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In the course of e‘nturin, various, more
or less independent branches, have separated from
the common trumnk of natural science and each one has
made a history of its own. A fairly exact knowledge
of those plant products, known as volatile oils has
been gained only recently. It seems almost certain
that not only the grace and vivid colouwring of the
flowers but alseo the fragrance of the vegetation
must have aroused the curiosity of man. Thus,
early in his history, man evinced a great interest
in the preservation of the fragrant exhalations of
the plants. The early chemists then occupied them-
selves with attempts to separate the essences of the
perishable plants.

Man sensitive to all manifestations of
beauty, sought to draw out from the plants, their
colour and their perfume so that even after the flower
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withered, the colour and the perfume might be preserved.
He discovered that the woods and the follage of the
trees, of herbs and the flowers would give up their
aroma to water, to oils and to fats. It was probably
observed that heating of moist plant material caused
the odoriferous principle to evaporate slong with water
which on cooling condensed and formed & mixture
consisting of two layers, water and oil. Aidditional
water or steam was later introduced in 'stills' to
obtain better ylelds and quality.

In early work, therefore, the term 'essential
0il' or ‘ethereal oil' has been defined as the
volatile oil cbtained by steam distillation of plants.
S8uch a definition is clearly intended to make a
distinction between the fixed oils and the oils which
are easily volatile. Thdir volatility and plant origin
are the characteristic properties of these oils. For
this reason, it is necessary to include in our definie.
tion also the volatile plant oils obtained by methods
other than direct steam distillation.

The main advantage of this process is the
simplicity of equipment and ease of working and it
is reasonably satisfactory for many of the oils. But



in the case of those coils which contain constituents
likely to be affected by heat and water the process is
found to be unsatisfactory, since it is unable to yleld
all the constibuents in their natural condition.

On the other hand, the treatment of freshly
gathered plant material, particularly flowers, with
fats or volatile solvents, which act only as solvents
for the essential oil without any risk of chemical
alteration, conserves in the extracted odorcus material
all the fullness and delicaey of the natural aroma. If
the solvent is properly chosen all the chemical consti-
tuents responsible for the characteristic odocur should
be practically unchanged in the extracted product. It
will therefore be understood that despite the technical
progress of steam distillation, the ancient methods of
maceration, digestion and diffusion have been conserved
and thelr practice modernised, and even to this day
they constitute the true 'art' of the extraction of
natural perfumes.

In the early stages study of essential oils
was restricted mainly to the isclation of the oils from
the plant material and determination of their physico-
chemical properties and their evaluation as perfumery
materials.
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With the improvements in the techniques of
isolation of the constituents of the oils by vacuum
distillation, fractionatlon and chromatography, it
has now been possible to isolate the varicus consti.
tuents of the o1l in the pure form and also ascertain
the fragrant principles of the oils., In addition to
the normal chemical methods of reductive and oxidative
degradations, the extensive use of spectroscopy such
as IR, UV and NMR, along with OFD and mass spectrometry,
has greatly helped in establishing the structure and
itouochuhtry of these constituents.

Examination of the structures of the components
obtained from various essential cils has now revealed
that a great majority of them belong to a class of
compounds lnmown as "Terpencids"”. Terpenoids are a
class ¢f compounds the basic carbon skeleton of which
can be considered to be made up of cne or more isoprepe
mits,. usually arranged in a head to tail fashion.

In the present discussion the examination of
some of the constituents of costus root oil obtained from
roots of Saussures lapps Clarke, by a low temperature
solvent extraction procedure using petroleum ether (40-60°)
has been desalt with.



Saussurea lappa Clarke,belonging to the
family 'compositae', is a tall, sturdy, herbaceous
perennial, upto 8 ft. high with large radical leaves
and a robust stem bearing a cluster of several bluish.
black flower heads. Costus plant, locally called 'kuth'
grows abundantly in the Kishengang Valley of Kashmir
and in the higher elevations of the Chenab valley. it
thrives in shady moist places beneath birch and dwarf
willow, at altitudes ranging from 9000 to 11000 ft.}
It also grows in the upper regions of Kulu valley in
the Funjab.

