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Naturally occurring 'musk' and ‘civet' possess a
characteristic pleasant aroma termed as the musk odour, Its
value had been fully recognised as early as the nineth century,
when the Arab writer Masudi rated musk odour among the best
perfume-notes. These animal perfumes owe their aroma to the
presence of macroeyclic ketones in them.

Due to the limited occurrence of these cempounds in
nature and due to their high cost, many synthetic substitutes
having similar odour have been prepared, though none of them
is similar in chemical nature to the macrocyclic musks, Later
it was found that some steroidal compounds especially those
belonging to the androstan group also possess the same odour;
but these compounds are commercially of little value.

In spite of the tremendous developments achieved in
the fileld of 'synthetic musks', these could not effectively
substitute the 'natural musks'.

Natural macrecyclic compounds having this particular
note are either ketones or lactones. Ketones, which are
isolated invariably frem animal sources possess an 'animal-
like' note which rendersthem invaluable in synthetic perfumery
blends. Lactones are obtained solely from vegetable sources
and they have a 'floral musk odour' and are therefore valuable
in the blending of floral perfumes.



Oceurrence:

Musk, a secretion obtained frem the ruminant muske
deer, Moschus moschiferus, and civet, a glandular excretion
of ecivet cat Viverras civetta, are the chief sources of these
compounds in nature. Remntlyl the American musk rat Ondatra
Zibethicus rivalicius alse has proved to be a potential
source of "musk'; the macrocyclic compounds present in this
being in the form of odourless alcohols which on oxidation

yield the corresponding odorous ketones, dihydrocivetene and
exaltone.

Many other sources of this odour in nnhalg" and
vegetable? kingdom have been detected in recent years; but
none of them can be exploited economically.

Chemistry of Hacroc[cuc Muaks:

Although these compounds have been known for years,
systematic studies to unravel their constitution started
only by the beginning of this century. The {irst major
success was the isolatien of the odorous eomponent of musk
by Walbaum® in the form of a ketone, CigHggO. This was
called muscone. Studies on civet alse started at about the
same time,®'7 but only in 1916 its odoriferous component
was iselated by Sack.® This was called civetone and was
found to be a ketone Cyqligo0 different from Walbaum's muscone.

In 1918 Mohr® as a result of important deliberations
stated that 'Baeyers strain theory'’ was not applicable to



large ring compounds and thus cenceived for the first time
the possibility of strainless rings.

The presence of large rings in nature was first shown
by Ruzicka in 1926 when he established the constitution of
38 11b s large ring ketones.

civetone and muscons

Macrocyeclic Musks found in nature
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The oil from the roots of Angelies archangzelica
officinalis was found to pessess a faint musk edour by
Ciamieian and Silberl® in 1889, and they isolated a hydroxy
pentadecanoic acid from the hydrolysis products of this oil.”
Later in 1927 Kerschbaum'3 proved this acid to be identical
with 18-hydroxy pentadecanoic acid and synthesised the
lactone {rom l6-bromopentadecancoic acid. In the same year
another macrocyclic lactone, ambrettolide was isolated from
the oil of musk seed (libiscus abelmoscghug, Linn.), and its
constitution was established by degradation and synthesis.

Chuit 's syntheses of dicarboxylic a.ciduu‘ and
wehydroxy acids’®™ facilitated the research in this field
and soon many more members of this group were prepared.

Later develepments showed that the musk odour was
not confined to ketones and lactones only, eventhough they
are far superior to the other groups of this family., The
characteristic features of the macrocyclic musk odorants were
proved to be a polymethylene ring in which nthyf"\;roupn ean
to some extent be substituted by atoms like oxygen, sulphur,
nitrogen and groups like imino, and one or more polar groups,
preferably the carbonyl groups. The odour was found to be
very much dependent on the ring size and was limited te
rings having 14 to 18- members.

* Recently Carnduff and Eglinton® have proved the
presence of this lactone in the angelica root oll
by gas liquid chromatography.



Development in the synthesis of maerocyclic compounds:

A ggggggg;

fnce the constitution of the macrocyclic musk
compounds were established, attempts were made to synthesise
 them using ﬁu known n‘thods of cyclisation. But experience
soon showed that methods applicable in the case of small and
common rings .aro of little or neo val'..u'_.in the synthesis of
medium and large rings. The main difficulty was the tendency
of the starting materials to polymerise rather than cyeclise.
The probability of the two ends of a randemly coiled chain
meeting each other decreases with the inereasing chain length,
and the chances of two molecules meeting each other increases
and exceeds the former, resulting in polymerisation in preéerence
to eyelisation.

The first synthesis of maerocyeclie htonesmwas achieved
by Ruzicka in 1926. He used a medification of the procedure
developed by Zelinskyl? and Willstitter'® in which the salt
of a dicarboxylic acid with a bivalent metal was pyrolysed
to yield the ketone.

(0
// co
L
/ R e 7N )
(CHz)n 3 M ——> (CH3)n CO + lCHg)n tCHz n
\c/o N \co/
\
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The cyclisation resulted by the proximity of the
two ends of the chain in certain salt structures. This
method however, gave very poor yields with medium and
large rings, the maximum yield obtained being 5k.

Rugglit® in 1912 found that the polymerisation

can be checked and internal cyclisation can be promoted by
using high dilution. But this method was not applied to

the synthesise of macroeyclic compounds until Ziegler?
twenty years later used Thorpe's reaction under high dilution
conditions to prepare macrecyclic ketones.

_ - g=N /%H - C=N
(CHQ )n — (CHB )n
> Ciig.o==N ™ Clg - C=N
| l
CHg CH—C=N
(Cig );1/ et JE (cna),]/ \c:mi
e Clia g L cﬁﬂ/

Success of this method is due to the choice of the
reaction that can be carried out in homogenous medium under
high dilution conditions. The rate of the intramolecular
cyclisation is dependent only on the carbanion concentration,
whereas the bimolecular polymerisation reaction is dependent
on the concentration of the dinitrile as well.



The rate of cyclisation = Ke¢ X (n.‘cfﬁ.cu)
The rate of polymeri.

satien: = kp X (REHCN) (RCHaCN)
Rate of ecyclisation 5 _Ke PN TR
Rate of polymerisation Kp (RCHaCN) (RCHoCN )

Where He¢ is the reaction constant of cyclisation
and Kp that of polymerisation.

Lower the concentration eof the dinitrile higher
will be the yileld of the monomeric product. This method
gave excellent yields for cyclo-octanone and eyclononanone}
fairly good yields for large rings and poor ylelds with
rings containing ten to thirteen carbon atems.

In 1942, Hunsdiecker’t employed the'high dilution
prineiple’ sueccessfully to the cyelisation of the esters
of w-hrm-a-om-aém to get macrocyeclic [-kete esters
which could be converted to the corresponding ketone%+ This
method also gave good yilelds when applied for the synthesis
of the larger ring ketones.

Br.(CHy)p. CO. CHz. COOCgHg

J
(CH2)py —Cig ~ B (?Eg)n-],—* Giig
! _ ;
co —— CH — COOEt co - - CH
© l CONEL

co CHo
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Blomquist®® employed «,w-diketenes for the synthesis
of macrocyelic ketones.

- CH=2C0 ‘o CH
(CHg I == (Cﬂg) y;__ 0
T CH = Co o [
CH—Co
i l »
(CHg)n,o
g IR (CHg)p b
Clla“

This method furnished yields better than that of
Huzicka's method but inferior te that of Ziegler's and
Hunsdiecker's methods.

Despite the success of the high dilutien technique,
a dramatic improvement was achieved by the macroeyclic
acyloin condensation developed independently by Prelog™®
and 5t01128, in which they applied Hansley's™ eyclie
acyloin reaction with surprisingly good results.

The two electrophilic carbon atems at the ends of
the chain of the diester are first absorbed at the electron-
covered surface of molten sodium. So far as chain-flexibility
allows, the electrophilic residues can slide over the metal
surface to approach each other. The energy required for this
process is less than that required for splitting the molecule
off the surface; the collis ions of absorbed molecules with



other molecules lead to the close proximity of the two
terminal carhon atoms, and finally to the ring closure.

o _ ©
] 4
_ Clig = C - 0Bt | Ciig = G - 0Bt
(Ciig )n ~ (CHy)n -
\CHQ-‘C-OEt “~CHg - C - OBt
\
o
o -
>
_ CHg - CO CHy - C’> OEt
(CHg) l - g
iz ) « (CHg)p |
S!HQ - CO N Clg — ?S’} OEt
d - @
g -C -0 CHy = C = OH
/ * H
(Ciig ) | - cugim J]
S © .
CHg = C = 0 CHg - C = OH
J
»C-Hg - (;0
(CHy )y |
CHy = CH(OH).

This method _pmd to be extremely useful in the
synthesis of medium and large ring compounds. Yields were
excellent, the minimum being 50f for cyclodecanone. Larger
ring acyloins were obtained in a. yield of about 80%. This
reaction did not require high dilution conditions and afforded
the cyclic ketone containing the same number of carbon atoms
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as the starting dicarboxylic acld, which no other hitherto
known method was able to furnish. Further, by this methed
even 2-substituted dicarboxylic esters could be cyclised,
which was not possible by Ruzicka's method.

Many procedures have been described for the
conversion of these ketols te ketones. Reduction of the
acyloin with zific and ac1d®’ has been used by several
workers to obtain the ketone, but the ylelds are only fair
due to the accompanying Clemmenson reduction of the carbenyl
groupe. H-umm rlductinm of the acyloinza and acyloin
acotato have also been used for the conversion of the former
to the corresponding ketone. Acyloins or their acetates on
treatment with 1,3-propane dithiel, hydrogen chloride and
zine chloride in benzene®C yield mercaptals which can be
hydrolysed to the ketones.

Several other approaches have been reported,since
this procedure has been developed,but acyloin condensation
still retaine its place of eminence in the cyclisation
reactions.

Dieckmann's t:yt:].:ls.sn.t'..'wn‘r“:1 of diesters had been
known for years, but only recently in 1968 it was employed
for the synthesis of macrocyeclic ketones by lLecnard and
Schimelpfenig .32

This method gave fairly good ylelds for large ring
ketones but was not of much significance in the synthesis
of medium rings.
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In 1986, GolhifarpSS prepared macrocyclic thienyl
ketones by the eyclisation of w-thienyl long chain acid
chlorides. These cempounds on reductive desulphurisation™®
afforded macrocyclic ketones.

CO—(CHz}n

(CHpln* COCI co —{CHz)n
=< :=T(CH2]H __
S - — S l +
lCHzln-CO
co /co co
-—-—>(CH2)n—'(CH2]4 + ‘CHZ}n:{ CH- CzH5 ‘4 (CHz)n+4 (CHzln +4
CcO

Later another method was developed by Gol' afary®
to prepare the thienyl macrecyclic ketone. In this method
7w (veiodoalkyl)B-(carbethoxy acetyl) thiophenes were cyclised
in presence of solid potassium. By this methed pure 2,'!'-
thienyl macrecyclic ketones could be obtained which was
not possible in the earlier method.

{CHa I T
:=< : =(
S — S
' :“CO-CHg- COOEt __i\

O\ ({CH)n

CH-COOEt

CH,
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Eglinton and Galbraith®® found that the intra-
molecular coupling of large chaln «,w-diynes lead to the
formation of large rings. .

Bergel'son°? and Carndurf’® employed this method
te prepare macrecyclic lactones.

Bergel' son°® prepared macrocyclic ketones frem
meacetylenic acids by ketene dimerisation felliowed by intrae
molecular oxidative coupling at high dilution.

CH=C, (Clig)g. COOH -— (CH=C- (CHa)g)e:CO
l il

c=C (CHp)g. CO(CHig)g C=C

1
co

©iz)s” T (cHyg
M
(Clig )4

Sondheimer>® showed that e¢yclic dimers, trimers,

and polymers could be obtained by the oxidative coupling
of «yu-diynes.

pa1e?® employed Gillman's method?! successfully
in the synthesis of macrocyclic compounds by condensing
sodio derivatives of terminal diynes with «,w-dibremides.

cC=¢
Cily Br NaC=C

1L}

/
cugarrlac_a;c/ e gc/
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wittig's reaction?2 has served as a useful teol
in the synthesis of many organic molecules, Wittig4®
in 1962 condensed bifunctienal phosphorylenes with diale
dehydes to get large ring compounds.

CHo Br _CH = Fggq 0
el "2 “ 73 =l=?H\
(cﬁa )n ey (Caz,n - H (CBg ).
P R
CHg Br CH = P/q 0=
P CH = CH\
(czlig)'n (CHy)

'\CH = CH/

Babad and House®® have recently employed Wittig's
reaction for the preparation of cyclic lketones.

&)

| ZE_ A0,
— By P8 (Clig) = iy (Clig)n

Apart from these cyclisation reactions ring
oxpansion®®%® 4136 has been employed in the synthesis of
macrocyclic ketones, though with little success. But the
- method developed recently by Berehto1d?” ana Brannoer™®
is of great value since it affords an inerement of two
carbon atems in the ring and is not accompanied by any side
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reaction giving rise te undesirable products, The methed
econsists in the condensation of a cyclic ketone, as its
enamine with eyelic secondary amines, with acetylene
dicarboxylic ester.

X7/
N

:
c-w_ ¢ coont C- C— COOES

Ve g |
(CHg)y0 || v |l — CHglyo [ [I

> coH ¢ coout ™ Gu-C— COORE
=€ - CrOEt CO-— CH.COOEt

d'/ -
' QHghe ( . 7 (cHg)y, ]
Y
CH—C - COOB% S CH-— C + COOE

™ CHg- CH, COOEt

B. Lactones

Ruzicka?® employed Basyer-villiger oxidation™
of ketones with peracids te get macrocyclic lactones. Since
the ketones, themselves are very difficultly obtained this
methed is not of much practical value,

Kerschbaun®! employed the internal esterificatien of
wehydroxy acids for the synthesis of large ring lactones.
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Stoll and Rouve™ conducted the cyelisatien at high
dilution in benzene in presence of p-toluene sulphonic acid.

Kerschbaum used webromo acids as their silver salts

- for lactone synthesis. &5toll ound that better results

were obtained by using potassium salts rather than silver
salts.% This reaction was further impreved by Hmdhchr”
by heating webremo acids in presence of an excess of potassium
carbonate.

But the most fruitful method developed is the one
reported by Carotherd® in 1936. He polymerised the hydroxy
acids by heating and then depolymerised them te the monomeric
lactones by heating in vacuum in the presence of a catalyst.
The simplicity of the technique along with high yield makes
this reactien the best sultable one for the synthesis of
macrneyelic lactones. Another advantage of this technique
is that i1t does not require high dilutien.

Collaud™ in 1942 esterified w-hydroxy acids with
glycerine and then trans-esterified to get the lactones.

Beets and Van Essen™ used thermally polymerised
molecules as the basis of depolymerisation in presence of a
catalyst, with glycerine as the carrier for the cyeclie
monomer.

Macrocyclic lactones have also been prepared by the

intramolecular oxidative coupling of esters of terminal
(4
acetylenic acids and alcohols. !
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CHzC. (CHy)g. COO. (CHa)2. C = CH.
)

ce

-,

(CHg)g )
i (CHg )ef

Raw materials suitable for cyclisation:

With the advent of the acyloin condensation and
Carother's method,for the preparation of macrocyclic ketones
and lactones respectively, the problem in the synthesis of
these compounds has narrowed down to the development of
practical methods for the preparation of suitable «(yme
dicarboxylic acids and wehydroxy acids.

These compounds can be prepared either by degra-
dation and simple modifications of naturally eccurring
acids or by chain lengthening. Thus, methods have been
developed for the synthesis of «,w-dicarboxylic acids and
wehydroxy acids frem ustilagie 2¢1d%° and in our hboratoryeo
from erucic acid, kamlolenic acid, nervenic acid and aleuritiec
acid. Juniperic acid is another compound which has been used
in the synthesis of many macrocyclic compounds. A number of
chain extension processes have been employed for the syntheses
of these bifunctional acids. These methods are enumerated in
some excellent reviews published rooontly,el

In the present investigation, undecylenic acid,
oleic acid and aleuritic acid have been employed for the
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synthesis of macrocyclic musks and chain extension has

been achieved by Grignard raactionae?,ggna.mim condensat 1ons®? b
and aldol condensation. t+e3eMethyl cyclopentadecanone
(museone), cyclopentadecanone (exaltone), cyclohexadecanone,
eyelopentadecanolide (exaltolide), eyclohexadecanolide
(dihydroambretto 1ide) and the intermediates, 4-methyl<f-
oxo-pentadecanedioiec acid, pentadecanedioic acid, hexadecanee
dieic acid (thapsic acid), 18-hydroxy pentadecancic acid and
16 -hydroxy hexadecanoic acid (Juniperic acid) have been
prepared by these procedures.



REFERENCES

1. P.G.8tevens and J.L.E, Eriﬂnﬂn' :o“ro(:h.ﬂom..
64, 144 (1942),

2., P.Z.Bedoukian, "Perfumery Synthetics and Isolates"
p. 319, D. VAn Nostrand and Co., New York, .Y.(1950).

