol (600 ml) for 72 11. The merhanolic solurion w:ts 
diluted kth ice-water (1.5 1) itnd extracted with light petroleum (b-p. 60-X) )_ Dis- 
tillation through a 50-cm Vigreus colu~m~ qve methyl undec-5ynoate (45.0 g. b-p. 
97-99’/1_2 tlml: ret: 15: I IS-122 -jO_15 mm for acid). Hoivever. this sample contained 
24.5 y;; of a chloroalkene, which I\‘;~s removed bv silver ion TLC. 

Cleavage oxidation &the t-iv-undec-5-enofc acid gave onlv hesnnoic and pen- 
tanedioic acids. 

The corresponding I-chlorodecy:e intcrmcdiares v cre prepared in a similar 
manuer to undec-5-ynotlte by appropriate chain estcnsion methods. These chlorides 
\vere con\-erted into the cyano derivatives and then trcztcd with hydrogen chloride- 
methanol. All methyl esters obtained by this procedure \\ere contaminated \\ith small 

anwunts ofcl~lorc~al~ene~_ Hwvever. these isomers c’ert’ initially puritied by lrxtionnl 
distillation and rhsn by silver ion TLC. Yields m-e given in Table VI. 

Cleavage osidzttion of the cis-undecenoic acids gave only the correspondms 
morwbasic and dibasic acids. 

:I f&-i lfIufc~c--9-1_lrotlrc~ (_P) 
C’Iz&v=9-_wroi~ mid Bromine (4 I -6 g, 0.26 mole) was carelitlly added to LII~~- 

IO-enoic acid (47 g. 0.255 mole) in carbon tetrachloride (200 ml). The solvent v.xs 

removed under reduced pressure and the dibronm-acid \vas then added to a concen- 
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trated solution of pottissium hydroxide ( 135 f in 40 ml ofwater) contained in an SOO- 
ml beaker. The mixture I\:IS slowly heated to 160’ and then placed in a pre-heated 
oven at 190’ for 1 11. The reaction mixture \\:is acidified. extracted with diethyl 
ether and distillation gave crude undec-9-ynoic acid (32 g, 6S.9 2, yield, b-p. 120- 
13O’~jO.OS mm)_ The acid uxs recrystallised from n-l~~me to give pure undcc-9-ynoic 
acid (21 g. 45-27‘: yield, m_p_ 5S’r ref. 17: m.p_ Z&59’, 61’). 

Undec-9-ynoic acid (9 g) wts esterified and puriticd by prepartrtive silver ion 
TLC- Osidation cleavage of the cis-undecenoic acid give only nonanedioic acid. 

L,ir&c-IO-_moic mid_ Bromine (30-4 g. 0.19 mole) was added to undec-lo- 
enoic acid (30 g. 0.16 mole) in carbon tetrachloride (400 ml)_ The solvent uxs re- 
moved under reduced pressure and the crude dibromoundecanoic acid in anhydrous 
diethyl ether (150 ml) was then added to a suspension ofsodamide in liquid ammonia 
(prepared from 13-S g of sodium, 2 2 of iron(Il1) nitrate and 2 1 of ammonia) and 
stirred overnight_ Water (X0 ml) was added and the aqueous solution acidified 11 ith 
dilute hydrochloric acid (5 M, 500 ml) and estracted \vith diethyl ether. Distillation 
save undec-1 0-ynoic acid (12 _e. 74.7 116 yield, b-p. 1 16-120’ jO_06 ~mn_ m_p_ 43 : 
ret: IS: b-p_ 124-13O~jj mm. m-p_ 41_5-S3L). 

Esterilication of undec-lo-ynoic acid (2 g) with boron trifluoride-metll~~~~~~l 
complex (3 ml) and anhydrous metl~nnol (20 ml) gave pure methyl undec-IO-ynoate 
(l.Sg, _ S5 ‘?i vield). Osirfrttion of the c-i-s-llndec-lO-er~~ic acid gave only decancdioic 
acid. 

,I mixture of methyl undecynoate (0.5 g). Lindltlr catal_\-st” (0.1 g). ciuinoline 
(0.2 E) and eth!-I acetate (25 ml) was shaken in an atmosphere of lrydro~en. The rate 
of hydrogen absorption decreased markedly rifter the tlreorctical amount (57.1 ml) 
had been absorbed (3-5 min). The mixture nits filtered and the tiltrnte \\ashed with 
dilute hydrochloric acid rind with \\ater and dried over anhydrous sodium sulphate. 
G LC anaIysis indicated 9%99 l?-i, conversion into the methyl c%s-undecenonte. In- 
frared analysis grave no absorption peak at 965 cm-‘, thus indicating the absence of 
rr~ws-isomers. 
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ECL values were calculated from distances between the solvent front and the 
peak of the other eluted components. Saturated methyl esters were used as internal 
standards: C,. C,, and C,? (on APL) and CL,,, GIL and C,, (on DEGS and Silar IOC) 
for the acetylenic esters, and C,, C,,, and C,? for the civ-undecenoates. 

COKCLUSiON 

The polar phase Silar iOC was more eficicnt than DEGS in the separation of 
isomeric unsaturated methyl esters_ On all pl~ascs, the equivalent chain length \vas 
very reproducible and possible identification ofthe isomer could be achieved by study- 
ing the ECL values on the three phases. 
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