In India, it is known under various nuua’a

such as kuth, kut, kashmirja, kushta, ete. The plant
possesses medicinal properties and has been widely

used in the indigenous sytem of medicine.>~* 1Its
roots are known te contain a fragrant prineiple. The
roots used to be exported teo China and Japan for burning
48 incense in Buddhist temples,’ and alsc for the
preservation of silk fabrics. The essential oil
contained in the roots has attracted the attenticn of
perfumers in India and abroad and is being used in

high grade perfumery.

In the past, various workers have used diverse
methods for the extraction of the essential oil from the
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roots. Hydrodistillation and steam distillation of the
roots as well as vacuum distillation of the resinoid
were commonly used by many wrhrs?‘” The ylelds
obtained were invariably low. The oil has been known
to be very rich in lactonic constituents which are not
so volatile in steam. Some of these constituents are
thermolabile and are denatured on prolonged heating.
For this reason, solvent extraction procedure using,
petroleun ether,® bensene,® ether and alcohol” has

also been employed.

It appears that many of the workers did not
fully appreciate the labile nature of the lactonie
materials and did not take adequate care during the
extraction mudirc and subsequent processing. Some
of them subjected the oil to vacuum distillation at
temperatures as high as 190.200%11 mm. pressure, to
eollect different fractions, including the thermolabile
1actonu?’7’m’n Considering the boiling points of
these lactones, the bath temperatures during the disti-
1lation must have been as high as 280°, resulting in
substantial polymerisation or denaturing of these
constituents. For this reason, the information about
the constituents reported by different workers is
somewhat contradictory and the yilelds generally poor? 1792018
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Costus root is a typieally valuable Indian
raw material and we, in the National Chemical Laboratory,
were naturally interested in it. Our objective was to
isolate the essentizl cil in its natural form and
characterise its various constituents. We realised
at the initial stage, that since the oil was unusually
thermolabile, the methods of extraction employed by
previcus workers were inadequate. Since lactonic
constituents which formed a major portion of the oil
were the most thermolabile products we felt it necessary
to develop a solvent extraction procedure using mild
conditions. For this purpose pet.ether (40-60°) was
chosen and the extraction was carried out at room
temperature. The whole process was so designed that at
no stage the operational temperature was allowed to
exceed 40 + 2°, The process was carried out through
the pilot plant stage using stainless steel operational
units. ©Strict adherance to temperature control yielded
spectacular results. The oil was obtained in a yield
of 6.6 ¥ from the best grade Kashmir roots and about 4%
from the Lahaul (Punjab) variety of roots. The oil
thus obtained is practically free from polymerisation
or denaturing and is in the form in which it exists in
the roots. It is fundamentally different from costus
root oil isclated by any of the previous workers.



With a view to characterising as many of the
constituents of costus roet oil as possible, a project
was initiated in this Laboratory. The eorystalline
lagtonas, from the oil ,were initially separated by
cooling the petroleum ether solution of the oil
successively at 0° and -18°, The residual oil was
treated with caustic alkall to remove thes free acids.
The neutral oil thus obtained was then chromatographed
on alumina (grade III) using pet.ether (40-60%), pet.
ether-benzene (1:1), benzene, ether and methanol as
eluents. A eoritical examination of each of these
fractions was undertaken.** Part I of this thesis
deals with the eritical chemical examination of the
petrcleum ether-benzene fraction (J) and also the
water insoluble acides of the oil.

From the water insoluble free acids obtained
from costus oil by extraction with alcoholic alkali a
new sesquiterpenic acid called costic acid has been
isclated. Part Ila of the thesis deals with the structure
and absolute configuration of this acid.

