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To

The Registrar,
University of BSombay,
BOMBAY,

Subs Statement under 0.413 by the University teacher
and the candidate.

Sir,

The candidate is submitiing original work dealing
with the synthesis of macroeyclic musk compounds such as
exaltolide, exaltone, civetone etc. These products are
widely used in the perfumery industry and are also theme
selves very important and interesting from the chemistry
point of view because of thelr unusual ring size. During
the course of this investigation, apart from the use 'at new
raw material, entirely new approaches have been made for the
reduction of aeyloins to the desired ketones,.

The candidate's work on exaltolide forms part of the
paper which has already appeared in the Journal of the
Chemical Soeciety (J.Chem.Soc., 2348,1962). This paper deals
with the result of two independent projects. Those dealing
with exaltolide from erucyl alechol and whiech are being
presented in the thesis were carried out by the candidate.

Some of the results on exaltone have been prelimi.
narily reported from this laboratory in the form of a note
(Chem. & Ind., 1334,1960). The candidate has thoroughly
standardised this method with addition of newer knowledge
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and has worked out all the detalls as a result of which
the method can now be used for preparative purposes.

The newer methods developed for the rcg?fien of
aeyloin %o the corresponding ketones form the unpublished
work of the candidate which will be communicated for
publication in due course. These results are of considerable
importance and in some respects, are advancement over the
existing knowledge specially for unsaturated ketones.
Synthesis of civetone and iso-civetone carried out by the
candidate fbllwwina the new procedures for reduction may
be mentioned as examples.

Yours faithfully,

V. V- Rlebner

(Vo Ve Dhekne)
Candidate.

(8. C. SBhattacharyya)
Research«Uuide.

PO OERA
December 1964.
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The author is deeply indebted to Dr. 8. C.
Bhattacharyya, Assistant Director, National Chemical
Laboratery, Foona, for his valuable guldance through-
out the course of this investigation, and to Drs. 3B.B.
Ghatge and H.H., Mathur for their keen interest and
constant encouragement.

Ine author is especially thankful to Professor
K. Venkataraman, Director, Hational Chemical Laboratory
for permission to submit this work in the form of a
thesis.

He gratefully acknowledges the help rendered
by the microanalysis and spectrophotometriec departments.
He is grateful to all his colleagues in the laboratory
especially Mr, K.C. Abraham and Mr, 3.5, Rangachar, for
their cheerful cooperation.

(V. V. DHEKNE)
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Magroeyclic perfumery chemicals provide a very
faseinating field of research both from the practical
as well as from the theoretical point of view. Ihe
tern 'macrocyclies’ is generally used to denote carboeycliec
compounds containing nine or more carbon atoms in the ring,
though compounds containing nine to thirteen carbon atoms
are sometimes classified as medium ring compounds. According
to a proposal due to Pulﬂx," and Brown g_t,gj},.a the three and
four membered cycles are dhmtad as small rings, the five to
seven membered as common rings, the eight tc twelve membered
rings as medium rings and e¢ycles greater than the twelve
membered as large rings. Large ring compounds, particularly
those containing fifteen to seventeen carbon atoms are of
interest to perfumers due to their musk-like odour, which
creates an exalting effect :l.n perfumery compositions.

The macroeyclic musks are amongst the most valued
portwﬁry fixzatives and blending substances, of which the
ketones are of animal origin, whereas the lactones cccur in
plant materials. The lactones have a 'floral musk odour' and
are, therefore, valuable in the blending of floral perfumes,
while the ketones possess 'animal-like' note, which render
them invaluable in perfumery blends. The natural sources
for these compounds are very limited, and therefore, the
musks, at present, are very expensive.



The object of the present investigation was to
evolve practical syntheses for the macrceyclic musks
starting from easily available indigemous raw materials.

Exaltolide (cyclopentadecanolide) and exaltone
(eyelopentadecanone) have been synthesised starting from
erucic acid obtainable from mustard oil. GEeveral inter.
related routes leading to these two perfumery chemicals
have also been developed and are deseribed in Part I and
1I. The acyloin condansation has been employed for the
eyclisation leading to the ketones and in case of the
lactones Carother's method of depolymerisation has been
used.

With a view to develop an improved process for
the reduction of macroeyclic acyloins %o ketones, the
following methods have been tried and are deseribed in
part Il11.

(1) Welff-Kishner reduction of 2ehydroxyeyelopenta=
decanone and 2«hydroxyeycloheptadecsunone (aeyloins) followed
by chromic acid oxidation of the resultant monoaleohols.

(11) Lithium aluminium hydride reduction of tosyl
derivatives of 2-hydroxy cyclopentadecanone and 2.hydroxy

the mono alechols thus obtained.



The methods available for the reduction of unsae
turated acyloins are rather limited., The methed (41)
has been successfully employed for this purpose, in
the synthesis of civetons and jag-civetone.

Heptudec-B.ene dioiec acld prepared from aleuritie
acid on acyloin condensation ylelded a mixture of acyloins,
the tosyl derivativesof whioh have been reduced with lithium-
aluminium hydride. The meno alechols thus obtained were
oxidised with chromic acid to obtain civetone and isge
civetone whicn could be resolved by column chromatography.
This is described in Part IV.

Analytical tools like spectrophotometry, and
chromatography have been extensively employed for
identification and characterisation of the various
intermediates,



Cecurrance of the Macroecyclie Husks

Musk is obtained from & gland of the male musk
deer, loschus moschiferus, a native of the mountains of
Central mi&,' especially the Himalayas. From approxXie

mately 60,000 animals killed yearly, an average of
2,000 kilogram of the valuable musk pod is obtained.®
Similarly eivet® 1s the glandular excretion of civet
cat, the Abyssinian Viverra givettsa and the Asiatie
Viverrs zibetha, and is noted for its strong animal
odour. These are the scurces of musk compounds in
nature and have been employed in perfumery from the

time immemorial. Recently® the merican musk rat
Ondatrs gzibethicus rivalicius has proved to be a poten.
tial source of musk. The macrceyelic compounds present
in the exeretion is partly in the form of odourless
alechols which on oxidation yleld the corresponding
odorous ketones, viz. dihydrocivetone and exaltone.
Cyeclopentadecanclide known in the trade as exaltolide
and ambretiolide occur in angelica root oil (irghangelica
officinalis Hofim) and ambrette seed oil (iibiseus abel-
moschus) respectively.

Many other scurces of this cdour in the mmz.ﬁ's
and the vegetable® kingdom have been detected in recent
years but none of them can te exploited economically.



The macrccyclic musks found in nature are listed

below:
P
Cil——CHg i——(CHg )9
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() Muscone  givetens
Gy —— (CHg) T m—i
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CHg —— (Clig )g CHg —(CHg)7
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(CHa)13-¢ W—(@KB g—G
Axaltolide Ambreticlide

In 1908, Walbaum,® for the first time, isolated
the odorous principle of the matural musk in the form
of a ketone, U3gHgan0. This was called muscone. Sjailarly
in 1916 Sack’® isolated eivetone from 'civet paste'. In



the year 1926, Rusicka and co-workers succeeded in
establishing the constitution of civetonel’ and mws conel?
as large ring ketones with sixteen and seventeen carbon
atoms. 7This was the first instance of the presence of
large rings in nature. Prior % thia the ’hrsut known
carbon ring contained only eight memberes.

In 1889, Clamician and 8ilber’® found that the
oll from the roots of Archangelica officinalis Hoffm.
possessca faint musk odour. They isclated a hydroxy
pentadecanoic acid. Kerschbaum®® in 1927 proved this
aeid to be identical with 16-hydroxy pentadecancic aeid
and synthesised the lactone, exaltelide from l8.bromo-
pentadecancic acid, In the same year another maeroeyclic
lactone, ambrettolide was isolated from the oll of musk
seed (Hibiscus abelmeoschus Linn.) and its constitution
was established by degradation and synthesis.

Chuit's syntheses of dicarboxylic acidsl® and
wehydroxy acidsl® facilitated the research in this field
and scon many more members of this group were prepared.

Later developments’’ showed that the musk odour
was mot eonfined to ketones and lactenes only, eventhough
they are far superior to the other groups of this family.
The characteristic features of the macroeyclic musk
odorants were proved to be & polymethylene ring in which



methylene groups can to some extent be substituted by
atoms like oxygen, sulphur, nitrogen and groups like
imine and one or more polar groups, preferably the
carbonyl group. The cdour was found to be very much
dependent on the ring size and was limited to r»ings
having fourteen to eighteen members. It is worthwhile
to mention here tgmt 13 recent years cdours similar to
DoV ' d

musk have been isclated in a mew elas: of compounds
namely sterols such as %= and B- A°.androsten-3-ol.'®

The first synthesis of macrceyclic ketone was

achieved by Rusiekal® in 1926. pe used o modification

of the procedure developed by Zelinsky®® and Willstatter®:
in vhieh the salt of a dicarboxylic acid with a bivalent
metal was pyrolysed to yield the ketone.



Ruzicka and his coeworkers®2 found that the
thorium, cerium or yttrium salt mixed with copper powder
gave comparatively good yields of large ring ketones
(2-8%) containing one carbon atom less than the starting
acid. Pollowing this method, these workers prepared large
rings containing up te thirty four carbon atoms.

Ruggli® in 1912 found that the intramclecular
ring closure is fmicmd when reaction is carried out at
nigh-diluticn in a homogeneous medium. The main principle
of this method is that conditions are created vhere dicare.
boxylic acid molecule is surrounded by solvent molecules,
thus reducing the chances of polymerisation. But this
method was not applied to the synthesis of macrocyelie
compounds until mghra‘ twenty years later (1833) uwsed
Thorpe's reaction under high dilution conditions to prepare
magrooyclic ketones. He applied this reaction to dinitriles
using the ether-soluble lithium salt of ethyl aniline,
CgHg - N- CgHgld as the reagent. The dinitrile was
converted into a lithium derivative, which was ayclised
to ketone as shown in the scheme.2,
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The reaction product was separated out as the
lithium compound insoluble in ether rendering the reaetion
irreversible. High dilution at the eritical stage of
eyeclisation was accomplished without use of a large volume
of sclvent by adding a solution of the dinitrile in ether
at a very slow rate to a vigorcusly stirred refluxing
solution of the gondensing agent in ether or benaene. By
this method remarkably high ylelds were obtained which
are summarised in Table 1.
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in 1942, Hunsdiecker3® employed the high-dilution
#rinesph successfully to the cyelisation of an m-&alﬁ-
f-ketoaster by the action of potassium carbonate in dilute
solution in methyl ethyl ketone to yleld a eyelic [l-keto
ester. This keto ester dz; hydrolysis and decarbexylatiocn
furnished the corresponding eyelic ketone® as shown in

Scheme 3.

~ghene 3

XCHg . (CHp ) CO .CHy . CUSES KaCO3, MeBYCU

liigh dilution
c. Hydrol.- e \
(CHg )(c TSCH.CO0EY T Gog > (Gl ) e
“Kﬂ \(Zhg

Hacroeyelic ketones with fourteen to seventeen
carbon atoms were synthesised by this method in good yields.
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Blomguist and his goeworkers ' synthesised large
ring ketones by an internal 'dimerisation'’ of bifunctional
ketenes. The acid ehloride of an «,m-dicarboxylic acid
on treatment with triethylamine in ether scolution employing
the high dilution eonditicns furnished the bifuncticnal
Hyuediketenss which readily underwent intramclecular
condensation to a product analogous to a ketene dimer,
and this on alkaline hydrolysis and decarboxylation
yielded cyclic ketones and the diketons, together with
polymerie products as shown in the scheme 4.

CHCLCl ;

~CHgeocl T -

E— ~ CHp
dimerisation (Clg)p ﬁ O o (Cily) — Neo +

+ linear polymers



The yields were lower than obtained by the
Ziegler's or Hunsdiecker's processes owing to consie
derable linear polymerisaticn.

Hansley>® found that «,medicarboxylic esters,
on treatment with finely divided sodium in hot xylene
gave eycliec acyloins, Prelog?? and 5t011°C applied this
procedure independently and simultanecusly for the
preparation of higher membered eyelic acyloins with
surprisingly good results. Ihe process involves
vigorous stirring of a sclution of the ester of a
«ywedicarboxylic acid in hot xylene with molten sodium.
An intramolecular acyloin conmdensation takes place to
give cyelic «« hydroxy ketone. It is important that
the reaction be carried out in the absence of any free
aleohol and oxygen.

In this pmcnam two electrophilic carbon atoms
at the ends of the chain of the diester are first absorbed
by the electren covered surface of molten sodium. So far
as chainflexibility allows, the electrophilic residues
¢an slide over the metal surface to approach each other.
The energy required for this process is less than that
required for splitting the molecules off the surface; the
collispions of absorbed molecule with other molecules lead

to the close proximity of the two terminal carbon atoms
and finally to the ring elosure.

i2
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After the ring closure the molecule no longer
possesses electrophilic centres and is therefore no
longer bound to the surface. 7This method proved to be
extremely useful in the synthesis of medium and large
ring compounds. Yields were excellent, the minimum being
40% for cyclodecanone. Larger ring acyloins were obtained
in an yield of about 804. This reaction did not reguire
high dilution conditions and afforded the eyclic ketone
containing the same number of carbon atome as the starting
dicarboxylic acid, which nmo other hitherto known method
was able to furnish. Further by this method even 2.sub-
stituted dicarboxylic esters cculd be cyclised, which was
not possible by Rusicka's method. Several other approaches
have been reported since this procedure has been developed,
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but the aoyleoin condensation still retains its place
of eminence among the cyclisation reactions.

Diecimann' s*% eyelisation of dlesters had been
known for years but only recently, it was employed for
the synthesis of macroeyelic ketones by Teonard and
Senimelpfenig.®® This method gave fairly good yields
for large ring ketones, but was not of much significance
in the synthesis of medium rings.

In 1986 Gol'dfarb™ prepared macroeyelie thienyl
ketones by the eyelisation of wmethienyl long c¢hain aeid
chlorides. These compounds on reductive desulphurisation°®
afforded macroeyclic ketones.

\

(CHg)n.COCL 3= (CHa)
Sl +
O

5 —>

L =

CC-(CH2) |
::\S / n\s P
(CHa ) CC

€g ,
co

\cﬁ L2Hg »
CHg)rrg  (CH2)nwd
N

14
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Later another method was developed by Gol'dfarb®®
to prepare the thienyl macroeyclic ketone. In this
method 2« (ueidoalkyl)«b-{(carbathoxy acetyl) thiophenes
were cwlm:a in the presence of solid potassium, 3By
this method pure 2,2'.thienyl me?mcycua katones could
be obtained which was mot possible by the sarlier methods.

Scheume 7.

s s /'w-mass
‘ <‘fm.cma.cwm :cn' l
cQ - _—T‘w‘v&\

Gg;/—-—s(ﬁﬂég In+4 e /

Eglinton and Galbraith®’ found that the intra.
mo lecular coupling of Lﬁcm o, wediynes lead to

the formation of large rings.

Bergel'son®® and Carnduff®® employed this method
to prepare maerocyclic lactones.

Bergel' son®® prepared macroeyeclic ketonmes from
weacetylenic acids by ketene dimerisation followed by
intramolecular oxidative coupling at high dilution.
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CH=C —(CHg)g—COOH—> CH*EC-(QHQ)&]Q"CO
co

(CHy )3/ \(csa g—g=c=(c

c
(Clig )y }

—
—
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Sondheimer®l showed that cyeclic dimers, trimers,
and polymers could be obtained by the oxidative coupling
of £, we diynes.

Uale9? employed Cillman's method®3 suceessfully
in the synthesis of mcycun compounds by condensing
sodioderivative of terminal diymes with «,«e dibromides.

_Sgheme 9
Ciig.Br Na-c==¢C /OE—:C
(aa,>< \(cag) i—= (Cly )pen >CKQ}‘
Clig . Br Na - 6-::0 \e:..—‘”ﬁc

Wittig's rueuoa“ has served as a usaful tool
in the synthesis of many orgsnic molecules. Wittig®® in
1988 condensed bifunctional phosphorylenes with dialdehydes
to get large ring compounds.



CH=Pf3 0=¢C
CBaBr e N
© )n/ (CHg )n + 53 /(cﬁa )‘
- ~CH,Br CH=Pf5 o==C
| /Cﬁﬁﬁii
(Clg I (CHa )y

‘Sabad and House ’ have recently employed Wittig's
reaction for the preparation of ayclic ketones.

Sghems AL

1. axg-{a%)n«caggt————»% P—CH. (Clig )i COOES
/ . i

4

| VY ' co
— > g3 T g)y  CHgT——(CHa)y

Ay&it from these cyclisation reactions, ring
axpmiun‘w’m alse has been employed in the synthesis of
macroeyclic ketones, though with less success. But the
method developed recently by Berchtold,%® and Branneek®
is of greatl value since it affords an inerement of two
carbon atoms in the ring and is not accompanied by any
side reaction giving rise to undesirable products. The
method consists in the condensation of a cyelic ketone,

as its enamine with cyclic secondary amines, with acetylens
dicarboxylic ester.

45 34
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Ruzicka®l employed Baeyer-villiger oxidation™
of katones with peracids to get macroecyeclic lactones.
Sinece the ketones, themselves are obtained with difficulty,
this method is not of much practical value.

