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Fort 1. Synthesis of some lon 4 Aol
_e_;;gg feld !ctiv!.tg

The gig-iscmers of the four seids, tetrodeo-Cesmole, hexadeo-10-

enole, octadec~12-cnoie, ond elcos-14-enclo hove been pynthesised vie
the corresponding scetylenic acids.

oD-liydroxyoctedecancieo acid han Leen gynthesised onmd found to
p :08e8s no> moasurcble opticel sotivity, It is ousested, on the
evidence of a mixed melting point, that the naturel escid hes the

ihydwoxyostanoie Acid,
Yo new syntnetic routes to 6,8-dihydroxyoctanio eold have been
erazined, DBoth were eventuslly cbardoned,




PART 1

WITH FOTRNTZAL ESSENTIAL PATTY ACID



D

TTERODUCTION.

(1) ESCTNTIAL PATTY /CIDS,

(a) Atherosclerosis,

One of the problems facing the medicel profession todey concerns
the dletary fecturs lecading to atherocsclerosis and coronary heart
dineaael. Epidemioclogicel surveys have showm same correlation
between dietery fats and the coronary death rate, though this is still
a controversial subject and many other foctors are irwolved.

In countries where the ratio of saturated to unsaturated ecids
in dietary fats is low the coronery death rate is low, but in countries
uhmthismtioish&ght&woomwaenthrﬁte is hich

Autopsies performed on ceses of fatal coronary heert diseose
have shown extensive deposits of lipids in the walls of blood vessels.
This condition, etherosclerceis, alwnys preceeds coroner; heert dlsease,
end the predominant 1ipid in these deposits is free cholesterol.

Fatty deposlits ocour to some extent, depending upon age, in the
blood-vessel walls of most people, but fewer deposits are found vhere
diets sre predominantly low in totel fats or in satureted fats, than
where this is not the case,

Although no definite correlation has beon established between
the composition of atheromatous 1ipids ond blood 1ipids, it has been
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observed that supronormal concentrations of cholestercol in the blood
are associated with coronary heart discese. It has also been found
that fots oontaining polyunsaturated acids (specificelly linoleic
aoid) lower the blood cholestercl level, vwhilst fats rich in saturated
acids raise the cholesterol level,

(b) Essentiol Fatty foids,
Essential fatty ocids are those acids which cannot be synthesisced

by the body and which, since they ere essontial to bodily crowth,
must be presont in the dlet.

Most of the work on essontlal fatty ecid deflclenay hos been done
on animals, especlally rets, but there is some clinical evidenoe that
they are equally essenticl to the pgrowth of children, and that their
aboesoe couses oimilar symptoms to thove in enimelsZ,

Doth 1inolefe erd arschidonic ocids ere found in organ fats of
the romal rat. /s this enimal cenmot synthesise lincleis scld”, end
es arochidonic ocld is not fourd in plant 1ipids?, it scems likely that
the erochidonic acid is gynthesised by the ret from dletery linoleic
acid. This theory was given exporimental backing when it wes found
that arachidonic ccid, ebsent in the liver of fot-deficient rats,
reappeared on feeding them with linoleic acid®, The conversion by
rots of lebelled 2%, linoleie acid to “Cy arechidonis ccid
£inally proved this theory®.

Tt has 8100 been shown thet of the polyemoic eclds only those of
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tie linoleie typo, vhere the first double bond counting from the methyl
group 4s loceted at the same position as in linoleic acid (sce fig. 1),
show much ectivity os essontisl fatty ocids *C.

(¢) Comversion of Unseturstod Fetty felds in Animals,

In the erdmnl body arschidonio ecid is formed fyom linoleic ecid
by the sddition of tw> carbom atons from acetate’, end the introduction
. of two olefinic groupe (double bonds). Tisure 1 shows o sumory of
the possidble pathweys of this transfor-ationi®, ( -Iinolenic ecid
possesses the same essentinl fatiy ectivity as limoleic acid, whereas
homolinoleio acld poosesses only ebout 407 of this sotivity’ indicating
that Y -limvlenic acid is the first intermcdiate in thias trensformation.

Using esters lebelled with 4C, 1ad end Howton demomstrated that
{ =linolerdc' and homo- Y-1inclentc?® aolds respectively exe convertod
o arechidonic ecid in the rat., This has confirmod thet the sequence
in the corwersion of limolele ecid to erechidoniec acid in the animel
body 1s:= linoleie —> Y-linolenic — > homo= Y ~linolenic — >
erachidonie, (fig. 2).

toed end Klen: have suzzosted that thore ave famllies of
polyunsaturatod acids, two of which are based upon linolelc and
14zolente miﬁé-aspectively. These fanilies ere presund to be formed
by the introduction of dmible bonds in the 1,4~pentadiens relationchip
between the existing doudble bonds and the carbosyl group. Vhen a

double bond added 4n this woay would appoar elther aljacont %o, or



CH,—(CH,),—CH=CH—CH,—CH—=CH—(CH,),—COOH

Linoleic acid

CH,—(CH,),—CH=CH—CH,— CH=CH—CH,— CH—CH—(CH,),—COOH
y-Linolenic acid
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Arachidonic acid
Figure L Transformations of linoleic acid
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Figure 3 Transformations of linolenic acid
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Figure 4 Transformations of oleic acid
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separated by only one methylene group from, the carboxyl group,
two cerbon atoms must first be added before dehydrogenation can ocour,
Pig. 3 shows the transformation of linoleniec aoid to doocos-~7,10,15,16,
1g-pentaencic aci&.“

Puloo and tead™® have showm that oleis acid 48 the precursor of
eicos-5,8,11-triencic acld found in fatedeficient rets =
isolation of & small amount of elcos-8,11-diencic acid indicates
thet the proposed pathway (fig. 4) viae octadeo=6,0-dienolc acid
and eicos-8,11-dienolc acld may be corvect.

Klenk and IJab'u.u:=l*m’"8 sugrest that the ooocurrence of eicos-5,8,11,

The

14-tetraenoiec, docos-7,10,18,16-tetrasn>io, and teiracos-9,12,15,16-
tetreonoic aclds in the phospholipids of brain® '3 may be an ezample
of simple chain extension, end eicos-5,8,11,14-tetrasnoic and
docos-4,7,10.13,16-pentasnocic aclds an exarple of chein extension

with simlteneocus dehydrogenation to give the 1,4-pentadiene
relationship described sbove.

The oco-ocourrence of eicos-11,14-diencic, eicos-8,11,14-triencic,
end eicos-5,8,11,14-tetreencic acids’’ may als: be on example of
suoceseive dehydrogonation.

There remnins the possibility that other scids moy act es
precursors in the biogynthesis of arachidonic acid. The simplest
ecsential fatly eold so far Immm is linolelo acid, which has its first
double bond between the sixth and seventh cerbon atoms counting from the

methyl proup. Thus the structural besis of an essential fatty acid



is oonsidered to be:
CHS. (0112)4.CH:CH.GH3~ CH:Cll-

1654 has sugrented, and ettemted to show, that the ret moy be
able to corwert octadeo~12-onoic ac’d into linolelc ccld, but when the
labellod ecid wes fod n» linolelo ecid from this sourve was found.
Thore was, however, some evidonve for the prosenca of Y =limslenie
ecid, the first intermodiate in the transformation «f limle!.o to
arechldeonio ecid, and this wos perhans enzyme bound. Purther work is
to be done on this probiom,

/s oloos - 5,8.11 - trienoic eocld is only found in fat-defloclent
rats, a-d o8 normel enimals were used by llead for the exporimont
desoribed asbove, if no tromaformation of ootadec-12-enoic scld 414 4in
foot oocour, then one poosible reeson is that 41t oan only tate placo in
fot-deficient animels.

Turpeinen®’ and Thomasoon’ heve both reported thet ootedec-ois-
12-enoic acid has no escential fatty ccid sctivity, but there is some
doubt that their scids, obtelned frn dshylrated eastor oil, actuelly
consisted of the pure cis-isoner

It is possible thet hoxsdeo~-10-oncic acid may possess LFA
ectivity, if the rat cen co:wert it to linoleic ccld by dshydrogenation
end chain extension (-2!1_.402). Sinilerly in the case of tetradec-8-
enolo ecld (=2, ¢ C,.4 C,) or (s Cy, =20, + Cy).

The fwmnmﬂ}eredmﬂnzmammamc“tocm, all
with the double bond A® from the methyl roup heve therefore boen
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prepared for use in further studies on this subject eloevhere. The
aim is to determine whether they poscess LA ectivity, ond possibly
to identify their metobolic products.

It is cbvious fyrum the wori: done so far that we need to
distinguish between the motabolism of dletary fats in normnal animals
and in fat-deficlent arimels. Thoy moy be quite different. Also,
experiments in this field nced to determine both the EFA ectivity,
by messurerent of welght gain and ebsence of dermal symptos, as well
as the resultant metabolic products.

(2) T _SYWINIS OF MOUOSUITOID PATTY ACINS,

(2) Synthesis of Patty Aclds.
Althougch the comon fatty eacids such as pelmitic, stearie, oleie,
ard linoleic hove been known for some time, it wos not until 1034 that

oleic ecld wos first ayntheaiaadm =

» and linolelc in 2930.

A eontributory fector in the recent increcse in our Imowledpe of
the chemistry of fats and fatty eacids has been the desvelopment of
improved or new techniques of seporation,anelysis end syntheois. Uith
the advent of gas-liquid chromato rephy requiring not pracs but
micrograms of materlal, future progrees should be even more ropid.

Stimulated, no doubt, by the increasing musber end complexity of
the natural fatty acids, it is not surprising thet within the lost

twonty years the syntheails of mmerous fatty ccidas, some of complicated
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styucture, should have been accorplished. Recent reviews have been
written on this subject by Gensler™ and Gunstone r.

Of the mary synthetic methods now available, two have made a
greater contribution to recent progress then perhaps any other, namely,
symthesis involving ecetylenic intermediates and cnodic synthesis,
Gensler coments that ebout onme ocut of every three papers consulted for
his review in some way irwvolved the triple bond.

(b) Resotions of Btiymyl Cormounds.

Aoetylene and ethyrnyl compounds reedily form sodium and magnesium
derivatives, which react with allyl helides, corbon dioxide, end
ketones. Ethynyl compounds can also be mupled to give dianetylma%
These recctions are sumarised below.

Telll,, R'X 5, R.CiC.R

Taltly, €Oy 5, ReCiC.COHI
R.C iCH Nallly, R'nCO S 13..1:5c:.c(c3&1)n'2

R'CicH . B.CiC,CiC.R'

Acetylenic campounis ere widely used in synthetie chemistry°o,
in perticular for the preparation of long chain compourds which cen
then be stereospecifically reduced to the corresponding cis or trang
olefins, A general method>’ for the preparation of moncethencid
aclds is illustrated by the synthesis of vaooonio ecid (ootadec-trang-



11-eroic nci&)m.

Cilg. (Cl1,) .G ECTT # Tu(Clly)g.C1 45118 o

Cllge (CTly) g€ iC4 (Cily) g -C2 () vecn () mm

Cllge (Cidy) 5o C iC. (Clly) . COHE (1) Bl (43) Se >

« (Ci,) g #C132Cl1 (CiL,,) o s CO |

g« (Ciglg o Ig)geC0qf

Other more cauplex acids have elsc been oynthesised frum ecotylenes,
including elecostearic{cotadec-gis, trons, trong-0,11,15-trienole
00id) .‘:‘..9 erythrogenic{ootodec=17-en:9,11-diynolo aclid) _.30
1inleie(octaden-0lg,0l8,~0,10-denols 0cld), 2
1inolenio(ootadeo-cla,ols,6l8-0,12,15-trienole cold), >
rioinoleie(12-hydraxyootadoc-gla-O-enoic 0cld), "

end erechidonic{cicos-cis,cis,ols,clo=-5,8,11,14-tetroencic
acid) %

(o) Anodic Syrtheois.
Anodio synthesis is en exarple of the rocent wide use of a roection

discovered some time ago end 1o the subject of two revieus by Ueedon. o

Peredsy > in 1654 reported the foruation of hydrocesbons in the
electrolysis of solutions of scetetes. Zolbe ° in 1340 studied the
electrolyais of the salts of carboxylio acids, which resultn in ths
production of gymmetricel hydrocerbons end cerbon dioxids.

3 R.CO, =20 - RRe?2 co,
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of them fyom cr.ssed coupling.

R.R

R.COEH
R.R'

R’ .002H o
R'.R

A siznificant edvance wos the dlscovery in 1801 by Brown and
Walker™ thnt half-esters could be used in this reaction, since the
products ere now not hydrocarbons but esters, which can be hydrolysed
to give the free aclds,

Although 4n the electrvlysis of mixed scids three products are
obtained, those are often eesily separated, particularly if the two
ocids are very dissirmilar. The yield of product fyom crossed coupling,
though not very high (ca. 307), can be inaressed by using an excess of
one of the reactants, emd often oompares favouradly with the overall
vield of other multi-staze syntheses. The product is also obtained
in a fairly pure state.

Hethenol is normally used for the solvent, as the conditions far
optimm yield are then less oritical than for those in squecus solution™®,

The mechardam of the resction™® is believed to imvolve free rodicels.
The carboxylate ion is neutralised at the anode to form a ccrboxylate
radicel, which decerboxylates to give an alkyl radical and corbon dioxide.
Two alkyl redicals then cocbine.
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R.CO,.~ e SR RiCOpe ——> Re + GO,

2Rs —> R.I

Tor the syntheals of fatty ecids, the half-ester of a dibasio
ecid is coupled t. a moncbasic ecid. Elther or both cen contoin
unsaturated centres, provided they are ot <2 or A Y to the carboxyl
group. Substituents must rot be in the & -positicm. Cousling oon
bte repeated soveral tines to give tie daslred final pecduct. Optical
octivity due to an asyrmetric centre is wmsawc,.. (see Dort II, p. 57).
es is the confisurntion of an ethylenlc bon.’l‘i.

in ezerple of enodie gymthesis 1s the chain extension of cleic acid
to give eruciec acid‘;g.

Cllg. (0112,7.0‘110*:. (c.a},,.co,a,;x
LS

(1) IDEC. (CI12)4.002‘56
(11) hydrolysis

CH3 (0.19)7. Clle (Cﬂz)n.ﬁﬂaﬁl

L‘Z-"<—l
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Ciq N=0
Cla ne=2
Cm n=4
Cyo D=0

FIG. 5



DIOCUSSION

The cis~-isomers of the four acids, teiradeo-U~encle, hexaleo-
10-enoic, octadec-12~enoic, and elcos~id-encioc Vi, n= ©,2,4,0)
mentioned on p. 6 are required eloeviicre for blological exanination
as potentlal esventicl fally ecids,

It wes originally proposed to prepare these aclls eccording to
the Schemw in fig. 5, syntheaisi.g tetradeo-B=ymolc ceid (IV) first
by eoupling i-heptyme (I) with 1-chloro-G-iodohexane (II) to give
1-chlorotirideo-7-yma (III), followed by hydrolysis uf tie cyanide, end
corverting the eccld by arodic synthesls into the tiures homologues
(7, 1 2,4,6) requ.red. However, owiy ¢ difficulty oxperienced
with the proparation of hexsdeo-10-ynoic acid by awdle synthesis, this
acid woo finally prenered n the sane wry as tetradec-3-ynolo ecid
substituting 1,8~dibrono-octane (VII) for l=-chloro-G-iodohexene (II),
Seralhydropenation of the ecotylenic aclds with Lindler cotelyst gave the
corresponding cis-olefinic ecids.