*% The task of examination of costus root oil was
80 enormous that a team of six workers, including the
author, was working on it simultaneously. I}
:‘*t‘.‘b?“’ ‘.V' "‘*L\;‘!;0 *1;'\,"'> ;*' r'e‘:!- . : ‘3: ‘ ' & ] -
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among the aleohols obtained from coatus root
0il a sesquitervenic primsry alechol, costol, forms a
major portion cf the oil. Costol isolated by previous
workers has been shown to be a non-homogeneous product
(containing gthyt three components) by GLO/TLC analysis.
Its presence in the aleoheol fraction has been shown by
its oxidation to a mixture of acids from which costic
acid could be isolated as a major produect. This work
is deseribed in Part IIb of this thesis.

A bilogenetic relationship of the variocus
constituents of this oil has also been brought out in
the Appendix.

Part 11l of the thesis consists of the
preparation of monc- and diepoxides of costunolide and
dihydrocostunolide. These compounds were prepared with
a view to correlate them with the corresponding compounds
from the known epoxy lactone, parthenolide, and thus
arrive at the absolute configuration of parthenolide.

With a view to elucidate the stereochemistry
of dehydrocostus lactone at the lactone ring juncture,
hydrobromination of dihydrodehydrocostus lactone was
carried cut. The dibromolactone thus cobtained was
dehydrobrominated with a view to get the conjugated
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Costus oil, obtained from the roots of the
plant, Saussures lapps (Clarke), belonging to the
Compositae family has been previously examined by
several workers. The methods of extraction followed
by them were invariably drastic and inadequate, which
accounted for the poor yield and unsatisfactory quality
of the oil.

4 new, low temperature solvent extraction
procedure has been developed in our laboratory, which
employs petroleum ether (40-60°) as the solvent. The
extraction is carried cut at rocom temperature and at
no stage the operational temperature is allowed to exceed
4 + 3°. This led to spectacular results, giving a
high yleld and a superior quality of the oil. The oil
obtained by this procedure was fundamentally different
from the oil obtained by any of the previcus workers.
It alsc revealed the presence of hitherto undetected
compounds some of which are described in this chapter.

The oil is extremely rich in lactonic consti.
tuents. Costunolide, a ten-membered ring lactone was
isolated from this oil for the first time,



A systematic investigation of the constituents
of this oil vas undertaken in this Laboratory. Ihis
chapter describes the work done by the present author
as a part of this project.

80l4d, crystalline lactones, costunolide and
dehydrocostus lactone, were initially obtained by stage-
wise cocling of the oil at 0° and -18°. Free acids were
removed by extraction with dilute alkali.

Large scale chromatpgraphy of the residual,
partially delactonised, neutral oil afforded fractions,
I, J, X, L, M and N ({Chart II; p. 20 ). The present
digscuzsion deals only with the examination of the
Fracticn J, eluted with a mixture of petroleum ether-
benzens (Charts III and IV, pp..44 ).

Amongst the hydrocarbons, f-elemens, P-selinene
and aplotaxene have been identified by their physical
properties and I spectra.

The other constituents isclated are, a Cjz-ketone,
%« and fie ionones, dehydrocostus lactone, dihydrodehydro
costus lactone, saussurea lactone and costol. All these
compounds were identified by their physical properties,
IR spectra and by preparation of suitable derivatives.






EARLIER WORK

Semmler and Feldstein' first examined costus
root cil obtained fhrough Schimmel & Co. They
subjected it to vacuum distillation and collected
several fractions. They have deseribed the presence
of several hydrocarbons, ketones, alecohols, lactones
and free acids. Despite limited technical facilities
available at that time their pioneering work on this
oil has proved of considerable importance to the
later workers.

Ukita® in 1939 extracted costus root oil with

petroleum ether, distilled the oil under vacuum, b.p.
179.190%/6 mm., and isolated a lactons, Cygh;a0n,
m.p. 60.6°, in low yield. Carabalona® probably
isolated the same lactone from the oil after several
years standing. This lactone is presumably the same
as the dehydrocostus lactone isolated by Naves? by
vacuum distillation of the oil at 2 mm.