3. [EB.Hardy, Perf, & 5ss.011 Rec., %3 (1946).

4. K Nadiend, *Indian Matoria Medica, Vel.Il, p.1%6
Third Revised Edition, Popul.?({oblgpol. Bombay (1954 .

6. H. Walbaum, J. Prakt.Chem., ii’), 488 (1906)
Ber, Schimmel and Co., 1, 1 3 German Patent
198,660 (1906).

6. E.Charabot and A.Hebert, Bull.Soc.Chim.France,
2, 687 (1911).

Te C.C.‘!ﬂ&tﬁ, Perf, Ess 04l Rﬂﬂo. 3' 73 (1912),
8. E.Sack, Ch.n.zts., 39' 838 (19186).
9. lo'bhl‘h%oPr&“.CMI., 08 (1:1), 349 (1018); 103(11)!

316 (1922),
1n. A. Van Baeyer, Ber. 2268, 2277 (1888)
1bid., 238, 1272 (ﬂéﬂ' o '
1. (a) Lhusioka, Helv.Chim.Acta, 8, 230 (1%26);
(b L.Ruzicka, Ibid., 3. 718, (1928).

12, C.Ciamician and P, Silber, Ber., 288, 1811 (1896).
13. M.Kerschbaum, Ibid., 60B, 902 (1927).

14. J.Carnduff, G.Eglinton, W.McCrae and R.A.Raphael
Chem. and Ind., 589 (1960). ;

16. (a) P.Chut, ile1y.Chin.dctay 9 264 (1926)y
(b) P.Chuit and J.Hamsser, Ibid., 12, 463 (1929).

16, L.Ruzicka, M.Stoll ana H.Schins Ihl.d.b_? 249(1926)3
L.Ruzicka and W.Briger, Ibid., 239, 38D (1926).

17. H.Z.Mmlq, hr., m' 3277 (1”)0
18, R.Willstatter and Kametka, Ibid., 408, 3876 (1907).



19

P.lluss].l., m.' m, 2 (19012).

K.,Ziegler, H.Eberle and H.Chlinger, Ibid. 94(1933)
K.Ziegler and R.Aurnhammer, 1bid., 613, 47 o) :

H.Hunsdiecker, Ber., 285, 1190, 1197 (IWI.
Hoﬁmdhchr. Ibido’ m' 442 (1042),

I.5lomquist and R.D.Spencer, J.imer.Chem.50C., %ﬂ
a1 Ibid., 20, 30 (1948); L.I.Blmmt, v
Holley and R.D.Spencer, Ibid.,

V.Prelog, L.Frenkiel, M.Kobelt and P.Barmen, Helv.Chim.
Acta, 20, 1741 (1947).

M.8toll and J.Hulst Ibid 1815 (1947)
M.toll and A.Rouve, Tbld., 30, b T e

V.l. Hansley, J.Amer.Chem,Soc, 2303 (1935)
U.8, Patent, 2,228,268 (1941). ' -~ ‘

V.Pmlo K smnlnr and H.H.Gunthard, Helv,Chim.Acta,
ég,_“ Brit.Putent, 663,183 (19515;
Abstr. 4. 608 (1953); R.B.Woodward, .5ondha imer,
D,Iraudb r and W,M.McLamore, J .Amr.cm.soc.,
_7_1, a8 4
?dolla. G.Rogenkranz and F.Sondheimer, J.Chem.Soc.
1235 1054 A.mrchnr H.Heusser, C .Tunr and P.Go:lntheh,
Helv.Chim.Adta, 37, 1863 (1954)
J.H,Cha J.Em G H.Philll. s and (!.J.Hmn, ocm.omﬂo"
4344 (1066)} H.H. Hathur and S.C. Bhattacharyys,
Indian Patent, 65,543 (1988),
D.J.,Cram and H.CONO!I, J.mr.cm.ﬁoc., n’ 1810 (1”5)-
Dieckmann, Ber., 278, 102 (1894); Ibid., 338, 2670(1900).

N.J .lecnard and C.W. Schinlprtnis, .Tr., J.Orl.ChI.,
23, 1908 (1988),

Ya. L.GCol'dfarb, S.Z.Taits and L.I.B.limkii, J.Gen.Chem,
UsBeSaRey 29, 3528 (1969),

G.M.Badger, H.J.Rodda and W.H.F.S5asse, JeChom.S50C .y
4162 (1984).

S.2.,Taits and Ya L.Gol'dfu'b, Bull.Acad.Sel. Uasosono’
1876 (1960).



G.Eglinlon and A.R.Galbraith, Chem. and Ind.,
737, (1966)3 J.Chem.50c., 880 (1950),

Libebergel' son, Yu. G.Molotovsky and M.M.0hemyakhin,
cu.. and m.‘ 863 (1“0)0

L.D.Bergel'son, Yu. G.Molotovsky and L.I.Illyukhina,
Bull.Acad.Sed. JQSQS.R-' 1089 ( %1)0

Fo.Sondheimer, . amicl and R.Wolovsky, J..mer.Chem.Soc.,
78, 4178 (1986).

AdJ Jiubert and J.Dale, Chem. and Ind., 249, 1224(1961);
J.HeoWotiz, R.JF.Adans and CoJoP“”m. JoerCMInsocn’
83, 273 (1961).

A.Gilman and N.J.Beaber, Ibid., q 839 (1923);
T.L.Jacobs, Org.Reactions, §, 1 194.9}.

G.Wittig and U.Shoolkopf, Hor., 87, 1318 (1954).
G.Wittig, H.Bggers and P.Duffner, Amn., 618,10(1968),
H.0.louse and H.Babad, J.0rg.Chem., 28, 90 (1962).
N.J.Demjanow and P.Rasumovskoje, Ber., 408, 4397(19008),
Mosettig and Burger, J.amer,Chem.Soc., §23,3466 (2830),
CedsBerchtold and G.F.Uhlig, J.0rg.Chem., 28,1459(1963).

ReCoBrannock, R.D.Burpitt and V.W.Goodlett, Ib“o,
28, 1480 (1983).

L.Rusicka and M.Stoll, Helv.Chim.Acta, 11, 1159 (1928),
AJV. Baeyer and V.Villiger, Ber., 33, 868 (1900).
M.Kerschbaum, Ger.Patent, 105,677 (1926).

M.5toll and A.Rouve/, Helv.Chim.icta, 17, 1283 (1934).
M.Stoll, Ibid., 30, 1393 (1947).

M.5toll and A.Rouve', Ibid., 18, 1307 (18236).
H.Hunsdiecker and H.Erlbach, Ber., 80, 129 (1547).

E.W.Spanagel and W.H.Carothers, J.imer.Chem.Soc.,
538, €54 (1938).



6l.

21

C.Collaud, Helv.Chim.Acta, 25, 968 (1042); 28,1042 (1943),
M.G.J. Beets and H-V.lll.n, m'itci'a“nt’ 7%,%(19&)-
A.T.Crossley.and B.M.Craige, Canad.J.Chem., 33,1426 (1956).

U.G.Nayak, K.X.Chakravarti and S.C.Mttuhmya

Indian Patent 58,868(1066); S.C.Bhattachary -

Kok Chalrayapts and U.0,Nayak, Cheme & Ind.. 1334 (1960);
Be.t.Ghatge, U.G.Nayak, K.K.Chakrmm;l. and é.c.

Bhattl.ehl.m; Ibid,, 1334 (1960)g V,.V.Dhokne,

bt gl L ool S,

. MeBOC, eile ur
and 5.C.Bhattacharyya, Ibide, 114 (1963); 5.0, Sabnis,
H.H,Mathur and 8. c.Bhattumyn Ibid. 34.7? (1963)
H.H, Mathur and 5.C,. Bhsttuhuyya, Ibia., 2152(1963).

‘Reloubiana, Annales Chim. (Frum » 567(1962) 3
. W.0,Gensler, Chem.Revs., 57, F.D. Gunatoma
Chenistr 3 rm and 0

: 'Proguu .tn the ther Lipids",
" Vol. 4, Pergamon Fress )z ll.Dupor and
 AJKuksls Chamfav. _59, 29" (1989); F.L. Broulch,

. Fortschritte v .1, e 56

Upringer ?eylu, Borlm ( )s F.D. thnltonl,
"Cmone“o' 1’ 1786 ‘19&)0

(n) LeF. Fiesar J .Szmuszkovics, J.Amer.Chem.Soc.
) 220 O o B.r;::*'xw-ﬂ---m%l
3
e namra.a.su.&uv.n ubuty 178 5448 (1967 |
J.R. Bunn, ¢ «Chem.Soc., 1740 (

(b) G.Stork, R.Terrel und:!.samshucz J.amer.Chem.
30C., (1984); S.Hnig and E.Li cke, Chem.
Ber.h?tl&% (1959)5 Se Emﬂ-‘. and wolﬂﬂdl‘. Ihld..



SR oA P N R

A NOVEL SYNTHESIS OF (£) MUSCONE




ABSTRACT

A novel synthesis of optically inactive muscone
(3emethyl cyclopentadecanone) is described.

4.Methyl cyclohexanone on condensation with 9«
aldehydo-nonoic ester followed by the dehydration of the
resultant aldol condensation product furnished 9-(2.methyle
S-oxp-cyclohexylidenyl) nonolc ester. This compound was
hydrogenated and was converted to 4-methyl-G-oxoepentadeca-
nediolec aeid by the oxidative or nitrosative cleavage of
the ring. The keto-acid so obtained was esterified and its
ethylene ketal derivative was cyclised to the acyloin which
was converted to (+) muscone, through the intermediates of
the corresponding diol, bromoeacetoxy derivative and the
unsaturated ketone, namely, Jemethyl cyclopentadec<S-enone
(puscenone).
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Synthesis of () Muscone

Legurrences

Musk is a secretion of the male musk-deer, Moschus
moschiferus, which forms in a gland under the abdomen and
serves to attiract the female duﬂnl' the mating seasen. This
deer-like ruminant lives alone, never in pairs or herds, in
the Tibetan Himalayas and the high meountains of Mangelia,
India and Indo-China. The strong odour with which the male
deer is provided is essential for the preservation of the
species,

To obtain musk, the deer is killed and pods are cut
off and dried. Musk-content of the gland is appreciable
only during the rutting perioed and is very much dependent
on the age of the animal.’ Since the male musk-deer is not
recognizably different frem the female at a distance, many
females are also killed during the hunting. This killing of
the animals especially during the mating season, may lead in
the near future, to the extermination of the specles, as 1is
already indicated by the decreasing amount of musk-pods
' marketed from year te year inspite of the ever-increasing
demand.? It is therefore imperative that some commereially
feasible methods should be developed for the synthesis of
the essential constituent of this costly perfume, namely

muscone.

Natural musk contains® ammenia, olein, cholestine,
fat, wax, gelatinous and albuminous materials, leaves and
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inorganic salts along with muscone, which constitutes enly
0.6 to 2.0% of the musk pod. Muscone is the only macrocyelic
compound present in 'musk' and it does not contain any museol,
its reduction preduct. In this respect it differs frem the
other naturally occurring macrecyclic ketones which are
generally associated with the corresponding aleohels. The
biogenesis of muscone from steariec acid‘ suggested by Stevens
explains this behaviour.

Isolation:

Muscone, CigHgo0, was first isolated® in the form of
a liquid from the veolatile fraction of musk by Walbaum in
1906, He oxidised it with chromic acid teo an aeid Cyglgo04.
Ruzicka®1? established the ldentity of this acid and proved
muscone to be 3-methyl cyclopentadecanone. He found this
compound te be laeve-rotatory.

Larlier syntheses
Ruzicka' s® attempts to synthesise muscone from

3.methyl hexadecanedioic acid by the pyrolysis of its salts
failed, because «~ and B~ alkyl dicarboxylic acids could not
be'eyclised to ketones by this method duwe to ste Tic hindrance.
_The £irst synthesis of (+) muscome was achieved by Ziegler®

in 1934, In this procedure 2-methyl-l,l4-dicyano tetradecane
(I1) was cyelisedl® using Thorpe's reaction’l at high dilution
to obtain muscone (I).
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Scheme I
CHg «CN Cliz c=0
(Cla)q 4 (CHa)11
CH-CHQ.GR P (jm ——o
| ,
Clig l:na
(11) | (1)

Later in the same year, Ruzickal® converted exaltone
- (III) to muscone by a series of reactions.

Scheme I1I
CHg - Clip CHg - CH Br CH = CH
r l —> | g g i
(Clig)qn-CO (CHg)12-CO (CHgz),C0
(1I11) (1v) )
Clig= COOH CHg - ?33
—_) JCH g ng v gﬂ*‘“ CHg o CH— ?Bg
\ | .
(CHg)q9-CO (CHy )ya-CO (CHig)15C0
(v1) (vin) (1)

Exaltone (II1) was «-brominited and dehydro-
brominated to get cyeclopentadec-2-enone (V) which on
Michael condensation with malonic ester followed by
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hydrolysis and decarboxylation ylelded 3eoxo-cyclepentadecyl
acetic acid (VI)., This acid was convertéd by electrolysis
and hydrogenation to muscone,

Hunsdieckerl® used the ethyl ester of Seoxpe-Semethyl,
l6«bromo-hexadecannic acid (VIII) for the Iaynthuil of muscone.
Base-catalysed internal alkylationl4 of this ester gave the
leketo ester (IX) which was decarbexylated to obtain muscone.

Scheme III
Br. (CHa)10. ?H'L (?Hg)lo - CHy = ?H - CHg
Clig .CO0.CHo, CH, CH. p— -
' io He 2 (IIH : co CHQ
Const CONEL
(Viii) / (IX)

(CHg)12 - Co

|

?H ———— Cﬂa

Clig

(1)

Stoll and Commarmontl® converted cyclopentadec-l-one-
2.0l by dehydration to cyclopentadec2-enone (V); li4-addition
of methyl magnesium bromide with this unsaturated ketone in
presence of cupric salts afforded muscone in poor ylelds.

5t01116 prepared a mixture of methyl cyclopentadecae
nones by the acyloin condensation of 3emethyl pentadecanediolec
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ester and subsequent reduction of the cyelic acyloins thus
obtained,

Blomquistl? prepared muscone from the diketene (XI)
obtained from Semethyl hexadecanedioyl chloride (X).

Scheme IV
(CHg)11. Clg. COC1 (CHg)13e CH=Cs=0
TB —— CHg. COC1 —» CH——— CHaC=0
CHg ) CHg P
(CHg)11- Ciz (Tug)u.cug.co.cng. (g:m)u
— fg — cn{ca : Fn.cug.so.cnah__c:m
SN T % -

+ HOOC.CH2 CH. (CH2)12.C0. (CHg)12.CH,CHyCOOH
CHy - Clig

But the most elegant method yet, was developed by
Stoll and Rouve'l in which 2,16-dioxo-hexadecane (V) was
converted by intramolecular aldel condensation to musceone.
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* Scheme V
Co.CHg
 Br CH -COOEE
CHg)y  + CHg.CO.CHy.CO0Et — (CHg)
_ {\ﬂr CHg.CO.CHy )10
CH-COOEL
(X11) |
€O CHg
Cx 1)
_—Clig<C0-Ciig : .CO CHp (.
~= e — ©Hg)ia |
~CHa=CO-Clig T—CH<CHg
(X1v) (1)
CHeCO.Cilg
g kgt
+ (crg)m——t':-(om
CH
(xv) o

Merits and demerits of earlier methods

Methods reported by Ruzicka and Stell starting frem
eyclie compounds, apart from theilr academic interest, are of
limited practical significance, due te the difficulty of
getting the starting compounds. The processes developed
by Hunsdiecker, Zlegler and Blomquist suffer frem low
yields which make them unsuitable for commercial exploitation.
although it is considered to be the best ameng the avallable
procedures, the intramolecular aldel condensation of the
fef-dioxo hexadecane gives only 7% overall yield on the

starting compound, namely «,n-dibromodecane. Further an
undesirable side product (XV) is formed during the reaction,
the removal of which is possible only at the cost of the
muscone formed.
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Present Synthesis of Muscone

The main handicap in muscone synthesis had been the
apparent uselessness of cyeclic acyloin reaction. In the
present investigation this hurdle has been conveniently
overcome by introducing the keto group in p-position to the
methyl group in the dicarboxylic acid chain before cyclisae-
tion. This diethyl 4-methyl-C-oxo-pentadecanedioate was
cyclised as its ketal. The resultant acyloin could easily be
converted to muscone™’ (1),

Many mthodazo have been reported for the synthesis

- of long chain aliphatic compounds by chain extension, but
one of the most practicable procedures consists in attaching
an alieyelic fragment to an aliphatic chain fellowed by the

- opening of the ring to form a part of the chain. This process
. was adopted in the present synthesis using 4emethyl eycloe

», hexanone and methyl or ethyl esters of 9-aldehydoncmic acid
as the starting materials.

p-Cresol by hydrogenation in presence of Raney
nickel catalyst in alkaline medium®! could be conveniently
converted to 4-methyl cyclohexanone.

