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PREFACE

Mounting interest in lipid chemistry emphasises the need
for the systematic survey of the physical, chemical, and
biological properties of unsaturated acids. In the past
such studies have been concentrated on a fow common nobtural
acids such as oleic.

Studies of this kind are now proceeding in this
department and the present work is concerned with the octa-
decenoic acids. lMost of these have been reported before but
must have been impure and in order to make careful comparative
studies, it is necessary to have all the isomers available
at the same time.

We have now prepared all the possible isomers of
octadeccenoic acid (thirty one) along with ten octadecynoic
acids, five dodecenoic acids, five dodecynoic acids, all

the w -acctylenic acids from C and many other long-

5~ C12
chain compounds. In view of the extensive work planned we
have obtained 12-17 grammes of most of the cis-octadecenoic
acids.

Using these, a study has been made of some of their
chromatographic and spectrosconic properties and of the
interconversion of cis and trans isomers. The full value
of this synthetic programme however remains to be exploited,

and plans are in hand to study (here or elsewhere) the

following properties:



(11)
(i) The conversion of thezc olefinic acids to closely
related compounds including thc alcohols and their acetates,

the aldehydes and their acetals, the C cyclopropane acids and,

19
possibly, the dideutero- and ditritiostearic acids.

(ii) Mass spectral studies of olefinic esters.

{iii) Crystal structure studics of the olefinic acids. So
far only oleic acidI has been examined in this way and our
melting point studies suggest that the double bond position
has an interesting effect on molecular packing in the crystal
state.

(iv) Important enzymic reactions occurring with oleic
acid include

(a) two-carbon elongation.

(b) introduction of addi*ional double bonds between the
existing double bond and the CH3 group (plant systems)
ancd between the existing double bond and the carbonyl
group {(animal systems).

(c) conversion to cyclopropanc acids.

In all cases it will be interesting to examine the specificity

of the necessary enzymes with respect to the double bond
position in the ng chain.

(v) The recent realizationg that unsaturated long chain
compounds such as octadec-lil-enyl! acetate behave as inscct

pheromones suggests that these acids and their derivatives

should be screened for activity.



INTRODUCT ION

THE SYNTHESIS OF LONG CHAIN MONO-OLEFINIC ACIDS.

Llthough oleic acid was isolated in the carly part of
the 1Sth century3 and its structure determined correctly hy
Meyer in 'l£3934 it was only in the period 1925-1935 that
synthetic preparations of oleic acid5 were recorded. Little
further progress was made till about 1940, after which more
workers attemnpted to synthesisce long chain unsaturated

7
o The more important routes now available

fatty acids.s’
are briefly reviewed.

1. Synthesis proceeding through acetylenic intermediates.

The general procedure based on the ease with which
ethynyl compounds readily form organo-metallic derivatives
is the most important general method of synthesising
unsaturated fatty acids. The present use of this method
stems from the work of Ahmad and Strongg though useful
peinters had been provided before this by lMoureu and
Delange1o who showed that metallic derivatives of acetylencs
react with carbon dioxide or ethyl carbonate to give Az -
ethynoid acids .

CH,4 (CH, ) CiCNa

)
g + €0, — CH4(Cl,) C:C COOH.
P,

CHS (CI*I2 )1:1 ‘C :CMeBr



Somctinme latex S:irrmn.f;enj-j synthosiscd bchenolic
(docos~13-ynoic) acid by condensing the sodium derivative
of dec~1-yne with methyl 12--bromod-decencate. Interaction
of the sodium or Grignard derivative of dec-l-ynec with
p~-toluencsulphonate of S-chloropentancl gave tetradec—5-
ynoic acid.

It was left to fAbhmad and Strong to fully realize the
potentialities of alkyl acetylcnes. This method made
possible the synthesis of many unsaturated long-chain acids,
and with certain modifications, has becn uscd norc than all
other methods together in the synthcecsis of unsaturated
fatty acids. Applications of the original Strong
procedure include the synthesis of all the octynoic acids13
and all the nonynoic acids except theéﬁ? isomer.14 Similarly
the ecis and tranS'ﬁl?, Zsp . 45? ,f)io, ZEJI, and £ﬁ§2 acids
have been piepared via the octadecynoic acids.15 With
minor modifications octadec~G~ynoic acid has also been
cbtained and converted to the cis and trans olefinic acids.le

filthough Simonsen et al. uscd a bromo-ester as one
of the intermediates in the synthesis of behenoclic acid,11
the twy -brome and &) -—acetylenic acids, though acecessible,
have rarely been employed. ﬂmes17 tcok advantage of the
resistance shown by N,N-dimethylamides to many organo-

metallic reagents and used this group to protect the

carboxylic radical during the reaction. He showed that the
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3o
N,N-dimethylamide of an cczetylenic acid gave a sodiunm
derivative with NaNH,z/NH3 and that this reactswith alkyl
bromides to give a long chain unsaturated amide which cculd
be hydrolysed to the cthynoid acid. Mono-acetylenic acids
have been preparcd most often by one of three routes.

(i) An alkyne is condensed with an ¢ ¢o~chloro-iodide
and the less reactive chloride group later converted to the
carboxylic group.

1 . -
Csge RC =CH e RC:C(CHz)nCI —2-—’-—¢- RC:C((!Iiz)rCCOH

1, NaNd,, liq. NH;; I(CH,) Cl 2, NaI,NaCN; KOH; HCl

(ii) Condensation of an alkyne with an w -bromo-ester
as first proposed by Battacharya, Saletore and S:'l.r::tcnson..j-1
(iii) Condensation of N,N-dimethylamides of w -acetylenic
acids with alkyl bromides or alternatively the N,N-dimethyl-
anides of w ~brcmo-acids with alkynes as described by

Lmas.

1 ? ™ 23
(a) RC=CH + Br(CHz)nCONI-.’Iez -t ;;CHJ(CHz)nCONMez —L—

RC=C (CH2 )nCOOH

T 1—::- 58 gb
(b) R'Br + HCEC(mz)nCONT.‘Iez It CEC(CHz)nCONMOz

!
R'C=C (CHz )nCOOH

1, NaNH lig. NH_. 2, Hydrclysis.

2’ 3



2. Anodic Synthesis18

Faraday]g (1834) reported the formation of hydrocarbons
when solutions of acetates were electrolysed and Kolbezo obtained
symmetrical hydrocarbons by electrolysing salts of carboxylic
acids.
2300; -~ RR + 2CO,

1
Vhen Wurtzz (1885) used a mixture of two acids, he produced two

symmetrical hydrocarbons along with an unsymmetrical hydrocarbon.

RCOD RR
RR'
R'CO0¢ R'R!

£ significant advance was made by Brown and Walkerzz when
they showed how it was possible to prepare acids rather than
hydrocarbons by using half esters of dibasic acids,

by "y e
nu‘zc (CHz )nCuz ROzc (CH2 )20.002R

This prccedure was extended by Linstead and V.feedonz3
who used it to synthesise higher saturated acids. They
electrolysed methanolic solutions of apnpropriate mixtures
of a monocarboxylic acid and an excess of the methyl hydrogen
ester of a dibasic acid.

il e T — -1 T N =
R 002 + RJZC(Cﬂz)nCOg R (ChzynCOEn

This method was then modified to cover the synthesis

24 et <
of long chain ungaturated fatty acide. Mono-olefinic acids



8.
vesult from the electrolysis of starting materials which
contain a double bond, a triple bond, or an C&-diol system.
With the last two, olefinic compounds are obtained by further
reaction of the coupled products. Erucic acid was prepared
21,25
by each of thesc methods as follows.

I

c:H3 (CH2 )TCEC (0}12 )7000}1 = CH3 (CH2 ) TCEC ((:H2 )7 (cnz ) 4coc:)};ka»

|

g

§ ,
CH3 (C‘H2 ¥ 7CH-CH (c:'d2 )700011 — cH3 (C:Hz )7011-?1 (0112 >7 (01-12 ) 40001"1@

- I '
. e 5 44 L)
CH3(CH2)7CH(OH)CH(OH)(LHz)?COOH CH3(CH2)?CH(OH;CH(OH)(CP2)11C__£n

I = HOzc(Cﬂz)écooMo

Other mono-unsaturated acids synthesised by anodic coupling

25 2
are stearoclic, tariric, & ?ac:eﬂic,z7 cis~tetracos-

15-enoic,zc and eicos-i4-enoic acids.29

A drawback of this method is that only relatively
small amounts of material can be prepared at a time. On
the other hand chain extension using anodic coupling does
not involve any stereomutation of the ethenoid bonds or any
change in the configuration of the hydroxyl grouns.
Lsymmetric centres in the moleculc are preserved thereby
making it an ideal method of prewvaring optically active
acids.

3., Wittig Synthesis.

3
Wittig and Geissler ' obscrved that benzophenone cendensed with

the phosplcrane produced from methyl triphenyl phosphonium



60

iodide and phenyl lithium to give 1,l1~diphenyl ethylene

—
LhSP“Cﬂz
Ph,p L. ?h3-£‘ Me 17 2. \I
+ -
I £ U
ﬂhg* CH2
3! ks Them B
‘h2*—0 + Ih2C=CH2
1, MeI. 2, Phui. 3, Phco.

This reaction generally
isomers and is therefore
of fatty acids, the cis
desired.

fiolas,32133,34,35,36

yields both the cis and trans
not very useful for the synthesis

isomers of which arc generally

The method has been used extensively in other

In a systematic investigntion of the

reaction of aldehydes with alkylidene triphenyl phosphoranes,

37
Bergelson and co-workers

showed that the stereochemistry

can be controlled with suitable reaction conditions.and

structural features.

nuclecphilic Lewis base

In the presence of a sufficiently

such as bromides, iodides, or

certain amines and polar aprotic solvents such as dimethyl

formamide,

approaches described by

Method A

X CH,(CH,) COOR s
2 2°n

2! Dh =
— Ahsm—CH(Cﬂz)nCOOR

the cis isomer predominates.

Two different

these workers are as follows.

Th, D
[th Cﬂz(CHz)nCOOR]X

3
21 CH3(CH2)mCH=CH(CH2}nCOOR



L =1 or Br

Ph,P 2, CH,ONa 3, CH,(CH,) CHO, D.M.F., I

Method B
1! b
X CHz(Cﬂz)nCOOR - . OHC(Cﬂz,nCOOR

cis
iy : =
ok B CHS(CHZ)mCH—CH(CHz)nCOOR

X= 1 or Br
1, (Cl1,) NO; H375 2, CH,(CH,) CH=PPh,, DJLF., I

cis Vaccenic and oleic have been made by method A.37
Petragnani and Schill38 used this modified Wittig reaction

to synthesise docosa-1:12-diyncic acid, cis hezadec-11-

enoic acid, all trans-octadeca-§,10,1Z-trienocic acia and
heneicosa-~11c,13t,15t-trienoic acid. Even with this
improvement, the reaction is limited in value by the
requirement for a very large cxcess (150X) of the phosphorane,
Ph3P=CH(CH2)nCOOMe over the aldehyde. This makes the
reanction uneconomic in terms of the G -bromo-esters which

are not always easy to obtain.

Methcd usiag Malcnic Ester.

4 . 39
The method described by Bowman and his colleagues
using malonic esters as the coupling unit was used by then
To prapare tetrefec~O-wunnlan herider-G-cusnic. hortolece-2-

enocic, octadec-4-enoic, octadec~S-cnoic, eicos--9-enocic



e,
and décos-13-enoic acids. This method, though useful in
the past, is seldom used now.
The general methods availablo for the synthesis of
fatty acids have been reviewed by Ge1ﬁsler,4o Gunstono,41’42

4
and more recentily by Markley.“a

THE CCTADECENCIC AND CCTADECYNOCIC ACIDS.

Preovious attempts to synthesisc thesce acids are reported
in subscquent pages. They include a number of preparations
reported whilst our work was in progress.

1. Octadec-2-enoic Acid.

A
An early claim by Saytucff and Saytzeff in 1883 +o have
2 . >
prepared the,[ﬁs'lscmer by treating oleic acid with hydrogen
iodide followed by alccheolic potassium hydroxide must be

P

based on the view then held that oleic acid was the ﬁ}. or
3
é& iscmer.
; . 45 5
The octadec-2-enoic acid cbtained by Ponzic (1904} by

reaction of 2 icde-stearic acid with caustic potash must
have been, wholly cr predominantly, the trans-iscmer 2nd
the cis--isomer was probably not prepared until 1851 by
= 46 ; 5 ; F
Myers ~ who cbtained it frcm the trans-iscomer by 2 series
of stereospecific reactions - hydrcxzylation, bremination
and dehydrcbrominaticn. The trans-iscmecr was removeid by
repeated crystallizmation and the mother liguors wore
subsequently chromatcgraphoed.

. . I 47
Whilst our work was in progress Grimncer and Hildcbrandt



reported a preparation of the c¢is and trans- clefinic acids

from octadec-2-ynoic acid thus -

3 cis
—= RC=CCOOH —1— RCH=CHCOCH

| -

trans
—= RCH=CHCCCH

RC=CH Tads

RC=CH Ei—a RCECCH20H S,

R = CH3(CH2)14

1, EtMgBr. 2, CO,. 3, Hy/Lindlar

t
4, Hg(OAc)z. 5, EthBr/CHzO. 6, CrOS/Bu OH.

2. Octadec-3-cnoic Acid

This acid was first preparcd in 1913 by thec action of
Ag
alcohclic potassium hydroxides cn 3-iodostearic acid..*8
P 3 .
The reaction yielded a mixturc of theA isomer together
2 s
with small amounts QEZS and 3-hydroxy stearic acid.
Pure coctadec-3-encic acid was claimed to have becn cbtained by
repeated crystallization. This acid must have been in the
trans-form. No other synthesis cf this acid has been
3 3
reported to date, thcugh.é& acids of cther chain lengths
13
hav2 been described. Newman andVotiz =~ claimed to have
synthesised oct-3-ynoic acid as fcllows

1, S 2.8,
CH,(CH, ) ,C=CH —— CH,(CH, ) C=CCH,OH

4
CH3(CH2)SCECCH20N———** CHS(CH2}3CECCH20000H3

1, NaNH,/CHO. 2, PBr,. 3,Cu ), 4, CHOH/HCL.



10,

When this method was used for non-3-ynoic acid, the product
was contaminated with allenic and chlorine substituted
olefinic esters.14

Knizht and Diamond,49 and Wood and Reiserso synthesised
the C8 and 012 acids respectively by treating the Grignard
derivativeaf the required alkyne with =2thylene oxide and
oxidising the acetylenic alcohol to the acid with chromium
trioxide.

. ;
RC=CH —— RC‘—_'CCHZCH 20H —_—— FAJECCE‘I_,,COOH

R = CH3(CH)); or CH;(CHg),

1 2, Cx0_, E_SC

3" 2774

mMellly S,
o

51
Ames et al. prepared the C_l acid by thae oxidation of

5
pentadec-3-yn-iol obtained by condensging the dilithium

salt of but-3-yn-i1-o0l with 1-bromoundecane.

1 2
RBr + LiCECCH20H20Li — RC‘ECCHZCHzcﬂ —_—— R(‘E-_CC[-IzCOOI-I

R = CH3(0H2)10

1,1ig.1TH.3 H.O. 2 Gr0

cil H;80,.

3!
They also prepared this acid from l-bromo-tetradec-2-yne by the
procedure set out below though as mentioned by Wotlz and

Hudalk this method gave an impure prnduct.-14



i i

1
RC=CCH_Br —— RC=CCH_CIN —— RCECCHz(lOOCH

2 2 3

1, Cu2(CN)2, Xylene 2, MeOH, HCl
Recently Knipprath and Stein52 published the following II

stage synthesis of trans hexadec-3-enoic acid.

R
RO=CH, 3,2 pem=cmBr 3. pe=em 225

6.7.8 9,10,11 _crans
RC=CCOOH 12— - RCH=CHCH2}31' b fted [ RCH:CHCHchOE

R = CH3(CH,),,

1, Br, 2, KOH 3, NaNH, 4, EtlgBr

5, €O, &, Na, liquid NH, 7, LiAlH, &, PBr
14

8, KCNa KCN 10, MeOH, HC1 11, KOH

3

They claim their acid to be at least 99.5% pure as

shown by g.l.c. using an Apiezon L column.

3. Octadec-4-enoic Acid

Octadec-4-enoic acid probably in the trans form was
obtained together with the [}? isomer and hydroxy stearicz
acid by the action of alcoholic potash on 4-iodostearic
acid.48 The latter was prepared pure from octadec-3-
enoic scid. These vorkirs (Nckbwt acd Ialig)iclained to have
genarated the Zﬁ? iponexr “rom the reaction mixture.

: 53
In 1852 Bowrnamand fmes, prepared both the cis and



12.
trans acidsin low yields by *heir ‘'methoxy ketone' route.
Reaction of 2-methoxypentadecanoic acid and oxalyl chloride
gave 2-methoxypentadecanoyl chloride which when treated with
the sodium derivative of tribenzyl ethane-1,1,2-tricarboxylate
gave 4-keto-5~-methoxyoctadecanoic acid. Catalytic reduction
of the corresponding ester followed by hydrolysis and
distillation, furnished the methoxylactone I, which on
treatment with hydrogen bromide in the presence of sulphuric
and acetic acid gave a mixture of solid and liquid dibromo-
octadecanoic acids. Debromination of the solid dibiomo-
acid (thveo) gave the 4t acid and the liquid dibromo-acid
which was enriched with the erythic isomer gave a2 mixture

of 4¢c and 4t isomers .

5
COOCHth

2

RCH(CCH,, )COC1 lﬂ—« RCH(GMG)COCCH?COOCﬂzPh s

ke
COOCHz*h

el

I A
RGH{OMe}CCCHzcﬁzcooﬂ 3_mo RCH(GMQ}C—CH2-0H2~CO ——

RCH(Br)CH(Br)CHZCHchOH " RCH=CH(CH2}2COOH
R = CH,(CH,).,
1z Na; PhCHzocOCHQC}I(COOCHzPh)p 2, debenzylation,
decarboxylation, and hydrolysis 3, H2,Raney nickel

A, HBr/ﬂcetic/HZSO 5, Zn.

4
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3}
s

More recently Ames and his colleagues prepared these
two ethylenic acids from the corresponding acetylenic acid,
obtained by the condensation of 1-bromohexadec~2-yne with
diethyl malonate. Semihydrogenation gave the 4c acid and this

was converted to the trans isomer via the erythro dibromide.

1 2
RC=CCH _Br —— RCECCHz(JH(COOEtJ2 —_— RCEC(CHZ)ZCGOH

2
3 cis A
—_— RCH=CH(CH2)2000H =il RCHCHOH(CH2 )200 _
trans
RCH(Br)C!{(Br)CHz)chOH —_— ncn=c:H(CH2)2coOH

R = 01{3(@12)12

1, Na; diethyl malonatc 2, NaOH; HCl; A160°

3, H_, Pd, BaS0O 4, H,C,, formic; H_O

2° 4 22 2

5, HBr/Acetic/stO

4 5, Zn.

4., Octadec-5~-enoic Acid

Trans octadec-5-enoic acid was found to occur in the
55
fatty acidgof thalictrum polycarpum seed oil. Recently,

growing and resting cells of Bacillus megaterium were

found to convert stearic acid to the cis octadec-5-enoic

acid. 56

57
Posternak prepared the trans-isomers of this acid
from tariric acid which gave a mizture of theZﬁP, Z&? and
7 ; ; ; Z.\..5
£§ octadecynoic acids when treated with alkali. The

acid was isolated and treated first with hydrogen iodide



and then with zinc and acetic acid. The puritydf the

5 trans acid will depend on the purity of the S5-ynoic acid.
Lmes et al.17 synthesised the acetylenic acid and thence

the cis mono-cnoic acid by reacting dodecyl bromide with

N,N-dimethyl-hex-1-ynanide, Hydrolysis of the resulting

amide furnished octadec-5-ynoic acid.

1 2
CHEC(CH2)3C0NMD2 —_— RCEE(CH2)300NME2 —_—

RO=C(CH, ) {COOH 3 . RecH=CH (G, )g OOl

R = chs(C}Iz)H

3 U NaNH2; dodecyl bromide 2, IlaCil ag.»

3, H ra, BaSO4

97
They also cbtained this acid by oxidising octadec-5-yn-1-ol
with chromium t:t:':i.oxicle.sl1 The a2lcohol was prepared by
condensing hex-5-yn-1-0l as its dilithium salt with
dodecyl bromice.

5. Octadec~G-enoic Acid.

Though nmuch less common thm unsatura*ion in the [5?

position, natural acias with unszturation between the C(S;

and C are well known, forx both the cis-olefinic

(7)
(petroselenic) and the acetylenic (tariric) acid occur
naturally.

Petroselenic acid occurs commonly in seed fats of the

Unmbellifcrae as for example in parsley (£2%) carrot (73%)
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parsnip (80%), caraway (47%) and chervil (53%).58

Tariric acid, until recently the only mono-ynmoic C

59

18

acid to occur naturally, has been known since 1882.
It occurs throughout the Picramnia genus. 2. sow for
example contains 95% of this acid.so

Tayloxr and Strong failed to synthesise octadec~S-ynoic
acid by condensing the sodium salt of tridecyne with
1,4-chloro-iodobutane in liquid ammonia due to the in-
solubility of the sodium alizyne in the reaction mixture.
Lumb and Smith,16 however, successfully condensed the
appropriate lithium alkyne with chloro-iodopropane in
dioxan,and converted the resulting 1-chlorohe:iadec-4-yne
to the octadec-§-ynoic acid by the malconic ester synthesis.

Partial reduction of the acetylenic acid with Lindlar's

catalyst afforded the cis mono-enoic acid.

1 2
RC=CH — RCEC(CH2)0C1 —_— RCEC(CH2)4COOH .__2_3

cis

RCH=CH(CH2)4CCKH{

R = CHz(CH,),

1; Nuﬂﬂa; I(CH2}301 2, Nal, malonic ester etc.
3, Hz, Lindlar.
Ain elegant synthesis of octadec-6-ynoic acid was

achieved by Linstead and Bakersaby the "anodic cross

coupling"” of methyl hydrcgen dodec-8-yndioate with an
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excess of n-octanoic acid. T2 former component was
obtained by condenging 6-chlorohex-1-yne with 1,4-
bromochlorobutane and hydrolysing the dichlorodec-5-yne
to the dibasic acid.

6+ Octadec-7-enoic Acid.

Posternak prepared this acid in the trans form by
reducing the product, obtained by the addition of hydrogen

7
iodide to octadec-7-ynoic acid, with zinc and acetic acid5

(ctf. Z}?).

Using the general procedure of Ahmad and Strong, Huber15
prepared the d to ﬂg octadecynoic acids and the corresponding
octadecenoic acids in the clg and trans forms. He prepared
the ﬁ‘? ethynoid acid by condensing 1,5-chloro-iodopentane
with the sodium salt to dodec~1-yne and converting the
chloro-alkyne obtained to the acid via the nitrile. Semi-
hydrogenation in the presence of W-§6 Raney nickel yielded the

cis acid which on selenium isomerization gave the trans form.

RC=CH 8 ra.c-ec(cn2 )501 i P

cig
RC=C(CH,) ) (COOH . RCH=CH (CI,,) .COOH

trans
. RCH=CH(CH2)5 COCH

R = CHg (CH, ),
1, NaNHz;I(CH2)501 2, NaCN;KOR ; ECL 3, Eérﬂi

4, Se
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The cis acid was also prepared using the same reaction
sequence by Fusari et al.,s2 the only difference being in
the preparation of the chloro~iodopentane.

7. Octadec-8-enoic Acid.

This acid, probably in the trans configuration, is
formed together with the 10t isomer during partial catalytic
hydrogenation of oleic and elaidic acids.63 Arnaud and
Posternak claimed to have obtaibled the olefinic acid by
the action of potassium hydroxide on 9-iodo-stearic acid64
and surprisingly by dehydration of 10-hydroxystearic acid.65
These preparations would certainly have given rise to a
mixture of.éﬁ? and ifaisomers present in the trans forn.

82 jndependently synthesised both

15 .
Huber and Fusari
the cis and trans isomers via the corresponding acetylenic

acid using the alkyl acetylcic rocute.

1,2 :
RC=CH —1—— RCEC(CHz)SCl g

= RCEC(CHZ)GCOOH

. cﬁiﬁn(caz)acoon R Rc‘fﬁ%ﬂ(mz)ﬁcoon

R = CHB(CH238

1, NaNH,_, liq. NH 2, I(CH,).Cl 3, NaCN, KOH ncl

2’ 3

4, H,, Ni 5, Se.

2’

8. Cctadec-S-enoic fAcid.

The first recognition (12815) of oleiec acid as a

constituent of several common fats was described by Chevreul



3

in his Recherches sur les corn gras. Since then, it has
been found that oleic acid conprises 50% or more of the
total acids of many fats and that few fats contain less
than 10% of this acid.

When Varrentrappsa('l 040) obtained palmitic acid in
large quantities on fusing oleic acid with caustic

; : 2
potash, this acid was believed to be the /5% iscmex. It
4
was not until 1893 that Meyer and Jacobsen proposed that
oleic acid was octadec-9-enoic acid, a result which was
67 < ; 88

confirmed by Baruch by a conplicated but dubious
sequence of changes. Snecific oxidation procaessces have
provided a simple, but uncequivocal, proof of the structure
of oleic acid.

Many claims have been malde over the years that pure

. . . g,7C

oleic acid was cbtained from natural sources.

Octader~9--yneic acid (stecarclic) has recently becn

: . 71,72,73
recoghised as a minoer ccmpecnent of some seed fats.

i
Saytzeff, as early as 1287, and Arnaud (1810)
cbhbserved, that oleic acid was formoed as one of the products
on heating 1C-icdostearic acid with alccholic potash. This
S iC

ot
nrocedure would have resulted in the trans A and LA\
octadeccnoic acids.
n 3 A Ty e e 5 T - L] 1 - e & 3
Rcbinson and Lhobinson cloimed to have achicved
a complcte synthesis of cleic acid by synthesising the

10-icdostearic acid requived by the nethod cf Saytuefif or



15,
of Arnaud. However, this meihod gave a mixture of clcic
and elaidic acids.

Rcbineon and Rebingon first obtained 10-ketosteaxic
acid by trcating the sodium derivative of 2-acetylnonancate
with ethyl 9-chlcrcecarbonyincnancate. This was reduced to
the hydro:xy ccmpound and then treated with hydrogen iodide

tc yield 10-iodostearic acid.

COCH3

1
RCH(CGCHs}COOEt —_ RCCO(CHz)GCOOEt

RCHZCO(Cﬂz)BCOOH

COOEt
R = Ci, (CHZ) 6

i Ha, tcluene, ClCO{CHz)GCOOEt 2 , NaOH,H

Pl
, 004

2

/. partial synthesis of an cquilibrium mixture of cis

and trans cctadec~-S-zncic acidswas described by Noller

and Bannerc£?4 using the Boord olefinic synthesis. The
desired 1-methozy-1,2-dibromo-alkane was prcduced by
treating w) -chlorcnonanol with bromine followed by
methanolic hydrogen bremide. This intermediate was
cenupled with cctylmagnesium bromide to give a preduct
which on heating with zinc yielded l-chloro-heptadec~8-ene,
Conversicn cof the chlorc compound tc the required acid

was affected by hydrolysis via the nitrile. The

W --chlcrcnocnanol was obtained by czonolysis of

cctadec~9—~enyl chleride Itgelr derived from oleic acid.
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1 2
—— 1 =, b} — ,1 ™
Cx (Cﬂz)?C!HzCHO Cl (CHz)7CH (Bx)CHC C .(CHZ)?CH (Br)CH (CvCH3 )Br

3 4
—Cl (01-12]7 CH(Br )CH(OCH3) (c:H2 )7CH NESEY o) | (0112)70}1:01{((3{2)7011

3 3

5
— C‘HS (CHz)?CH—CH (Cf12)7CGOH

1.4 Brz 2, CHSOH, HB» 3, 01{3(0112)7higBr

4, Zn 5, NaCN; .IXCII, HCl

) ]

8
A later synthesis (Baudart ) from decanal alsc gave

the nized 9c¢ and St acids.

1
RCH,CHO ~——»RCH(Br JCH (Br) OTt 2 RCH(Br)CH(CEL) (i) C7,Crte

3

2 . RCH=CH(CH,).CH.OMo —— RCH=CH(CH,, ) .CH,, B

2)5 2

5

i 6
—— RCH=CH (CH2 ) SCH

9 I —— RCH=CH (CH2 J ,ICOOH

R = CH3(CHZ)7

1, Brz, EtOH 2 , BrMg{(CH CH,Ole 3, Zn, Bull

2)5 2
4 ,Brz,HBr; Zn,EtCH 65, NalI, Acetone 6 , malonic
ester synthesis.

Yet another preparation of this type has been reported
by Bau dart.75
25 ; .
Linstead and co-workers electrolytically coupled
pentadec-G-yncic acid and methyl hydrogen glutarate to

obtain stearcliec acid. Better yields were obtained with

benzyl hydrcgen glutarate.



21,

1~I1uﬂ:>rar'15 accomplished the synthesis of octadec~S~ynoic
acid and the corresponding cis and trans isomers by the
alkyl acetylene route.

The AQ acid has also been synthesised by the methoxy
ketone variant of the malonic ester synthesis by /Ames and
Bowman.?6 and by methods enploying magnesium alkyl halides
by Gensler and Thcmas.7

2. Cctadec-10-encic Acid.

The presence of trans cetadec~10-encic acid has been

reported in the body fats of the ox and Sheep77 and in
g . 18
pork 1linids by Channon et al.
44 4
Saytzeff et al. prepared the 10 isomer along with
9
the A isomer by the acticn of alecocholic potash on
10 iodostearic acid, and also by the distillation of
10 hydro:xystearic acid.
79 . 10 .

Bauer and Panagouliag claimed that theA acid

resulted when oleic acid was treated with zinc chloride.
15

Huber  achieved an unequivocal synthesis of
octadec~1C~ynoic acid by condensing the sodium derivative
of non-l-yne with 1,8-chloro-iodo-octane, and subsgguent
conversion of the chloro-alkyne to the acid. Both cis
and trans forms of the cthylenic acid have been reported
by him.

10. Cctadee-11-cnoic ficid.

Although the 11 trans acid, commonly referred to as
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vaccenic acid, is only a minor constit~cnt of fats, it

has attracted considerable attention because it is unusual
among natural mono-ethenoid acids in having the trans
configuration and becausc of a claim that it shows growth
promcting properties.

Bertram81 gave the name vaccenic to an acid present
in small proportions (C.1 -1.0%) in ox and shecp baly fats
and in butter fat, and considered it to be trans octadec-
11~cnocic acid. After muzh controversy it is now clear that
ruminants produce a mixturc of isomeric cis and trans
octadecenoates by bio-hydrogenaticn of dietary linoleic
and linolenic acid and that vaccenic acid is a constituent
and perhaps the major component cf this mixture. =

The claim of Boer and co—workersgo that this acid
showed growth-promoting pronerties was challenged by

Deuel and GreenbergB3 and by Hilditch et a177 and now
seems unlikely. Of greater importance is the discovery
that the 11 cis acid may be of wiler occurrence than
hitherto recognised. It was first discovered in horse
broin by Mcrton and Todd aéand subsequently in fats
produced by many micro-corgonisms. Recently it has been
claimed that the 11¢c isomer is a normal constituent cf

: . . 85
animal tissue and accompanies the more commen Sc isoner.
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86 synthesised trans octadec-11-enoic acid and

Strong
compared it with a pure sample of natural acid. They were
similar in melting point and infra red spectra but different
in crystal spacings determined by x-ray diffraction. 87
Since the elaidinized sample nrepared by Strong did not
show appreciable double bond migration it was concluded
that the difference in the =-ray diffraction pattern was
due teo the presence of isomeric acids in the natural variety.

Hilditch77 confirmed this explanation by showiag that
specific oxidative fission of natural vaccenic acid gave
several rono and dicarboxylic acids and concluded that
it was"a mixture of more than one trans-ethenoid acid, and
certainly contains trans octadec-1C-enoic as well as trans
octadec-11-enoic acids".

The acid has now been synthesised via acetylenic
precursors, by anodic syntheses and by the VWittig reaction
but the preparation by partial reduction of eleostearic
acid (8¢, 11t, 13t) is unlikely to be satisfactory.