More recently, Sorm and coworkers® have
eritically examined this oil, which they cbtained from
the Dutch firm of Pollak & Schwarz, Zaandam, presumably
isclated by conventional method.

Sorm has reported the presence of humulene,
pe-olemene, caryophyllene, cedrene, aplotaxene, cedrel,



costol, dehydroecostus lactone and certain other minor
components.

They also isolated the same dehydrocostus lactone
of Naves and assigned structure (I)® to it.

In India, Rao and Varma’ extracted costus roots
with aleohol on a pilot plant scale and then finally
subjected the resinoid to vacuum distillation and obtained
a fraction, b.p.180-200%11 mm. which on erystallisation
gave a lactonme m.p.145-47°. Eao, Varma, Ghosh and Dutta®
subseyuently carried out structural investigations on this
lactone which they named as saussurea lactone. Its structure
11y, IR Fig.8) has recently been established in our
hbontory.’

8o far, dehydrocostus lactone was probably the
only crystalline lactene isclated from the oil by different

workers, though always in poor yleld.

FRESENT WORE

The oil used for the present investigation was
obtained by following the mild sclvent extraction procedure
already referred %o in the Introduction.

The oil which is e¢xtremely rich in lactonie
constituentsi® (over 50§ of the total weight of the oil),
gave a mixture of crystalline lactones by stagewise
ccoling of the pet.ether solution of the oil at 0°
and «18°, This mixture was found to consist of
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costunolide (I1I; IR Fig.l) (A6% of the oil) and dehydro-
costus lactone (I; IR Fig.%a) (38% of the oil). It is of
interest tc note that costunolide was isolated from this
oil for the first time by us. The previous workers
missed it because the oil used by them was obtained by

a method involving heat treatment. The structure and
stereochemistry of costunclide were determined in our
laboratory and also by Sorm and coworkerst t:2 Tne

o1l left behind (mother liguer, D, see Chart 1) after
removal of sclid lactones showed an aeid value of 27.65.
On the basis of the acid value the requisite amount of
alecholic potash was added to the ethersal sclution

of the above oil and the mixture stirred mechanieally
and the acids were isclated in the usual manner (details
are given in Part 1Ia).

The neutral oil (F) iu chromatographed on
neutral alumina in one lot and the eclusn was developed
by elution with solvents in the fcllowing orders
(1) Petroleum ether 40-80°(I1); (2) pet.ether-benzene
mixture (13l) (J); (3) benzene (K and L); (4) ether (M),
and (6) methanol (N). Each fraction was then processed
separately by evaporation of the solvent under wvacuum
at 40 + 2°,

The petroleum ether fraction™> (I) had a
saponification value of 26.43 and consisted chiefly of
hydrocarbons. It contained B-elemene (IVj IR Fig. 3),





















or solvent mixtures of inereasing pclarity for elution.
The eluted fractions were ccmbined suitably depending

on their physical constants to get four major fractions,
Ay By Cy Ds Fractions A, C and U will be described here,
together with the unsaponifiable portion of Fraction B.

Examination of Fragtion At
Isolation of a hydrocarbon, Be-sitostercl (XIT)
and_gn oxlde.

Fraction i (Chart III) was indicated to be
a mixture of ketoness, ester and lactone by IR speectrum.
It was fractionally distilled and collected intc two
fractions Al and A2, The undistilled residue A3 was
chromatographed to get fracticns A7, AR and AO.
Fraection A7 was dissclved in alcolicl and cccled to get
a small quantity of & solid ester (IR spectrum), m.p.204°,
On further cooling a sticky sclid was cobtained which
after purtrieattc;n by sublimaticn gave a saturated
hydroearbon, probably having 27 carbon atoms and m.p.62°.
The mother liquors from the above after sapcnifiecaticn
gave Besitostercl in the unsaponifiable portion. From
the saponifiable portion, no water inscluble acids
could be isclated.