Kersahhanaa employed the internsal esterification
of w-hydroxy scids for the synthesis of large ring lactones.

5toll and Bouve®® conducted the eyclisation at

high dilution in benzens in presence of p-toluene sulphonie
acid,



18

Kerschbaus used w-bromo acids as their silver
salts for lactone synthesis. 5tol155 found that better
results were obtained by using potassium salts .” This
reaction was further studied by HunsdieckerS? by refluxing
a dilute sclution of the potassium salt of an we bromo
O i sfgo fatty acids, in the presence of large excess
of potassium earbonate.

But the most frultful method developed is the one
reported by Carotherf® in 1986, He polymerised the hydroxy
acids by heating and then depolymerised them to the mono-
meric luctones by distilling in vsguum in the presence of a
- catalyst.

. Ccllnﬁéa in 1642 esterified a-hydroxy acids with
glycerine and then transesterdfied to get the luctones.

Beets and van EseenSC used thermally polymerised
molecules as the basis of depolymerisation in presence of
a catalyst,; with glyeerine as the carrier for eyelic monomer.

These :methods will be discussed in detail in
Part I of this thesis.
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SYNTHRSIS OF EXALTOLIDE

Coanw



ABSBTERACT

Several interrelated new routes for the syntheses
of exaltolide are reported. Erucic aeid, obtained from
mustard oil and 16, l6~dihydroxy lignocerie acid, obtained
by the hydroxylation of nervonic acid have been used as
the starting materials. Nervonie acid was synthesised
from erueyl aleohol, obtained by reducticn of ethyl
erucate.

18-fiydroxy pentadecancic acid cbtained by the
varicus routes was converted to polyester by the thermal
treatment and depolymerised by Carother's method to yield
exaltolide.

The methods developed are likely tc be of
considerable value for the commereial production of
this widely used macroeyclic musk lactone.
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Exaltolide (A) is the musk odorous prineiple
of angelica reot oil. Its presence in the oil has
been recently confirmed by gas liquid ohmm%mphwl

Several syntheses of this lactone have been
reported and it is available in the market under
different trade names such as Exaltolide (Firmenich % Co.),
Thibettolide (Givaudin) and Musk lactone (Polak & Schwars).

The earlier syntheses of macrocyclic lactones
were achieved by the oxidation of the corresponding cyelic
ketones with persulphuric acid.? Later Ruggli® and
ziegler® introduced their theoretically interesting
high dilution prineiple which was supported and developed
by Stoll and coeworkers® by their admirable kimetic studies.
It was based on the simple consideration that in all
cases where an intramolecular reaction competed with an
inter-molecular one, the latter could be checked and
former enhanced, by carrying out the reaction in high-
dilution. This technique enabled Stoll and Houve'®
to reduce the lactonisation to simple azeotropic esteri.
fication. These workers effected the ring closer by
intramolecular esterification of the w-hydroxy acids in
0.002 0,008 molar solutions of bensene in the presence
of benzene sulphonic acid. Exaltolide was obtained in an
yield of 87% from 1S-hydroxy pentadecanciec acid.
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$%0117 has further studied the eyelisation of
the salts of higher webromo fatty acids. The best
results were obtained when potassium.li-bromo-pentadeca-
noate was lactonised in a specially designed gpparatus
in methyl ethyl ketone giving 855 yield of exaltolide.
Hunsdiecker® and Erlbach prepared exaltolide by uﬂaxm
a dilute solution of the potassium salts of se webromo-
or w=iodo fatty acids in methyl ethyl ketone, in the
presence of large excess of potassium carbonate. The
potassium salts were formed which got eyclised to the
lactones. 5tol1” later on proved that this reaetion
was essentially homogensous.

Stoll and 5011630 fusther developed another
method whien wnliltqd in passing the vapours of the
formates of wehydroxy aliphatic scids or the eorresponding
esters over titanium dioxide at about 300°. Exaltolide
was prepared in this way in an yleld of S50%.

Carothers’! developed the interchange method for
the preparaticn of Lﬁm* The method consisted in
depolymerising the corresponding linear polysster by
vacuum distillation around 270° using magnesium chloride
as catalyst to obtain the monomeric lactone in a 70%
yield. This process has advantage in speed and simplicity

- over the high dilution method and is therefore better

suited for large scale preparation. The high temperature



employed may however contribute a somewhat charred odour
which can be eliminated by aging.

With a view to effect the interchange reasction at
@cmporatm lower than those employed by Carother$§: a
number of sster interchange catalysts have been tried.

A British patent'® reveals the preparation of
monocyelic lactones having at least twelve ring carbon
atoms in good yield by heating under reduced pressure
esters of the general formula ROCC (CHp)n-CHoUX, where R
is a lower alkyl, X is acetyl or ha::lc aecid growp and n
is atleast ten, ,,m the presence of ester interchange
catalyst, such as sulphuric acid, phosphoric acid, organie
carboxylic acid, arylsulphonic acid, sodium derivatives of
ani- or multivalent aloohol or phenols ete. Thus, methyle
16-aut¢xy-h¢mdacma€n on heating for 1.5 hr at 220.238°%
3 mm. in the presence of mdm methoxide ylelded eyclo=-
hexadecane-l,16-0lide, yleld 71.3%.

Beets and Hssen'® have reperted an improved method
which consisted in heating polymers of hydrexy acidas or
their copolymers with polyhydrie aleohols, preferably in
vacuus, in the presence of a trans.esterification catalyst
such as sodium methoxide and an entraining agent (glyecerol)
which should be lmmiseible with the lactone formed. Exaltolide,
@epe 36.38° was prepsred in this manner.



Hecently Eglinton® and his co-workers have
reported a new synthesis of exaltolide in which the
sixteen membered ring was closed by a high dilution
intreamolecular oxidative coupling invelving the terminal
ethynyl groups of but-4-ynyl-undec-l0-ynoate (a) to
produce an B84 yield of crystalline 1,l6.pentadec~10,1%2«
ddynolide (b) catalytie hydrogenation of which gave
pure exaltolide (e) according to the scheme.

Schema 1
C=C—(CHg)e—0—C0O—(CHy ) c=C ‘
-’ o Gu(om)g ~ia _
(a) pyridine~ether.
c—(CHg)a —(C=C)a —(CHg)g—C0
- |  Ha—Ptop dm

(b) . ethyl scetate

i—(ﬂﬂg hq,-?ﬂ

(e)

With the object of studying ways for the synthesis
of macrolide and polyenic antibioties, Bergelson'® and
co-workers have developed a meihod similar to that of
Eglinton deseribed above, for the preparation of diacety.
lenic maerceyoclic lsctones, by the cyelisation of terminal
diacetylenic esters in high dilution conditions.



Maevo eyl lactonzs Fromv Ush LacaicaJM;_o&;

Ustilagie ac1d?® is a metabolic product of corn
smut in artifieial culture. On degradation, it liberates
the hydroxy hexadecamoic acids, termed ustilic acilds,
which serve as starting materials for the preparation of
variety of maerceyclic musks, of which exaltolide is the
most desirable.

?005! | ?eon
(CHyN 5 RCOH
HCGH (CHg )12
cxlngoﬁ néea
bgon
Jgtille Aedd 'A' Ust a '

The development of improved methods for lactonie
sation provided further incentive tc explore better
syntheses for the starting m.hydroxy acids.

The Russian workersl’ have developed the Kolbe's
elactrolytic reaction for the synthesis of w-hydroxy acids.
By the electrolysis of a mixture of m-acetoxy undeganoie
acid and mono-ethyl adipate, they obtained a range of
produets from which ethyl-w-acetoxy pentadecanocate was
separated by fractionation in an yield of about 16%.
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Belov @tal.’® nhave further improved the electro-
lytic method and obtained lE.hydroxy pentadecanoic acid
in an yield of 22.23%. The hydroxy acid lactonised in
the usual manner gave exaltolide in 70% yield.

Another approach towards the synthesis of m-hydroxy
acids with fifteen and sixteen carbon atoms has been
"mmrhd by mumymv” and collaborators. The starting
material 1,1,1,7-tetrachloroheptane was dimerised through
hydrogenation in ammonical alecohol under specified condi-
tions followed by dehalogenaticn and hydrogenation to
furnish «,wedichlorotetradecans. The latter was converted
to the monocarboxylie acid (Cl. (CH2)14.CCUH) by controlled
treatment with scdium cyanide followed by hydrolysis with
hydrochloricaacetic acid mixture. The chloro acid on
heating with alkall gave l8<hydroxy pentadecanocic aecid.

Revently, lB-hydroxy pentadecancic acid has been

synthesised in owr laboratory by Bhattacharyya and coe

pe )
workers, from aleuritic acid. 2



PRESENT INVESTIBATICN

In India mustard oll and rape seed oll are
produced in large quantities, and to some extant are
even exported. Erucic acid is the major constituent
of these oils. It constitutes about 80 of mustard
seed fatty acids and about 60-68% of vape seed fatty
acids, 2 " | | ' |

Erueyl aleohol, which mi: been employed as the
starting material for the preparation of exaltolide was
obtained by the redustion of erucic acid”® (I) or its
ester with lithium aluminium hydride or sodium and aleohol.

- The steps employed for the synthesis of lS-hydroxy
pentadecancic acid and exalteolide are summarised in scheme 2.

Erueyl aleohol (II) was converted in high yields
to 13,14.dihydroxy behenyl aleohel (IV) by using hydrogen
peroxide and acetic acid®3 in the presence of acid catalyst
followed by alkaline hydrolysis. Alternatively this triol
was also obtained from 13,l4«dihydroxybehenic acid or its
ester (Il1I, R=H or Cglig) by reduction with lithium alumi.
nium hydride in ether, by sodium and alcohol or hydroe.
genation in presence of copper chromite catalyst. This
triol (IV) on oxidation in aleoholic solution with agueous
neutral sodium metaperiodate furnished nonanal (V) and
13<hydroxy-tridecanal (VI) in almost quantitative yields.



SCHEME ‘2.

CHz'(CHa)7CH=CH " (CHp);y*COOR  (R=H ‘or CpHs)
’ L
CH3 % (CH2)7CH=2CH ¥ (CHz)” % CHon

(IT)
CHz +(CHp)7-CHOH - CHOH + (CH ) - CH,0H
» an (V)
CH3 (CHy)7CHOH - CHOM-(CH, )y, - COOR 4
(DI1)
OHC - (CHy)q(-CHo0H + CHz (CH,)7-CHO
(V1) (V)
5 S
S
HOOC: CH=CH-(CHp){y:CHa0H  OHC-(CHp)y- CH;0Ac —> E+0,C-(CHp)z-CHpOAC
(v i ‘8/ (I1X) 10 (X)
i CcoO
12 v
l_’ HOOC:- (CH2)|3' CHZOH—> (CH2)13 /O
o (VIIT) \CHz
a txn
XI

1, LiAlH,— (Et)gO5 R iMs0, —~AcOH; 3, H—Cu chromite; 4, NalOg
5, CHx(CO,H), Pyridine; 6, Ac0; 7, Hy-Ni or PtO,; 8, CHx(COEL),
- piperidine, Hy—Ni or PtO,, NaOH’—COZ; 9, CH,Br CO5Et-zn, H,=Ni or

PtO, ; 10, NaOH ; 11,H;-PtO,-FeS0O4; 12, Lactonisation.




13.Hydroxy tridecanal (V1) was converted to 15. |
hydroxy pentadecanocic acid (VIII' in three different ways:

(1) It was condensed with malonic acid in the presence
of pyridine®® with concomitant loss of carbondioxide to
vield 18-hydroxy pentadec-2-enoic aeid (VII) which on
hydrogenation with nickel catalyst furnished 15-hydroxy
‘pentadecancie asid (VIII).

. ; ) /rol’(
HOBgS —(GHz)11—CHO + CHa'(, F¥igine .2
(v1) |
M ) s =0 R
' « \C — CH=C" o » )
HoligG » CHig 11— Ca=C 1 - ¢ Hgo
. l’*mn
(vn)l{};
- {VIII)

condensation of m-hrdtemnauml with malonic ester

in the pénmm er‘mtdtm. piperidine and in solvents
like dry 'm“m_, dioxane etc. gave only polymerie
material, Hence it was converted into its acetate,
13-acetoxy tridecanal (IX)., The latter then condensed
vith diethyl malonate in the presence of piperidine to the



alkylidene malonic ester, diethyl l3.acetoxy tride-
‘eylidene malomate (XIV) which on hyérogenation in
aleohol with Raney mickel catalyst yielded diethyl
18.acetoxy tridecyl malonate (XV). This on hydrolysis
with 20% potassium hydroxide gave alkyl malonic acid
which on decarboxylation at 140° ylelded 18-hydroxy
pentadecanoic acid (VIII).

~Sohexe 4

HOHgC. (CHg)yy. CHO + (CHgCo)o — _¥Pidime

(V1)
a cooBt |
AcCHaC. (C LCHO (CHa)~~ ... . Pyridine
‘ (IX) L&
b o
AcCHgC. (CH2)11. 63*3 L7115
(XIV) lm
W
(xv) l 1) XoH
A1) -Cog
(VIII)

(3) Ex Baformatsky resction. All attempts to
sondense 13-hydroxy tridecanal directly with ethyl
bromoacetate via Heformatsky reaction failed. It gave
only polymeric preduct which could not be erystallised
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nor distilled, Hence 13.hydroxytridecanal was converted
to its acetate as before and then condensed with ethyl
bromocacetate in the presence of zine in the usual way.

The resulting hydroxy ester (XVI) on dehydration with
phosphorous pentoxide furnished lb.acetoxy-pentadec<2.
enoate (XVII). This on hydrogenation with niekel catalyst
yielded l8.acetoxy pentadecanvate (X) which was converted
by saponification to lS-hydrozy pentadecancic acid (VII).

Scheme ©

wage. (ﬂag)uo CHC » B!’Kgc-: CCUES
(1x) l n

ABCHoC ., (CHa)11. ?ﬂ&ﬂg.ﬁ%ﬂt
v lau
~H20

y Favs
AoUligC, (CHg)yy. CH=CH.COORES
(&V1I) J/i, '
AcOHgC « (CHp )yg. COOES
L s
HGHC. (CHg)3g+ COCH
(VIII)
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15,16-Dihydroxylignoceric acid’® was obtained by
the hydroxylation of nervonic acid. KNervenie acld was
synthesised starting from aiwyi alenmll‘ by the method
deseribed by Hale gj‘ml.%

Erueyl aleohol was converted to erucyl bromide
(XVII1) whioch was condensed with malonie ester. The
coniensation produet after usual processing ylelded
nervonic aecid (XX).

Schens 6
copek
1 | Y STERE) CooEt
Chg. (czig)-,.ezi;seﬁ. (cna)u.eaa.cxé\cmm
| (x1x)

/

Chiyg» (CHg )y« CH=GH. (Clig)13.CC0H
(Rervonic aeid) (XX)
oz |
CHg. (Clig Jop .ﬁi@ﬁlﬁwu. (CHig )13.CC0H
(X1)

16,16-Dihydroxylignocerie aeid (XI) was oxidised
in alechol with 10% aqueous sodium metaperiodate solution
at 35-36° to nomamal (V) and 14-formyl tetradecanoic acid
(XI1!. l4-Formyl tetradecamoic acid on reduction with



sodium amalgum in acetic acid ylelded 1l8.hydroxy penta-
decancic aedd (VIII).

Chge (CHg )7 .CHOH .CHOH, (CHg)13.C00H
(XI)
‘nam;‘
CHs. (CHg)9.CHO + OMC. (CHg)13.CO0H

(XII)
itad,

HOHgC . (CHyp )y 3.COCH
(VIII)

18«-iiydroxy pentadecanoic acid was converted into
its polyester by the azeotropic method in xylene containing
toluene ~-p-sulphonie acid. The polyester was depolymerised
eapleying magnesium oxide as catalyst, at a bath temperature
of 270° under vacuum.>’ The crude product was dissolved in
light petroleum, washed with 8% sodium bicarbonate solution
and finally with water (free from alkali). The residue
after removing the sclvent on distillation under wvacuum
furnished exaltolide, d.p. 110°0.25 mm. Tt was sublimed
in vacuum, m.p. 32°,) ... 1726 em-1 (lactone).

~Seheme 8. _ CO
HOCC. (CH2)13.CHgOH (Cﬂg)la/ \O
(VIIT) | 3335/

(XI1X)
Exaltolide(cyclopentudecanolide).



GENERAL  REMARKS

The melting points and boiling points are
uncorrected. - -

The infrared spaétra were recorded as thin
films or in the case of splids as nujol mulls unless
othervise mnt:ﬁmﬂ on a Perkin-glmer Infracord Spectroe
photometer, Model 1378, with sodium chloride optics.
Jltraviclet spectra imro recorded in ethancl solution
on a Beckman [K.I! Hatio Recording Zpectrometer and
K speetra on a4 60 m.e. Varian instrument in carbon
tetrachloride solution with T.M.5. as the internal
standard,

Acid-washed activated alumina, standardised
as per Brockmann's pmcodui'a was émployud for column
chromatography. UGas liquid chromatographnic analyses
were carried out on a Griffin VPC apparatus Mi IIA and
va~pour fractometer 184 D with polyester column employing
hydrogen as carrier gas.