Ahmad and Strongﬁin 1248 prepared the 113 and IIE
isomers from the appropriate octadecynoic acid. Reaction
of the sodium derivative of octyne with 1,9-chloro-iodononane
in liquid ammonia gave 10-chlorcheptadec-1-yne,which was
then converted to the acetylenic acid. Cis vaccenic was

obtained by partial reduction in the presence of Raney

nickel and the trans acid was bprepared by elaidinizing the



cis iscmer with sceleniun.
5 8
Huber and Fusaxi independently prepared these
isomers by substantially thc same procedure.
By veaction cf pentylmagnesiun bromide with methyl
ry
Q) -bromotridec~11-cnoate, Gensier  prepared nethyl

trans octadec-1l1-enocate. Hydrolysis of the ester gave,

in low yield, a mizture of cis and trans acids.

1 L 2 3 3 -
CH2=CH(CH2)8CCOH — CH2~CH(CH2)TOCOCM0
a
—— CH2=CHCH(Br)(CH2)GCOOMe
i = . . e 5."'6 . 3 . Ty
ACHZCH CH(CHz)SLOOM_ — CHS(CHZ;SCh—CH(Cuz)SCGOH
1; LiLLH4 2, SOCl? 3, mnalonic esgter
<, NBS 5, pontyl Grignazd ¢, saponification

Gcnslergg attributed the low yiolds to the competing
reacticii of pentyl magnesium bromide with the ester linkage
and solved the problem by condensing alliylically brominated
11-chioro—undac«1~ene, rather than the ester, and then
erxtending the chloro-alkene to the ssiiof correcet chain

lengchs by malcinaticn.

2c
- Ll . - " 3
Voan Locn and Van der Linlen, considering Ahmad and

Btrong's method tco complicated, devisad a partial
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n

synthesis of cis and trans acids involving chain extensicn
cf hexadec~9-cnoic acid cobtained from whale oil. The C]G
acid was converted first to the brome derivative via the
alcchol and then eitended by malonation tco a miznture of cis
and trans acid in a ratic of (1:2).

Linste&ﬂ27achieved the same chain-elongation by anodic
synthesis with a large eicess of ethyl hydrogen succinate
and obtained the cis isomer in 12% yield. Triaconta-7,23-
diene and methyl adipate werce obtained as by products from
the reaction. Since nc specific method for the preparation
of trans acid was then available these workers prepared
erythro dibrome~cctadecancate from the cis ethylenic acid
and then debreminated it with zine to give the trans
cctadec~1i-encate.

37

Cis vaccenic has also been prepared by Bergelscn

using the modified Wittip gymtheais,

T ~ e 1 - -1:. - N 3 xr
ICHz(Chg)GuGOMu — ;h3;~CHéChzngOCMe A

2 ) 3 Y . T—
—S— Dh P=CH(CH,) COOMG —Z——- CH,(CH,) 5Cﬁ-—dH(C§;3)SCC3;§e

, Thp % CEONa 3, CH,(CH,),CHO

1i. Octalec-l1Z2-encic Acid.

The 12t iscmer is said to be cne of the produets of partial
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reducticn cof elecstearic acia®Q put this is unlikely to

i ; 13 :
provide a pure sample cf this acid. (See A cctadecencic
acid).

The 12c and 12t acids will alsc be present among the partial

reduction products of lincleic and linoclenic acids but with the
possible exception of the reduction with hydrasine, a1 this is

unlikely to be of preparative value.

N H,
18:2(Sec, 12c¢) moncencs ———= gaturated
18:1{2¢c and 12c¢c)
NH4 N2Hr'

18:3 (Sc, 12c, 15c) -~dienes ———— monoenes ——saturated

18:1(8e, 12c and 15¢)

Fok1n92 claimed tc have prepared octadec~12-encic
acid together with the 1l1-isouner by the action =f alechclie
potash on 12-bromostearic acid and by the dehydration of
12-hydrorystearic acid with phespherus pentoxide.

Huber,15 with heptyne and 1,i1C~chloro-icdodecane as
starting material, used the allzyl acetylene route to prepare

the 11-ynoic and the twe fcrms of 11-enoic acids.

2

=

1
¢ > —_— : )
CH3 (JH2 )4€‘ECH CII3 (Cﬂz} .;CE:(CH.‘Z)ICC:L

3

i
T N ™, T = b 1
{..,'Hs (Chz IQCEC(CHQ)TOCUOH — CII3 (0112)4C!ﬁ SH(CHz;]OCOOH
4

A 2 .
N cns(miz)ééﬁaﬂ&(mz,m oot

N:!.nl-l2 21 (CH2 }1001 2, NaCN; XOH 3, Hz? it

4, 8Sc.
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Bharucha an:d Gunstone prepared the trans acid by
debrominating 12,13-dibromcstearic acid with zinc. The
dibronmc - conpcund was obtained from naturally occurring
. ; 29 :
12-13-epoxycleic acid. Baker and Gunstcne cbtained
octadec~12-ynoic acid by electrolysing a solution of
tetradec~8~yncic acid and excess methylhydreogen adipate
in methanocl. The tetradecynoic acid was synthesised by the
use of acetylenic intermediates. The CTS acetylenic acid
was later partially reduced to the cis iscncr.

12. Octodec~13-cenoic ficid.

Allen and Keiséx) found that the [ﬁ;a acid was formed
together with the .-;ﬁg, ;ﬂo, -;/i1 and 2;{2 iscmers when
methyl clecstearate was partially hydrogenated.

L synthesis of this acid has not been recorded.

13, Octadec-14-cencic fcid. .

No synthesis of this acid has been published.

i1. Cctadec~-15-encic Acid.

LCauer:- and Ermann 94reported that this acid, tegether
with other iscmers, was formed during partial hydrogenation
of lincleic acid. This discovery was cenfirmed by Dutton
and co-workers gswho found that the dcuble bond in both
cis and trans moncenes was found in all carbon positions
7 through 16. The major cis bonds however remained at
carbons $,12 and 15. By far the best method of partial

91
reduction to give the 15¢ iscmer involves the use of hydrazine.
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1535 i
L protracted Boerd-type synthesis for the isomer
starting from ethyl erucate was described by Yamamoto.
This involves the condensatien of l1-chloro-12,13-dibromo-
13-methoxytridecane with ethyl magnesium bromide to give
12-bromo-1-chlorc~-13-nethorypentadecane and proceeds as

follows.

] 1 y 2 ot 3
CH3 (CH2 J ,‘,CH-CH (CH2 )1 1 COCEt ———— CH3 (CI'12 )7CH-CH(CI'12 )] 1 C'Hzcl —_

4 S
CH3((!1-!2)7CI-I(OI-I)CH(OH)(CH2)1201 —_ Cl(CHz)_lzCHO —_—

. 7
C1(CH,,),  CH(Br )CH(OMe )Br C1(CH,). | CH(Br)CH(CMe)CH,cH, 7

Q

' 8,9 Y
C1(CH,, ), ,CH=CHCH,CH, ——- CH,CH,CH=CH(CH, ) ,COOLt

273
. — CH_CH,_CH=CH(CH,), ,CH_CH ”’12-* CH_CH, CH=CH(CH, ). ,COOH
372 211772 372 2713
1, Na,BuCH 2, SOClz 3, 11202, acetic 4, Pb(Of;c)4
5, Brz; HBr, MeOH G, EtMgBr 7, Zn, BuOH
8, KCN, Alcchol; KOH 9, EtCH 10, Na, BuCH
11 HB 12 malonaticn etc.

] E)

The Boord synthesis is non-stereospecific and the final
product was a mixture of cis and trans acids.

15. Cectadec-18-enoic ficid.

By a process which included fractional dastillation in
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vacuo, low-temperaturc crystollizations and column
chromatography with activated siliea, an acid (0.2%) was
isclated from summer butterfat and was shown to be trans
octadec~1G6-enoic acid. 28 It is nlsc present in sheep and
ox fats and is one of the many bdroducts formed during the
partial reduction of linoclenic acid.gs

Trans octadec~16-encic acid was synthesised by Kapp
and Knollg7 in 1943. Ethyl 7-acetyl-7-carbethc:y-8-kete
octadec~1G6~encate prepared by the acetcacetate ester
synthesis with 9,10-undecencyl chloride, was hydrolysed and
decarboxylated to give ethyl 8-keto-octadec-13~cnoate. The
keto-acid when subjected to the Wolff Kishner reduction
yielded octadec-1G-enoic acid of unlknown configuration,

thcugh the melting point would suggest it was in the trans

fornm.

COCH.,
1 T
CH,CH=CH (CH,),COCL — cuscrl-cn(cnz)700?(01-12)5(300)21:

COOEt

2 P 3 »
—— CH,CH=CH(CH,),CO(CH,) COOH ——- CH CH=CH(CH,),  COCH

1, Na; CH

D T
3CCCH(COOEt}(CH2)5COC“t

2, KOH; aq. H,SO,

45 2de NaCH 3, Nﬁﬂ ; KOH

A

The purity <f the undec-9-encic acid used in the reaction is



Aoubtful since it was prepared from undec-10-cnoic acid hy
brcmination, debrominaticn, and partial reduction of undoec-

S-yncic acid. (see p. 37 for further discussion).

1 2
CH2=CH(CH2)SCOOH —_— BrCHZCH(BA)(CHZ)BCGOH —_—

2
CH3CEC(CH2)SCOOH ~——-~»CH30H=CH(CH2)SCOOH

Br 2, KOH; Aq. acid 3, HI, acetic; Zn.

16. Octadec-17-encic Acid.

Huber15 and Kapp and Knollg7 have described two
nethods of synthesising this isomex both requiring ' the
Wolff Kishner veduction in the final stage of the rcacticn
sequence. Huber's method invclved the condensation of
di-undec-10-enyl cadmium with ethyl 6-chiorocarbonylhexanoate
to yield ethyl 7-keto-octadec-17-enocate which gave cctadec-
17-enclec acid by Wolff Kishner reduction.

1 . _ 2
CH,,=CH(CH,,) ,COOEt ——~ CH,=CH(CH,, ) CH MgBr ———=

3
= ——— = f E
(CH2 CH(CHz)g)zcd cH CH(CHE)SCO(Cﬂz)SCOO t

2

1 B
€, 0 . =
> Cﬁz CH(CH2)15000H
1 Liﬂlﬂa; PB?S; Mg 2, CﬂClz Sy Et02C(CH2)5CCCl
Py

\; aq. NaOH 5, N,H ; KOH; HCl
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Kapp and Knocll con the cther hand, reacted undec-10C--
enoyl chloride with the sodium derivative of ethyl acetyl
suberate to give ethyl 7-acetyl-T-carbethoxy-C-ketc~cctadec-
17-encate. The lotter on hydrclysis and decarboixylation
gave §-keto-octadec-17-enocic acid.

?OCH

= 1 —— s = Y D
CH2 CH(CHQ)OCOC_ Cﬂz CH(CHz)‘COC(Cﬂz)scﬂOEt

o™
ot

COCEt

2 "._.._...3_4, =
e CH2=CH(CH2)SCO(CH2)SCOCJ CHQ CH(CH2)15000H

1 Na; EtC

200;1(00033)(m12)50003t 2, NaOH; H,SO,

3 ’ 1‘2}14; }{OH’ HC1,



REACTION TFLCU SHEETS

The sequence of reacticns leading to the methyl

octadecenoates is shown in the following sixzteen Dages.



Methyl Cctadec-2-enoate

1 ’ 2
CH,, (CH,,), ,COOH ——+ CH,(CH,), Br —— CH/(CH,)  C=CH

——= CH,(CH,), ,C=C.COOH —-= CH,{(CH,) C=CCOCMe —

i
CH, (CH,) 4Cﬁ—-EHCOOMe

1, AgNC_; Br 2 , NaC=CH, liquid ammonia

2

3, EtMgBr; CO 4 , MeOH, HC1 5, H

2 o Lindlar



Cctadec~3-enoic Acid

1 2 .
CHS(CH2)13OH Tt Cﬂa(CHz)IESL - Chﬂ(cnz)lacECh

2 . CH.(CH.). C=Com cu.OH ' cH.(cu_ ). .cfiz8ucn cu_cn
g Gy ) CCCH O, 385703 2"

5 i
=~ cH,(CH,), 3cﬁ=ﬁucuzcoon

1; Brz, red phosphorus 24y NaC=CH, liquid ammonia

3, Phri,ethylene oxide, liqe. I, 4, Hz, Lindlar

3

5, Croa, stoé, acetone.



Methyl Octadec-4-enoate

CH—CH

2 2
LH LI cHoH &5\ c!}x RCHU 2 . me=c(em 5 )5CH

N8, ~ 2 2

5

3 4 5
— HC=C (CHz )2COOH ——= HC=C (CH2 )ZCONME G

)
0113(01{2)12CEC(CH2)2C0NM82 —— (31-23((.“.'!{2)_1?_.(3’=‘C(CH2 )2COOH

7 o i
—— CHg(CH,), ,C=C(CH,) COO0lMe —— cug(cnz)mcﬁ-ﬁﬂ(cnz)zcoonm

1 30012, pyridine 2, NaNHz, ligquid ammonia

3, €rc,, H,SC,, acetone 4, SOCl

g By ; HNMe

2’ 2

5, NaNH liquid ammonia; I1-Bromotridecane

2l

Lindlar

<

, NaOH, EtCH; HC1 7, MeCH, HCL &, Hz,



Methyl Octadec-5-cnoate

1 2 3
X e el 1 ——— ] ——
Bx (3{2)3C1 HC=C (CI12)3C_ HC=C ((.‘.I-I2 )30001-1

4 . 5
HC=C(CH,,) ,CONMe, —— CH,(CH,} , C=C (CH,) CONlfe, ——

6 .
Clig(Cﬂz)”C‘z?ﬁ(CHz)SCGOH —_— mig(c&lz)”CEC(CHz)SCOGMe

7 i
—— CH,(CH,) 1cﬁ=8ﬂ(c1412)3c<)01~.ae

1, NaC=CH, liquid ammonia 2, NalI, NaCN; IKCH; HCl

-

33 SOClz; HNMez 4, NaNHz, liqguid ammonia; I1-bronodocdecane

5, NaOH, EtCH 6, MeOH, HCL 7, H_, Lindlar

2?



Methyl Octadec~G-enoate

1 2 3
HO(Cﬂz)éc}i — 01(032)401 e 1(0112)401 i

4 5
HCEC(CI-Iz)401 —_— HC&C(CEiz)4COOH — HCEC(Q12)4WMe2

6 g
s cn3(cnz)m<:sc(0112)@come2 ——»cslg(mz)wcm{rmz)écoorl

8 9 i
= CH,(CH,), C=C(CH,), CO0Me —— CHS(cnz)wcﬁ—Eﬂ(cuz) ,CO0Me

1, 80012, pyridine 2, Nal, acetone 3, NaC=CH, liquid
ammonia 4 , Nal, NaCN; KOH; HC1 5, SOClz; HN'Mez
Gy NaNHz, liquid ammonia; 1 bromo-undecane 7, WaCll, EtOH

8, MeCH, HC1 9, Hz, Lindlar.



Methyl Octadec—7-enocate

1 2 3
I-IO(CH2)50H —_ Cl(CHz)sCl —_— I(Cﬂg)sCl —_—
Cl i )3 2
I-ICEC(CHz)S —— HCHJ(CII2 )5(300.1 —_— HC.‘-:C(CHz)SCONMez

6 7
—_— CH3 (CJH2 )QCEC (Cﬂ-lz )5(301{1‘,‘162 —_— (',‘l-l3 (CHz b] gCi (CH2 ) 5C()OH

: 2 Ly ofis |
~—— CH,(CH,,) C=C(CH, ) COOMe ——= CH, (CH, )gcﬁ_m(mzz)5ccome

1 SCCl pyridine 2 NaI, acetone <] NaC=CH,

] _2’ L ¥

liquid ammonia 4, Nal, NaCN; XOH; HCl 5, SOClz;

ILH\IM&‘2 6, NaNH_, liquid ammonia; T-bromodecane

2!
7, NaCH, EtOH &, MeOH, HC1 9, H

4 Lindlarx

2!



Methyl Octadec-8-enoate

1 2 3
HO(CH_,) OH —— Cl(CH_) C1 —— I(CH_ ) Cl——
2°6 2°6 2°6

4 5
HCEC(CHz)sCl —_— HCEC.(CHz)SCOOH —_ HCEC(CI-Iz)aCONMez

8 7
—_— 01‘13 (CHz)gl'JEC(Cﬂz)GCONMez —_— CH3(CH2)BC‘EC(CH2)GCOOH

8 o i
=—— CH,(CH,) C=C(CH,) COONe —— cugcmiz)acﬁ=EH(CJ12>scoon.qe

1, 50012, pyridine 2, Nal, acetone 3, NaC=CH,

liquid ammonia 4, Nal, NaCN; XOH; ICl 5, gco

? ?

1 -
153 HNMez

Gy NaN'Hz, liquid ammonia; 1-bromononane 7 6 NaCH, EtOH

&, MeOH, HCl 9, H_, Lindlar.

2!



Methyl Cctadec-C-enoate

HO(CH.3 OH —— C1(CH,).Cl —2— I(CH.).Cl ——
3 2°6 2°6

HC=C(CH,,) C1 S HC=C(CH..) CH(COOEt). —°—
2°6 2°G 2

] 7
HC=C (0112 ) SCH2COOH —— HC=C (0}12 )700m1e2 —_—

8
CH3(CHz)7Cr‘:C(CHz),rCONM92 — CH3(CHz)7CEC(C}Iz)7COOH

9 10 ig
——— CE,(CH,),C=C(CH, ), CO0Me -—— castmz)?cﬁ-dmcmz)?coonae

1, SOClz, pyridine 2, HNal, acetone 3, NaC=CH, liquid

ammonia 4, NaI, HC(Na)(COCEt )2, EtCH 5, NaOH; HCl;

160, 6, SOCL

4 HNMe2 % NaNHz, liguid ammoniaj;

o}
1-bromo-octane &, NaOH, EtCH- HCl 2, McCH, HCl

¥ )

10, H,, Lindlar.

2]



Methyl Octadec~10-enoate

1
HOOC(CH, ) ,COOH —— HOOC(CH,) COOMe 2 Br(CH,),COCHe

3 4 5 :
~—— Br(CH,),COCH — Br(CH,) CONMe, —- I(CH,) CONMe,

6 7
- CH3(CH2) CEC~(CH2)GCOHM62 — CH3(0H2)6CEC(CH2)BCOOH

8 9 i
—— CH,(CH,,) C=C(CH,) COOMe —- CH3(CH2)Scﬁ-—-&{(0}12)8000Me

1, diethyl sebacate, EtCH 2 , KOH; Agﬂﬁg; Br?,CCI4

3, O©.5N NaCH 4, SOCCl HNMez 5, Nal, acetone

97
NaNHz, liquid ammonia; nonyne 7, NaOH,EtCH; HCl1

6, MeCH, HCL 8, H,, Lindlar



Methyl Cctadec~11-cnoate

2
b )8 = A
CH,,/=CH (CH,, ) ,COOH Br (CH,,), [COCH Br (CH,, ) COOH
8 . Br(CH.).CONMe, “—— cH._(CH ) C=C(CH.) CONMe, ——
T{CH, gtuRNe, 3975 gl heg,

1 (C : 5 . )
Cil4 (CH1,, ) C=C(CH,, ) (COOH CH,, (CH,, ) [C=C (CH,, ) COOMo

7 i N
K cris(mz)scﬁ_fm(mz,gcoome

1, HBr, petroleum ether, O, 2 , Barbier-Wicland R"

3, SOClz; I—II*II‘.‘!e2 4, NaNﬂz, liquid ammonia; cctyne

5, NaOi, EtOH; HCl1 6; MeCH,HC1 7, ¥

LY Lindlar



Methyl Cctadec-12-enoate

2
COOH —— Bx(CH, ), CONMe

1
CH2=(E-I(CI-12)BCOOI-I —_— Br(CHz)IO

2

3 a
— 0133(0112)4050(&2)1 Ocome G SN cas(mz) 40——_-0(0}12) 1oCO0H

2

5 G i
=— CH,(CH,) C=C(CH,), COOMe —— CH_(CH,) 4cﬁ--&u(cﬂz)] Co0He

1, HBr, petroleum ether, O

, 25 SOCL,; HNMe,

3 Na.NHz, liquid ammonia; Heptyne 4, NaOH, EtCH; HC1

5, MeCH, HC1 &6, H,, Lindlar

23



Methyl COctadec-13-enoate

1 2
CH3(C}12)3OH —_ CH3(CI!2)3CEJH —-a»c:Hs(cx{z)gcac(cnz)sm

3 4 18
= CH,(CH,,) ,C=C(CH,,) (COOH —— mis(wz)scﬁ—én(mz)sccozl

0

5 ‘ 6
2 cH,,(CH,) ,CH=CH (CH,) .CO L -

Y. 7 . S
CH.,(CH,, ) ,CH=CH(CH,,) ;CO(CH,,) (.COOH —— CH,(CH,,) OU=CH(CH, }  ;COOMe

) 131'2, red phosphorus; NaC=CH, liquid ammonia
2y NaNH,, liquid ammonia; I(CI-12)5CI 3, NaI, NaCN;
KCH 4, Hz, Lindlar 5, SOClz; morpholino--cycloher-1-ene;

HC1 6, KOH, IICl 7, N H,, ethanolamine; KOH; HCl;

2
MeCH, HC1.



Methyl Octadec-14-enoate

1 2
cH - .
5 (CH A )20;111 CH3 (CH2 )2cm (cnz) 601
3 i
CH, (CH,,) ,C=C (CH,, ) .COOH ——= CHa(Cﬂz)zcﬁ—EH(Cﬂz)GCOOH

4 5
—— CH,(CH,),CH=CH(CH,) .CO -

e CH N
CH,, (CH,,),,CR=CH(CH,, ) .CO(CH,, ) .COCH

i
CH3(CH2)2Cﬁ=EH(CH2)120u0Me

1, NaNH,_, liqguid ammoniaj I(CHz),,Cl 2 , NaIl, NaCN;
o

2!
KCH; HC1 3, Hz, Lindlaxr 4, SOClz; morpholino-

cyclohex-1-ene; HC1 5, KCH, H2

ethanolamine; KCH; HCl; MeOH, HCl.

0; ECL 8, N2}I4,



Methyl Octadec-i5-~cenoate

1 2
CH2=CH(CH2)BCOOH —_ HCEC(CHz)SCOOH —_— HCEC(CHz)TCOOH

3 4 8
—_— HCEC(CH2)7CONM92 — 02H5CEC(CH2)7CONM92
0
i G
CZHBCﬁ—aH(CH2)7COOH — 02HSCH_CH(CH2)TCG

7 2 1
“— C,H CH=CH(CH,),,CO(CH,,) COOH —— 02H50ﬁ=&1(c112)130001ue

1, Brz, petroleum ether; KCH 2, Barbier-Wieland R"

3, SoC1 HNMe 4, Naﬂﬂg, liquid ammonia; ethyl iodide

2 2
5 , NaOH,EtOH; HCl; H,, Lindlar 6, SOCL,, morpholino-

cyclohex-1-ene; HC1 7, NaOH; HC1 g, NZHA’ ethanolamine;

KOH; HCl; MeOH,HC1



Methyl Octadec~1G-enoate

. 1 2
cn{2=cm(c:h2) oCOOH —— }1050(0{12) pCO0Me —— f;gCEC(CHz)SCOOME

3 ) i . 5
~— CH C=C(CH, ) COOMe  —— CH35=3H(CH2;GCGOH ..
O
6 b
CH CH=CH(CH,, ) .CO —— CH,CH=CH(CH,,J 4CO(CH, ) .COOH

7 Cﬁi
—— CH, EH(CHE)1 €00

1, Br2, petroleum ether; KCH 2, AgNOS/NHAOH

3, CH,I 4, H,, Lindlar; NaOH; HCl 5, SOCL

3 2}

morpholinocyclohex-1-ene; HCL G, NaCH; HCl

7, N2H4, ethanolamine; KOH; HCl; MeOH, HCL.



P.-'ie’chy}ﬁ_p_c‘tadec»”l 7-enoate

o

vy 1 + <4 > 3 ”
HO(CHz )Cc‘u —— C1 (C’.{xg ;CCl — I (Chz )DCL e I & & (C‘I'Iz )901

o
4 / o G
—— HC=C \CI-Iz);COOH _— C}IngI,-.(qu)CLJOCH _— C:Iz-—CH(CHz)gCQ
< ~ CH_,=CH(CH_) CO(CH_)_CCCH i CH_=CH(CH_ ), .COOMe
e 270 28 g 27157
i | SOClz, pyridine 2, MNal, acetone 3, NaC=Cll, liquid ammonia

<, llaZ,NaCil; KOy ICl 5, 1!2, Linclar G, 80CL_ ; morpholino

2:
cyclohex-1-ene; HC1 7, NaOH, H,O 8, N2H4, ethanolamine;

KOH; HC1; MeOH, HCl
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DISCUSS ICH

PART I SYNTIHESIS

The pieparation of the isomeric octadecenoic acids
is discussed and compared with those of other workers.
It is convenient to group the esters: (a) the ﬁi
isomer (b) the [5.3 isomer (c) the ﬂﬁf - Zh 12 isomers
and (d) the £§]3 - [5?7 isomers but these groups will
be discussed in the order in which the syntheses were
effected.
The purity of the cis esters was carefully checked by
1. Gas liquid chromatography using packed columns with
both pelar and non-polar phases.

2. Thin layer chromatography using silica impregnated with
silver nitrate.

3. Von Rudloff oxidation and examination of the products
by gas liquid chromatography.

4. Determination of saturated acid content by gas liquid
chromatography.

5. Determination of trans acid content by infra-red
spectroscopy and gas liquid chromatography.

13 17
Methyl ZS - Zﬁ‘ Cctadecenoates.

The general alkyl acetylene method devised by Ahmad
S
and Strong cannot be apnlied directly for the preparation

of these esters because of the low sclubility of long
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chain @, wy --chloro-iodo-allanes. The C‘O dihalide is the
1

longest so far used for the synthesis of an octadecenoic

acid.15

Inodic synthesis is unattractive because of the need
for half esters of very long dibasic acids, and the necessity
to repeat the coupling sequence several times to obtain the

C1n acids in 15 gram quantities.
o

o
Not long before this work was undertaken Hunig

successfully extended undec-10-enoic acid to heptadec-15-enoic
acid by the enamine synthesis and it was decided to obtain

the CIﬁ acids from the corresponding 012 acids by this
o

method. This has the added advantage that useful information

about Cl? acids can be obtained at the same time. The

seqguence of reactions involved is as follows.

N
1 2
RCOC1  —— RCO O ——— RCO
3

a
—_— RCO:CHz J _COCH ——= R(CH_) CCCH
5 2°6

1, morpholino cyclohex-l-ene, NEtL 2, HC1; 3, NaCH; HC1

3;
4, Huang Minlon etc.



The five dodec-ynoic acids were prepared by using
acetylenic intermediates.

Dodec~7-cnoic acid.

The acetylenic acid was prepared by condensing hexyne

with 1,5-~chloro-iodopentane and converting the 011 chloro-

alkyne to the acid. Reduction of this acid in the presence
of Lindlar's catalyst gave the desired ethylenic acid. These
61

two acids have been prepared before in a similar manner.

Dodec-8-enoic acid.

Pencyne, condensed with 1,6-chloro~iodohexane gave a
C]I chloride which was converted first to a 012 acetylenic

acid and then by semihydrcgenation, to a C ethylenic acid.

12

The 011 chloride and the two unsaturated acids have not

been described before. In order to obtain pentyne in good
yield certain precautions had to be taken: (i) a dry ice
condenser was used throughout the reaction (ii) prefractionated
petroleum ether (100—1200) was added to the reaction

nixzture after propyl bromide had reacted with sodium

acetylide for 2 hr. (iii) during the addition of ammoniwum
hydroxzide, escaping gases werc passed through Drechsel

boftles containing more petroleum ether. (iv) the solvent

from these traps was used to extract the aqueous layer.

By these means, yields were increased to about 6C%. Some
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Some pentyne was lost in the distillation because in the
later stages it co-distilled with the solvent.

Dodec~S~-enoic acid.

The most obvious way to prepare this acid would have
involved the condensation of propyne and chloro-iodo~octane
neither of which is readily available and an alternate synthesis
was devised based on one of Ames' metl:od.17 This involves
the condensation of an alkyl halide with the N,N-dimethyl-
amide of an () -acetylenic acid.

Undec-10-enoic acid was converted to its acetylenic
analogue and then degraded to dec-S~ynoic acid?g Its
N,d-dinethylanide was cnly about 70% pure and contained
impurities similar to those in the corresponding 011 amide
(sece page 37 Ja

The condensation of this crude Clo—ynamide with ethyl
bromide vas effected in several ways, as summarised in
the table below, but the best results followed when the 010
amide (1 mole)} in tetrahydrofuran was added to sodium
acetylide and followed, after stirring for 4 hours, by
ethy! iodide (1.15 mole) in tetrahydrofuran. Stirring

was continued for a further 12 hours and during the

evaporation of ammonia (8 h.os.).
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Stirring of Stirring after Stirring Ratio of

Ethyl sodiun addition of during C_, and
Halide Solvent acetylide ethyl halide evanor- 91: amides
ation of
ammonia
Bromide Ether 3 hr. 7 hr. - 35 - 85
Iodide Lther 3 hr. 7 hr, - 40 ~ 80
Jodide T.H.F. 4 hr. 10 hr. - 70 - 30
Iodide T.H.F. 4 hr. 12 hr. 6 hr. 9¢ - 10

Sodium (1.1 mole) and C amide (1.0 mole)were used along

10
with the halide (1.15 mole) in all preparations.

The 012 amide in 95% purity was obtained in good yields by
careful fractionation of the reaction product through a %
metre FebBske column. The olefinic acid, obtained aftexr
hydrolysis and semihydrogenation, was purified further by a
wasteful distillation to give a product containing dodecanoic

acid (1 - 1.5%) as the only impurity.

Dodec~10~-enoic acid.

Attempte were first made to prepare this acid by
condensation of methyl iodide and N,N-dimethylundec-10-ynanide.
Undec-10-ynoic acid was prepared from undec-1C-enoic acid

: 3 99
by the method used by Blaclk and Yeedon.

1
0112=CI: . (CI-12 )} SCOOH — BrCHZ—CI-I (Br) (CI-I2 > BCOOI'I

2 ) :
—— CH=C(CH,) COCH

T =By 2 = KOH

97
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Dehydrohalogenation requires «rastic alkaline conditions
(1CN, KOH, at 170°) and this may be the source of impurities
found to be present. The Z}? isomer is one of the major
impurities resulting from migration of the unsaturated centre.

100
Despite a clain to the contrary we found that the reaction
with sodamide to be less satisfactory. The undec~-10-ynoic
acid gave sebacic. acid in £9-93% when oxidised by the Von
Rudloff procedure whilst gas liquid chromatography showed the
ester to be only about 85% pure. The dimethylamide prepared from
this acid was about 71% pure (G.L.C.). Condensation with
methyl iodide converted the 011 amide to its 012 homologue
in about 80% yield so that the product contained approximately
55% of the desired material. Purification proved to be
Aifficult and could not be achieved by distillation through
a Fenske column.

In an attenpt to convert unreacted 011 amide to an
acidic compound, the product was treated first with sodamide
and then with carbon dioxide but the recovered neutrel product
was not improved.

Pure products can be obtained by preparative gas liguid
chromatography of the amides or of the methyl esters derived
from them, but because of the fairly long retention times
and certain difficulties in trapping all the eluate, only

3.4 grams. of pure methyl dodec-1C-ynoate was collected

in 30 hours.
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This approach was therefore scrapzed in favour of that
of Isabelle and Leitch.mr1 Crude methyl undec-1C-ynoate
containing the Zﬁ? isomer was converted to its silver
derivative from which the unreacted esters were removed by
prolonged extraction with petroleum ether or by crystallisation
from 1:1 mixtures of ben-ene and petroleum ether. Further
quantities of the silver derivative were obtained by treating
the non-metallic fraction with further portions of silver
nitrate and the final yield of silver compound was about 60%.

The unreacted material contained 25% of the Z\ = ester.

Dodec-11-encic acid.

This acid was prepared from 1,8-chloro-iodononanc via
the hitherto unknown 11-chloro-undec-1-yne and also by
chain eztension of undec-10-en-1-0l via the bromide and the
corresponding Grignard derivative. The commercial C]i

. o .
alcohol contained about 4% of the LY isomer which was
carricd through the reaction but the first preparatiion

gave a very pure product.

Enamine Chain Exztension

2
The ch and ,ﬁﬁ acetylenic acids and the five
dodecenoic have been converted to their C18 homologues
by chain extension with the enamine from cycloheranonc

and morpholine.