Of the eight ecids gynthoslisod, see table 1, five have not so fer
been reportod in the litorature. These ore: {etradeo-S-ynoioc,
tetredoc-cis-O=acnoiec, haxadeo-10-ynoie, elcon-1é=-ymoic, ard elcoa-
cio-14-enoic acido
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Sumery of Acids Cynthesised.

8 19 12 14

Beps |22-22.5° | 85-38° | 48-47° 52.5-53,5°
ecetylenic 53 -
celds | 1.40804

MDD 15-16° [26.5-27,5% | 20-20,75°
cis-ethylenio|
ecids nD” 1.4500 | 1.4503

3

trons|  1.50 0.9 1.7 nil
rethyl n® | 1.4200%)  1.4005%3 1,0516"1% | 1,0556%
eoters

(undistilled)
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(1) IIT"PATUDZE  SUTYEY.

(a) Ilezndec-10-enoic ecid. has been reported, thoush not isclated, by
11ditch end Vidyarthi,® who cbtained it by the partial hydrogonation
(397) of mothyl palmitoleate (hexadec-Seencate) with e nicrel/

kieselitulr coatalyst. This gave the cis and trovnn forns of hoxcdec-8,
{, and 10-enoio ocids, which were chorectorised by oxidation with
potassium permangonate in ecetons and isslation of the mono ard dibasic

gcids produccd.

(b) Octedec-12-ymolc reld is reported tudice in the literature, first
by Crun end Cmﬂw,M who Gohydyobroninated the ethyl ester of 12 (or 13)
~bromo-octadeo-12-enole acid (oLtained from ricinoclels ocid) with

p:altaasim hydrozide, and obtained a product mep. 54.30, wviich gove
the ourrect cloavace products for octndec-12-ynole eclid. lowever, the
mepe f tie ocid is 12% tou low amd 85 rust have containod sore positional
isormers.

Iore recently luber > hus symthesised the acld from i-heptyne end
1-chloro-10-iododeocne, s product had m.p. 46.2-47.2° & a acvees
with thot of this worlk.

(o) Octedsce19-enoie Acid reported by Fhotok and FPatwordhan™ &5
ocour in cow end buffelo mille fat, moy ccour in trace anounts in the
fets of the ruminants, as o result of sec mniary changes of dietery fots.
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In this case both the cis-erd trons-forms will be present. (See
maiten. 47)

Tois eeld was produced in early synthetic work by the dehydration
of 19-hydroxystesric acld (obteined from ricinolels scid) either
catalytically®® or by heeting with oxalic acid,*® and also by the
dehydrobrocination of the bromide.?? The methods used, end the melting
points found, indicete that the products were mixtures of the cis-end
Xrong-forms of 1l end 12-octedecenoic acids.

Portiel hydrogenation of linoleic end linclenic secids, C

to which
there crxe mary references, also gives rise to the cls-and trans-forms
of the scid.

The only complete synthesis of both the ¢is-end trens-acids
reported to date is by Miber™ who reduced the scetylenis ecid
stereospecifically to give the cis-acid, mep. 26.8-27.6°, which wes
elaidinised to give the trangescid, m.p. 52-58°,

The trongeecid, m.p. 52-58°, has elso boen partially synthesised
by Barucha and Gunstone by debrominstion with zino of erythro-12,15-
dibromo=octadecancic acid cobtained fyom netural epozyoleic ceid.
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(2) ERCPATATION 07  TOTRADIC- end HICXADICYIOIC ACIDS.

In 1048 Strong and his colleazues™’ published a genercl method
for aynthefsiaing monoethenold acids vie ocetylenic intermediates (see
p. 8 ). 1In this, a 1-eligyme is coupled to anof,w-iodochloride end
converted to the coyanide, which on hydrolysis gives the required ncid.
Since then thelr method hos been used by them to prepare monoethenold
acids of varying chain leng‘!sl:l,g’3 by mﬂ:erw to prepare 7 to 13-
octadecenoie acids, ard by many others.>0? 2%

Tetrodec~-C=ynoie acid (IV) wes prepered from i-heptyne (I) erd
1-chloro-8-iodohexene (II) via iechlorotridec-7-yne (III) in 887 yield,
and hexedec-10-yrole ecid (IX) from i-heptyne and 1,8-dibromo-octone
(VII), via l-bromopentadeco-O=yne (VIII) in 287 yield. (See fig. 5).

1-Chloro-C=-iodohexane wos prepaved from hezamethylene glycol,
via 1,6-dichlorohexane os deseribed by Rephasl and Sondheiner. 2o
The yield of iodochloride firom dichloride wes increcsed to 63 by

regycling the recovered dichloride.
The synthesis of i-chlorotridec~7-yme (not previcusly reported in

the literature) was first atteopted by the method used successfully by
Rephasl e-d Sondhelmer > o prepare 1-chloronon-S=yre, by reacting
1-chloro-G=-icdchexzane with i-heptyne prepered in situ, avolding an
excess of acetylens. The crude product wus distilled to give five
fractions, each of which were analysed by Gas Liquid Chrocontography.
Theoe interpreted with the help of later evidence showed that the
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desired product was in the last two frections in about 367 yield.
However, this method hed to be abandoned due to leck of information at
the time, and chlorotridecyne wns prepared by coupling iodochloride
with heptyne from a separate preparation.

Scdamide, sodium acetylide, ard l-heptyre were prepared by standerd
proceedures,>?  Althouch Rephael® yeccmmends that eliyl holides for
reaction with sodium ecetylide ere not added in ether if the volatility
of the product indicates otherwise, presuncbly owing to the diffioculty
of separating ether and product, greater losses would be expected to
ocour on a small scele if the organic layer had to be separated, weshed,
end dried, in the absence of solvent., It was found that removel of ether
(beps 34°) by simple distillation resulted im 108s of heptyne (b.p.100°),
but that little loss ocourred if the ether wos removed through o ¥

tre colum pacleed with Pensks helices.

s G.0..C. showed the crude chlorotridecyne to be contaninated only
with chloroiodohexane (15;7), the product wos converted to the cysnide
and henoce by hydrolysis to tetralecynoic ecid without purification.
Under these conditions the lodochloride gives suberic ocid which is not
extrected by petroleun ether. Crude tetradecynoic ocid obtained in e
triol run was showm by G.L.C. to be precticolly pure, epart from co
37 of the igo-ccid.

The source of the iso-tetradecymole ncid wos traced to the
i-bromopentane used in the preparation of l-heptyne. Since sodium
ocetylide only reacts with primary halogen compounds conteining the
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group -GIIQ.CHB.X to produce mono-substituted acetylenes, ™ whereas

secordary and tertiary halogen corpounds, and primary derivetives

branched at the sccond carbon atom are delyydrohalogenated to ethyylones

by the reagent, the impurity is probobly l-bromo-S-methylbutans.

This was not seporated from l-bromopentore by a previous dlstillalion and

was only detected in the bromopentane, at a later atape, by G.L.C.
1-Cromopentodee-Ceymg  not previcusly reported in the literature,

was prepared by coupling 1,8-dibromo-octone with the sodium derivative

of l=heptyne in liquid exnoida Tids gove, efter frectionation,

the roquired bromoaliome (507). Althoush tiids was a tuch lover yield
than would have been e:pocted with an of,w-bronochloride or iodochloride

(ca 9077), 4t was offset by the commorcial avellebility of the o ,w-
dibronide thus seving a tedious ond tims consuming rrelininary

preparation.
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(3) AUQDIC SYNTHESIS

L
e

The recent use of anodie gynthesis (see p.9 ) in preparative
orgenic chenlstry has been ploneered by Iinsteed and Veedon, who
with their ocollesgues have published since 1000 a long series of papers
on the subject. The fourteenth, end lost, paper®’ in this serios,
doeling with ecetylenic ocids, confirms the view thal the triple bond
is unaffected during enodic synthesis provided that it is notaf3 orf3T
to the cerboxyl group, though the limiting case of aVed triple bond wos
not exa:ined because of inacoessidbility of the starting matoriels
required. The triple bond can be in either the moncbasic or the
dibgsic ecid, but it is particularly uscful if it is in the dibesic
ecid, which can then be coupled et both endas to glve any required
monoacotylenic acid. |

In the intended cynthosls of hezadec-, octadecw, and elcosenoic
acids from tetradec-Ceymoic ecid two poasible roubtes were considered:-

(1) Cyq-ymolo—> Cyy  eymolec ——> Cy, wenole.

(11) Cqq-ymolec —> Cyy-emoie —> Cy,  =enoic.
As yields in enodic synthesis eare comparatively low, the first of these,
irvolving the hydropgenation of less material, was choson.

The apperotus used wns simllor to thot desoribed by Veedon in his
latest review on the subject,”C and is deseribed on p.35 . Seversl
triel experiments were conducted with o vdxture of myristic acid and
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methyl hydrogen suoccinate before satisfactory electrolysecs were
obtained. To eavoid overheating the distance between the electrodes
had to bte reduced to the berest minirmm of 1-2 mm.  Cooling by eny
other means than ice and water, such as ice-salt, or acetone-solid
cerbon dioxvide, caused the solution of aoids to solidify, owing to their
lowered solubilities, with the consequent cessation of mizing.

In e preliminary experiment tetradec-S-yrnoic acid wos electrolysed
alone (cf.”®) to give hexncos-6,20-diyne in 477 yleld. Compared wAth
later electrolyses this one took place with great difficulty, there
was much over heating, ond a large amount of insoluble material wos
formed,

Linstead and Weedon 2?9076 rerort that durdng the electrolysis
of a fetty ecocid, some esterification with the methenol used as solvent
moy eccompeny the ooupling process. This is a particuler disedvantage
when an ecid is being chein extended by only two corbon atons as the
product will then be contarinated with the ester of the starting
materiel which is diffiocult to remove., One meathod of wwercoming this
18 to use the benmyl half-sster in place of the methyl half-ester.’®
In this cese the dosired benzyl ester is contamirated with the methyl
ester of the starting material and ocan be easily separated by
distillation, or in the case of saturated acids, the benzyl ester cen
be converted directly into the acid by hydrogenolysis.

The enodic choin extension of tetradec-8eynoic acid to hexadeo-
10-ynoio ecid in methanol wes tried uaing both methyl hydrogen
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suocinate and begoyl hydroson suocinate. In boih cecoos the meutrol
product conteined a smell mount of nothyl totralecymoate (as aid
the noutral product of all the oyntheses lrwolving teiredecymols ecold),
but only in the cace of the Lenzyl ester, wers tie two separuted by
distillation. liowevor, a8 the gynthools lLrwolving the bengyl halfe
estoy wes very tolious, even on a small goole, becauwns the olectrodes
had to be oleaed frequontly €0 ellow the eleotrolysis to prooced,
this aclid woo prerared on a largor scole by dlreot ccetylonle gynthesls
as deocribed abhwo (7.16).

The cloclrolysis of tolrudse-0-ymoic acid with mollyl Rydsosen
ecdinate, ond with motlyl hydrogen suborate to glve ootadoo=13=-y10’0
end elcoa~-id-ynole eolds, follxed by tholr loslation, wan carried out

suocesafully.
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(4). SHROIYDROGZIATION

The publication in 1953 of a peper by Lindler'2 describing &
palledium/caloiun corbonate cetalyst, pertielly incotiveted by treatment
with leed ooetate, end with enhanced specificity by the eddition of
quinoline, has rendered other catelysts oboolete far the semihydrogenation
of acetylenic acids to the corresponding eis-ethylenic acids. Raney
niokel, the most recently used caotalyst for this m&ntﬂ.mﬁs prior to
the advent of Lindler's, gove at best a mixture of nll the possible
products., In the reduction of stearolic soid, Khan o found that
fractional erystallisation of the crude product ofter the ebsorption of
1 mol. of hydrogen gave 727 of oleisc, 167 of stecrolie, and 137 of
steoric acids. Infreo-red exatsination of the erude product showed
ca. 6 of tyens-olefin.

These biproducts can be removed by corystallisation but the result
is of'ten a coperatively low yleld for what should be a quantitative
reaction. ILindlar’'s catalyst, however. when used correctly rives a
product contedming no saturated ar acetylenic acids, and only ca.if
or less of the trans-olefin.

Tor the solvent, petroleum ether (b.p. 80-100%), purified by
treatment with Raney nickel, is reported es giving the best seleotivity™
though ethyl ecetate"’ and ethyl propionateC ere also used. liethanol
hes been used with mized suocess.®’

Then the reduction of tetradec-8-ynoic acid, with an equal weight
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of cetalyst end 0.4 times the weight of quinosline, was attenpted in
purified petroleun ether (bep. 80-100°) no ebsorption of hydrogen took
place. In the ebsence of quinoline the required hydrogen cbsorption
was observed, but analysis of the orude product by infra-red
spectroscopy showed 2% of the traong-clefin, and by G.L.C. 87 of the
seturated or ecetylenic acid.

With ethyl acetate ns solvent end no quinoliins present, 57 of
the trans-olefin,was produced, with S ecetylenic or seturated acid;
but with quinoline edded only 17 of the trong-olefin, and no scetylenic
or saturated acid. In each case the reasction becams extremsly slow
after the absorption of 1 mol. of hydrogen. A higher proportion of
quinoline caused the reduction t> becomo too slow. The standard
proceedure adopted was therefore reduction in ethyl scctate with en
equal weight of cntealyst and one quarter of the weight of quinoline.

On & 5-10 g. scele the sexihydrogenation of the Cy,,C4, and Cyq
ecids prepared gave ecoepteble emouris of trong-olefin (1.5, 0.5, erd
1.77% vesp.), but the Gy, aold gove 7.67 trems-olefin which had o
be removed by fractional crystallisation from ethanol. | Lindlar
catalyst is a partially poisoned palladium catelyst, which has
quinoline gdded to sive o greater stereogpecificity. Quinoline itself
ects to some extent as a poison, as is shown by the results of the
trial reductions of teiradecynoio acid deccribed above. Deker,
Idnstead, and Teedon' + found that in the semi-hydrogenation of
stearolic acid, by doubling the amcunt of quinoline fyom 0.4 times the
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weight of catalyst, to 0.8 times, tho porcentege of trans-olefin wes
decreased from 5 to 1-27, though they do not mention whether the rate
of reduction was affected. As the Cpy ecid wos both distilled (as
the mothyl ester obteined froum an enocdie synthesis) end recrystellised,
it wes probebly in a purer state than the other three acetylenic ecids,
therefore requiring a higher proportion of quincline,

The acids were finally purified by trectment with animal charcoal,
followed by distillation under high vecuum,
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(3) EROOF_ QP STUUCTURE,

In synthetic chemistry the route by which a product has been
obtained can of'ten be rogarded as clroumstantial evidence of all or part
of its structure. In the case of the eight scetylenic and olefinic
acids being conoldered this is certainly so regerding chain length,
end the position and type of unsaturation, but each of these has been
checked by other means.

Gos liquid clwomatoprophy shows first of ell the purity of the
acids, thouch run as the methyl esters. This assumes the ebsence of
a non-volatile residue, but since each acid was distilled in its finel
purification this is a reasonable assumption.