Unless otherwise stated petroleum ether refars
to the fraction boiling at 60-80°,

All temperatures are recorded on the centigrade

scale.
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EXPRRIMENT AL

Isclation of fatty acids

Hustard seed oil (460 g) was refluxed with a 107
solution of alcoholie sodium hydroxide (200 ml) for four
hours. After partial removal of aleohol, the contents
were poured inte large amount of waber and aucidified with
hydrochloric acid. Fatty acids were extracted with pet.
ether (40-60°); the extract was washed free of mineral
acid, dried over anhydrous sodium sulphate and the pet.
ether was distilled (yleld 416 g).

isterification was carried ocut by azeotropic
distillation of water from the reaction mixture. Fatty
acids (680 g) were dissolved in thiophene free benzene
(2160 ml). Absolute slcohol (360 ml; 99.5%) and sulphurie
aeid (2 mly d. 1.84) were added to the above solution. It
was refluxed on a water bath and the water formed during
esterification was azeotropically removed. Aifter the
resction was complete (no more water separation; 24 hrs),
the benzene solution was {irst washed with water to remove
mineral acids, then with &k sodium carbonate solution in
order tc make it free from unreacted fatty acids and again
with water. The benzene solution was then dried over anhye

drous sodium sulphate and the benzene distilled. Fatty
acid esters were weighed as residue (yield 708 g).

o9
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Fatty acid esters (100 g) were fractionally
distilled using Towers fracticnating column (30 plates)
fitted with a batch-strip head”® and the following
fractions (stripping time 20 minutes) were collected:

L2 ABLE 2
No. b po n5e we. (g)
1 146°%/0.4-0.5 mm, 1.4806 10
11 146%/0 .6 ma. 1.4630 “
11X 146-188°70.6 mm, 1.,45385 10
v 154-168%0.4 mm. 1.4830 8
v 168.180% 4 mu. 1.4628 10
Vi 180-182°/0,46+0.6 mm. 1.4628 10
Vil 182°/0.6 mm. 1.4628 9
viiz  182°70.5 ma. 1,4530 26

- B - - - B T

The last three fractions which were composed of
ethyl erucate were combined together and redistilled
rejecting some fererun (8 ml), bep.182°/0.8 mm.,
n€ 1.4830 (yield 39 g).
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Isolation of érucic acid

The above fraction containing ethyl erucate (30 g)
was saponified with 104 alecholic potash (200 ml) by
refluxing for four hours. The alcohol was removed and the
residue dissolved in water. On acidification with hydroe-

chlorie acid erueiec acid (20 g) was separated. It was
filtered, washed with water and crystallised from alcohol,
m.p. 33°; 1it. 33°.

Srucie aedd (1) m p. 33°; 33.8 g) was treated
with 30% hydrogen peroxide (16 g) and glacial acetic acid
(160 ml) containing sulphuric acid (2.2 g; 4 1.84). The
reaction temperature was maintained at 40° for 24 hours.
Excdss per acetic acid was decomposed with sodium bisulphite
and acetic acid was distilled under vacuum (water pump) at
100°. The residue which was hydroxy monoacetoxy derivative,
was washed with water and refluxed with 104 alcocholic sodium
hydroxide solution on a water bath for four hours. The
alecohol was removed and the residue was acidifled with
dilute hydrochloric agid. 13,14<-Dihydrexy behenic acid
thus separsted was filtered, washed with water, dried and
erystallised from aleohol, m.p. 101° (yield 26 g), (Pound:
Cy 70.8; Hy 12,1, Cale. for CoglgqO4: Cy 70.85 Hy 11.88).

Alternatively ethyl erucate (366 g) isolated from
fatty acid esters of mustard oil was directly hydroxylated



with 30% hydrogen peroxide (136 g) and glacial acetic
acid (1800 ml) containing sulphurie acid (22 g) as
catalyst following the same procedure.

Freparation of erucyl aleohol (I1)

In a three-necked 5 L flask fitted with stirrer,
condenser and a dropping funmel, lithium aluminiwm hydride
(27 g) was taken. To this sodium dried ether (3 1 ) was
sdded. The addition of erucyl ester (400 g) was made
dropwise through the droppidg fumnel over a period of about
one and haif hour under ice cooling. The reaction mixture
was then refluxed for four hours at 35-40°. The excess
of LiilHg and the whx was decomposed by judleious
addition of absolute alecohol, rectified spirit and then
with water in turn. The ether portion was decanted out.
The sludge was repsatedly extracted with ether (300X3 ml).
The combined ether extract was washed with water, dried
over anhyérous sodium sulphate and ether removed to afford
erucyl aleohol (yleld 380 g), m.p. 34° (Founds ¢, 21.10;
Hy 13,8, Cale, for Coglgq0: C, 81,413 H, 13,66%).

(av)

In a 10 1. three necked !.B. flask fitted with a
stirrer, a dropping funnel and a thermometer, erucyl
‘aleghol (500 g), glacial acetic acid (3.2 1), sulphurie
aeid (21 ml, d 1.84) wers added. Hydrogen peroxide (30%)



(278 g) was added to 1t through the dropping funnsl over

a period of 3 to 4 hours. The temperature of the reacticn
was maintained at 40%. After the addition was over the
stirring was continued for another 2¢ hours. Excess of
per acetic acid was decomposed :ej:hqfd:& ﬁgulpmu and
acetic acid distilled off under weescm at 100°. The
residue which was hydroxy moncscetoxy derivative was
extracted with ether, washed with vater and ether removed.
The residue (480 g) was saponified with 10§ aleoholie
potassiun hydroxide solution on a water bath for four
hours, The aleohol was removed and the content was
acidified with dilute hydrochlorie acid. 13,14-Dihydroxy-
benyl aleohol so obtained was filtered, washed with water,
dried and erystallised from aleohol (yield 430 g), m.p.91°
(Found: C, 74.0; H, 12.88. CgoHee03 requires: C, 73.68;
Hy 12.88%).

heducticn of ethyl ester of 13,ld.dihydroxybehenic
acid with lithium aluminium hydride?®

Ethyl ester of 13,lA<dihydroxybehenic aecid (186 g)
was reduced with riAlHg (30 g) in dry ether following the
procedure deseribed earlier. The excess of LiAlHg was
decomposed with abscolute aleohol, rectified spirit and
water in turn. The ether portion was decanted off. The
residual sludge was repeatedly extracted with ether, but



it was observed that ether dissolved very little of the
material. Hence the whole sludge was extracted with hot
alechel (reflux) whieh dissolved all organic material. The
alecohol was removed and the contents in the flask poured

in ice water. The solid dihydroxy behenyl aloohol which
separated, was filtered, washed with water and dried.

It was erystallised from alechol, m.p. 91.92° (yleld 160 g).

Methyl ester of dihydroxybehenic acid (87 g) was
reduced with LiAlHgq (9 g) in dry ether (2 L) following

the same procedure to vield 80 g. of the same tricl.
CU‘\& /fa’YC{Dqurnom o&th,fs Ao -j\‘vx/w Yo l‘;o?),}s‘70(.)u‘\(-ﬂ)

by uuag wm&r cmuu aaulnt.

Ethyl ester of dihyiroxybehenic acid (25 g) was
dissolved in alcohol (280 g). Copper chromite catalyst
(2. & g) was added to it. The reduction was carried out
with hydrogen under pressure (20003000 lbs/sy.in.) at a
temperature of 200-280° for 3 to 4 hours., It was filtered
and the alecohol was removed. The material was crystallised

from aloohol, m.p. 91°, uzed:i';ﬂn authentic sample of
Was
dihydroxy behenyl alaehol,/\mnprnud.

13,14-Dihydroxybehenyl aleohel (48 g) was dissolved
in aleohol (60" ml) and oxidised by the addition of aqueous
solution of neutral sodium metapericdate (300 ml of 10%)
during thirty minutes under vigorous stirring at 3&8°



(internal temp). Stirring was continued for another hour,
after which the reaction mixture was filtered to remove
precipitated sodium lodate. The filtrate which contained

the organic material was diluted with water and extracted
with ether. The ether extract was washed with water, dried
over anhydrous sodium sulphate and the ether removed. The
residue was fracticnated under a vacuum to give (a) nonanal
(17 )y bep. 70710 mm., n37 1.4207 (V) and (b) 13-hydroxy=
tridecanal (26 g), b.p. 163.186%/0.9 mm., m.p. 74° (VI)
(Found: C, 72.9; H, 12,1, CygHag0y requires: C, 72.83H,12,.23).

 Semicarbazone was prepared by the pyridine method
and erystaliised from methyl alcohol, m.p. 116° (Founds
Cy 61,843 Hy 10,713 Ny 18.7. C34HapNa02 requiress
Cy 61,983 H, 10,773 N, 15.48%).

Preparation of l6-hydroxy pentadec-2-encie acid (VIL)

fo a coocled soclution of malonic acid (18 g) in
pyridine (56 g), l3<hydroxytridecanal (VI) (24 g) dissolved
in pyridine (20 g) was added slowly under shaking in about
ten minutes. The mixture was kept at room temperature
for 36 hours to complete the reaction and then heated on
a water bath for 3 hr. (Alternatively, after mixing and
without further keeping at room temperature, the reaction
mixture wvas heated on a boiling water bath for 8 hours to
complete the reaction). After removing pyridine from the
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reaction mixture under suetion, the residue wus extracted
with ether, washed with dilute hydrochloric aeid, again
with water and finally extracted with aguecus sodium
g¢arbonate solution (10%8). The carbonate extract on
acidifieation gave lSB-hydroxy pentadec-l-encic acid(26 g)
which was orystallised from alcchol, m.p. 80° (yield 72 g)
(Found: G, 88,985 Hy 1lleds Cygling0y requiress ¢, 70,27
Hy 11,0%).

AB-liydroxypentadecanode acid (VIII)
1B-iydroxypentadec-2~enoic acid (VII) (& g) was
hydrogenated in aleohol (200 ml) with Raney uieimlm(f}.l g)
for foar hours,gt 100-110% 800.76¢C 1b./sq.in. %he reaction
mixture was filtered and after the removal of alcohol the

residue lB.hydroxy pemntadecancic acid was corystallised from
ethyl acetate (7 g) had m.p. 88.8° (Found; C, 70,1y H,11.8y
eq. wt. 254.6. C1gig00; requires: C, 69.7; i, 11.7%, and
eq. wt., 288)., :

18l with malonic ester

it was carried out in the presence cof pyridine
and piperidine as aataiysta in solvents like dry benzene,
dloxane etae.

in all experiments only polymeric compound was
obtained which could not be erystallised nor distilled.
Hence 1t was converted tc the acetyl derivative.
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tridecanal (IX)

l3-Hydroxytridecanal (16 g) was dissolved in
pyridine (76 g) and to this solution, scetic anhydride
(76 g) was added and the mixture kept at room temperature
for about 24 houwrs. It was poured into vater, stirred
and tae acetoxy derivative was extracted with ether,
washed with dilute acid followed by water. The ether
extraect was dried over anhydrous sodium sulphate and ether
removed. The residue was distilled under vacuum, b.p.
130%.1 mm. (yleld 16 g) (Found: C, 60.8; H, 11.3,
C1gHog0s requires: C, 70,273 H, 11.1 %).

l3~icetoxy tridecanal (2 g) was dissolved in
aleohol (10 ml). semicarbaside hydrochloride (2 g)
dissolved in water (3 ml' was added to it in the ecold.
The scluticn was made homogeneous by shaking in the
ccld and one ml of pyridine was added to it. The reaction

mixture was kept at room Lemperature. It was poured into
water and the solid which separated was {iltered and
washed with water repeatedly. It was crystallised from
methyl aleohol, m.p. 107-108°. (Found: N, 13.2, CjglzNz0g
requiress N, 13.4%).



| Uiethyl malonate (4 g) and 1l3.acetoxytridecanal(s g)
were mixed together and cooled. ?1p¢zidme (2 ml) was
added to it. The mixture was laft at about 18° for 12 hours
and then at rooa ltmpsratum for another 24 'hr. It was then
added % cold water m@ extracted with ether. The ether

extract was washed with dilute acid, and then with water,

It was dried over anhydrous sodlum sulphate and fractionally
distilled. 7The alkylidene malonic ester (4.5 g) had b.p.
180%/0.,008 mm., m.p, 38.5-39.86° (Founds C, 68.9; H, 10.0.
Coaligg0g reguires: C, 66.3; i, 9.6%).

The above alkylidine malonic ester derivative(3 g)
was hydrogenated in ulcéhulie solution using Raney nickel
(0.2 g) as catalyst at a pressure of 707-1000 lbs/sq.in.
and uaﬁcratm 100.120°. The product worked up as usual
and the diethyl 13-agetoxytridecylmalomate (XV) (2.5 g)
was erystallised from light petroleum ether (b.p. 40-80%),
had meps 44-48°; bep. 145-146%/9.86 X 10-3 ma, (Founds
Cy 68,503 Hy 10,02, Cpgligg0g requires: C, 65.97; H,10.07%),

Diethyl l3e.acetoxytridecyl malonate (1 g) thus
obtained wasz then hydrolysed with alcoholic potash (20 mly
20%) and the resultant alkyl malonic acid decarboxylated
at 140°, when lE-hydroxy pentadecancic acid (0.5 g) was
obtained.



18-Hydroxy pentadecancic aeid via Reformatsky reaction®®

Attempts to condence li.hydroxytridecanal directly
with ethyl bromoacetate via Reformatsky reaction falled.
It gave polymeriec produet which could not be erystallised
nor distilled. Hence l3-hydroxy tridecanal was acetylated
as described earlier and condensed with ethyl bromoacetate
as followss

- In a three necked 800 ml flask, fitted with mercury
 seal§¥mechanical stirrer, condenser and a dropping funnel,
freshly cleaned and dry zine (3.6 g) was taken. A small
amount of hydrobromic acid was added to it for activation
followed by benzene (100 ml). A4 mixture of 13-hocetoxy
tridecanal (10 g) and ethyl bromoacetate (6 g) dissclved

in 180 ml of dry benzene, was added slowly through the
dropping funnel during one howr. Initially the addition
was done by cocling the flask in ice cold water and aftere
wards the reaction mixture was gently heated on a water
bath {or three hours. After the reaction was complete, it
was decomposed with dilute sulphuric acid and the residue
extracted thoroughly with benzene. The benzsene extract

was washed with water, dried over anhyirous sodium sulphate
and benszene removed. The residue (hydroxy ester)(6g) (XVI)
was distilled under vacuum, b.p.1629/0.016 mm (yield 8 g)
(Founds C, 66.,8; H, 10.7. Cygligglg requires: C, 66,23

Hy 10.8%),

43



)
onur

[+Ba

it wvas a low melting solid and was dehydrated by

refluxing it (4 g) with phosphorous pentoxide (6 g) in
dry bengzene (30 ml) for three hours. The benzene solution
was Gecanted, washed with cold water and dried over anhydrous
sodium sulphate. BPenzene was removed and residue distilled
giving ethyl lS-acetoxypentadec-2-snoate (XVII), b.p.140%
8.8 X 103 ma. (yield 3 g) (Found: C, 70.3; H, 10.8,
C19Haq0q requires: C, 69.9; H, 10.568). This (3 g) on
hydrogenation with nickel catalyst (0.1 g) in alooholic
solution (50 ml’ at 110° under pressure of 800 1b’'sq.in.
gave ~18~mhﬂ»p¢ntaaocmuh (X) (0.8 g)y DepslB4nB/

7,015 mn. (P‘aunda Cy 69,5 1, 10. 96. cmnwa‘ requires:
G,y 69,85 H, 11.&) which after saponification was convc:rud

to lE-hydroxypentadecanocic acid (yleld 2 g).

A solution of erucyl aleohol (26 g) in toluene (160 ml)
vas cooled to «10° in a 500 ml flask equipped with a mechanical
stirrer and a dropping funnel. To this solution phosphorous
triivomide (B g' in anhydrous toluene (50 ml) was added with
stirring at such a rate that the temperature did not rise
abows -8°., The mixture was then heated on a water bath for
four hours and the toluene removed by distillation. The
produet was dissolved in 100 ml of ether, washed with two
100 ml portions of a solution containing 10% potassiwm

hydroxide and 10% common salt and finally with water,



/the ether solution was amd over anhydrous magnesium
sulphate, the ether removed and the product purified by
distillation, b.p. 162%/2.3 X 10-3 (yield 10 g).

Te a solution containing sodium ‘(-s g) dissolved
in absolute hlwkwiv(zvﬁ ml), diethyl malonate (4 g) was
added. Erueyl bromide (6 g) was then added slowly and
the mixture refluxed with stirring for thirty six hours.
after this period the reaction product was only faintly
alkaline to moist litmus paper. The alecohol was distilled
off and water (80 ml) containing hydrochloric aeid (5 ml)
was added. The product which appeared on the surface as
a brown oil was separated from the rest, »

The crude erucyl malonic ester obtuined above (B g)
was saponified ﬁmm further purification by refluxing
with alecoiolic potash (6 g in 80 ml of 60% alecohel) for
several hoﬁrn. aAfter most of the alechol was removed,
water (£0 ml) containing sulphuric acid (6 g) was added.
The resulting precipitate was extracted several times with
ether. The ether extract was dried over anhydrous sodium
sulphate and filtered. After removal of ether the product
was heated at 178° for one hour to facilitate decarboxylation.