Dodec-8~ynoic acid was treated with thionyl chloride,
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then with morpholino-cyclohexz~1-ene in the presence of
triethylamine in chloroform. The product was hydrolysed
directly with dilute hydrochloric acid to a diketone,
alkaline hydrolysis of which provided 7-keto-octadec-]14-ynoic
acid. Von Rudloff oxidation showed this acid to be wholly
the £§J4 acid. The keto acid, reduced by Hﬁnigbgs
adaptation of the Huang-Minlon method jave a CTS octadecynoic
ester along with a little (~v 5%) unchanged keto compound.
Oxzidation of the acetylenic ncid however showed about 8%
each of the ATS and Al5 isomer along with the desired
AM compound.
Similar results were obtained with dodec-S-ynoic acid

and with the olefinic acids 7erived from these two acetylenic

acids.

The possibility of migration of unsaturated centres

during the prolonged treatment with alkali though not

. 15,97,102
recognised by the early investigators has been

103
reported more recently. Reaction occurs, presumably

*
ous g

through the isomevization of carbanion t©

T GI-I‘ F - - E — A y= > ~
~Cily~CH=CH: ————3y ~CH.CH =CH- ——) CH=CHCH | — ~CH=CH.CH,

2
Other methods for reducing ketones include (1)

. 104 :
Clemmensen reduction and the Clemmensen--Martin-Shermann
105

modification. (2) Reduction of the hydrazone using

106
potassium tertiary butcizide in refluxing toluene or in
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. 107 . .
dimetliiyl sulphoxide at room temperature. (3) Reduetion

of the tosylhydrazone derivatives with sodium borohydride,108
but we found it preferable to modify the Huang-lMinlon veaction
by moderating the reaction conditions. We found it possible
to effect the reaction in boiling ethanolamine (??Go) instead
of triethanolamine (at 195~2000) and showed that the decomposition
of the hydrazone was almost complete in 3C min. at 1760. Very
satigfactory results were obtained when the hydrasone was
decomposed for 90 min. a* this temperature. This contrasts
with the procedure of Hﬁnig, which requires the decomposition
to be carried out over 3 hr. at 200°.

The keto acids obtained from the five dodecencic acids were
reduved vnidrotlieco conditions and the products (as their

methyl esters) were freed from the C,, compounds and from

12
unreacted keto-acids by distillation through a s»inning band
columa.

17.
except the/\ 'isomer
None of these keto~octadecenoic acids, have been reported

before.
Ester total migration saturated ccid trans g.le.c. trans i.r.
on either side % % % %
‘](‘J
JARE 0.5 2.5 7.5 8od
TA £
0.5 2 2 2.5
1515 C.5 2 2 3.2
ANE 0.5 2 2 2.5
i
A 13.5% of 5.8 - -

16
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e W13

The hLigh trans content of the /\°~ ester was due to an
unsatisfactory semihydrogenation of the dodec-7-ynoic acid
which required 12 hours rather than the usual 5 howrs because
of a poor batch of catalyst. Iater preparations using equal
guantities of acetylenic compound and catalyst gave clefins
with less than 1% each of the saturated and trans acids

A 12 :

(see »reparations of [\ - N ethylenic esters).

This reduction nrocedure which proved satisfactory for the

13 1 1
A" = I° keto acias was still too drastic for the /N ©

isomer. Attempts to purify this last product by thin layerxr
chromatography on silica impregnated with silver nitrate or
by preferential hydroxylation were unsuccessful.

L. new approach was therefore tried. The keto-acid
was converted to its tosylhydrazone which was reduced by

i .k 17 ”

sodium borohydride. This gave the N acid (45%) along
with a large proportion (55%) of saturated acid and several
attempts to improve this method made little difference.
Reduction probably arose by interaction of the olefin
with di-imide (N2H2) produced from the tosyl hydrazone.

; G = ., 108 ;
under the alkaline conditions of the reaction. This
crude product could however be nurified by thin layer

; 17 : " - .
chromatography. The ék acid contained only 1% more of
16 ;
Z&'J isomer than the keto-acid from which it was derived.
= - 17
The most satisfactory method of preparation of the Zl

isomer would prowably be to subject O lzeto-octadec~17-ynoic acid
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instead of the ethylenic analinzue to the Huang-Minlon
reduction. The terminal acetylenic acid could then be freed
from the non-terminal isomers via its silver salt. Partial
reduction of the C18 acetylenic acid would then give the
desired octadec-17-enoic acid.

The properties of these acids and their esters to be
reperted later were determined on material which had been
purified by distillation ( AM, /:'315, and A‘G isomers)
and also by thin layer chromatography ( [ﬁcs and ZB?T
isomers). Tor melting »noint determinations, all the esters

werc purified by thin layer argentation (to remove saturated

and trans olefinic comﬁounds) and then hydrolysed.

13 17 i
Melting Points of A °- A ° Ethylenic Acidsi

Position of Dresent Vork Cther Work

double bond Cis Trans Cis Trans
N\13 26.5-27.0 43.5 4.5
Nia 41.5-42.5 53-53.5
G
DNis 40.5-41.5 50.0-59.0 - 51e0-6G1e5
97
Dis 53.5-54.5 (5.5-6G.5 52.8-63.5
" 15
VAN ; 5545-5G .5 55.0-55.57¢ 55.5~56.1

Cctadec-13-enoic acid.

No melting points have been given hitherto for the cis

and trans acids and the previous preparation of this acid
20

by the partial reduction of methyl elecostearate is obviously

unsatisfactory.
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TABLE I. Melting Points ( Do - \b.hrm Octadecenoic acids)

?resent Work mswmu.dm Other Worker
Leid _ ey cis trans | = cis trans = H cis . _ ﬁumﬁm
= ] . 0 16 o 13 | wy o0 16
DC _ mo.._..luo Mmamo mw.mo - _ - rvoom NWQO o ._.mm | mw.m o ANO
| o QO . o .:mw WO.C mN...n.u
50.5 29.5
A7 | 28.5° 12.5° 25.0°|49.0° 12.0° 22.0° | 20.0° %2 13.0° %2 45.0° %
A8 47.5° 23.5° 52.0°|47.0° 23.5° 52.5° | 25.5° 52 24.0° 32 50.5° 92
2 o o (o} o o o 45.5° = 13.0° " o 121 44.0° e o 76
JAS 46.0° 10.5° 45.0° |47.0° 11.0° 45.0 o B o ga 18+0 57 44.5 >
45.5 13,82 92 45.5
ADTC 45.0° 23.6° 53.0° |46.¢° 22.5° 52.5°
1z.0° A7 43.5% 27
AN 7% 13.0° 44.0° | 26.5° 13.5° 24.0° | 26.0° ¢ 15.0° 62 44,0° 82
o 122 o 81
14.0 38.0
12 o o o o o 0 45.5° % _ o 29
A2 45.5° 27.5° 52.5° |45.5° 27.0° 52.5 123 | 27.0
46.5° '4¥ _

Melting points given in this table represent the average of the range over which these acilds
were found to melt.



43,

Octadec-14-enoic acid.

o synthesis for this acid has been reported.

Cctadec~15-enoic acid.

1
The value given for the melting ydnt of the trans 5

ethylenic acid6 is comparable with our value.

Cctadec-16~enoic acid.

Our melting points indicate that the acid prepared by

97

iapp and inoll was predominantly in the trans form.

Octadec~17-enoic acid.

The melting point obtained in the present work agrees
quite clesely to those reported by Kapp and Kn011.97 and
by Huber.15

Previous preparation of all these ethylenic acids
were not so rigorously checked fer purity as ours. This

is particularly true of the position of unsaturaticn.

4 12
Methyl A - A Cctadecenoates.

When this work was undertaken, unequivocal syntheses
; ; s 6
of the acetylenic, cis and trans ethylenic acids of the Zﬁ
12 2 ;
through to the ZS isomers had been reported. /A long synthesis
. 53 . i .
by Ames and Bowman was available for the cis and trans
Z§‘$ ethylenic acids and a less satisfactory preparation had
7 3 A°® -
been described for the ethylenic acid, probably as the
. 57 ; s

trans isomer. During the course of this work Ames and

51,54
co-workers =’ have published unequivocal zyatheses for the
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a 5 . ; :
A and A acetyienic, the two cis ethylenic acids and
A
the trans A iscmer.
In the present worlk, we have prepared all these esters
either by condensing wo~ halo, H,N —dimethylamides with
. 10 11 12 - 5
appropriate l-alkynes ( /\ . Zk , and /N7 isomers) or
by the reaction of the t-acetylenic amides with allyl
4 2] .
bromides ( Zﬁ - ﬁﬁ isomers). The different components

used for these reactions are given below.

CTS Ister N,N-Dimethylamides  Bronides ox
s of th Tiowing cetylos
Position of Double Bond f, 8 Soltowng Acelylenes
Aclds
a
ZS pent-4-ynoic 1-bromotridecane
ENE he:-5-ynoic 1~-bromododecane
ZXO hept-G-ynoic 1-brono~-undecane
1&7 .
oct-7-ynoic 1-bromodecane
AN non-G-ynoic 1-bromononane
D\
dec-9--ynoic 1-bromo-octane
A 1c :
O-iodomonanoic non-l-ynea
AN .
10-bromodecanoic oct-1-yne
Zﬁ 12 o y ;
11-bromo-undecanoic hept-i-yne

Pentynoic acid was prepared by the oxidation of pent-



28,

110

4-yn-1-ol, itself obtained from tetrahydrofurfuryl
111

alcohol.

The CG~C acetylenic acids were synthesiged by

9
condensing the &, &) -chloro-iodo-alkanes (except bromo-chloro-
propane) with sodium acetylide and then converting the
chloro-alkyne to the acids via the nitrile. The dihalides
were conveniently prepared by the method described for
1,6-chloro-iodohexane by Raphael and Sondheimer. 12

Decynoic acid was prepared several times by the Barbier-
Wieland degradation of undec-10-ynoic acidg9 and on one
occasion by the malonation of 8-chloro-octyne. The latter
method gave a much auperior product.

11-Bromo-undecanoic acid, required for the preparation
ot the /\'2 octadecenoic acid, was synthesised by the anti-
Markownikoff addition of hydrogen bromicde to undec-10-enocic
acid.lla The reaction was slow if the hydrogen bromide
contained any free bromine. The crystallised nrocduct was
shown by gas liquid chromatography and nuclear nagnetic
resonance spectroscopy to be free of 10-bromo-undecanoic
acid.

Barbier~Wieland degradation of the 1l-bromo-acid gave

114
10~-bromodecanoic acid required for the synthesis of the

11
A Cq acide

The condensation of heptyl bromide and undec~-10-ynamide
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would heve led to methyl octadec~10-enonte but we chose to
react nonyne with 8-iodo-nonanamide. AHunsdiecker reaction
on methyl silvexr sebacate gave methyl O-bromononanoate. The
latter had been hydrolysed before with hydrogen bromide in
glacial acetic acid to furnish the bromo-a.cid!15 We
hydrolysed the ester with 0.5N sodium hydroxzide to give

a mixture of hydroxy and bromo~acids which was easily
converted to 9-iodo-N,N-dimethyl nonananide.

The alkyl bromides, except the C, and C were

8 13’
prevared by the action of bromine on a mixture of red
116
phosphorus and the corresponding alcohol. 1-Bromononane
a8 purchased (Koch Light). The 013 bromide was prepared
by a Hunsdiecker reaction on silver myristate. Although
the preparations of these bromides were easy, their
purification required careful distillation through
a 4 metre Fenske column.
. . 17 . .

Unlike Ames and his colleagues, we did not purify
the crude C.18 amides, but hydrolysed them directly to
the acetylenic acids. In order to keep the reaction
temperature at a mininunm, the hydrolyses were carried
out with 5N sodium hydroxide in ethanol rather than with
nethoxzy ethanol.

Octadec~4-ynamide was »Hrevared by condensing

IT,N-dinethyl pentynamide with l-bromotridecane. The
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product, when examined by thin layer chvomatography, showe-
a similar range of compounds obtained on reacting other
alkyl bronmides with acetylenic amides but found to contain
relatively less of the 018 amide. The amide was hydrolysed
to the acid and its ester was shown, by gas liquid chromatography,
to contain 45% of the Aé isomer together with more polar
material on impurities. Distiilation ,of the semi-hydrogenated
crude ester increased the content of the 018 ester to about
65%s

The acetylenic acids were partially hydrogenated as

their esters and then distilled through o spinning band

column tco give the methyl octadecenoates. The resulting
esters except the Zl‘é isomer were shown to be isomerically
pure by Von Rudloff oxidation. @Gas liquid chromatogeaphy
showed these esters to contain less than 1% of the trans
acid and about the same amount of saturated acid. These
esters were prepared in about 15 gram quantities except for
methyl octadec-4-enoate which could be purified only in
small amounts by thin layer chromatography.

Lbout 25 mg. of each ester was freed from traces of
trans and saturated esters by thin layer chromatogranhy on
silica impregnated with silver nitrate and then hydrolysed to
give samnles of the pure cis acid for melting point
determination.

Cctadec~4 -enoic acid.

4
Eckert and Halla & reported o melting point of 52° and
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an iodine value of 27 (Ulibi) for this acid. Anes and
53 3 ;
Bowman found that the eis and trans ethylenic acids melt
o . o ; o
at 40-41" and 5¢.5 - 3C.5  respectively, and has an I.V. (284,9-89.0 )
in good agreement with the theoretical value. These workers,
. , 117 . 2
on the basis of Linstead's observation that ZS
unsaturated acids gave low iodine values, concluded that
the acid, prepared by Eckert and Halla, was a nmixture of
2 4 .
the A“ anda [\ isomers.
The melting points, obtained in the present work, are
in good ngreement with thcese recorded by Ames and co-workers -

&
for o more recent preparation of the ﬁ} acetylenic, cis

and trans ethylienic acids.

ficid Lnes Present Vorl:
Acetylenic 75-75° 74-75°
Cis 44.5-45,5° 45,5-46.5°
Trans 58-50° 58.5-50,5°

Sctadec~5-enoic acid,.

This acid, first obtained by the partial reduction

: : : o 57

of octadec-5-ynoic acid, had o melting point of 47.5 .
51

Ames and co-workers have recently reported that the

0
acetyienic and cis ethyienic acids melt at 51-527 and

12 (f.p.) respectively. The following results were
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obtoined in the present work: acetylenic acid - 51.5 -

2, A P o
52.5 ; cis isonmer - 12.5-13.5 ; trans isomer - 43.5 - 47.5 .
These values indicate that the acid obtained by the early

reduction of the,ilf acetylenic neid was possibly the trans

igsomer as would be expected by the method of preparation,

A-a = A12 Octadecencic acids.

Several syntheses of these ncids were reported even
before the application of the nore nodern nethods using
acetylenic compounds, anodiec coupling and the Tittig reaction.
The trans isomers have usually been prepared by stereomutation
of the cis necids with selenium av 2000; a method which we
now find to cause considercble double bond migration (sec page

Cur melting points are compared with sone of thosc
previously renorted in Table I.

Methyl Octadec—-2-cnoate.

The acetylenic acid obtained by the carbonation of the

fa 2

Grignard derivative of heptadec~l1-yne was nartially reduced
to the cis acid which was in turn converted to the trans
~cid by the U.V. irradiation. Hydrolysis of the cis estexr
also gave the trans ethylenic acid.
- - 4?
In the course of our worl, Grimmer and Hilderbrandt
reported an identical synthesis for the acetylenic and

cis ethylenic acids and obtained the trons acid either

via o mercury adduct of the cis acid ox by oxidising

G0)



octadec—2-cn-1-0l1 with chromiua triozide.

Von Rudloff cxidation of methyl octadec-2--enoate

B :
showed the presence of the isomer to an extent of
3.2% and this isomerisation could have taken place only
when the Grignard complex was trented with carbon dioxide
since drastic alkaline or acidic conditions were avoided
during this preparation.
. 4 2 o s :

Since the double bond in the Zﬁ position is in conjugation
with the carboxylic group, it is less prone to migration in
alkaline or acidic nmedia and therefore it is not surprising
that the melting points recorded om ethylenic acids fron

diffierent preparaticne agrce clogely.

i . a7 43 45
Acid Present Work Grimmer and Myers Jonzio
Hildebrandt
3 -~ - o
Acetylenic 55~57 55.7-57.5 - -
Cis 48--50° 4g8.4-45.2° 50.5-51° =~
Trans 57 .5-58.5° 57.2-59° 57-57,5° 52,5°

Ilethyl Cctadec-3-cnoate

. 50 ; Z :
Wood and Reiser foiled to synthesise methyl dodoc-
3-ynoate by reaction of methyl bromo-acetate with scdium
decynide in liquid ammonia. Ve failad to condense methyl

bromo-acetate with lithium hesadecyne in refluxing Jioxzan

or with the Grignard derivative of hexadecyne. Examinstion
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of the products from the reaction by g.l.c. showed only
some early running peaks.

in alternative route to obtain the ZBS acid involved
the oxidation of octadec-3-yn-1-0l which could be nrepared
by reaction of hexadecyne with ethylene oxide. Although
sodium and Grighnard derivatives of alkynes of short chain
lengths have been made to react with ethylene oiide,
no reference to the use of long chain alkynes was found
in the literature.

Long-chain alkynes have limited colubility in
liquid ammonia at -35°. The lithium derivative, made
by reaction of hexadecync and »nreformed phenyl lithiun,
was condensed with ethylene oxide in liquid ammonia at
roon temperature in an autceclave (~~ 10 atn.), yielding
octadec-8-yn~1-0l (87% after purification). This technique
developed late in our experimental programme, overcones
the difficulties caused by low solubility of the higher
alkynes and should be useful in the synthesis of many
long~chain compoundg.

ridation of the Zﬁzzalcohol apneared to give

suostantial quantities of the éﬁé acetylenic acid.
Ozonolysis and von Rudloff oxidation of the unsaturgted
acid gave variabhle vesults but indicated up to 34% of the

4 |
ﬁk isomer. It had been thought that the conversion
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52,

3 2
of Zl to £§ isomer was more lilkely but the content of
the 2~-ynoic acid was never greater than 5%. Gas liguid
chromatography alsc showed the prescnce of closely related
impurities and allenic compounds may have been present but
we did not pursue this noint.

Quidation of the olefinic alcohol with chromic acid
in acetone proceeded more satisfactorily. The uroduct was
cbtained in only moderate yields (m~~ 50%) but it wns o

. : - ; 5 o g 4
3-enoic acid (80-94%) with only traces (0.5%) of the ZS
; 2
isomer. Its methyl estexr wos easily freed from the Z}
igomer by thin layer chromatography on siliea imnregnated
with silver nitrate. This wns nossible because the Rf value

2, ;
for the Z} isonmer was considerably greatcr than that for
the L}f isoner.

The pure cis ethylenic acid for melting noint
determinationswas obtained by reneated recyrstallisation
(4 times) of the distilled acid from a mixturc of heuane
and acetone. /L sample of vecrystallised acid, as its

2
methyl ester, was shown to be free of the Zl isome: by
g.1+.cs using a capillary column coated with a polar phase and
t.l.c on silica impregnated with silver nitrate.

The trans ethylenic acid was obtained by hydrolysing
the corrvesponding ester, for fifteen minutes, with Boiling

one normal sodium hydroxide. The acidic product, obtained
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by repeated recrystallisation was found by gas liquid
g 3 .

chromatography to contain only the zﬁ; isomer.

Cctadec-3-enoic acid prepared by Eckart and Halla by
the dehydro iodination of 3-iodo stearic acid with
alcoholic potash would have been a very impure product

3
because in our experience the dcuble bond at the ZCS
A
position migrates easily to the Z& and [5? vogitions
under acidic or alkaline conditions.
3 3 1.

The syntheses of the [23 acids of chain lengths
other than 013 described in the introduction required
alkaline and acidic reaction conditions and the products
probably contained isomeric impurities with one exception.
The final products were not checlied for purity with respect
to the position of the double bond. Wood and Reiser however
claimed that trans methyl dodec~3-enoate prepared by
selenium isomerisation of the cis isomer contained over

3

0c% of the [N isomer. This ethylenic ester was

synthesised from dodec-3-yn-1-cl via the corresponding

acetylenic acid.



PART I - C¥>-Trans Isomerization of lMono-Enoic Esters.

124
Ever since Poutet (1219) reported the sclidification of
olive oil by '"oxides of nitrogen', many other reagents
cffecting a similar cis-tvans isomerization of unsaturated

fatty acids have been found. Scme of the catalysts reported

have been as follows: 'oxides of nitrogen"; R

128,12
8,128 teliurium;130 sulphur cl:i.cr:x:ide;-ls.l various

133,134

selenium,
132
phosphorus compounds, catalytic hydrogenaticn,
135 13 37 13
mercaptans, silicates, ¢ iodine,1 U.V. light, 8
) 139

and electron radiation. Of these reagents, selenium and
the "oxides of nitrogen' have been most frequently used.

The phenomenon of cis-trans isomerisation has attracted
much attention due to its possible commercial applications.
The trans isomers have higher melting points than the
corresponding cis ethylenic acids and hence cis-trans
isomerizaticn can be used toc harden fats without any loss of
unsaturaticn., The trans acids are alsc mere resistant to
oxidation than the cis acids and scaps made from trans acids
have superior wotting and detergency properties.

Isomerization by oxides of nitrogen

Many workers have used the "oxides of nitrogen" produced

124,127

in 2 number of ways to catalyse the cis-trans

isomerization and have reported the production cf undesirable
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nitrogenecus by-products during this process. Little attenticn
had been paid to the analysis and removal of these by-products
until Litchfield and co-workers (1965)140 found that these
by-products can be easily removed on a column of silicic acid.
There has been much disagreement on the identity of the

active catalytic species in the "oxides of nitrogen' but

recent work by Litchfield et al. confirms Xhan's 4
observation that the NO? radical is the active species causing

]

the cis-trans isomerization to cccur in the following manner:

2 < —
N"!.NOz + 2I-INO3 21—&102 + 2Na.N03
BN03
2HNO
2 H20 + N203
N203 —_—— 'N02 + NO

oNOz(in water phase) —— 0N02 (in fatty acid phase)

}ll H H H
o0, + - C‘—:(l}- ——’:: —(2‘4-'-':(?— (freely rotating
: carbon-carben bond)
cis . N02
2
H H H H H
l | 4 I
eNC, +-C—C-~ ~C—C~ or -C e C-
2
trans I | | |

H N-Ozl-IO ONC NOz
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It is interesting tc ncte that in the cis-trans
iscmerizaticn of technical oleic acid using nitriec acid and
sodium nitrite Litchfiela 140fcund that the trans content
began to drop after 30 min. This is due to the decrease in
the tctanl unsaturaticn of the system resulting from the
fermation of either 2,10-dinitrostearic acid or the rclated
nitro-nitrite compounds.

Selenium Isomerization

Cis trans iscomerization at elevated temperatures in the
pbresence c¢f selenium was first described by Bertram in 1835. e
Fitzpatrick and Orchin (1857) lzgfound that elaidie acid
prepared in this way, when distilled, changed in part to
oleic acid. This chance observation led them to suspect
that a scluble form of selenium might be responsible for
the criginal isomerization. They suggested the formation of
a ¥ complex between the oleic acid and selenium rcosulting
in the soluticn of the latter. This complex undergoes partial
isomerization tc the trans isomer at a certain temperature.
According to these workers a high reaction temperature
(around 2006) was needed to digsociate the poly-atomic
mclecules of selenium. With olefinic compounds containing
a hydrogen atom on the carbon adjacent to the dcuble bond
the catalytic activity of the selenium disappeared slowly,

presumably by irreversible rearrangement of the TT'complcx

s
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to a new species in which a carbon~selenium § bond was
formed. Kinetic studies of selenium-catalysed iscmeriuzation
of cis-stilheneand cleic acid established that the rate of
conversion was independent of the initial concentration of
selenium despite the slow disapnearance of selenium in the
solid phase during the reacticn.

Double bond migraticn

Moussebois and Dale 142 showed that cis-trans isomerization

of non-conjugated cyclic clefins by irradiation in the presence
of iodine or by heating at 200O in the presence of selenium

of benzenethiyl radical-producing compounds was accompanied

by extensive migraticn cf the double bond.

Migration of the double bond had been observed. by
Mehta and co~workers 14q%hen oleic acid was heated with
sclenium at 200O but seems to have been neglected in
subsequent work.

Teeter et 31344 reported that at 2500, scleniunm causes
cyclization of conjugated cctadecadiencic acid by a reacticn
invelving the abstraction of hydrcgen from the methylene groups
adjacent tc the dcuble bonds. Litchfield145:found three
impurities when lincleic cor linclenic acids wevre heated with
selenium at 200C and explained these in terms of hydrcgen
abstraction and transfer reactions similar to that repcrted

by Teeter et al. He did nct, however, observo such impurities
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when oleic cr elaidic necids weso isonerized. This negative
observation with monco-clefinic acids, does not necessarily
exclude the possibility of double bond migration in their case.
The appavent single peaks (g.l.c.) for the cis and trans
iscmers cculd result from incemplete separation cf the
undesired jﬁf and gﬁfc isomers <from the Zﬁ? iscmers.
Double bond migraticn in monc-unsaturated acids ca
arise via a carbanicn formed by the abstraction ¢f hydrogen
by the seleniun from the methylene groun adjacent to the
isolated double bond.
142 . :
Moussebois and Dale found that benzenethiyl radicals,
produced photoghemically, effect rapid storeonmutation of
jsolated double bonds, at room temperature, with little or
no (~u 1%) double bond migration.

Ratio of c¢is and trans isomers

127

Griffith and Hilditch studied cis-trans isomerization
of oleic, elaidic, petroselenic and erucic acids using nitrous
acid or sulphur dioxide and concluded that the cis and
trans isomers at equilibrium were in ratio 1:2 wespectively.

128 ; ; : ;
Bertram renched the same conclusion using selenium as the
catalyst.
) ’ 145 . )

Litchfield and co-workers studied cis-trans isomerization

using the modern techniques of gas liquid chromatography and

infra-red spectroscopy, and showed that the equilibriun
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mixture of oleic, linecleic and linclenic acids contains
74-2C% of the trans acids. They claimed confirmation of
their results in the work of Berger et 31.146 who had
cbtained an equilibrium mixture of 75-80% trans and 2C-25%
cis, when 2 polymer of 1,3-butadiene, which contains a
1,4-diene system similar tc lincleic and linolenic acids, was
isomerized with ultra-violet iight in the presence of phenyl
disulphide. Litchfield explained the different results of
Griffith and Hilditch on the basis that thesc workers
precipitated the trans acid as its lead salt and the result
of G6% represented a yield figure and not necessarily

the equilibrium between oleic and elaidiec aecids. He

claimed that after correction, Hilditch's results indicated
that the content of trans acid was 75-07%.

The stercomutation of the octadecenoic acids {Jlﬁg— £31U)

We carried out the cis-trans iscmerization in order to
obtain information about (a} the ratio of cis-trans iscners
of all the cctadecencic ncids (b) retenticn data on g.l.c.
(c¢) the meiting points of the trans ethylenic acids.

The ratic of cis-trans isomers at equilibrium vwas
obtained by gas liquid chrcmatography by a combination of
a polar (neopentylglycol suecinate) and a non-nolaxr {(Lniczon L)
cnpillary sclumns. DBy this means it is possible to detowrmine

the properticn of the cis and tTrans isomers on nll cxeent

the AS, AA ancd Ajz CSTers.
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The first comprechensive set of experiments were carried
out on 1CC mg. each of the cis ethylenic esters using catalytic
amcunts of selenium (2%) at 200° for 4 hr. The cis-trans
ratio did not alter when such mixtures were heated for greater
periods of time. Listed in Table XI are the relative anounts
cf the two isomers for each of the methyl octadecenoates.
The proportions of the tiyans isomer obtained at equilibrium in

2 .
the present work for all but the A\“ isomer lie botween 74-
20% and are in excellent agreement with the equilibrium value
: 5 145
for oleic acid given by Litchfield and co-workers.
Zl? 7

In the isomer the trans content approached C1%.

We have confirmed the observaticon of Moussebeis and

142 . P— L. -
Dale and found extensive docuble hond migraiion. The extent
of migration on either side of the original position of
the double bond ig also shown in Table il. The double bond
vremainsin its original position to the extent of 73-80% and
the major isomers are, in most cascs, those with the double
bond on either side of the original position, usually in
similar amcunts.

In order tc obtain the trans acid with the double
hond execlusively in the original position we used the
procedure of Moussebois and Dale involving the U.V.

irradiation of the cis-clefinic ester in the prescnce ci

diphenyl sulphide.
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Initial oxperiments with the /%, A’ ana O

methyl octadecenocates over 7 hr. gave 75-80% of the trans
isomer with less than 0.5% of double bond migration. The
trans ester content rose to £83.1% after irradiation for

12 hr. (Time has not permitted the value at equilibrium to
be established). Subsequent isomerizaidons to obtain pure
trans acid for melting point determinations were carried
out by irradiation of the cis ethylenic estor for 3 hr.
when about 75% of the trans isomer was formed.

Cur experiments show that the cis-trans isomerization
by U.V. irradiation of methyl octadecenoates,in the prescnce
of diphenyl sulphide, is preferred to the conventional
procedurce using selenium at 2000, particularly beeausec

stercomutation occurs without double bond migration.



TADLE II- Selenium Isomerization of Methyl Octadecenoates

Position of Equilibrium Mirture”  Lower Von Rudloff Oxidation
double bond Eig Transb Isomersc Isomer Higher Isomer
A2 16.3 83.7 " £4.0 16

As oI5 ke 14 04.0 12.0
AL Y o 1.6 91.2 6.6
As 22.7 77.3 $.0;3.0 85.0 6.0
S 21.4 78.6 6.0 9C.0 4.0
A7 24,9 75.1 5.9 73.0 19.0
A8 22.5 77.5 8.7 77.7 13.6
LXP 23.9 761 0.7;10.7 75.¢ 12.8
£No 24.3 75.7 1.0;10.0 74.5 14.5
AL 22.8 77.2 10.5 78.2 11.3
FARK e =F 1.2;10.3 79.3 9.2
Als 20.4 79.6 10.0 79.4 10.6
AL 20.2 79,2 1.0;8.1 £0.3 10.6
A 25.9 74.1 10.0 81.8 8.2
JARE 26.0 74,0 7.3 £0.2 3.5

relative amounts of cis-trans isomers were determined on capillary
columns coated with fApiezon L, except in the case of the /\I3 ana A3,
which were estimated on columns coated with neopentyl glycol succinate.

b ; Sl ;
values based on total trans acids of all pesitional isomers caused by
double bond migration.

[+ . .
lower isomer refers to acid with double bond nearer the carboxylate
group and vice versa

F

The poor resolution of the cis-trans isomers does not permit the
estimation of their velative amounts.



PART TIXI - Melting Points

-

The melting noints of cis and trans octandecenoic acids
are listed in TableMIand illustrated graphiecally in Fipure I.
The features of interest are:

(1) The change of melting point with double bond position
follows a similar nattern for the cis and trans series of
isomers (2) All melting points are lower than that fox
stearic acid (39.40} and the cis isomers always melt lower
than their trans isomers (3} The difference in melting point
between the cis and trans isomers is greatest in the "central
range', [55-— gﬁz, and becomes less as the double
hond moves towards either end of the molecule (4) Both
series cf compounds show an alternation of melting point.
Comment

(a) These interesting changes of melting point with
double bond position reflect differences in stabhility of the
crystals formed by these melecules and it is hoped, later,
to make o detailed examination of the crystal structures
which is »resently restricted to oleic acia?

(b) We are not able to exnlain the higher melting
noints oonserved in acids having a double bond clese to
either end of the molecule.

(c) £in explanation for the phencmenocn cf alternation

. ; 47
of melting points can be given by extending Malkin's
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views on the difference of crystal structure of long chain

compcunds. According to Malkin, the zig-zag chains in these
compounds allow two extreme noiitions "a" and "b" (see
Figure II) for terminal methyl groups of adjacent mclecules
vhich may be regarded as closely cor loosely packed. The

plane "a'" would be the favoured arrangement, for it offers
lateral overlap between the methyl groups and the first
methylene groups of adjoining chains. He considered that
long-chain compounds formed ''tilted" chains sc that even
membered chains can be arranged cither as "a" cr "b", with

a great tendency to be "a". The odd members will possess

airternate "a'" anda "b" 'planes.