Secondly, the retention volune, relative to methyl rmyristate, or
sone other standard, cen be compared with the velues for knowm acids.
This gives not only the chain length but elso an indication of the
emount of unseturation in the molecule. On the Apilezon L Column used,
senihydrogenation caused the required shift in the position of the
emergent peak, but no resolution of cis-~ end trans- forms could be
echisved, As the satureted and scetylenic soids ron together, the
total shift of the peck wes an indication of the selectivity of the
semihydrogenations.

Irfra-red snectroscopy was uned to determine the amount of trons-
acid present, by the method recormonded by the Spectroscopy Comittee
of the Averican 011 Chemists' Sooiety (1959).°® This consists in
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comparing the ebsorption at 10.56 1 of a solution of the sarple in
carbon disulphide with that of pure methiyl eloidate under the sae
instrument conditions. The result is sbtained in torms of ) ircms
es mothyl eloidate, but con be comverted to tho cbsolute [ tmoms by
mltiplying by the ratio of the molcouler weiy ht of the sample to that
of methyl eloidate.

Oxidative cleavage of the unsalurated ecils by von Rudloff

€9 and ldentificetion of the mono and dibasic acid frogmonts

oxidation,
by 3.5L.C. at 190 and 200°, eonfimed the position of the triple bond
in tetrodec-Se-ynole acld, and of the double bond in the fuur etlylernic

ecido.



Unless otherwise stated tho patroleun ether used in this work
was b.pe 40-00°.  Solutions were dried with ariydrous sodium eulphate.
Melting points were determined in a capillary-tube and oll-bath, and

aye uncorrocted.



Gos Licuid Clhwonatorrepby.

221 the cluoaatosyaons were rua on o Iye Arvon Caromato roph
with o radima D /B -rcy lomisins dctectors  The columms ' ood vers
elther 5,10, or 20 Adcam L on allsdi-teshed Colite prenared
ecooding to Tanqmuiar et ol. 70 end wore mm et 200° with e cos flow
of og. 55 wl./min. Caples, oithior as liguids or es ethor soluti s,
were injected Ly sionnHiny the zas flow, rowoving the gos lecd,
dlacharsing tae ecople on to the top of the colum from a 0.C025. 0.C5,
cr 0.1 nlerolitro pipetie, ond reploeing the gas lood a 1 rostorlng
the frgon flowe letontlon tioes were measuwred frxa the norative alr-
peck. lotentlon volunes ere quoted relative to myristic acld ('Jr) g
elthouch in the case of the longer choin ecids these values were
dotermined using pelnitic or stearic ecids os standords. Ooe
orpendix (p. 77) for a list of data obtained.

leutrol products were run as such, but ccldic products wors run
as methyl esters prepared by methylotion with a 373 solution of erhydrous
Lylrosen chlordde in methonol elther for 2 hrs. under reflux or at
roo) temmerature overnicht.
1,6-Dichiorohezene® lezanetiylens glyool (20.5 g.) and dry pyridine
(2.5 ml.) were melted together and thionyl chloride (10 g.) wos then
0dded to lover the melting point. To the oooled, stirred rixture,
thionyl chlorile (109 g.) was edled et such o rate that the tecperoture
remnined ot sbout 257,  After the addition, the flas': and contents
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were heated under refluc for 3 hrs., ic? wnd wotor were then
corefully adled to the cooled dxbture ernd the precipiteted oil wos
extrected with petroloun etlicr. Tho extraot wos woched with o.
sulphuric 0id, cquoms sodlun blearlo.cte, & 4 weler, drled ad
evepsrated.

The erade »roduct (23.0 g.) wos Alstilled to give dichlorchezoe
(3645 g €57, beps £3%/15 tma, 120 1,4570. Ca a two molar scale
the 3ield was £8.57.

MM&M&(H)% 1,8-1chlorolicrae (3€.6 g.) wuo edlel to
a solution of codlum 1.413e (3C.0 ¢.) in vy ccetone (225 rl.), wnd

the 8. lutiomn wus Looted under reflux for 2 hrs. (mch buyping ccourved).
Tater (540 ml.) wos ¢hion £ddad, the product extrocted with petroleun
ether, and the extrect voohed with wuter, dried end evoporated. The
crude product (94.9 g.) on frectionation throuh a ¥ metre “onsle

caluy. guves

Bk o —elht bo. Lressuns ngi..’i

i 0.34 g 42-43" 0.5=0,75 mm. | 1.4506
2 2,67 a. 52-67° 0.6 m. 1.4753
3 16.97 g. 60-73° 0.5-0.65 1.5196
4 8.52 g. 68-78° 0.5-0.65 1.5224
5 1.19 g. 68=75° 0,5+0.05 1.5254
6 15.356 g. residue 1,5763

Troetions 1 ond € wore meldnly Qichloride o 4 dl=fodide resp. Yield
of iodochloride (fract. 5-5, 437, but wion the preyaration wos repca.ed
twice on a 1,7 molar scale usiiy reoovered dichlorile from the first
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in the second, the net yleld was 62°.
1-tieptyme. (I) Liquid armonia (500 ml), in a 1 litre three-necked
flask surrounded by a cooling-bath at =40 to =35°, was stirred while
acetylens (via a mercury sefety-valve. and purified by pessege through
a 80lid carbon dioxide-acetone trap, two conc. sulphuric scid wagh-
bottles, and a reversed wash-bottle) wos repidly possed in for 5 min.
to saturate the amonia. Sodium (11.8 g.) woo edded in small pieces,
the stirring and acetylene being contimued, the next plece of sodium
not being edded until the blue colour due to the previous plece had
been discherged. i-Dromopentans (77.6 g.) was then added over 2 hr.
and the mixture stirred for o further 2 hr. The flask was renoved
from the cooling-bath, armonium hydroxide (65 ml., 880 g./ml.),
followed by water (150 ml.) wos added, and the orgenic loyer was telken
up in ether, woshed with water, dil. sulphuric acid, sodium bicarbonate,
woter, and dried.

The ethereal solution wos frectionated through o ¥ metre Penske
colum to give 1-heptyns (25.3 g., 517, beps 99-101°, r2® 1,4066
(116,72 bop, 99.8°, n2 1.4048).

1-Chlorotridec-7-yne. (III) To e stirved suspension of sodemide in
1iquid emmonia (250 ml.) prepared from sodium (2.53 g.) by the usual
ferrio nitrate process © was added 1-heptyre (9.6 g.) over & hour., and
stirring was contimued for a further O hr. 1-Chloro-G-iodohexzane
(25.9 g.) was then edded with cooling over + hr., end the stirring
contimed overnight. The esmopia wes ellowed to evaporete off at
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room temperature after the addition of ammondum chloride (10 g.),
water and ether were then added, and the separnted ether lgyer was
washed successively with water, dil. sulphurio ecid, egquecus sodium
bloarbonate, and water before being dried and the solvent removed,
finally under vacuum. This gave a crude product (21,7 ¢.) which
G.L.C. showed to consist of two camponents, one of them being recovered
iodochloride (ca, 157). It was used for the next stage without
further purification. Hepeated on a 0.8 moler scale en exactly
proportional yleld wes obtained.
L=Chilovotrideo-7=ne (II1) [without isolation of hoptymed. To e
stirred liquid emmonia (120 ml.), through which acetylene wes being
bubbled, were added snell pieces of sodiun ot such o rote that the blue
colour due to dissolved sodiua just disappeared bofore the next piece
wos introduced. The acetylene flow was stopped at the exact moment
vhen the blue ocolour dus to the last plece of sodium wes discharged,
i-bromopentane (15.1 g.) wes then slowly added, end the reaction
mixture wes stirred for a further 4 hr.

A suspension of sodamide in 1iquid armonie (75 ml.), prepoved
from sodiun (2.48 g.) by the ferrie nitrate process of Veughn et al.,
was then edded in portions with strong cooling, the nixture wes stirred
for 1 hr., i-chloro=Geiodchexane (24.6 g.) was added dropwise, and
the reaction wes completed by stirring for a further 12 hr. The
emmonia wos evaporated off on a steem-bath, water and ether were added

72

to the residue, and the ethereal layer wos washed successively with



end eveporated.
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dil, sulphuric ecid, aqueous sodlium bicarbonate, ond water, then dried

The crude product (24,7 g.) ﬁ'a.otiom.taad through a 10 en. Vigreux
colum reve the following frections, (analysed by G.L.C. on a 207
Apleson L oolum at 150°) $

(Fye| W.6olg.) b.p.(T'C) press. (ma) nD(tG) moin ocumponenta,

1 0,43 2728 20 1?4365(31) heptyne & brom pentene

2 €429 56=53.6 | 0.2-0.8 |1.4644(21) | dodecyme (?)

.3 Se79 72-76 0.5 1.5269(20) | iodochloride

4 2.6 85-108 0.5-0.8 | 1.4689(20) | iodochloride &
chlorotridecyne (1:9)

5 Se4 78=87 0.2 1.4656(19,5)| chlorotiiecyne

1-Dromoventedec-O=yme (VIII) 1elieptyne (21.0 g.) in an equel wolume of

ether wes added over % hr. to a stirred suspension of sodemide from

sodiun (5.03 g.) in liquid emwonia (500 ml.), and stirring wes

continued for a further 8 hr.

ropidly edded with strong oooling, end stirring wos contimued overnight.
After addition of ammonium ohloride (20 g.) the ammonie wes

1.8-Dibramo~octane (60.0 g.) was then

allowed to eveporate at room temperature, the product wes extracted
with ether and the ethereal leyer wns waghed successively with water,
dllute sulphuric acid, sodiunm bicorbonate, water end dried. ZIther

and heptyne were distilled off at atmospheric prescure throuch a 3 metre
colum packed with Fensite helioes, and the residue wos distilled under
reduced pressure.



Fre| bep. | Iress. B2 vt.
1 | 87-95° 0.235 rm 1.4029 10.44 g.
2 | 95-1201° | 0.4-0.8 1.4949 7.51 g.
5 |100-110° 0.4 1,4089 7.51 g.
4 [118-134° 0.8 1.4809 8.21 g.
5 140° 0,6~0,2 1.4759 18.96 g
6 |140-160° 0.2 1.4714 7.08 g.

Fraotions 1,3 and 5 were moinly dibromo-octare (showm by C.1.C.
of 5 and refractive indices). Troction 5 contodned cae 957
bromopentadscyne with dibromcoctene a:-x&/t?xﬁmmc‘berised exmpound
rrecent as impurities (307 ;ield), ard was used for the noxt stage
without further purificetion. Freotion 6 consiasted of bromopentadecyne
WV 2,35) and a less vuhtilﬁ‘aanpomt (VTB.S.‘I.).

Fraction 5 (100 mg.) repidly ebsorbed 2,02 mols. hydrogen when

it wes hydrogeneted with Palledium charooel catelyst in ethanol.

Tetrndec=S=ynoic ecid (IV) A mixture of crude lechlowotridec-7-yre
(21.65 g.), sodium iodide (17.25 g.), sodiun cyanide (17.25 g.) end
ethanol (807, 170 ml.) was refluxed for 48 hr., potassium hydrozide

(57.5 g.) in wnter (144 ml.) wos then added and refluzing was contimed

for a further 48 hr. The reasction mixture wos cooled, diluted with
water, extracted with petroloun ether to reivve ary non-acidie material,
acidified with dll. sulphuric acid and extracted with petroleun ether to

remove the monobasio acid, and finally extracted with ether to remwe
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tLo dilasio collde T Orled extivots ylolded telrcloo=d=ynoic nold
(7.6 (o, 70 firon hoptyne), n 1,450% e subordo eold (5.9 g.),
Bepe 130-157° (13t.7° 269%)s  Go «C. Ghowed tho moncbesio ocid to be
clirxatozruphicelly pure (V, 1.C0), exoept fur ga 5 of the love
eold (Vp Gu832)s n @ 0.6 molar socle the yleld from heoptyne was
S8

Then e solufin of the ecid (205 mz.) in ethonol wea Iydrogonated
with 207 pellediun=-dinsesnl cetalyst, e choorption of hydsozen
(47 mle &% Tl oquivalent to 2.0 double bondg) was carplote in
15 nin, The cctalyst end solve:t wore reowed to ~ire o rocldls
Beme 53552, which GuluC. showod to be myristio ecid (11674 mes.040).

fttecptas 4o purily tho ecid b, rocyatallisation from eliin:0l,
and froo aquens etharwl, al rox: taymreture end at 0°, wero
uncucoessful. The produect of the pocond Laloh wos dlotilled four
tiacs wnler Iigh veouwum to jjive o product pure enouy: for seni-
hydrogonation with Lindlor cetalyst. in the first two Clstillations,
lodine, probebly formed Ly deoon osition oftn daurity, woo conlersod
in the trepe. The squivaolont wels it of the Irl. dlotillote doter-ined
by sl nle titration wos found to be 224.5 and 833.9, ceon value £24
{theoretionl 294).

i-bromopentadec-Deyme (13.72 g.), oodim 40dide (10.0 g.) oodium
cyandds (10.0 g,) and 80 etharol (120 ml.) were reflized for &3 hr ,

potasoium hydroxide (33.0 ge) in wator (82 ml.) wes thon odded ond
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refluxing was contimued for a further 48 hr. After cooling, dilution
with water, and extraction with petroleum ether to recove nonacldie
material, the reaction mixture wos acidified with § I sulphuric ecid
and the monobesic acid extracted with petroleun ethor. The extracts
wvere washed with weter, dried and eveporated to give hexadeo-10-ynoic
acid (15,22 g., 987), which was shown by C.L.C. to contoin ca. 7
decenedioio eoid.

~ The acid was distilled twice under hich vaouun (10'4m.) and
then recrystallised from metharol et 4° (later with addition of
increasing emounts of water) to give the following fractions:

Iz, Bt BsD»
1 4.91 g. 35-56°
2 ' 6.94 g. 34,5-56°
3 1.12 g. 26°

FMlooding the mother-licuor with water and extroction with ether rove
e vesidue (0,71 g.)

Anodic Synthesis.
The eppearatus (flg. 6) consisted of a oylindricel glass coll

(two sizes were used: 5 x 24 em,, and 5,5 x 15 en.), containing o
parellel platimm-foil electrodes (2.5 x 3 om) kept ca. 2 mm, eport
by glass spacers. The oell was cooled in an ice~woter bLath, end a
thermometer suspended with the bulb mear to the plates measured the
internal termerature, vhich was kept below 50°. Stirring of the

electrolyte was unnecessary owing to the vigorous evolution of carbon



dioxide.

Each eleotrods was attached, by spot-welding, to a short plece
of pletimm wire sealed into the end of a length of glass tubing.
Electrical contact was obtainod by attaching the other erd of the
platimm wire to a coprer lead. The power was supplied from a 120
volt D.C. source, with a commtator, rheostet. and ammeter in series
with the oell, (fig. 7).

The solvent used wos commercial methanol, to which enough sodium
wes added to noutralise cbout 27 of the acids. Hlectrolysis was
contimied until the electrolyte becams alightly alialine (pH 7-8,
BeDeH. wide range indicator pepor).