The mixture of gis and trans (m.p.38.40°) nervonic acid thus
obtained was grystallised to yield trayns nervonic aecid,
mM.pe 80619, (W{béf s neyvowe acid  Ao-u °)

g
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| Nervonic aeid (4 g) in acetic acid (80 ml) containing
| .eone. sulphuric acid (2 ml) was hydroxylated with hydrogen
‘ptroxida (10 ml) to obtain the hydroxy acetoxy derivative.
This on usual saponification and acidification ylelded

15,18 -dihydroxylignocerie acid. 7t was crystallised from
aleohol, m.p. 128° (Pound: C, 71.78; i, 12.0. Cale. for
Coqllga0y: Cy 71.9§ i, 12,1%). |

Adgnogerie acid . |

15,16 -Dihydroxylignoceric acid (1 g5 m.p.128%)(XI)
(Found; C, 71,763 H, 12,0, Cale. for Ca4qlqea04t C, 71,863
Hy 12,15) was dissolved in alcohol (18 ml) and oxidised
by addition of an aqueous solution of sodium metaperiodate
(8 ml of 10%) during 20 minutes under stirring at 35.26°,
After further stirring for 20 minutes the reaction mixture
was filtered to remove precipitated sedium lodate and worked
up in the usual way. Jicnanal was distilled off upto 100°%/1 mm.
l4~Pormyltetradecanoic acid left as residus (XII), was
extracted with 1light petreleum from which it erystallised,
m.pe 91° (Foundr C, 70.8; H, 10.8, C3gHng0s recuiress
Cy 70.33 Hy 11.0)., Tts semicarbazone was prepared by the
pyridine method as usual. It was erystallised from methyl
alechol, m.p., 1899 (Found: N, 13.,76. CleHzIN303 requiress
N, 18.41%). This aldehydo acid (0.2 g) was reduced with



03

sodium amalgus (1 g8) in acetic aeid (10 nl) or catalytically
(platinum oxide) to lS-hydroxypentadecancic acid.

Bynthesis of Exaltolide

16-Hydroxypentadecanoie aeid (80 g) was converted
into its izxmmieeular polyester by the azeotrople method
in xylene (2 1) containing toluene-p-sulphonic acid (5 g).
After the separation of water stopped (24 hr), the product
was worked up in the ususl way. The polyester thus formed
was depolymerised in the presence of magnesium oxide (10 g,
C.P. grade) at a bath temperature of 270° under vacuum
(0.018 mm. ). Ihe erude product obtained (40 g) was taken
up in pet.ethar, washad with bicarbonate and finally with
water. Pet.ether vas removed and the exaltolide distilled
under vacuum, b.pe. 110%/0.25. It was sublimed in vaguum,
had mepe22°) ) max, 1726 cmel (lactone growp) (Found:
Cy 74.7; ky 11e6. Cale. for Cyghoglas C, 74.88; Hy 11.7%).
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P ART II

SYNTHESIS OF BXALTCOHE

e



Several econvenient new routes have been developed
for the synthesis of exaltone using erucic acid and 16,16.
dihydroxy lignoceric aeid, as the starting materials. Since
the raw materials are easily avallable, these methods are
likely to be of considerable value for the commercial
production of this maerceyclie perfumary chemical whiech
is widely used in the industry.

For the preparation of exaltone, pentadecanedioic
acid was cyclised to the corresponding acyloin which was
subsequently reduced with zine and hydrogen chloride to
yield exaltone. Presance of a “liquid exaltone' possibly
containing an 'C inside conformation' has also been
indicated, Cyclopentadecans and another liquid hydrecarbon
containing methyl group (CHa-CH) formed during the reduction
of the aeyloin group are cbtained as by-products. The
latter presumably was obtained via rearrangement and ring
contraction.

o8



o9

Cﬁa
(CHp )13
CC

EXALIUNE

Exaltone (cyclopentadecancne}, is one of the most
cutstanding perfumery chemical of the 'macrueyelic group'.
It has similar blending and'rixing properties as muscone.
As it is comparatively easily accessidble than muscone, it
is preferably employed in the perfumery industry. Besides
its main use in perfume eompaaitmm, it has been used
for analytieal purposes as seolventd for the micro determie
nation of molecular weight by Rast method. Giral® has
reported eryoscoplic constant 21,3 and a favourable m.p.
66.6° for exaltone; this alongwith 1ts eusy miscibility
with a variety of organic compounds make it more suitable
48 & sclvent in place of ecamphor, particularly for substances

that decompose at high temperature.

Uuring the early yaarsa of commereial production,
exaltone was prepared by vacuum distilliation of the cerium
or thorium salt of hexadecanedioic aeid (thapsic aeid) in
an yield of about §%. Later zlegler® synthesised exaltone
by high dilution cyclisation of 1,l4-dicyanctetradecane.
Reecently Leonard and ﬁemmlpfun:%.g& have carried out



Diecimann® evelisation of «,w~ dicarboxylic esters with
potassium tert.butoxide in xylene under high diluticn
condition with high speed stirring in nitrogen atmosphere
to obtain medium and large ring monoketones and large ring
diketones with dismeric products. OStarting from diethyl
thapsate, they obtained 457 yleld of exaltone.

Gol'dfarb’ prepared macrocyelic thienyl ketone
which on reductive dnsulphnrisatinn3 afforded exaltone.

However, no method developed so far, equals the
elegant macroeyclie acyloin procedure reported simultaneously
and independently by Prelog® and 5to1110 in convenience,
yield and economy. The reducticntl of these acyloins
furnishes the required ketones.

Known syntheses of pentadecanedicic acid

Fentadecanedioic acid was first synthesised by
chuit?® in 1926 from aselale and sebacic acids; chain
extension was effected by nitrile formation and malonie

acid condensation.

Buu-Ho113 prepared pentadecanedioic acid from
undecenyl bromide by malonic acld condensation hydrow
bromination, nitrile formation and hydrolysis.

By the ozonisation of le-(undec-lO«enyl) cycloe
pentene, Diaper™ could obtain pentadecanedioic acid.
rlesek!® and Kikishinl® also prepared this acid by cleavage



of alieyelic compounds. Enamine mruuonl? of eyelie

ketones and the acid ehavng&m of resultant j-diketones
has been conveniently employed for the synthesis of this
diabasic aeid. |

Yonetani and Xubol® employed undeeylenic acid as
the starting material and converted it to undeeyl chloride
which was then condensed with malonic ester. The product

CHg=CH. (Cii:é)a-»ﬁii- (66662%32 was treated with hydrobroaic
acid followed by malonic ester condensation, saponification
acidification and decarboxylation to yleld pentadecanedioic
acid.

Klenk?© oxidised nervonic acid present in brain
lipids to get pentadecanediolc acid. Nervonic acid has
since been isclated from the seed fats of the Ximenis spe

and also obtained by oheﬁmlyuc process from oleic acid.
In the present investigation nervenic acid has been synthe-
sised starting from erucic acid.

Recently pentadecanediocie acid has been synthesised
in our laboratory by Bhattacharyya and co-workers from
A 22
aleuritic ?¥ acid and kamlolenic aeid.”

<~
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In this part several interrelated convenient new
routes have been developed for the synthesis of pentadeca-~
nedioic acid and its subsequent cyeclisation to exaltone.
The dicarboxylic acid was eyclised to the acyloin which
on reduction with zine and hydrogen chloride furnished
exaltone.

Erucic acid, obtained from mustard oil and 15,16«
dihydroxylignoceric acid obtained by the hydroxylation of
nervonic acid have been used as the starting materials.
Hervonic acid itself has been synthesised from eruecyl

alechols The VQQCTW S5 £ 3wmonatised Tn Schoemed

Etbyl erucate (I) was converted in high yleld to
13,14-dinydroxybehenic aeid (II) by treating with 30%
hydrogen peroxide and acetic acid in the presence of aecid
catalyst followed by alkaline hydrolysis (method of
Swern etal)?®

Ethyl ester of 13,l4-dihydroxybehenic acid,
prepared by the usual azeotropic method on oxidation in
aleoholie solution with aqueous solution of neutral sodium
metaper iodate furnished ethyl-12.formyl laurate (1V) and
nonanal (III) in quantitative yields.

Ethyl. 12-formyl laurate (IV) was converted to
pentadecanedioie acid (VIII) in three different ways.



"SYNTHESES " OF PENTABECANEDIOIC ACID AND EXALTONE

EHEME™ T
CHz' (CHp)7-CH=CH-(CH2);; - COOR (R=H or CoHsg)
l‘ (1)
CHz-(CH2)7'CHOH-CHOH-(CH3)|| - COOR (R=H or CyHsg)
; : B (1)
OHC ~(CH5);;— COOR + CHz-(CH,)7 CHO

‘ (IV) (T11)

ls l4 ls
HOOC-HC=HC-(CH,);-COREt EtOOC-(CHp)yy:CH=C-(COOEt),  Et0,C:(CHp)y3 COLET
(V) e s ORI,

ITT + HOOC-(CH )5 CHO —2——= HOOC-(CH,); 3~ COOH

(X) (VLD
2 ; 10
CHOH CH
/ n / c
CH3(CHa)7'CHOH* CHOH(CHah3:COpH  (CHR) i3 ————>(CH2H3\\‘
co co
(TX) (XT) (XID)

Reagents: 1, Hy0, BemE - NaOH. 2, NGIO4. 5 CHZ(COOH)Z—Pyridine.
4, CH,(COOC,Hg) - piperidine. 5, CH;Br—=COOEt, zn; P,0g, Ho-Ni or PtO,.
6, Hy—Ni or PtO,; NaOH. 7, Hy-Ni or Pt0,; NaOH;-CO,. 8, NaOH.

9, KMnO4- AcOH. 10, Na-Xylene. 11, zn-HCI.



b3

{A) It was condensed with malonic acid in the presence
of pyridine?® with concomitant loss of carbon-di-oxide
to yleld the l4-ethoxy-carbonyl tetradec-2.enoile acid(XI1I),
which on hydrogenation followed by saponification ylelded
pentadecane dioiec aeid (VIII).

-Sgheme 2.

HgCaOOC. (CHg)17.CHO + CHg.(CoCH)g  _‘¥¥idine

(1v) .
HgC200C, (CHg)q1.CHsCT - Cog
&C2 Hg)ia Sp— _
; Hz
K i . ® ihGGGK >
g0200C. (Cly)y3.CH=C ‘ =
(XI1X)
Hgla00uC . (CHg )11 +CHg .CHg LCOOH KUH .
(X1Vv)
HOGC » (CHy )y 9.C0CH
(VIII)
{B)o Lepaipione S SI3E WA TRk IR ARIAL S S X e

Ethyl. 12 formyl laurate (IV) was condensed with
malonic ester in the presence of (1) piporum,“ (11)
pyridine, (1ii) quinoline, (iv) acetic anhydride and (v)
potassium tertiary butdmide to yield the corresponding
unsaturated triester, diethyl-? ethoxy carbonyl pentadec-
2~ ene dicate (XV). This triester on hydrogenation with



nickel catalyst furnished diethyl. 2-ethoxy carbonyl penta-
decane dioate (XVI), which on hydrolysis with aleoholic
potassium hydroxide gave alkyl malonie acid, This aeid,
without isolation, was decarboxylated at 140° to yleld
pentadecanedioie aeid (VIII).

HglauOC. (CHy)yy.CHO + CHp. (COOCaHg)2 Piperidine
(Iv)
Hgla00C . (CHg )11 CHsC. (COOCRHg)a KB
‘m) * Ni
Hgla0OUC, (CHg )1 +Clp .CH . (COOCgHE )2
VD)
HOOC , (CHy )13.COCH
(VIII)

~
>

v

(1) KoH
(11) -Cog

Y

(¢) Beformatsiy resgtion.”’

Ethyl l12.formyl laurate (IV) was condensed with
athyl bromo acetate in the presence of zine and dry benzene
to yield the hydroxy ester, diethyl 3.hydroxypentadecane-
dioate (AV1I) wnhich on dehydration with phosphorus pentoxide
yielded the corresponding unsaturated ester, dlethyl pentadec
2-ene-dloate (XVIII). This unsaturated ester on hydrogenation
with nickel catalyst gave the saturated diester, diethyl,
pentadecane -dioate (XIX). Cn hydrolysis with alcoholie
potassium 1t gave pentadecanediole acid (Vv11i).
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HgCa00C, (CHg)11.CHO + BrCHg.COCCgHg .

(1Iv)

v

HgC2000 (Clig )11.C1!.Clig .COCCgHg P20g
(xvi1) CH
Hgla00C . (CHg )] .CH=CH.CGLOCoHg Hp

v

(XVIII)
ale. KCH

Y

HgCa00C . (CHg)1g+ COOCoHg
(XIX)

HOUC. (CHy )13+ COOH
(vI1I)

(@) Pentadecanediolic acid from 15,16-dihydroxy

L AEAMICERE A G AL
16416 -Dihydroxylignoceric acid (XXI) was prepared
by the hydroxylation of nervonic acid (XX). Nervonie acid
was synthesised starting from erucyl aleohol and following
the method described by Hale (see Part I, page 59 ).

15,16 Dihydroxylignoceric acid (XXX) was oxidised
in alecoholic solution with 12% aqueous neutral solution of
sodium metaperiodate at 85.36° to yleld nonanal and 1l4-
formyl-tetradecanoic acid (XXII). This acid on dissolving
in acetone and oxidising with potassium permanganate gave
pentadecanedioic acid (Viil).
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~Bgheme 6
Hol3
CHa. (CHp )7 .CH=CH, (CHy)13.COCH - >
(XX) ,
, . o) e, ~ NalOgq
CHg. (CHg )p.CEOH.CHOH. (CHg)y3.CO0H S
(XX1) A
Cﬁg. (m‘ig )7063@ +* Omn ({;Ha )130%9“
(XX11) mml |
HOOC. (CHg)13.COCH

(VIII)

C7c\\$a—( o +o

Pentadecanedioic aeid (VIII) obtained by the various
routes described above, was converted into its diester by
employing the usual ageotropic method. The diester (IXIII)
thus obtained was then converted to 2-hydroxycyclopentae
decanone (acyloin) (X1) in the presence of sodium and
boiling xylene.28y2%® 7Tnis acyloin was then reduced with
zinc and hydrogen chloride using dioxane as solvent at ©90°
to yield exaltone (XII). |

~Scheme 6 _

HOOC. (CHg)ys. COCH (V1iIii)
_ it
Hegla00C, (CHg )13.C00CoHg (XXIIX)
Na + Xylene

(CHp) lm
AV

(x1) R (X11 )
Exaltone.

GHQ
(CHg)13 l
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After reduction of the aeyloin by treatment with
zine and mi’egau chloride, the exaltone formed was easily
separated as its erystalline semicarbszone. A portion of
the reaction product, however, failed to form semicarbazone
under the condition mentioned vide infra. This portion was
separated and after preliminary exmm&t‘.mn, ineluding
examination of its infrared spectrum was found to consist
mainly of hydrocarbon alongwith small amount of ketone and
~only traces of aleohol. These components were separated by
column chromatography.

Eyds ’

This fraction contained traces of unsaturated
impurities which were removed by treatment with oleum. The
saturated portion on enromatography using a large ratio of
alumina followed by rechromatography and subseguent cooling
was separated into solid and liguid fractions. The solid
ortion was ldentifiad as ayclopentadecane (mﬂ),aﬁ?&:ﬂpgc
of which was obtained by the Wolff-Kishner reduction of

pure exaltone (XI1),

e o T
(CEg )13 ‘ (CHg )14 Co + (CHg)yq  CHg
piadll R B T

(XI11) (XX1v)



The liguid portion remained liquid after repeated
chromatography and protracted cooling. On VPC analysis it
showed the presence of two components. Its infrared speetrum
and specially the NMR spectrum showed the presence of methyl
group (CHg«CH). 1t is assumed that fommation of such group
took place as a result of rearrangement and ring contraction
duaring the reduction of acyloin under acidic condition. This
has not been further examined.

Examination of the liquid ketonic portion

This portion remained a liquid after rechromatography
and also after protracted cooling. It, however, showed
identical analytieal values with that of exaltone, had the
same infrared spectrum and gave the same semicarbasone.
ldentity of the semicarbazone was established in the usual
way, including examination of mixed m.p. Decomposition ef
the semicarbasone gave pure solid exaltone.

A comparative study of the rate of formation of
semicarbasone under identical conditions showed that the
1iquid ketone was somewhat slower in rescting with semi.
carbazide hydrochloride, though it alsc eventually gave
exaltone semicarbagone. From this, one is led to the
conelusion that this liquid ketone is presumably
eyelopentudecancne (exaltons) with 'C inside' confor-
mation (XXV) which hovever changes to the usual 'C outside'
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conformation (normal exaltone) during the formaticn cf
somicarbagone.

fﬂa ‘i]”’*a
(cmakm,o:? ——— (Cig)ya lc = 0
',————Ciig CHp

(XKXV) (K11)

NHormal ezaltone.