Fractions A8 and AP being in small quantities
and dark ccloured were not studied.






isclation of & Ciae and «£-ionone (VI

Fracticn Al was chromatographed and collected
into fractions i4, AB and A6. Fraction A4 probably
contained an oxide with two double bonds (IR). Fraction
AB was found to corsist of an unidentified C13 ketone
from its IR (F1g.6))and elemental snalysis. Fraction
AS consisted of a mixture of (- and - ionones as
indicated by its IR;(Fig.€b)and UV spectra and
formation of derivatives.

Fraction A2, indicated by its IR spectrum to
be a mixture of lactone and nt.r’—: was not investi-
gated further.

Eraction C: (Chart 111)
iselation of dihviredehydrocostus lactone (VII1)

Fracticn C was saponified and the saponifiable
portion was chiefly dihydrodehydrocostus lactone (VIII),
identified by its physical constants and IR spectrum(Pig.2b)
The unsaponifiable portion was somewhat impure costol(IX).

Fraction D (Chart III)

Iselation of gostol (IX)
Fraction D consisted mostly of costol (IX) with
a small proportiocn of lactones (IR, Fig.7).
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Fraction B8 (Chart IV

Al Wl 4
L4 m

Fraction B was saponified and separated into
lactonic, acidic and unsaponifiable pertions. The
composition of the unsaponifiable portion only will
be discussed in this thesis. The lactonic component
consisted of dehydrocostus lactone (I), dihydrodehydro-
costus lactone (VIII) end saussurea hctomA(II). an
artifact arising from dihydrocostunolide (XIj; IR Fig.9).

solat f - and P-ionones, P-sitostercl (KII)

The unsapcnifiable portion (838) was chromato-
graphed to get fractions Bl6 tc 518, Fractions Bl
and B16 werse shown to cosnsist of the Cl3-ketome,ond
A=« and B~ lonones which were also present in the _
petrcleum ether fracticn (I) of the main chromategraphy
and described earlier, Frneuonhnl? was fractionally
distilled and separated inte fractions Bl19, B20, B2l.
Fraction B20 was found to be a nixturojdmydrodohydro-
costus lactone and a small amcunt of alechols giving
a maximum at 233 mp in the UV spectrum (& 20,000).

On cocling a sclution of fraction B3 in alaochel at -18°
a4 sclid was obtained which after purification by

erystallisation was identified as B-zitosterol by m.p.
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and IR spectrum. Fraction Bl8 was indicated to be a
mixture of ketone, lactone and aleohol by its IR spectrum.
It was saturated by prousurg-hyﬂroganation and then
saponified. The saponifiable part was identified as
hexahydrodehydrocostus lactone (X; IR Fig.2¢) From

the unsaponifiable part two crystalline alcoliols melting
at 184° and 132° have been isolated in small guantities.

Ine other fractions of the main chromatography
13 K and L],"oth-r fraction 4,16
and methanol fraction K, ’ are not described in this

thesis as they were investigated by other worksrs in cur

namely benzene fractions

group.

This fraction was redissclved in aqueous caustic
alkali (10%) and was extracted with ether to remove
neutral matter, if any. The clear alkaline soluticn was
carefully acidified with dilute hydrochloric acid. The
regenerated acids were extracted with ether, the ether
extract was washed free of mineral acid. The ether
solution was then extracted successively with sodium
bicarbonate and sodium carbonate soluticn (10% solution).
Each extract was processed separately. This thesis deals
with aeids obtained by sodium carbonate extracticn.
Details of the carbonate scluble acids will be described
in Part Iia of the thesis. Menticn may, however, be made