During the electrolysia tisa direction of the current wes reversed
periodically, end especially when the current began to fell towards the
end of the electrolysis. An insoluble product usually formed on the
electrodes, in vorying amounts depen_ding on the acids used. This was
not elweys cocpletely removed by reversing the current, and clearing of
the electrodes falled to make any apprecieble difference, so that for
the lest 207 of en electrolysis the current hed to be reduced to keep
the cell temperature dwm to below 50°,

After eloctrolysis, the insoluble product was filtered off, the
filtrate neutralised with a few drops of 2 hydrochloric acid, moot of
the methanol removed under reduced pressure, end the residue poured
into water and extracted with ether. In the later electrolyses the
methanol was not removed first, but the whole filtrote was poured into
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en excess of water end extracted with ether. The ether extract wes
woshed with 2 sodium hydroxide, then with water, dried ond evaporated.
The recovered eclds were isolated by ecldification of the alkalire
washings and extroction with ether,
[ydrolysis of the neutral products was carried out, where stated,
by refluxdng with 10 potasciun hydroxife in 807 methancl for 2-8 hr.

!i'at&wl Hydreogon Suceinate. This was prepared according to the method
of Tone, Sulborcugh, and %mnklin.?s Suecinic exhydride (100 g.)
end methanol (80 ml) were refluxed together for 45 mins,, the excess

methenol was then removed under reduced prosoure, and the residue
recrystellised from ether/petroleun ether (L.p. G0=809), to give
methyl hydrogen succinate (77.8 g., 507, m.p. 53-55° (118.7° 58°),

Benzyl hydrozpn sucoinate. This was prepcred by the methed of
Linstead, Veedon and mm.m A mixture of succinic anhydride
(200 g.) and bengyl eloohol (220 g.) wes hected under reflux for

4 hy, and then cooled. The product wes extracted thoroughly with

ether, and the etheresl solution wes seperated fran the insoluble

residue of succinie acid end woahed repectedly with saturated sodium
carbonate sclution., The alkaline extrects were acidified with

21 hydrochloric acid end the product (216 ge, 527), meps 53-55°, thus
precipitated, was isolated in the ususl woy with ether. Crystallisation
£rom benzore-petroleun ether (bep. 60-130°) geve the half-ester, m.pe
58.75 = 50,75° (ut.so",so 55-562)70
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Yothyl hydroren edircte. (Cee Swann et e1.)7? A mixture of adiplo

ecid (244 g.), Qi-n-butyl ether (200 ml.), como. hylrochloric ecld
(42 m1,) erd methanol (63 ni.) wes lsetel unle-~ reflux £or 2 hr.,
oore methanol (23 ml.) wos then alded and rofludig was contlmed “or
a further 2 hr. Ixocss mothamol, woter. ond budyl esher were
reoved by @istillation under reuced prescure (woter-puwp) until the
bath tezporature reached 1350, oxd the residue won fractionated on a

% motre J“onglie colurm wiih an ol mEm.

“r. beo. ‘ress. | wk. nt L ..
1 £0° 1.25 ma.| 43.90 g. 1.4205
2 02° 1.5 745 1.4304
8 140-122° | 1.5 106.0 1.4406 163.5
4 151-233° | 0.8 15.4 1.4415
o 153
5 133-134 0.8 2.7 1.4414

Proctl n 1 wes dlnetlyl adipete, and froctions 5«0 were methyl
hydrogen adi-ate (125 g, 4779).
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listhyl hydroren subercte. This was prepoared as described for methyl
hydrogen edipate using suberic ecid (150 g.), butyl ether (100 ml.),

¢. hydrochloric acid (22 ml.), and methanol (35 ml,, end 12 ml.)

The following fractions were cbtained:

Fr.| bed. press. wt. ny (£0)

1 77-03° 0,25 mm. 5.3 g. 1.4520 (19)
2 04-06° 0,4-0,5 25,1 1.43%9 (19)
S 96-110° 0.5-0.4 2.1 1.4334 (22)
4 | 110-206° | 0.4-0,23 4.2 1.4546 (22)
5 122-122° 042-0,5 7.2 1.4404 (21.5)
[ 120-134° 0.9 51.5 1.4426 (22)
7 154 0.3 8.4 1.4426 (24)
8 135-180° 0.3 2,5 1.4420 (22)

Freotions 1 and 2 were dimethyl suberate, and 6 end 7, equivelent
weights 192, 101 (theocretical 188), methyl hydrogen suberate, (58.5 g.,
367).

Hoxacos-6,20-d4yne, Tetradeo-8~ynolo ecid (5.0 g.) wes electrolysed
(current 0.25-0,5 amps., farndoys passed ca. 1.3 times thooretical)
in metharol (25 ml.) to which emough sodium was evertually added to
noutralise 87 of the ecid. Tven at low currents it was difficult to
prevent overheating, the polerity had to be reversed frequently, end
a large smount of insoluble product was obtainod.



-40=
Isolation of orgenic material (petroleunm ether ) yilelded neutral
product (2,16 g.) end recovered eoid (1,91 g., no® 1,4000). Hydrolysis
of the neutral product {2.08 g.) yilelded an ecid (C.11 g.) end
hexocos=6,20-d1yre (1,82 g., 477), n3 1.4625, which ves shom by
G.L.C. to contein minor impurities. 4.0 lols, of hydrogen were repidly
obsorbed when the dlacetylene was hydrogenated in ethanol over 207

palladium~charcoal catalyst. On removel of catelyst end solvent a
white s01id, mep. 55=49° (11t.%° 57-58° for hexacosans) was obtained.

Hozadec=10-ymolc Acdd (V, n=3) by Anodic Synthesis.

(e) Using mothyl hydrogen succinete. A solution of tetredec-8-
ynoic ecid (4.5 ge, 1 mol.) end methyl hydrogen succinate (7,96 g.

S mol,) in methanol (46 ml.) was elestrolyced (currvent 1 amm., feredays
pasced ca. 1,05 times theoretical). Then the curvent begen ¢, drop,
and the cell to overheat, the electrodes were cleenad but to no effect,
80 rove half ester (2.65 g.,1 mol.) wes added ond the eleotrilysis
continued until the seme trouble was ezein experienced, (pil 6). The
products were isolated in the usual way, to give a neutral product
(7.03 g.) and recovered acids (1.05 g.).

The neutral product was frectionated through e O cm. Vigruex
colirm and the frections ananlysed by G.L.C.
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Ix. b.p. recs. wit. A 013
1 60-200° | 0.7-0.6 m. 3 g. nil
2 114-122° 0.8 1 g. 40
s 128-130° 0.6 1 g. 70
4 130-151° 0.6 1g. 85
5 135-130° 0.6 % s 85

The weights and percentages of hexadecymoic acid ere both ppproximate,
In each fraction there was a greater or lesser ocnount of tetradecynoic
acid ghowing the inadequecy of the separation.

(v) U A solution  tetradec-8-
ynoic acid (8.0 g., 1 mol ) and benzyl hydrogen succinate (8.9 g.,
S mols.) in methanol (38 ml.) was electrolysed (current 0,5 amp..

faradays passed ca. 2.9 times theoretical). The eloctrodes were
cleaned frequently to allow the electrolysis to proceeds The products
ware isolated in the usuel woy to give recovered eoids (0.77 g.), and
a neutral product (6,94 g.) which wes fractionated through a 9 cm,
vacuun jacketed Vigreux column, the fractions belng exarined by G.1.C.

Ere bep. 1Xes8e B

i 44-50" 0.3 ma, 0,69 g.
2 70-104° 0.3 0.08

8 104-124° 0.8 0.62

4 124-148° 0.3 0.28

5 140-175° 0.1 2.18

] 175-190° 0.075 1.41
residue bath at 5 1.123

230240
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Hydrolysis of fractions 5 ad € end the realdue, followed by extraction
of the moncbaslc ecid with petroleum ether ylelded crude hexndece=10-
ymole aold (0.71 g, 247).  G.L.C. showed 1% to be a C,4 ecld
containing ca. 2.57 Cyg

Octadoc=-12-vnolc acid. (V, m=¢) A solution of tetradec-B-ynoic ecid
(3.1 go, 1 mol,) and methyl hydrogen adipate (6.6 g., S mol., Eq. wt.
162.5) in methanol (82 ml.) was electrolysed (current 1.0 « 0.5 emp.,

faradeys passed ce. 1,23 times theoretical), and the products wore
isolated in the usuel way to give noutral materiel (6.0% g.) and
recovered nclds (0,28 g.). The noutral product wes fractionated
through a O em. Vigreux oolumn,

Ix. Bepe ress. xt.
1 ao-ng" 0s5 mem. 5.04 g.
87-08 0.25
2 08-233° 0.25 0.50
3 152-139° 0.25 ' 0.97
4 134-152° 0,07 0.56
5 152-166° 0,05 ~ 0,08 0.47
res,. 0.14

Fractions 5,4, end 5 were found (by G.L.C.) to contein only C,q
(except that FS eonteined a very emall emount of C,,) with small
emounts of hydrocarbon (hexacosdiyne) end dibesic acid (°:.o)' both
removaile by hydrolysis and petroleum ether extraction.
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This preparation was repected twice on a three times laxryer scale
ziving (from 20 g. tetredecynoic ecid) meutral product (57.28 g.) and
recovered ecids (5.24 g.). The meutral rroduct wes distilled, and
the froction (11.0 ge) bepe 135°/0.25 mn to 168°/0.05 mu. was eonbined
with frections 3,4, end § fram the trisl synthesis, hydrolysed and
the ovtedsc=12-ynoic acid (8,01 g., 287), m.p. ¢3-44", extracted with
petroleun ether, The mep. wos reised to 46-47° (11t.%° 46,2 - 47.2°)
by reorystollisation from ethancl at 4°.

Eloos-14=1moic Aoid. (V, m=G). A solution of tetrodeo-C-ynoic ecid
(541 go, 1 mol) end methyl hydrogen suberate (7.8 ge, 5 mols) in
mothanol (53 ml.) was electrolysed (ocurrent 0.9 = 1.0 amps,, faradays

pessed ca. 1,32 times theoretical), and the products were isolated in
the usunl way to give noutral meterial (7.95 g.) ond recovered acids
(0,22 g.)« The neutral meterial was through a 9 am. Vigreux oolumn.

Iz, b.De press. ke

1 53-60° A 0.25 . 0.87 g
73132 0.1

2 152-157° 0ol 0,43

s 157-166° 0.1 2.98

) 1661687 01 2,59
145-155 6 x 10

Frections 3 and 4 were showm by G.L.C. to contein only cm monobasic
end cu dibasie aclds,.
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The synthesis wos repeated twice (with 19,0 g. of tetradesymoic
ecid) to give neutral product (49.3 g.) and recovered acids (1.59 g.).
The neutrel product wes distilled and the fractions b.p. 126-164%/
0.06 m. (55,24 g.) and b.p. 156-182%/ 2 X 10™° m. (2,12 g.) were
combined with fractions 3 and 4 from ebove end hydrolysed with aqueous-
alcoholic potassiun hydroxide. The reaction mixture wes poured into
water, washed with potroleum ether to remove non-acidic material, end
the mixed ecids were precipitated by the addition of excess 2]
hydrochloric acid, The precipitate wes filtered off', washed and
dried to give o mixture (53.44 g.) of eicosyrnoic and tetradecanedioic
ecids. Ixtraction in a Soxhlet with petroleum ether geve cruds
eicon-14=ynoic acid (10.98 g., 367%), leaving a residue of totradecenc-
dioic ecid which wes shown by G.L.C. to contain ca. 237 eicosynoic
ecid.

The crude eloos-14-ynolc aclid was recrystallised from ethanol
at room terperature (1st frection), then at 4°.

Fr. Vieirht. DeDe
1 2.20 g. 54.5 - 53,5°
2 4,28 58,8 - 58°
8 0.91 49 - 52°

4 0.46 48 - 52°

The residue (2.61 g.) was recovered by removal of the solvent from the
last mother-liquor, Each fraction gave a single peak when cnalysed
by G.LOCI
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Catolytic Iydrogenetions. These were performed at room temperature

and at just cbove atmospheric pressure in a conical flask fitted with
a magnetic stirrer, (fig. 8). The hydrogen was produced chemically
by the ection of SIi-hydrochloric acid on ersenic free ginc in the
apreratus designed by Tuclzer.78 The catalyst and solvent were first
saturated with hydrogen before the sample wos introduced in more
solvent. Addition of further solvent efter the saturation of the
catalyst with rno subsequent absorption of hydrogen showed that the
solvent introduced with the sample d:d not of itself ebsord ary of
the measured hydrogen.

Tetradeo-cis-S-enolc ecid. (VI, m=0) A mixture of Iind!ar catalyst

(840 g4), quinoline (1,5 g.) and ethyl ecetete (90 ml.) was vigorously
stirred in hydrogen until absorption was comlete. A solution of
tetradec-8«ynoic acid (6.01 g.) in ethyl ecetate (30 ml.) wes then
added and stirring wes continued until the ebsorption of hydrogen
becane very slow, (627 ml. hydrogen ebsorbed, equivelent to 1,04 mols.).
The catalyst was filtered off, and the filtrate washed with 2=
hydrochloriec ecid, then with water, dried ard cveporated. The pele
yellow acid wes distilled twice under high vecuum (2.5 = 10*1?11:.),
treated with aninal chercoal in petroleun ether, and finally distilled
for o third time to give a oolourless product, ng’ 1.4569, Mn
infre-red spectrum showed it to contein 1,57 trrons-olefin, and G,L.C.
to be chromatographically pure, containing no acotylenic or satursted
ecid. Von Dudloff oxldation pave only hexanole and suberic ocids,



i
Hezndec-cis-10-enoic ecid. (VI, n=2) lHexadec-10-ynoic ecld (8,53 g.)

in ethyl ecetate (180 ml.) wes reduced over Lindler catelyst (9.0 g.)
containing quinoline (2,25 g.) as described for teiradecencic ecid,
(827 ml, hydrogen ebsorbed, equivalent to 1,055 mols). The product,
isolated in the usual way, wos distilled twice under high vecuun
(245 % 10™%mn.) and then treated with enimal charcoal in petroleun
ether to remove final traces of colour, to give hexadec-cis-10-encic
acid, n 1.4593, mep. 15-16°, conteining 0,57 txawe isaer. G.L.C.
showed the absence of the ace¢tylenle and saturated scids, and von
Rudloff oxidation gave hexanoiec and 1,10-decendiolc ecids.