Existence of products with 'C inside' conformation
for mediua ring”® compounds 1s now generally accepted. But
from the results described above it would appear that such
conformaticnal pecularities are also possidle for macroe-
eyelic axaltone. In the latter case, however, stability
difference is comparatively less and the 'C inside’

changes intc 'C outside' conformation easily during
semicarbazone formation.
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EXPERIMENTAL

Preparation of ethyl 13,14.dihydroxybenenate (II)

13,14.Dihydroxybehonic acid (367 g) was taken in a
3 L., flask. Benzene (7850 ml), absolute aleohol (150 ml)
and sulphurie acid (2 ml) were added to it. Esterification
was carried out by using aszeotropic method. After 24 hours
esterification was complete (no separation of water). The
mixture of aleohol and bensene was taken up in a 5 L. sepa-
rating funnel, It was first washed with water and then
with sodium carbonate (10%) in order to remove the unreacted
acid and then with water till free from alkali. Benzene
was distilled off and the residue corystallised from pet.
ether (60-80°) or ethyl aleohol (yield of the ester 328 g),
m.p. 70° (Found: C, 71.603 H, 12,20, C24H4804 requiress
Cy 71.903 H, 12,10%).

13,14«Dihydroxybehenic acid (80 g) was taken in a
1 L flask and dissolved it in methyl alechol (700 ml). Dry
hydrogen chloride gas was passed into this solution at
room Lemperature for 6 hours. Methyl alecohol was removed
and the residue taken up in the pet.ether (60-809), It
was first washed with 5% solution of sodium carbonmate and
then with water till free from alkali. PpPet.ether was
removed and the ester crystallised from pet.ether (60-80°),
m.p. 71.72° (yield 40 2).



Gthyl 13,l4.dihydroxybehenate (II) (200 g) in
aleohol (1800 ml) was taken in a three necked round bottomed
flask fitted with a stirrer, a dropping funnel and a thermo-
meter. Aquecus neutral sodium metaperiodate solution(®80 mlj
12%) was slowly added to it through the dropping funnel
during half an hour with stirring at 36.87°. It was stirred
fer enother half an howr, The sodium icdate precipitated
was separsted by filtration. The filtrate was diluted
with water and extracted with pet.ether (60-80°) three times
( 3X 1000 ml). The combined extract was wvashed with water,
dried over anhydrous sodium sulphate. 7The pet.ether wvas
distilled and the residue fracticnated under vacuum.

The first fractlon collected consisted of nonanal
(111) (71 )y b.p.70%10 mm., nf’ 1.4207 and the remaining
fraetion which distilled st 132°/0.3 mm consisted of ethyl
12.formyl laurate (IV) Q10 g) (Founds €, 70.503 H, 11.40.
Cygfipg0a requires: C, 70.30; H, 11,01%).

The semicarbasone prepared by the pyridine method
was erystallised from methyl alcohol and melted at 88°
(Founds N, 13.80. CygHz0gly requiress N, 13.40%).

(4) Pentadecane-dicic acid via malonic aecid eondensation
To a cooled sclution of malonie acid (60 g) in

pyridine (110 g), ethyl 1Z.formyl laurate (IV) (109 g)
was added slowly with shaking in about 10 minutea. The



2

reaction mixture was kept at the room temperature for
36 hours, and then heated on a water bath for 3 hours,
Pyridine vas removed under reduced pressure and the
residue extracted with ether, The ether extract was
washed with dilute hydrochlorie acid, water and finally
with 10% sodium carbonate. The carbonate extract on
acidification with hydrochloric aeid gave l4-ethoxy
carbonyl tetradecs-2.enoic aeid (XI:1) (yield 120 g),
whieh was erystallised from pet.ether (60..8(1"),' n.p.ez"-ss“
(Founds C, 68.403 i, 10,30. C37Hg0o04 requires: C, 68.464
Hy 10.10%).

l4-ithoxy carbonyl tetradec-?-enoic aeid (XIII)
(70 g) was dissolved in aleohol (300 ml) and hydrogenated
at 100-110° temperature and 800.780 lWsq. pressure with
Raney nickel (1 g) as a catalyst for four hours. The
product was filtered and after partial removal of alcohol,
the residue was orystallised from alecolwl to give l4-ethoxy
carbonyl tetradecancic aeid (XIV), m.p.66° (yield 46 g).
(Founds C, €8.103 H, 11.10. C19H3ga04 requiress C, 68,003
Hy10.70%) .

The above ester (48 g) on hydrolysis by refluxing
with 10% aleoholic potassium hydroxide (200 ml) gave
after usual processing the free acid (VIII) which was
erystallised from alcohol and recrystallised from glacial
agetic acid to give pure pentadecane diole acid, m,p.114°.
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wax, 2867, 1694, 1464, 1414, 1298, 1265, 1224, 1204, 1111,
917 and 720 em-l. (Found: C, 66.30; H, 10.70. Cale. for
61533304l G, Gﬂ.lby H' 10.40%).

(B) WW ...._..m_m_w ‘ _1‘ 16 th
aslenie. esiex

(1) A mixture of diethyl malonate (19.2 g), ethyl.
12.formyl laurate (28 g) and piperidine (1.2 g) was kept
at 18° for 12 hours and then at room temperature for 24 hrs.
There wus a small layer of water formed at the bottem of
the flask. The contents of the {lask were taken up in ether.
The ether extract was first washed with dilute hydrochlorie
aeid and then with water. Ether was removed and the residue

distilled under vacuum and the following fracticns vere
collected,

TABLE 1
Temperature C weight (g)
(a) upto 60°/1.5 mn. 1
(b) 60-80°/1.6 mm. 8
((e) 180-200°1 mnm. 24

R R NN NSRRI RRI SN eSS NSNS

Fraction (b) consisted mainly of diethyl malonate.
Fraction (e) consisted of the desired ccndensation
product diethyl. 2.ethexy carbonyl pentadec-2-sne dicate (XV)



(Foundt C, 66,10y H, 9.80. CagH3R06 requires: C, 66,303
H, ©.80%).

The abmt condensation was a};a:m repeated by
changing the following conditions:

1) Additicon of the reactants at rcom temperature
11) By using azeotropic method under inert atmosphere, and
111)  Additdon of anhypdrous sodium suiphate for removing water.

The yields obtained in all the experiments kﬁnt almost

the same.

(2) Malonie agggg m:atwn with gm;;mmmml
: 4 i ' r ;.. . :

Potassium (6 g) was dissolved in dry tertiary butyl
aleohol (86 g). The solution was cooled in ice and to it a
sixture of diethyl malonate (30 g) and ethyl Il12.formyl
laurate (B0 g) was added with stirring. The mixture was
kept at roem wmrutm for 36 hemra with occasional shaking
and then heated on a vaw bath for two hours. The reaction
mixture was then poured into ice water and extracted with pet.
ether (40.80°), washed with water and dried over amhydrous
sodium sulphate.

Pet. ether vas removed and the residue (32 g) was
fractionally distilled under vacuum and following fractions
vere eollected.



L 4oBLE 2
0 W e W O T e T N N T S s I G G Y A T g TN R R S S oy R D TS T . W R T e T R s Y
Temperature Weight (g)
(a) upto m‘;/(%.ﬁ I« ,
(e) 130150% 0,86 ma. 6
(£) 140-180%/0,03 ma. 20

BEEPRENPV LR SEWSEL R SPRUETAREOAREI TSR CARTTE RS ASNET VR T oXe

Fraetions (d) and (e) consisted mainly of unreacted
ethyl, 12.formyl laurate and malonic ester.
Praction (f) consisted of the desired triester(XV).
The above condensation was repeated by changing
the following conditions:
iv) Aaddition of more dry tertiary butyl alcohol
v) Using other dry solvents (e.g. benzene).
The results did not show any significant change
in the yield.

(3) Malonic ester condensation with ethyl 12.formyl
a3 _gatalyst

It was carried out following exsotly the same
procedure as in the case of piperidine but there was no
condensation produet formed.

4)

piperidine (5 ml) and acetic anhydride (27 g) were condensed

]
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together following the same procedure as described in the
experiment (1). Acetic anhydride was used, to remove the
water formed in the reaction. Piperidine was added in
five instalments (1 ml at a time).

After working up the product in the usual kvay,
the residue was fractionally distilled and only 20 g. of
the desired condensation product was obtained. The rest
of the product was recovered as unreacted ethyl 12.formyl
1&_&#&‘&0.

Hydrogenatic

The unsaturated triester (XV) (10 g) obtained in
the preeseeding experiment was dissolved in alechol (60 ml)
and hydrogenated at 100°/ mﬁfm 1b.8q. pressure using
Raney nickel as catalyst (0.28 g), for fowr hours. The
mixture was filtered, and after removal of alechol, the
residue was fractionally distilled., The saturated triester,
diethyl, 2-sthoxy carbonyl pentadecans diocate (XVI)
distilled at 200°/1 mm, (Founds C, 65.91y H, 10,21,
C22H400g requires: C, 65.97; H, 10.078).

The saturated triester (XVI) obtained above was
hydrolysed with 20% aleoholic potassium hydroxide (20 ml)
and the resultant alkyl malonic acid without isolation
decarboxylated at 140° wnen pentadecane dioic acid was
obtained, w.p. 114°,



In a 800 ml three necked flask, fitted with stirrer
and eoudanur) zine (6 g) and dry benzene (180 ml) were added.
Ethyl bromo acetate (10 g) and ethyl, 12.formyl laurate (10 g)
were dissolved in dry benzens (50 ml) and added slovly to it
through the droyping funmel. After the addition was complete
the reaction mixture was refluxed on a water bath for three
hours, DBenzene was then removed and the residue decomposed
with 10§ sulphwrie acid. It was then extracted with ether,
vashed with water, dried over anhﬂmms;d&mw. Ether
was removed and the residus, diethyl 3.hydroxypentadecane~
dloate (XVIL) was distilled at 160°%/0.08 ma (4 g) (Pounds

C. 66.60; ii; 10.10. me.ﬁ requiress C, Gﬁ.aﬂ-; K.lﬂc“)o

Thé above hydroxy ester (4 g) was dehydrated by
refluxing it with phosphorous pentoxide (6 g) in dry
benzene (80 ml) for four hours. The unsaturated ester,
diethyl pentadec, 2-ene dioate (XV1I1) obtained after
usual processing, was distilled, b.p.167°/0.4 ma. (2 g).
(Founds €, 70.04; H, 10,80. C1oH3404 requires: C, 69.9;

Hy 10,8:). This unsaturated ester was hydrogenated to
give diethyly pentadecane dioate {‘HK‘), Dep.166°/0.36 RBey
meps 30° (Found: C, 69,604 H, 11.37. C}giigg0q requires:
Cy 69,473 Hy, 11.088). It was saponified with 205 alcoholie

potassium hydroxide to yleld pentadecanedioic acid(l g),
mepe 1140,

¢
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Dihydroxy lignoceric acid was prepared by the
me thod described in Part I of thils thesis.

Dihydroxy lignocerie acid (2 g) in absolute
aleohol (8C ml) was oxidised with 12§ solution of neutral
sodiur metapericdate (20 ml) during 3¢ minutes at 385, The
mixture was diluted and extracted with ether. The ether
extract was washed with water, dried over anhydrous sodium
sulphate and ether removed. The residue left was freed
from nonanal by distillation, b.p. upto 100°%%.5 mm. The
residue on crystallisation from pet.ether gave l4-Sormyl
tetradecancic acid, m.p. 800 .

l4-Formyl tetradecanoic seid (1 ) was dissolved
in agetone (10 ml) and oxidised with potassium permanganate
(2 g) to vield pentadecanedioic acid, m.p. 114°.

ation of diet

y1 ester of pentadecanedioic aeid (XXIII)

Esterification was carried out by aszectropie
distillation of water from the reaction mixture. Pentadecane-
diolec medd (300 g) was dissolved in thiophene free dry and
bengene (900 ml). Absolute alecohol (180 ml) and sulphuric
acid (3 ml; 4, 1.84) were added to the above solution. It
was rez’lmd‘ on a water bath and the water formed during
esterification was occasionally tapped. After the reaction
was complete (24 hrs), benzene solution was first washed



with water %o remove the mineral aeid, then with 69 sodium
carbonate solution in order to make it free from unreacted
seid, followed by water., The benzens solution was dried
over anhydrous sodius sulphate and the benzene removed

by distillaticon., The dlester obtained was Iractionally
distilled, b.p. wa"/o.o\e' mm., M.p.30° (200 t)/ YV max.
1727 em-1 (ester carbonyl) and 1247 em-l (C-0 vibration
of ester group), (Found: C, 69,603 H, 11.37. Cale. for
CypgHag0yt ©, 69.47; H, 11.088).

Preparation of 2<hydroxy eyclopentadecancne (acyloin)

A mixture of sodium (80 g) in purified dry xylene
6.8 12 :te:“i?ﬁi&uy heated to beiling under a current
of dry'(nnmm without stirring in a 10 1. flask fitted
with a three necked adaptor and a mechanieal stirrer. About
300 ml of xylene were distilled off and then the xylens
was allowed to cool down to about 00°. The molten sodium
was then stirred vigorously until the sodium was in the
finely pulverised state, While stirring was continued
the temperature of the xyleme was raised to i%s boiling
point, Tha diester (164 g) dissolved in xyleme (200 ml)
was added through the clxopPpivoy funnel dw ing one hour.
After the addition was complete, stirring was continued
foer /2 hour, the reaction mixture was cooled and then
decomposed by gradual addition of 600 ml of absclute aleohol.

{

9
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The alkaline xXylene solution was taken in a
separatory funnel, washed carefully with water, and then
with dilute hydrochlorie aecid, and finally with water,
Aylene solution was kept over anhydrous scdium sulphate
over night and then xylene was removad by distillution
using a fractionating column under nitrogen atmosphere.
The aeyloin (70 g) was obtained by distillation, b.p.
1389/0.1 sm. ) max. 348 (OH), 1710 (H0=0), 1461, 1370,
1268, 1063 and 736 aue*. (Found: C, 75.303 H, 11.78.
Cale. for Cygigalas C, 74.96; Hy 11.74%). The acyloin
could be crystallised from pet.sther, m.p. 60-81°.

Cyelisation to exaltone (eyelopentadescanons)

in a 3 1. three necked flask fixed inside an oil
bath and fitted with a stirrer, condenser and an inlet
for passing hydrogen chloride gas, aaeyloin (70 g), =zinc
vool (140 g) and dioxan (1400 ml) were added. Hydrogen-
chloride gas was passed at the rate of 20.22 g. pepk hour
for 13 hours, during which the temperature of the oil bath
was maintained at 90-96°., A fresh quantity (70 g) of zine
wool was added after ¢ /2 hours., Dioxan was then removed
under reduced pressure and the N;&W extracted with pet.
ether. After removing the pet.ether the residue (€C g) was
directly put for the preparation of semicarbazone.

A mixture of semicarbazide hydrochloride (60 g) and
sodium acetate (90 g) dissolved in minimum quantity of water



was added to the exaltone residue (60 g), dissolved in
aleohol (280 ml). %The reaction mixture was made homogeneous
by the addition of requisite amount of aleohol and reflluxed
on & water bath for one hour. It was then diluted with

water and the semicarbazone separated was filtered and

washed with pet.ether. The filtrate was extracted with
pet.ather. The pet.ether extract and the pet.ether washings
of the semicarbazone were combined together, washed with
water and the pet.ether removed to yield an oilly residue,
This was investigated separately. The semicarbazone obtained
was orystallised from ethyl aloohol, m.p.187.188° (Found:

%, 14.80. Cale. for CygHziONa: K, 14.90%). On decomposition
with oxalie acid, it gave exaltone (eyelopentadecanone) which
was erystallised from methancl %o yleld pure exaltone (30 g),
m.p. 63°, Umax. 1711 emel (30s0) (Found: C, 80.803 1,12.70.
Cale. for Cighas0: ¢, 80,303 H, 12,60%).

an amount of non-semicarbazone furming residue
(192.8 g) was collected from several experiments deseribed
- above. Oxamination of infrared spectrum and other prelimie
nary properties showed it to be consisting of hydreearbon,
ketone and also aleohol. It was chromatographed initially
over twenty fold amoumt of alumina grade II (200 g) and
eluted successively with pet.ethsr, pet.ather.benzene(1:1),
benzene, ether and aleohol. BSixty seven fractions of 50 ml
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sach were ccllected. These fractions were suitably
combined on the basis of elution date and thelr refractive
indices into the following fractions.

I ABLE S
¥r. Bluent Volume Weight mni>*S IH bands
- (md) &) | el
A Pgt.ether 1000 14.4 1.4476 23980,1460,1348,
1260, 987
B Pet.other~ 1600 4.4 1.4808 2980,1711,1486,
benzene (111) 1360
Bengene
c Ether 780 0.7 1.4680 3560,2060,1460,
1204, 1130, 1060

Ll g g b 2ol bl 2 ottt 2 8t 2 b b d 2 b bR bR gt e S R g S 4

Exsmination of the above fruetions

Pet. ether fraetion (i) consisted of hydrocarbon.
It showed slight unsaturation as tested by tetranitromethane
and infrared spectrum (Qm. 967 emel)., This Traetion(ld g)
was shaken with oleum (20 ml) for 24 hours. It was then
added to ice water and the material extracted with pet.ether
(60-80°), The extract was washed with water and dried over
anhydrous sodium sulphate. The residue (6.9 g) alter
removing the solvent was slightly yellowish in colowr and
was filtered through alumina grade I (100 g) and eluted
with pet.ether (1.5 L). Pet.ether was removed to yield



6.5 g of the hydroearbon, It did not show colour reaction
with tetranitromethane. Infrared spectrum showed the
absence of unsaturation.