This concept may be usefully ecixtended to nono-unsaturated
aclids with the assumption that the double bend senarates the
chain intc two parts. Thus, oleic acid, having two henta-
methylene chains would behave as an odd member whereas the

ng acid would be similar to an even nmenber.

The strong attraction between adjacent carboxylic groups
would dominate over the end metlyl groups and always »HOSHeSS
the "a" plane. The methyl groups in the odd members would

herefore pe locsely packed ("b" nlane). In the even nenmbers

both the carboxylic and methyl grcoups can be closely paclked

resulting in higher melting points.



TADLE TII1 Melting Points of n-Cctadecenoic Acids.

Josition of

double bond

1232
1253
134
fos
\3
1257
Z&G
Z}G
1310
12311
1532
Eﬁg3

A83.5-4G.5

12.5~13.5

£.0-25.0

12.C0-13.0

23.5-24.0

1C.C~-11.0

22 l5“'23.5

12.5~13.5

27.0-28.0

28.5-27.0

47.5-42.5

40.5-41.5

£5.5~54.5

57.5-5C.5

54.5-G5.5

58.5~55.5

43,5~47.5

53.0-54.0

44 15“‘45-5

51.5~-52.5

44..5~45.5

52.5-53.5

43.5-44.5

52 .C-—- 53 ICI

43.5-44,5

53.C-563.5

5C.0~-5C.0

3845-GG.5

58.5-55.5
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PART III- Spectroscopy

Infra-red Spectroscopy

143
We have extended the work of Susi and found that the

position of the double bond in the trans [Xa; £§16 octa~
decenoic acids in the solid state can be determined by
studying the equally spaced absorption bands in the 1180~
1380 cm-] region.

Jones, McKay and Sinclaix 14gobserved a progression
of absorption bands of uniform spacings and intensity between
118C and 1320 cm_-l in the spectra of saturated fatty acids
in the solid state, and studied the changes brought ahout
in these bands by alteration of chain length and by the
intreduction of different substituents. They noticed that
the r=2g1li1y eonesranne of thesa bonds were either diminished
or destroyed by the introduction of an unsaturated centre.
Solid films of cis ethylenic acids such as cleic, linoleic
and linolenic, where the carbon chain was bent gave several
irregularly spaced, ;ariable intensity bands which were
nevertheless sharﬁ and prominent. Trans octadec-S-enoic
acid jiowever pbpehaved similarly to the shorter saturated
acids, such as lauriec, suggesting that in elaidic acid, the
methylene chains on either side of the double bond bechaved

ag independent groups. They explained the difference in
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the behaviour of the cis and trans ethylenic acids and the
gimilarity of the latter to the saturated acids on the
exzpectation that the hydrocarbon chain of the trans acids
will line up in the crystal in a linear extended form similar
to that in saturated fatty acilds.
150
Meiklejohn and workers (1957) found that in the

saturated acids longer than C the number of bands in the

12’
progression series is approrimately equal to half the number
of carbons in the chain; a phenonenon referred to as the
"rule of two''. There is no sound theoretical basis for this
but it seems that this empiriecal rule is related to the
symmetry and the length of the chain. In an infinite
polymethylene chain, however, it is known that the number

of infra-red bands in this region is restricted becausc of
the presence of a centre of symmetry in the repeating unit
making only certain vibrations of the wethylene groups infra-
red active while the ovhers arce Raman active.

49

Jonee et al,' sugeested that the bands in the 1380-

- -1 R
1130 cm region ar e from the rocking and/or twisting
i5]
vikirations of the CH? groups but Ferguson {1255) atd Hirby an
. 5 52 | ; . %
and co-workers (1965) attributethemto the wagging vibrations,
and it is now considered that bsads caused by rocking-tuisting
vibrations are usually not observable due to their low

intensity.
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148

Susi examined five positional isomers of trans
octadecenoic acids ( Zﬁ? - ZB? and [gl) and found the
number of bands in the progression series to be related to
the number of methylene grouns between the carboxyl group
and the double bond. The number and arrangement of the
bands was unigue for each of the positional isomers and
offered a method to determine the position of unsaturation
in these trans isomers. They were able to apply Meiklejohn's
"rule of two" to the number of carbons (n) in the chain
segment between the carboxyl group and the double bond
including the carbonyl and olefinic carbon atoms: thus
for the trans octadec~10-enoic (an even member), the

10

number of bands between 1350-1180 cmn-l region will be 5 B 5,

o
and for the Zﬁi isomer which is an odd number the formula
n-1 = . 9-1
g would apply and the nunber of bands will be —5 = 4.

S : .
LAlthough hoth the ZSF and ZS C acids would give 4

18
bands, the intensities and arrangements of these bands
make their identification possible.

The terminal chain segment (from double bond to the
methyl group) does not seem to give rise to rezulariy
spaced, medium intensity, bands. These methylene groups
nay give rise to irregular progression bands of nmuch lower

intensity superimposed on the main band or lie alongsid

theme.



FIGURE III-

INFRA-RED SPECTRA: OF THE trans OCTADECENOIC ACIDS -

bm
bw
DAO
i
1
i | 1 1
] i A : i
1 1 ] i
I 1 ! -
I 1 ' :
i i ! -
i i i _
. L
A
Al ST 1 S AT B
t 1
of | O i | ! -
5s) o o) o 1 o
N TR AT Sl e
v “1 1._.“_. it v
2 3

The spectra of the A and A" acids do not follow this trend
and have spectra different from those of the other isomers.
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.FigurefﬂIillustrates the region between 118C ~ 1352 cmm.l

otuinod in the present work on trans ﬁﬁa - Z}?s octadecenoic
acids.

This method requiring only 1.2 - 2 mg. of the trans acid
which can be recovered after the spectral information is
obtained, is an excellent procedure for the unambiguous
determination of the position of unsaturation in trans
octadecenoic acids.

-

Infra-red Spectra of cis Zthylenic Esters in Solution

-

2 1
The infra-red spectra of the Zl - [5 ? isomers of
methyl octadecenoates in carbon tetrachloride were found to
be independent of the position of unsaturation. They

showed only the expected absorption bands for CH_,, CH and

2
&O.

Nuclear Magnetic Resonance Spectroscopy

Although some progress has been made in predicting
chemical shifts and coupling constants on a theoretical
basis, it is still not possible to calculate proton
chemical shifts for the majority of structures. Identification
of proton groups, is, therefore, accomplished by comparing
the spectral values with those of similarly situated protons
in related compounds of known structure.

Typical chemical shifts for protons in leng chain

153,154
fatty compounds have been compiled recently and
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sterculic acid is an example where these spectral values
have assisted to establish the structure of rather
155
complicated fatty acids.

V7e now report n.m.rv. data on all the cis isoners of
methyl octadecenoate and, by a combination of the spectra
of some C12 and 018 acetylenic esters, we have also
observed the spectral changes caused by all the different
positions of the acetylenic function in long chain fatty

acids.

Cis Ethylenic Esters

It is possible to distinguish the [}? - Zﬁ? énd
&‘!4 - AT? from each other and from the A° - AIS
isomers by their n.m.r. spectra. The spectrum of each
ester except those of As - Als, which will be considered
as a single group, will now be considered.

lMethyl octadec~2-enoate

Hopkinsllﬁﬁfound that the two olefinic protons of
methyl-trans—~octadec-2-encate had separate signals. The
C(2) proton band centred at 4.2 T , was split by the C(3)
proton into a doublet (J = 15.5 ¢/s) and the B proton,
centred at 3.0 T was split into two well-separated

7 157
triplets (J = 15.5 ¢/s). Bavker and co-workers (1962)

reported that the C(2) and C(3) protong In trans undec-2-

enoic acid were at 4.2 T and 3.17T respectively. These
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158 -
workers also examined 10-hydroxy dec-2-enoic acid by

n.m.r. and found the C(2) and C(3) protons were at 4.2
and 2.5 ; the coupling constant of 15.8 ¢/s proved that
the double bond was trans.

The values obtained in the present work are given

against the differcnt nroton sites

£.737(s) 3.20T (m) 5.327T (&)
cngﬂ.--(cnz)13 CHyy <|:-—-~r*l COOCH,,
9.10T(DL) 7,380 3 H

4.3Ct(a)

The signals for the olefinic protons and the methylene
group (C(4)) adjacent to the double bond makes the,ékz
isomer unique anong the mono-othylenic acids. The cis
olefinic protons (Joﬁ = 12 ¢/s) can be differentiated
from the trans olefinic protons (J = 15.5 ¢/s.).

Methyl Octadec-3-cnoate

159
Hopkins and Chisholn have reported the n.m.r.

spectrum of a 3 trans ester (heradecenoic) and found it
; ; 2

to be easily distinguished fronm the é& ester and from

other esters having double bonds further from the ester

group.

The symbols s,d,m, and Dt indicate a singlet, doublet,

multiplet and distorted triplet respectively.
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We found the absorption of the olofinie protons
(4,48 7T , cf. Hopkirs and Chisholm, 4.44 T for a 3 trans
ester) to differ from thosce of the [}2 cis estexr and fronm
those esters in which the double bond is further removed
from the ester group (4.53 - 4.59). The CH2 group lying
between the double bond and the ester group also shows a
distinctive signal at 6.927T (C and H, 6.93 T ) which is

absent from all the other octadececnoates. The methylene

groun at C(5) give the usual band at 7.207T .

2.73T (s) 4.427T (t) 6.3 T (s)
i (cnz)12 CHiz—C C Cli coccH,
5,08 T (Dt) 7.627%T } 6.99T
H H

lMethyl Octadec-4-ecnoate

A combined signal for the C(2) and C(3) methylenec
protons (7.707 ) between the ester and ethylenic groups

distinguishes this isorer from the others.

2.73 7T 4,637 (t) 6.35 T(s)
b 7 e kit
CHS (CHZ,.I 7 Cﬂz Ce=—rm=C CHz——- CH2 COCCHS
.08 T 7.20T 7.70T (s)
H

The olefinic protons are centred around 4.63 T ; a value

156

very similar to that of an isolated double bond. Honkins



i
Tls

found that the olefin peaks oi the trans C1ﬂ isomer
L

appeared Ffurther downfield {(at 4.547T ) than that observed
160

by us on the cis isomer. Buttery and colleagues, however,

observed that the olefinic nrotong and the C(2) and C(3)

methylene groups of methyl dec-4-cnoate appeared at 4.69T

and 7.72 T‘respectively and these chemical shifts are in

close agreement with thosc obtained in the present work.

Methyl Octadec~5-cnoate

The spectrum of this isomer can also be distinguished from
that of any other isomer because in addition to the 8 protons
associated with C(2), C{(4) and C(7) (7.90 T ) the 2 protons
of the C(3) methylene group give pealks centred at 8.3, not
present in any of the other ociadecenoates. The same

5 z
peaks werec also observed in the Z} acetylenic esters of

the 012 and C18 series

2.72T 4,647 .30 T .37 T (s)
CHs—(CH,) ) ; 5— CHz c; T.—hcnz CH 5~ CHz—— COOCH,,
g.10T 7801 }i H 7.9 T 7.90 T

~ 'Iﬁ
Methyl ZSD - é; ® octadecenoates

The spectra of these esters are very similar and although
they can be differenjiated from the other isomers, they

cannot be distinguished from each other. Thz chemical
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shifts of the various protons arce given together with those
of the other isomers in Table IV.

Methyl Octadec-14-cnoate

15
Hopkins 6found that the double bond protons (4.657T )
and the terminal methyl protons (2.11 T ) of cis hexadec-
12-enoic acid had chemical shifts which were similar to

those of unsaturated acids with isolated doukle bonds. He

observed, however, that the greater splitting of the terminal

methyl protons than in an isolated methyl band gave risc to
a well-defined triplet (J = 6 ¢/s) and that this character

may be sufficient to recognise a double bond commencing at

the fourth carbon atom counting from the methyl end of the

chain.

[, comparison of the spectra of our C1S nono-ethylenic
esters shows that the £§14 isomer can be distinguished
from the other isomers by the well separated triplet of the
ternminal methyl éfoup (9.08 ; J =5 c/s). Although the

Z§15 isomer also gives o well separated triplet, for the
methyl protons, the coupling constant is considerably

higher, J = 7.8 ¢/s .

8.71T (s) 4.627 (t) 2.72 T(s) 5.30T (s)
CH ;~—CHy—CH,; C ri ci (CH,, ) s CHz—— COOCH,,
s.08 T(t) 7.90-:-(:1),- 7.907T (m) 7.90T (m)

H
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Methyl Cctadec-15-enozte

Fad

Shoolery and co‘-wo';ke:-:'s10.l found that the n.m.r. band
for the methyl srotmns of linolenic acid (octadec~2,12,15-
triencic acid) had a distinetive nattern and appeared zt a
slightly lower field (9.027T ; J = 7.2 ¢/g) than the signa
of an ordinary isolated terminal methyl groun.

The spectra of methyl octadec-15-enonte is summarised

below and the values agree closely with those given by

1

Shoolery et. al., but for the coupling constant (J = 7.C ¢/s
as opposed to 7.2 c¢/s obtained by them).
7,90 T (m) 7.50T 7.90T
CH§—— CH2 -C C CI-Iz (C!Hz )ﬁ C‘H‘2 (:C(:'CH3
9.caT (%) . HI 2. 71T (s) & STT
4.62 T-(t)
Methyl Cctadec-18-enoate
8.64T (t) .71 T (s) 54387
C.II3 P — 9 Cﬂz (0}12}12 -‘C:I-I2 CC.OCH3
8.387T (&) l 7.50T" 7.50T
H H

The chemical shift of the terminal methyl protons of
a fa) : : Y ]60 n_2
dec—-4,2-dienoic acid was found by Buttery to be 2.3¢°T

The coupling constant of the methyl wnrotons (£.32 T )
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observed in this work was 5.2 e¢/s.

Methyl Cctadec-17-enoic acid.

L3
i 2
This isomer like the Zl isomer gives two gets of gignals
for the olefinic protons.

4.407T 2.72T (s) 3.27T (=)

Pt CH K CG
GHE__*‘" CH o ( 2)12 CH2 JOCHS

5.057T 7.25T 7.5T

The CH2= peak centred at 5.05T is a2 doublet while the
=CH peak at 4.4 T is a multiplet caused by splitting of thig
proton by non-equivalent groups on either side. It Jilffers
also from the other isomers in that it has only 4 protons in

the 7.20 band.

Isomeric acetylenic esters

p2] 5
The spectral dats oktained on several 31“ X L VAN
&
- [~ 1
1, = dh £ ? 5
an ar - : ; acetyienic esters aze
d ZS ) and Cyn ( D ¥

X

collected in Teble V- The results resemile those obtained
on the more complete scries of cis olefinic =2sterc and show
again tahnat those esters with unsaturation s*arting ot th

first, second, third and fourth carbon atomg from sither

end of the molccule can be readily identificed but that ctaer
isomers are indistinguishabie.
The end Ci, group whichnormally gives a signal at .07~

.10 T gives a different result Lo the four isoncrs with
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Qe
unsaturation close to the end group. Thus in the C12 series
g 3
this becomes 8.02, 8.22, £.27 and absent for the /\, /Y,
1 1
AG, and Al isomers resoectively.

The Az and Aa acids can be distinguished by 2
consideration of the behaviour and number of the methylene
protons on carbon atoms adjacent to the carboxylate group

2 3

and the trinle bond. Thus the A and A acids give signals
between 7 - 7.90T equivalent to two and four protons respectively.

4
The A acid shows six protons in this region but the four
orotons on C(2) and C(3) are combined as a2 single veak at
747 T . The nrotons associated with the other methylene
group (C(8)) lie around 7.20F . 1In the As acid the protons
at C(3), which are slightly deshielded by the two fumnctional
groups (ester and olefin), give neaks centred at £.2 T , not
present in any other isomer and the protons at C(2), C(4)
and C(7) behave normally and are centred at 7.69 T (C“3 acid)

and 7.76 T (€, acid).

1
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PART V - Chromatography

Thin Layer Chromatography

The nitrate, perchlorate, and halides of silver react
directly with olefins to form metal-olefin complexes which are
readily decomposed by water to the parent olefins,

By a comparison of the distribution of various olefins
between aqueous silver nitrate/carbon tetrachloride with their
distribution between potassium chloride, of the same ionic
strength, and carbon tetrachloride, it was concluded that a
1:1 silver olefin [olefin Ag]t is always formed, sometimes

= ; + ; & 2
accompanied by [olefin 2Ag]" and [2 olefin Ag |. The cis
olefins complex more strongly than the trans isomers with silver
ions,

152 ”
The original concept, that the [olefin Ag] species was a

resonance hybrid of 3 forms, has been superseded

__>g ~/c <H ~C = g-<+->>c = c<
Ag kg Ag+

-~

by a proposal of Dewar}a%ﬂu>suggests that the bond is formed by
overlap ol the vacant 5s orbital of the silver with a filled 71 2p
orbital of the olefin, The metal ion, with the resulting decreased
positive charge, tends to revert to its original form by overlap

of one of its original orbitals with a vacant 2p antibonding orbital

of the olefin.
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The compounds formed hetween the silver ion and a variety

of unsaturated hydrocarbons have been studied extensively by
164,155
Lucas and co-workers,
186

The prediction by Nichols (1952) that the quantitative
separation of ecis and trans octadec-9-enoates was possible by
counter-current distribution in the system iso-octane/0.2 M silver

. . . 137 1862

nitrate in 90% methanol was confirmed by Dutton but de Vries
found thatthese isomers had more convenient partition coefficients
of 3:2 and 4.8 respectively (ca. 20 and 40 respectively in Nichols
system) if the system was changed to heptane/2 molar silver nitrate
in glycol mono-ethyl ether and triethylene glycol, (8:1 respectively).

de Vries also used a column of silica gel impregnated with
silver nitrate to separate triglycerides according to their

169

uusaturation and Barrett and ceo-workers > extended this principle
tothin layer chromatography.

Mori.s }?Oseparated cis and trans isomers of Cjﬁ Zﬁ?

o =
and Z:. isomers using thin layer plates of silica treated
with silver nitrate.
71 i :

Bergelson and co-workers showed that it was possible

to separate, not only cis and trans isomers, but also the
- § g 1 ;
ZS,S, Z& ) ZSJ, and Z} isomers of some long chain

mono-ethylenic esters using plates coated with a mixture of
silica and silver nitrate, They sepavated a mixture of

unsaturated esters differing in nosition of the double bond

and/or chain length by two dimensional thin layer chromatogiraphy
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first on gilica (reverse phase) and then on silieca
impregnated with silver nitrate. The separated components
were identified with the aid of standards or by their
oxidation directly on the thin layer of the absorbent.

We have examined the change of Rf with double bond
nosition on silica/silver nitrate layers in our complete
series of cis and trans cctadecenoates. TFig.V] shows the
results with the cis esters alone, and Fig. Vla the results
for both series.

: e g 2 .
For the cis olefinic esters, the Zk isomer has the
; - 3
highest R, value. This falls steeply through the Z\’ and
A
[\" compounds and then more slowly to a minimum value for
3 ;
the [}_ ester. Thereafter the Rf value rises gently to
. 14

a new maximum at Zk and then declines again.

The trans esters form weaker complexes and thercior
have higher R_. values than their cis isomers. Again the

:
2 38
Z& ester has the greatest value and the Zk the lowest;

(al

the values then rise to a mazimum around the {Zlu compound

. . . 8 16 .
but remain fairly constant in the range ﬁl - Zl with

. 17 ; o
a final drop for the DN\’ ester. (There is, of ccurse,
17 ; .
only one Zk ester since this compound does not show
geometric isomerism).
Cur results show which isomeric esters can be separated

by thin layer argentation and which camnot, at least in the

solvent system we have used. Petroselenai® can be separated
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from oleate, for erample, as could several other mixtures,
but the separation of ZS% from Zﬁi and [f] Lrom £§4,
to quote only two cases, would not be possible under our
conditions. We believe Bergelson's claim to separate all
olefinic esters according to their position of unsaturation,
based on the separotion of the zﬁf, Zﬁ? and Zﬂi octadec~
enoates only, to be unfounded.

£ similar variation of Rf values have been observed
anong all the positional isomers of monohydroxy octadecanocic
acids on thin layer chromatography of untreated silica but

172
no explanation has becn given for such a variation.

Perhaps it is not surprising that the patterns given by
the cis ethylenic esters on silica/silver nitrate and the
nonohydroxy 018 esters on silica are similar, for the forces which
nlay a part between the silica and the hydroxy esters could
possibly be paralleled by the attraction between the silver
ion and the olefinic esters.

he marked devcndency of the Rf values on the nosition
of the functional group is, however, intriguing and an
attempt will be made to exnlain this phenomenon with respect
to the unsaturated esters.

We believe that three factors must be considered.

(i} Changes in availability of electrons in the

olefinic bond due to electron withdrawal by the carbonyl

function acting through the carbon chain.
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(ii} Changes in availability of electrons in the
olefinic bond duec to electron donstion from the ether
oxygen of the ester grous.

(iii) Steric factors arising from imbalance betwecen the
groups attached to the olefin-carbon atoms.
(i) The high Rf value of the 152 isomer is almost certainly
caused by reduced availability cof electrons in the olefin bond
through conjugation with the carbeonyl function. This influence
will be present to a lesser e:xtent in the [33 and £§4 isomers
by inductive relay.
(ii) There is some resemblance butween the plot of Rf value
nguinst position of douvble bond and curves reported for the
ease of formation of alicyclic ring systems by several
methods. VYields are greatest for the C5 C7 rings, decreases
to 2 minirmum at Cg il and rises gradually thereafter

This similarity has led us to believe that some form
of cyclic interaction of the carboxylate group nnd the
double bond takes place. It is most probable that o chelate
compound (shown below) is formed by the donation of the lcne
pair of electrons on the ether oxygen te the silver ion involved

in the metal-olefin comple:.

54 ——— H

n




FIGURE VI

T.L.C.. Methyl ocis Octadecencates,
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FIGURE VI a
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Such a process will stabilize {the silver-olefin complexr and

result in a decrecase in the Rf value of the unsaturated ester.
Chelation giving risc to 5,5,7 nnd 8 membered rings,

would occur more readily than for rings with 9-12 members,

so that the location of double bonds at éxl, 235’ 53?

and 4137 will form more stable silver-olefin complexes and

hence have lower Rf values, than the esters with the unsaturation

between AP ana A3, since alicyelic rings with fourteen

or more carbons alsc form rings almost as easily aos the §

or § membered systems, it is not surprising that the Rf

values begin tc decrease from i - £g7.

(iii) It is possible that steric factors depending on the

two alkyl groups attached to the olefinic carbons may affect

the stability of the silver complex. These groups will be of

similar size and weight for the ZX? and Zla (allowing

for carbon and oxygen atoms in the ester group) and will

become more unequal as the double bond is moved from this

position in either direction.

Gas Liquid Chromatography

Gos liquid chromatography has proved to be on indispensable
tool in 1ipid research and has been extensively used for the
analysis of fatty acids in both cnimal and plant fats. The
introduction of capillary columns with theorcticnl efficiencies

of greater than 40,000 plates has increased the scopne of this
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technique to include the analysis of mixtures of cis and
145,173
trans isomers and meore recently, the separation
and identification of positional isomers of long chain
mono-unsaturated fatty acids. Kok ea
We have cxomined the g.l.c. behaviour of all our
octadecenoic esters and several mono-ynoic esters on nolar
and non-nolar stationary phases and have used the procedure

in our studies of the stercomutation process.

Analysis of cis~trans fatty acid esters.

176
James and Martin (1258) senarated cis and trans

isomers of palmitoleate, olente and octadec~4-enoate
on packed columns coated with Apiczon M. In 1858 Lipslky

177 .
and cou~workers demonstrated the separation of oleate
and elaidate using capillary columns coated with Apiczon L.

; 140,145
Extensive studies by Litchfield et al. showed
that mixtures of oleate and claidate can be resolved on

173

Apiezon L, diethyleneglycol succinate, and more recently on
three different nitrile silicones using high resclution
capillary columns. The most efficient phase for such

a separation was found to be S cyano-cthyl-methylsiloxane.

Ve have investignted the behaviour of the geometrienl

isomers of all the octadecenoic acids on 5C M, capillary

columns coated with a polar phase (neopentylglycol succinate) and
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a non-~polar (Apiezon L) and have obtained a separation
of cis~trans isomers with all but the éﬁ? ethylenic esters
on one or both of these nhases.

Apiezon L separatéd the two isomers of all but the
szi [&4, ﬁfz and ﬁgg octadececnoates and proved to be
o better phase for the resolution of cis-trans isomers thon
the polar phase, which did, however, separate some of the
isomeric pairs including the Zld, ﬁ:ﬂz and 1333 esters .
£lthough polyester vphases are generally believed to be
incapable of distinguishing between cis and trans isomers,

178

Litchfield resolved these iscners using diethyleneglyeol
suaccinule a8 the stationary phase but we were unable *o
achieve the separation of oleate and elaidate using columns
coated with neopentylglycol succinate.

The order of elution of the cis and trans isomers
of the different octadecenoates is interesting and is
summarised in the following statement.

Trans iscners on Apiezon L

longer retention times thon cis- Z}?,£§5, Zﬁ?, A, 43?,
11

A% A% A

Lal
[

A )
indistinguishable from cis &3, At, &12; .&1 s

14 A15 Alé
shorter retention times than cis A -, D 7, A°.



Trans isomers on neopentylglycol succinate

longer retcntion times than ¢is- ikz

indistinguishaple from cis FACIE .
8 A9 A0
AN AN, N B
4 : ]
shorter retention times than cis Zl", Zﬂz Z}ls ZS]

i Ne

Gas Liquid Chromatography of Positional Isomecr

The behaviour of the positional isomers of methyl
nonynoate on both packed and capillary columns of diethylene-
glycol succinate and Apiezon L was investigated by Anderson

174
and Rakoff with packed columns, the results were not
very useful; there wns some separation on the polar phase
but baseline separations were not achieved. With a 100 ft.
fipiezon baseline separations were cbtained only between
5] 3 . 7 I
Z} - /\" ang A" but a similar polar column separated

: 4 : &
all isomers excent the Zl and Zl isomers.

We have obtained retention data on all the cis and
trans methyl octadecenoates and on positional isomers of
some acetylenic esters, vii., the methyl esters of the

A
ﬁLs - Zkij dodecynoic acid and the D% oma % - DR

octadecynoic acids using canillary columns coated with
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Lviezon T, or neopentylglycol succinate. Retention data for some
of these esters have a2lso been cbtained on nacked diethylene-
glycol succinate columns.

hcetylenic Esters (See Table VI. and Figuve VII)

4

The octadecynoic estexs( ék' - ZSIO) show little
varintion either on an Apiezon column (i7.%1 - 17.£3) oxr on
a neopentylglycol succinate column {12.02 - 15.25) but on

2 . i
both coclumns the ZS. isomer has a much longer retention tinme.
: ] 11 ;
The dodecynoic esters ( ék - Zl ) show little
variation on the Apiezon I, column (12.00 - 12.15) cmcent
10 B
for the Zl isomer (12.52) bLut on the polar column there
5
is a fairly steady rise through the series (13.22 for /A ° to
1 s
14.0C for ﬁxil) with the ;ﬂf” isomer again being markedly higher
(14.2G6).

Since tihe distance of the double bond from the methyl
eind has more control over the g.l.c. behaviour of methyl
csters than the distance between the double bond and the
carboxylate groun (see later) the ncetylenic C]? and C1n

=] L&)
: 10 .
acids are not directly comparable. (The éﬁ dodecynoic
4 £ 41 & o ]
ester should be compared with the octad=cynoic ester
- 1C |
and not its Zﬁ isomer).
Anderson and Rakoff’s results for the nonynoic csters
: ; . . sz
are qualitatively comparable with ours in that the

isomer and that isomer containing the grouvn Cii_C=C have
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longer rctention times than the other isomers but cannot
be compared more fully because of the different temperatures
used for the three groups of csters.

Clefinic Bsters (Bee Table VII,)

The cis olefinic esters have shorter vctention times
than their acetylenic anclogues (at least for the range
covered). Most of them behave very similarly to the tranas
compounds on the neopentylglycol succinate columns but have
slightlyshorter retention times on the Apieson L column,.

As in the acetylenic ester, the longest retention times

2 13
ara shown by the 13 and ZXQ isomers. he only exception
to this is on the neopentylglycol succinate colunn, where the
13'2 : ;

cis igomer is eluted unusually quickly. In fact on

2
both columms the [} cis igonmer is very similar to the
saturated ester but this effect is not noticed with the
2 trans isoner.

Relative DIetention Times and Identification of Mono-ethenoid

Esters.

It is an accepted rule in gas liquid chromatography that
the retention times of homologues nlotted on a log basis lie
on a gtrnight line and many authors have suggested that mono-
olefinic esters and the various polylefinic esters lie on
separate lines parallel or upproximately rarallel to the line
for saturated esters. It is clear from our results thot the

octadecenoic esters are not identical in their chreomatographic



behaviour and the question arises what is a homologuc ?

fotonan 179,180,181

has made a very careful study of =
few mono-enoic and many »olyenoic esters (the latter are not
very relevant to this discussion) and concludes that in a
series of mono~encic acids the distance between the double
bhond and the end CH3 group is nuch more important than the

distance between the double bond and carboxylic groun. He,
1
1251 and C Zk B

22
g
esters are truly homologous and not the three ék isoners.

o

thus, considers that the C., A", C

1 20

Each series of true homologues will pgive retention data which
lie on a straight line log plot though, in some casces, these
scparate lines may be so close as to be indistinguishable.
. 175 2 ;
Panos, on the other hand, has published a straight
line fox the log plot derived from 14:1 (Sc), 15:1 (Se)
and 18:1 (8c) and claims from these results to be able to
identify unusual mono-encic esters.
: < e}
Since the results for C, (4». L. 126 ; D.e.ges. 136 j,
o o) o,
012 (Ap- L. 150 H I{-Dn[‘;oSo 150 : DeCeZeSe 150 J and C....,I
1o
o o (o]
(Ape L. 200 ; Nuepeges. 180 ; D.eeg.s. 120 ) were measured
at yuite different temperatures, it is not possible to
distinguish between thesec divergent views.
Our nore conplete results on the C_[n ethylenic esters
o

show how far it is possible to determine double bond position

by g.l.c. nlone {given o knowledge of Cis or trans
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configuration). Distinction can ensily bhe nmode between the
group of esters having their double bond in the central
. 4 15 )
region ( A - A ) and those having a2 double bond close
to either end of the moiecule. Further recognition of the
ester with a "central double bond requires careful work,
preferably with some suitable standards. Esters differing in
carbon numbers by 0.C5 can be distinguished. A suitable
group of standard octadecencic esters could bhe obtained by
partial hydrocgenation of linoclenic acid with hydrazine hydrate
2,
and isolation by thin layer argentation, of the mixed A g

1 .
A = and [}35 octadecenoates along with stenrnte (See Figure VIID.