Octodeo-cis-12-emoio acid. (VI, n=4) Cotadoc-12-ynolc acld (6,05 g.)
in ethyl ecetate (140 ml,) was reduced over Lindlar cetelyst (7.0 g.)
conteining quinoline (1.75 g.) as deseribed for tetradecencic acid,
(581 ml, hydrogen absorbed, equivelent to 1,045 mols.). The product
was isolated in the usual way, decolourised with animel charcoal in
petroleun ether and finally distilled unler high vacuun (2.5 x 10 mm.)
to give octedec-gig-13-enoic acid, m.pe 26.5 = 27.5°, conteining 1.7
of the trons-isomer. G.L.Ce chowed the cbsence of the acotylenic and
saturated acids, and von Rudloff Oxidation gave hexanoic and 1,12-

dodecardiolc ocids.
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Ticog~cis-14-enolc oeid  (VI, me6) CDicos-1d-ymoic ecid (5.90 g.)

in ethyl ocetate (140 ml.) wos reduced over Iindlar catalyst (6.0 g.)
conteining quinoline (1.5 g.) as described for teiradecenoie acid,
(458 ml. hydrogen absirbed, equivolent to 1,07 mols.). The product
wos isolated in the usuel woy, @ecclourised with enimal charcoal in

petroleun ether and distilled under hiph vacuun (2.5 x 10~*

ra.) to
give eicos-id-encic 80id, mepe 40 = 40.75°, conteining 7.C% of the
trons-isomer. G.L.C. showed the ebsence of both the saet.rated end the
ecetylenic ocid, and von Dudloff oxidation geve hezenolc end 1,14~
tetradoodioic acids. “he eclid wes recrystallised from ethanol

at 4° to give the following fractions:

r__..,___.._‘-“mtiﬂn weiht DleDe S trors.
1 1.57 g. 41.5° nil
2 0.81 41 - £1.5° nt1
3 0.99 41 - 41.5° nil
4 0.65 41 - 41.5° nil
5 0.46 40 - ¢0,5° 8.9
residue 0.9 36,5 - 58° 19,
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Clesvere of Unsaturated Acids by von Rudloff Oxidations”

The unsaturated ecid (0.25 nil.), potessium carbonate (0.75 m),
potassium periodete (2 ml.), potessiun permengenate (0.0536 mif.), end
water (100 ml.) were shoken together for 2% hr., then left overnight
et o tenperature. The resulting solutiomn wes ecldified, saturated
with salt, ard thoroughly extrocted with ether. The ecids obtelned
were methylated and enslysed by G.L.C. at 150 and 200°, to give the

following cleevage products:

monobasic dibesio
tetradecynoic CB CB
tetradecennic Ca Cg
hexadecenwic Ce c:I.O
octadecenoic Cq 012
elcosenoic 06 01 4

The chromatogroms showed the ebsence of other degradation products
with the exception of the C,, erd C,, dibasic acid fragments which
showed evidence of minor secondary degredation. In both coses there
was no evidence of the corresponding moncbasic ecids which would hove
been present hod these fragments been produced by cleavege of isomerie
acids.
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Infra-red Determinetion of Trens-Acid.®

The trensmittence of a solution of known concentration (ce.
20 mg/ml.) of the methyl ester of the maple in carbon disulphide
(cell width 0.8 mm.) was measured over the range 9-1iu et a scanning
speed of 4 min./p . This wes compered with that obtained for a
solution of methyl elsidate with the instrument programing controls
oot at identical positions.

tn the charts (fig. ©) a line wos drevn through the cbsorption
peak from 10,02 » to 10,59 I end the frectional transmission was
calculated as the distence to the sbsorption peck at 10.36u (eb),
divided by the distance to the base line (ec). From this the
background corrscted absorptivity was calculated.

trengmitted 1light ab
Transmittence, T = 7 00aor® 1ight = an;

Absorbance, A = log 1/T
gbsorptivity (background corrected), a = A/be
where b = internal cell length (cm.)

¢ = concentration {g./1.).

sample)
methy! elaidate)

% trans as methyl elaidate = :

Ibsolute % trens = & trans as methyl elaidate x

moleculer weight of sample
mol.wt. of methyl eleidate.
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(1) Asyrmetey in Cerbon Compounds.
Carbon is a tetravalent atom, and as such it can form compounds of

the general formula Cebed. According to the theory of van't lioff
and Le Bel the four valencies are direoted towards the cormers of a

tetrahedron, with the corbon atom at the centre.

If a,b,0, end 4 are all diflerent atoms or proups then the C atom
is said to be asymetrioc, and the compound Cobed can exist in two
ensntiomorphous forms (I) end (II), each poasessing a different
configuration. These can be represented more sirply by means of the
unarbiguous Tischert projections (IIT) end (IV) respectively.

In these the bonds “a and Cb are considered to lie below the plene of

the page, the other two, Cc and Cd, ebove it. These two configurations
are mirror images which cannot be superimposed, end are opticelly

ective, rotating a beam of polerised light equally in opposite directions.

In order to fully describe a compound containing one or more
esymmetric centres it is necessery to esteblish which of the two posoible
configurations it possesses, es tids cannot generally be deduced from
the sign of the rotation. The standard substance to which all other
optically active compounds ere related, if possible, is optically ective

glyecercldehyde, %mz.cnoﬂ.cm.



(2) lomenoclature.

The nomenclature sugrested by illyne> will be followed. Acyolie
copounds are dravn as a Flscher projection with the principal
mmbered chain vertical end murbered from the top. A substituent at
an esymmetric carbon atom is given the designation L 4f it 1lics on the
left-hand slde of the vertical chain, and the designation D if it lies
on the right-hard side. Thus the glyoceraldehyde (V) would be
2D, S=dihydroxypropanal or more simply, es it is oftenmlled,

Declyceraldehyde.

CIio

[
H=C-0il

iy
)
Fischer eosigned (+)=glyceraldehyde the D-configuration so that compounds
wiich can be related to (+)=glyceraldehyde also possess the D=
configuration. This correlation is independent of the correctnsss
of the configuration of the standard, and also of the system of
nomenclature used.

Since the work of Bijvoet, Peerdemen and von Domel® on X-ray
orystallogrephy applied to sodium rubidium tartrate, it has becore
socepted that Fischer's arbitrary essigmment was corvect. Thus, the
eboolute configuration of en optically ective substance is lmowm if it

can be correlated with glyceraldehyde,.
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(3) Anodic Synthesis Using Optically Active Corpounds.
Linstead and Veedon®, and St&llberg-stenhagena have shown that in
an electrolysis lmwolving en asyrmetric centre /3 to the carboxyl croup

the configuration is retained.
(=)-llethyl 37 ~methyl=-4=carboxybutancate (VI) electrolysed alone
pave (=)-methyl SL,6D-dimethyl suberate (VII), and the (+)-D form

gove the (+)-85D,0L isomer.

‘ ooy
05 =
cily ti-C-i

Io-(I)-H (?112) 5
Cily B0
o8 a

CO e
i) (vI1)

(4) Optically Active Momohydroxy-fcids.
A gemeral method for the oynthesis of optically active mono-
hydroxy-ecids has been deseribed by Serck-fanssen.®?’  Racemie methyl

hydrogen F ~acetoxyglutarate wos synthesised nnd resolved into its
optically ective forma. Dy anodie coupling of the dextro-rotatory
half-ester (X) to acetic end propionic acids («)=-S-hydroxypentancic
(VIII) end (=)-3-hydroxyhexanoic (IX) aclds were obteined. These
acids ave !mown to heve the D-confisuration,” °" and so the half-ester

used can be fully described es (+)-methyl SD-acetoxy-4=corboxybutenoate.



cI:ozﬂ Ega ?023
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By coupling either enentiomorph of this half-ester, first with a
monobasic ecld,ond then with the half-ester of a dibesic acid,

optically ective ecids of the gencral formula
R.CIL, . ClICH, (0113) n*COsf con be obteined.

(5) A2-ydroxyoctadecanoic Acid.

By the method indicated sbove Serck-llenssen’ has synthesisced
12l=hydroxyoctadecancic acid (XII) via Sl~hydroxyronenoie scid (XI)
end found them to be the enantlomorphs of the corresponding ecids
obteined from ricimleie acld |(+)-12-hydroxyootadec-O-enole acid] .
lie therefore a.os.igmd the D-confipuration to ricinoleic acid.

cogte cogt 0ol
i o (?“2)10
mo-c':-n _— no-fl:-n e HO-?-H
o (ay)g - (ol
ooy ot o

(x1) (x11)



«50=
The purpose of the present ilnvestigation wes to syntheslse
9D-hydroxyoctadecencic acid anl hence to determine the configuration
of the ecid ocbiained fyrom naturel S-hydroxyoctadec~12-enocic ocid.



Tn this work OD-hydroxyoctedecenoic ecid (XIV) has been
synthesised from (¢)-methyl SD-acetoxy-d-corboxybuteoncete (X) via
(=)=8D-hydroxyd decenolo ecid (XIII).

roae i i
7’8 P32 T
n-c!:-om —_— H-cl:-m U, . n-(l:-ou
i, (Gp)g (Gt;)g
oy ci ciy
(x) (x111) (x1V)

Jynthetic SD-hydroxyoctedecancie acid was found to possess no
opticel yotation, but the confipuretion of the natursl ecid is

sugrested on the basis of melting points,
The synthesis of 3D-hydroxydodecanolic acid adds enother merber

to the list of lacvo-rotatory P -hydroxyeoids knovn to have the

D-confifuration.

(1) Idterature Survey.

(a) Se=liydwoxydodeconoiec fcid. Three syntheses of the dl-ecid
are reported, by Aldickes end Andresen (m.p. 70=70.5%), by Siogh >
(mepe 8.8 = 69.1%), and by Dreusch® (m.p. 60°).  SD-liydroxydodeconcic
acld, m.p. 60 - 60,57, [oc] 17 -16,1° & .4 (Chiloroform, €5, 11) hes

now been prepared.
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(v) P-liydroxyoctedocansic Acid.
(1) Syrthetic. The dl-ecid has boen synthesised by Tomecico erd
Adame™® (m.p. 74-75°), by Anes end Bowman®? (meps 74°), by Bergutrc"nm
(mepe 75.4 = 75.0%), end by Cochrene and Herwoodi® (mep. 76=77°).
(11) From Yaturel Sour es. dl-0-r"poxyoctodocanoic ecld has been
fsolated by Dergstrémi! from, end identified by Sephton and Suttoni®
in,reduced linoleate hydroperoxides produced by cetalytic eutoxidation
or lipoxidase oxidetion of sodium or methyl limoleate.

(#)=0=liydroxyoctedec=13-enoic acld, desoribed by Cunstone 2
and isolated fram Strophonthus paymertosus seed oil, glves on reduction
9-hydroxyootedocenoie acid, meps 81 = 83°, [oc) + 0.4° in eestie ectd %
+)-le Ol Irdy, tadoc-trens, trans-10,12-diervate isolated

firom Dimorphothsce euventisce seed oil by Swdth et al., >t has been
reduced to give methyl P-hydroxyoctadecanocete which they cleim is
optically active from its melting point (49 - 51°) end infre-red
spectrun, though no rotation wes measured.

The presence of a 2=hydroxyoctadec=10,12-dienoic acid with clg-
trens conjugation is reported to occur in severanl seed oils by other

worlers, 22 but no mention is mode of eny assoclated opticel setivity.
OD-Iydroxyoctadecencic ocid, mep. 83.5 = 84.5°, but with no
measureble optical rotation has now been prepered.
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(2) Symthesis of 9b-livdroxyoctadeconnic Acid.
(o) Lethyl lvdropen (=fcetoxyrluterste. (X¢).
tiethyl hydrogen [3-ocetoxygluterete (XX) wegprepered from oltric
ecid by the method of Cerckeilanssen.’ Citrie ecid (XV) wes dehydroted
with oleun ond esterified with ethamol to give dlethyl [S-omogluterate

(XVI) es desoribed by Deker.® This wes reduced to aietiyl fi-
hydroxygluterete (XVII) with Raney nickel in ethomwl, and the dipotessium
salt (XVIII) was treoted with ccetyl chloride to give the acctoxy-
arhydride (XIX) which with methanol geve raoe:ni:o methyl hydropgen

fp -~acetoxyzlutarate (XX).

Serck-llanssen reduced the keto-ester (AVI) with Raney nickel at
100° ard 140 atme, but in this work the reaction was effected at room
temperature and atmosphoric pressure. The yields of orude

[ =acetoxygluteric arhydride (XIX) were varicble., Attempts at
recrystallisation from verious solvents on a larzer scele proved
unecononie owing to loss of material,

The half-ester (XX) was precered by esterificetion of the enhyaride
with e loarge excess of methonol et 35 - 40° wernisht. Diester is only
formed by this method if the armhydride hes previocusly been recrystollised
from ecetyl chloride, when traces of hydrogen chloride ere liable to
be pmaont.m '

(b) Eesolution of the flalf-fstex.

The resolution of methyl hydrogen [ -scetoxyzlutarate to give the
dextro-rotatory antipode ([0 Y7 + 6.14%, chloroform, €20, 1 1) in
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197 yield wes achieved only with [rect perseverarnce. Bquimoleculey
quantities of half-ester end cinchonidine were dissolved together in
ethyl acetate, an equal emount of ether was edded, end the salt was
left to erystallise et 0° in e stoppered flesk, Tven after tw> weeks,
however, no orystallisation tool: plece.

Unsuccessful atterpts were mede to i-duce erystallisation by
ooncentrating the solution, by increasing the proportion of ether, by
seeding with crystals supplied by Serck-lianosen, and by cooling in
steges dovm to ~70%,

Dventuelly, successful crystallisation wos achieved using open
bealers in place of the stoprered flosiks used previously. It was then
disoovered that the salt is dimorphous, ono form, mep. 0@0, being
obteined at 0° as larpe needles, the other at room temperature, m.p.
138-0%, as small soft needles.

Although Serck-ilanssen reported the solt to have m.p. 89° the
sample supplied by him hed in fact m.p. 158-0°. This semple hod been
stored at room termerature for 2 years before use, durirng which time the
chanze to the stable form may have taken place.

During one reorystallisation of the salt, the hot solution was
disturbed whilst cooling to 0°, resulting in the simmlteneous
erystallisation of both forms, with the higher-melting predominating.
On redissolving and cooling more carefully both forms egeln orystallised
out, this time with the lower-melting predominating., This shows that
the two forms are physically intercorwertoble and therefore ore truly



dimorphous.
llelting points were taizen on o Xofler blook as thoy were diffuse
in a cepillary-tube. Then heating of the lover melting fom,

DeDe 86-890, was contimied above its melting point, the higher melting
form orystellised from the melt and subsoquertly melted et 137.5-189°,
The progress of the resolution wns followed by moesuring the

rotation of the half-ester recovered from the mother-liquors. The
rotation of the cinchonidine salt proved unrelisble es a puide to this,
T:e resolved half-ester wos nwt dlstilled before use in caese of
decorposition.  The velue of [« Dﬂ + 6.14° compares favourcbly with
those of Serck-ilanssen for the undistilled product [«] 935 + 8,8°,
end the distilled product [« * 4 6,1° (a1l ehloroforn, €20, 11).
Serck-ilenssen indicates that beceuse of evidence of decomposition
in a second distillation, the rotation of the product after one
distillation may not be a moximm. I these valucs are low because
of the presence of irmpurities of a different species, then the rutations
of products cbtained from syntheses storting with then will not be
effected, but if they ere low because of the presence of o small emount

of the cntipode then the rotetions of eny products will be lowered by
the some percentege.
(o) SP-iydromydodecancic feid (XIII).
This wos prepared by anodie coupling of (+)-methyl hydrogen
3 =ecetoxyglutarate wvith nonanoie acid, followed by acid-catalysed

de-acetylation and hydrolysis. The product, [06] Dﬂ - 16.1°
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(ehloroform, €5, 11) wes obteined in 37 yleld. A triel experiment
using partly resolved leevo-rotatory half=estsr recovered from the
mother~liquors of the resolution gave pertially ective S=hydroxy-
dodecencio asid [oc] 17 4 5.3°,
In both of these electrolyses, the electrolyte became black

wvhen the reactlion wes cbout three-quortors completes The black
particles were later identified es colloidal platimm,., This had not
previously been observed in these leboratories, nor has it been reported
by ary other worker,

The neutrel biproduct of this electrolysis was shown by infre-red
spectroscopy to be a hydrocarbon, but the retention volume relative to
myristic acid by G.L.C. was found to be 0.89, whereas that expected
for Cyglls, is 0,107.  The molecular welight of this hydrocarbon hos '
not been determined,

() 9n-ilydroxyoctedecancis Acid. (XIV).