The above hydrocarbon (6.5 g) was rechromatographed
over alumina grade I (680 g). It was eluted with pet.ether.
Thirty nine fracticns of 60 ml. each were ccllected. These
fractions vere suitably combined into twe major fractions.

Fr. Eluent Volume (ml) Weight (g)
‘D) Pet, ether 1180 5.1
(E) Pat, ether 800 1.2

B 0 0 N I O e o A S O 0 N O R N OO I e

Praction (D) was refluxed over sodius for two hours
and distilled under vacuum, b.p.170°(bath)/1.5 mm.,
nga 1.4720. Infrared spectrum showed the absence of
unsaturation (Found: C, 86,983 i, 14.41. Cale. for CigHgp:
C, 86.60; l, 14.40%).

It (4 g) was rechromatographed over grade I alumina

53

(400 g) and eluted with pet.ether. Iwo fractions were collected.

Both consisted of some solid and some liquid matter. However,
separation of solid and liguid hydroecarbon could not be



effected after repeated chromatography. Hence these
fractions were combined together and small quantity of
aleohol (2 ml) was added to it. It was then cooled in
ice salt mixture and the solid separated was filtered in
the cold condition. IV was washed with cold alcohol. The
solid hydrocarbon thus obtained was twice crystallised
from methyl aleohol (needdes), m.p. 61° (Founds C,86,004
Hy, 14.43., Cale. for CigHgg: C, BE.60; ki, 14.40%).

Vmax, 2941, 1449, 1336, 1262 om-l.

It was identified as cyclopentadecane (for compari-
son purposes an authentie m;sln was prepared by Wolffe.
Kishner reduction of pure exaltone)dby taking m.p. and
mixed m.p. with authentic sample, comparisen of infrared
spectra, VPC and TiC analyses.

The hydrocarbon left in the filtrate was liquid
in nature. It was repeatedly given the same ice salt
cooling treatment till no more solid hydrocarbon separated.
The liquid hydrocarbon finally obtained was distilled under
vacuum, b.p_.l&e”(bath)/ma mn,

This fraction remained liquid after repeated
column chromatography and even after storage in the cold
for two yoars.

Attempts to separate this liquid hydrocarbon by

VFC were not very successful. ) max. 2941, 1460,1370 (Ciig-CiH),

1348, 1283, 1015 emel. NMR spectrum showed the presence of
CHg group. VPC showed two peaks,
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p B (1iquid ke tone)

It was liquid in nature and showed the presence of
h%m,ﬁ max. 1711 omel. It has a fine musk smell,

It (2.66 g) was rechromatographed over grade 11
alumina (270 g) and eluted successively with pet.ather, and
pat.other<benzense mixture., Pifty fractions of & ml each
were collegted. These fractions were suitably combined
on the basis of elution data into the following two

fractions.
2 ABLE.B
Fr. Sluent ‘Valm(nl) Weight (g)
()  Petilethe®’) ou 1000 0.340
@) Pet.ether-benzene 1800 2.3
(1:1)

BEDETLRISTE2ESTeoCRSETeRNTCSRTEIc AN TG IeNSwpenwIeen

Fraction () consisted of hydrocarben.

Fraction (G) was distilled under vacuul, D.p.156-58°
(batn /0.6 mae, ) max. 2041, 1711, 1449, 1368, 1099 en-l.
Infrared spectrum of the ligquid ketone was essentially
identical with that of pure exaltone (Founds C, 80.54y
#, 12,77. Cale. for CisHam0: C, 80,303 H, 12,60%).
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ligquid ketone (1.06 g) was dissolved in methyl
aleonol (10 ml). Semicarbazide hydrochloride (2 g) dissolved
in minimum quantity of water was added to it in the presence
of pﬂmm {1 ml). It was warmed on the water bath for
fifteen minutes and cooled. The crystallised solid nipamtad
was filtered and wum@with water. Weight of the semi.
carbazone obtained (1.2 g). It vas crystallised from
methyl aloohol five times, m.p.187°, mixed m.p. with
authentic sample of exaltone semicarbszene was undepressed
(Found: N, 14.87. Cale. for CygH3iNz0s N, 14.90%).

Decompogition of the semicarbazone of the liguid ketone
Decomposition was earried out with agueous alcoholie

oxalic acid and the product isolated in the usual way and

sublimed twice under vacuum at 110%0,1 mm. It had m.p.

61-62%; )) pax, 1711 em-l (3C=0) and was identified as

exaltone by m.p. and mixed m.p. and infrared spectra

(Pound: ¢, 80.80; H, 12,90. Cale. for Ciglag0: C, 80,303

Hy 12,60%).

Comparative study of the liquid ketone with that of exaltone
From its analysis, infrared spactrum and the m.p.

of the semicarbaszone the liquid ketone appeared to be

identical with exaltone. It however, remained liquid

even after protracted ccoling. For a comparative evaluation,



equal amo:units of the 1liquid ketons and pwre solid exaltone
were subjected to semicarbazone formation, under iddntical
econditions using the same stock solutions of semicarbazide
hydrochloride and sodium acetate. It was observed with
the help of stop wateh, that pure exaltone started depositing
the semicarbazone after sixty seconds. As against that,
the liquid ketome required ninety seconds for the same
purpose. It thus appeared that the liquid ketone which
also gave exaltone semicarbazone was slower in action.
From this it is reasonable to assume that it may have

'0 inside' confeormation.
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ABBTRHRACT

Two new alternative routes for the reduction of
acyloins to vield the corresponding ketones have been
deve loped.

(1) Wolff«Kishmer reduction of 2hydroxy cyclopenta-
decanone and 2.hydroxy eyecloheptadecanone yielded the
corresponding mono aleohols which on oxidation with
echremic acid furnished exaltone and dihydrocivetone scspecld veia,

(11) Lithium aluminium hydride reduction of the
tosyl derivative of the Z-hydroxy cyclopentadecanone and
2«hydroxy cycloheptadecancne gave corresponding mono
aleconols in quantitative yields. The momo aleolwls,
thus obtained were oxidised with chromic acid to yield
the corresponding ketones viz. exaltone and dihydrocivetone.

The method No.(1i) was also found to be very
useful for the reduction of the unsaturated acyloins.
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Alternative routes for the reduction of aevicins

Development of the acyloin c¢yeclisation is of
great importance for the commercial preparation of
macrocyelic musks ketones. With proper stirring
faeilities, it 1s possible %o obtain the acyloin in
an yleld of about BOZ. The reduction® of acyloin to
the corresponding ketone by using zinc and hydrogen
chloride, however, is not so satisfactory. Considerable
amount of by-products, containing mainly hydrocarbons,
arising out of over reduction and rearrangement are
obtained. The method is also quite unsuitable for the
reduction of unsaturated acyloins, as the double bond
contained therein is attacked by hydrogen chloride.

It was, therefore, felt desirable to explore
alternative possibilities for the reduction of the
agyloin to the sorresponding ketonmes. With this objective
two alternative routes have been investigated.

foute (1)

According to this route the acyloin (I) was
reduced by Wolff.Kishner reduction to the corresponding
mono aleohol (I1) whieh was then oxidised with chromic
acid and acetic mm.ﬂ pyridine-chromic acid emhzs
or more preferably with Jones' chromic acid nmnt“



tc the corresponding ketone (VI) as shown in Scheme 1.

By adopting this procedure, exaltone (eyclopenta-
decanone) and dihydrocivetone (cyeloheptadecanone)sould
be prepared from the corresponding acyloins. In this
resction alse small amounts of the saturated hydroearbon
(111), diol (IV) and the parent dicarboxylic aeid (V)
ware formed due tc over reduction and oxidative cleavage.

CHa CHg
(cna n AR c%in n 4 (CHg ) +
L*_cmn CHOH Chg
(1) (11) (I11)
CHOH [ Coon
(CHg) (CHg)p ’ {CHg )
CHOH !h COCH
V1) av) al
Boute (2)

In this route the acyloin, via its %osyl deri.
vative (VII) was reduced with lithium aluminium hydride
to the corresponding mono aleohol (VII1) which was



subsequently oxidised with Jones' chromic acid reagent
tec the corresponding ketone (XI). This method has been
successfully employed for the preparation of exaltone
and dihydroeivetone. It was specially suitsd for the
reduction of unsaturated acyloin and has been used for
the preparation of civetone and jisg-civetone, detalils of
which have been deseribed in Part IV, In this case also
during the reduction of the tesyl derivative, small
amounts of the hydrocarbon (IX) and the diol (X) were
cbtained as minor by-products. There is reason to feel
that these alternative routes described in this part
may find application in wider areas.

_Scheme 2
—Ce co [____ CHg
©Hy)p | —s (OHy), > (CHg)
' 1 ‘ i — 2 n,

CHOH l“t:an.rs L——Cﬁcﬁ
Acyloin vII) (VIII)
r_—*(ma ——CHOH

+ (CHa)
2/n > (633 )u'
CHg CHOH
{IX) (X)
CHa Cﬂz
(CHg)p, ———>  (CHg)p \
— CHCH ce
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Wolff-Kishner reduction® of 2.Lydroxy eyelopentadecanons
(C15 ~ Acyloin)

The preparation of the acyloin has been described
earlier. The acyloin was crystallised from pet.ether
(40.60°), m.p. 60-61° (Found: C, 756.854; H, 12.24.

Cale. for Cyglag0g: C, 785,003 H, 11.74%).

In a three necked 600 ml flask fitted with a long
Amndcnnr and an inlet for passing nitrogen, diethylene
glyeol (120 ml), aecyloin (10 g), sodium hydroxide (8 g)
and hydrazine hydrate (80 ml, 98%) were added. The
reaction mixture was heated under nitrogen atmosphere at
190° for two hours and then the temperature was raised to
210° and maintained for three hours. The product was
cooled, diluted with water (600 ml), acidified with dilute
sulphuric acid and extracted with ether ( 3 Xico ml). The
ether extract was dried over anhydrous sodium sulphate and
the ether removed to yleld (6 g) of the material, which
was semi-sclid in nature and could not be crystallised from
any solvent.

ihe above residue was, therefore, distilled under
reduced pressure and the following fractions were ccllected:

(Jo]

(@
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T ABLE I
Pr. De Po Weight (8)
FI 96.100°/0.2 mm, 1.2 semi~solid
F11 100130%/0.2 mm, 2.0 solid
FIII  Residue 1.8 solid

R R R S N R N N R NSRRI NR NI ESED

Eragtion Fol. )) max. 2949, 1489, 1360, 1204, 1010,
967 eme~l, shown CH=CH, It analysed for the molecular formula
CigHgo. (Found: C, 85.38; H, 13.80, Cale. for Cl8Hagt Cy 886.603
K’ “QM)O

Analytical data and infrared speetrum indicated that
this fraction consisted mainly of hydrocarbon. It (1 g) was
chromatographed over twenty five fold of alumina, grade I
(26 g) and eluted with pet.ether. Iwelve fractions of 25 ml
sach were collected,

IABLE 2.
Fr. Eluent Volume (ml) Weight (g)
(a) Pat.other 80 0.8086 solid
{b) - 26 0.1236 solid
{e) " 28 0.1084 solid
(4) " 200 -

SERSSPTVETTERTTOLTREITSeATe TSRS cRes oo NS ewe 2Ry
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Infrared spectra of all the fractions were
essentially identical. )) max, 2949, 1468, 1380, 1284,
1610 and 867 cm-1.

Frwuons (a) to (e¢) were solid in nature. Infra-
red spectry inﬁicatad unsaturation. These fractions were
combined togethar and treated with oleum to remove the
unsaturation in the usual way. The solid thus obtained
was sublimed under vacwm at 110°/0.1 mm. had m.p.60°
and was identified as cyclopentadecane by comparison of
infrared spectra and mixed m.p. with authentic sample,

) max. 2941, 1488, 1350, 1284 an-l. (Fomad; c, 85.403
iy 14.80, Cale. for 6;_@!3@: c, 86.603 i, mm).

&M Analytical data and infrared spsctracv
indicated that this fraction consisted mainly of the mono
aleohol. Pmax, 3344, 2041, 1499, 1370, 1014 em~l.

(Founds C, 79,08} H, 13.27, Cale. for Cygiaza0s C, 79,503
Hy 13,36%). |

It (2 g) was chromatographed over fifty fold
amount of alumina grade II (100 g) and eluted with pet,
ether, pet.ether-benzene mixture and aleohol. WWW
fractions of 80 ml. each were collected. These were
sultably combined on the basis of elution data inte

the following three fractions.



I ABLE 3
Fe. Bluent Vo lume Weight(g)
(e) Pet. ether 100 ml 0,380

(£) Pet.ether-benzene (1:1) 280 ml 1.4

(g) Alcohol 1.6 L, 0.180

0D RO 0 N 0 00 e et
m&ﬁm»»ﬂﬁﬁpuzsuwmmqumum - - - - -

Fraction (e), m.p. 60-61°, consisted of cyeloe
pentadecane whieh was identifled by the infrared spectragp.
mixed m.p. und analysis,

Fragtion (f), consisted of the mono alcohol,

RaPe 78~7W. It was sublimed under vacuum at 110°/0.1 g
mepe 80-81°, Y/ max, 3333, 2941, 1449, 1366, 1342, 1016 cm.l.
(Foundr C, 79.48; H, 13,10, Cale. for Cigispd: ©, 79.504
Hy 13,36%).

It wvas further characterised by taking mixed m.p.
with authentic sample of mono aleohol whiech remained
undepressed.

Authentic sample of the mono alcohol was prepared
by the reduction of pure exaltone with lithium aluminium
hydride, m.p. B0.81°,
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Oxidation of the mono alcohol with chromic acid
in acetic aseid to yield exaltone.

The mono aleohol (400 mg) was dissolved in acetic
aeid (10 ml). and chromic acid (300 mg) dissolved in acetic
acid (10 ml) was added to it slowly. 1he reaction mixture
was healed on the water bath with stirring for three hours.
It was poured in water and extracted with :thur(ﬁgﬁ il).
Ether was removed %o yleld a residue (300 mg). This was .
divided into set.ether soluble (100 mg) and pet.ether in-
soluble (200 mg) portion. ihe former was exaltone and
was purified by chromatography and vacuum sublimation,
mep. 60-61°. Infrared spectra, max. 2841, 1712, 1449,
1361, 1274, 1124, 1020 em-l (Foumds C, 80.39; H, 12.4.
Cale. for CyglagO: Cy 80.30y H, 12,60%)., Semicarbazone
was prepared by the usual method, m.p. 187.188°, mixed
m.p. with anthentic sample was undepressed.

The pet.ether insoluble portion showing a m.p. of
106-106° was asctually pemtadecane dicic acid and was further
purified by washing with hot pet.ether, followed by crysta-
llisation from acetic acid, m.p. 113.114°, mixed m.p. with
authentic sample of pentadecanedioic acid was undepressed.

Fraction (g), consisted of cyelopentadecane diol,
mepe B4-88°. It was sublimed under vacuum st 110°/0.1 mam,
fep. BB-B7° (11%.-87°) (Found: C, 74.603; H, 12.40. Cale.
for C1gHap0q: C, 'M.éﬁ; Hy 12,483,

100



Fraction FIII (Residue) (page 97 ) obtained
during WolffeKishner reduction of the acyloin also
consisted of pentadecanedivic acid which was obtalned
in the pure state by crystallisation from aleohol and
acetic acid, m.p. 113.114° (Found: C, 66.60; H, 10.80.
Calas for CyghrnOq: C, 66.103 iy 10.404). Hixed m.p.
with authentic sample of pentadecanediolc acid was
undepressed.

(Cy7 zicyltzin)
, The aeyloin (10 g) was reduced by following the
procedure previously deseribed using diethylene slyool
(130 ml), sodium hydiroxide (8 g) and hydrazine hydrate

(80 ml). The erude reaction product (8 g) was separated
inte neutral (4.5 g) and acidic (0.5 g) components. The
acidie portion consisted of heptudecanedicic aeidy crysta=-
11ised from acetic aeid, m.p. 116-117°, mixad m.p. with
authentic sample 116+117° (Pound: ¢, 67.60; H, 10.80.
Cale. for CysHga04: C, 67.90; Hy 10.72%).

The neutral portion (4.5 g) was chromatographed
on alumina grade II (30" g) and divided into the following

fractions.



TABLE 4
Fr. Eluent Volume Weight (g)
(h) Pet. ather 500 ml 1.9 semi-solid
(1) Benzene ) ml ‘ 1.2 s8¢
Ether ) 00 = '”1_“
(§)  Aleohol 3L 1.2 soldd

T R RS IR SR RSN AR R ARSI RN RN

Fraction (h), consisted of hydrocarbon. It
shoved slight unsaturation when tested with tetrunitroe
methane and inirsred apanwm’nf Vmax, 2941, 1449, 1338,
1383, 1010 and 968 cm-l. 7The unsaturation was removed by
treatment vith oleus as usual and the residus was rechro-
mtésx:aphnd over alumina grade I Q00 g) and eluted with
pet.ether (500 ml) to yield sclid cycloheptadecane which
was purified by sublimation in vacuum at 110%/0.1 mm, m.p.
and mixed m.p. with an authentic sample, 60-81°, 1)) nax,2041,
1449, 1380, 1282, 1030 om-l. (Found: C, 86,103 i, 14.20.
Cale. for Ci7Haqs €, 88,603 H, 14.40%). The authentic
sample was prepared from pure cycloheptadecanone via
Wolff-xishner reduction. .