918 Ester Lpe L NePeZeSe
A s
17.33 18.15
A 1z 17.73 18.27
A LU 17.82 18.46

stearate 18.CO 18.0C



TABLE $AI - Acetylenic Isters

50 m. 50 m. 2 m.
Position of N.p.g.s. capillary Ap. L. capillary D.e.g.s. Packed
triple bond s o %
Carbon Relative Carbon Relative Carbon Iielative
No. retention No. retention No. retention
time __ time time
D2 Ciq 20.47  2.23 12.60 1.28 s "
4
A G 12.02  1.42 17.91  0.97 - -
AP By 19.07  1.42 12.87  0.55 - -
o
A° Bin 18.16  1.49 17.85 0.84 — —
A7 » : .
B 18,12 1.48 17.84 0.94 “ &
L ¥
A8 3
Cos 19.23 1.43 17.23  0.93 2 a
A° ¢ 19.23 1.48 17.83  0.93 " "
18
A . 19.25  1.52 17.07  0.95 . -
JANI. 12.22 1.58 12.04  1.02 14.47  1.18
12
\8 6 13.23 1.7 12.00 1.00 14.87  1.26
A\ 384 1.04 12.03 1.02 P 1.31
& 3,42 .04 12.0 1,02 14.6 3
INY 6. 12.40 1.90 12.06 1.03 14.87 1.3
12
4%, Cis 13.51 2.03 12,15 1.05 15.18 A8
A
By 14.26  2.73 12.52  1.33 18.00 2.03
AT _ L
By 14.0¢  2.37 12.01  1.C: 15,74 1.05
" C.. = 1.0C {oxr Dodecynsates ansd € = 1,00 for sctadacencater



TABLE WII- Carbon Numbers of lizthyl Octadecenoates

Pogsition of 50 m. 5C m. 2 m.
doubkie bond N.psgss. capillary Lp. L. capiilary Die.z.5. Packed
Cis Trans Cis Trans Cis

A 18.06  19.23  17.87  18.01 .28
A3 18.42  18.42  17.88  17.86 10.74
A 12.14 8.10  17.71 17,71 18.43

AE 18.12 12.12 i7.56 17.78 15.34

° 18.18  18.15 17.85 17.74 18.44
AN ’ i o
18-’!‘.’: 3.]{1 1!.'0/_': 170!3 18;45
AG 18.12 12.12 17.64% 17.75 18.48
A{"} - 7o Ly L=
18.15 38015 1 .a3 S e 15449
A?G o y 5y r Ly N a
18435 18.12 17.87 176935 18.51
A1 s . i - T
1&;-2\'.; ]Eozu 1‘-08 17-:!7 iL_.-5(
AT 12.27  10.22  17.93  17.75 12.62
A'!S :
18.32 18.23 17.80 17.8C 15.%5
18-40 18-21.1' 17«8‘...‘: 17-83 i{.‘nﬂ’;
A“S 12.45 18.33 17,88 17.28 18.07

e 18,75  10.54 ¢

AN

4
-

L3
.3
ol
&)

)

n
%]
(4]

el

60}

.

o

(o8]
¥

17.29 - 18.82



*
TADLEVIIa - Relative Retention Data (C,_. = 1.00) Cis

1&
Methyl Octadecenoates
Dogition of 5C m. 5C m. 2 m.
double bond N.p«gess. capillary Ap. L. capillary D.e.g.s. Packed
X 2 1.02 0.98 1.0
Z& 3 1.15 0.24 1.23
& "f:
1.05 0.88 1.14
A5
1.04 C.87 1.11
A :
1.65 0-80 1.14
A%
1.06 0.86 1.15
FANE i,
1.04 C.86 1.15
S 1.05 0.06 1.16
A10 107 0.87 1.12
£§1 1.08 0.88 1.18
L8 1.10 0.90 1.21
A3 1.12 0.02 1.26
FAGL T4 0.04 1.30
A8 1.17 0.95 1.35
A18 1.30 1.05 1.6C
PAt 1.18 0.98 1.32

L Retention times were measured from the apices of peaks.
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FIGURE - VIII

G.1.c, of the methyl octadecenoates obtainable by the

reduction of linolenic acid with hydrazine
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Evaluation of the physical methods for the determination

of double bond position.

In the following table an attempt is made to show how far
each of the cis octadecenoic acids or esters can be distinguished
by the various physical methods which have been @xamined, The
terms g.,l.c. and t.l.c. refer respectively to chromatography
with capillary columns using polar and/or non-polar phases and
to chromatography on silica impregnated with silver nitrate.

In the evaluation of these two techniques it is assumed that a
standard mixture of the 1:_\ 9, Alz and Als isomers obtainable
by kydrazine reduction of linolenic acid (see page 88) and methyl
petroselenate are available.

The + sign indicates that the acid or ester can be
differentiated from other isomers by the technique in question,

The trans acids ( zﬁf- Zfie) can be distinguished from each

"
-,

other by their infra-red spectira in the solid state ‘(see page 64).
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Sclvents

Ether and tetrahydrofuran were dried overnight with

calcium chloride. The decantced solvent was refiuxed with

sodium wire for 1 hr., distilled and then redistilied from

frosh sodium. Tetrahydrofuran dried in this way was redistilled
from sodium immediately prior to use. Ether réquﬁred for

the preparation of phenyl lithium was further dried, just

before use, with lithium aluminium hydride (using 1 g. of

the reagent for about 5C ml. of ether).

Cartou= tetrachlorlde and chloroform were reflused with

phosphorus pentoxide for 3C min. and distilled.

o]
Petroleum ether(oiefin-free} - Petroleum ether (IC-C0

2 1.; was first washed with c. suiphuric acid, then with
wate:r and dried with sodium sulnbate. Bromine (3C ml.) was
added and tae solution left aside for 42 hr. Further
gquantities of bromine were added if the solutien decolourized
within this period. The pale brown solution was then

washed successively with 1C% sodium sulphite, ZN sodium
hydroxide, and water, and then dried. Distilliation gave
olefin-Ifvee petrol which was usedfor the prepavation of
either mono or dibromo undecanoic acid.

lMethanol and Ethanol - Doth these solvenis wore Idried

with macnesium methoxide made in gitu with mevhancl and

magnesium in the »nresence 9f catalytic amounts of iodine.



Drying
Sclvent extracts of the different compounds were dried
with "dried" magnesium sulnhate or anhydrous sodium sulphate.

elting Points.

Melting points were determined on a Gallenkamp micro-
melting point unit and are uncorrected.

Distillation

Distillation of most of the intermediates was carried

out on a 1. Fenske column with a Perkin triangle as made

by Towers.
£11 the 013 cis ethylenic esters were distilled on

an "Zbeggs" spinning band column supplied by Buchi. A

stainless steel band was used in all the distillations and

the reflux ratio generally used was 1 in 20.

Methylation of small quantities of acids.

The acid (~» 5C ng.) was mixed with dry methanol (1C ml.)
and boron-trifluoride methanol comnlex (10 ml., 14%) and
refluwzed for 5 min. on a waterbath. The product was poured
into excess water (50 ml.) and exiracted with ether, which
vas washed with water, dried and evaporated.

Infra-red svectroscopy

Routine samples were examined on a Perkin Ilmer 137
spectrophotometer. The determination of the trans content
on the cis ethylenic acids and the spectra of the cis esters

and trans acids were investigated on a'lgrating infra-red
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spectrophotometer'~ Perkin Bimer 521.

Gas Liquid Chromatography

The Perkin Elmer Fractometer 451 or the Pye Argon
Chromatograph were used to eramine the different compounds
prepared. The stationary phases used included »olyethylene
glycol succinate and diethyleneglycol succinate (polar) and
Apiezon L (non~polar). Capillary columns (50 m) with neopentyl
glycol succinate or Apiezon L were used on the Perkin Ilmer
F11 gas chromatograph.

The attempted separation of N,N-dimethyl dodec~10--ynanide
from the N,N-dimethyl undec-1i-ynamide was carried cut on
the "Aerograph' Autoprepn, lModel A-700 made by Wilkens
Instruments Ine.

Nuclear Magnetic Spectroscony

The spectra of acids and/cr their methyl esters and
other intermediate compounds were recorded at 80 Mc/S with
anproximately 15% solutions in carbon tetrachloride on a
Perliin Elmer R-10. Chemical shifts are in p.p.m. dowvniield
from internal tetramethyl silane (T = 10).

Liguid ammonia syntheses

182
Scdanmide. Liguid ammonia was run in from an "upright"
cylinder to a conical flaslk (1 1.) and transferred inte a
3-necked flask (1 1.) equipned with a stirrer and dry ice

condenser. The fiask wns placed within an empty Dewar flask.
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Powdered ferric nitratec (0.7 3.2} wag added felicwed by sodium
cut into small pieces ("4 0.5 g.). These were added at
intervals as the blue colouration caused by each addition
changed to grey ox black. Stirring was ccntinued for 3C min.
after the addition of sodium wns completed.

Scdium acetylide.183 -- An acetylene cylinder was

connected to the inlet tube of the reaction flask through a
mercury safety trap,a Drechsel bottle cooled with solid
carbon dioxide (to condense out the acetone), a BDrechsel
bottle containing c. sulbhuric acid and a roverscd Drechsel
bottle packed loosely with glass wool. Liquid ammeonia was
run into the flask and saturated with acetylene for 5 min.
The flow of acetylene was continucd (4 or 5 bubbles pex sec.)
and ferric nitrate (0.5 g.) was added, followed by nieces
of sodium (0.5 g. each), which werce introduced tc the
stirred liquid ammonia at a ratce to maintain the grey/black
colour of the reacticn mixture. The acetylene was bubbled
through for a further 3C nmin. after all the sodium had
dissolved.

184
Von RBudloff Oxidation {Craig and Tulloclk's modification)

The unsaturated ester or acid (50 mg.) was dissolved
in tertiary butanol (35 ml.), water (7 ml.) and vnotassiunm
carbcnate (0.5 M; 7 ml.). A solution of oxidart, (14 ml.,
made oo potassium permanganate (C€.03985 g.) and potassium

periodate (2.24 g.) in water (100 ml.)),was then ndded and
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the whole shaken for 8 hr. at ambient temperaturc. The
excess permanganate was then reduced with gaseous sulphur
dioxide, the sclution made alkaline with potassium carbonate
and evaporated to dryness on a rotary film evaporator. The
residue was acidified with the minimal volume of dilute
hydrochloric acid and extracted with ether (75-10C ml.;.
The ether extract was wnshed with water (fv 10 ml.),
dried and cvaporated. The fission products werce studied
as their methyl estors by g.l.c.
Czonolysis

Ozone was generated by passing dry oxygen through
o laboratory ozonizer supnlied by Griffin and George Ltd.

The unsaturated compound (25 mg.) was dissolved in
dry methanol (15 ml.) and cooled to nv 5° with icec. Czone
was bubbled through this sclution until iodine was liberated
hy the effluent-goses from a mixture of potassium ilodide
and hydrochloric acid. The methanol was stripped off o
room temperature under reduced vressure. Formic acid (2 ml.)
and hydrogen peroxide (3C%, 5 ml. ) werec added to the residue
and the whole refluxed for 1 hr. on a water bath. The
preduct was diluted with water, extracted with ether,
washed with water, dried and evaporated. The fission
products were erxamined ns their methyl esters by g.l.c.

Semihydrogenation.

Lindlar's catalyst was made in the manner described
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in the original publication385

The catalyst and distillerl guinoline were dissolved in
ethyl acetate and shaken in ar atmosphere of hydrogen until
no more gas was absorpned. Tre acetylenic compound in more
ethyl acetate was then added and the mixzture shaken in
hydrogen until the rate of tbsorption decreased. Samples
of the reaction mixture were occasionally removed and
examined by g.l.c. Hydrog:naticn was ccntinued until such
time when g.l.c. showed tlat no acetylenic material remained
in the product. The miztirc was filtered on a Buchner funnel
and the Ifiltrate washed with 2N hydrochleoric acid, then with
water, dried and evaporated to give the desired ethylenic
compound .

Pure Cis Acids ~ for melting point determinaticn

The cis ethylenic sster(vl5ng.) were run on thin layer
nlates (2C cm. x 20 cm) of silieca (25CH thick) impregnated
with silver nitrate (155) and activated for 75 min. at 1050,
using the solvent systen petroleum ether/ether in the
ratio 93:7 respectively. The nlates were removed from the
tank when the solvent front reached about an inch from the
uppermost boundary of <he plates, left for 30 min., and
then redeveloned in the same sclvent system. The bands
corresponding to the cis isomer and the unwanted trans and

saturated esters were detected with 2,7-dichloroflucrescein.
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The absorbent with the cis esicr wos scyaned off, transferred
to a centrifuge tube and stirred for 2 min. with a mixture

of ether, methanol and water (10 ml. of a 5:5:1 mixture).

The mixture was then cenitrifuged over 2 min. and the sclvent
decanted from the residue. The solvent from 5 such extracticns
(5C ml.) was refluxed for 1 DLr. with sodium hydroxide (4 g.).
The product was acidified with dilute hydrochlexric acid, and

extracted with ether which was washed, dried and finally

The crude acid (6-10 mg.) was dissolved in distilled
183

vetroleun ether (0.5 ml.)} and placed in a "Craig tube'

C
where it crystallised at 10 . The solvent was vemoved by
centrifuging and the crystalliscd acid dried in a vacuum

desiccator.

PREPARATION OF TRANS ETHYLENIC ESTERS AND ACIDS.

Selenium isomerization

£ mixture of the cis ethylenic ester (100 mg.) octancic
acid (200 mg. as solvent) and selenium (2 mg.) was scaled
under nitregen in a pyrex tube (2" x 0.25"). Four such
capsules were attached to a glass stirrer with conper wire
and rotated slowly for 4 hr. in an oil bath maintained
at 2000. The capsules were ccoled, opened, and the contents
separated cn thin layer chrematcoplates (20 x 20 cm.) using

silica {1 mm. thick) with the solvent system, ether,petroleum
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ether. ammonia(l.860 S.g.) in the ratio 50:42:2 respectively.
The ester band; detected with dichlorofluorescein and ultra
viclet light, was scraped off and extracted with ether alone
in a manner similar to that described for the nrenaration
of cis ethylenic acids. The combined ether extracts were
washed with water, dried and cevaporated to give the cis~trans
equilibrium mixture.
The recovery of organic material varied hetween 84-102%.
The relative amounts of the cls-trans isomers from the
diffevent positional isomers were determined by gons liquid
chromatography using capillary coclumns with a polax
(Neopentylglycol succinate) and non-polar phase (Aviezon L).
A portion of this equilibrium mixture (25 mg.) was
xidised by the Von Rudloff procedure to deteormine the
extent of double bond migration during the iscmerisation.

42
Cia/trans isomerization using ultra-viclet radiation.

The light source was a 125 w. "Hanovia' portable ultra-
viclet lamp with a quartz mantle and facilities for ccoling
by circulating water.

The solution to be irradinted was contained in an
annular reaction vessel (15 cm 1 cm., see figurce ] ¥) which
surrounded the mercury lamp assenbly. Tadiaticn reaching the
reactants was cut off at 220 mYh by interposing a 2.0 mm.

thick walled pyrex cylinder between the quartz mantle and



FIGURE IX

U.V. REACTION VESSEL FOR

¢cis = trans ISOMERIZATION

inlet for coolant

. sample to be
irradiated.

two quartz filters*

pyrex filter

sample to be
irradiated.

# g¢oolant is circulated between these
quartz filters.
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the solution. The outer reaccion vessel was separated

all-round from the pyrex cylinder by a gap cf about 1.0 mm.
erxcept at the bottom where o scparaticn of one inch was
deliberately allowed tc make provision fox a teflon stirrer.

The cis ethylenic ester (1CC mg.) with diphenyl sulphide
(1CC mg.) in benzene (12C ml.) was introduced into the
reaction vessel through a side arm and stirred with a
magnetic stirver. The scluticn was irradiated for 3 hr.
after which it was freed o¢f benzene on a rotary film
evaporator.

The mixzture, of the cis-tians esters, residual diphenyl
sulphide and the side products, was separated by thin layer
chromatography. The procedurce adcpted for this separation

e

and the conversion of the trans esters, obtained thereby, to
their corresponding ethylenic acids was similar to that
described for the preparation cf pure cis acids from the

cis ethylenic osters (pe 95).

Infra red spectroscopy

) -1
Progression bands in the regicn 1120-135C cm

The trans ethylenic acid (1.5 - 2 mg.) and potassium
chloride (15C mg.) were taken in an agate capsule and finely
powdered in a vibrating mill (Grubb-Parsons) and then pressed
into a disc at a pressure cf 5CCC p.s.i. using o 3C ton press
H3C-1 IMkz. 2 supplied by Research and Industrial Instruments

Conmpany. The spectrum was recorded on the Perkin Elmer 621.



Trons iscmer content in ecis cthvlenic esters
, 187
The methcd used Ly O'Ccnner was used tc determine the

trans content of the distilled cis ethylenic esters.

The spectra in the region 8.5 - 11U were recorded on a
Perkin~Elmer 321 instrument using sclution cells with a path
length of 0.1 mm. lensurenents were carried out on solutions
of esters in carbon disulphide (1G%) and pure methyl elaidate

wos taken as the standard.
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Methyl Cctadec-2-enoate

1 .
‘C!Z[-I3 (GHz)IQCOOH — CHS(CI:

g
2)14Br —_ C}IS(GH2)14CECH

3 4 S
— CHS(CHz).’QCEC-C(}OH —_— (3.'({3(0!{2)140200001"116 —_—

i
CH3(CH2)14Cﬁ=EHCOOMe

1, AgNC_; Br 2 , NaC=CH, liquid cmmonia
ot

2

3, EtMgBr; CO, 4 , MeCH, HCL 5, H

2 5 Lindlar

2’
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METHYL CCTADEC-2-ENOATE.

Silver Palmitate.jab

Palmitic acid (1€C g., 0.39 mole) was added to
a solution of potassium hydroxide (24 g., ©.43 mole) in
distilled water (1100 ml.) contained in a flask (3 1.)
with a stirrer. When the acid dissolved, silver nitrate
(70 g., 0.41 mole) in distilled water (750 ml.) was added
over 10 min. The precipitated gilver palmitate was
collected on a Buchner funnel, washed with methanol and
dried in an oven at 700 for C hr. The granular silver
salt was crushed to a fine powder, transferred to a
3-necked flask (1 1.) and dried at 70° under oil pump
pressure for £ hr. Siiver palmitate (128.5 g., 81%) was
obtainad as a light brown powdoer, melting with decomposition

182

between 202-208°(1it. . 209°).

1-Bromopentadecane.

Dry bromine (58 g., 2.72 mole) was added to the
mixture of silver salt (122 g., 0.35 mole) and dry carbon
tetrachloride (30C ml.)}. When the addition was complete,
the nmixture was heated for an hour on a steam bath. The
precipitated silver biomide was centrifuged from the
solution from which the crude bromide was then isolated.
Distillation through a %-netre Fenske column gave
1-bromopentadecanc (65 g., 62.8%), bep. 136-136.5"/0-5 rm.

(1it. 190 p.p. 127-128°/0.5 mm.).
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Heptadec=1=-ynec.

Sodium acetylide made from sodium (9.4 g., C.4 mole)
in liguid ammonia (500 ml.) was transferrcd from the rcaction
flaslk to an autoclave of 1 1. capacity. 1-Bromonentadocanc
(65.g., 0.22 mole) in dry tetrahydrofuran (75 ml.) was added
rapidly over 3-5 min. and the autoclave seal2d. The nirture
was stirred for 24 hr., and the ammonia allowed to excape
through a needle valve. The »roduct was diluted with water,
acidified with 2N hydrochloric acid, and extracted with
ether. Distillation gave heptadec-l-yne (44 g., 84.4%),

1
M pepe 171°/17 1m.). It

bep. 116-1318%/0.6 mm. (1lit.
contained about 5% of unreacted starting material.

Methyl Getadec--2-ynoate.

Heptadec-l-yne (40 g., ©.17 mole) in dry ether (100 ml.)
was added over 1 hr. to a well-stirred solution of ethyl
magnesium bromide, prepared from magnesium (2.2 g.) and
ethyl bromide (32.7 g.), in dry ether (400 ml.}. The
mixture was naintained at 50 during the addition and
was then heated under recflux for an hour. The reaction
nixture was cooled to room temperature and poured into
an autoclave containing solid carbon dioxide (abhout 200 g.).
The autoclave was sealed for 12 hr., during which time
the pressure rosc to 20 atmospherces. The product was
diluted with water, acidified with 2N sulphuric acid,

extracted with cther and then converted to its niethyl
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ester. The crude ester was distilled to give methyl
octadec-2-ynoate (30.3 g.) bep. 143-146°/0.5 mm. with a
diethylglycol succinate column, g.l.c. showed the product
to be 88.5% ester with 1.5% of unchanged heptadec-1-yne.

Mothyl Cetadec-2-cnoate.

A mixture of Lindlar's catalyst (12 g.), quinoline
(3.0 g.) and ethyl acetate (12C ml.) was vigorously shaken
in hydrogen until saturated. A sclution of methyl octadec-
3-ynoate (15 g.) in ethyl acetate (6C ml.) was then added
and the mixture shaken until the reduction to the ethylenic
acid was complete as shown by g.l.cs The catalyst was
filtered off, and the filtrate, after washing with 2N
hydrochloric acid and water, was dried and evaporated.
The residue was distilled through a spinning band column
to give methyl octadec-2-enoate.(11.3 g.) b.p. 165—1670/1 Im «
(Cctadec—-2-ynoic acid. Found:C, 77.24; H, 11.78 .

CTSH3202 requires C,77.C7; H, 11.53). M.p. of cis

olefinic acid 4g-50 ° (2it2® 50-50.5), m.p. of
o 46
acetylcnic acid 55-57 (1it. 55.7 - B7.5) .

Purity of Olefinic Acid.

The cis ester contained no detectable amouat of
the saturated acid (g.l.c.) and contained the trans
isomer @.0 % by i.r.) Von LRudloff oxidation gave

hoxadecanoic acid (96 .8%) along with pentadecanoic acid



104,

. 2
(3.2%7.  The pure Zﬁ ethylenic ester was obtained by
thin layer chromatography on silica impregnated with silver

nitrate (see page 95 ).



105,

Oetadsec~3-cnoic Acid

! T - 2 X
CH_ (CH,), ,OF —— CH,(CH,), Br —— CH,(CH,) C=CH

=

3 4 i
S 1, (CH,), C=CON, N, CH — CH, (mlg)Igcﬁ-Eﬂwzmon

i 7.
= CH,(CH,), Scﬁ=EHCH ,C00H

15 Brz, red phosphorus 2, 1MaC=CH, liquid ammonia

3, Phii,ethylene oxide, liq. MI_ 4, H

3 Lindlar

2’

S, CrOS, sto4, acetone.



IIETHYL CCTADEC-3-ENCATE

i-Bronotetradecane.

Bromine (48 g., 0.6C mole) was added over an hour
to a stirred, warn (40—500) nixzture of tetradecanol (107 g.,
©.5 mole) and red phosphorus (3.4 g.). The mixture wags
then heated for 2 hr. at a temperature which allowed gentle
reflux of the excess bromine. The product was then poured
into ice and water and extracted with ether. The extract
was washed free of bromine with dilute sodium bicarbonate,
washed with water, dried and distilied to give l1-bromotetra-
decane (101.5 g., 73.3%) b.p. 165.5°/10 mm. containing

about 6% C bromide and sone CTG bromide. This nixture was

12
carefully distilled through a 3 metre Fenske column to
obtain l1-bromotetradecane (7C g.) b.p. 122-1240/0.7 mm
(lit.116 173.5 - 179.50/20 mn. )} which was shown to be pure
DY g+.1.cCe

Hexadec-1-yne.

1-Bromotetradecane (157 g., 0,57 mole)} in dry ether
(5C ml.) was poured into an autoclave (1 1.) containing
sodium acetylide made from scdium {(22.8 g., 0.57 mole) in
liquid arunonia (600 ml.). The autoclave was sealed and
the mixture stirred for 24 hr. at room temperature, after
which the ammonia was allowed to escape. Heiradecyne

191

(106 g., 84%) b.p. 100°/0.6 tm (lit. = 144°/10 mm.)

was obtained from the reaction product as in the case of
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the 017 homolegue {(zee preparaiion of mothyl octadec-2-ynoate).
The distilled compound was shown by g.l.c., to be better than
99% pure.

Octadec-3-yn—-1-ol

Freshly dried bromobenzene (52.5 g., 0.33 mole) in ether
{(dried first over sodium and then distilled from LiAlHé, 100 ml,)
was added dropwise to freshly cut lithium (5.3 g.) kept under an
atmosphere of nitrogen. Vhen the lithium began to react (the
metal turns a bright gold) the rate of addition was altered to
maintain a gentle reflux of the reaction. When the addition was
complete stirring was continued for another 90 min. to dissolve
all the lithium. Hexadec-1-yne (60 g., 0,27 mole) in dioxan
(100 ml.) was added over 30 min, and the mixture stirred for an
hour and transferred into a 1 1, autoclave followed by ethylene
oxide (74 g., 0.52 mole) and dioxan (50 ml, used to rinse the
reaction flask). Liquid ammonia (600 ml,) was then added carefully,
the autoclav~e sealed and the mixture stirred overnight at room
temperature. Next day the ammonia was allowed to escape through
a needle valve, the autoclave then opened and the reaction product
diluted with water, The mixture was acidified with dilute sulfuric
acid and extracted with ether which was washed with water, dried and
evaporated to give crude octadec-3-yn-l-ol (84 g.).

Column chromatography of this material on silicic acid with
petroleum ether (40—600) removed the unreacted hexadecyne and bromo-
benzene. The more polar alcohol was eluted subseguently with ether.
The separated alcohol (61.2 g., 87%) was shown tc be about 98% pure

by g.l.c,



Octadec-3~ynoic Acid

Chromium trioxide (2.0 g., 0.020 mole) in ¢, sulphuric
acid (0.3 ml.) and water( 1.2 ml,) was added dropwise to a solution
of octadec=3-yn-1-0l (4.0 g., 0.015 mole) in acetone (62 ml.)
maintained at 100. The mixture was stirred for 4 hr, more
at 15—200, diluted with water (125 ml.), and extracted with
ether. The extract was first washed free of inorganic salts
and washed again with dilute ammonium hydroxide, The alkaline
solution was acidified and extracted with ether to give an acidic
product,

Ozonolysis and von Rudloff oxidation of the material did
not give consistent results within or between the methods. The
oxidation of the alcohol was repeated 5 times and in some cases
the content of the A4 isomer was as high as 33.8% but the Az
isomer was consistently below 5%.

Octadec-3-en-1-01,

The acetylenic alcohol (67 g.) with Lindlar's catalyst
(25 g.) and quinoline (5.9 g.) in ethyl acetate (450 ml,) was
shaken vigorously in an atmosphere of hydrogen, The reduction
was followed by g.l.c. and the conversion to the octadec~-3-en-1l-ol
took about 4 hr.

The alcohol, examined both by ozonolysis and von
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tudloft oxidation, was about ¢8§% pure. The results on
orxidation were not reproducible.

Cctadec=-3-cnoic Acid.

A solution of chronium trioxide (31.5 g., 0.315 mole)
in c. sulphuric a¢id(4.7 ml.) and water (18.3 nl.) was added
dropwise over an hour to a solution of octadec~3-cen-1-ol
(62 g., 0.233 mole) in acetone (960 ml.) maintained at 10°.
When the addition was complete, the mixture was stirred for
4 hr. at 15—200, then poured irto water (1800 nml.) and

ztracted with ether. The extract was washed free of
inorganic acid and extracted with 2N ammonium hydroxide
(si: portions of 300 ml. each) to which 3% sodium chloride
had beca added. The combined alkaline extracts were washed
three times with ether, acidified with 2N sulphuric acid
and extracted with more ether. This was washed with water,
dried and evaporated to give crude octadec-3-enoic acid

(34 g.). Distillations under high vacuum gave the acid

(28 g.) b.p. 150-15°/2.5 i 15 “m. (Octadec-3-enic
acid;

m.p. of cis isomer 49,5-50,5

Von Rudloff oxidation of the acid showed it to be
g 4 N2 ;
only 93 % pure and contained g,5% of the isomer and« .

0.5 % of the A4 isomer.
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Small amounts of the methyl ester were purified by
thin layer chromatography using silica impregnated with
. . 2 ) .
silver nitrate. The Z} isomer had an appreciably higher
3
Rf value than thezs. isomer thereby naking the separation
25
very easy (nD 1.4521).

Purity of olefinic acid.

The cis ester contained the corresponding
satarated acid (~r ©.2% by g.l.c.) and the trans isomer
(2,0% by i.r.). Von Rudloff o:xidation gave the products
nentioned above.

Attempted syntheses of Ethyl Cctadec-3-ynoate.

(i) Lithium hexadecyne made from hexadecyne
(4.44 g., 0.02 mole) and lithium (0.40 g., 0.C22 mole)
in dioxan (25 ml.) was added slowly over an hour to ethyl
bromo--acetate (5.01 g., 0.02 mole) in dioxan (25 ml.) and
then refluxed for 3 hr. The product was acidified and
extracted with ether, which was washed with water, dried,
and evaporated. The product gave a number of peaks on
g+le.c. but none of them corresponded to a C18 ester.

(ii) Hexadecyne (2.22 g., 0.01 mole) in dry
ether (25 ml.) was added to ethyl magnesium bromide made
from magnesium (C.4 g., C.018 mole) and ethyl bronide
(1.1¢ g., 0.01 mole) in ether (25 ml.). The Grignard

conplex was added over 30 min. to a sclution of cthyl

bromo-acctate (2.0 g., 0.013 mole) in dry cther (25 ml.)
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and then heated under reflux for & hr. The product was
diluted with water acidified and extracted with ether.
Examination of the recovered product by g.l.c. did not

show any ethyl octadec-3-ynoate.

Hydrclysis of Methyl trans octadec-3-enoate

The ZE? trans ester (éee page 98) was reflured for
15 min. with sodium hydroxide (0.4 g.) in ethanol (8C% 10 ml.).
The acidic product was isclated and recrystallised 4 times
from a mixture of hexane and acetone (2:1) at -100.
L. small sample of the purified acid, re-esterified
with boron~-trifluoride/methanol complex was shown to
s 3 ., i "
contain only the [} isomer by ge.l.c. using a capillary

column coated with neonentylglycol succinate.
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Methyl Octadec-4-enoate

CH

2 2 - 2
by b I N Retp

A CHOH —— CH I,CH@& = HC=C(CH,)CH
5 of’/ 9

3 4 5
—_— HCEC(CHz)QCOOH —_— HC‘EC(CHz)z(IONMez —_—

CH3 (CH2 )'l 2CEL‘ (CI'I2 )ZCONMe

5
g — CHS(CH2)12M(CH2)ZCOOH

7 o i
~—— CH,(CH,) C=C(CH,),CO0le —— ma(mz)Izcﬁ-&i(Cﬂz)ZCOOMe

, SCCl,, pyridine 2 NaNHz, liquid ammonia

3, Cro HNMe

112504, acetone 4, 80(312; 9

3’

5, NalNH liquid ammonia; 1-Bromotridecane

2!

G, NaOH, EtOH; HCl 7, MeCH, HC1 &, H,, Lindlar



METHYL OCTADEQ 4-INJATE

Silver myristate.

Pure myristic acid {929.5% by g.l.c. 91.2 g.,
C.4 mole) was dissolved in a sclution of potassium hydroxide
(22.4 g., C.4 mole) in water (12C0 ml.}. Silver nitrate
(G2 g., C.40 mole) in water (C8CC ml.) was added ranidly
over 10 min. to a stirred solution. After stirring
vigorously for a further 2 hr., the precipitated silver
salt was filtered on a Buchner funnel, washed with methanol
and dried in an oven at 800 for & hr. The cake was finely
powdered in a mechanical crusher and dried at 1100 for 72 hr.
leaving the silver salt (116 g., 27%) as a light brown
powder which decomposed at 1950 and became liquid at

189

212°%, (@it. 211°).

1-Bromotridecane.

To an efficiently stirred mixture of the dry
silver salt (101 g.) and dry carbon tetrachloride (15C ml.),
dry bromine (53 g., ©.86 mole} was added dropwise over an
hour. The mixture was then heated on a boiling water
bath and stirred for a further hour. After centrifuging,
the residual silver bromide was washed thoroughly with
more carbon tetrachloride. The combined extracts were
washed with dilute sodium carbonate and water, dried, and
evaporated. Distillation of the residue gave pure

1-bromotridecane (55.4 g., 70%) bep. 104-106°/0.35 mn.
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nD5 1.4502. (lite - bep. 135-136°/4 mm.).

Tetrahydrofuriuryl ch:‘,a:)r'j.fle...].j\l

Distilled tetrahydrofurfuryl alcochol (20 g., ©.20% nole

b.p. 2-98°/15 mn.) and pyridine (151 ml.) were placed in a
3-necked flask (2 1.) fitted with o mechanical stirrer,
dropping fiumnel and thermometer. Thionyl chloride

(255.% g., C.218 mole) was added dropwise to the rapidly
stirred and ice~cooled nmixture. When about half of the
thionyl chloride was added, a pasty crystalline mass began

to separate, the temperature rose rapidly, and the rate of
addition was controlled to keepn the temperaturc below 300.
When the addition was complete, the mass was stirred for

4 hr. at room temperature and extracted with ether (10 times
with 250 ml. portions of ether). The ether was evaporated
and the residue washed 3 times with water (100 ml. portous),
dried, and distillied to give tetrahydrofurfuryl chloride
(14e g., 80.5%) bep. 14D~150°, :gs 1.4549 (lit.111

47.-48°/15 mm).

%
Pent_4-yn~1~ol.11'

Tetrahydrofurfuryl chloride (120.5g., 1 mole)
was added over 30 min., tc a suspension of sodamide made
from sodium (8C.5 g., 3.42 mole) in liquid ommonia (1.5 1.).
Liquid ammonia was addzd to keep the volume constant whilst
the mixture was stirred for an additional hour, after which

ammonium chloride (177 g.)was added in portions that permitted



e
Alo=

controel of the resulting exothermic renction. After the
amnmonia evaporated, the residue was e:xtracted thorcughly
with ether (1C = 25C ml.). The combined ether extract was

filtered through a Buchner funnel and the filtrate

evaporated. The residue was distilled through a 3

g

netro
Fenske column with a2 reflux ratioc of (1:1C) to give

pent-4-yn-i-ol (57.8 g. 6S%) b.p. 60~610/15 mm. ng 1.4414,

111

(lit. 70 -71°/29 mm).