Bthyl 9-aldehydo nonoate (XVI) was prepared frem
ethyl oleate (XVII1). Ethyl oleate on hyiroxylation with
peracetic acid®2 followed by hydrelysis and esterificatien
afforded ethyl 9,10-dihyirexy stearic acid (XVIII), which
was oxidised®® with a neutral solution of sedium metapericdate
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in ethanol medium te obtain ethyl-®.aldehydononoate in high
yields; pelargonic aldehyde (XIX), valuable as a perfumery
material was a byproduct in this reaction.

Scheme VII

(TH - (CHg)7. COOES CH (CH) « (CHg)7.CO0ES
‘ —
Ci - (CHy)7. CHg CH (0K ) .« (CHg )7.CH3

(XVII) (XVIiI)

(XIX) (XVI)

Methyl f-aldehydenonoate (XXII) was prepared by the
rupturing of the methyl ester of aleuritic seid (XX) with
neutral sodium metaperiodate., Aleuritic acid i1s an easily
available raw material and constitutes about 305 of Indian
shellac.

HO .CHg. (CHg)g. CH (PH).CH. (0H). (CHg )7.COnMe
xx) J,
HO.CHg. (Clig)g. CHO + OHC. (CHg),.COOMe
(XX1) (X11)

This oxidation was carried out in methanol te aveid
any possibility of trans.esterification. However, due to
the closer bolling points of the two aldehydes, as compared
to the aldehydes obtained from dihydroxy stearic ester, the
yield of the desired aldehyde was somewhat poorer,
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4-Methyl cyclohexanone was subsequently condensed
with ethyl 9-aldehydo nonoate (XVI) in the presence of sodium
hydroxide®® in aleoholic medium at «10°, The catalytic amounts
of the alkali employed did not hydrolyse the ester group as
was ascertained by testing the solution after the reaction.
The aldehyde showed a tendeney te attack both the ««carbon
atoms of the ketone. By using a large molar ratio of the
eyelic ketone, this could be minimisedj this excess also
served to check the self condensation of the aldehydo ester.
fn the removal of the unreacted aldehyde and ketone by disti-
" 1llation, a residue was obtained consisting mainly of 9-hydroxy-
P« (2«oxo-5-methyl-cyclohexyl) nonoate (XXIII). This could not
be purified by distillation due to its tendency towards
dehydration. This hydroxy ester (XXI1I) was dehydrated at
elevated temperature and reduced pressure by potassium
bisulphate and the product of dehydration distilled out.
This was found to be ethyl Pe(2-oxo-S-methyl cyclohexylidenyl)
nonoate (XXIV) and not the eyclohexenyl compound (X(XIII)
from an examination of its spectrum, though there was every
possibility of the isomerisation of (XXIV) to the stabler
ketone (XXXII11), under the acidic conditions employed for
dehydration.

0
CH-: (CHp)7* COOEt CHp: (CHp)7* COOE!

CHs CH,
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This distillate gave a UV absorption maximum at o944 my

(€ §960). Absorption due te the compeund (XXIV) containing
the exocyelic double bond would conform more to this wave-
length than that of the cyclohexenyl isomer (XXXIII),
containing the endocyclic unsaturation. The low extinction
coefficlent 8860 is also indicative of the 'ecisoid' enone
system (XXIV); the'transoid' cempound (XXXIII) is expected
to give ‘m.) 104 por example the steroidal ketone (XXXIV)
having the 'cisoid enone' system shows ®max. = 6300, whereas
the transoid enone (XWV) gives absorption at ipax 263 mu,
(€max, 11200285),

k% 4

0
XXXV XXXV
Amax. 244 mp Amax293 mu
€ max. 8300 € max. 1200

This unsaturated keto-ester (XXIV) was hydrogenated
in presence of palladised charcoal to yield ethyl-9«(2-methyle.
Se-0xo-cyclohaxyl) nonoate (XXV).

The ring cleavage of (XXV) was achieved by two
methods. In the first, this keto-ester disseolved in acetic
acld was oxidised with an 8N solution of chremium trioxide
in 8N sulphurie acid (Jones reagent).®® This method gave a
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+ yield of B0% of the mono-ester of 4-methyl G-oxoe-pentadecane-
dioic acid (XiVI), contaminated by traces of azelaic monoester.
Thﬁ was detected by thin layer chromatography, and was removed
by esterification fellowed by fractisnation.

In the second method, the ring opening was carried

out by nitresatien using ethyl nitrite and sodium ethoxide’
The oximino diester (XL1) formed through the intermediate
compound (XXXVIII) gave on acid hydrelysis the keto-diester
(XXVII), This method gave pure ketodiester, since no side-
product could be formed due to the exclusive cleavage at the

more substituted « carbon atom.>° Further the diethyl ester

0 0

{ axv) ( XXXVi)
OEt 0
(CH )8 .COOE? H3C (CH,)g* COOEY
(nxxvu) (xxxviii)
V' i (ost
OEt
N=0 BRI e e
=N-0
H,C (CH,)g* COOEt |
(xxxi®) (CH,)g- COOEt
(x)
/(CHZ}Z. COOE‘ /‘Cﬂz’z' COOEf
CH, C e CHs CH
3 3
H\CHz- fOlllpy (REw "\CH,: CO- (CH,)g* COOE!
N-OH
(xxvin)

(XL
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2
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was obtained directly, saving the esterification step.
However, the yleld of the diester was lower than that
" obtained by the oxidation methed,

This ketodiester was converted to the ethylene ketal
(XXVI11)j ketal formation was accompanied by the expected
'MN#Q ‘in weight and disappearance »f the corresponding
carbonyl absorption bands in the infrared and ultraviolet
region.

The ketal (mni) gave the acyloin (XXIX) on
treating with well-dispersed sodium in boiling xylene.2?
The acyloin on reduction with lithium aluminium hydride
yielded the diel (XXX).

This diol was converted to the bremo acetoxy
derivative by heating with hydrogen bremide in glacial
acetic acid. The latter on debromoacetoxylation fumished

" muscenone (3.methyl cyclopentadec-Sesnone) (XXXIL)

The intermediates from ((XVIII) te (XXXI) ecould
not be distilled without decomposition., But the spectral
characteristics were in accordance with the expected
structures. The unsaturated ketone (XXXI1)was found to
contain a transedouble bond (y/max., 971 em=1). This was
hydrogenated over palladised charcoal to yleld () muscone.
It gave a single peak in gas liquid chromatography over 3%

polyester column. Its NMR spectrum showed the presence of
a secondary methyl group and -CH2-C0Clg- group in the system.



36

ExpPERIMENTAL

The melting points and boiling points are une
corrected.

The infrared spectra were recorded as thin films
or in the case of solids as nujel mulls unless otherwise
mentioned on a Perkin-Elmer Infracord Spectrophotometer,
Model 137B, with sodium chloride opties. Ultraviclet
spectra vere recorded in ethanol solution on a Boéhan
DK-II Ratio Recording Spectrophotometer and N.M.R. Spectra
on a 60 m.c. Varian instrument in carbon tetrachloride
solution with T.M.5., as the internal standard.

Acid washed activated alumina, standardised as per
Brookmann's procedure was employed for column chromatography.
Gas liquid chromatographic analyses were carried out on a
Griffin V.P.C. Apparatus MK IIA, with polyester cclumn

employing hydrogen as carrier gas.

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

All temperatures are recorded on the centigrade

scale.
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EXPERIMENTAL

Lthyl 9-aldehydo nonoate (XVI).

Ethyl oleate (XVII) purified by fractionation (b.p.
196%0.06 mm., 180 g) was dissolved in glacial acetic acid
(600 ml) containing concentrated sulphuric acid (Sp. gr. 1.84,
70 ml) and was kept in a thermostat maintained at 40°. Hydrogen
peroxide (70 g., 30%) was added to this mixture with stirring
during 1 hr. and the reaction was allowed to comtinue for 20 hr.
Sulphurie acid was destroyed using sodium acetate (30 g) and
excess of hydrogen peroxide with sodium bisulphite (ea. 30 g).
Acetic acid was distilled off from the mixture at reduced
pressure, and the residue saponified with sedium hydroxide
(60 g) in aqueous aleohol (1:1, 500 ml) by refluxing for 4 hr.
Acidification after removing most of the aleohol gave 9,10-
dihydroxystearic acid (105 g), m.p. (ethanol) 132°,

Dihydrexy stearic acid,mpi32’, (100 g) was taken in
benzene (0.6 1) containing absolute ethanol (100 ml) and
sulphuric acid (98%, 2 ml) and was refluxed for 16 hr, removing
the water formed employing an azeotropic head. When water
formation ceased, the benzene solution was cooled, washed with
water, saturated sodium bicarbonate solution and finally with
water until neutral. Benzene was recovered and the residue
erystallised from petroleum ether to obtain ethyl 9,10-dihydroxy-
stearate (35 g, m.p. 59-60°),
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This dihydroxy ester (XVII1) (85 g) was dissolved in
absolute alcohol (600 ml) and to this with stirring at 30°
was added a neutral soluticn of sodium metaperiodate (500 ml,
12%) in 1 hr. The stirring was continued for 30 minutes and
the precipitated sodium lodate was filtered, washed thoroughly
with aleohol and petroleum ether. The filtrate, after diluting
with water was extracted with petroleum ether, washed free of
periodate (starch iodide paper), solvent removed and the
residue fractionated through a 12" column to obtain (1)
pelargonic aldehyde (XIX) (34 g), b.p. upto 80° at 4 mam.,
and (11) ethyl S.aldehydononoate (43 g), b.p. 96+100°/1 ma.,
n2® 1,463 (Found: C, 66.3; i, 10.4. Cale. for C1yHao03!

Cy 66,03 Hy 10.0%).

Ethylef9-aldehydo-nonoate thus obtained was found to
be pure by vapour phase chromatography.

Methyl 9-aldehydonomoate (XXII)

Aleuritic acid was decolorised by charcoal treatment
and erystallised from methanol (m.p. 99+100°). This was
esterified with methancl, saturated with hydrogen chloride
and the methyl ester obtained erystallised from ethyl acetate,

MePo 6'3-630.

Methyl aleuritate (XX) (100 g) in methanol (600 ml)
was oxidised with a sclution of sodium metaperiodate (600 ml,
12%) at 30° as described previously. Due to the inecreased
solubility in this case, the aleoholic solution after
completion of the reaction was diluted with vater(five volumes)



39

and saturated with ammonium sulphate extracted four times
with ether. After drying (sod.sulphate) the solvent was
removed te give the aldehyde mixture (285 g) which was
fractienated to yleld (i) hydroxyheptanal (34 g), b.p. upte
90%1 mm., and (1i) 9«dldehydomethylnonoate (42 g), b.p.
95-100%/1 mm. (Founds C, 64.8, Hy 9.3. Cale. for Cyplig0as
Cy 64.5; Hy 10,7%)

Lthyl S-hydroxy 9-(2-oxo-Semethyl cyclehexyl) nonoate (XXIII)

4-Methyl cyclohexanone (II) (b.p. 164-168°, 20 g)
was dissolved in absolute alecohol (80 ml) and mixzed with
a 30% solution of sodium hydroxide (1.5 ml). The solution
was cooled at «10° and the P-aldehydo ester (50 g) was added
dropwise with stirring during 30 min. The temperature was
maintained at 10° and the stirring continued for 20 minutes,

The solution which was alkaline to phenolphthalein
was neutralised using 30% aqueous acetic acid (2.5 ml),
diluted, extracted with pet.ether, washed, dried (NasGn,)
and petroleum ether was recovered. From the residue the
unreacted aldehyde and ketone were removed by vacuum disti-
llation to afford (1) 4-methyl cyclohexanene (850 g), b.p.
100-160%/30 mm (bath), and (11) 9-aldehydononoate (23 g),
bep. 96-170%0.3 mm. (bath).

The crude ethyl 9-hydroxye9-(2e-oxo-S-methyl cyclohexyl)
nonoate was obtained as the residue (40 g). This showed a

tendency to thermal dehydration and therefore was not distilled;
Y nax. 3448, 1729, 1709, and 168 em=1(due to partial dehydrationl
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Ethyl 9-(2 ¢ lohe enyl) nonoate (UIV)

The hydroxy ester (X{I1I) obtained as residue was
mixed with potassium bisulphate (5 g) and was heated at
18093 mm. for 30 min. te effect dehydration. The product
was dissolved in benzene, washed with water, benzene
removed and the residue distilled to yield ethyl 9-(2-oxo-
S-methyl cyclohexylidenyl) nenoate (XIV) (20 g), bep.165%
04 mm.y B7C 1.47205 Amax, 244 mu (€ max. 5960); \) max,1730,
1684, 1613, 1468, and 856 cm=1 (Found: C, 73.28; H, 10,9.
Cigian0a requires C, 73.433 Hy 10.3%).

By employing methyl Sealdehydononoate for conden-
sation the corresponding methyl ester was obtained, b.p.
154° (bath /0.1 mm.y noC 1.46805 Y gax, 1736, 1689, 1613, 1463,
1429, 1418, 1370, 1355, 1286, 1031 and 862 cm=l, Agax 243 my,
(émax, 6320)., The higher ®max. as compared to the ethyl ester
is due to partial isomerisation of the 'transoid' enone form,
since the dehydration in this case was carried out at atmose
pheric pressure. (Found: C, 73.263 H, 10.46. C17l2803 requires:
C, 72.82; H, 10.06%). |

Ethyl 9«(2-oxo~S-methyl cyclohexyl) nonoate (XiV)

The unsaturated ester (XXIV) (20 g) was hydrogenated
in ethanel (100 ml) over §f palladised chareoal (2 g) te
obtain ethyl 9-(2-.o0x0-5-methyl ecyclohexyl) nenocate (20 g),
bep. 148%0.2 mm., n3° 1.4865; )/ max. 1733 and 1710 em=l,

Th. 1526
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(Pounds C, 73,283 H, 11,03, C1g8H3203 requires C, 72,92;

1, 10,88%). Methyl ester, b.p. 139%/0.2 mm., nfc 1.4540,
Wmax. 2480, 1727, 1706, 1449, 1430, 1408, 1386, 1308, 1170,
1120, 1020 and 720 em=l (Founds C, 72.363 H, 10.77. CysHg0q

requires C, 72.3; H, 10.7%).

1l4-Carbethoxy-4-methyl-S-oxo-tetradecanoic acid Gxvr)

The saturated ester (XXV) (20 g) disseolved in glacial
acetic acid (200 ml) was heated to 40° and the oxidising
solution (45 ml) prepared by disseolving chremium trioxide
(26,7 g) in concentrated sulphuric acid (23 ml) containing
water (40 ml) and diluting it with water to 100 ml was added
gradually during 20 minutes with stirring. The reaction after
an induction period of about 3 min. was rapid and exothermic,
and the temperature was maintained at 40.46° by contrelling
the rate of addition of the reagent. The reaction was continued
for another 10 min. and then the excess of reagent was destroyed
with agqueous methanol. The reaction product was diluted with
water and extracted with ether. The residue after removal of
ether was dissolved in &f sodium carbonate solution and
extracted with ether to remove the unreacted ester. The
alkaline solution on acidification ylelded ld-carbethoxysde
methyleB-oxo-tetradecancic acid (XXVI) (18 g), b.p.193%0.06 mm,
(dquiv. wt. 312, Cyqliz)05 COOH requires 328.4) ) pay, 9128,
2899, 2703, 1695, 1460, 1420, 1370, 1209, 1260, 1220, 1190,
1160, 1026, 962 and 719 cm=l. This semiester was frund to
contain/suall impurity of azelale acid semiester on thin layer
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chromatography on silica gel using pet.ether-ethyl acetate
solvent system. _ '
The neutral portion in ether gave on solvent removal

the unreacted keto-ester (XXV) (0.5 g).

The crude monocester (XXVI) (18 g) was esterified by
refluxing with absolute ethanol (30 ml), benzene (120 ml)
and coned. sulphuric acid (0.1 ml), using an azeotropic water
removal system., After the water separation ceased, the benzene
solution was washed with water, saturated sodium bicarbonate
solution and finally with water until neutral., The residue
obtained after removing benzene on fractionation gave diethyl
4-methyl-6-oxo-pentadecanedicate XXVII) (16.8 g), b.p.181.183%
01 mme, NZ% 1,44805 Agax, 280 mu, ¢ 130§ V max, 3460, 1730,
1704, 14853, 1408, 1368, 1250, 1176, 1093, and 1031 cnmel.
(Found: C, 67.73 Hy 10.8. Ca0ligg0g requires: C, 67.4; H, 10.98).

The same ester could alse be prepared by opening the
eyelie ester (AXV) with sodium ethoxide and ethyl nitrite.

Sodium (0.36 g) was dissolved in absolute ethannl(9 ml)
in a moisture free system and the ethoxide formed was cooled
to -120.18°. The saturated keto-ester (XAV) (3.4 g) was added
dropwise to this solution with stirring during 30 min. The
mixture was stirred for 1 hr. and ethyl nitrite was passed inteo
it (ca. 2.5 g) which condensed inside the cold reaction vessel.
The stirring was continued for another hour and the mixtwe was
left overnight at «20°, The cold solution with stirring was
treated with cone. hydrochloric acid (2.1 ml) and stirred for
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30 min. The mixture was taken in benzene and washed with water,
followed by an ice cold selution of sodium hydroxide. DBenzene
was removed and the residue distilled te yield the diester
(xxv11) (1.6 g), b.p. 181.183°%0.1 mn.