This was synthesised by the enodic coupling of SD-acetoxydodecsnoie
ecid and methyl hydrogen suberate in 28 yield. The infra-red

spootrun of the gynthetic acid wes identical to that of the natural

ccid,

The melting point of 85,5 = 84.5° could not be imyroved by repeated
recrystallisation, though on one ocoasion & mepe of 88.25 = £8,75° was
observed. The eold moy therefore possess dinmorphous orystelline forms,
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(8) Comfiguration of laturel 9-lydroxyoctadecenocic Acld,
As Gunstone and lorria2® give the rotation of natural

9-nydroxyoctadecanoic acid to be [ot]y + 0.4° (ecetic ecid,

C 5475, 12) it was hoped to determine the ebsolute eonfiguration of
the naturel acid by ocmperison with the synthetlic D-scid. However,
under the seme conditions (acetic acid, C4, 12) no msasureble
rotation wes observed (i.e.oc< 0.01°) with the gynthetic acid.

Tith more concentruted solutions the acid orystallised whilst the
polerimeter tube was equilibratin: to woom terperature.

Iven o rotation of 0,01° would have made [o]; 0.012°,
oconaiderably less than that reparteds Since thers is no reason to
doubt the euthenticity of the gynthetic acid widch was chooked by
G.L.Coe erd infre=-rod spectroscopy, es well as the circumstantiel
ovidence of its gynthesls, it secms reasonoble to question the accuracy
of the value reported for the natursl acid,

A possible correlation of the roturel end synthetic scids cen
be made from their melting points. The gynthetic D-acid molts at
83.5 - 84,5%, the natural ccid et 81 - 62°, and e miz'.re of these ot
82,5 = 83.5°, whereas the dl-acid is reported ¢o melt in the range
74 - 77°.3%°10 ;080 values indicate that the synthetioc acid has not
rocomised desopite its zero rotatiom, and probebly show the naturel and
synthotio ecida to be identloal. [Had the I~acld beon synthealsad a
mixed melting point with the netural ecid might heve been more

informative.
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It is of interest that optically active 12-hydroxyoctadecanoic

ecid from ricinoleic ecid has the D-oorxt‘igumtion,g whilst the

17-hydroxy seid from yeast fermentation pmchmtazs

hos the
I=confisuration. There is no evidence sbout the co~fipuration of

B8-hydroxyoctadecarocic acid also eveilable from natural ammﬁaa.%



Solutions weye dried with anbhydrous sodium sulphate. 1llelting
points were determined on a Kofler blook end arve corrected.
Diethyl (b ~Ozorluterate. (XVI)™

Oleun (200 ml., 257 303) wos edded to cltric acid (200 g.) in
a 2 litre bealter with mamial stirring., After 45 rin. the solution
wng covered with bengene {400 ml.), cooled in en ice-bath and treated
with ethanol (200 ml.) at such a rete that the terperature rempired
at 35-40° (ce 5 min.). The mixture wes transferred to a round-
bottom flask using a little ethanol es a rinse, stirred for ¢ hy.
protected from moisture, and poured on to ice end water (400 ml.).
The organie layer wes thorouchly washed with equeous sodiws biloarbonate,
then with water, dried end evaporated. The reslidue was distilled on
e ¥ metre frestionating column to give dlethyl (5 -oxoglutarate
(48 go 257), bape 103 = 206%/ co 1 m. (13t.%° b.p. 104%/1m),
n,1%'% 1.4442,  The eopper emolate, recrystallised from ethanol,

hed m.p. 142° (21t. %7 143 - 8°).

Diethyl 3 ~fydvoxyalutarate (XVII).

Diethyl />-oxoglutarate (10.0 g.) was reduced over Raney niclkel
(3 g.) in ethanol in the eprearatus described on p. 45 part I.
Mbsorption of hydrogen (1085 ml., equivalent to 0,90 mols.) oceased
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efter 1 hr, FRemoval of cotalyst by centrifupe, and evaporation of
solvent, gave en unliotilled product n,'2*% 1,4413 (1it. u ™ 1.4302,7
1,4361%8)

Dipotossiun [ =Hydroxyplutarate (xvir1)”

A mizture of dlethyl [>-hydroxyglutarate (9.89 g.), potassium
hydroxide (6.6 g.) and methanol (19.5 ml.) wes distilled to drymess
on a water-bath, Still on the water-bath, the crude yellow salt was
dried under vecuunm using first a water-pump and then an oil-pump,
and the product wos kept protected from molisture for use in the next

stage without purifiocation,

_P =tcetoxysluterto Achyaride (xmx)!

Acetyl chloride (92 ml., 1.20 moles) was added to dry crude
dipotessium [> «hydroxygluterate (from dlethyl f-hydroxygluterate
46.4 g., 0.227 mole), both et 0°, the temporeture wes ellowed to rise

to 35° and wes kept there for 1 hr. Ixcess acetyl chloride wos
distilled from a vater-bath at 70°, the residue wes extracted with

hot chloroform and concentrated under vacuun. The crystalline
eviydride (28.1 g, 727) m.pe 76 - 80° (11t.” 86°) wes obteined by
diluting the chloroform concentrate with ether and esoling to 0°.
Recrystellisation of & portion from ethyl eacetate by addition of ether
roisod the m.pe to 62 - 849, but the yleld wans poor end the crude product

was generally used for the rext stape.
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Hethyl Iiyiroren p -Acetoxyslutarate. (XX)”

A solution of [ -ncetoxygluteric erhydride (57.4 g.) in methanol
(87 ml.) wos kept at 35 = 40° overnight, excess methenol wos then
removed uner veowsm, end the residue (ny "l 1,4476) distilled twlce
to pive methyl hydrogen [} ~acetoxyglutarate (44.7 g., 607),
beps 242 = 150° / 0.2 mm, nt® 1,446 (11¢.7 bup. 145 - 155%0.5 m,
n,72 1,4470), equivalent weight 200 (theoreticel 204). An infra-red
spectrum a5 a liquid film gave peaks at the following wave-lengths:

5,75, (s) ester e m 0, 5.85, (s) ecid c = 0, 6.98u (m) end
7,30, (m) C~Cly, 8.1, (8) scetate C-0, 9.66u (s) 3% aloohol
c-0 (?), 10.7,. (w) acid O-H, In carbon tetrachloride the
gbsorbence of the ester carbonyl peak wes epproximetely twioe that of
the acid ecarbonyl. |

{)-Yetihy1 Tiydrogen [b ~fcetoxyslutarate _[(s)-Yethyl SD-Acetoxyete
mmw]- (x).
A mixture of optically ingctive methyl hydrogen (3 -acetoxy-

gluterate (30 g.) and einchonidine (43 g.) in ethyl acetate (200 ml.)
wes refluxed until a clear solution wes obteired. The solution was

transferred to en open besker anl the salt orystallising at 0° wes
recrystallised five times fyvm 3 ports of ethyl acetate to give the
oinchonidine selt of the dextro-rotatory half-ester (15,75 g., 317),
mepe 86 = 86° and 197.5 - 130° (11t.7 89%),

The resolution wes followed by extracting the salt from the
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mother-liquors with weter (8x), ecldifying with excess dil,
hydrochlorio ecid, setureting with selt, end extrocting the halfe
ester with ether (€x). The rotation of the recovered half-oster
progressed from a -ve value, throush gero to a maxirum +ve value,

The resolved salt (15.75 g.) wos dissolved in @ll, hydrochloric
acid, saturated with @lt, and the halfecater extracted with ether
(6x). The extreots vere weshed once with saturated brine, dried
end eveporated to give undistilled (+)- methyl hydrogen p -coetoxy-
gluterate (5.81 g., 907 from the selt, 107 from unresolved half-sster),
02 1,456, [od 7 4 6,24 ¢ .15 (chloroform, €20, 11;. see p.64).

(=)=SD=llydroxydodocansie Actd, (XITT)
A solution of (+)e=methyl hydrogen [5 -acetoxygluterate (5.74 g.,
1 mol.) end nonanoic acid (15.5 g., 5 mol.) in methancl (25 ml.)

containing sodiua (0.06 g.) was electyrolysed (current 0.5 amp.,
feredoys pessed co- 1.12 timen theoretical) to pil 6-7, During the
latter part of the electrolysis oolloidal platimam wos formed from the
electrodes. The insoluble prwduct was filtered off, the filtrate
neutralised with a few drops of dil. hydrochloric acid, poured into
water and extracted with ether, The extrasct, after washing with
equecus sodiun carbonate, and with woter, was dried and evaporated.
The recovered acids (1,59 g.) were isolated by acidificatlon of the
alkaline wonohings and extractions with ether.

The meutral product, dissolved in methenol (250 ml.) conteining
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conc. hydrochloric ecid (5 ml.), was concentrated to sbout 60 ml,
by distillation et atmospheric pressure over ¥ hr, This wes
repeated with two furthor portions of methanol (250 ml,) with 2,5 ml. end
0O ml. ecid, The resulting solution was diluted with ether, washed
with equeous sodium bicarbonate, then with water end eveporated under
vecuum to give e product (9.13 g.) containing methyl SD-hydroxy-
dodecancate.
This product wes hydrolysed by shaking with potassium hydroxlde

(245 g.) in equesus methanol (100 ml., 1:1) overnight. The resulting
solution was diluted with wzter, extracted with ether ¢to remove
noutral material (5,680 g.), acidified with dil., hydrochloric ecid,
end the ecidic product (8.08 g) extracted with ether, Two
recrystallisetions from petroleum ether (b.pe 40 = 60°) gave
SD-hydroxydodecancic scld (2.25 g, 577), mep. €0 = €0,5°,

[¢] Y7 = 16.1° & 0,4° (endorofom, €5, 11)s  G.L.C. showed it to
be prectically pure, and an infra-red spectrum contained pscks at
2.82, (0-H) end 5,96,. (acid C=0).

9 a-lipiraxyoctadecmnote foid (XTV)

SD=llydroxydodecancio acid (2.10 g.) wes refluxed with ecetyl
chloride (2 ml,) for 15 min., excess ccetyl chlorids wos remowed under
veowm, the residue shalon with a large exoess of water et 100° for
5 min,, and the ID-acetoxydodecennic ocid was extrected with ether,
dried and evaporated. An infra-red spectrum showed the presence of
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ester and aoid groups, and the ebsence of hydroxyl, ecid halide,
erd arhydride groups.

A solution of the SD-acetoxydodecanoic acid (ex. 2.10 g., i.ml.,
hy@roxy-acid) end methyl hydrogen suberate (5.5 g, 3 mol.) in
methenol (20 ml.) ocontaining sodium (0.02 g.) wns electrolysed
(0.75 ampe, faredays pessed ca. 1.28 times theoretical) to pi 6-7.

The products were isolated es before (except thaet the ether extreot
wos weshed with sodium hydroxzide inatead of sodium carbonate) to give
a neutral product (8,02 g.) and recovered aclds (0.18 g.)

G.L.Ce showed the neutrel product to have two mein components,
the desired ccetoxyoctedecancic ester and tetradecenedioic eater.

The latter was remved by the formation of its uvea inclusion compound,Z
The mixed esters (6 g.) and urea (25 g.) were dissolved in hot methanol
(150 ml.) end the solution wns cooled to room terperature. The urea
inclusion corpound (white needles) was filtered off after 1 hr,,
decaunposed by eddition of water, and the esters were extracted with
ether to give & product (2.07 g.) consisting (G.L.C.) meinly of
tetradecanedioic ester., The filtrate wes dlluted with water and
extracted with ether go give esters (3,70 g.) still containing scme
tetradocanedioic ester.

The procedure wes repeated on the esters (5,70 g.) fyom the
filtrate with urea (5 g.) ond metharol (30 ml.) ellowing orystellisation
of the complex to proceed overnmipht., The filtrate ylelded a product
(2,91 ge) containing no tetrodecanediolc ecid, end the inclusion
compound & mixture of both esters (0.67 g.)
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A mixture of crude methyl DD-aogtowootaﬂecamic ecid (2.21 .)
ard potessium hydroxide (2.0 g.) in equeocus methenol (64 ml,, 1:1)
wes refluxed for 3 hr., cooled, end the neutral material (0.23 g.)
extrooted with chloroform. The acidie product (2.14 g.) was extraocted
with chloroform from the soidified elkaline solution, end recrystellised
from petroleum ether (b.p. 80 - 100°) to give a s01id (0.98 g.),
Mepe 70 = 832, and by evaporation of the mother-liquor o residue
(1,11 g.), mepe oa. 20°%  The 501id wos reorystellised twice from
petroleum ether (b.ps 80 - 200°), erd then twice from aqueous methenol
to give SD-hydroxyootodecenoic scld (0.82 g., 287), mepe 85.5 = 84.5°
ard mixed mep. 82.5 - 83.5° with the noturel ecid (11,20 m.p. &1 -
82°). An infra-red spectrun in Iujol was identicel with that of the

naturel ecid. No measureble opticel rotation was observed (& < 0.01°%;

acetic acid, C4, 12; see p. 66).
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AFPEIDIX TO PARTS I AD II,

DATA TROM GAS LIQUID CHROATOCRAS,

Values of retention volumes relative to ryristic scid,
Vp(Cqq)s were deternmined on fApieson L columns at 200°,  Those
mariked ¢ were actually delermined relative to the eppropriate higher
homologue, and the value relative to ryristic escid fourd by
ocaloculation, Carbton mumbers were found from a straicht line plot
of log V_(C,,) against cerbon mmber for the saturated ecids.

Cormound Y.!.(.?}i) c.mo,
liydrocerbons :
hexasoosane 0.100 10.1
hexecos~6,20-diyne 0.198 - 10.25
Halonen ocommounds: |
1-chloro-g-iodohexane 0,307 11,325
1,8-dibromo~ootane 0.63% 13.98
1-chlorotridec-7=yre 0.837 13,05
1-bronopentadec-b=yne 2,35 18.0
i-bromopentadecane 2.42 16,05
Unsaturated ccids:
tetradec=B-enolo acid 0.914 13,8
tetradec-8-ynoic acid 1.00 14.0

hexadeo-10-encic ecid 3,18 = 15.8



Connourd,

hexodec-10-ynole acid
octadac-12-enoic ecid
octadse-12-ynolie acld
eiocos-14~-enoic acid
eioos-14-ynoic ecoid
Eydroxy-acids:
S=hydroxydodscancio acid

9-hydroxyoctadecancic acid
P-ncetoxyoctadecennic acid

78~

erC

14-)

2.54 ®
4,95
5,50 ¢
11.G65 *
12,90 #

0.84
1.0 ®
12.1 ¢

16.0
17.78
18.0
15.75
20,0

13,6

5.8



PART III

SYIHITIC  STWDITS Of

6, 8-DIIYDROXYOCTATIOIC ACID,



TIRODUCTION.
(1) 6,8-Thioctic Aoid.
c
T~
(lfﬁz clma-(cﬁa)‘.coza Cilg « CO4COI
. PO
I b 4

6,8-Thioctic acid or o« =lipoie aeid (I), first isolated from

liver in 19551, has been shown to fulfil & mumber of importent
biological functions, imlud_ing those of growth factor for certain
bacteria, end of co-enzyme for the oxidative decarboxylation of
pyruvice ecid (IT) R

CllyCH,.Cile (Clly) 4 4O CHgClly. i (Clly) 4 - COGH

Lﬂ (I}H la!-l S

I11 v

8,8-Dihydroxyoctancic ecid (III), the oxygen enalogue of
8,8-dihydrothioctic acid (IV) was oricinally required for biological
resecrch elsevhere.