Pent-4-ynoic Acid.110

L solution of chromium trioxide (128 g., 1.0 eq.)
and ¢. svivhuric acid (208 ml.) in water (418 ml.) was
added during an hour to aa cooled (below 2003 soluticn of
nent-4-yn-i-ol (75 g., C.89 mole) in water (520 ml.).
After stirring for 13 hx., the acidic fraction (43.4 g.)
was exztracted with ether. Two recrystallisations fron
petroleun ether gave pure pent-4-ynoic acid (34 g., 32%)

mipe 57-58 °C. (tita 10

57-5¢°).

The methyl ester (C.Z2 g.,) was prepared by reflw:ing
the acid (1.2 g.) with methanol (1C ml.) and c. sulphuric
acid (C.4 g.) with both Apiezon I, and polyethyleneglycol
suczinate phase g.l.c. showed only one peak.

N,N-Dinethylpent-4~-ynanides based on 17

Pent-4~ynoic acid (20.6 g., ©.18 mole) was
treated with thionylchloride (47.3 g., 0.4 mole) to give

the crude acid chloride. The eicess reagent was
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distilled off at atmospheriec pressure with the bath

temperature at 1200- Distillaticon was stopped when the
vapour temperature rose to 980. The acid chloride in ether
(75 ml.) was added over 45 min.,to a well stirred sclution
of dimethylamine (27 g., C.6 mole) in ether (400 ml.)
cocled in ice and salt. The mixture was stirred for
2 hr. and then left overnight. Next day the dimethylamide
vas extracted with ether and recrystallised from ethanol/
water to give dimethylpent-4-ynamide (19 g., 76%)

N.M.L. of the sample was in keeping with

the structure.

CH3
Bl AR 5.98 T(s)
HC=C Cﬂz Cﬂz COaiT and
8.12T(s) - 7.00 (s)
CH

(4]

,N-Dimethyloctadec—4~ynanide. hamed om I¥

N,N-Dimethylpentynanide (23.7 g., ©.17 mole)
in tetrahydrofuran (26 ml.) was added tc sodamide made
from sodium (4.25 g., ©.18 mole) in liquid ammonia (6CO ml.)
and the mixture stirred for 3 hr., after which 1-bromo-
tridecane (3% g., €.148 mole) in tetrahydrofuran (5C mi.)
was rapidly introduced over 5 min. The nixture was
stirred for 15 hr. and during the evaporation of

ammonia (G hr.) T.L.C. showed the reaction product



1375

(42.5 g.) to contain similar comnounds to those produced
from reaction of cthexr alkyl bromides and acetylenic amides
but the relative amount of octadecynamide was much less in
this preparation.

Methyl Cctadec-4-enoate.

The crude amide (42 g.) was reflured with a
mixture of ethanol (450 ml.) and 5N sodium hydroxide
(A47C ml.) for £ hr. and the acidie product (17.8 g.) was
isolated with ether.

The methyl ester showed 3 peaks examined by g.l.c.
using a diethylenc glyccl succinate column one of then
corresponding to octadec-4-ynoic ester (45%).

The crude acetylenic ester was hydrogenated in the
presence of Lindlar's catalyst and distilled through a
spinning bam™ column to give a fraction (7.4 g.) b.D.
150-152°/1 mn.

T.L.C. still showed the presence of the same & components
but pure methyl octadec-4-enoate was obtained by preparative
thin layer coromatography of silica impregnated with

[ 4
silver nitrate (nzf 1.4514). (Cctadec~-4-ynoic acid.

Found: C, 76.50; H,11.25 . C18H3262 requires C,77.07;
H, 11.53). m.p. of cis ethylenic acid 45,5-46.5°0(iit. 0 ad.5-45.5°)

54

o
m«pe. of acetylenic acid T4.0-75.C C (1i%, 75a0—?6.00).
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Methyl Octadec-5-enoate

1 2 - . 3
Br(CH, ) ,C1 —— HC=C(CH,),C1 ~—— HC=C(CH, ) COOH ——

a . 5
Hcm{mz)scomez L, (:113(CH2,11 c=C (CHZJBCONI.'Iez i

6
CHS(CHE)”CEJ(C}Iz)aC.‘GOH — CHS(CHZ)HCEC(CHZ)a,COOMe

7 ig
e CH,(CH,). Icﬁﬁﬂ(mz)scoome

1, NaC=CH, liquid ammonia 2, Nal, NoCN; KCH; HCL

3, 50012; HNMez 4, NaNHz, liquid ammonia; 1~bronodcdecane

5, NaCH, EtCH € , MeOH, HCL 7, H Lindlar

23
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METHYL CCTADEC-S5-ENOLTE

5-Chloropent-l-yne. 193

To a suspension of sodium acetylide prepared
from sodium (36.7 g., 1.57 mole) in liquid ammonia (1200 ml.),
1,3-bromochloroprepane (227 g., 1.44 mole) in dry ether
(75 ml.} was added over 45 min. The flask was equipped with
a dry-ice condenser which was replaced with an ordinary
condenser after 2 hr. stirring. Next day, the ammonia was
allowed to evaporate and the product diluted with water,
acidified, and extracted with ether. The dried extract
was evaporated and distilled to give the chloro-alkyne
(74.2¢., 50.7%), bop. 110-112° (1it172 82°/350 mm.)

Hex~5-ynoic Acid.

L mixture of 5-chlorepent-l-yne (74 g., ©.72 mole),
sodium iodide (125 g. ) and sodium cyanide (125 g.) in
ethanol (80%, 1310 ml.) was refluxed for 48 hr. Potassium
hydroxide (418 g.) in water (144C ml.) was then added and

refluxing continued for a further 42 hr. Hex~5-ynoic

acid (3C g., 74%) b.p. 112—1]53 ngS 1.4494; was isclated

17

110 4. p. 105°/9 mn. n * 1.4500

in the usunl manner. (1lit.

N,N;Dimethylhex—5—ynamide37

Thionyl chloride (25.2 g., C.2 mole) wus added
dropwise over an hour to stirred hex-5-ynoic acid (£4.¢ g.,
C.4 mole). The mixture was stirred for 1 hr. and then

heated under reflux for 3C min. The crude acyl chioride,
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freced of excess thicnyl chlorids under reduced pressure,
and dissolved in ether (2C0 ml.), wss transferred intec a
dropping funnel and added to a stirred soluticn cof dimethyl
amine (54 g., 1.2 mole) in ether (400 ml.) maintained at
O~50. The product was extracted with ether as usual and
distilled to give N,N-dimethylherynamide (37 g., 87%),
beDe. 66—690/0.5 mn., ngs 1.472C (1it.17b.p. ?SG/D.S .,
nil 1.4732).

T-Brcmododecane.

ct
Q

Bromine (39%g., C.4% mcle) was added dropwise
a well stirred mixture of dodecancl (20 g., ©.43 mole)
and red phosphorus (3.75 g.). The mixture was stirred for
1 hr. at room temperature and reflured for a further hour.
The product was extracted with ether, dried over potassium
carbeonate, and distilled teo give l1-bromedodecane (81 g.)
shewn by g.l.c. to contain small amounts of 012 and 014
homolcgues. The mixture was redistilled through a ﬁ netre
Fenske column and the fraction (52 g.) boiling at 134-1370/
10 rm. collected. G.L.C. still showed an impurity (ru 2%)
as a peak having a retenticn time similar tc the C_12 alcchol
but not removed by rebromination. The bromide wos purified
by cclumn chromatcgrvaphy using silicic acid with the scivent
system, petroleum cther/ether in the ratio 10:1. Puro
1-bromodedecane was isclated from the eluent and distilled

through a % metre Fenske cclumi b.p. 134-1370/10 I .
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2 2
nD5 1.4570 (1it. 1% p.p. 136.0°/5.7 mn. nfjo 1.45007.

17
N,N~Dimethyl Cctadecc-5~ynamide.

N,N-Dimethylhex~5~ynanide (35.2 g., C.26 mole) in dry
tetrahydrofuran (25 ml.) was added over 45 min. to sodanmide
prepared from sodium (7.2 g., G.31 mole) and excess cf liquid
ammonia (500 ml.). The mixzture was stirred for 3 hr. and
1-bremodedecane (70.3 g., 0.2C0 mcle) in dry tetrahydrofuran
(50 ml.} was then added cver 5 min. After stirring for a
further 12 hr., the ammonia was allowed tc evaporate.

Crude C amide(58 g.) was obtained as a yellow cil.

18

Methyl Cctadec-5-encate fcid.

The crude dimethylamide (55 g.) was refluxed in
ethancl (525 ml.)} and 5N sodium hydroxide (825 ml.) for
o hr, Voter (625 ml.) was added and 600 nl. of the
ethanocl removed con a rotary film evaporator. The residue
was extracted with ether to remove non-acidic material,
then noured into ice and dilute sulphuric acid and extracted
with ether. The extract was washed with water, dricd and
evanporated to give crude octadec-5-ynoic acid (41.5 g.).
This was crystallised from ethancl and water and the first
cron of erystals gave pure cctadec-5-ynoic acid (21 g.)
when recrystallised. (Found: C,77.01; H,11.84. C18H3232
requires C,77.07, H,11.53).

The acetylenic acid (i g.) was converted tc its

methyl ester and hydrogenated in the presence cf Lindlar's



catalyst. The reduced ester was distilled through a
spinning band column tc give methyl octadec—-5-encate (16.2 g.)

bep. 152—1530/1 mm . 1135 1.451G. nm.p. of cis ethylenic acid -—12.5—13.50
51
(1it. f.p. 13°) m.p. of acetylenic acid 51.5 - 52.5

51 -
(1it. 51-52°).

Purity of OClefinic /fcid.

The cis olefinic ester contained no detectable amounts
of the saturated acid (g.l.c.) or the trans isomer (g.l.c.
and i.1.).
Von Rudicff oxidation gave a tridecancic acid as the

only mcnobasic acid.
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Methyl Octadec-G-enoate

1 2 3
HO (CH2 )401'1 —= Cl (CI-{2 )4C1 —— I (CI-I2 )4(31 —_—

4 £ 5
HCEC(C}!2)401 —_— I-ICEC(CHE)(_&COOH e HCEC(CI-Iz,)dCGNMez

o
o

—_ CHB(CH D) CH:(CHz)C_:CONI'.'Ie

7
2710 ——-v-CHS(Cﬂz).IOC‘EC(CHz)éCOOH

2

S ] r\iﬂ —
—-= CH,(CH,), C=C(CH,), CO0Me —— CH_(CH,), CH=CH(CH,), COOHe

1, ScC1 pyridine 2, DNal, acetone 3, NaC=CH, liquid

2!
ammonia 4 , Nal, NaCN; KOH; HC1 5, SOCL

2 5 HNMe2

G, NaNH liguid ammonia; 1 bromo-undecane 7, Walll, EtOH

2 b
g8, MeCH, ICl 9 H

; Lindlar.

2!
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METHYL OCT/DEC-5-ENCATE.

-

1-Brcmc—undecane.11°

Bromine (25.9 g., ©.32 ncle) was added dropwise
over 3C nmin. to a2 nixturc of undecanol (85 g., 0.32 mole)
and purified red phosphorus (2.482 g.). The mixture was
stirred for a further hcur, then diluted with water and
cxtracted with ether. The extiract was washed with dilute

sodium carbonate, water, and dried. Distillation gave

(o)
bromcundecane (58 g. 77%) b.p. 134-137 /18 rm. n§5 14557

194
(1it. 114°/5 mm. n§5 1.455877).

based on 112
1,4-Dichlorcbutane.

Thionyl chloride (357 g.) was added to 1,4-butane
diol (67.5 g., 0.75 mcle)} and dry pyridine (14 ml.) at such
a rate that the temperature ruse to, but did nct exceed 25°,
The mixture was refluxed for 2 hr. and the product isclated
as usual {c.f. dichlorchexane ». 134) to give 1,4~dichlorc-
butane (78 g., 2C%) boiling at ?2—?50/15 Tam . na 1.453C

195 -
(Lit. DeDe 55-56.5 /14 mm.).

1,4~Chlorc-icdobutanc.

1,4-Dichlorcbutane (75 g., 0.58 mole) was added to
a sclution of sodium icdide (24 g., 0.56 mcle) in acctone
(500 ml.). The efficiently stirred nmixture was refluxed
for 6 hr. and 1,4-chloro-iodobutane (55 g., 42.7%) b.d.
o 25 3 9 o
S2-94 /11 nm. nD 1.5382 (1it. b.p. 23-64.5 /17 mn.)

was isolated in the usual manner.



6-Chlorohex-1-yne .

1,4-Chloro-iodobutane (54 g., 0.25 mcle)} in dry
ether (25 ml.) was added dropwise over 30 min. to sodium
acetylide prepared from sodium (7.C g., 0.3 mole) in liquid
ammcnia (500 ml.). The mixture was stirred for 12 hr. and
the ammonia then allowed to cevaporate. The product was extracted
with ether to give G-chlorchex-l-yne (26.4 g.)(lit. k3

bep. 143-142°).

Hept-G6-ynoic Acid.

The crude 6-chlorchex~l-yne (25.4 g.), sodium
icdide (44.5 g.), sodium cyanide (44.5 g.) and ethanocl
(eC%, 437 ml.) were refluxed for 48 hr. and refluzed for a
further 48 hr. with potassium hydroxide (1498 g.) in water
(37 ml.)}. The acidic material wos extracted as usual and
distilled t¢ give heptyncic acid (24 g., 79.1% based on
chlcro-iodoc--butane) k.p. 70~70.50/O.5 mme nﬁs 1.4512
(1it. 110b.p. 29-92°/0.05 mm.).

; 3 based on 17
N,N-Dimethyl hept-G6-ynamide.

Thicnyl chloride (35.7 g., 0.3 mole) was added
dropwise over 30 min. tc heptynoic acid (20 g., 0.15 ncle).
The nixture was stirred for 1 hr. at rcom temperature and
then refluxed for 3C min. The crude acid chloride, was
freed of thionyl chleoride, dissolved in ether (150 ml.)
and added dropwise to a solution of dimethylanmine (21 g.,

0.45 mele) in ether (450 ml.). The product was isclated
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as usual to give N,N-dimethylhept-G-ynanide (15.2 g., G2%)
25
bep. 76-00°/0.4 mm. n-” 1.4768.

N,N-Dimethyl Cctadec-G-ynamide.

N,N-Dimethylhept-G-ynamide (i4.5 g., C.0% mole) in

ry tetrahydrofuran (25 ml,.) was added dropwise to o suspensiocn
of sodamide prepared from scdium (2.5 g., C.11 mole) in liquid
ammonia (600 ml.). Stirring was continued for 3 hr., after
which 1-bromoundecane (24 g., C.1 mole) in dry tetrahydrofuran
(5C ml.) was added rapidly over 5 min. tc prevent the bromide
crystallising cut of sclution. The mixture was stirred for
a further 12 hr. and the ammonia allowed toc evapcrate.
Extraction with ether in the usual manner gave the crude
amide (22 g.).

Methyl Octadec-G-yncate.

The crude C18 anmide (2C g.) was refluied for 8 hr.
with ethancl (225 ml.) and 5N sodium hydroxide (225 ml.)
to give octadec-G-ynoic acid (12.7 g.) ond crystallised

from ethanol/water.

Methyl Octadecc-G-encate.

The acetylenic acid (.5 g.) was converted to its
methyl ester and partially reduced in the presence of
Lindlar's catnlyst. Distillation through a spinning band

o
column gave methyl cctadec-G-cnoate. (8.9 g.) ben. 143=-71447/

25
. o"‘.";. -. : -Iﬁg. - ,‘c
1 mn nD 1.4516 (Fcund: C,76.69; H,12.08 CTSH3502

requires C,76.85; H,12.05.). mn.pe. of cis ethylenic acid



1

e

»

98:0-89.07 (1it. 1° w.p, 22:29,8° mep. of scetylenic
acid 50,0-51,0° (14te ® mop. 50-51°),

Purity cf clefinic acid.

The cis clefinic ester contained no detectable
amounts cf saturated acid (g.l.c.) or trans iscmer {g.l.c.
and i.r.).
Von Rudloff cxidation gave only lauric and adipic acids

as shown both on pelar and non-poclar phases.
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IMethyl Octadec--7-enoate

o

1 2 3
. g wSig
}10(0}12)50H Cl(CHz)5C I(Cﬂz)sc

4 5
HC=C (CI‘Iz ) 501 —— HC=C (C'Hz ) SCOOH —— HC=C (CH2 J 5CONM82

6 7 \
L. -~ CH3(CH2)QCEC(CH2}5CONI‘.Ie2 Ecee CHB(CHZ,)QC?S(CHEJSCOOH

g S i
—_ C'H3 ('S!H2 )QCEC (('ll-l2 )5COOMG — CI-I3 (CH2 )QCﬁ-—-(%H(Cﬂz )5COOME

1 SCC1

LY pyridine 2, Ial, acetone 3 NaC=CH,

liquid ammonia 4, Nal, NaCN; XOH; HCL 5, SOCL,;

IrlI*I'.ﬁJIG.'2 G, NﬂI‘le 5

7, NaCH, EtOH &

liquid ammonia; 1-bromodecane

, MeOH, HC1 ¢, H_, Lindlar

2?



METHYL OCTADEC-7-ENOATE.

1,5-Dichloropentanc.

1,5-Dichlcropentane was prepared from the diol
(152 g., 1.46 mele), pyridine (21 ml.) and thicnyl chicride
{103 g.) as described for 1,G-dichiorchexane. The dihalide
(18G g., 78%) has a bciling point of 38-700/10 me. and
25 196

o
RD 1.4554. (1it. Bepe 76-72 /21 mm. ).

1,5-Chicro-icdopentane.

1,5-Dichlorcpentane (155 g., 1.1 ncle) was added to
sodiunm iodide (164 g., 1.1 mole) in dry acetone (250 ml.)
and the efficiently stirred mixturc heated under refliux
for 5 hr. The product was isclated as usual (c.f. chloro-
icdchexane p. 134). Distillation gave 1,5-chloro-icdo-
o 25 ¥
pentane (116.5 g., 45.6%) b.n. $4-88 /8 rm. nD 1.5272

15 9
(lit. DeDe 125-1270/36 ma. nD5 1.5297).

61
7-Chlorchept-l-yne.

1,5-Chloro-iodeopentane (118 g., 0.5 mcle) in ether
(5C ml.) was added cver 45 min. to sodium acetylide made
from sediun (14 g., C.¢ mcle) in liquid ammonia (75C ml.).
LAfter stirring the mixture fcr 1C hr., the chlorc-alkyne

was iscloted with ether. Distiliation gave 7-chlorchept-

25
1-yne (5%.¢ g., 82.5%) b.p. 76-79°/28 mm. n°° 1.4530C
13
(1it.  166°, n§5 1.4501).

61
Oct-7-ynoic Acid.

7-Chlcrohent-1-yne (53 g;, 0.41 mole) was refluxed



T e
1 30e

with a mixture of sodium iodide (70 g.), sodium cyanide
(70 g.) and ethanol (80%, 70C ml.) for 48 hr., and for a
further 48 bhr. after votassium hydroxide (230 g.) in watexr
{520 ml.) was added. Distillation of the recovered acidic
product gave oct-7-ynoic acid (48 g., 83.3%) bep. 81—840/

13 2
0.5 mm., n§5 1.4510 (lit. 123°%/2 mn. nD5 1.4502).

. : based on 17
N,N-Dimethyloct-7-ynamide.

Thionyl chloride (71 g., 0.6 mole) was added over
an hour to oct-7-ynoic acid (42 g., 0.3 mole) and the
mixture after stirring for a further hour was heated under
reflux for 30 min. The eiicess of thionyl chloride was
removed under reduced pressure, and the crude acid chloride
in ether (300 ml.) was added to dimethylamine {(41.4 3.,
0.92 mole) in ether (3CC ml.). After stirring for C hr.,

the crude amide was recovered with ether. Distillation

gave the C, amide (35 g., 70%) b.o. 02-04°/0.4 mm.
25

1.4710.
nD O

118
1-Bromodecane.

Bromine (5C g., 0.63 mole) was added over 30 min.
to a mixture of n-decanol (20 g., 0.51 mole) and purified
red rphosphorus (4.75 g.). Crude bromodecane (20.4 g., 71%)
was recovered in the usual manner. Both 012 and 014
bromides were present as minor impurities (~2 6%).

Pure l-Lromodecane (57 g.) was obtained by careful

% metre Fenske column. b.p.

o X

fractionation through a
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" fe) 25 - 194 o
116-117°/11 mm., 0 ° 1.4547 (Lit. b.p. 162.5°/5.9 mm.,

20
1.4. .
nD 5527)

N NiDimethyloctadec-T-ynamides Pe9ed on 17

N,N-Dimethyloct-7-ynamide (33 g., 0.12 mole) in
dry tetrahydrofuran (25 ml.) was added over 30 min. to
sodamide prepared from sodium (5.8 g., 0.25 mole) in liquid
ammonia (500 ml.). After stirring for 4 hr. I-bromodecane
(55 g+; ©.25 mole) in dry tetrahydrofuran (25 ml.) was
added over 30 min. Stirring was continued for 1C hr.,
after which the ammonia was allowed to evaporate.

Isolation of the reaction product gave the crude dimethyl-
amide (45 g.).

Methyl Cctadec-7-ynoate.

The C1p amide (44 g.) was refluxed with ethanol
(575 ml.} and 5N sodium hydroxide (575 ml.) for & hr.
The resulting acidic material was isolated and distilled

as its methyl ester to give methyl octadec-7-ynoate

(20.5 g.) b.p. 148-151°/0.5 mm.

lMethyl Cctadec-7-enoate.

The acetylenic ester (1T g.) was hydrogenated
in the presence of Lindlar‘s catalyst and distililed

through a spinning band column to give methyl
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4 0 25
osctadec~-7-enoate (15.2 2.) b:p. 1585~152 /1 mm. n 1.4513.

H C,75.95; H,12.253 .

Found: C,73.21; H,12.08.

3572

(o
19

'lﬁ-'
M.p. of cis ethylenic acid 12.0~13.0° (It~ BaPe 118 =
1
12.50) m.p. of acetylenic acid 42.0-45.0 (1lit, 5 MeDe 482:5~-

48.5%).

Jurity of olefinic acid.

The cis olefinic ester contained no detectable amount
of saturated acid (g.l.c.) or the trans isomer (Z.l.c. and
PeTe)s

Von Rudloff oxidation gave only undecanoic acid and

pimelic acid.
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Methyl Octadec-8-enoate

1 2 3
HO(CH,) OH —— C1l(CH_) Cl1 —— I(CH_, ) Cl——
2°6 2°G 2°6

4 5
HCEC(CHZ)GCI ——t HCEC(CHZ)SCOOH —_— HCﬂl(CHz)6(2‘01‘11‘4162

& 7
—_— CH3(CH2)GCEC(CHz)6CONM32 —_— CHS(Cﬂz)SCEC(CHz)acC)CH

e 9 i
~—= CH,(CH,) C=C(CH,) COOMe —— mstmz)scﬁ@(cnz)scoome

N SGClz, pyridine 2, NaI, acetone 3, NaC=CH,

liquid ammonia 4, Nal, NaCN; XOH; HCl 5, £2¢1_; HNMe

G, NaNI—Iz, liquid ammonia; 1-bromononane 7,6 NaCH, EtCH

8, MeCH, HC1 9 Lindlar.

, Hy,



METHYL CCT/ADEC-C-ENCATE.

112
1,G-Dichlorohexane.

1,6-Hexanediol (150 g., 1.27 mole) and dry
pyridine (17.7 nl.) were melted together and thionyl
chloride (30.7 g.) added to lower the melting point. To
the cooled, stirred mixture, thionyl chloride (355 g.) was
added dropwise at such a rate to maintain the reaction
tenperature at 25°. After the addition, the mixture was
heated under wxeflux for 2 hr. and noured carefully into
ice and water. The precipitated oil was recovered with
netrocleun ether, and the extract washed with c. sulphuric
acid, agueous sodium bhicarbonate, water, and then dried.
Evaporation of the soivent and distillation gave the
product 1,5-dichlorohexane (175 ., 09%) b.p. 06°/15 mm.,

112
nﬁ5 1.4562 (1it. baD. 990/28 M. ngs 1.457G).

112
1,6-Chloro~iodohexane.

1,5-Dichlorohexane (225 g., 1.45 mole) was added
to a solution of sodium iodide (225 g., 1.5 mole) and dry
acetone (1525 ml.) and the vigovously stirred mixture
heated under reflux for 4 hr., poured into water 1.5 1.,
and extracted with petroleum ether. The extract was
washed with water, dried, and evaporated. Distillation
through a % metre Fenske cclumm zave a middle fraction
bepe 76-780/0.7 mm. which was redistilled to give

o)
1,6-chloro-iodohexane (164.2 g., 46%) be.p. 76=-72 /C.7 nm.



155.
112 )
ngs 1.5212 (iit. 73—740/G°7 mme n24 1.5243.
' D
The redistilled mnterial was shown by g.l.c. to be

5C.5% pure.

£..Chloro-oct-l1-ync.

1,86~Chloro-iodohezane (2.42 g., 0.32 mole) was
dissolved in dry ether (75 ml.) and added dropwisc over
'45 min,to 2 suspension of sodium acetylide prepared fronm
sodium (10.2 g., C.44 mole) and ligquid ammonia (G600 ml.)
The mixture was stirred overnight and the product isolated

in the usual manner. Distillation gave C-chloro-oct-1-yne

2 112
(4 g, S7.4%), bep. 34°/0.2 mm., nD5 1.4525 (1lit,
73-74°/10 ., n§5 1.4590).

Non-8-ynoic acid.

2-Chloro~oct-1-yne {46 g., 0.32 mole) was
refluxed with sodium iodide (42 g.), and sodium cyanide
(42 g.) in ethanol (20%, 410 ml.). After 48 hr., potassium
hydroxide (138 g.) in water (310 ml.) was added, and the
mizture reflured for a further 4C hr. Recovery of the
acidic material and distillation gave non-C-ynoic acid
(43.8 go, £8.9%) bep. 96-07"/0,C mm. n-° 1,4545
(Lite '~ bep. 122°/4 .

based 17
N,N-Dimethylnon-8-ynanmide. ased on

Thionyl chloride (3G.6 g., C.50 mole) was added
over an hour to non-8-ynoic acid (43 g., 0.2C mole) which

was well stirred.. The nirxture was allowed to stand for



1

[y

Sa
another hour at room temperature, nand refluxed for 3C min.
The excess thionyl chloride was removed under reduced
pressure, and the crude acid chloride in ether (300 ml.)
was added to a solution of dimethylamine (37.8 g., ©.84 mole)
in dry ether (300 ml.); the reaction temperature was maintained
between 0-50 during the addition. After stirring for a
further & hr., the crudc amide was isolated with ether.
Distillation gave N,N-dimethylnon-g8-ynamide (44.1 g., 07%)

25

o
b.p. 100-102 /0.7 mm., n, 1.4703.

1-Bromononane.

1-Bromononane obtained from Koch Light was distilled

through a % metre Fenske column to give a product shown to

o 25 1954
be pure by g.l.c. b.p. 22 /11 mn., ng 1.4538 (lit.

218.5°/745 mn., n§0 1.45417.,

based on 17
N,H-Dimethyloctadec-C-ynamide.

N,HN-Dimethylnonynamide (40 g., 0.22 mole) in
dry tetrahydrofuran (5C ml.) was added dropwise to 2
suspengion of sodamide made from sodium (5.32 g., ©.27 mole)
and liguid ammonia GCO ml.). After stirring foxr 3 hr.,
nonyl bromide (5G.5 g., ©.27 mole) in dry tetrahydrofuran
was added over 3C min., and the stirring was continued for
1C hr. Aftor the ammenia had evaporated, the »roduct was

isolated in the usual manncy with ether, to give crude N,N-dimethyl

octadec-0-ynallide (54 g.) as a yellow oil.
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Methyl Octadec-C~ynoate.

The crude amide (4 g.) was added to o solution
of ethanol (6CC ml.) and 5N sodium hydroxide (6C0 ml.)
and the mixture heated under reflux for ¢ hr. Isolation
of the acidic material and distillation of its methyl
ester gave methyl octadec~C-ynoate (24.5 g.) b.D. 142—1440/
0.4 mm. (The acid - Found: C, 76.86 ; H, 11.20
CIC 302 requires C,77.07; ,11.53).

Methyl Octadec-8-enoate.

Methyl octadee-C-ynoate (17.5 g.) was reduced
with Lindlar's catalyst and distilled through a spinning

band column to give methyl octadec—-g-cnoate (14.2 g.)

25

beps 135—1660/1 M. nD 1.4515. m.p. of cis ethylenic acid 23.0~24.00

15

(1it. = 22.7 - 23.2°) m.p. of acetylenic acid 47-47.5 corr.
15 3

(1it. 43.5 - 47.5%).

Zurity of olefinic acid.

The cis olefinic ester contained no detectable
amounts of saturated acid (g.l.c.) or trans iscmer (g.l.c.
and i,r.) Von Rudloff oxidation gave only decanoic and

suberic acids.
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Methyl Cctadec-C-enoate

HO(CH..) OH —— CL(CH.).Cl —2— I(CH.).Cl —>—
2°G 2°3G 2°6

HC=C(CH,) C1 "2 HC=C(CH_.) .CH(COOLLt ) -
2°6 2°G 2

pon-d 7
HC=C(CH_) CH _COOH —— HC=C(CH..) CONMe, ———
2’¢ 2’7

2 2

8
CI-I3 (CH2 )7CEC (Cl'l2 )7CONM«..2 — CH3 (01{2 )7CEC (CH2 )700021

9 10 ig
— CE,(CH,), C=C(CH,), CO0Me —— Ciis(CHZ)TCLﬁ_tSH(CHZ).?COOMe

1 SGC].Z, pyridine 2, MHal, acetone 3, HNaC=CH, liquid

ammonia 4, Nal, HC(Na)(COOEt }2, EtCH 5, NaOH; HCIl;

160 , G, 80012; HNMe 4 NaNH

2 liquid ammonia;

2 ]
1-bromo-octane 8 NaOH, LEtOH- HCl 9 McOH, HCL

t ?

10, H

07 Lindlar.



METIIYY, CCTADEC-S9-ENCATE

Ethyl Cct=-7-ynylmslonate.

Freshly cut sodium (3.2. g., 0.3C mole) was added
in small amounts to absolute alcohol {250 nl.) contained in
a flaslz {1 1.) fitted with 2 stirrer and refluxr condengser.
After the sodium dissclved, freshly distilled diethyl malonate
{7C.4 g., 0C.44 mole) was added gradually and the mizture then
vefiured for 1 hr. The reaction mixture was cooled to room
temperature,sodium iodide (G5.5 g., C.44 mole) and C~chioro-
oct-1-yne(57.2 g., C.40 mole} added, and the whole mixture
refluxed for 24 hr. Water (25C ml.) was then added and the
volume reduced to half on a rotary film evaporator. The
solution was acidified with cold dilute hydrochloric acid
and extracted with ether which was subsequently washed with
water, dried,and evaporated. Distillation yielded ethyl

oct-7-ynylmalonate (78 g., 73%) b.p. 120 124°/0.5 mm.

Oct-7-ynylmalonic Lecid.

The ester (75 g., 0.2C mole) was refluxed with
potassium hydroxide (32.7 3., 1.i2 mole) in ethanol (80%;
300 ml.) for 2 ar. Watexr (OO0 ml.) was added and the
volume reduced to haif on a rotary film evaporator.
Neutral material was extracted with ether and the
remaining agueous layer, acidifier, and extracted with

ether to give the malonic acid (5C.3 z., 95%).



Dec-S-ynoic acid.

The malonic acid (55 g., 0.28 mole) was heated

o) o = 3 o = 2

to 180~120 under an atmosphere of nitrogen for 5 hy., until
the evolution of carbon diorride cecsed. The nroduct was

diluted with ether, dried and distilled to give dec--S-ynoic

15157 o

bo"‘)n &g

acid (40.2 g., 92%) bep. 110-114°/0.6 mm. (1it.