Saponification gave the corresponding acid, which on
erystallisation from ethanol melted at €6-67° (Found: C, 64.3j
Hy 9.3, Cjgliag0y requires C, 64.0; H, 9.4%).

Ethyl nitrite used in the experiment was generated by
adding a seolution of alcohol (29 ml) in water (160 ml) contai-
ning conc. sulphuric acid (26 ml) teo a solutien containing
sodium nitrite (62 g), alcohol (29 ml) in water (200 ml), and
the gaseous reagent was passed through a U«-tube coentuining
silica gel and sedium hydroxide pellets.

Diethyl 4-ethyl-6ecthylene ketal pentadecanedioate (XXVIII)

The diester (16 g) (XXVII) in benzene (400 ml) was
mixed with ethylene glycol (16 ml) centaining p-toluene
sulphonic acid (0,1 g) and refluxed for 16 hr. using an
azeotropic head for water remeoval. The benzene solution was
transferred to a dry separating funnel and the lower layer
of the glycol was drained off. The benzene layer was washed
twice with 20 ml. portions of ethylene glycol, followed by
water, saturated sodium bicarbonate and finally with water
until neutral., Benzmne was distilled off te obtain the
ethylene ketal (XXVIII) (17.4 g)y N3~ 1,4510, M oy, 3480 (overtone)
2857, 1730, 1463, 1370, 1030, 948, 854 and 721 em=l; no UV

absorption (Found: C, 66.1; i, 10.2. C2gl400g requires
C. 66;0; “, IO_.O,\.
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4eyloin (XXIX). Sedium (7 g) was pulverised in xylene
(1 1) under nitrogen atmesphere and the ketal (15.8 g) (XXVIII)
in xylene (20 ml) was added dropwise during 1 hr. with vigorous
stirring and maintaining the heating so as te reflux xylene
during the reaction which was continued for 2 hr. Sodium was
then destroyed by gradually adding ethanel (850 ml). Xylene
was washed free of alkali and distilled under reduced pressure
to obtain the eyclic acyloin (XXIX) (2.3 g) as the residue,
Vmax. 3546, 2021, 1706, 1460, 1404, 1370, and 740 cm=l. The
acyloin was not analytically pure (Founds C,67.4; H, 9.4.
C1afian0, Tequires: C, €9.1; H, 10.3%).

S-Mothyl-7-ethylene ketal cyclopentadecane 1,2-diol (XXX)

The acylein (XXIX) (7.8 g) in ether (20 ml) was
added te a well stirred suspension of lithium aluminium
hydride (2 g) in ether (100 ml) during 30 min. The mixture
~ was refluxed for 10 hr, excess of the reagent was then
decemposed with alechol (10 ml) and the éher solution
filtered, residue washed and the filtrate was washed free
of alkali. On removing the ether slightly impure Semethyl
7-ethylene ketal eyclopentadecane 1,2-dicl was obtalned as
a viscous oil (5.8 g) which could not be distilled even under
high vacuum without decemposition, nﬁg 1.6990, | max, 3809,
2860, 148, 1368, 1075, and 948 om=l (Found: C, 68.3; H,10.6.
C1pling04 requires:C, 68,755 H, 10.98.
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S=liethyl pentadec-G-enone (LXAII)

The diol (XXX) (5.8 g) was mixed with a 30% solution
of hydrogen bromide in glaclal acetic acid (40 ml), kept at
room temperature for 24 hr, and then heated at 60° for 2 hr.
Acetic anhydride (6 g) was added to the mixture which was
heated for another 3 hr. The cooled reaction mixture was
treated with a solution of sodium acetate (15 g) in water
(100 m1) teo destroy excess of hydrogen bromide and then was
extracted with pet.ether (some tarry matter remained une
dissolved) which was removed to afford the bromo-acetoxy
derivative (XXXI) as yellowish red oil, J pax, 2085, 2924,
1748, 1712, 1458, 1408, 1370, 1235, 1075, 1030 and 722 em-l.
It was dissolved in absolute methanol (80 ml) and refluxed
for 12 hr. with zinc dust (4 g) under stirring (zine dust
used was freshly prepared by washing the commercial variety
with dilute acid, water and absolute methanol and drying at
120° for 3 hr. It was activated in the methanolic solution
by adding a drop of 30% hydrogen bromide in acetic acid).
Methanol was removed and the residue was taken in pet.ether,
filtered and the filtrate washed with dilute acetic acid and
water until neutral. The solvent was removed and the residue
was saponified to convert the impurity of an acetate detected
in the IR speetrum %o the alecohol. The saponified product
was passed over 20 times of Grade III alumina to obtain trang-
3emethyl cyclopentadecebeenone (XXXII), b.p. 138%/0.1 mn.
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n3? 1,4282;Vnax, 3425, 1712, 1460, 1433, 1408, 1368, 1277,
1190, 1124, 1048, 1020, 971, and 719 em=l (Found: C,81.43
H, 12,3, Cygliag0 requires C, 81,3; H, 11.86). 2,4-Dinitroe
phenyl hydrazone erystallised from benzene melted at 107°
(Found: N, 14.0. CgglinnOgli4 requires N, 13,45%).

(+) Muscone (1)

Muscenone (XXXII) (0.8 g) in alechol (80 ml) was
hydrogenated in presence of 5f palladised charceal (0.18 g)
to yield (&) muscone (I D (0.7 g), b.p. 148%1 mm,,
ng° 1.42263y max, 3413, 1704, 1480, 1407, 1364, 1260, 1122,
1011, and 718 em~1,

GIC over a 3% polyester column at 200° at aflow
rate (4 1lit/hr) gave a single peak at 17.5 min. retentien
time. (Found: C, 80.8; H, 12,6. Cale. for CigHzo0: C, 80.6;
Hy 12,6%).

NMR spectrum of muscone gave a signal at 7 9.09

- (J = 646 cepes.) indicating the presence of a secondary
methyl group, intensity corresponding to three protonsj; a
signal at 7 B8.72 due to methylene protons other than those
flanked by CO and a multiplet below ! 8 intensity correspending
to 4 protons attributable to «CHp-LO0LHz2- group.

Muscone gave a semicarbazone, m.p. 131.132° (Found:
C. 69.2; H. 11.35; R, 14.70 Calc. fo!‘ 017}1@“303 C, 69.1;
H‘ 11.3‘ H’ 14.2’)0
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CHAPTER 1I

SYNTHESIS OF EXALTONE AND CYCLOHEXAe

D NE FRCM UNDEC «10-ENOIC ACID
GR ION FOR C
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_ABSTRACT

Grignard reaction has been utilised for the chain
extension of undecelO-enoic acid to synthesise pentadecanee
dioic and hexadecanedioic acids,

Undecel0-en yl bromide was converted to the
Grignard reagent and was condensed with cyclopentancne
and cyclohexanone and the resultant tertiary alecohols were
oxidised directly with chromium trioxide or after dehydration
with potassium permanganate to obtain the corresponding ketoe
diecarboxylic acids. These ketoeacids could also be obtained
by Mmtm the oxidation stepwise by hydroxylating and
rupturing the double bond followed by the dehydration and
oxidative cleavage of the ring. Huang<Minlon reduction of
these keto-dicarboxylic aclds furnished pentadecanedioic
and hexadecanedioie acids whieh were converted through the
acyloins to eyclopentadecanone (exaltone) and eyclohexadecae
none respectively.



Syntheses of Exaltone and Cyeclohexadecanone

from Undec-lO-enoic acid using Grignard
reaction for chain extension

fegurrence:

Exaltene (cyclopentadecanone) (I) is present in
traces, alongwith cycloheptadecanone (dihydrocivetene) (I1)
and the alecohols derived from these two ketones in a
glandular secretion of the American musk-rat Onpdatra
I. Presence of cyclohexadecanone (I11I)
has not yet been reported in any of the natural musk seurces.

(Cﬂg)c,\c Ciig)g (CHg )p

L 0 L co | eo

(CHg)y” (Clig)g 7~ (CHg)g ~~
(1) (11) (111)

Exaltone is an excellent fixative and is extensively
employed in the blending of perfumes. This ketone closely
resembles muscone in its odour qualities and is more easily
aceessible than the latterj therefore, in the recent years
it has become an indispensible ingredient of all high grade
perfumes., Cyclohexadecanone, probably due te its nene
occurrence in nature, has not yot received much attentien
from the chemists and the perfumers, although this cempound
also possesses the sweet 'musk odour' and fixing properties.
Cyelopentadecanone has a low melting point (66°) and a high
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cryoscopie constant,> (21,3%); this along with its easy

miseibility with a variety of organic compounds render it

an ideal seolvent for the microdetermination of the melecular
weights, especlally of organic cempounds which deceompose at

the temperatures used when camphor is employed as the solvent.

5 58

These ketones can be prepared by any of the general
eyelisation procedures deseribed by Ruzicka,d Ziegler,®
Hunsdiecker® and Blomquist.® Recently leonard and Schimele
pfenig? prepared these compounds by the Dieckmann condensation®
of «ywedicarboxylic esters. Desulphurisation® of thienyl
macrecyclic ketonest®111 enabled Gol'afarb te prepare
exaltone. But no method developed till now, equals the
elegant macroecyclic acyleoin procedure reported simultaneously
and independently by Prelog and Stoll,’? in convenience,
yiold and economy. The reduction’d of these acyloins
furnishes the required ketones in high overall yield.
Therefore, in the recent years, stress has mainly been on
new synthetiec approaches for obtaining «,wedicarbexylie
acids from cheap raw materials employing econemic processes.

Hay Materdals
Pentadecanediole acid was first synthesised by

Chuit?® in 1926 from azelalc and sebacic acidsj chain
extension was effected by nitrile formation and malonic acid
condensation. Klenk® oxidised nervenic acid (IV), present
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in the brain 1ipids, te get pentadecanedioic acid. Nervenic
acid has since been iseolated from the seed fats of the

Ximenis species® and has been synthesised from erucic acid
in this Laboratory®’ and by electrolytic process frem oleie
acid.}®  Buu-Ho1'® prepared pentadecanedioic acid from
undecenyl bromide (V) by malonic acid condensation, hyiroe
bremination, nitrile formation and hyirelysis. By the

Clp=CH. (Clig )g- Clig-Br (V)

ozonisation of l-(undec-10-enyl) cyclopentene, Diaper " could

obtaln pentadecanedicic acidy Plesek— and Nikishin® alse
prepared this acid by the cleavage of alieyelic compounds.

: Ena;;m- mynon,gs.'a‘ of eyclic ketones and the acid
cleavage > of the resultant Pediketeneshais been cenveniently
employed in the synthesis of this dibasic acid. Electrelytis
eross coupling has been tried with poor results for the
preparation of this dicarbexylic acid. Pentadecanedioic acid
has been synthesised in this I.ml:noz-rsxt.'.c_-n'y""B from erucic acid,
kamlolenic acid, nervenic acid and aleuritic acid.

CHg(0H). CH(0H). (CHy)q5.CrOH (Vi)
COCH, (CHy)q4. CONH (VII)
CHg0H, (CHg)14+ COOH (VIII)

HOCHg » (CHg ) gCH (0H) LCH (OH) . (CHg) 5. COOH (IX).
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Hexadecanediole acid (thapsic acid) (VII) is present
in the dried roots of mma.a"

Bougault®® obtained this acid from the 'etholides'
of conifer, By the electrolytic coupling of azelaic-moncester
sodium salt, Stocius and Wiesler>? prepared thapsic acidj
after that many improvements and medifications regarding this
process have been t'«pox'inuh.ao"a2 Chuit'tynt'mau.d hexadeca=
nedloic acid in 1926 from dodecane~l,1%~dibromide by malonic
ester condensation. Lukes® prepared this acid by the Grignard
additions with Nemethyl eyclic imides. Juniperic acid (VI1l),
ustillagie acid (VI)®® and aleuritiec acid% (IX) alse would
yield thapsic acid on suitable treatments. Cadmium alkyls">
has also been employed in the synthesis of hexadecanedinic acid.

Procedures for chain extension

As can be seen, the methods described above consist
mainly in the extension of chainlength of more easily available
shorter «,webifunctional compounds or in the suitable treatments
of a double bond producing a hydroxyl, carboxyliec or carbonyl
group or in the addition of halogens and hydrohalides to the
double bonds followed by displacement and cendensation reactions.

Alkyl magnesium bremides react with cyclic ketones to
form <-alkyl eyclanols which on oxidative cleavage afford keto-
aelds with increased chain<length., But due te the poor selecti-
vity of the reagents employed for the cleavage, this method had
failled in many of the earlier instances. Kelkar, Phalnikar
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and Bhide®® encountered difficulties in oxidising le-alkyl
cyelohexanols. Schnieder and Spielman! alse could obtain
the d@xpected G.keto acids from l-alkyl cyclohexanols only
in very low yields. Collaud®® in 1942 employed ozonisation
of the dehydration products of these tertiary alcohols for
the ring opening in the synthesis of ambrettelic and iso-
ambrettolic acids. Diaper C employed this procedure in the
preparation of a seriss of 5,0- and 7-keto aclds. Fieser
and Sgmuszkeviez® oxidised l-alkyl cycloalkanels with
chromiun trioxide in glacial acetic acid te obtain G-keto
acids. This procedure has since been applied for the prepae

ration of a variety of keto aoidc.‘o'ﬂ
Present Synt of Ma ¢ Ke ]

In the present investigation undec<lO<enyl bremide (V)
was condensed with cyclic ketones and the preducts were
oxidised to get ketodlcarboxylic acids. These acids on Huange
Minlon reduction afforded dicarboxylic acids, which could
easgilly be converted to macrecyclic ketones by the acyloin
eyclisation procedure (Chart I).

Undec-l0-enoic acid (X) obtained from castor c:!.l.“8

,by pyrolysis was converted to the alcohol (XI) via its ester

by reduction with lithium aluminium hydride. UndecelO-enol(XI)
was then converted te undecelOeenyl bromide (V) by treatment
with phosphorous tribremide. In an attempt te standardise the



CHz= CH:(CHz)g - CH,- OH

XI

CHp = CH«( CH,)g CH, -Br
OH OH

(
(CHylg' CH* CHp <— (CHzlg' CH=CHy—> O- |
o)

7]

H (CHp)g - COOH /(CH'g- -
{CH,)g - CH(OH)- CH0H R

\(CHz'f

X1 XIX

OH OH
(CH,lg CHO ———> (CHy)g- COOH
XVIII
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conditions for optimum yield, this reaction was carried out
under different conditions. When the bremination was condue
cted in arematic hydrocarbon solvents at «5° by adding the
aleohol to the tribremide in the solvent® the yield of

the bromide (V) was ca., 40%. This could slightly be

improved by inereasing the ttnporatm\“ after adding the
aleohol. But definite improvement in yleld was observed
when phosphorous tribromide was added te the alcohol in
1ight petroleum ether® at temperatures below -15°, 1In all
these cases pyridine was added to the mixture te minimise the
possible hydrobrominatisn of the double bend., Since the
reaction was invariably incomplete and the alcehol beils at
about the same temperature as the bromide, the unreacted
undecenol had teo be removed before distillation. Diaper's
phosphorous pentoxide trntmtzo was effective in this;

but due to the cumbersome nature of this procedure other
methods were tried to achieve this., Treatment of the ecrude
bremide with powdered calecium chloride, and filtration through
a short column of grade III alumina (20 fold) were equally
effective.

Subsequently, Grignard reagent prepared frem this
bromide was condensed with cyclohexanone, to obtain l-(undec-
i0-enyl) eyelohexanol (XII) as the prineipal preduct. Fractio-
nation of the crude preduct by distillation fellowed by
chromatography yielded two hydrocarbons (XXXIII) and OOXXIV),
presumably formed as by-products.

CHo=CH. (CHp )g.CHg Cly=CH. (CHy)yg. CH=CH,
(XXXI11) (XXXIV)
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The hydrocarbon (XXXIII) showed peaks at 3020, 1818,
1640, 1360, 996, 909 and 721 em=- indicating the presence of
«CH=CHg and ~CHg groups and a polymethylene chain. Its
boiling point (60%/6 mm.) and elemental analysis showed it
to be undec-lOegne. The second hydrocarben showed streng
bonds at 3080, 1818, 1640, 995, 909 and 720 cm=ls It was
found to be not identical with le(undecelO-enyld cyclohexene.
In conformity with this, its IR spectrum did not show any
bands at 854 and 839 em=!, characteristic of all the other
compounds prepared from the cyclohexanone-addition product
(XI1). 1Its identity with docosa-l,2l-diene was confirmed
by oxidation to elcesadleic acid. Apart from these, undece
l0-enol and its acetate also were isolated from the reactien
product.