(2) §,8-Dihydroxyoctenocic Acide
6,8-Dihydroxyoctencie ecid® end 1ts iumedlate derivatives such o

the dihyﬁx'ow-eater,s’4 the dimetow—ester,s the hydroxy- € -lactm,s
the acetoxy~ € «lactons ,6 the dip!mmay—-aoid,7 arnd the methylenedioxy-



e, .
eaters have been prepared rcee:ntly, often es intermediates in the
sythesis of G,0-thiocotie acld which hes been required for bioloslozl
wor.

in the present worlz two now routes to €,8-dihydroxyoctancio acid
hove been exa ined.

() Apodie Synthesis.
T"‘a'ma'f'c”a“coaﬁ Ta.c:ra.cn.cnz.coatze
| |
Ots  Cle Gl Ce
v vI

8,5-Diasetoxypentoncic acid (V) ecould be prenarcd from metiyl
hydroren P-aﬂetam:;lutmta (VI, see Port II) by roduction to the
elechol followed by ccetylation, ond tils vhen submitted to cmolio
synthesis with methyl hydroron glutoraile should glve metiyl €,8-
diepetoxyoctencate, eaolly corwvertible to the regulred ecid.
(b)

(1) She Gemeral Method. The condensation of Lketomos end anines

to e enamines hes been known for some tima.g
" - B4
ReGIl=CO + NLRy — > ReClad-lfl, <= R-Cl-Call,

| |

R nY n' _
Stor': end his colleszues Love develoned a new method for the soylation
end aliyletion of ketones via the enomime. For examle, the ellkyletion
of oyclohexnnone (VII) to give Zemethyleyolchezenone (VIII), proviously

a tedious pregoration, con now Le done in two ateses.
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N
0 N 0
[ I CH,
N CHsl
hydrol.
(viI) (VIII)

This general method hos since been used by meny wor:ers with a variety
of corpounds, ard is reviewed by Kuehne, ! end by Dulon, Tlkilk end
Veillera.12 |

(11) Oxo=clkanyio Acids, This method has been applied by

zh"migu to the synthesis of 7-keto-ncids, Cyclohexan ne-enauines
treated with acid chlorides give 2-acyleyolohexencnes, which ere
cleaved by alkali to gzive the correcponding 7-keto-scids.

Alkaline cleavepe of acyle-cycloalianones can take place in two
different weys:

R.CO. (CH2)4.002H

& — & A,

(IX) (x)

Tt hes been showm™ for S-noetyloyclopentancne (X, BeGily) that the yield
of keto-soid (85 - 907) is even higher than that for B-a.oetyloycio-
hexonone (60 = 647). Acylation of the enamine of cyolopertenonme (IX),
followed by alkeline cleavege will therefore result in a 6-keto-acid.

Purther, ecylation with mtammpmw}(emmae (Ac0.CIl,y.CH,,.COC1)
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should give Beacetoxy-O-oxo-octanoic ecld, which could easily be
converted to the required §,8-dihydroxy ecid. Ixperiments on this
subject will be described.

Then this work was nearing completion lunig published a further
poper in his series, describing the ccylation of cyclopentanong-encmines
with the acid chlorides of mono- ond dibesic ecids.)® Iis findinse
were substantially the same as some of those described here.

On the publication by Yurugi, Fushimi, and Iumate of a series of
exoellent papers on the synthesis of o =lipoic ocid, the first fourl®
of which deseribe the preparetion of 6,8-dihydroxyoctancle acid end
some oxygen derivatives, Ly the acylation of gyclopenionone-encmines
with alkoxy-propionyl chlorides, the wori: desoribed here wes
diseontimed,



DISCUSITAN,

Two atiemptas to gynthesise 0,8-dihydvroxyocetencie acid frva

methyl hydrogen (b-mtoxyglutamta end fyom qyclopentornone ere
now described.



H?/P(

CHO
COCl |
! C H,
CHZ [ OAc
socr. % (IZHOAc H, = Pd[BaSOs (I:H
CH sklp
[ CO,Me
CO,;Me
(x11)
(x1)
NaBH,
CH,OAc
CIHZOH éHz -
GHy |2 N
A OH e 2 -;
CHOAc g > (I:HOAC
[
CH, CI:Hz
|
CO,Me CO;H
() (V)
CH,OH CHZOH
CHZ (|:H2
|
hydrolysis S C H OH O_l' CH
I _ | l
CHy), ((I:Hz)4 o)
[
CO:zH co
() (XVv)

Fig. |
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(1) Synthesis fwom Methyl !vdrogen [ -Acotoxyplutarates

It wes first proposed to prepere G,8-dihydroxyoctancis acid (IIT)
by the scheme showm in fig. 1. Treatment of methyl hydrogen

3 =ecotoxygluterate (VI) with thionyl chloride should yleld the ecid

chloride (XI), which could then be reduced to the alcohol, methyl
S-ace toxy-S=hyrdroxypentansate (XIII) either directly with sodium
borohydride’’ or by Rosermund reduction®® to the eldehyde (XII)
Pollowed by reduction with Adam's cotalyst.™ Catalysed scidolysis
of the aloohol with acetic ecid should give 85,5-diacetaxypentarcic
acld(V) which could then be ecoupled with methyl hydrogen glutarete by
anodic synthesis to cive metiyl ,8-diacetoxyoctancate (XIV) .
hydrolyssble to 6,8-alhydroxyoctenoic ecid (III), or the € -lectone
(xv).

liowever, thls reaction scheme had eventually to be sbandoned
beceuse unexpected products, which proved @ifficult to characterise,
were obtainad in each stage up to the aleohol (XIIT). This wes
perheps dus to the mmber of reactive methyleme groups in the helf-ester
erd its derivatives, moking intramoleculor condensetion and polymerisetion
lieble to occur. Drief deacriﬁtima of atterpts to yreoch the
discetoxy-ecid (V) ere given, but no experimentel deteils of this work

are included.

(o) 3-loatoxyed=ocorbomethoxybutyryl chloride (XI),

Several attempts to purify, by dlstillation, the crude ocid
chloride obtained by treaiment of the half-ester (VI) with thionyl
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chloride under vorious conditions, end once with phosphorus
pentachloride, were lergely unsuccesaful

The first dlstillation ;ave a product (247) whise infro-red
spectyu contained the dosired eacid halide ebsorption peek ot
5_.55 o with a residue which wos probebly polymeric. Other
diotillations resulted in prolucts vhose infre-red spestra contoined
no ecid helide peok, ard in lerge polymeric resldues. The volatile
products from these dlstilliatlons slowed unidentified pocks at
€.,05, 0,15, and 6.52), » porhieps coused by intremolecular condensations

such oa:
Co.C1 CI
I T '-/ ey
(l:nig _ ([:Iz \Ifala
i e e
31'1.0.03.0:15 C;S -__;3
N Ny
&
002"'.'0 (I'rﬂa
L{JB‘_.Q

(b) Reduction with Sodiwn Darohydride.

A tricl reduotion of the oold chloride of methyl hydrogen succirete
geve butyrolectone in 250 yield.s Two unsuccessful stterpts were made
to reduce the crude ecld chloride of methyl hylrosen [L-aoetczy-
gluterate by tho seme mothods. The moutral product from the second of
those wes sudjected to acidolysis in ecetle ecld using p-toluene-
sulphonic acid axd conc. sulphurie ecid es catalysts, but the prolucts
oould not be charecterisel.
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(XX)
(o]
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(xx1)
COgH CO;H
|
co g > CHOH
[ iy Hy [N I
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CH,Y CH,OH

(xxn) ()

Fig.2



(o) Rosermund Peduction.
Attempts at reduction of the crude acid chloride of methyl

hydrogen glutarate in xylene by this method failed, probebly bLecouse
the acid chloride reeds to be pure. When distilled ,-nephthoyl
chloride was used, (3 =nophtheldehyde was obtoined in 567 yield.

The dlstilled ecid chloride of methyl hydrogen /3 -acetoxyglutarate
produced the required amount of hydrogeon chloride in a Rosernund
reduction end gave on distillation a product (227) whose infre-red
spectruz conteined en ecid/eldehyde ebsorption peak et 5.38 o
However, & 2,4~dinitrophenylhydrazorne of the product oould not be
abteined with Drody's recgent; ror could it be reduced with Adem's

catelyst under conditions which proved suocessful for the reduction of
n=butyraldehyde.

(2) Synthesis fron Cyelopentanone.
This wos besed upon the method used by Ninigl® for the pmpai'atim

of 7-keto=ccids fyom cyclohexonone (see p.82). Dy using
ayelopentenone G-keto-acids should be produced on cleevage of the
correspording /4 -diketone. _

Condensetion of cyclopentasone (IX) with morpholine (IVI) cives
the enonine (XVII). This is ectivated at the S-position. so that
acylation with the ecid chloride (XIX) vill give the S-acyl-ensmine
(X)), which on ecid hydrolysis gives the /5 «diketone (XXI). Alkeline
hydrolysis results in ring cleaveze to give the G-keto-pcld (XXII).
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Feplacenent of thse grouwp 'Y' by hydroxyl, end reduction of the keto-
group to a socondary alcchol should then give the required

8 ,8-dihydrozyoctanoie ecid (III).

It 1s well knosmn that there eve great differences in the rates of
reaciions 1nvolvlng;'_t‘m cyclopentens and cyclohexone ring mmtma.m
Poxr this yeooson, the ontimun conditi.ns of resction in the sclieme
sbove were first deternined for the gmiheois of G-oxo-octonoie eclid
(XXII, ¥ = 1) £rom the norpholine-enarine of cyclopentanons (Vi)
and propinyl chloride (XIX, ¥ = ).

It wos found that much milder conditions were sufficient to cexry
out this renction sequence t:an those used by Hunig for 7-leto-ecids
from cyclohexorone., A further paper by !Nndg describing thoe preparetion
of 6-koto-arids from ayclopentonone™ wes published after this work
wes completed. The conditions described in the leter paer were leso
vizorous than tiiose orisinally used, but were still not 50 nild es in
thls work, though the ylelds were sinmilar,.

(a) Symthesis of S-omo-octamolc Aeid, (XXII, Yeil).

1-morpholino-i~eyclopentene (XVII) was prepered by reflusing
morpholine (XVI) with cyclopentenone (IX) in toluene with p-toluene
sulphonic acld a8 a catalyst in 7€ yield. Ivoplenyl oliloride wes
edded to a solution of the enamine (XVII) ard triethylemine in chloroform
et 5% and the ultre-vislet sbsorptin curves wers plotted for samles

renoved at intervels. This ghowed that the recotion is complete es s>mn

o8 the eddition of the eecid chloride 4o over (15 mins). Tig. S showa
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the Ultre-violet specirum for the acyl-enanmine (X  Y=H) in methenol,
Ny SSma, ni 'm 790 (oniouleted from concentreti m of
ayclopentarone-enamine) .

If tha ecylation of lemorpholinoe-lec;olopentene (GVII) proceeds
via the canonlenl form (XVITI), then the ezperimntal. findin:s ere in
arresment with the faot that an exacyclio doubla bond 13 more steble in
cyclopentancne than in g clchexanine. .

Similarly, 1t wns expected that tho agyl-enanmine (I3, Y=I) could be
readily hydrolysed to 2-propionyleyolopentanone (XXI, Yall). A
proliminary exveriment shiowved thet lenorpholino-lecyclopentens (XVII)
gove the 2,4-dinitrophenylhydrazong of cyclopentenore immedlately with
Drody's re:\_,r*e:xtm in the ¢02d8. Vigorous stirrinz of the chloroform
solution of the eoyl-enanine (XX, ¥=ii) with dilute hydrochloric acid for
15 mins. wes sufficient to hydrolyse it to the [ -dilketons (LXI, Yall).
TMiz. 4 shows the ulira-wioclet cbsommtion curve of the distilled diketone,

The A=-diletone (ZXT, Y=ll) wos cleaved €5 give Geoxo-octsnole acid

by refluring vith e 57 squeous potasaium carbonate solutin. lio
incrcoss in the yield of orude product (907) wos obtained by ex’ending
the recostlon tisme beyond 1 he.  The overall yileld firaa cyeclopentanone
wns 42.57.
() |
The acyletion 5f lemorpholino-lscyclopentone (XVII) with

/3 =pootoxyproplonyl chloride (XIX, ¥ = 200), prepared fra
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f> =provdolecions and ecetyl chlorile es deserided by Creshenm, Janoen,
end S!mm,zg won firgt cerried ocuft using the conditions desoribed
ebwe. [Iovever, dlotillietlion of the coruds rroduct resulted in & lcrpe
emount of polymeric residue (407) and cove distilloles with unsotisfoctory
ultresriolet spoctra.
This recotion wos therefore nlso follwod by meens of the ultrn-

violet spucira of sarples vwithdrmewm ot intervals fyom exporinonts
-~y
Ty

conlucted et different terreretires.  Values of ";h:m wore coloulated

from the original comecentreilan -f cyclopentaone-enenine.

n initlel moxinm at 320mu profually diserrecred end was repleced
by the expooted absoxption peei for the acyl-enamine et S0 mu ,
The crurse of thie reecotinn wes followed et roum tomperoture, 35°, cnd
roflux tervarnture (63°). Tiz. 5 shows some of the spectre cbteinod
ot 25°.  The teot reectisn time wos found t5 be 24 hr. at 85°,

The effect of vorylng the proportions of eeid chloride ard of
triethylenine, and of replocing trietiylemine with prridine wes clso
studied. These changes led to no Lvmeovenont in the reootl

In order to have conditions en mild as pocsidle, the acyl-enanine
(XX, ¥ = 200) wes hydrolysed by refluzin: its chiloroforn solution with
an equal voluse of water, the recctlion being followed, cs before, by
measurement of the ultre-violet spectre of sarples withdrown ot intervels.
The optirsm roaction time was found to be 1-3 hrs. Tue ﬁ-di:cetcme
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(XX1, ¥ = AcD) was isolated by adding hydrochlorie ecid to the cold
solution and extracting as before. The crude diketone hed a satisfaoctory
ultre-violet spectrum, meximm at 207mu (£ig. 6), end an infra-red
spectrum conteined the expected cbsorption peeks.

Attempts to purify the product by distillation at 0,05 mm., or by
stean-distillation, and to charocterise it by formation of the pyreszole
wore all unsuocessful. Cleavege experiments were therefore performed
with the crude product,

Cleavege of the pediketons (XXI, ¥ = AcO) should give the
S-keto~-eoid
RO Cll, 4 Clly o CO. (CH,) 4 4 COTE
vhere R~ will be either H- or Cllg.CO- depending upon the conditions
used. In elther case the systen -00.0113.(332.0&1 contains an isolated
carbonyl chromophore, end so should possess no strong cbhsorption
ebove 200mu.