O.1 mm-}-

N,N-Dimethyldec-O-ynamide. P°25ed on 17

Dec-8-ynoic acid (32 g., C.227 mole) was treated with
thionyl chloride (32.5 g., ©.2C mole) to give the crude acid
chloride 1£fter the excess thionyl chloride was removed under
reduced pressure. Lcid chloride dissolved in dry ethexr
(120 ml.) was then added dropwise to dimethylamine (31 g.,

C.68 mole) in dry ether (5CO wul.) maintained at o~5°. Lfter
stirring for 6 hr. longer, the reaction product was isclated
in the usual manner. Distillation gave N,N-dimethyl dec-

S-cyomide (38.3 g., 06%) bepe ©5-100°/0.1 mnm. ngs 1.4740.
11

(9]

1-Bromnoc—-octane.

Technical octanol distilled through a ¥ metre Fenske
column gave n-octanol shovn to be pure by g.l.c.
Dry bromine (56 g., 0.7 moie) was added over an hour
to a stirred mixture of octanol (€2 g., 0.53 mole) and
red phosphorus (5 g.). After stirring for another hour,
the product was extracted with ether and distilled to

obtain i-bromo-octane ($4.3 g., 78%) b.p. 198.%0/735 ram.
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194 o 20
n 1.4518. (lit, 200 /755 mm. ng 1.45237).

based on 17
iT,lI-Dimethyloctadec~S-ynanide.

N,N-Dimethyldec~C~ynamide (28.25 g., C.15 mole)
in dry tetrahydrofuran (25 ml.) was added to a susnension of
sodanide prepared from sodium (4.5 g., 0.2 mole) and iiquid
ammonia {500 ml.). When the mixture had been stirred for
3 hr., l-bromo-octane (32.86 g., C.2 mole) in tetrahydrofuran
(25 ml.) was added dropwise over 30 min. Crude HM,N-dinethyl-
octadec—0--ynamide(35.7 g.) wags isolated as before.

Methyl Octadec-U-enoate.

The crude amide (35 g.) was heated nder reflux:
with ethanol(35C ml.) and 5N sodium hydroxide (350 mi.)
for © hr. The acidic product (22 g.) was isolated and
converted to the methyl ester (22 g.). This acetylenic
ester was partially reduced with hydrogen in the presence
of Lindlar's catalyst to give methyl octndec-9-cnoate (2.2 g.)

(8] 25 ~ ~

bens 145~147 /1 nm. ny 1,4515. (Found: C,73.2C; H,12.05.

c_H

15 3502 requires C,76.85; H,12.28). purified by distillation

through a spinning band column. me.n. of cis cthylenic
) 15 o
acid 10,0-11.,0 (1it. Mepe 10.0 = 11.57 ) mup. of

15

acetyleonic acid 45.,5-46.5 (Lit. '> m.p. 46.4 - 47.8).

Purity of olefinic acid.

The cis olefinic ester contained no detectable
amounts of saturated acid (g.l.c.) or trans isomer (g.l.c.
and i.r.) Von Rudloff oxidation gave only nonanoic and

azelaic acids.
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Methyl Octadec~10-enoate

1 2
ECOoC (CH 9 J,CO0H —— HOCC( CH2 ) _CCCMe -—-= Br (Cﬂ2 ) _CO0Ma
L S 4 (o [+

3 _ 4 - _ 5 . -
—_—— B.-.(C'HZ)QOOOH — Bi(cnz)scom% e I(CI‘;2)8...,0NM92

6 7
e e e CH3 (Ci-lz ) Cc=C. (C'{-I2 )SCOHMGZ — {}I’I3 (Cl-lz )GCEC (CCH2 )SCOOH

e 9 i
—— CH,(CH,) C=C(CH,) COOMe — m3(m{2)30ﬁﬁ(m{2>scoome

diethyl sebacate, EtCH 2 , KCH; AgNGS; Br?,CC14

3, O©.5N NaOH 4, SOCl,; HiMe, 5, WNal, acetone

Nalld liquid ammonia; nonyne 7, NaCH,EtCH; HC1

2’

8, MeCH, HC1 S, H,_, Lindlar

2!
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METHYL CCTADEC. 10- ENCATE
118

1-Dromoheptane.

Bromine (€€ g., 1.1 mole) was added over 1 hr.
to a stirred mixture of heptanol (116 g., 1 mole) and red
phosphorus (8.2 g.). Distillation of the isolated product
gave 1-bromoheptane (138 g., 77%) bep. 178-178°/753  xum. .

25 194
n? 1.4487. (1it, 177.5%/752 mn. “::2)0 1.45052.
Non=1-yne.

1-Bromoheptane (125 g., 0.7 mole) was added to
a suspension of sodium acetylide made from sodium (2C.8 g.,
C.075 mole), in liquid ammonia (7CC ml.) and the mixturc
stirred for 10 hr. Distillation of the product gave

5 ; o 25
non-1-yne (78.2 g., 91%) b.p. 148-15C", ny 14214,
197 o 20
th

(1it. 140-15¢C n_ 1.4250),

Ethyl Hydrogen Sebacate.

A mixture of ethyl sebacate (132 g., ©.51 mole),
sebacic acid (172.5 g., ©.22 mole), c. hydrochloric acid
(sp. gr. 1.19, 22.5 g.)} ond dibutyl ether (44 ml.) was
heated under refiux at 160-170° for 30 min., ina 1 1.
flask fitted with a long condenser. The mixture becane
completuly homogenecous and the temperature oif the bath
was lowered to 120—1300; dry ethanol (53 ml.) was added
and refluxing continued for 2 hy. A further volunc
of ethanol (i7 ml.) was introduced and the mixture

refluxed for another 2 hv. The temperaturc of the bath



144,
was reduced to 75° and the water removed azeotropically with
toluene using a water separator. The residue was distilled
through a # metre Fenske column. The first fraction of
diethyl sevacate was followed by »ure ethyl hydrogen sebacate
(105.2 g., £6%) b.p. 152-154°/0.6 mm. m.p. 36.3 - 37°(corr.)
198

(1it.”°% buo. 183-127°/6 mr. mep. 34-36°).

Ethyl Silver Sehacate.

Ethyl hydrogen scbacate (203 g., 0.82 mole) was
well stirred with a solution of potassium hydroiide (54.2 g.,
0.80 mole) in water (1200 ml.). Silver nitrate (i54.5 g.,
C.C07 mole) in water (200 ml.) was yapidly added over 15 nin.
and the whole stirred for a further 2 hr. The nrecinitated
silver salt was filtered on a Buchner funnel, washed with
methanol and dried in an oven ut 7¢° for 6 hr. The mass was
finely divided in a mechanical crusher and dried in a vacuun
oven at 8¢° for 72 hr. to give the silver salt (272 g., 94%)
melting at 200-213°(corr.) with decomposition.

Ethy1-8-Bromononanoatc.

P

Bromine (128g., 1.6 mole) was added dropwise, over
an hour to a well stirred mixzturc of the siiver salt (26¢ g.,
0.2 mole) in dry carbon tetrachloride (40C ml.}. After the
addition was conplete, the mixturce was stirred for a further
hour. The bromo-ester was extracted from the precinitated
siiver bromide with more carbon tetrachloride. Careful

fractionation through a i metre Fenske column gave a forerun
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(32 g.) contairning 6% of the lower homologues and pure

Jethyl-9-bromononanoate (68 g.) b.p. 164-168°/11 mn.,

- 199
nD5 1.450 (1it. b.p. 120°/30 mm., nﬁo 1.4610.

9-DPromononanoic Acid.

The bromo-ester (1.5 g.) was added to C.5 N-sodium

hydroxide in ethanol (G0%, 25 ml.) and the mixture left
at 0° for 1C hr. On isolating the product, S-bromononanoic
acid (1.35 g., 92.€%) m.p. 35-36.5  (from dilute acetic)
(1itM5  n.p. 36°) was obtained.

T.L.C. showed absence of hydroxy acid and n.m.r. was in
keeping with the structurc.

Le35 7 -27T

Dr CH,z (cn,) s CH COCH

2
G685 T (t) 7.68 T (t)

S-Hydroxynonancic acid (with bromononanoic acid.

The bromo-cster (37 g., C.25 mole) was added to
a solution of potassium hydroxzide (14.3 g.) in ethanol
(60% 450 mi.) and the mixture left at GO over 1 hr. The
product (43.2 g.) m.p. 43—460 was o mixture of bromo and
hydroxy- acids. Since both could be used to preparec the

icdo-anide, no attempt was made tosevarate the components.

S-Bromo(chloro--l,N-dimethyilnonananide.

The bromo(hydroxy) acid(35 g.) was treated with
thionyl chloride (52.8 g.) to give the acid chloride, after

the eicess reagent was renoved under reduced pressure. The
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acid chloride was transfered t» a 1 1. 3-necked flask and
diluted with dry ether (5CC ml.;. This solution was cooled

to 00 and dimethylamine (27 g., C.5 mole) in dry ether (2CC ml.)
added dropwise. After 2 hr. further stirring, the mizture

was allowed to remain overnight. E:traction and distillation
gave a neutral substance (33.5 g.) b.D. }CC~ICSO/C.4 M.

,N-Dinethyl-9-iodononananide.

The bromo(chloro) amide (34 g.) was dissolved in
a solution of sodium iodide (35.4 g., 0.24 mole) in dry
acetone (265 ml.), and refluxed with stirring for & hr.
\fter evaporating most of the acctone, diluting with water,

iodo-amide (40 g.,) was cxtracted with ether.

/cns 7.05 T
IcH, (ch, )SCH CON

2
\\\CH

G.o4T 7.767%

5 7.06 T

based on 17
N,N--Dimethyl Octadec--10-ynamide.

Nongne (17.2 g., C.143 mole) in tetrahydrofuran
(25 ml.) was added over 30 min. to sodamide prepared from
sodium (3.5 g., 0«15 mole) in liquid ammonia 8C0 ml., and
the mixture stirred for 4 hr. N,N-Dimethyl-9-iodononamide
(35 g+, 1.13 mole) in tetrahydrofuran (50 ml.) was rapidly
added over 5 min., and stirring continued for 10 hr., after
which the ammonia was allowed to cvaporate. Crude octadec-

1C~-ynanide (34.8 g.) was isolated with cther. (The acid-
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Methyl Cctadec-1C-enoate.

The crude CIB amide (33 g.) was refluxed with
ethanol (330 ml.) and 5N potassium hydroxide (330 ml.) for
g hr. The acidie product (22 g.) was isolated and most
(15 g.) of this was converted to its methyl ester (12.4 g.).
The crude ester (18.2g.) was hydrogenated in the nresence
of Lindlar's catalyst and the product distilled through a
spimning band column to give methyl octadec-10~-enocate (12.4 g.)

o 25
bepe 167-168 /1 mn. np 1.4519 nm.p. of cis ethylenic acid 22,5_23.5c

1
(1it. O m.p. 22.2 - 22.8°) m.p. of acetylenic acid 45.5-46.5°)(1its >
n.p. 45.5 - 46.5°).

Purity of olefinic acid.

The cis olefinic ester contained no detectable amounts
of saturated acid (g.l.c.) and the trans isomer (g.l.c. and

i.r.) Von Rudloff oxidation gave only 010 dikasic acid.
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Methyl Cctadec-11-cnoate

1 2
= ——— Br H —— Br
Cﬁiz"‘CH(CHZ )BCOOH B (Cﬂ2 )'l 0COC) 1 B (l.'.‘.'I-I2 )QCOOI-I

3 2 5
—— D ——— v [ =C( ——
Br (01-12 ):V)C()I*TE'I{:2 fl!Z{I3 (CII2 )50:{3 .CHz )E}CDINIT‘!IC:‘2

J
('.'I-I3 (CH2 )5C‘EC (CH2 )QCOOH —_— CHS (CI‘I2 )5CEC (C'rlz )QCOOMO

7 i
I cH,(cH,) scﬁ—f:ﬂ (cn,, > COOMe

1, HBr, petroleum ether, 02 2 , Barbier-Wieland R

3, SOClz; HNT'Jez 4, Nal‘mz, liquid ammonia; occtyne

5, NaOH, EtOH; HCl 6, MeOH,HC1 7, H,, Lindlar



METHYL CCTADEC-11-ENCATE

1
11-Bromo~-undecanoic Acid.

Hydrogen bromide (prepared from tetrahydronaphthalene
and bromine) was rapidly passed intc a sclution of commercial
undec-1C-cnoic acid (52.3 g., C.34 mole) in purified petroleun
ethexr (60-800, 4CC nml.) maintained at CO ina 1 l. conical
flask. After an hour a solid appeared and the flask was
shaken frequently for another hour while the gas was passed
in. The solid was filtered off, after cooling the reaction
mixture to —120, and dried in a vacuum desiccator over

ons. Two crystallisations of the crude product (22g.)

; 5 % o]
gave pure l1l-bromo-undecanoic acid (48 g., 53%) m.D. 47-40

cit.) ' np. 45-4¢°).

Nem.r. of the recrystallised sample showed no nethyl
pealk indicating the absence of 10-bromo-undecancic acid.
G.L.Z. of the methyl ester cn both polar and non-polar

phases showed only one component.

Ethyl 11-Bromo-undecanoate.

11-Bromo-undecanoic acid (62 g.) was mixed with
a solution of ethyl alcohol (3CC ml.) and c. sulvhuric
acid (22 ml.) and the solution heated under reflu:x for
5 hr. The product was diluted with water (G60C ml.) and
after reducing its volume by a half, cxtracted with
ether. The extract was freed of any unreacted acid and

distilled to give ethyl 1l1-bromo-undecanoate (56.3 g.,



T e
tullie

89%) bep’ 122-124 /O 5 mm. 1‘\::0

b

1.4512

1,1-Diphenyl-11-bromo-undee-1-cnc. 114

A solution of bromo-ester (£7.5 g., 0.3 mole) in

Ary ether (380 ml.) was added dvopwise over an hour ts an
ethereal solution (39C ml.) of plenylnagnesiun bremide
made from bromobenzene (104.2 g., ©.6 mole) and nopgnesium
(14.4 g+, C.6 mole). The solution was refluxed for 4 hr.
and then poured into a mixture of dilute sulphuric acid
{10%; 600 ml.) and ice {~s15C g.). The cther layer was
separated and together with ether extracts of the remaining
agueous layer, washed with water, dried, and evaparated,
to give an alcohol. The lotter was heated directly to
22-3O for 50 min. and distilled to give 1,1-diphenyl-T1i-

bromo-undac~i-ene (02.8 ., T70) bDebo 167—1???/902 i

2 114

2% 1.5558 (1it.  bep. 156°/0.5 ma., n§5 1.557).

T
A

o

1C-Brenndecanoic ALcid,

L solution of chromium trioxide (88 g.; in
water (8C ml.) was added over 2% hre to a well stirred
warm (55—600) sclution of 11-bromo-1,I-diphenylundec-
1-ene (132 g.) in acetic acid (10C0O ml.). After the
nizture had been stirved overnight ot 206, nost of the
solvent was ecvaporated ui.der reduced pressure and tho
cesiduc warned with SN sulphuric acid (200 mi.) on a
boiling water bath for an hour. [ saturated aqueous

solution of scdium chioride (2400 mi.) was addel to



the cooled mirture which was #:rn extracted with ether.
Isolation and distillation of the acidic product yield ed 10—
bromoqﬁﬁfnoic acid (48.5 g., 56%) b.p. 138-142770.5 mn.

(1it.  m.p. 35-38°).

N,N-Dimethyl-10-bromodecananide.

Thionyl chloride (25.6 g., ©.22 mole) was added to
the bromo-acid (43 g., 0.172 mole) over an hour. After another
hour, the mixture was refluired for 30 min. and the cicess
thionyl chloride removed under reduced pressure. The crude
ncid chloride was diluted with dry ether (4ACC ml.) and
dimethylamine (0.32 mole) in dry cther (150 ml.) was added
over 2C min. The product was extracted with ether to give
N,N-10-bromo-dimethyldecanamnide (4C.3 g., 85%) b.p. 125~
132°/0.4 mn.

116
1--Bromohexanc.

Brumine (70.5 g., C.C8 mole) was introduced
drvopwise over 1 hr. to hexzanol (21.3 g., 0.8 mole) and
red whosphorus (5.7 g.). The ninture was stirred for

another hour and cxtracted with cther. 1-Bromochexane
o 25
(103-5 go, 78-“.?}) bvl). 156 1%3

20
1530/751 e n, 1.4473) was recovered in the usuanl

-

1.2478 (1it. 194

manner.
Oct-1-yne.
1-Bromohexane (82 g., 0.5 mole) in dry ethex (25
mi.}) was added to scdium acetylide prepared frou sodium

{(17.3 g., 0.74 mole) and Liguid ammonia (600 ml.). The
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The acidified reaction product was extracted with ether,

dried and distilled to give oct~l1~yne (52.8 g., £C%),

o 25 200 o

ngo 1.4159).

N,N~Dimethyloctadec~11~ynamide. based on 17

Cctyne (15.4 g., C.14 mole) in tetrahydrcfuran
(25 ml,) was added to sodamide prepared from sodium (3.5 g.,
C.15 mole) and liquid ammonia (75C ml.). The mixture was
stirred for 3 hr. and the bromo- amide(32 g., C.137 moie)
in tetrahydrofuran (5C ml.) added rapidly over 5 min.
Stirring was continued overnight and extraction with ethexr
amide (34.C g.).

gave the crude 01

(g}
o

Methyl Octadec-11-enoate.

The amide (30 g.) in ethanol (310 ml.) and S5N-
sodium hydroxide (31C ml.) was refluxed for £ hr. The
nixture wes acidified and extracted with ethexr to give
crude octadec~-11-ynoic acid (24 g.), which was converted
with methanolic hydrogen chloride (1.5%) to its ester.

The crude acetylenic ester (22 g.) was hydrogenated in the
presence of Lindlar's catalyst and distilled through a
spinning band column to give methyl octadec-1l-enoate

(14.2 g+)+ b.p. 154°/1 mm., nis 1.4517.

mep. of cis acid 12.5-13.5° (14t,)° 18.0-14.0%)

n.ps of acetylenic acid 40-5—47.50, (1it.15 4640~4743)
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Furity of Clefinic fcid.

The cis olefinic ester contoined nc detectable
amounts of saoturated or trans acid.

Von Rudloff oxidation gave the Cll dibasic acid with

no C10 o Cg honologucs.
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Methyl Octadec~12-cnoate

2
~ 1«.( T
CCOH —-— DBx(CF 2) 1 Cr00m192

1
cH m{(mz)ecoon — B:‘(CHz).IO

2

3 . 4
~—— CH,(CH,),C=C(CH,} CONMe, —— CH,(CH,),C=C(CH,), COOH

2

5 G ci
2— CH,(CH,),C=C(CH,), COOMe ——= CH_(CH,) 4CI-I-8H(CH231 C00te

1 HBr, petroleum ecther, 02 2, SOCl?; HM'&-;ez

3, NaNH ligquid ammonia; IHeptyne 4, NaOH, LtCH; HC1

2!

5, MeCH, HC1 6, H

os Lindiar



METHYL CCTADEC-12-ENCATE

1-Bromopentane.

n-Fentanol was obtained free from 4-methyl butan-1-ol
by distilling commercial amyl alcohol thmigh a { metre Fenske
column. b.D. 1380-

Bromine (82 g., 1.1 mole) was added over an hour to a
nixture of n-pentanol (86 g., 1.1 mole) and red phosphorus
(2.0 g.). The mixture was stirred for another hour, diluted
with water (25C ml.) and extracted with ether. The extract
was washed with dilute sodium carbonate, water, then dried
and evaporated. Distillation gave l-bromepentane (102 g.,
63%) bep. 129°, n§5 1.4440 (1it.'%% 122.5°/762 mn.,
ngo 1.44460).

Hept-l1~-yne.

1-Bromopentane (1CC g., ©.65 mole) in dry ether

{25 ml.) was added dropwise over 45 min. to a suspension of
sodium acetylide prepared from sodium (22 g., C.£4 mole) and
ligquid ammonia (750 ml.}. The mixture was stirred for ¢ hr.,
and the ammonia then allowed to evaporate. The product was
diluted with water, acidified, and extracted with ether.

The extract was washed twice with water, dried, and distilled
through a % metre Fenske column to give first, ether, then

a nmizture of heptyne and ether, and finally heptyne (54.7 g.,

25
£5¢5%), beDe 99-1000, n = 1.4004 (111:2.00 99,8°/%0 m.

20
1.4C48.
nD



[

D 3

N,N-Dinethyl ll-Bromowunﬂqcanamide.

11-Bromo-undecancic acid (35 g., 0.132 mole) was
treated with thionyl chloride (12.G g., C.135 mole) to give
the crude acid chloride. This was freed from excess reagent
by heating to 500 under reduced pressure and dissolved in dry
ether (300 ml.). The solution was cooled to 0-5° and
dimethylanine (17.5 g., C.2% mole) in dry ether (130 ml.)
added over 45 min. The crude bromo~amide was isolated with
methylene chloride and recrystallised from ethancl/water to
give N,N-dimethyl-1l1-bromo-undecananmide (35.4 g., 927%)

N,N-DPimethyloctadec—12-ynamide. based on 17

Heptyne (22.£2 g., C.22 mole)} in dry tetrahydrcfuran
(25 mi.) was added cover 3C nin. to a suspension of sodanide
prepared from scdium (3.8.2., C.2C meole) and liqguid ammonia
(500 ml.). After stirring the mixture for 3 hr. the C11
amide (43,5 g., C.149 mole) in tetrahydrofuran (50 ml.)
wvas added rapidly over 5 min., and stirring ccentinued cvernight.
Next day the ammonia was allowed to evaporate and the acidified
reacticn product extracted with ether to give crude

IT,N=dimethyloctadec-12-ynamide (52 g.).

Octadec-12-ynoic Acid.

The crude C.18 anide (45 g.) was reflured with
potassiun hydroxide (152 g.) in a solution of cthanol

(560 ml.) and water (56C ml.) for £ hr. Isolation of the

acidic nroduct (37.5 g.) followed by crystallisaticn from
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ethanol /H20 gave an cctadec-12--ynoic acid (20.2 g.) as the

first crop of crystals.

Methyl Octadec-12--enoate.

The crystalline 12312 acetylenic acid (20 g.) was
esterified with methanolic hydrogen chleride (1.5%, 250 ml.)
and the resulting methyl ester partially reduced in the
presence of Lindlar's catalyst (12 g.). The methyl octadec~-

12-enocate was purified by distillation through o spinning

pand column (17.8 g.) b.p. 150°/1 mn., n§5 1.4517.

o ., 15
n.p. of cis acid =-27.0-28,0 (lit. MePe
c o .15
26.8 - 27.6 ) m.p. of acetylenic acid 46 - 47 (1lit.

o
MeDe 26.2 - AT7.2 )o

Purity of Clefinic acid.

The cis ester ccntained no detectable content
of saturated acid or the trans isomer. Veon Rudleoff

oxidation showed only the C.12 dibasic acid.



158,

Methyl Cctadec~13~-encate

1 2
C"H3 (CH2 )SOH — CHS (CI-I2 )SCEEH —_— CH3 (CH2 ) 3CEC ((.".'I—I2 )501

3

4 in
— CH3 (01{2)3(350(0}12)5000}.[ —_— CHS (CHZ)SCaﬁ-—éH (CHz)5CCOH
V)
S . CH.(CH.).CH=CH(CH.)_CO LI
5yl 2?5

7 < :
0113(01{2 )301i=CH (C'H2 ) 500 (CH2 ) 50%11 —_—— CH3 (CI—I:3 )30‘.{=CH ( 15741 COGMe

1= Brz, red phosphorus; INaC=CH, liquid ammonia

2y NaNH,, liquid ammonia; I(CH2)501 3, NaI, NaCN;

2’

KCH 4, Hz, Lindlar 5, 80012; morpholino-cyclohez-1-ene;

HCl 6, KOH, IICL 7, NJH,, ethanolamine; KOH; HCl;

MeOH, HC1.



METIIVL OCT&DEC~13—EN?QEE.

1-Bromebutane. 116

Bronine (96 g., 1.2 mcle) was added over 1 hr.,
tc butanol (£8.2 g., 9.2 mole)} and red phesphorus (5 g.)
in a flask fitted with a mechanical stirrer, dry ice-ccndenser,
and dropping funnel. The funing nroduct was diluted with water
and extracted with ether. The citract was washed successively
with 10% sodium carbonate sclution, water, dilute hydrochloric
acid and water and then dried. Distillation through o # metre
Fenske ceolumn gave pure l-bromobutane (115 g., 70%) b.o.
100-101°, ngs 1.4307. (1it. >* 101758 m., ngc 1.43993).

Hex-1-yne.

Butyl bromide (109 g., 0.C mole) in dry ether (25 ml.)
was added to sodium acetylide made from sodium (22.5 g., 1 mole)
in liquid ammenia (7C0 ml.) contained in a flask. This was
equipped with a dry ice-conddnser, which was replaced by an
ordinary condenser after stirring for 2 hr. Stirring was
continued for another 2 hr. and 2N-ammonium hydroxide (2CC ml.)
was added dropwise to the mixture and the organic layer
separated. The aqueous layer was extracted with ether which
together with the organic layer was washed with 2N hydrochleric
acid, with water, dilute sodium carbonate, again with water
and dried. Distillation gave hexyne (39.5 g., G0%) b.D.

200 ,. , ¢ 0
70-71° ngs 1.3992 (lit. 7i.4 7, nz 1.3¢90 .
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1-Chloro-undec-G~yne.

Hexyne (27.2 g., 0.33 mcle) in dry ether (25 mi.) was

added over 30 min., to sodamide mnde from sciium (5.2 g.,

C.39 mole) in liquid ammcnia (1CO ml.). When the mixture

had been stirred for 3 hr., 1,5-chlorc-icdepentane (22 g.,

C.35 mole) in ether (5C ml.) was added over 3/4 hr. The

reaction mixture was stirred cvernight and the ammonia, then,

allowed to evaporate. 1-Chloro-undec~G-yne (47.4 g., 7G%)
bepe 64°/0.7 rm. n§5 1.451¢ (Lit. °V  77-72°/1 mn. ngs 1.4502)

was obtained in the usual manner.

Dodeec~-7-ynoic Acid.

1-Chlero~undec-G-yne (47 g., 0.25 mole) was
reflured for 48 hr. with sodium iodide (42 g.) and sodiun
cyanide (42 g.) in ethanol (80%, 410 ml.). Potassium
hydrozide (138 g.)} in water (34C ml.) was then added and
refluxing continued for a further 4C hr. Isolaticn of the
acidic product and distiilation gave dodec-7-yncic acid

2 o
(23.8 g., 89%) b.p. 118-?200 C.4 mm. nD5 1.4592 (Lit.

61

142-143°/1 mn. 11§ 1.4568°,

Deodec~7-encic ficid.

[, mixture of Lindlar'’s catalyst (15 g.), quincline
(3.7 g.) and ethyl acetate (1785 ml.) wns vigorously shaken
in hydrogen until absorpticn was complete. The acetylenic
acid (32 g.)} in ethyl acetate (5C ml.) was added and

hydrogenation continued till the ccnversion to the ethylenic
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acid was complete as shown by g.l.c. The reduction tock
much longer than usual (gbout 12 hr.) and nay be the reason
for the higher content of sat urated acid (2.1 % by gelece)e

Distillation gave dodec-7-encic acid (36.2 g., S4%) bep.

24 .5 61 z
124—1260/0.5 Int nD 1.451C (1it. n§7 o 1.248G).
based on 98

2-Dodec-7-enoyl cyclche:xancne.

Dodec=7--enoic ecid (33 g., 0.17 mole) was converted
to the corresponding acid chloride (30 g., €2%; b,D. 04-05°/
C.4 mm. with thionyl chloride (4C.5 g., 0.34 nolej,

The acid chloride (30 g., ©.14 mole) in dry chloroforn
(14C ml.) was added over S0 min.,to a2 solution of morpholino-
cyclohex-I1~-ene (2G g.) and freshly distilled triethylamine
(20 ml.) in dry chlorcform (175 ml.) maintained at 25°,
The reaction mixture was stirred for 2 hr. Next day
c. hydrochloric acid (48 nml.) in water (23 ml.) was added
and the mixiure reflured for 5 hr. on a water bath. The
chloroform layer was then washed 5 times with water until
the aquecus layer had a pH of 5.5. The water washings
were brcught up tc a pH of 5.5 with dilute sodium hylrciide
and extracted 3 times with chlorofcrm. The combined chlorc-
form extracts were washed with water, dried and cvaporated
to give the crude diketone (3C.4 g.) }kmax 272.2 ni(methancl}.

T7-Xeto-octadec-13-enoic Acid.

The diketone (27.5 g., was heated with sodium

hydroxide (4.65 g.) and water (53 ml.) cn an cil bath at
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3500 for 4 hr. The mixture W28 poured into ice and 2N
hydrochloric acid and extracted with ether. Evaporation of
the ether gave the crude keto-necid (32.2 g.)

Methyl Cctadec~13-enonte.

The ecrude keto-aecid (32 g.) in ethanclamine (175 ml.)
was reflured with hydrazine hydrate (85%, 24 g.) and potassium
hydrcxide (5.2 g.) for 1 hr. at 1500. The reflw: condenser was
removed, potassium hydroxide (2¢ g.) and ethanolamine (175 ml.)
added, and the temperature of the reacticn mixture raised
tc 1757 (~ 45 min.),with the bath temperature at 190°. L
jet of nitrogen was directed towards the contents toc break
up the fcam. The reflux condenser was replaced and the
mixture heated under reflux for 0 min. The product was
poured into ice and 2N hydrochloric acid and the solid
acidic material coxtracted with ether. Evaporation of the
dried extract gave crude octadec~13-cnoic acid (24.7 g.)
which was converted to its methyl ester and distilled through
a spinning band cclumn to give methyl octadec-13-cnoate
(12.2 g.) b.p. 160-162°/1 m., n§5 1.4517. m.p. of cis

ethylenic acid 26.5° - 27.0°.(Found: C,77.14; H,11.93.

Cc..H

15¥55%9 requires C,76.95; H,12.2G+).

Purity of olefinic acid.

The cis olefinic ester contained the correspending
saturated acid (2.2% by g.l.c.) and the trans isomer

(7.6% by g.l.c., % by is.r.). Von Rudloff oxidation
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gave tridecancdicic neid (v 38%) with dodecanodioic (2 5%)

and tetradecanediocic(emw C.5%).
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Methyl Octadec-14-enoate

1 2
CH —_— —_——
3(CH2)205CH CH3(CH2)2CEC(CH2)601

3 i
CH, (CH,,),,C=C(CH,)) COOH —— CH, (CH,,) 20&-81{ (ct1,) (CooH

0
4 _ . 5
—— CH,(CH,),CH=CH(CH,,) . -

5
CH3(0H2)20H=CH(CH2)BCO(Cﬂz)SCOGH —_—

ig
mscmz)zcﬁﬂi(mz)mcoom

1, NaNHz, liguid ammonia; I(CH2)601 2 , NaI, NaCN;
KCH; HCL 3, Hz, Lindlaxr 4, SOClz; morpholino-

cyclohex-l-ene; HC1 5, KCH, H_ O; HC1 6, NI,

2 2

ethanolamine; KCH; HCl; MeOH, HCl.
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METHYL CCTADEC--14-LNOATE.

Pent-1-yne. Pased on 201

Sodium acetylide was prepared from scdium (23.5 g.,
1 mcle) and liguid ammenia (750 mi.) in a 3-necked flask (1 1.)
equipped with a stirrer, dropping funnel and cardice--condenser.
Propyl bromide (123 g., 1 mole) was added dropwise over
30 min. The condenser was ccingtantly replenished with dry
ice. The mixture was stirred for 3 hr., after which cold
petroleum ether (100-1200, 50 ml.; was added slowly to the
mixture., 2N ammcnium hydrodde (75 ml.) cooled to 5o was then
introduced dropwise. The ammonia escaping through the Jdry
ice-~condenser was passed through twe Drechsel bettles
containing petroleum ether {100-120c}. Water (3CC ml.)
was added and the crganic layer separated. The latter,
together with the petrocleum ether from the traps, was
washed with water (300 ml.) OGN hydrochleoric acid till
neid to litmus, with water, dilute scdium carbonate and
finally with water. The ertract was dried, distilled and
the fraction boiling between 36-40° collected and
redistilled to give pent-l-yne (41.1 g., 8C.5%)

= 201
I.A—Tc 39"10“ I121.5 1!3992 (lit- bc‘_‘,‘. 39-'{!00;

D
25
1.3 .
nD 850)

11-Chlero-undec~4-yne.