Chromic acid oxidation of the aleohol (XII) gave
poor yields of the expected ketoedicarbexylie acid (XIV),
due to the nonspecificity of the reagent employed. Mild
conditions of the reactien resulted in the incemplete oxidae
tion of the double bond and the alcoholie group, whereas,
on employing drastic conditions, the carbenyl group created
by the ring cleavage was further oxidised te shortechain
products. Therefore, with a view te standardise the conditions
for ring opening «-ne-hexyl cyclohexanol (AXI1) was prepared
as a model compound and was converted to G-oXp-lauric aeid
(XXII1). Oxidation by Fieser's procedure™® yielded G-keto-
dedecanolc acid in 40% yield, 205 of the material was over
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oxidised te hexanoic and adipic acids and 40§ of the alcohol
was recovered unreacted., When dilute acetic acid was used

OH CeHi3
(G Y

CgH;z+-CO- (CHy)y - COOH
XXIIT

as the reaction medium, the amount of the oxe-dodecancic
(XXIII) acid did not increasej however, the unreacted alcohol
recovered was more. Heating of the reactien mixture resulted
in increased amounts of the degradatisn preducts and poorer
yields of the desired ketoeacid. Hexylecyclohexanel (XXII)
was then dehydrated using iodine,*? thionyl chloride,*®
potassium bisulphate®® and formic 2¢44% at elevated tempe-
ratures, the yleld was found to be the best when potassium
bisulphate was employed as the dehydrating agent. n<fexyl
eyclohexene-l (XXIV) thus obtained could be oxidised with
neutral permanganate® in acetone to afford 6-oxo-dodecanoic
acid in fair ylelds. The neutral reagent was found to be
superior to the acidic and alkaline ones. After the exami.
nation of the model cempound deseribed above, le(undec«lOe
enyl) eyclohexanol (XI1) was dehydrated to the hydrecarben

(XIII) employing potassium-bisulphate. This compound was
oxidised with neutral potassium permanganate to C-leto-

thapsie aeid (XIV).
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The aleohol (XII) on oxidation with perbenzoic acid™
yielded an epoxide (XV) which was opened to the triel (XVI) by
treatment with acetic acid feollowed by saponification. ©On
oxidation with neutral soedium ntaporiodato& this triel
yielded the hydrexy-aldehyde (XVII), which gave the cerres-
ponding acid (XVIII) on oxidation with hydregen peroxide.
Dehydration of the hydroxy acid with potassium bisulphate

furnished the unsaturated aeid (XIX),

nxidation of the aleohel (XII) with potassium perman-
ganate followed by working up the product by passing sulphur
dloxide to remove manganese dioxide resulted in the formation
of the unsaturated acid (XIX). The hydroxy acid (XVIII) which
was initially formed was presumably dehydrated during the
passage of sulphur dioxide. Oxidation of the acid (XIX) alse
afforded the keto-thapsic acid (XIv).

~__OH — [ \:”—CHQ(CHQ)a.C“Ha
g Clig. (CHg )g.CH=CHy

(Xxv) (Xxv1)

l

- Coou
(Clghs ¢ HOOC. (CHg)g.CO. (CHy),.CO0H
N\ CrrH -
OXviii) : (XXVII)

In a similar manner the Grignard reagent from undec-
10e-enyl bromide (V) and eyclopentanone were condensed teo give
(undec«10-enyl) cyclopentanol (XXV). This aleohol on oxidation
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with chromic acid gave ketoepentadecanedioic acid (XXVII).
Dehydration of (XXV) to l-(undec-l0-enyl) eyclopentene (XXVI)
and the exidation of this hydrocarben with permanganate also
vielded this keto-dicarboxylic aecid.

HOOC. (CHp)n - COOH —————> Et0OC: (CHp)n* COOEY

XX (n=14) ; XXVIIT (n=13) XXIX (n=14) ; XXX (n=13)

/CO /CO

—— (CHz]n G (CHg)n

\CB-OH

XXXI (n=14) ; XXXII (n=13) I (n=14) ; I (n=13)

CH,

These keto-dicarbexylic acids furnished the corres-
pending saturated acids (XX) and (XXVIII) en Huang-Minlen
reduction.™ The diesters of these on ecyclisation in
presence of well-dispersed sedium in beiling xylenme'” gave
the scyloins (O(XI) and (XXXII) respectively. Reduction®
of the hydrexy group in the corresponding acyloins afforded
eyelohexadecanone (I1I) and eyelopentadecanone (exaltene) (I)
respectively.
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EXPERIMENTAL

- Ethyl undec-10-enoate (%),

Undec-l0-enoic acid (900 g) taken in benzeme (2.6 1.)
was mixed with abselute alcohol (480 ml) and conc. sulphurie
acid (4 ml) and was refluxed using an azeotropic distillation
head until the water separation ceased (ca. 16 hr.). The
benzene solution was washed with water, saturated sodium
bicarbonate solution and finally with water till neutral., On
recovering benzene the crude ester (820 g) was obtained which
was purified by fractional distillation, D.p.100-101%1.5 mm.,
na’*® 1,43305 ) paz, 2080, 1818, 1736, 1641, 990, 909 and
721 emets

Undec=10-en0l (XI1),

A solution of ethyl undecenoate (212 g) in anhydrous
ether (200 ml) was added under cooling and mechanical stirring
to a suspension of lithium aluminium hydride (26 g) in anhydrous
ether (200 ml) during 2 hr., care being taken to avoid any
vigorous reaction. Anhydrous ether (1.2 1.) was added to the
mixture from time to time to maintain a smooth stirring. After
the addition was over, the ice-bath was replaced by a hot water
bath and the mixture was refluxed for 2 hrs. Excess of lithium
aluminium hydride was decomposed using aqueous alcohol(100 ml)
and the ethereal layer was decanted off. The residual hydroxides
were washed several times with ether by shaking and decantation.
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All the ether washings were mixed, washed, dried and solvent
was removed to obtain the erude aleechol (160 g). The residue
of hydroxides was dissolved in dilute hydrochloriec aeid and
oxtrﬁotcd to yleld another 10 g. of the aleohol. The crude
product on distillation furnished pure undec-lO-gnol, b.p.
118.118%3 mnm., nga 1.4460; ester content 0,6%; unsaturation
value 0,993 double bonds; ) gy, 2408, 3080, 1820, 1640, 1420,

1062, 990, 910 and 721 em=+, (Founds C, 77.2; H, 13.0. Cale.
for CyqHz908 C, 77.63 H, 13,0%).

UndecelO-enyl bromide (V)
(1) Bromination in benzene:

To a mixture of phosphorous tribremide (15 g), dry
benzene (50 ml) u:di pyridine (1.5 ml), a solution of the
aleshnl (XI) (765 g) in benzene (30 ml) containing pyridine
(0,75 ml) was gradually added in 2 hr. with stirring at 0.5°,
Stirring was stopped and the homogeneous mixture was left at
room temperature for 48 hr. The Iromide solution in benzene
was washed with dilute acid, saturated sedium bicarbonate
solutisn and finally with water, Benzene was recovered and
the residue of erude bromide (32 g) which contained some
unreacted aleohol as shown by its infrared spectrum was treated
with phosphorous pentoxide (12 g) in dry ether (130 ml) and
was left overnight. After adding another lot of phosphorous
pentoxide (12 g), the ether solution was kept for 4 hr. with
occasional shaking. fhe mixture was then poured inte aqueous
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methanol (131, 260 ml) and was rendered alkaline to phenol-
phthalein with liquor ammenia. Ether layer was separated,
washed with aqueous ammoniacal methanol and water,The solvent
was removed and the residue fractirnated te yield undec-lle
enyl bromide (13 g), 0.p.92-94%0.2 mu., n3% 1.4720; )/, 3080,
1820, 1639, 1449, 1429, 990, 961, 905 and 720 cm=', (Founds

Cy 86465 Hy 9,05 Br, 34.3. Cale. for Cjqligybr: C, 56.65;

Hy 9.01; Br, 34.35¢).

In another experiment, undec-l0-cnol (80 g) was
converted to the bromide in benzene (160 ml) with phosphorous
tribromide (30 g) in presence of pyridine (4.5 ml) in a similar
manner. The reaction mixture was set aside at room temperature
for 48 hr. and then refluxed for another 2 hr., By this method
after the removal of the unreacted aleohol a slightly increased
yield (32 g) of the bromide (V), b.p.94°/0.3 mm., ng>»® 1.46885
was obtailned.

(11) Bromination in petroloum ether:

Undec-l0-enyl aleohol (175 g) in dry petroleum ether
(D+p.40-30°, 200 ml) was cooled below «18° (selid carbone
dioxide -carbon tetrachloride bath) and was mixed with anhye
drous pyridine (10 g). Phosphorous tribromide (100 g) was
added to this mixture with stirring during 2 hr. The reaction
mixture was then kept at 16° for 18 hr. The petroleum ether
solution was washed with sedium carbonate, followed by dilute
hydrechleric acid and water until neutral. The dried (CaCly)
extract on removal of solvent yielded the crude bromide (10 g).
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Purification of undec=10-enyl bromide

(1) The erude bromide (180 g) on removal of the
unreacted aleohol with phosphorous pentoxide and fractio-
nation yilelded the pure bromide (80 g).

(11) The crude bromide (42 g) in ether (200 ml) was
kept over freshly fused and well powdered calcium chloride
with shaking for 24 hr. Fractionation of the residue obtained
on filtration and removal of solvent gave the breomide (24 g)
free from aleohol (IR spectrum).

(111) Crude bromide (5 g) in petreleum ether (300 ml)
was filtered through a short column (10") of alumina (grade
IIT, 100 g). BSolvent was removed from the filtrate and the
residue was fractionated to yield the pure bremide (V) (2.9 g).

1-Hexyl-cyelohexanol (XXII)

Magnesium turnings (8 g) were taken in ether (80 ml)
and a erystal of iodine was added te it in a moisture free
system provided with a dropping funnel, condenser and mechani-
cal stirrer. wWith stirring n-hexyl bremide (48 g) in dry
ether (60 ml) was added drepwise to the mixture during 1 hr.

The rate of additien was adjusted te keep the mixture refluxing.
The mixture was then refluxed for aneother 3 hr. by external
heating and then was cooled (ca. 5°) and eyelohexanone (b.p.
153+154°%, 30 g) was added dropwise during 1 hr, and the

mixture refluxed for 4 hr. The complex was then decomposed
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with dilute acetic acid at about 0°. The ether layer was
washed, dried, solvent removed and the residue fractionated
to yield lehexylecyclohexanol. This product was purified by
chremategraphy and redistillation te yleld the pure aleohol
(30 8)y beps90%1 mm., n° 1,4440; ) pax, 3680, 1370 and
1057 em=l. (Found: C, 78.5; H, 13,3, Cale. for C1aHaq0t

C, 78.2; H, 13.1%).

l=(ndec~10-enyl) cyclohexanol (XII)

Undec~10-enyl bromide (V) (23 g) 4in anhydrous ether
(20 ml) was added te a stirred suspension of magnesium(2.4 g)
in ether (10 ml) pre-activated with a crystal of iodine,
Reaetlion was carried out as described previeously, by adding
eyelohexanone (9,8 g) in ether (10 ml) to yield the crude
tertiary alcohol (27 g) which was distilled to give fractions
(1) 5.p.{120%0.6 mm. (8 g) and (11) b.p.120-166%0.6 mm. (17 g).

Fraction (1) (6 g) on chrematography over alumina
(grade 11, 100 g) gave in petreleum ether eluate a hydrecarbon
preved te be undec-l0-ene (1.5 g), b.p.60%/6 mm., n36 1.4686,
Y max, 3080, 1818, 1640, 1420, 996, 909 (CH=CHg), 1360 (-CHg)
 and 721 em=! (Pound: C, 85,83 H, 13,6, Cale. for Cyjfat
C, 86.63 H, 14.4%).

From the benzene eluate undecenyl acetate (0.5 g)
was obtained, b.p.102%1.5 mm., ) max, 1745, 1365, 1248
(«0.C0.CHg), 3080, 1818, 1420, 1640, 995, 909 (CH=Cig) and
721 em~l. (Found: C, 73.33; H, 9.92. Cale. for C1aHa402?
Cy 72.5; Hy 11.4%). This was not further purified.
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Undecenyl aleochol (2 g) b.p.91%/0.6 mm. was obtained
from the ether-eluate,

Fraction (11) (17 g) on chromategraphy ever alumina
(grade 1I, 360 g) gave in petroleum ether eluate docosa«l,
21-diene (2 g), bL.p.1681 mu., ‘\)m_ 3080, 1818, 1640, 1480,
1420, 996, 909 and 721 cm~'. (Found: C, 86.43 H, 13,7, Calc.
for Coolignt €, BE.2; H, 13.8%),

®n exidation with permanganate, this hydrecarbon
Yielded eicosadiolc acid, mepe125° (Founds Cy 70.4; Hy 11.6.
Calee for Chpligglq: Cy 70.13 Hy 11.2%).

Ether eluate gave the aleohol (XII, 12 g), b.p.136%

0,7 mm., 022 1.4750, Y mey, 3462, 1818, 1415, 1170, 1036, 994,

867, 909, 865, 839 and 721 em=* (Found:s C, 80.8; H, 12,9,
CypH3209 requires: C, 80.9; H, 12.8%).

1-(Undec«l0-enyl) cyclopentanol (XXV)

By condensing Grignard reagent prepared from undecenyl
bromide (23 g) and magnesium turnings (2.4 g) with cyeclopenta-
nene (11 g), l-(undec-l0-enyl) cyclopentanol was prepared. The
erude product was fractionated and chromatographed to yleld,
along with the by-products obtained in the previous experiment,
the tertiary aleohol (XXV, 13 g), b.p.117%/0.3 mm., my° 1.4730;

Vaax. 3448, 3080, 1640, 1208, 1188, 996, 909 and 721 emels

(Founds C, 80,13 H, 12.4. Cale. for CygHan0t C, 80,63 Hy12.7%).

On treatment with 3,5-dinitrobenzoyl chloride in
pyridine it gave a crystalline derivative, m.p.68° (Found:
H’ 6.3; Calc. for 02333205“2! H. 5.7%).
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Dehydration of the lealkyl cycloalkanols

(a) A-Hexyl cyclohexeng (XXIV)

(1) ¥ith formic acids The alechol (XXII) (5 g) in
~ formic acid (983, 100 ml) was refluxed for 2 hr. te obtain
_hexyl eyclohexene (XXIV) (3 g), b.p.62-63%70.3 mm.,)) nax, 1667,
1370, 1130, 912, 800 and 721 em*l. (Found:s C, 85.1; H, 13,8,
Calee for Ciolly,: C, 86.7; Hy 14.3%).

(11) With thionyl chloride: Hexylecyeclohexanel(s g)
in pyridine (120 ml) was mixed with thionyl chloride (15 ml) and
was left at room temperature for 2 hr. The mixture was poured
into cold water and was extracted with ether. The extract was
successively treated with dilute hydrochloric acid, sedium
carbonate solution (55) and water. The residual hydrecarbon
obtained on removal of solvent was distilled te afford hexyl
eyclohexene (XXIV), (1.6 g), b.p.62-63%0.3 mm.

(111) ¥With iodine: The tertiary aleohol (5 g) was
taken in xylene (200 ml) and iodine (0,1 g) was added. The
mixture was refluxed for 8 hrs. and the water formed was
removed with an azeotropic head. The product was washed
with sodium thiosulphate solution and water. Removal of
xylene gave the hexyl cyclohexene (1.5 g), b.p.67-68%1 mm.

(iv) With potassium bisulphatet: The aleohol (XXII)
(6 g) was heated with freshly fused potassium bisulphate(2 g)
at 160° under reflux to obtain l-hexyl ecyeclohexene (3.5 g),

bo’oﬁ?d‘m/]- e
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(b) 1-(@.2-10-0312 OICIOhnm (X3111).

_ The aleohol (XII, 10 g) was mixed with potassium
~ bisulphate (£ g) and was heated at 160° for 2 hr. to ebtain
the hydroearben (XI1I), b.p.1429/2,5 mm,, n ° 1.4730,
Ymax, 1666, 1640, 1420, 95, 909, 854 and 721 cu-! (Founds
Cy 86,83 Hy 13,8, Cjy7ilg, requires: C, 87,13 H, 12,98,

(e) 1-(Undec-10-enyl) cyclopentene (XVI). 1l-(Undec~l0-
onyl) cyclopentanol (6 g) was heated with potassium bisulphate
(2 g) to yleld the corresponding hydrecarbon (XXVI) (3.5 g),
" bepel36-136%2 mm., nJ* 1.4680. ) max, 1818, 1662, 1640,
1420, 996, 970, 909, 800 and 721 eme! (Founds C, 86,9; H,13,3,
Cale. for Cygiags C, 87.2; H, 12.8%).