EXPERIMENTAL

Extraction of costus root oll

Finely-powdered costus roots (36 kg) were
stirred mechanically with petroleum ether (40-60%;
66 L) at room temperature for two hours in a narrow
mouthed -tau;é:ﬂdshol tank of adequate size and
fitted with aAfalu bottom, a tap for drawing the
extract and a powerful sparkeproof vertical motor
stirrer. The extract was allowed to settle for about
half an hour and then drawn through the tap and
initially filtered through eloth. The residual plant
pulp was then extracted similarly twice with 45 L of
petroleum ether each time. The combined extracts
(135 L) were then filtered through filter paper and
the filtrate concentrated in a double jacketed stainless
steel distillation vessel under vacuum at a bath
temperature not exceeding 40 + 2°. The concentrate
was then taken out and the last traces of solvent were
removed in a glass vessel using higher-vacuum (4 mm)
at 40 &+ 2° when practical grade costus root oil was
cbtained. The yield depends upon the guality and
storage period of the root. The yield from the finest
grade Kashmir costus roots, October variety, is 2.4 kg,
(6.66%). The oil was clear and pale brown in colour,

* WYhen the work discussed in this part of the thesis was
carried out, VFC facilities were not available in our
laboratory. 48 a result, some of the minor fractions

cculd not be characterised.




a30 1.048; n25 1.6288; (x)p + 31.47° (CHC1g). Acid
value 16.23; saponification value 180.6.

Hefined grade cogtus root oil:  The practical

grade oil (9 kg) was mixed with petroleum cthu('fglg-&f)
and the mixture stirred thoroughly at room temperature,

- in a stainless steel tank as described above. The
extract was drawn and resincus matter, if any (quantity
depends upcn the quality of roots and storage period)
was filtered off and extracted again with adequate
quantity of petroleum ether. The combined extracts

(100 L) were then stirred in a stainless steel tank

with activated charcoal (800 g) for one hour. The
soluti:n was filtered through filter paper and the
charcoal washed thoroughly with petroleum ether. The
combined petroleum ether filtrate was then concentrated
according to the procedure described under practical
grade oil. The yleld of the refined grade oil was 8.5 kg,
and it had the following properties: colour pale brown,
dgg 1.039; nS0 1,8240; («)p + 34.44° (CHC15)3 acid value
12,18; saponification value 172.32; solubility: more
than 99% of the oil dissolved in 25 vol. of alcohol(97%).

Practical grade costus rcot oil (8 kg) was
mixed with pet.ether (40-60°; 16 L) and the solution
kept at 0° for 12 days. The crystals thus obtained were



filtered (erystals it 1.9 kg) and washed with a little
cold pet.ether. The combined filtrate (mother liguor B)
was then kept at -18° in a deep freese for one week,
when a second crop of crystals (erystals C) separated.
These were collected by filtration (2.5 kg) and the
mother liquor (mother liquor D) set aside for further
processing.

Isolation of costunclide (I111) and dehydrocostus lactone(I)

Crystals 4 and C and mother liquor B were found
to consist of a mixture of costunolide and dehydrocostus
lactene in varying proportions. 7The individual constituents
vere separated by repeated crystallisations and chromatography.
Costunolide (III), m.p.106-107° (ecollapses to a glassy mass);
(«)p + 128° (CHClg, C, 0.485),

Analysis
Founds C, 77.89; H, 8,78,
mol. wt. by sap. 236.1
C3gfigp0g requires; C,77.56; i,8.68k,
mol. wt, 232.39

IR bands at: 1764 cm.t («ypeunsaturated y-lactone)s;
MNpgx, 218 mu, log © 4.21.
Dehydrpcostus lactone (I), m.p.60%, (x)p - 12°.

Analysis

Founds C, 72-11; He 7.62.
cldllwa r.qw..' C, ?‘3.23‘ H. 7-“’0

IR bands ats 17854, 1627, 891, 814 cm™l,



Examipation of mother liquer D

It had the following properties: dgg 0.9038;
ng® 1.61105 (x)p + 20.92°. Saponification value 110.17.

Separation of free acids

Mother liquor D was concentrated in vacuum at
40° to give an oil (3.6 kg) having an acid value 27.5.
On the basis of the acid value the requisite amount
(1 L; 105) of alecholic potash was added to 1% in two
instalments and tihe mixture was stirred mechanically
with % stirrer. The mixture was then diluted with ether
(20 L) and the ether soluticn then extracted with 5§ sodium
eiloride solution (3 X 3 L). The ethereal layer after
wvashing with water was dried over anhydrous sodium sulphate.
After removal of ether in vacuwo, the 'neutral oil 7' was
obtained which was processed by chromatography.