(Praction (1) consisted of the mono aleohol, cyecloe
heptadecanol (dihydroeivetol), m.p. 78-79%. It was sublimed
under vacuum at 116°%/0.1 mm., m.p.B80-81°. ).y 3333, 2941,

1449, 1342, 1290, 1078, 1010 cm-l. (Found: C, 80.54; H,13.06.
Cale. for Ci7Hag0s C, 80.24; H, 13.47%).
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gxidation of the mono sleohol (dihydrocivetel)
e _ginvdroecive

A%y §

The mone alechol (400 mg) was oxidised with
ehromic acid (800 mg) in acetic aeid (10 ml) as deseribed
earlier. In this case inste:d of heating the reaction
mixture, it was kept shaking for 24 hours at rocm temperae-
ture. It was worked up as usual to yleld 380 mg of the
material, 7This was separated into neutral (210 mg) and
seidic (140 mg) components by usual treatment with alkald.
The neutral portion eontained cyeloheptadecanone (dihydroe
civetone) and was further purified by chromatography
followed by sublimation under vacuum at 118,01 M y
mep. 8182%, | pmax, 2941, 1711, 1448, 1408, 1361, 1280,
1124, 1015 em.l. (Pound: C, B0.88; H, 12.80, Cale. for
Cipliag0t Cy B0.803 Hy 12.80%). Semicarbasone was
prepared as usualy, m.p. 192°, mixed m.p. with dihydro-
civetone semicarbasone 182°,

The aeidic material was erystallised from aleohol
and then from acoetie aecld to yleld pure heptadecanedicic
acidy m.p. 116.117°; mixed m.p. with the authentic sample
was undepressed. (Found: C, 67.84; H, 10.32, Cale. for
Cy7H3a204t C, 67.803 H,y 10.72%).

mm__ﬁh contuining the dicl initislly had m.p.
80-91°. It was sublimed under vacuum at 128%/0.1 mm., m.p.
86-97° (31tT—98°).  max. 3390, 2941, 1449, 1342, 1260,

1010 cmel. (Fomdt' Cy 76,883 H, 12.88, Cale. for Cy7Haq0a:
C, 78,803 H, 12.67%). - | '

1

U
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Preparation of the tosyl derivative of 2.hydroxy-
gyelopentadecanone (Cyg- acylein)

Aeyloin (10 g) was dissolved in pyridine (40 ml).
p-Toluene sulphonyl chloride (25 g) dissolved in pyridine
(16 ml) was added to it slowly under shaking in ice cold
condition. The reaction mixture was shaken several times
and kept at room temperature for forty eight hours., It
was then paured into ice cold water and extracted with ether.
The ether extraet was washed with dilute hydrochloric aecid
and then with water. It was again washed with 103 sodium
carbonate solution and finally with water. The ether
extract was dried over anhydrous sodium sulphate, filtered
and the ether removed. The tosyl derivative thus obtained
was dried under vaeuum,(yield 12 g) It was viscous,
semi-solid in nature and could not be crystallised;

) max, 2941, 1709, 1687, 1481, 1449, 1364, 1183, 1170,
1116, 1042, 1076, 1036, 1016 cm-l. (Founds C, 66.943
Hy 8.60; 5, 8.08. Cgglag0e8rrequires: C, 66,98y 1,8.69;
8, 8,11%).

In a 250 ml three necked flask, fitted with a
condenser, a guard tube and a dropping funnel, lithium
aluminium hydride (1.5 g) and dry ether (100 ml) were
added. Tosyl derivative (10 g), dissolved in dry ether
(80 ml) was added slowly to it through the dropping funnel
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during forty five minutes. The addition was done under
stirring and in cold condition. The reaction mixture
was refluxed for three hours and then decomposed with
aleohol, aleohol-water mixture and finally with dilute
hydrochlorie agid in the usual way. It was extracted
with ethere The ether extract was washed with watar,

&% sodium earbonate solution and finally again with water.
1t was dried over anhydrous sodium sulphate. Sther was
removed and the residue (4.5 g) was chromatographed over
fifty fold amount of alumina grade II (225 g) and eluted
successively with pet.ether, pet.ether-benzene, benszene,
ether and alechel. %ﬁ;{tmcﬁmm of 80 ml each were
collected. These were suitably combined on the basis of

elution data into the following three fractions described
in the table. ’ '

1B LE. &
Fr. mmnt - Volume (ml) | Welght (g)
(k) Pet.ether 800 0.390
(1) Pet.ether«benzene (131) 1800 3,838
(m) Aleohol {00 O 0.218
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Fragtion (k) was semi-solid in nature and ccnsisted
of hydroearbon. It beceme s0lid ufter keeping and contained



eyclopentadecane. It was sublimed under vaeuum at 110"/6.1 mm
ReDe 60%, ypay, 2941, 1449, 1370, 1012 em-1.(Foumd: cgs- 40,

M. ‘q \o codz. So1 CisHzo Loy RE-63, Py ly-27 /°>
raction (1) was solid in nature and consisted of

the mono aleohol, eyelopentadecanol, m.p. 78-7%. It was
sublimed under vacuum at 118%/0.1 mm., m.p. 808193

max, 32090, 2941, 1449, 1342, 1282, 1170, 1016 cmel.
(Found: C, 79.38y H, 13,10, Cale. for CygHzon: C, 79.57
I, 13.36%).

Oxidation of the mono alwhol with pyridine-

“ono aleohol (3.2 g) was dissolved in dry pyridine
(30 ml). Powdered chromic acid (3 g) was added slowly to
pyridine (10 ml){yellow slurry formed). Io this, the
solution of the mono aleohol in pyridine was added slowly
in ice cold condition. The reaction mixture was shaken
thoroughly and kept at room temperature for 24 hours. It
was poured into water and extracted with ether, The ether
extract was washed with dilute hydrochlorie aeid and again
with water. It was dried over anhydrous sodium sulphate.
The ether was removed, and the residual exaltone purified
by chromatography on alumina grade II (800 g) and elution
with pet.ether (800 ml) to yield pure exaltone (;.'»!?3 8)»
which was sublimed at 110%0.1 mm., m.p. 60-61°;) max.
1711 em-l (>C=0) (Founds C, 79.90; H, 12.80. Cale. for
CygHag0: C, 80.30; H, 12.60%).



Semicarbagone was praepared in the usual way and
arystallised twice from ethyl aleohol, m.p. 186.187°; mixed
me.pe With authentic sample 186.187°,

Fragtion (m) consisted of cyclopentadecane diol,
m.p. 85°. It was sublimed under vacuam at 120°/0.1 mm.,
mepe 96-87°, (Founds C, 74.803 K, 12,10, Cale. for C15H3002:
Cy 74.523 ¥y 12.48%),

Preparation of tine tosyl derivative of 2-hydroxy-
eyeloheptadesanone (C17-acyloin)

Aeyloin (20 g) was dissolved in pyridine (40 ml).
p-Toluene sulphonyl chloride (35 g) dissolved in pyridine
(80 ml) was added to it in cold condition under shaking.
The reaction mixture was Kept at room lemperature for 48
hours. 7The reaction product was worked up as usual to
yield erude tosylate (28 g), | max. 2941, 1712, 189,

14%4, 1449, 1264, 1299, 1282, 11885, 1170, 1118, 1093, 1075,
1036, 1015 emel.

Lithium aluminium hydride reduction of the
Sosyl derivative

Tosyl derivative (20 g) was reduced with lithium
aluminium hydride (b g) in dry ether as described earlier.
It was worked up as usual m%ﬁm erude product (12 g) was
aueum under vaeuum at m"/a.s X 10«2 mm (yteld 10.1 g),

ot

m. m’ am‘ lﬁﬁ, 1m' “g’ 1343, 13%, 1@99’1056 G‘-'l-

<o



The distillate (10 g) was cohromatographed over
alumina grade II (800 g) and sluted successively with pet.
ether, pet.ether-benzene, bensene, ether and alcohol. g‘:?ﬁ}
five fractions of 100 ml each were ccllected. These were
suitably combined on the basis éf‘ elution data into the

following three fractions.

Fr. ¥luent ; Volume{L ) VWeight(g)
Qn) Pat. athey 1.0 0.9
(o) Pet.ether-benzene (111) 2,0 7.6
(p) Alcohol 6.2 1.6

ERSNSESISABAASLARSSESRRATNALTILVT IS EJETNTLESET LRSIV BSOS

Fraction (n) was semi-solid in nature and consisted
of hydrpcarbon. 1t became solid after keeping. It was ‘
sublimed under vacuum at 110°/0.,1 sm., m.p. 60° and was
identified as cycloheptadecane in the usual way.

Fragtion (0) was solid and consisted of the mono
aleohol, cycloheptadecancl, m.p. 78«79, 7t vis sublimed
under vacuum at 116%0.1 mm., m.p.8C-88°. Yuax, 3448,
2041, 1448, 1370, 1842, 1018 cmel. (Found: C, B0,304
H, 13.10. Cale. for Cypipg0: €, 80.24; H, 13.40%).

Mixed m.p. with an authentic sample prepared by the lithium

aluminium hydride reduction of dihydrocivetone was undepressed.

16

U:‘

8



Mone aleohol (1,9 g) was dissolved in dry and
distilled acetone (50 ml). Jones' chromic acid reagent
(8 N solution of chromic acid in 8N HgSt4) was added to
it dropwise till the yellow colour persisted. The reaction
mixture was shaken for half an hour. Excess ol the reagent
vas desfroyed by aqueous methanol. The reaction mixture was
diluted with water and extracted with ether. The ether
extract was washed with water and dried over anhydrous
sodiun sulphate. The ether was removed to yleld crude
dihydrocivetone (1.8 g) which was chromatographed over

i

twventy fold alumina grade Il and eluted with pet.ether (600 ml)

" and then sublimed to yleld (1.6 g) of the pure material,
m.p. 61-62°, Ymax. 1712 em-l ( >C=0) (Founds C, 80.60;
Hy 13.70. Cale. for 5173339‘ Cy B0O.803 H, 12,808 ).

'%ntcurbamm was prepared as usual and erystallised
from ethyl aleohol, m.p. l&ﬂiggg‘; mud mepe With an
authentic sample of the semicarbazone ‘aihydrocivetone 190°
Aundepressed ). |

Fragtion (p) contained the dicl. It was solid in
nature, m.p. 84.88%. It was erystallised from benzene, m.p.
86-27°, It was again crystallised from pet.ether and bensene
to melt at 96.97° (Found: ©, 75.28; H, 12,72, Cale. for

31.71{3‘03! Cy ?5»&! K; 12.6‘?%)‘

s

v

9



00L oos o006 oool A oogl 0002 000g 000%

T T | R Bj.o

6bv vl
Ivec

JINOLIAIDONAAHIA

-
N

O
2
(%) 3ONVLLINSNY YL

G
©

Gl vl ¢l A I Ol 6 8 2 9 G 14 ¢
(SNOYIJIN)  HLONITIAVM



1.

2

L

3.

&,

8.

P
[ SN

REFERECNCES

V. Prelog, K. Schenker and H.H. Gunthard, Helv.Chim,

Acta, 36, 18688 (1982),

R.H. Woodward, F. Sondheimer, D. Traub, K.Henssler

and W.M. McLamore, J.amer,Chem.S50¢., 74, 4223(1882),

As Zurcher, H.Hensser, C. Jeger, and Geistlish, Helv.
Chim.acta, 37, 1862 (1964). |

G. Amendolla, G.‘Ebimkrm and ¥, Sondhsimer, J.Chem.
Soe., 122 6 (1964). |

J.F, Chapman, J.Ilks, G,H.Phillips, and C.J. Wyman,

Thid., 4344 (1988).

D.Je Cram and Cordon, J.imer.Chem.Scc., 77,1810(1668).
H.H, Mathur and 8.C. Bhattacharyya, J.Chem.Scc.,114(1963).
W. Reusch and R, Lemahieu, J.imer.Chem.Soc.,56,3068 (1964).

L.Rwi&ﬁ, H.8¢chinzg and C.F. 3014.1' cm:&at&;

A0, 703 (1927).

G.I. Poos, G.E. Arth, R.E. Beyler and L.H. Sarett,
J.Amer.Chem.S0c., 28, 422 (1983).

A. Bowers, T.G. Halsall, E.R.H, Jones, and A.J.Lemin,
J.Ghem.80c., 2666 (1963),

Kishner, J.Russ.phys.Chem.%0c., 43, 882 (1¢11),
Wolff, ann. 394, 84 (1912).
Huang-¥inlon,Jd . imer.Chem.Soc., €8, 2487 (1946).

F. Sondheimer and D, Hosenthal, J.im.Chem.50¢C.,

B0y 3996 (1968),



P AR T IV

SYNTHESIS OF CIVETONE & 18Q-CIVETONE

Lt

[

o



112

ABSTRACT

A new approach has been developed for the
synthesis of olefinic macrocyclic ketones by the
reduction of unsaturated cyelie acyloins to the
corresponding ketones.

Heptadec-B8«ene dioic acid prepared from aleue
ritic acid was converted to Z.hydroxy cycloheptadecen-
leone (acyloin), the tosyl derivative of which on
reduction with lithium aluminium hydride yielded the
mixture of two isomeric moncaleohols with small amount
of unsaturated hydrocarbon. The mixture of mono alcohols
was separated from the hydrocarbon by chromatography and
oxidised with Jones' chromic acid reagent to yield a
mixture of civetone and iso-civetone. Civetone and iso-
civetone were separated by column chromatography and
further characterised through their semicarbazones.

This method of reduction of unsaturated acyloins
is expected to find wider use.



PRESENT _INVESTIGATION

In this part, the new method developed in Part I1II
of this thesis for the reduction of macrocyclic acyloins

to the corresponding ketones has been successfully employed
for the preferential reduction of unsaturated acyloins, to
the corresponding ketones. This represents a new approach
for the synthesis of unsaturated macrocyelic ketones and
has led to the successful synthesis of civetone and 1sg-
civetone. |

Recently Mathur and Bhattacharyya® have reported
the synthesis of civetone, isg-civetone and dihydrocivetone
from aleuritic acid employing the acyloin condensation
technique. For the reduction of the unsaturated acyloins
to civetone, these workers have develcped the use calcium
in liquid amsonis as a preferential reducing agent. In
the present work 2ehydroxy cycloheptadecen«l-pne prepared
according to the method of Mathur and Bhattacharyya has
been reduced via its %tosyl derivative with lithium aluminium
hydride to the corresponding mixture of mono alechols,
along with a small amount of hydrocarbon. The former on
oxidation with Jones chromic aeid reagent- furnished a
mixture of civetone and jisp-civetone. The mixture of the
ketones was separated inte the constituents by elaborate
chromatography .



1i4

The sequence of reactions leading to the synthesis
of eivetons and iso-civetone are|9,10,16-tribromohe sadecancie
acdd (II) obtained from alasuritic acid (I) prepared according
to the method of xatix\ar and Bhattacharyya was debrominated
in the form of its ester (II1) by treatment with zine dust
and aleohol to yield ethyl-l6.bromo hexadec-9-encate (IV)
in quantitative yield. The w.bromo ester (IV) was converted
to the nitrile (V), waich without isolation was directly
hydrolysed by alkali and the solution on acidification
yielded heptadec-B-ene dioic acid (VI). This unsaturated
diearboxylic acid in the form of its dlester (Xifél*)mﬁlo@
~ converted to a mixture of acyloins (VIiI). The, tosyl
derivatives(1X) was then reduced with lithium aluminium
hydride to the corresponding mixture of mono alschols (X)
whieh on oxidation with Jones' chromic acid reagent
furnished a mixture of civetone and jisc-civetone which
was separated by elaborate chromatography to yield pure
civetone (XI) and ispe-civetone (XII). These iscmeric

ketones were further characterised by their semicarbazones.

This newly developed method is thus particularly
sultable for the reduction of unsaturated aeyloins for
whiech adequate methods were so far not available.

During the reduction of the tosylate (IX) wWith
lithium aluminium hydride a small amount ¢of hydrocarbon
was also obtained. It is possibly a mixture of (LIII & XIV).



SYNTHESIS OF CIVETONE AND ISOCIVETONE

SEHIENGE * .

HO" (CH,)g - CHOH - CHOH (CH,) 4" COOH
Aleuritic acid
\L E1%)
Br-(CH,)g - CHBr-CHBr - (CH,), COOH
4
BT(CHz)GCHBFCHBr(CH2)7COOC2H5
l (111)
(V)
(V)
HOOC: (CHyp)g: CH=CH: (CH,)7* COOH

(VD)
H5C200C(CH2)6-iH=CH'(CH2).—,~COOC2H5
(VIT)
CH=(CH)7-CO CH=(CHy)5 — CHOH
| E.
CH=(CH,)g - CHOH CH-(CH,)g —CO
QVANLD)
CH=(CHy)7=CO CH=(CHp)7= CHO'TS
| Ei |
CH-(CH)§-CHO'TS  CH=-(CHp)g-CO
(TX)
CH-(CHp) CH=(CH>)g
‘ CHOH + ‘ CHOH
CH-(CHy)7 CH—(CH2)6/
(X)
ﬁH—(CHz)j\CO h ﬁH-(CHZ)B\CO
CH—(CH2)7/ CH—(CH-Z)G/
(X1) (X1)

CIVE TONE ISOCIVETONE
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This assamption 15 based on earlier analogy.