Nnxida lealkyl gye

(a) G«Cxo=dodecanoic acid (XXIII)

(1) The aleohol (XXII) (5 g) was disseolved in glacial
acetic acid (120 ml) and with stirring at 309, it was treated
with powdered chromium trioxide (8 g) added in small lots.
After a short induction period the exothermic reaction started,
the temperature being contreolled by croling externally. The
addition was completed in 1 hr. and the reaction continued for
another 2 hr. The reaction mixture was diluted with water,
extracted with ether, the extract washed. The solvent removed
and the residue dissolved on §i sodium carbonate solution and
was extracted with ether to recover the unreacted alcohol(l.0 gk
Acidification of the alkaline portion gave an acid mixture
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which was fractionated to obtain (1) hexaneic acid (1 g)
Dep.7680%1 mm., acid equivalent 117.3. Cale. for Cyghil
CroHs 116.2 and (11) Geoxo-dodecanole acid (1.75 g)y bep.
1664167° (bath)/1 mu., m.p.61-62°, acid equivalent 212.5.
Cale. for Cyqip10 CNOH, 214.3. (Founds C, 67.23 H, 10.4%,
Cale. for Cygilpa0gs C, 67.3; H, 10,3%). Semicarbagzone, m.p.
131° (Found: N, 15.2; Cale. for CygHogOaligs N, 16.57).

(11) The aleehol (XXI1) (5 g) was taken in glacial
acetic acid (60 ml) and a solution of chromium trioxide (8 g)
in a mixture of acetic acld (76 ml) and water (40 ml) was
added to it in 1 hr. at 80° vith stirring.5® The reaction
was centinued for 2 hr., and mixture was diluted with wvater
and extracted with ether, Ether was removed and the neutral
portion comprising of the unreacted aleohol (1,5 g) was
separated from the residue to eobtain the acidic portion(2,9z).
Fractionation of the acid mixture afforded hexanoic acid
(0.6 g) and 6-oxo-lauric acid (1.9 g).

(b) G=0xn=hexadecanediodc acld (XIV)

1-(Undec-l0-enyl) eyclohexanol (XII) (6 g) in glaeial
acetic acid (120 ml) was oxidised at 30° with chremium triexide
povwder (16 g) added in small lots during 1 hr. The reaction
was carried out as in (a-1) teo obtain a neutral portion of
the unreacted aleohol (1 g) and an acid mixture (3.8 g).
This acid mixture on repeated crystallisations gave C-oxoe
thapsic acid (0.1 g), m.p. 112°, undepressed on mixing with
an authentic sample,
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Oxidation of l-alkyl cycloalkenes.

(a) 6-0xa-dodecancic acid (XXIII)

(1) The hydroecarbon (XXIV) was hydrexylated™ to

l-hexyl«i,?2«-dlhydroxy cyclohexanol and this was oxidised with
potassium permanganate to obtain the aeid (XX11I).

Hexyl cyclohexene (5 g) was hydroxylated with hydrogen
peroxide (305, 7 ml) in formic acid (70 ml) centaining conc.
sulphuric acid (0.2 ml). The reaction was carried out during
2 hr. Sulphuric acid was desfroyed with sodium acetate and
excess of the peroxide with sodium bisulphite. Formic acid
was then distilled off and the residue was saponified with
aleoholice potash (0,5 N, 60 ml) to obtain the diel (XXXV,1.5 g),
bep160-164%2.5 mm,

This diol was also prepared by the hydroxylation of
the hydrocarbon (& g) in acetic acid (75 ml) containing
sulphuric acid (C.5 ml) with hydrogen peroxide (30%, 7 ml) at
40°, The mixture was kept at that temperature for 16 hr. and
the product was worked up as in the case of performic acid
hydroxylation to obtain the diol (2.5 g), b.p.150%2 mm.
(Found: C, 72.3; H, 11,8, C12H40p requires C, 72.0; H, 12,1%).

This diol (4 g) taken in acetone (100 ml) was oxidised

with potassium permanganate powder (6 g) added in small lots
during 30 min. at room temperature. The reaction was continued

for 2 hr. at the beiling point of acetone; manganese dioxide
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was removed with sulphur dioxide and the resulting acid was
purifijed by dissolving in alkali and extracting with ether

to remove the unreacted diol to obtain 6.oxo-lauric acid (3 g),
m.p.62.63°,

(11) l.lexyl cyclohexene (XXII) (3 g) in acetone
(60 ml) was oxidised with a saturated solution of potassium
permanganate (8 g) in water. The mixture was stirred at 60°
for 6 hrs. to yleld after usual processing the acid (2.2 g),
m.p.62.83° and neutral portion (0.7 g).

(111) The hydrocarbon (XXIV) (3 g) in acetone (60 ml)
containing acetic acid (1 ml) was oxidised with potassium
permanganate (8 g),added during 1 hr. to obtain the ketelauric
aeid (XXIII) (2.4 g). Unreacted hydrocarbon (0.5 g) was
recovered.

(1v) The hydrocarbon (XXIV, 3 g) was alse oxidised in
acetone (60 ml) with potassium permanganate (8 g) without
adding acetic acidj yleld of acid (2.3 g).

(v) In another experiment, l-hexyl cyclohexene (3 g)
was oxidised in aqueous acetone (1l:1; 60 ml) containing
potassium hydroxide (3 g) with potassium permanganate (2 g).
No apprecilable oxidation took place and the hydrocarbon(2.8 g)
was recovered unchanged.

(vi) 0zonisation of the hydrocarben (3 g) in earben
tetrachloride (& ml) gave the keto-dodecanoic acid (0.8 g).
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(b) S=Oxnehexadecanedinic acid (XIV).

l-Undecel0eenyl cyclohexene (2 g) in acetone (60 ml)
eontaining acetic acid (0.3 ml) was cooled to 0° and petassium
permanganate (® g) was added gradually in 1 hr, with stirring.
The mixture was left overnight at rosm temperature and refluxed
for 2 hr. and acetone was removed., The residue was taken in
cold water and sulphur dioxide was bubbled through te remove
the manganese dioxide, The acid thus obtained was extracted
with ether, ether removed, the residue was dissolved in &f
sodium hydroxide solution and extracted with ether. The alkaline
solution on acidification and filtration yielded S-oxo-hexadeca-
nedioic acid (1.2 g). Further purification was effected by
regeneration from the semicarbazone, m.p.147%, (Founds ¥, 11.6.
Cale. for C1oHz10gla: Ny 11.81%) and recrystallisation from
acetic acid to obtain the pure keto acid, m.p.116-116° (Founds
Cy 64,2 H, 9.6. Cale. for CygliagOgt C, 64,05 H, 9.4%).

(¢) S-0xo-pentadecanedioic aeid (XXVII)
l-(Undec-10-enyl) cyclopentene (2 g) was similarly

oxidised teo crude oxo-pentadecanedieic acid. This acld was
found to contain a small amount of sebaciec acid by paper
ehroﬁtosraph;. Purification was effected by repeated crysta.
llisations from acetic acid, m.p.107°. (Found: C, 62,63 H, 9.7.

1-(10,11-Dihydroxy undecyl) cyclohexanol (XVI)

l-(Undec-10-enyl) cyclohexanel (1 g) in chloroform
(20 ml) was mixed with perbenzeoic acid (0.97 N, 25 ml) in
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chloreoform and was kept at 10° fer 72 hr. The reaction

mixture was washed with water, dilute sodium carbonate

Ssolution and finally with water till neutral. Removal of

the solvent and distillation of the residue, furnished the
epoxide (XV, 1 g), b.p.183%0.4 mm., n20 1.4776. From IR
spectrum it was found to be contaminated with small amounts

of the isomeric ketone and traces of the starting olefinic
compound. The crude epoxide (0.9 g) was treated with glacial
acetic acid (10 ml) on a water bath for € hrs. The hydroxy
acetate was saponified to afford the triol (.9 g), m.p.93-24°,
Vnax, 3420, 1460, 1408, 1124, 1075, 1047, 854, 837 and 721 cu=l,
(Founds C, 71.7; H, 12,2, Cy,Hg405 requiress C, 71.31; H,12.0%).

semicarbazone of 10« (l-hydroxy eyclohexyl) decanal (XVII)

The triol (0,184 g) was treated with an aqueous
solution of sodium metaperiodate (1.8%, 2 ml) in absolute
aleohol (20 ml) at room temperature for 30 min. The preeci-
pitated sodium lodate was filtered off and the diluted
solution was extracted with ether., Removal of ether and
treatment of the residue with semicarbazens hydrechloride
(0.2 g) and sodium acetate (0.3 g) in 708 ethanol gave the
semicarbazone of 10-(l-hydroxy cyclohexyl) decanal, m.p.
24.98%, (Founds N, 13.8. Cale, for Oyl 05Ngt N, 13.2%).

gdd (XVIII)

The triel (1 g) was oxidised as described above. The
aldehyde obtained as residue was taken in aleoholie potash
(0.5 N, 25 m1l) and hydrogen peroxide (10%, 10 ml) was added
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to 1t. The mixture after heating for 18 minutes at 60°
was diluted, acidified and extracted with ether te obtain
the acid, bep,1800/0,7 mm., n37 1.4790; \) pax, 3448, 2631,
1709; 1260, 1167, 1009, 95, 865, 829 and 721 cn-! (Found,
Cy 70.73 Hy 11.3. CygHgoO3 requires C, 71.13 H, 11.2%).

10~ (Cyelohexel-onyl) decanoic acid (XIX)

(1) The aeid (XVIII) (6 g) was dehydrated at 160°
with potassium bisulphate (0«2 g)s The product thus ebtained
was esterified with dlazemethane and was chromategraphed over
alumina (grade III, 20 g) to yleld the methyl ester ef (XIX),
b.p.134%/0.6 mu., n3> 1.4720; ) pmax, 1733, 1656, 1429, 1361,
1190, 1163, 1096, 918, 800 and 721 eme!. (Found: C, 77.2;

Hy 11.1. CyqHign0p requires: C, 76,65 H, 11.4%).

(11) Undec-l0-enyl eyclohexanel (XI1) (2 g) in acetone
(40 m1) was exidised with powdered potassium permanganate (5 g)
at 20°. After refluxing for 2 hr. and removing acetene the
residue was taken in water, sulphur dioxide was passed to
remove manganese dioxide and the resultant acid was extracted
with ether, asterification with diazomethane and distillation
gave the methyl ester of (XIX), b.p.140%0.8 mm, Oxidation of
this ester with potassium permanganate as described in earlier
experiments feollowed by hydrolysis furnished the keto-thapsic
acid (XIV), m.p.113°,
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Hexadecanedioic acid (XX)

Keto«thapsic acid (0.6 g), potassium hydroxide (0.5 g)
and hydrazene hydrate (0.3 ml) were taken in diethylene
glycol (4 ml) and was heated at 140° for 1 hr. and at 220°
for € hr. The mixture was then poured inte cold dilute
hydrechlorie acid, the precipitated hexadecanedioic acid
(0.8 g) was filtered and crystallised from acetic acid, m.p.
125°, undepressed on mixing with an authentic sample (Founds
Cy 67.33 Hy 10,7, Cule, for Cyglgn04t Cy 67.15 Hy 10.,6/).

Pentadecanedioic acid (XXVIII)

The keto-pentadecanedioic acid (2 g) was reduced
and hyawame hydvaze Cimei)
4 similar manner, with potassium hydroxide (2 g)/ in diethylene
glycol (10 ml) to obtain pentadecanedioic acid, m.p. and mixed
m.p. With an authentic sample 114° (Founds ¢, 66.1; H, 10,9,

C1slia004 requires: C, 66,13 H, 10.4%).

Liethyl hexadecanedioate (XXIX)

The dicarbexylic acid (XX) (86 g) was esterified
with absolute aleohol (20 ml) in benzene (120 ml) containing
- conc. sulphuric acid (0.5 ml) using an azeotropic head for
the remeval of water to obtain the diester (86 g), b.p.160%
0l mmay Y oo 1726, 1241 and 721 em=! (Found: C, 70,26
'H, 11.3. Cale. for CaopHga04t C, 70.1j H, 11.2%).

Diethyl pentadecanedicate (XXX)
Pentadecanedioic acid (54 g) was esterified by

refluxing with a mixture of ethanol (20 ml), benzene(120 ml)
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and eonc. sulphuric acid (0.3 ml) until water separation
ceased to obtain the diethyl ester (66 g), b.p. 150-182%
0ul mmey ) max. 1727, 1241 and 721 cm-' (Founds C, 69,9;
Hy 10,9, Cale. for CyglagO4t C, 69,6y H, 11.08%).

Cyclohexadecane="=ol-l-one (XXAI)

The diester (XXIX) (37 g) was treated with pulverised
~sodium (20 g) in refluxing xyleme (2 1.) (following the procedure
~ described in Chapter I). The crude acyloin (21 g) was distilled,
DepPe139+141°%/0.05 mm., ) pax, 2400, 1716, 1463, lal0, 1363,

1207 and 1060 em™' (Founds C, 75.8; H, 11,96, Cale. for
CygHan0at Cy 76.5; H, 11.9%).

Cyelopentadecan«2-ol-leone (XXXII)

Diethyl pentadecanedioate (XXX) (27.6 g) was similarly
eyclised by treating with well dispersed sodium (10 g) in
boiling xylene (1 1.) under an atmesphere of nitrogen to
obtain the zeylein (13 g), b.p.m"/o.os ey )/ max, 4566,
2380, 1817, 1703, 1445, 1410, 1372, 1060 and 724 em=* (Found:
Cy 75.13 H, 11,8, Cale. for CygiasOat C, 74.96; H, 11,7%).

Cyelohexadecanone (III)

The aeyloin (XXXI) (21 g) was taken in acetic acid
(36 m1) and zine wool (25 g) was intreduced inte the mixture.
At about 98° conc. hydrochloric aecid (850 ml) was added to the
mixture during 85 minutes with stirring. Heating and stirring
were continued for another 30 minutes. The solution was
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diluted with water, extracted with ether and ether was
removed, The residue was distilled to obtain the crude
ketone., This on treatment with semicarbazene hydrochloride
(18 g) and sodium acetate (20 g) in alechol (200 ml) furni-
shed the semlicarbazone of c¢cyclohexadecanone which was recrye-
stallised from alcchol, m.p. 184.188°. (Founds C, 68.8;

Hy 11,23 N, 14,0. Cale. for CypHgaNg30: C, 69,14 H, 11,33

N, 14.2%). Regeneration by treatment with oxalic acid
furnished cyclohexadecanone, m.p. 63°, V pax, 1711, 1412,
1284, 1206, 1177, 1048, 730 em~! (Found: C, 80.6; H, 12.6.
Cale. for Cygiigg0s Cy B0.6; Hy 12.78).

Cyclopentadecanone (1)

Cyeclopentadecanone was similarly prepared from
cyclopentadece2eoleleone (XXXI1), mep. 63°,)) 0, 1711,
1404, 1281, 1208, 1154, 1128, 1073, 1082, and 835 cme=.
(Founds C, 80.4; H, 12,6. Cale. for Cygiag0: C, B0.3;
Hy 12,6%).

Semicarbazone, m.p. 188.189° (Found: C, 68.7;
Hy 11.4; N, 14,9, Cale. for CgH31N50: C, 62.5; H, 11l.13
H' 14.”).
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CHAPTER 1III

SYNTIHESLS OF C15 AND €16 «ywe DICARBOXYLIC

ACIDS AND w<HYDROXY ACIDS USING ENAMINE CONDENSA-
TIONS FOR CHAIN EXTENSION AND THEIR SUBSEQUENT
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ABSTRACT

Employing enamine aeylation for chain extension '

% w-dicarboxylic acids and wehydroxy acids containing 15-
and 16- carbon atoms in the chain have been prepared, from
undec-l0-enoic acid.

Undec~l0-enoyl chloride on condensation with
morpholine enamines derived from cyclopentanone and cycloe
hexanone afforded 2-undec<lO-enoyl eycloalkananones which
were converted %o the corresponding keto acids by their
acid cleavage. The keto acids so obtained furnished hexadece
l6«enoic acid and heptadecelfeencic acid on Huang<Minlon
reduction. These aclids were converted to the «,wedicarboxylic
aclds by oxidation with potassium permanganate or potassium
permanganate «sod ium metaperiodate mixture. oeHydroxy acids
were obtained by the reduction of the ozonides of these
terminally unsaturated acids. Reduction of these aecids to
aleohols followed by the oxidation of the end-double bond
after protecting the hydroxyl function as its acetate also
effected this conversion.

The «ywedicarboxylic acids and wehyiroxy acids
prepared thus were cyclised to cyclopentadecanone (exaltone),
eyelohexadecanone, cyclopentadecanolide (exaltolide), and
cyclohexadecanolide (dihydroambrettolide ) respectively.

Exaltone was also prepared from oleic acid employing
a similar procedure.
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Qecurrence of Macrocyclic Lactones

Exaltolide (I) is present in the oil of Angelica
archangelics Officinalis, though it has not been actually
' isolated from this source. Miller® was the first to undertake
‘the chemical investigation of this oil and reported the presence
of an unknown terpene, a pentanoic acid and a hydroxy myristic
acid. Later Beilstein and Wiegland® suggested that this oil
contained only terpenoids. In 1896, Ciamieian and Silber®
- studlied the higher boiling fraction of this oil and found
that it had a "not very agreeable odour remotely of musk".
This was the first indication of a musk odorant in this oil.
Due to the complexity of the mixture, it however could not be
isclated in a pure form. But these workers could isolate a
hydroxy pentadecanocic acid, C1gi3003, mepe 83°, from the
hydrolysis product of this fraction. Kersechbaum® in 1927
proved this aecid to be identical with l8-hydroxy pentadecanociec
acid (IV) and prepared the lactone itself from the silver salt
of 16-bromo pentadecanoic acids, Later several syntheses of
this lactone have been reported and now it is available in
the market in different trade names like exaltolide (Firmenich
and Co.), Thibettolide (Givaudin) and Musk lactone (Polak
and Schwarz).