The agqueous alkaline extract obtained above was
extracted twice with ether to remove any adhering neutral
material and then acidified with cold, dilute sulphuriec acid.
The regenerated organic acids were then extracted with ether,
as usual. GEvaporation of ether gave water-insoluble acids
(G, 100 g), which are described later. The water-soluble
acids (H), which remained in aqueous solution wese not
examined.
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The neutral oil (3.3 kg) was chromatographed

in one lot on neutral alumina (grade III, 40 kg) and
the column developed by eluticn with scolvents in the
following orders

1.
2.
3.
4.
&.

Pet.ether (40-60°) 80 Lj,38 fractions.
Pet.ether-benzene mixture(l:l; 90 Lif; 32 fractions).
Benzene (20 1i1;32 fracticns).

Ether (45 lit.one combined fraetion)

Methanol (48 litone combined fraction).

The course of chromatography was followed by

quantitatively measuring the residue obtained by
evaporation of a definite volume of the eluate, frecm
almost every alternate fraction, on the basis of which
the solvent was changed at appropriate stages. In all
about 110 fractions of about three litres each, cne
combined ethereal emtract of 46 1lit. and s methanoliec
extract of 45 1it. were collected. The respective
fractions were then combined together and the sclvents
from the combined fractions were removed under reduced
pressure at a bath temp. of 40 &+ 2° in a stainless steel
distillation unit, and the residue collected. These

were then processed separately for characterisation of
the constituents. Thus, following six major fractions
were obtaineds 1. Pet.ether fraction (I) (672 g);



(2) pet.other-benzene fraction J (660 g); (3) benzene
fraction K (336 g); (4) benzene fraction L (300 g)j
(&) ether fraction M (370 g); and (6) methanol fraction

Petroleum ether fraction 1

Exapination of aplotaxene (VI). Pet.ether
fraction 1 which was investigated by other workers in
our group gave on repeated chromatography and fracticnal
distillation, a hydrocarbon, aplotaxene, b.p. 126.130%2.5 mm.,
a3’ 0.8181; ni’ 1.47303 ()p x 0°. IR spectrum had bands
at:1910, 991, 1645 cm-l due to 2 vinyl greup snd a band
at 720 om-l due to an isolated cis.double bond. The IR
spectrum was identical with tnat of aplotaxens reported
in literature.

Analyvsis

Founds c' 87.‘; E' 11.7«
Cipliog requiress C, 87.9; H, 12,2%.

Pet.other fraction 1 (672 g) was initially
chromatographed on neutral alumina (grade III; 1.4 kg)
and eluted with pet.ether (40-60°) and ether. The pet.
ether sluted fraction Al and the ether eluted fraction
Bl were processed separately.
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A parta:f the fraction Bl was treated with
alcohiel (70%), /‘th. soluble portion was shaken with
pet.ether. The pet.ether layer, on removal of sclvent
furnished a thick brown oil (37 g., fracticn B4). The
70% alcoholelayer on removal of solvent furnished
fraction BS (20 g).

Fraction B4 (37 g) was amﬁtocrapud on
alumina (grade 1V, 800 g) and the results are shown
in Table 1.

1 A4ABLE 1

Fr.lio. Weight n%g‘s ®)p  solvent Volume

9) ml.
1 2.4 1.4836 +41°  Pet.ether 400
2 4.5 1.4988 +80© ¢ 300
3 2.0 1.8029 +81° 300
4 11.3 1.5180  +20°  Pet.ether-

benzene (131) 1000

5 3.3 1.5163  +14°  Benzene 1000
6 2.9 - +18°  Ethanol 1000

- - L i 2R - W -y W .- B - .- L

Fractions 1,2 and 3 from the above chromatography
vere mixed together and rechromatographed on alumina
grade I1I, The results are given in Table 2.