Howevor, experiments on the olecvage of the dlibketone with 4
equivalents 01‘111 potessium hydroxide end of N potassium corbonote
(Bq. wt. 140) u:ima that although the p-w;m ebsorption peai ot
285w decreased with time, a second peak ot 247m,. epreared end increased
to o maxioum volue. Fig. 7 shows the ultre-violet spectrun of the
crude product.. T preparation of the somicarbesome ylelded en

unsatisfactory product.

@ At this point no further infraered speotra could be obtained owing
to the breakdown of the infyre-red spectrophotometer,
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It is possible that the cbsorption mexium et 247m.is coused by
intre- or intermolecular ammaﬁ.m. Dxperiments were therefore
conducted to deter:dne the optimum conditions for the maximum fell
of the pediketone peok at 285m. coupled with the minimum rise of the
peak at 247mu.  Aqueous solutions of potassium hydroxide, potassium
carborate, potassium bicarbonate, and sodium ecetate were tried with
various equivelent emounts, concentrations, resctions times ond
temperetures. Of these one equivelent of !l potessium hydroxide for
3 nr. et reflux temperature (100%) proved toabc the best, closely .
followed by four equivalents of II potessiun cerbonate for 2 ~ § min,
at 100°. Fig. ammmﬁaummmmmﬁuw
with 1 ond with 4 equivalents of Il potassium hydroxide for % hr, et
100°, :

Ixtroction of the acidified hydrolysate, obtained with 1
equivalent of potaseium hydroxzide, firat with ether then with chloroform
geve two products (which may not be homogensous in thomselves) with
ultre-violet ospectra shown in fig. 9.

The crude  -diketons (XXI, ¥ = A00) wos shown by ges 1iquid
chromatography to contein 5 main components.  However, since the
chromotogrem wes run at 150° these may have been produced by thermal
reactions on the colum, Attempted purification of the erule dilatone
by ebsorption chromatogrephy on activeted silica gel was unsuccessful.

(iv) Acyletion with other Acid Chlorides.
At this point, ecylation of the enamine (XVII) with P-mtow—
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propionyl chloride wes dlscontimued. The troudle experienced mey
have been caused by intramoclecular condensation end pclr.mﬂaat;m of
the ecetaxy-derivetives., Tossible exerples of intramolecular
condensation ere shovm in fig. 10.

Neplecement of the ecetoxy-roup Ly another containing no ective
mothylens group should perheps overcane this difficulty. SeChloro-
proplonyl chloride wos first tried Ly Febry.2>  Acylation of the
cyclopentanome-cnoming (XVII) gove crude 2-(S-chloropropionyl)eyclo-
pentarons (XXI, ¥ = Cl) with a strong ultro-violet absorption bard at
Bain}u. flowever, both distillation and clesvege of the crule product
led to polymeric products, probebly owing to elinmination of hydrogen
chloridae,

It wes next proposed to ecylate the emmim. with S-benuzoyloxy-~
propionyl chloride (CGHS.CO.O.CHa.CHE.cG.CI), but ettempts to prepere
thia campound from e proplolectons axd benzoyl chloride by the method
used for the proparntion of Seacetoxypropionyl chloride were
unsuccessful, poosibly owing to the difference betweon the resctions
of [Bwiolwm with eliphatic ond eromatic compounds, e.g. with
eloohols end phonols. 24225

S«llethoxypropionic ecid (cnao.cnz.mxa.coan) can be prepared by
trecting f-propiolectone with methorol.® This could then be easily
corwerted to the acid chloride with thionyl chloride. Acylation of
1-morpholino=l=gyclopentene (IVII) with S-methoxypropionyl chloride
should pive the S-methoxypropionyl derivetives of the intermodiotes



04~
(i), (XXI) end (3AIT) where Y = licD-. ilowever, before thils schonme
could be put into operation & series of pepers by Yurucsi, Fushini
and Munota’® were publisied, describing in grect dotedl the synthesis
of 8,C0-dihydroxyoctanolc ecid by this method. Theoe gynthotie studies

wore therefore dlscontimed.
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SLERDIETAL,

Solutions wers dried with enhydrous sofium sulphiete., lislting
points vere deterzined ia a ceplllaryetube end oll«bath, end ere
uncorrected.

In the experizents follomd by ultra-viclst enectya tobles ore
given containing the values of %c:m These wore determined by
ﬁﬂﬁmﬁm a saople fron the reaction vessel and meling up t9 e known
volune in methanol. The veluss ore boseld uron the orisinal concentration
of storting materiel, either l-morrholino-l-gyclonconterns or
2«(S-peetoxypropionyl) cyclopentanone resp. and hove a limited
acouracy.

Pronioml Chilorids. Thls wea prepored scoording to the mothod of
trom. 2% A mixture of proplontc ecid (74 g.) and benzayl ehloride

(210 g.) in a flesk with a 25 em. fraoctionating colirm wes heated strongly
until 4t beran €0 boll., Froplormyl chloride was then distilled out

of the reactlon mizture at such a rate that the teonorature of the top

of tho colur &id mot exceod the b.p. of the ocid olloride. The

distillate wes redistilled to pive proplonylchlorids (75.5 z., 8370),
bepe €0° , By° 1.4054, (216.% b.o, ®°, 02 1,4002).

dsscribed by Greshem, Jancen, ed G .over.2® P ~Propiolestone (72 g.)
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wos edded dropuise to a stirred solution of sulphuric acid (0.1 g.)
in acotyl ohloride (234 g.) at such a rate (30 min.) as to meintain
reflux. After standing for 4 hr, the excess acetyl chloride was
distilled at atmospherio pressure, and the residue was fyractioncted to
give [ ~soetoxyproplonyl chlorids (62.3 g, 437), Lepe 83%/16 mm,,
n}’ 1.4588 (11¢.%2 v.p. 79-80%12 m, 12 1.4366).

A-Yiorcholino-1=cyolopentens, (XVII). A solution of cyelopentancne
(42 g.), morpholine (43 g.), end p-toluens sulphonic ecid (80 mg.) in
toluens (100 ml.) wos refluxed for 4 hr. in a flask fitted with e
ocondonper and water seporator. lost of the water had dlstilled over
efter 1} hr. The toluene wes removed under reduced pressure end the
residue distilled to glve l-morpholino=-lecyclopentancns (57.4 ge,

%), beps 108 = 106%/14 mm., nb’ 1,5104 (116.% v,p. 979/7,5 m,,
0193 1,5008), e enenine repidly turned yellow in eir, ond the
refrective index dropped.

2-Propionyl-eycloventanong (XXI, ¥ = II). Propionyl chloride (10.2 g.)

in dry chloroform (50 ml.) wos edded over % hr. with stirring to a
solution of lemorpholino-i-cyclopentene (15.3 g.) end triethylamire
(@lstilled over sodium, 13,1 g.) in dry chloroform (120 ml.) at 35°.
After o further § hr. hydrochlorio acid (50 ml,, 20%) wes edded, end
the two phese mixture wes vigorously stirred for ¥ hr., still at 85°.
The separated chloroform layer wos washed with water (6 X) until
the washinge had e pll 3=8. The water layer together with the agquecus
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woshings were neutralised to pil 5=6 with dilute s>dium hydroxide ond
extrocted with chloroform (5 X), the extrocts boing weshed once with
wvater. The coacbined chiomform solutions wvere dricd, everorated end
the recidue wes distilled to give 2-proplionylcyclopentanone (8.95 e,
647), bep. 06-8%/15 ma. nﬁz 1.4°08, U.V. spectrus (fig. 4), A
257, € 4510 in methanol, (1it. beps 007715 m.,™ o}’ 1.4036 P
Nnex 284m., € 6450 in n-hezare.)™® e ferrlc chloride test in
mathenol gave o wine-red colour. Trectoent with hydrosine hydrote rove
the pyramole,  mepe 119.5 = 120.5% (116.%° 115°), recrystellised
from petroleun ether (b.p. 40 - &0°).

In a prelininery exverimont the formation of the noyl-enanine wus
followed by means of the ultre=-violet spectra of som les withdrevm
ot intervals (see p.88 , end fiz. 5). Tie velues of Ty ;m ot the

cbeorption pealt were:

Tine (hro. _lz_iq_cﬁﬁ_)_
% 790
1% 573
7 705
2 | 600

IXTIT, ¥ = H). A solution of erude

= JEO=QCLANOoLe AC

Seproplonyloyclopentere (ex. 15.3 g. enanine) in aquoous potescium
carbonate (420 mle, 5,7) wos refiuzed for 8% hr. Che cooled solution
was extracted with ether to romwe neutral nnlerial, ecidified with

hydroohloric acid, and the acid product extraocted with etlher. The
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ethereal solutim wos dried ond eveporated to glve crude C-ono-
octarolc acid (10.07 ge, 07.50nepe 51 = 53°, (118, 52° 5193 54959
e crude praduct recrystellised fron petrolews ether (b.p. 40-60°)
gove the £ollowing frection (07.5 ex. enenine):

_'-_.l !it_t Bl.'!, L)

1 4,11 o. 52.5 = 53,8°
2 3.50 . 58 - 53°

s 1.2 51 - 82°

4 0.19 ¢. 49 - 52°

Mero=-onalysis, found: C, 60.2; [, 0.0. Cole. for CBHMOS'
C, G0.7; 1, 8.0% CZquivalent weisht 159.7 (cale. 158.3).
Seleerbazone mep. 154 - 105° (11t. 200 - '?°,53 190° 54) end
2,4=d1n1 trosheryliyirasone cee 1341552 (118.%° 03-07°), ntero-
cnelyeis found: C, 42.4; I, §.9; I, 13.8.
Cy47l4571s0g Toquires: C, 40.7; 1, 5.3; I, 10.0%

Frelimirary experinents on the clecvare of the [ -dilzetons with

5" aqueous potesoiun carbonate under reflux gove ihe following ylelds

of keto-acid (See p. 89 ).

e () ~xiedd. Bele
3 76 52 - 54° @
1 8o 48 - 50°
3 £3 48 = 51”°
8 04 51 - 53° @
ok 02 47 - 42°

® Dther solutions of ketowocid dried before evoporation
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2=(3=Noctomyproplonyl)Creloventanong (15T, Y m /c0).  SeAcetomy=
provionyl chloride (13.2 g.) in éry chlorcfom (€0 ml.) was adled
droprice with stirring to a solution of l-morpholino-iecyclopentene
(11,3 g.) end triethylomine (9.0 ge) in chloroform (90 ml,) over
5 min, ot 85°  The solutlon wos kept et 85° for 23 br., water
(100 ml.) wes then odled end the bi-phese mixturs wes refluxed with
vigorous stirring for 1 hr. Ti.e cooled solution wes shelzen thorouchly
with hydrochlorio acid (57 mls 207 end thie product estrocted cs
deoeribed ebove for Zenronlomyleoyelonentanone to Ave cude
2=(S-acetosyproplonyl)eyelopentancne (13.20 g., 8Y7), n 2 1.5050,
ultre-violet spectrum A 27mu , :%m 131. The ferric chloride
test in methoarol pave a wing-red colour. in infre-red shoolmn
contedned poalss et the following wave-lengths: 5.77. (eater), 5486 1
(ketone), 6.1y (emol), 6,95 amd 7,53,(C-Clly), erd 8.10u(coetate).

Cltro=violet spectra cbtained in a prelimiror series of expericents
on the formation of the scyleenomine showed the following values of
E};n for the ebsorption pea's et 550w end Sa’?vpu(.'.‘m P 90, end fig.5):

(2) Room Tempersture.

% hr 170 205
1} 177 110
20 2G7 65
72 330 23
120 . 873 24
108 850 26
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(b) 72 hes. room termerature, followed by reflux (61°).
3 hr 506 53
(3 324 23
16 185 21
(o) 1t 85°
e 250 mp 330 mh
¢ 210 31
S hr 506 146
0 425 102
* 10 505 63
23 470 39
30 £C8 51
46 407 as

¢ Saple in methanol overnisht befure spectrun measured.

Cimllar experiuents were carried out with 1207 excess of the ecid
chloride, with 120 exvess of Loth trietiylamine end cold chloride, eml
with triethylemine repleced by prridire. but ticse changes led to mo
iprovenent in the spectra cbteined,

Yaluos of T’ for the wnter hydrolysis of the ccyl-ensmine
(see p. 90 , and fig. 6) cre summarised Lelow:

Tie 207 mas 230 mu
¥ by 211 53
1 206 43
2 2 50
5 203 21
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Akaline Claavese of Z=(3-Acetylpronionyl)Crelonentanone. (XXT, Yaic)).
(4) Tith 4 Bquivelents of Alkal.
Crude 2«(3-coetoxypropionyl)coyclopentenone (0,50 g.) wes refluxed
with equeous potessiun hydrozide (20 ml., %T ) for 4 hrs The cooled

solution was extracted with ether to remove neutrel meteriel, escidified
with hydroohloric ecid (10 ml., 3 ), and the acid product extrected with
ether. The ethereel solution was washed with water, dried, oxd
everorated to give o viscous product (0.21 g.), n3 1.51%0, slightly
aoluble in water giving e solution ecid to litmus and to potassium
blcerbonote, Ultremviolet spectrum Aoex 247w, %m 254 (£1g. 7).

(11) Eith 1 Touivalent of Alvnll,

Crude 2-(S-acetoxypropionyl)cyelopentenons (1.0 g.) wos refluzed
with equeous potassium hydrox:de (10 ml., I¥/2) for & hr. The cooled -
solution wes extracted to remwe neutral material (0.07 g., n 1.4024),
ecidified with hydrochloric ecid (5 ml., 3 II), and the acid product
extreoted with ether. The ethereal solution wes weshed, deied end
eveporated to give a product (0,49 g.) ot 1,495¢, Further extrnotion
of the equecus layer with chlorofora yielded a second product (0.12 g.),
nZ! 1.508¢, Doth products geve low melting 3,4-dinitrophenylhydrazones.
Pig. 9 (fecing p.91 ) chows the ultre-viclet spectra of the two products,
Bvaporation of the aqueous layer and washings geve a third product (0.18 g )
n‘.:‘."‘9 1,5008,

The preliminary oleaveye experiments carried out are sumerised
below. Values of Eg";; at 247, end 283w are glven where they ere
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siznificant. (Cee p.91, end fig. 8).

*1
sy

(1) I g 4 rulv., feflue,
]

M. (hﬂ- ) ‘g&?m&

0 51

% 153

1 156

4 160

(ii) % u’-":Gs, 4 mv. ? leflux,

e 24T e

"Qn 65

2 min. 74

5 78

15 85

& o1

1 hr. 105

3 151

4 151

(341) I EOH, & hw,, Reflux.
3

FM..”VB. 3’17!11&

4 141

2 138

1 71
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(iv) I K71, 1 Tq., Reflux,
]

Time g-‘.}'?; L 208 mu
"o" 50 02
S min, 72 7
135 73 21
30 78 18

o = zeyo tine in eo0ld.
20" @ zoprs time ot roflux temoraturs.

Ciniler experiments vere carried out under the {ollowin: conditions:

12ad 39, o2 Goniva, Tom.
W2 KM 4 20%, 40°
/3 K COq 4 20°, ¢0°
/20 KoH | 1/19 150°
1/10 ECOq 4 10°
/10 TR0, 4 120°
1/10 Tedho 4 100°
/2 RyC04 1 190°
/2 K004 | (2 hra.) 100°
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