Dihydroambrettolide (I1I) does not occur in nature
although its hydrolysis product, juniperiec acid (V), is

present in many plant and animal waxes.

HO. CHp. (CHp)ig. CGOH  (IV)
HO. CHp (CHp)14. COOH (V)
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This compound has also got the characteristic musk
odour, and blending properties comparable to those of
exaltolide.

To some extent, these compounds especially exaltolide
(I) and ambrettolide (II) are employed in the flavour industry
as well. These lactones are also valuable as fixing agents
for perfumery spirit, their action being more marked than
that of the usual fixatives,

Co CH=CH -(C
R f iy
(CHg)rg — O© (CHg ) 60 -0
@y (1)

Cco
A P
(CHg)15— — ©

(I11)

Recently Guillot® and Le Magnan® studied the
reaction of normal men and women to the odour of exaltolide
and found that the effect differed considerably with the sex.
Their experiments showed that this phenomenon can convéniently
be employed as a criterion to detect the deficlency in the

female sex-hormones.
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Zarlicr Syntheses

The earlier syntheses of macroeyclic lactones had

* been through the oxidation of macroeyelic ketones,’ by the
 Basyer<Villiger pronedm.a The next step was the application
in this field of the theoretically highly interesting high
dilution prineiple which had previously been introduced by

| Ruung and zn:hr,]‘o and supported and worked out by Stoll
and co-workersl! by their admirable kinetie studies. It is
based on the simple consideration that in all cases where an
intramolecular reaction competes with an intermolecular one,
the latter can be checked and the former enhanced by earrying
out the reaction at high dilution. This technique enabled
ste111? to reduce the lactonisation to simple azeotropic
esterification. B5toll and collaborators by employing the same
prineiple prepared lactones from the lithium'® and potassiumlé
salts of w-halo acids. A nev application of the same process,
though incorrectly interpreted, was reported by Hunsdiecker,:5
vhere the webromo acids were refluxed in a large volume of
methyl ethyl ketone over an excess of potassium carbonate. The
potassium salts were formed which got cyeclised to lactones,
This reaction is essentially homogeneous as was proved later
by stol11.6

Although yields are high, the high diluticn technique
is not convenient from the preparative point of view, as the
output per unit time per unit volume of the apparatus is very
low. In 1935, the brilliant investigations of Carothers’
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led to a new lactonisation method which overcame this
diffieulty. He prepared linear polyesters of the w-hydroxy
acids by thermal polymerisation. These polymers were then
depolymerised in presence of catalysts in vacw ® obtain the
monomeric lactones in 70% yileld. Another useful method
employing the transeesterification for the synthesis of
lactones was reported by Collaud® in 1942, In this method,
glycerol esters of the hydroxy acids were heated under vacuum
in presence of glycerine and transe-esterification catalysts
to get monomeric lactones, which distilled out alongwith
glycerol. Beets and Basent® improved and extended this
reaction by heating polymers of hydroxy acids or their
copolymers with polyhydric alechols in presence of alkaline
catalysts and an entraining agent like glycerol to obtain the
monomeric lactones. Several other estereinterchange catalysts
have been tried to effect the dapolmrmtion.so

Stoll and Bolle®! effected lactonisation in the
gaseous phase by employing the formates of hydroxy acids
which were passed over heated titanium oxide catalyst.

, Recently Carnduff®® and co«workers, and Barso]fson
and collaborators > prepared exaltolide through the intrae
molecular oxidative coupling of the appropriate terminal
diacetylenic compounds.
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Haw Mater

Due to the incentive provided by the development
of never and improved methods of cyclisations, the attention
in recent years has mainly been centered on the synthesis
of «ymebifunctional _uonpoundl. 16<lydroxy pentadecancic
acid (IV) was first isolated by C:I.u:l.oiﬁn and snbu-,s
and Kersehbauff ostiblished its constitution. 16Hydroxy
hexadecanoic aeid (V) (Juniperie aeid), is present in wool
wax, and waxes of many plants,  These acids have been
prepared by the electrolytic process by the Russian sohool.””w
Another synthesis of these acids consist in the reduction?6
of the monoesters of corresponding dicarboxylic acids.
Recently uumramvm prepared a series of w<hydroxy acids
from w-trichloro alkyl chlorides obtained from the telomeri-
sation reactions.”® 1In this Laboratory, methods have been
developed for the synthesis of these acids from erucic®®
and aleuritic acids.

Extension dures
Most of the earlier methods of chain extension

excepting the electrolytic coupling® and acyloin reaction™
effocted an increment of three or less carbon atoms33=36 4n
the chain. Later, better methods which ecould effect chain
lengthening by & or more carbon atoms were evolved, the added
advantage being the easier separation of the starting and
resultant compounds. Of these methods, the more practicable
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ones consist in the opening of substituted homo- or heteroe
“eyelic compounds. Fieser® oxidised tertiary alcohols
obtained from the condensation of eyclohexanome with alkyl
mgnesium bromides, with chromium trioxide in glacial acetic
acid, to obtain 6-keto aclds. This method has since been
employed for the synthesis of a series of 5.y 6=y 7-, 8.,

ind 16-keto acids;7=40 put the ylelds were seldom better
than 15%. Collaud, ® Smith .nd later Dispers®l dehydrated
these tertlary alcohols and ozonized the resultant unsaturated
compounds te obtain the keto acids. These unsaturated compounds
could also be oxidised by potassium permanganate (vide Part II).
Kharaseh™ showed that in presence of peroxides or ultraviolet
radiation, end-olefines reacted with cycliec ketones to afford
2.substituted products. Nikishin, Somov and Petrov,*
oxidised these 2-alkyl cyecloalkanones with potassium dichroe
mate and sulphuric acid to obtain keto acids., Crombile and
G01a% ysed tetrahydropyran derivatives, whereas Hglinton,
Jomes and Whiting®® employed tetrahydrofuran derivatives

for the synthesis of acids, by the cleavage of the heteroe
ring. Rodd® et al. prepared long chain acids by the
reductive desulphurisation of thiopheme derivatives. Lukese’
' prepared a series of long chain acids employing Nemethyl
succimide and glutarimide.

A convenient method for ring-cleavage was developed
by Hauser and Swamer,*® They treated ecyclic pediketones
with alkali to obtain keto acids. Many methods are available
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for the synthesis of Pedicarbonyl compounds. adam and
Ha.uur,“ prepared these by the action of acid anhyirides

on eyclic ketones in presence of borontrifluoride. Dimedone™®
and ethyl cyc]opcntammca-urboxyhhﬂ have alsc been
employed for their syntheses., But the method reported by
Stork and co-workers™ surpasses all the rest in convenience
and yield. 1In this procedure enamines derived from eyelie
ketones and cyclic secondary amines were treated with aeyl
halides when the acylation in 2-position took place.

Present Synthesis

In the present investigation the enamine condensation
has been employed for chain extension.

Cyeclic ketones react with secondary amines to yleld
enamines in presence of catalysts like petoluene sulphonie
acid and Dowexe50.

0 (0OH
@ B HN<: N<
H ¢ H

(¥I) ( M) : ( Vi)

< , 5
o, — (5
+ H,0 H

(X)) (IX)
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These enamines can underge alkylation and aeylation
in an irreversible manner by path (A) to form guarternary
salts by Nesubstitution or by path (B) to form C-adducts which
would yleld substituted ketones on hydrolysis.

¥ U g,
(T mo (LY AEL T

(X) Al“*‘ (XI) (XD I

g : ( ) R= Alkyl or Acyl group

Due to the much lower reactivity of the mono-
aeylated enamine (XVI1I) formed from the salt of the type
" (XVI) by the loss of a proton, the reaction does not proceed
further to form 2,2' diaeylated product.

FeC R ear

o O

|
O~ COR
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The intermediate vinylogous amide, being much less
basic than the parent enamine, does not form salt and theree
fore Stork employed two moles of the enamine for the reaction.
Hinig et al.™ employed tristhyl amine to remove the hydrogen
chloride formed, thus saving the consumption of the more
costly enamine. They also demonstrated that for aeylation,
the less reactive morpholine enamines were better than the
more reactive ones derived from piperidine and pyrolidine.
Excess of acid chloride resulted in the formation of the
vinylogous anhydride (XIX).

The 2-acyl cycloalkanones can undergo cleavage on
alkali treatment either by path (C) or by path (D), but it
has been shown that the reaction proceeds mainly by path (C;)55
to yield about 60-70% of the aeid (IXIII).

In the syntheses reported in this chapter morpholine
enamines of cyclopentanone and cyclohexanone were employed.
Morpholino ecyclopentene (XXIX) on condensation with undec-l0e
enoyl ehloride gave %« (undec-l0-enoyl) eyclopentancne (XXX).
This on acid cleavage afforded 60w ~hexadec~lf-encie acid
(XXXI) which could be oxidised with potassium permanganate -
sodium metaperiodate in alkaline medium™ to G-oxo-pentadeca-
nedioie acid (XXXI1I). The unsaturated keto scid (XXXI) on
Kuans-llinlon reduction’ gave hexadec-l6-enoic acid (OIXII)
which on oxidation afforded pentadecanedioie aecid (OXXIV).
Pentadecanedioic acid was also obtained by the reduction of
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Undec- 10

XX1X (n=1) | XXXV (n=2

( CHy)—L—CO-(CHp)g-CH=CHz

S >
XXX (n=1); XXXVI (n=2)

l

CH,=CH-(CHy),,, ~COOH <——— CH,= CH-(CHalg-CO-( CHy)y 45

XXXIT (n=1) 3 XXXVII (n=2) XXX1 (n=1); XXXVII

HOOC- ( CHyly 4,5 COOH <——— HOOC-(CH,)g CO-(CHalp,3~

XXXV (n=1) ; XL (n=2) XXX (n=1) 3 XXXIX (n
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the ketoedicarboxylic acid (XAXIil) with hydrazine hydrate
and alkali. By a similar series of reactions hexadecans-
dioic acid (XL) was prepared from 2-(undec-l0-enoyl) cycloe
hexanone (XXXVI) thrcugh the intermediates of 7-oxo-heptadece
lé-enoie acid (XXXVII), heptadec-l6-enoic aeid (XXXVIII) and
7-0x0-hexadecanedioic aeid (OIXIX),

These diearboxylic acids were cyclised to exaltone
and cyclohexadecanone respectively, as deseribed in Chapter I1I.

Heptadec-l6-onoic acid (XXXVII1) was ozonised and the
ozonide in the cold was reduced with scdium borohyiride to
obtain l6-hydroxy hexadecanoic aecid (V). Thin layer chromatoe
graphy revealed a slight impurity of thapsic acid which was
removed by chromatography of the ester. In the case of hexadece
16-enoic acid (XXXII), the acld was first esterified with
diazomethane to the methyl ester (XLI). The hydroxy ester
(XLII) obtained by the reduction of the ozonide of (XLI)
was purified by chromatography and was hydrolysed to
16<hydroxy pentadecamoic acid (IV).

CHg = CH. (CHg)13. COOH — CHg=Ci. (CHg)13.C00Me

ouer)  er)

CHg = Cli. (CHg)13.CHgOH  OH.CHg. (CHg)ya COOMe
(XLIII) | (XLIX)

Clig = CH. (CHz)13.CHa04e J
(xuav) |

HOOC. (CHp)13.CHg.CAe -—  OH.CHg.(CHg)13.CCOH
(XLV) av)
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Hexadec-l5-gnoic acid (XXXI1) gave hexadecelSeenol
(XLII1) on lithium aluminium hydride reduction.®® The alcohol
as its acetate (XLIV) on oxidation with potassium permanganate
in presence of acetic acld, sufficient to neutralise the alkali
liberated which would otherwise hydirolyse the protecting
acetate group leading to the formation of the dicarboxylic aeid,
furnished lSeacetoxy-pentadecanoic acid (XLV) which was hydro-
lysed to the hydroxy aeid (IV).

These hydroxy aclds were heated to yleld a polyester
which was depolymerised by distilling under vacuum in presence
of magnesium oxide as a catalyst to obtain exaltolide (I) and
dihydroambrettolide (I1I).

o

f @/ + €10C. (CHa)7 CH=CH. (CHg)7.Cla
B 0 ) (XIVI)

qt::::).(cll-a)q. CH=CH, (Cliy )7.Clig
(XLVII)
HOOC. (CHp)s. CO. (CHp)p. CH=CH. (CHg)7.Clig
| (XLVII1)

Clig. (CH2)7.CH=CH, (Clig)13.CO0H — HOOC. (CHy)5.C0. (CHg)7.CO0H
xuxx) | (L)

CHg. (CHg)7.CH (0H).CH(UH) . (CHg)13.CCOH.,  HOOC. (Clig)13.C00H

(L) | / (XXIV)
OHC., (CHg)13.C00H -~

(LII)
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Oleoyl chloride (XLVI) was prepared by the action
of thionyl chloride on oleic acid. This was condensed with
morpholino cyclohexene to obtain 2.0lsoyl cyclohexanone (XIVII1).
This compound, in its infrared spectrum revealed a peak at |
971 em~!, attributable to a trans-disubstituted double bond.%2
It was proved by the éxamination of the spectra of the acid
chloride that this 'elaildinizatlion' did not occur during
treatment with thionyl chloride. Heating oleoyl chloride
with triethyl amine, and hydrochloriec acid also did not result
in any isomerisation to the trans-form. But the adduct before
treatment with hydrochloric acid for hydrolysis alse showed
this band in the spectrum. Therefore, the partial "elaidiae
nation” presumably took place during the addition reaction.

This diketone (XLVII) on treatment with strong alkald
at 100 and 128° for 30 and 60 min. respectively, followed by
acidification afforded a mixture of gig- and frans- isomers
of 7-0xXo-totracos-l6-enoic acid, m.p. 71-73° (XLVIII). Stork
et al.® obtained 7-oxo-tetracos-15-emoic acid, m.p. 54-64°,
by effecting the cleavage by heating with agueous potassium
hydroxide in methanoledioxan mixture. More drastic nature
of the conditions employed in the present investigation may
be responsible for the higher percentage of the frans-form
present. This gis-trans- mixture could be converted %o the
pure trans-isomer by treatment with nitrous acid? The Lrans-
acid melted at 82°. The acids, m.p.71.73° and m.p. 82° gave
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the same frans-nervonie acid (XLIX), m.p. 66.8+68° (from pet.
ether), 68.66° (from acetic acid) on Huang-Minlon reduction.
This confirms the earlier assumption that the isomerisation
is due to the presence of concentrated alkall at high
temperatures,

Nervoniec acid on oxidation gave pentadecanedioic acid
(XXXIV). This dibasic acid was also obtained by the reduction
of the 7-ketoepentadecanedioic acid (L) obtained by the
oxidation of the keto aeid (XIVIII),

Hervonic acid was also oxidised to pentadecanedioic
acid, through dihydroxy lignoceric acid (LI) and the aldehyde
(L1I1)., 7This dicarboxylic acid was converted to exaltone,
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EXPERIMENTAL

Morpholinooyclohexene (UIXV) ,

A

Cyclohexanone (92 g) in benzene (80" ml) was mixed
with morpholine (93 g) and p-tolueme sulphonic aeid (8 g) in
benzene and the mixture was refluxed for 8 hr. removing the
water formed azeotropically. Solvent was removed and the
residue distilled through a fractionating column. The
earlier fractions comprising the ketone and amine were
discarded and morpholino eyclohexene was collected, b.p.
| 93+95%4 mn., nf° 1.5085, V pay 1668, 1639, 1447, 1379,
1339, 1304, 1124, 1092, 1066, 1036, 1024, 941, 984, 898,
270, 833, 787, 756 and 650 cmet (Founds C, 72.03 H, 9.75.
Cale. for CyolypNO: C, 71.80; Hy 10.2%).

Yorpholinocyelopentene (XXIX)

By condensing cyclopentanone (84 g) with morpholine
(83 g) in benzene (800 ml) containing p-toluens sulphonie
acdd as described above, morphelinocyclopentene was prepared,
bepe 120-1239/30 ma., ngs 1.5080.