Pentyne (12.2 g., 0.15 mole) in dry ecther (25 ml.)

was added over 30 min. to scdamide prepaved from scdium
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. E L ‘. mole; Suspen: ed L Liguld-ammcinlia i TNl e foe
(4.7 C.2 le’ led in liquid ia (8CC ml.)

[fter stirring the mixture for 3 hr., 1,6-~chlcro-icde hexane
(24.1 g., C.18 mele) in dry ether (25 ml.) was added over

45 min. and stirring was ccntinued overnight. Solid amnmcnium
chloride (1C g.) was then added to the mixture and the
ammonia allowed to evaporate and the residue extracted with
ether. %his was washed with water, dilute sulphuric acid,
with water and then dried. Distillation gave 11-chloro-
undec4 -yne (25.4 g., 76%) b.p. 57°/0.3 rmm. p,ﬁs 1.4610,
Gl .C. showedm~ 6.5% of unreacted material andeu C.5% of
10-chloro-2-methyl dec-3-yne.

Dodec~8-yncic Acid.

11-Chlcrc-undec-4-yne (25 g., ©.134 mcle) was
refluxed with scdium icdide (21 g.) and scdium cyanide
(21 g.) in ethancl (8C%, 210 ml.) for 42 hr., and for a
similar periocd after further additicn of potassium hydroxide
(72 g.) and water (102 ml.). Distillaticn of the isclated
acidiec fracticn gave dodec-8-yncic acid (1.2 g., 75 4%;

24.5
Y

beme 118-5 - 119.50/0.4 mm. 1.48605 p~bromcphenacyl

ester m.p. 55.3 (Found: C,31.37; H,6.22. czonzsoznr requires
C,51.08; H,5.41%).

In another experiment to obtain more of the acetylenic
acid, the chlorc-undecyne was not distilled but converted in

its crude form to the acid in a yield of £4% based cn

pent-l-yne.
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Dodec-C=~encic Acid.

Dodec-8~ynoic acid (40 g.) was hydrc.genated in
the presence of Lindlar's catalyst (23 g.) tc give dodec-0-
encic acid (4C.5 g.).

The reducticn was fcllowed by g.l.c. which showed the
final product to containmas 1.5% saturated acid.

Dodec~8-enoyl chloride.

Thionyl chloride (47.5 g., G.4 mcle) was added
over an hr. tc dodec-8-yncic acid (40 g., C.2 mole) and the
mizture stirred for a further hour, after which it was
refluzed for 30 min. The excess thionyl chloride was removed
and the acid chloride distilled (42.4 g., 27%) b.pe. 88—900/
C.7 mm.

2-Dodec~B8-encylecyclohexancne.

The acid chloride (42.4 g., 0.2 mole) in dry
chloroform (182 ml.) was added dropwise over S0 min. to
morpholinceyclohex-l1-ene (35,4 g.) and triethylamine
(3C.5 ml.) in 4Ary chloroform (257 ml.). The reaction was

13 : i
carried out as before (cf. the Z} acid) to give the crude
diketene (65 g.) Ama}' 274 mit (methancl).

7-Xetc~cctadec-14-encic ficid.

The crude diketone (63 g.) was hydrolysed with
sodium hydrexide (8.7 g.) and water (175 ml.) for 4 hr. at
1500. Crude 7-keto-octadec-14-encic acid (52.8 g.) was

13
isclated as usual (cf. the ZS acid)
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Nethyl Octadec-1d-encate:

The crude keto-acid (5C g.) was refluzed for 1 ar.
with hydrazine (85%, 37.4 ml,) and potassium hydroxide (.1 g.)
in ethanolamine (187 ml.). The reflux condenser was renoved
and potassium hydroxide (42.9 g.) tocgether with ethanolamine
(127 ml.} was added. The temperature of the reacticn mixzture
was raised to 17sc(un'45 min.) the condenser replaced and
the mixzture heated under reflux for another 30 min. Crude
octadec-14-enoic acil (40.7 g.) was isolated (cf. the Am
acid). The ethylenic ester (3C g.) was distilled through
a spinning band cclumn to give methyl octadec~14-cnoate

(18.3 g.) bep. 149-150°/0 mm. 12> 1.4515.
"5

fneDs of cis acid 41¢5-42,5°

Purity of olefinic acid.

The cis ester contained the corresponding saturated
acid (1.1% by g.l.c.) and the trang isomer 3.3% by g.l.c.,
2.59% by i.r.)
Ven Rudlocff oxidation gave tetradecanedioic acid
{r~v 29%) nlong with tridecanedicic and pentadecanedicic

acids (inwAa 0«5% each).
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Methyl Cctadec-15~enoate

()

1
CH,,=CH(CH,,) ,COOH —~ HC=C(CH,, ) COOH .. HC=C(CH,) ), COOH

3 4 5
——— HC=C(CH,), CONMe, ——= C,H_C=C(CH,), CONMe, —
0

~

i s
c, i 5%&{1 (CH,),COOH  =— C,H_CH=CH(CH,)),CO

7 a ig
—— C,H_CH=CH(CH,),CO(CH,) COOH —— czﬂscﬁ—dH(C}lz)] ,COOMe

g X Brz, petroleum cther; KCH 2, Barbier-Wieland Rn

3, 30012; HNM92 4 , NaNH?, liguid ammonia; cthyl iodide
5 , NaCH,EtCH; HCl; Hz, Lindlar G, SOClz, morpholino-
cyclohex-1-ene; HC1 7, NaOH; HCl 8, N2H4, ethanolamine;

KOH; HCl; MeOH,HCl
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METHYL OCTADEC-15-ENOATE

202
10,11-Dibromo-undecanoic Acid

Undec-10-enoic acid (170 g,, 0,92 pole) was dissolved in
purified olefin~free petroleum ether (60-80°, 500 ml,) in a 3 necked
flask fitted with a stirrer, reflux condenser and dropping funnel,
Bromine (150 g., 1.87 mole) was added over 90 min, while cooling the
flask in a mixture of ice and salt, When 3/4 of the bromine was
added, the dibromo-acid began to separate, The mixture was stirred
vigorously for a further hour and the precipitate filtered at the
pump and washed with cold petroleum ether (100 ml,) The cake was
broken up and dried in a vacuum_dessicator. Crude dibromo-undecanoic
acid (227 g,, 72%) was obtained, A portion was crystallised from

202
petroleum ether and found to melt at 88,5° (1it. m.p. 33.5).

Undec-10-ynoic Acid

The dibromo-acid (227 g,, 0.66 mole) was mixed with a

solution of potassium hydroxide (554 g,) in water (315 ml,) in a R,B,
flask(z 1e.) equipped with reflux condenser and the whole heated for
& hr, The product was cooled below 1000, diluted with water (1000 ml,)
and poured into ice and 2 N sulphuric acid, The mixture was then
extracted with ether, and the extract dried and evaporated. Distillation
of the residue gave undec~10—ynoiq acid (85.2 g., 7i%) b.p. 178—1820/12 nmins,
m,p, 41-42° (1it, 99 177-182/15 mm, m.p. 42°).

This experiment has been repeated several times and von Rudloff
oxidation show the products to contain 89-93% of the Z}}O acid, accom-

panied by the Ag isomer,
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Ethyl Undec-1O-ynoate

Undec-10-ynoic acid (290 g,) was refluxed with a mixture
of dry ethanol (1250 mi,) and ¢, sulphuric acid (1C0O g,) for € hr,
Water (1250 ml,) was added and the organic layer separated, The
volume of the aqueous layer was reduced to half and extracted with
ether, The ether extracts and the separated organic layer together
were wgshed with water, dried and digtilled to give ethyl undec-10~ynoate
(278 g,, 84%) b,p, 140-145°/ 10 nm. “35 1.4612 (Lit,20%145%/15 mm,)

G.L,C, of the distilled ester showed one major peak (25:) and three

9
minor peaks, one of them probably being the A isomer,

1, 1-Diphenylundec—-1l-en-10-yne,

Ethyl undec-10-ynoate (144 g,, 0.69 mole) in ether (700 ml,)
was added over 90 min, to a stirred solution of phenyl magnesium
brqmidg pPreformed from magnesium (59.2 €.; 2.45 mole) and bromobenzene
(375 g4, 2.4 mole) in ether (70C ml,). The mixture was heated under
reflux for 24 hr. before the Grignard complex was decomposed by the
addition of ice and 2 N sulphuric acid, Extraction with ether in the
usual manner gave the alcohol”which was dehydrated, without purification,
by heating to 220o for 30 min, Di;tillation gave 1,l-diphenylundec~1-

99

en-10-yne (144 g,, 70%) b.p, 172°/0,6 mm, (1it,”~ 240-245°/17 mm.).
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Dec=9-ynoic Acid

A solution of chromium trioxide (98 g., 1,47 eq,) in water
(115 m1,) was added during 2§ hr, to a well stirred warm (50-60°)
solution of 1,1-diphenylundec—~l-en-10-yne (144 g,, 0,48 mole) in
acetic acid (1440 ml,), After the mixture had been stirred overnight
at 200, most of the solvent was evaporated under reduced pressure,
The residue was warmed on a water bath at 100° for an hour with
2 N sulphuric acid (1600 ml,), then cooled and diluted with a saturated
aqueous solution of sodium chloride (1800 ml,) Isplgtion and subsequent
distillation gave dec~9-ynoic acid (37.6 g., 47%) b.p, 92*930/0.7 mm,

99 "
(1it,  b,p, 88°/0.1 mm,).

N,N-Dimethyldec—~9-ynamide

Thionyl chloride (154 ey 143 mole) was added dropwise to
dec-9—}noic acid (108,9 g,, 0,64 mole), The crude acyl chloride,
freed of excess thionyl chlori@e, was dissolved in dry ether (100 ml,)
and added dropwise over 45 min, to a well stirred solu;ion of
dimethy;amine (86,4 g., 192 mole) in dry ether (600 ml,) maintained
at 0*50. The acid chloride was added at such a rate that the tem~
perature of the reaction remained at this temperature during the addition,
The mixture was stirred for a further 2 hr, and allowed to stand over-
nigbt, Extraction in the usual way gave N,N—dimethylgec-9—ynamide

(99?4 ey 79.,6%) b,p, 120—1220/1 mm, C:° - “ i wpg ‘ .

With an S,E,30 column, G,L.C, showed that the amide was only 70%
pure, Three other pealks , close to the main peak, accounted for the

remaining 30%,
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based on 17
N,N-Dimethyldodec~9-ynamide

The C,  amide (88,1 g, 0,45 mole) in tetrahydrofuran (50 ml.)
wasladdgd dropwise over 15 min, to sodamide preparod from sodium

(11,7 g., 0.5 mole) in liquid ammonia {700 ml,), After stirring

for a further 3 hr,, ethyl iodide (80,6 g,, 0.52 mole) intetra-

hydrofuran (50 ml,) was added over 45 min, The mixture was stirred

for ;2 hr, and the ammonia sgbsequently allowed to evaporate over

6 hr, The product, (90,1 g, along with 11 g, from agothgr experiment)
was distilled to give N,N-dimethyldodec—=9-ynamide (63,1 g,) b.DP. 146-1480/

0,8 mm,, containing {5% of impurities., (The C1 starting material

(0]

being the largest). Other fractions distilling first were:-

1, 3.8 g., b.P. 126—1300/0,8 mm, = almost entirely C amides,

10
2, 7.0 g., b,p, 130-136°/0,8 ma, - " " ’ "
3, 14.8 g., b.p. 136-142°/0,3 nm, - 10% of C,, amides,
4, 8,9 g., b.p. 142-146°/0,8 mm, - 50% of C._ amides,

12

Dodec—-9-ynoic Acid

The amide (62.3 g,) wassrefluxed with a mixture of ethanol
(1300 m1,) and 5 N sodium hydroxide (1300 ml,; for 10 hr, The acidic
product was isolated and distilled to give dodec—-2-ynoic acid (51,3 g.)

b.p, 121,5°/0.4 mm,
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Dodec~8-enoic Acid.

The acetylenic acid (48 g.) was reduced with hydrogen
in the presence of Lindlar's catalyst (12 g.) over 4 hr., to
give dodec-9-enoic acid (48 g.).

G.LsCs of the methyl ester of a sample showed the presence
of nv1.5% saturated acid together with the 5% impurity
corresponding to that present at the amide stage.

The acid was radistilled carefully through a # metre
Fenske column with a reflux ratio of 1:10 to give very pure
dodec-S8=-enoic acid (37.5 goy withaV 1,.5% saturated acid and
none of tne other impurities, b.p. 119-121°/0.4 mm.

7-Keto-octadec-15-enoate.

Dodec-9-enoic acid (34 g., 0.172 mole) was treated
with thionyl chloride (41.7 g., 0.35 mole) and the product
distilled to give dodec-9-enoyl chloride (33.1 g., 83%)
boiling between 88—920/0.6 mm. The acid chloride (33.1 g.)
in dry chloroform (140 ml.) was added dropwise over 90 min.,
to a mixture of morpholino-cyclohex—~1-ene (28 g.) and
triethylamine (23.5 ml.} in dry chlcroform (198 ml.) at
35°. After stirring for 2 hr., the contents were allowed
to stand overnight. C. Hydvochloric acid (46 ml.) in water
(28 ml.) wae then added, the mizture refluxed for 5 hr.,
and the diketone (53 g.) isolated as in the previous case

(cf. the Ald acid).
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The crude keto-acid (37.5 g.) was reflured for an hour,
with hydrazine hydrate (G0%, 27 ml.) and potassion hydrozide
(5.2 g.) in ethanolamine (124 ml.). The oil bath was kept
at 150-160°. The reflux condenser was removed and potassium
hydroxide (29 g.) and ethanolamine (184 mi.) added and the
temperature of the contents raised to 1?30 (45 min.;. The
condenser was replaced and the refluxing was continued for
SO min. Crude octadec-15-enoic acid (34,2 g.) was isclated
as before. The crude acidic product (33.5 g.) was distilled
as its methyl ester through a spinning band column to give
pure methyl octadec-15-enocate (18,8 g.) b,n. 1450/1 ma. ,
n§5 1.4518. (Found C,76.92; H,12.14. 019H3502 requires

o
C,75.85; H,12.26) m.p. of cis ethylenic acid 40.5 - 4¥.5 -

Purity of Clefinic Acid.

The cis ester contained the corresponding saturated acid
-(1.5% by g.l.c.) and the trans isomer (2.5% by g.l.c.;
3e2 % by Lere)s
Von Rudloff oxidation gave pentadecanedioic acid (. 30.5%;
wvith tetradecanedioic acid C.5% and no detectabiec amount of

hexadecaneliioic acid.
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Methyl Octadec-1G-enoate

CH2=CH (CH2 ) BCOOH —l—t- HC=C (t'.':ﬂ2 ) COOMe __%_,_ LgC=C (CHz J 8COOI‘.k-‘:

4 i S
-3—-—=- (!I{SCﬂl(Cﬂ ) CcCCMe —— CH &=&H(CH J_COCH ——
2°8 3 2°¢
0
. G :
CHSCH=(:H(CHZ)SCO —_— Cl-lscl-!—CH(CHz;BCO(CHz)E)COOH

7 i
LA cmSCﬁ-EH(cuz ), ;€000

1, Brz, petroleum ether; KCH 2, !i_gNO3/NH40H

3, CH,I 4, H,, Lindlar; NaOH; HCL 5, SOCL;

2’ 2’

morpholinocyclohex-1~ene; HCL G, NaQOH; HCL

7 N2H4, ethanolamine; [CH; HC1l; MeOH, HCl.



METHYL OCTADEC-16-ENOATE

Silver methyl undec-lo-ynoété

Ammonium hydroxide (1 N} was added to a solution of silver
nitrate (106,5 g,, 0,63 mole) in water (250 ml.)until the initial
precipitate just dissolved, This solution, made up to 2125 ml,
with water, was added rapidly over 15 min, to methyl undec-10-ynoate
(115 g., 0.58 mole) which was stirred vigorously, The stirring was
continued overnight after which the precipitated silver salt was
filtered on a Blichner funnel, The salt was dried in an oven at BOO
for 5 hr, and under vacuum (l,mm.) for 5 hr,,at 80° and dissolved in
benzene (about 200 ml,), This solution was diluted with petroleum
ether (200 ml,) when the silver salt crystallized out (80 g.), The
filtrate was evaporated on a rotary film evaporator and the residue
converted again to the silver salt (40 g.) with ammoniacal silver
nitrate, Repeating this procedure,more silver salt (20 g,) was
obtained, The silver salt from the three different crystallizations
was dried in a vacuum dessicator over P205 (100 g.) m.p. 78-78.50.

101
(1it, m.p. 76-78°),
Von Rudloff oxidation of the original methyl undec—-10-ynoate
showed it tc contain 5.4% of tﬁm&ﬁ& isom=zr together with traces of the
8 7 . " ;
ZS and ft; iscmers, The residual organic material (22 g,) left after
9
precipitating the silver salt contained 28% of the éﬁ isomer,
Oxidative fission on the hydrolyzed silver salt showed the

i0
ester to contain exclusively the é} isomer,
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101
Methyl Dodec-10-ynoate

The dry silver salt (95“g.) and methyl iodide (95 ml1,) were
introduced into an autoclave (1“1.) which was then sealed. The temperature
was maintained at 80° for 24 hr, and then cooled down to room temperature,
The reaction product was thoroughly extracted with ether which was
centrifuged free of the fine precipitate of silver iodide, The
product (64 g,) obtained on evaporating the ether was found to

contain only 1,5% of the C ester,

11

Distillation through a % metre Fenske column first gave a

forerun (10g,., containing about 5% of the C ester) and the required

11
methyl dodec-9-ynoate (35 g,) b,p, 110—1120/0.5 mm, was obtained as

the recond fraction, The residue (15 g,.,) recovered from the distillation

flask and column was found to be methyl dodec-9-ynoate,

Methyl Dodec-10-enoate

The acetylenic ester (34,5 g,) in ethyl acetate (400 ml,)
was hydrogenated with Lindlar's catalyst (14.0 g.) and quinoline
(4 g4)e The reduction which was monitored by g.,l,c, took about

5 hr,, methyl dodec~10-enoate (32,6 g,, 94,5%) was recovered,

Dodec=10-enoic Acid

The ester (34,5 g,, 0,163 mole) and sodium hydroxide (18 g.)
in ethanol (8,5%, 370 ml,) was refluxed for 3 hr, Recovery of the
acidic product and distillation yielded dodec-10-enoic acid. (30 g.,

93%, b,p. 120-124°/0,4 mm,
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Dodec—-10-enoyl chloride

Dodec-10-enoic acid (29 g,, 0,146 mole) was treated with
thionyl chloride (35 g., 0.29 mole) as usual, and the acid chloride

distilled (29,4 g., 94%) b,p, 124-127/8 mm,

. . based on 98
2-Dodec~10-enoylcyclohexanone

The acid chloride (29,4 g¢, 0,136 mole) in dry chloroform
(120 m1,) was added over 90 min, to a stirred mixture of triethylamine
(20 ml,) and morpholinocyclohex-l-ene (26 g.) in chloroform (175 ml,)
maintained at 35°, The solution was stirred for a further 2 hr.
and left overnight, C. Hydrochloric acid (46 ml,) and water (23 ml,)
were added and the mixture refluxed on a water bath for § hr, to

give the diketone (39 g,): )\ max - 292,7,

7-Keto-octadec~16-enoic Acid

The diketone (38 g,) was heated under reflux with sodium
hydroxide (6,5 g,) and water (130 ml,) for 4 hr, The mixture was
acidified with dilute hydrochloric acid and extracted with ether

to give the crude keto-acid (31 g,) . ...

Methyl Octadec-16-enoate

The crude keto-acid (29 g,) was refluxed w?th hydrazine
hydratel(as%, 21 ml,) and potassium hydroxide (5.5 g.,) in ethanolamine
(175 ml,) for an hour at 1600,_ The reflux condenser was removed and
more potassium hydroxide (29 g,) and ethanolamine (175 ml,) were

added and the bath temperature raised to 2000. (A jet of nitrogen
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was directed towards the mixture to contrdl the frothing of the
contents, When the temperature of the reaction mixture reached
1760 (1 hr,) the condenser was roplaced and refluxing continued
for another 80 min,

The product was poured into ice and dilute hydrochloric
acid and the crude octadec—~16-enoic acid extracted, The acid was
distilled as its methyl ester through a spinning bgnd column and
methyl octadec-16-enocate (20 g,) was obtained, b.p,. }64-164,50/1 ™M 4

(Found C, 77,18; H,12,24, requires C, 76,95; H, 12,26),

€, 9M35%
o
m,pP, of cis ethylenic acid, 53.5-54.5 . " o

Purity of olefinic acid

The cis olefinic estgr contained the corresponding
saturated acid (<0.2% by g.1,¢,) and the trans isomer ({i,5% by
g,lfc?;ani 05 % by i.r.). The slow rise of the peak recorded on
E.loc, suggests an impurity which could only be roughly assessed at
3% ?his impurity is removed by thin layer chromatography using
silica,

Von Rudloff oxidation gave hexadecanedioic acid (~98,5%)

15 17
along with the& and A homologues in equal proportion,
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firsi Litempt tc obtain dodec~10-ynoic acid

N.N-dimethyl unauc—lgﬂynamide (40 g., 0.1?1 mole, 71% purec
7

by gel.Ce b,De 115-117°/0,5 mm, 1it 125-130°/1 mu. in dry teira-
hydrofuran (50 ml,) was addgd rgpidly over 10 min, to sodamide
prepared from sodium (5.0 g,, 0,22 mole) in liguid ammonia {500 ml,).
After stirring for 3 hr,, methyl iodide (32,3 g., 0,26 ;ole) in dry
tetrahydirofuran (25 ml,) was added dropwise over 45 nin,, and stirring
continued for another 1lZ hr, The ammonia was alloved to escape and
a mixture (37,1 g,) of dodec—~10-ynamide and starting material in
the ratio 55:44 was isolated with etler,

Scparation of the 011 starting material and the Cl2 amide
was not possible ou 2 % meire Femnske coiumn, Tho two components
were separated by g.1l.Co (using_a 2 metre 20% Apieccon L at 210D

with a flow rate of 200 ml,/min, of Heliumn) but the long retention

times made thelr large scale separation impracticable,

Methyl Dodec-10-enoate and undec-10-enoate

The amides (37 g.) were boiled for & hr, with ethanol
(649 m1,) and 5 N sodium hydroxide (649 ml,), The crude acid (30,2 g.)
was converted to its methyl esters (29,5 g,) with methanolic hydrogen
chioride (1.,5%, 300 ml,).

The conditions used to separate the methyl esters on the

"Autoprepqwere as follows:—=
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Column: 2 metre, 20% Apiezon L,
Temperature: 200°
Flow rate: 200 ml,/min,

Optim um sample size - 0,3 ml,

Retention time of methyl dodec~10-enoate - 18 min,

The attempted separation was given up when only 3,4 g, ,0f the ester

was collected after 30 hr,

Affempt to remove Cl] components from mixture

The amides (4,5 g,) were added to sodamide prepared from

sodium (0,56 g,) in liquid ammonia (100 ml,) and stirred for 2 hr,
Dry carbon dioxide was passed through the mixture for 30 min., and
the white solid mass left overnight,

The product was diluted with water, acidified, and extracted
with ether which was then washed with dilute alkali, The extract was
washed with water, dried and evaporated, The neutral amides obtained
were shown by g.l.c, to contain almost the same proportion of C1

]

components as the original mixture of amides,
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Methyl Octadec-17-enoate

1 2 3
HO(CHz)COH _— 01(£:1-:23Cc:1. = I(CHg)SCl. sl s _*:-:cmifczlz)gm

0
4 & G n\
——— [ = (4 ¥ 3 — = 11' 3 —— =l !
IICEC\C1’12)JCOCH CHE C'a(CHz,{}COOH C.T.Iz (E.(CHz)gCO

7 ~
CHz"‘Cm (CH2 )SCO (CHZ }5COOH CH_=CH(CH £o0Me

2 2}"'
i5

1, SOCL pyridine 2, WalI, acetone 3, NaC=Cl, liquid ammonia

2?

%, ITaZ,NaCll; XOIl; IC1 5, 112, Lindlar &, 80012; norpholino

cyclohex-1-ene; HCL 7, NadlI, H2C= e, Nzl{/,, ethanolamine;

KCH; HCi; MeOH, HC1



LETIYL  OCTADEC-17-ENOATE

1, 9-Dichlorononane

To a melted mixture of 1,9%nonanediol (80 g,, 0.563 mole),
pyridine (78 ml,) and thionyl chloride (22,6 g,), thionyl chloride
(244 g,) was added dropwise at such a rate to maintain the temperature
of the reaction at 250. The mixture was then refluxed for 2 hr,
and dichlorononane (100,1 g,) was obtained in the usual manner,
Distillation gave the dichloride (94,5 g., 85%), b,p, 129—1310/11 mm,

15
n§5 1,4590 (1it, 86-89°/2 mm, ngs 1,4586).

1, 9-Chloro-iodononane

Dichiorononane (94 g,, 0,48 mole) was refluxeq together with
sodium iodide (72 g,, 0,48 mole) in dry acetone (420 ml,) for 4% hr,
with stirring, Extraction with petroleum ether gave a mixture of
dichloro, iodochloro, and di-iodononane (129,4 g.) which was distilled
to give chloro-iodononane (69,8 g,, 50.5%) b.p. 110—1130/0.4 mm,

The dichlorononane obtained (29,5 g.) as the first fraction
was recycled to give more chioro-iodononane (22.4 g,) which was redistilled
together with the first batch to give pure chloro-iodononane (90,4 g.).
25 25

15
1,5016 (1it, 123-126°/4mn, n° 1.5074).



185,

11-Chloro-undec—-1-yne

1,9-Chloro-iodononane (89,5 g., 0.314 mole) in dry ether
(50 ml,) was added dropwise over §5 min., to a suspension of sodium
acetylide made from sodium (8,5 Zey 0,36 mole) and liquid ammonia
(700 ml1,). The mixture was stirred for 12 hr, and ll-chloro-undec-
1-yne (52,8 g., 90.4%) b.p. 74°/0,3 mm, n§5, 1,4576 then obtained

in the usual manner,

Dodec-11-ynoic Acid

11-Chloro-undec-1-yne (52,3 g., 0.28 mole) was heated under
reflux for 48 hr, with sodium iodide (44,1g.) and sodium cyanide (44.1 g.)
in ethanol (80%, 440 ml,). Potassium hydroxide (151,2 g,) in water
(215 ml,) was then added and the mixture refluxed for a further 48 hr,
Isolation and distillation of the acidic product gave dodec-1ll-ynoic

203 o
acid (43,5 g., 79%) b.p. 132-136°/0,6 mm, (lit,” = meD+ 43+5344,5

An Alternative Preparation of Dodec-1ll-enoic Acid

l1-Bromo-undec-1l-ene

Undec-10-en~1-o0l (100 g., 0,59 mole) and pyridine (11.8 ml,)
were dissolved in dry etker (115 ml.) and the solution cooled to OG.
Phosphcrus tribromide (64,9 g,, 0,236 mole) was added over % hr, with
stirring, The mixture was then refluxed for 3 hr, cooled to room
temperature, and diluted with water (150 ml,), The organic material
was extracted with ether, washed with dilute sodium carbonate, then
thoroughly with water and dried.l Distillation gave ll-bromo-undec-l-ene

15:
(111 g., 82%) b.p. 81-84°/0,5 mm, (1it. 125-127°/12 mm,).



Dodec-1l-enoic Acid

The C11 bromide (88 g,, 0,378 mole) in ether (500 ml,) was
added slowly to clean strips of magnesium (9,6 g., 0.4 mole) in ether
(50 ml,) and a crystal of iodine, The rate of addition of the

bromide was controlled to maintain a gentle reflux, The suspension
of the magnesium derivative was refluxed for an hour, cooled to room
temperature and poured intoc cardice (200 g.) contained in a beaker
(2 1,) and stirred, The crude acidic material (52 g,) was distilled

to give dodec-ll-enoic acid (49,4 g,, 63%) b.p. 125—1260/0.3 mm ,

Von Rudloff oxidation of the acid showed 3,4% of the Alo isomer,

acid).

Dodec~1ll-enoic acid (from first preparation of C12
Dodec~-1l1l-ynoic acid (40 g,) was partially hydrogenated in
the presence of Lindlar's catalyst (22 g,) to dodec-ll-envic acid

(39,3 g,). The acid was not distilled at this stage but used directly

for the preparation of the acid chloride,:

Dodec-11l-enoyl chloride

Dodec—-1l-enoic Acid (38,5 g.) was converted to the acid
chloride with thionyl chloride (48 g.). Distillation under reduced

prossure gave dodec~ll-enoyl chloride (37.6 gz., %9%) D.D. 89—910/0.5 Wm

2-Lodec—-1l-enoyl cyclohexanone

Dodec~1l~enoyl chloride (37,6 g., 2.174 mole) in dry chlorcform
(160 ml1,) was added over 1% hr., to an efficiently stirred mixture of

morpholino-cyclohex~l-ene (32 g,) and triethylanine (26,8 mi,) ic
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chloroform (226 g.), maintained at 350. After stirring for a further

2 hr,, the orapnge solution was 1e£t wntll the next day at room temperature,
The crude diketone, (55 g,), max, 272.4 ny, (methanol) was obtained
after refluxing the solution with ¢, hydrochloric acid (52 ml,) and

water (260 ml,).

7-Keto~octadec-17-enoic Acid

The crude diketone (52 g,) was refluxed with sodium hydroxide
(7,6 g,) in water (154 ml,) for 4 hr,, after which the acidified
solution was extracted with ether and crude 7-keto-octadec-17-enoic

acid (47,5 g,) .

Methyl Octadec-17-enoate

The crude 7-keto-octadecenoic acid (44 g,) was refluxed for
an hour with hydrazine hydrate (95%, 33 g.) and potassium hydroxide
(7.1 g,) in ethanolamine (170 ml,) to give the hydrazone which was
decomposed, as usual, to the mono-~ethenoic acid (35 g.} with more
potassium hydroxide (30,3 g,) and ethanolamine (170 ml,). The
crude Cl8 acid (30 g.) was distilled as its methyl estpr through a
spinning band column to give octadec-17-enoate (14.8_g.) b.p. 148-1500/1 mm

(Found: ¢, 77.'7 ; H,12.20, C requires C, 76,95; H, 12,26),

19%35%
o
m,p. Of the octadecenoic acid = 55¢5-535¢5 »

15 55, 5-56.° and 13t 55-55,5° ).

(1it,
In another attempt to prepare [}17 octadecenoic acid, the keto group
was reduced by treating the corresponding tosyl derivative with sodium

borohydride,
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The dodec—~1l-enoic acid prepared from undec—10O-en—-1l-ol as
5 10 . .
described before had 3.4% of the Zl isomer., The 012 acid was

extended to the 7-keto-octadec-17-enoic acid which then had 5.4% of

16
the ZS isomer,

Hydrazone of 7-Keto-octadec-17-enoic Acid

The keto-acid (3,0 g.) was refluxed for % hr, with
tosylhydrazine (2,6 g.,) and ¢, sulphuric acid (0.6 ml,) in methanol
(150 m1,). The hydrazone was extracted with chloroform and used

directly in the next stage.,

Methyl Octadec—-17-enoate

Sodium borohydride (6 g,) was added over 10 min, to the
hydrazone (from keto acid, 3.0 g.,) in dry methanol (150 ml,) and the
nmixture refluxed for 8 hr, The mixture was diluted with water (250 ml,)
and extracted with ether, The extract was washed with water, dried
and evaporated,

Examination of the isolated product by t.,l.,c. showed the
absence of any keto-acid but indicated at least 3 other compounds
including a spot corresponding to octadecenoic acid, The components
were separated as their esters by column chromatography using silicic
acid, The least polar material was eluted first with petroleum ether
(4O~600). On changing the solvept system to ether/petroleum ether

(1:9), the C_, ester was isolated, Examination of this fraction by

18

telec, showed only a main spot with a trace of th: less polar material,
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With an Apiezon L column g.l.c. showed one peak with the

same retention time as methyl stearate, but showed two peaks on a
polar phase, The two peaks corresponded to methyl stearate and
octadec~17-enoate in the ratic 58:42 respectively, The unsaturated
ester was separated by thin layer chromatography using silica impreg-
nated with silver nitrate,

Von Rudloff oxidation of the sample showed it to be 93,6%

16
pure, the Zﬁ isomer forming the rest,
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