CH—(CHg J—Cli CH— (CHg)g——CH

|

Cii—(Clig }3—“‘ CHy CH—(Ciig )g—— CH

(XI11) xIv)



EAPERIMENTAL

It was prepared according to the method of Mathur
and Bhattacharyya,* the details of which are not being
given for the sake of brevity. Only brief description
is being reccorded here.

Aleuritic acid (1), mupe 99»100° (180 g) on hydro-
bromination fol'owed by azeotropic e%'lc'nﬁmhn gave ethyl-
9,10, 16«tribromo ~-hexadecanoate (230 g), debromination of
which with zinec dust and ethanol afforded ethylel-bromoe
hexadec-Peenoute (126 g). This was converted to the nitrile
by refluxing with potassium cyanide (70 g) in aleohclie
solution for 10 hours followed by the addition of potassium
hydroxide (60 g in 100 ml water) and further refluxing for
36 hours to yield heptadec-8-ene diciec acid (VI) (108 3)3
after usual processing. It was g¢rystallised from benszene,
Beps 94-96°, mixed m.p. with authentic sample was undepressed.

Diethylheptadec-B-ened (vin

Heptadec~8-enedioic acid (m.p. 98°) (VI; 665 g) was
dissolved in thiophene free dry benzene (600 ml). Absolute
alechol (100 ml) and sulphuric aeid (2 ml, d 1.84) were added
toe the above solution. The esterification was carried out by

b

oz



aseotrople distillation of water from the reaction mixture
as usual. After the completion of the reaction (24 hr),
the benzena solution was first washed with water to remove
mineral aseid, then with &} sodium carbonate solution in
order to make it free from unreacted fatty acid and again
with water. The bengene solution was then dried cover
anhydrous sodium sulphate and the benzene distilled. Yield
of erude sster (76 g). It was distilled under vacuum, B.pe
160%0.3 ma, - Vmax, 2949, 1727, 1463, 1366, 1312, 1394,
1246, 1176, 1083, 1036, 968 em.l. (Found: C, 70.70j

H, 10.85. Cale. for C2)H3g0q: C, 71.10; H, 10.80%).

2-iiydroxy eycloheptadecen-leone (mixture) (VIII)

In a three-nocked 6 1. flask fitted with a wechaniecal
stirrer, a dropping fumel and a condenser, sodium (20 g)
and purified, dry, distilled xyleme (3 1.) were added. It
was first heated to boiling under a current of nitrogen
without stirring. About 180 ml of xylene was distilled off
and then the xylene was allowed to cool down to about $0.100°,
The sodium was then pulverised as ususl and the temperature
of the xylene raised to 140°. The diester (65 g) dissolved
in xylene (100 ml) was added slowly through the separating
funnel under vigorous stirring during cne hour. after the
adéition was over, the stirring was continued for half hour,
the reaction mixture was cooled and then deccmposed with
300 ml of absolute alecohol. The reacticn produet was worked

117
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up as usual. The residue (acyloin) after removing the
xylene was distilled under vacuum, 5.p.148%0.1 mm,
(yield 31 8). Vaax, 3800, 2080, 1711, 1450, 138, 1387,

1082, 1016, 867 cnel.(Foumnds C,77.003 i,11.67. Cale, for
Ci7R3002: C, 76.70% H, 11.36%).

Tosyl derivative (IX) of the 2.hydroxycycloheptadecen-l-one
(aeyloin)

Aeyloin (20 g) was dissolved in dry pyridine (4 ml).
p-foluene sulphonyl chloride (35 g) dissolved in pyridine
(4C ml), was added to it in ice cold condition. The reaction
mixture was shaiken several times and kept at room temperature
for 48 howrs. It was then poured into ice c¢old water, stirred
for some time and then extracted with ether. The ether extract
was washed with dilute hydrochloric acid and then with water.
It was again washed with 105 sodium-carbonate solution and
finally with water. Tha ether extract was dried over anhydrous
sodium sulphate, filtered and the ether removed to yield the
tosylate (36 g). ymax. 2980, 1721, 1692, 1483, 1482, 1438,
1388, 1370, 1302, 1286, 1208, 1190, 1176, 1121, 1086, 1018,
%67, 870, 813, 813, 724 cm-l. (Found: C, 68.76; i, 9,14,
C24l36045 requires; C, 68,543 1, 8.83; 35, 7.61%).

Heduetion of the tosyl derivative (IX) with lithiun

The tosyl derivative (20 g) was reduced with lithium
aluminium hydride (5 g) in anhydrous ether (10" ml) following
the usual proosdure described earlier. The crude mixture of



1.8

mono alecohols obtained after usual processing was 17 g.
or %otal distillation (b.p, 160°%/0.1 ma) 11 g. of colourless
semi-solid was obtained.

ra rosoluti

The above mucticn product (10.85 g) was chromatographed
over fifty fold anount of alumina, grade II (580 g). 1t was
eluted successively wnh pet.ether, pet.ether-benzene, benzene
ether and alechol. My fractions of 100 ml each were colle-
eted. These were mxtahly combined on the basis of elution
data into the fcllowing five fractions.

TABLE 1
mti.en “luent Vahm (nl) wﬂxht (g)
(&) Pet., ether 600 1.81
(8) Pet.other-benzene 400 1.19
() Benzene 3 o 2000 6.8
(b} Ether 1000 &
() alsobol 8000 -

S s e  E N  EE ENE EES  S E S SRS IR RS RIS IS RSN

Examination of fractions

stion (4). This fraction consisted of hydrocarbon
(14quid) enly. It was distilled under vacuum, b.p.158° (bath)/

1 mm. IR spectriuny \)max, 2949, 1458, 1348, 1292,1020, 968 cm.l.
(Found: G,ﬂt?ﬁ‘ K' 13.20. Cale.for Cr7H30: Cy B’?.lﬂ; K,m.mﬁ).
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Fragtion (B). It was seomi-solid and became a solid
after keeping, m.p. 43.44°. It showed the presence of >C=0
group, Ymax, 1711 em-l. It was distilled under vacuum at
190° (bath)/1 mm, and was crystallised from alcohol, m.p.44-45°,
vmax. 2949, 1711, 1368, 1293, 1149, 1720 and 967 cm.l. (Founds
C, 81.41; H, 12.23. Cale. for Cy7H3p0s C, 81.80y H, 12,10%).
It formed a semicarbazone somewhat slowly, had m.p. 186.187°,
which remained undepressed on mixing with a sample of jso.
civetone semicarbazone. Evidently, this portion of the ketone

forrmed =
escaped umressied during the radmtion of the tosyl derivative.
r—f/x.u»fut /ML{I&W weobilesn o7/ » t .,

Fragtion (C}. This fracticn consisted of solid
mono-aleohol, m.p. 65-66°, It was sublimed under vacuum
at 1109/0,1 mm, and m.p. 66-67°, max, 3400, 2960, 14£0,
1388, 1020 ard 967 em«l. (Found: C, 80.88; i, 12.72. Cale.
for CypHaa0: C, 80,88y H, 12.78%).

Mono aleohol (3.3 g) was dissolved in dry acetone
(80 ml), Jones' chromic acid reagent (50 ml) was added to it
drop by drop till the yellow colour persisted (4 ml). The
reaction mixture was shaken for one hour. Lxcess of reagent
was destroyed by aqueous methyl alecohol. The reaction mixture
was then poured intc cvld water and extracted with sther. The
ether extract was washed with water, dried over anhydrous-
sodium sulphate and ether removed. Yield of crude ketone
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(3.2 g). It was a viscous liquid having civetone like odours
Vmax, 2941, 1710, 1486, 1433, 1404, 1361, 1374, 1190, 1330,
1083, 1016 and 967 cm-l.

The above mixture of eivetone and wueiwwm (3 g)
was chroumsruphaé over hundred fold mmt er almm
(grade 11; 300 a). It was eluted successively wuh p.t.ntrm'.
‘l'-huiy fractions of 100 ml each were collected. fthou were
suitably combined on the basis of elution data into the
following fractions. |

AR §
Fr. Eluent  Volume wu%m Nature Remarks
{F) Pat.ether 1.5 L. 1.27 Solid Iso-gcivetone
(G) Fet.cther 600 ml. 0.30 Semi- Hixture

solid

ETEENVRVURVRNSVAV VRV NS WEI4ITLV VLT LSaNTISEVRERRcERNLIESTLTBDAN

Pragtion (F). It was solid in nature, m.p.43.44%,
Vmaxs 1708 em-l (>C=¢ growp)., It was sublimed under vacuum
at 120° (bath)/0,1 mme, m.p. 44-48°. Vmax. 2041, 1708, 1483,
1389, 1361, 1282, 1206, 1124, 1018 and 967 cm-l. Infraved
spceﬁrmal identical with that of jsg~-civetone.
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Jemicarbaszone was prepared by the usual method
and orystallised repeatedly from methyl-aleohol, m.p.
186.187°, Wixed m.p. with that of the semicarbazone of
standard jsgp-civetone wss undepressed.

Infrared speotrivof semicarbazone, )/max. 3800,
3280, 2986, 1684, 1600, 1462, 1374, 1299, 1093, 1031 and
968 em-l; identical with that of iso-civetons semicarbasone.
(Founds W, 13.40. Cale. for CigHaaNz0: N, 13.70%).

Emm_(ﬁ)_, It was & low melting sclid. It had
the eharmt;:v:ariatia civetone like fragrance. Infrared speetruw
in nujol: )Ymax, 2980, 1724, 1471, 1449, 1410, 1370, 1298,
1336, 1024 and 970 cm.l. It appeared to be a mixture of
civetone and jgo-civetone. (Found:; C, 81,803 H, 1l.88.

Cale. for Cy7iigg0: C, 81,503 H, 12,10%).

Fragtion(H). It was liquid in nature and had
characteristic fragrance. It was distilled under high
vaouum at 160°(bath)/0.006 mm. \)max. 2983, 1706, 1488,
1429, 1406, 1361, 1316, 1276, 1266, 1180, 1134, 1026 and
967 em-l. Infrared spectrumwas identical with that of
standard eivetone. (Found: C, 81.60; H, 11.80. Cale. for
Cy7H300: C, 81,803 4, 12,10%).

femicarbazone was prepared.by the usual method
and erystallised from methyl alecohol, m.p. 191°; mixed
me.p+ with authentic semicarbazone was undepressed.
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Infrared spectrwmof semicarbazone, 1|)gmax, 2980,
1681, 1887, 1460, 1370, 1336, 1282, 1094, 1074, 1018,
and 967 emel. (Founds N, 13.88. Cale. for CygHgaNgo:
N, 13.70%).
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Muscone, civetone, exaltone and exaltolide are the
most outstanding and valuable perfumery materials for the
'Macrocyelic Musk group'. These compounds have a delicate
musk odour and stimulating effect and hence are employed in
high grade perfumes as fixatives and blending substances.
Their occurrance in nature is very limited, hence the
necessity to develop practical methods for their syntheses
from easily avallable raw materials. Several synthetic
methods have been established by picneer workers like
Ruzicka, Stoll, Prelog and Hunsdiecker.

In the present investigation we have developed new
practical syntheses of exaltone and exaltolide starting from
erucic acid, obtained from mustard oil. 16,16-Dihydroxy
lignoceric acid has also been used for the preparation of
both exaltone and exaltelide. Several inter.related routes
have been developed leading to the preparation of these two
perfumery chemicals.

The acyloin condensation has been employed for
the eyclisation reaction leading to exaltone and in the
case of exaltolide Carother's method of depolymerisation
of the poly-esters of w.hydroxy acids has been used. The
syntheses developed are simple and strajghtforward and do
not reyuire application of complicated reactions.
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The work can be divided into the following parts:

Synthesis of exaltolide from erucic acid.
Synthesis of exaltone from erucic aecid.

Hewer methods for the reduction of macrocyclic
acyloin: to the corresponding ketones.

Synthesis of civetone and 1go-civetone.

Brucic acid and 16,16-dihydroxylignocerie adid

were used for the syntheses of exaltolide.

CHg. (CHg )p.Cl=Ch. (CHg)11.COOR (R=H or Cgig)
(x)
CHg. (CHg )7.CH=CL. (CHg )11, CHgOH
(11)
CHg. (CHp )9 .CHOH .CHOH, (CHg )13 +CHoOH
(111)
OHC. (CHy)11.CHgOH + CHg. (CHg)p.CHO
aw) l W)
HOOG JHO=HC . (CHg)11.CHQOH
™ PR
HOUC . (CHp )13.CHgOH ——— >  (CHp)q4 ¢
R
(VII) ‘
(VIII) BXALLGLIDE
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—dchome 2

(1X)
eﬁc. (CHg )13- CCCH
(x) l | ce
HOOC . (CHg)13.CHaOB — > (Clig)yg \0
\cag/

(X1) |
(VII1) EXALICLIDE

Erucyl aleohol (I1) obtained by the reduction of
ethyl erucate (I), was converted to 13,l4.dihydroxybehenyl
aleohol (III), which on treatment with sodium metaperiodate
furnished l1l3-hydroxytridecanal (IV) in almost quantitative
yield. This 1l3<hydroxy tridecanal on reaction with malonic
acid, ethyl malonate or bromoacetic ester and subsequent
reactions was converted to lé.hydroxy pentadecanoic acid(VIl)
which on lactonisation furnished exaltolide (VIII).

In another route 18,16.dihydroxylignoceric acid(IX)
obtained by the hydroxylation of nervonic acid was oxidised
with sodium muporiédata to yield l4-formyl tetradecanoic
aeid (X). This on reduction with scdium amalgam furnished
18-hydroxy pentadecanoic acid (XI) which on lactonisation
yielded exaltolide.
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Evucic aeid (I) obtained from mustard cil was
employed for the syntheses of exaltone (VII).

Scheme 3

CHg{CHg)7.CH=CE, (CHg)11.COCR  (R=CqHg)

(1) |

CHg. (CHp )7 .CHUH.CLCH. (CHg)11.000R  (R=CoH )

5
(11)
CHC.(CHp)33.C00R  + CHg. (CHg)yp.CHO
(111) (Iv)
HOUC HC=HC. (CHp)11.COCR
> CHo
HOUC (CHg)13.C00H —> (CHg )13
(v1) (V1) e
—Shens &
CHy. (CHg)p.CHOH . CHOH. (CHy)13.C00R (R=H or Calg)
(IX)
CHg. (CHp)9.CHO + CHC. (CHy)13.COOR
(X)

CHo
(XI) =
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Ethyl 13,14.dihydroxybehenate (Ii), obtained by
the hydroxylation of ethyl erucate was converted to ethyl-
wealdehydo uniegans-i-garboxylate (Ii1l) by treatment with
sodium metapericdate. This aldehydo ester on reaction
with malonic acid, ethyl malonate or ethyl bromoacetate
and subsequent reactions was converied %o pentadecanedicie
acdd (VI). Its diethyl ester furnished exaltone (VII) on
cyelisation and reduction.

In an alternative route (Scheme 4) 15,16-dihydroxy-
lignoceric acid (IX), obtained by the hydrexylation of

nervonic acid, was oxidised with ajuecus sodium metaperiodate

solution to yield 14 formyl, tetradecancie aeid (X) which
on oxidation with potassium permanganate yielded pentadeca.
nedioiec aedd (X1).

2.Hydroxy eyclopentadecanone (aeyloin) was reduced
with zine and hydrogen chloride to obtain exaltone (38%)
which was isclated through the semicarbazone. The residue
which did mot form the semicarbazone has been resolved by
elaborate chromatography. ©6o0lid and liquid saturated
macrocyclie hydrocarbons, and ligquid ketone have been
isclated. An attempt has been made %o isolate these
products in pure form.
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Part 111 - ligwer methods £ )
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With a view to develop an improved process for
the reduction of maerceyclic acvloins to ketones the
following alternative methods have been tried:

@ Wolff.Kishner reduction of Cyg and C17 acyloins
followed by chromic acid oxidation of the monols resulted
in an overall yleld of 12% of the ketone.

(11)  LiAldg reduction of tosyl derivative of Cigs and C17
acyloins followed by chromic aeid oxidation of monols resulted
in an overall yield of 48% of the ketone.

Part IV- Synthesis of civetone and jsg-civetone

ihe conventional method of reducing acyleins with
aine and hydrogen chloride is limited in its application
to saturated acyloins only. The method developmd in Part III
has been applied for the reduction of the unsaturated aeyloinm,
namely 2.hydroxy eyelcheptadecenone (II). Its tosyl deri.
vative (II1) (mixture) was reduced with LiAlHg to the
eorresponding monols (IV) whieh on oxidation furnished
civetone and jisge-civetone.
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HglaUOC. (CHg)g - CH=CH.(CHg)7.00C CgHg

(1)
CH-(CHg )-;-Tﬁ l H-(CHg )y~ CHOH
+*
CH=(Clig )g-CHOK Chi - (CHg Jg~ CO
(11)
¥
Cii-(CHg )g ~CHC .18 Cti = (CHy )g-~C0
(1I1)
Cil- (Clg )y Cli-(CHy)g
- /cwx + ) /Léic}ﬁ
Cli - (CHg )9 CH- (Clig )g
(1Iv)
CHe(Clin) Chi-(C
27 . . l ( %)8\
o = =
CH-(CHgy )3 CH~(CHg)g
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