Jndeg=10-eroyl chloride

Undec-10-enoic acid (40 g) was refluxed with thionyl
chloride (40 g) for 30 min. Excess of thionyl chloride was
removed under reduced pressure. The last traces of thionyl
chloride were removed by adding dry benzene and distilling it

off under reduced pressure. The crude product was purified by
distillation (45 g), b.p. 120° (bath)/0.2 mm,
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2-(Undec-10-enoyl) cyclohexanone (XXVI)

70 a mixture of morpholinocyclohexere (25 g) and
triethylamine (18 g) in dry chloreform (300 ml), undecelO-
enoyl chloride (40 g) in chloroform (100 ml) was added with
stirring during 1 hr, The temperature was maintdined at
ca. 38°, stirring continued for another 3 hr. and the mixture
was allowed to stand overnight at room temperature. Sol.unt
was removed under reduced pressure and the residue in ether
was washed with water to remove mineral aeid followed by §F
sodium earbonate solution to remove the organic acid impurities
and finally with water until neutral. The ethereal solution
~was dried (NagSoq), solvent was recovered and the residue
 distilled to obtain the 2~ (undeceleenoyl) cyclohexanone(30 g),
bepe 168%0.6 mm, (Founds C, 77.13 H, 11.2, Cy7iiga0y requiress
Cy 7723 Hy 10.7%),

7-0x0-heptadec-l8-enoic acid (OXVII)

The diketone (XXXVI, 10 g) was mixed with potassium
hydroxide (10 g) in water (7 ml) with vigorous stirring. The
temperature was raised to 100° and maintained for 10 min, and
then at 128° for 30 min. The reaction product was cooled and
- the solid mass dissolved in water and poured with stirring into on
~excegs of cold dilute Mmohlor.to acid. The acid was filtered
off (6 g) and erystallised from glacial ascetic acid to obtain

pure 7-oxoe-heptadeceléeenoic acid, mep. 68%°, V max, 1702,
1638, 996, 909 cme: (Founds C, 72.8; H, 10.7. C17Hgo03
requiress C, 72.3; Hy, 10.7%).



| AR
o
O
pzd
]
w
L




o

To a ccolaed solution {(en P 1 Jeodoehoptodecelie
erncic aeid (6.8 g) in .cetone /70 ml), finely powdered
potassium permanganite (2 -), wis -dded in small lots during
1 hr., with stireding and ©.@ mixto- tlered for irother
T hr., IV was ioft overnisht b 187 Sinally raflawed for
30 min. ostone was oo ) Cdn enld
water and sui . S IR e
was extr.clea witn stn Stor ooncentration ol the
solaticn, 1t was pr cet.2iher, ine orade aeld
(£ o) o Pallisce 1o to cbbain Lumw puwc seto
desrboxsidle wold, Houl - 63,8} H, 9.6, Cac.

Hgptagec-1o=enoic teid ALAVIIL)

70x0=neptilocelbmnoic wedd (XXXVII, 2.0 g,
)

in diethylens :lycol (14 1® coe 1 hr.

potassiun nylrcxi.s 7 Y -0 hydeagine gydrate (1.4 o

e

mier «n 11T condensor. v oand bae
vt bemperatare rilsad Lo o "16” for £ up.
The nixture wis cocled JiLiiied o Liber Xe
the uns:turated ccid (2.4 g, wais erystillised Jron
Copet.otiier, M. 4¢f W i, Lo, O gmet.

{Foun.: 76.85 Hy 17,0, Cuto. Sob Uppluia 0, 0.1y 5,12.08).
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Hexadecanedioie acid (XL)

Heptadec-l6-enoic acid (1.4 g) was oxidised with
potassium permanganate (5 g) in acetone (30 ml) in the cold
following the procedure deseribed earlier. The crude dicare
boxylic acid was erystallised from acetic acid, m.p. 128°,
The same dibasic acid was also prepared by reducing 7-0xo-
hexadecanediolc acid (0.6 g) with hydrazine hydrate (0.28 ml)
and potassium hydroxide (0.6 g) in diethylene glycol (10 ml)
at 210°, The acid after erystallisation from acetic acid had
meps 1268° (Founds C, 67.0; H, 10,80. Calc. for CigHgoO4s
Cy 67,13 Hy 10,6%).

2=Undec=10-enyl cyclopentanone (XXX)

Morpholinocyclopentene (23 g) was condensed with
undecel0-cnoyl chloride (40 g) in presence of triethyl amine
(18 g) in ehloroform (400 ml) at 38° and the comdensate
refluxed with 20£ hydrochloric acid (100 ml) under stirring
for 8 hr. to obtain the diketone (XXX, 29 g), b.p.170%2.6 mm.
nf® 1.4616, V nax, 1710 and 1667 cm-' (Founds C, 76.53 H, 10.6,
C1gH2602 requiress C, 76,755 H, 10.6%). This compound was
used as such without further purification.
S-0xo-hoxadec-16-emodc acdd (XXXI)

The diketone (UX, 8 g) was treated with potassium
hydroxide (9 g) in water (6 ml) with vigorous stirring at 100°
for 10 min, and at 126° for 30 min. The mixture was cooled,
dissolved in water and acidified with cold dilute hyirochlorie
acid. The acid so liberated was washed free of mineral acids
and erystallised from glacial acetic acid to obtain the pure

Th.1526
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keto-enoic acid (XXXI, & g), m.p. 66°, ) max, 1702, 1410,
999 %085 em-> (Founds C, 71,864 4, 10.8, Cale. for CeHag0s
C’ 71-6' iy 10a$)o

S-Uxo-pentadecanedioic acid (XXXIII)

6-0x0«hexadec-1l8-encic acid (6.7 g) was dissolved in
water containing potassium carbonate (10.5 g) and to this was
added another solution containing potassium permanganate (0,8 g)
and sodiws metaperiodate (42 g) in water (1 1), The mixture was
kept at room temperature for 24 hr. and was then acidified with
10# sulphuric acid and extracted with 500 ml pertions of ether.
The combined ethereal extract was washed with water, concene
trated and the keto-dicarboxylic acid (6 g) was precipitated
by adding petroleum ether. Crystallisation from benzene yielded
the pure G-ketoepentadecanedioic acid, m.p. 108° (Founds
Cy 62.8; H, 9.8, Cale. for Cygize0g: C, 62.9; H, 9.3%),

Hexadeg=lfeanolc agid (XXXII)

6-0xo-hexadecelBegnoic acid (0.8 g) in diethylene
glycol (5 ml) was reduced with hydrazene hydrate (0.3 ml)
and potassium hydroxide (0.5 g) to obtain hexadecelS-anoie
acid (0.8 )y mep. 47°, V) 4o, 1703, 1639, 995 and 909 emel.
(Found: C, 75.63 H, 11.4. Cale. for C1gHn028 C, 75.55 H,11.9%).

- Pentadecanediode agid OOIXIV)
The aeid (OOXII, 0,13 g) in aqueous potassium ecarbonate

(0.2 g, in 50 ml) was oxidised with sodium metaperiodate (1 g)
and potassium permanganate ! 1 ml of 0,1 M solution) at room
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temperature. The erude dicarboxyliic seid (XIXXIV) (".12 g)
was crystullised from ucetic weiG, me.pe 113°, undepressed on
mizing witu an aat.entlie acid (Founds €, 68,75 iy 10.4. Cuale.

for C1gan04: T,y GGelj iy 204400,

16«Hydroxy hoxidecuinpic acud (W)

Czonieed snxvier w3 tuabbled throagh a solution of
heptadec=@-civic il 7,81 2) in Loselnce mebhancl (10 ml)

at the ratc = 70 my por ir for 1.8 hr, B0 T epld

: . ] . o,
golubirn o niie v Lilad Yo o eooled solaticon (e 60
Gl OLGuLy . SN LY o ebtigeiln bivestia (L18 g)

b sl oring and cooling . Lle

3

vas left o At at room temperature.  jetiiinol w.s
~;8%ure and Lhe residue poured into
gilute hyorociierice acide The liberated hydroxy aeid (0.4 i)
wos wash ~tooeystallised thrice from ethyl acetate, m.p.
BaY (o -, FOLLr ey Tor Cyplhoafigy ©y 7RWRS

H’ 1 3 08,';:' ) L}

16-iiydroxy pentudecancic agid (IV)

Methyl hexadec-lBeenoate (XLI, .47 ), 1,2.188%
0o mm,, !‘1‘5'26 1,480 (Found: 7, 74 PF« 20 1 0 TamlignOn
raquires: £, 70,55 L AY. An abaotan Lo T Y
wag o.anised (90 m of ogene per heur) for 1.5 nr, - eold
saliaticn of the oczonide was added dropwise "o - uye?? <tirred
spoluticn «f acdlum borohydarida (0.7 2) ir rranol

(1~ mi). . Sfier keeping at 18° overnlght, methrne’ comovad.
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The ethereal solution of the hydroxy ester (XLII) was washed
with §f sodium carbonate solution. The crude ester was
erystallised from pet.other, m.p. 48° (Founds C, 70.7;

Hy 12,1, Cale. for CigHa203: C, 70.6; H, 11.8%). This
ester on saponification and acidification ylelded lS-hydroxy
pentadecanoic acid, m.p. 84° (Found: C, 69.43 H, 11.8, Cale.
for Cyglan0at Cy 69.7; H, 11.7%). F

Hexadeg=l5-enol (XLIII)
Hexadecel5-encic acid (XXXII, 2.5 g) in dry ether

(10 ml) was added drojwise with stirring %o an ice cold
suspension of lithium aluminium hydride (0.5 g) in ether(50 ml).
The mixture was then refluxed for 5 hr, cooled and decomposed
with aqueous aleohol. The ethereal solution was washed with

- biecarbonate and finally wlith water, The solution was dried,
ether removed and the residue distilled to give hexadecelbe
anol (XLIII, 2 g)y bepe 180%0.5 mne, V po. 3380, 1640,

990 and 909 em*l. (Founds C, 79.8; H, 13,2. Cyglgza0 requires:

C, 79.95 Hy 13.4%),

18-Acotoxv pentadecancic agid (XLV)

The aleohol (1 g) was acetylated with acetiec
anhydride (10 ml) in pyridine (40 ml) at 100° for 3 hr. The
acetate (XLIV) was distilled, b.p. 168°/0,9 mm,

The acetate (0.6 g) was oxidised with potassium
permanganate (2 g) in acetone (25 ml) containing acetic acid
(0.3 ml) at ca . The mixture was kept overnight at 100,
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The acetoxy acid was erystallised from petroleum ether,
Mepe 67°, \) max, 1730, 1700, 1260, and 721 em-* (Found:

| Cy 68,43 H, 10.9, Cale, for C17iaa0st C, 68,03 H, 10.7%).
On alkaline hydrolysis this acid furnished hydroxy pentae |
decanoic acid, m.p. and mixed m.p. 84°,

Qleoyl chloride (XLVI)

Oleic acid (b.p. 166-167°/0,05 um., eq. wt, 281.5;
Cale. for CpzHazCooH: 282.45) (Found: C, 76.8; H, 12.2.

Cale. for Cygilog0s: C, 76.5; H, 12,1%) (80 g) was treated

with thionyl chloride (€0 g) at the boiling point of the

latter for 3 hr. Excess of thionyl chloride was distilled off.
The residus was taken in petroleum ether, washed with cold
water, - the solvent removed and the residue distilled to

obtain oleoyl chloride, b.p. 190°(bath)/0.5 mm. (20 g)

(Founds C, 71.43 H, 9.7. Cale. for CygHag0Cl: C, 71.83 H,10.06%).

2=01goyl gvclohoxanone (XLVII)

Morpholinoeyclohexdne (40 g) was condensed with
oleoyl chloride (20 g) in chloroform (600 ml) in presence of
triethyl amine (30 g) at 38°. The reaction product was hydro-
lysed with 208 hydrochloric aeid (100 ml) by heating for 6 hr,
on a water bath to obtain Zoleoyl cyclohexanone, b.p.140%/
04002y, Vnax- 1736, 1666, 1618, 1600, 1460, 1418, 1250, 966(w)
and 721 eme! (Found: C, 79.23 H, 11.8. Cogliga02 requires:

Cy 79.55 Hy 11.78).
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I-0x0-tetracos-18-enoic acid (XLVIII)

(a) 2.0leoyl cyelohexanone (5 z) was opened by heating
with 50% potassium hydroxide (25 ml) at 100° for 30 min., and
at 150° for 1 hr. to obtain the keto-aeid, m.p. 71-73.85°.

(b) 20leoyl cyclohexanone (5 3) was treated with
potassium hydroxidé (5 g) in water (4.5 ml) at 100° for
2 min. to give the keto-enolc acid (XLVII1), m.p. 7475.8°
Jmax, 1686, 1410, 965 (w) and €96 cmel. (Founds C, 75.5; H,11,9,
Cogllge0y requirds: C, 75.7; H, 11.65%).

The keto acid, m.p. 72-73.8° (1 g) was treated with
sodium nitrite (0,18 g) and nitric acid (8 ml) diluted to
(15 m1) at 78° to get the trapa-isomer, m.p. 78.5-80°,
Recrystallisation from acetic acid afforded the pure trans-
acid, m.pe 82%,V pax, 1698, 1410, 963, 771 en=l (Found:
Cy 76.95 H, 12,0, Couligs03 requiress C, 76.7; H, 11.65%8).

Methyl ester was prepared by treatment with diazoe
methane, m.p. 53°, Vmax. 1733, 1700, 1410, and 963 ecme’
(Found: ¢, 76.6; H, 11.9. Caglige03 requiress C, 76.1j H,11.758).

Iatracos~lS-anoie acid (XLIX)

Keto nervonic aeid (5 g, n.p.72-73.b°) was reduced
with potassium hydroxide (5 g) and hydrazine hydrate (2.5 ml)
in diethylene glycol (°F m1) to ebtain nervoniec acid, m.p.
60.6468° (from pet.ether), 68.6%° (from acetic acid).

Nitrous acid treatment did not raise the melting point,

N) max, 1696, 1410 and 965 cm-! (Founds C, 78.3 H, 12.7. Cale.
for CMQS C, 78-6‘ H’ 1?.6’)-
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7-0xp-pentadecanediolc aeid (L)

Keto-nervonic acid (0.2 g) was dissolved in water
(80 ml) containing potassium carbonate (0,32 g) and a 12§
solution of NalOq (13 ml) mixed with 0.1 M solution of
potassium permanganate (1.5 ml) was added to it. The mixture
was kept for 24 hr., acldified, extracted, the extract concen-
trated and the acid was precipitated with petroleum ether.
Reerystallisation from bengzene furnished the pure acid, m.p.
114° (Pound: C, 62.8; H, 9.2. C1gHag05 requires C, 62.9; -
Hy 2.28),

Pentadecanedioie aeid (XXXIV)

Nervonic acid (0.5 g) in water (35 ml) containing
potassium carbonate (1 g) was oxidised with 108 sodium
metaperiodate solution (35 ml) and 0,1 M soluticn of potassium
permanganite (5 ml) to obtain pentadecanedioic acid, m.p.114°
(Founds C, 65,73 H, 10.4, Cale. for CiglanO4t C, 66,14 Hy10.4%),

18,16-Dihyiroxy-lignocerie seid (LI)

Nervonic aeid (2 g) in acetic acid (50 ml) containing
cone. sulphuric acid (1 ml) was oxidised with hydrogen peroxide
(3 m1) to obtain the hydroxy acetoxy derivative. This on saponi-
fication and acidification yielded 15,16-dihydroxy-lignoceric
aeid, erystallised from aleohol, m.p. 128°, V n..y 3240, 1695,
1410 ,and 1068 cm-+ (Founds C, 71.764 H, 12.0. Cale. for
Coqliag04t C, 71.95 H, 11.9%).
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Dihydroxy lignoceric acid (1 g) in absolute aleohol

(100 ml) was oxidised with a 12% solution of sodium meta-
periodate (8 ml) during 30 min. at 30°. The mixture was
diluted and extracted with ether. Ethereal layer was washed
with water, solvent removed, and the residue was freed from
~ pelargonic aldehyde by distillation, bep. upto 100%0.5 mm,
- The residue on crystallisation from pet.ether gave lfealdehydo-
‘ pentadecanoic acid (LII) m.p.80°; \’m, 2703 and 1730 cm=1.

This acid (0.2 g) in 0.5 N alecholie potash (10 ml)
was oxidised with hydrogen peroxide (108, 3 ml) to obtain
pentadecanedioic aeid COUIV: m.p. and mixed m.p. 114°).

Cyelisation of the hydrexy acids
(1) Cyelohexadecanolide

. weHydroxy hexadecanoic acid (15 g) was heated at
200+230° for 3 hr., and then at 240° for 1.5 hr under reduced
pressure (1 mm). To the polyester so obtained, magnesium
oxide (2 g) was added and it was depolymerised by distilling
under vacuum to yield the crude monomeric lactone, D.p.280-200°
(bath)/0.,016 mm. The distillate was dissolved in ether,
washed with sodium carbonate solution, and then with water
until neutral. Removal of solvent followed by the distillation
of the residue yielded cyclohexadecanolide (dihydroambrettolide)
(9.9 8), bep.1184120°%/0,3 mm., m.p. 38+34%, V oy, 1729 om-l,
(Founds C, 75.75; H, 11.6, Cale. for CiglagOgt C, 76.85;H,11.98).
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(11) Cyelopentadecanolidd (Exaltolide)

wellydroxy pentadecancic acid (1,6 g) was similarly
lactonised to cyclopentadecanclide (exaltolide) (0.5 g),
Depo180° (bath)/0.16 mmey, Vmax. 1726 cmete (Found: C, 74.8;
Hy 11,8, Cale, for Cjghgs0a: C, 74,95 H, 11.,7%).
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