I ABLE 2
Fr. uggut n@s | w), Solvent Vo:tr
1 0.6 1.4828 +24° Pet.ether 2800
4.1  1.4820 +189 " £00
3 2.0 1.487 1190 Pet.ethere
benzene (1:1) 280
4 1.5  1.4920 +320 " 280
£ 0.9 1.4973 660 " 500
& 0.6 1.6076 +103° Benzene 800
7 4.6 1.6189 +33° Ethanol 1000

Fractions 1,2 and 3 of the above chromatography
were combined and rechromatographed on alumina (grade 1I,
200 g). The results are shown in Table 3.

T ABLE 3
Fr. wu:nt nga «)p Solvent Volume
1.8 1.4796 +26° Pet.ethor 400
2 0.7 1.4800 +20° Pet.ether-
: benzene(1:1) 100
3 1.8 1.4812 +186° " 100
4 0.8 1.4830 +13° . ' 100
8 0.8 1.4880 +24° Benzene 700
6 Traces - +16° Methanol 280

D D Y i B B W W B W S e s . - B e e e - - -



Isolation of the ketone Cjplog0

Fractions 1 and 2 above, were ccmbined and
distilled to give a liquid b.p.140-165°5 zm.(bath)
3% 1.4720; a3 0.9081; () + 2704 L)

¥

analysis
Founds C, 80.27; H, 10.60.

CygHao0 requires: C, 80.36; H, 11.48.

JV spectrum of this compound did not show
strong absorption in the region 220300 mu. IR spectrum
showed bands at: 1711, 1640, 1446, 1412, 1377, 1388,
1282, 1231, 1161, 909, 889, 863 and 824 cm~3.

Hydrogenation of ketone C13lige0

ine compound (0.7 g) was hydrogenated in acetic
acid in the presence of j;htiz:m oxide (30 mg) (vol. of obsorbed
hydrogen at NIP 80 ml). The hydrogenated product was
isolated as usual. It was distilled, b.p.160-186°(bath)/
10 mm., n33 1.4506; («)p + 6°,CF=Ed)

Analysis
Founds G, 79.3‘ H’ 12,28,

IR bands aty 1718, 1461, 1415, 1364 and
1166 em~1,

* The ketone C13Hoo0 has been isolated from several
fractions and a8 satisfactory analysis is reported

on pageagj.






€y -
b

Fraction BE (20 g) was chromatographed on
alumina (grade 1IV; 800 g) and the results are shown
in Table 4.

IABLE 4
Fr. Weight n33 ©)p Solvent Vo lume
g : ml.
1 3.23 1.4698 +580 Fet.ether 280
2 1.20 1.5104 +40° " » 280
3 1.40 1.51%0 +47° " ’ 800
4 3.70 1.5239 +1¢P Fet.ether-
benzene(l:l) 280
5 2.80 1.8226 +10° " 280
1.3 1.7 +180 Benzene 800
7 2.20 - . Methanol 1000

R d - b Il

Fractions 1,2 and 3 from the above chromatography
were combined and chromatographed on alumina (grade II,
200 g). The results are described in Table 5.



I ABLE §
Fr. Veight nd2 & )p golvent Volune
1 0.6 1.4790 +480 Pet.ather 800
2 0.6 1.4888 +70° Pet.ether-
benzene (i:1) 100
3 0.6 1.5001 +116° " 200
4 0.4 1.5106 +380 " 300
& 1.0 1.5094 +320 Benzene 300
0.9 1.5160 +19° Methanol 1000

- G T G D S W0 R TR WG T G gy WG W G . G W T -

Fraction 6 of Table 2 and fraction 3 of Table &
with specific rotation + 102° and + 116° respectively
vere mixed and distilled, b.p. 1356-140%1 mm., no> 1.4969;
)y + 143, (¢ >7)

Analvsisg
.'cm. C. 80." H’ 10.4.

C1aliog0 requires: C, 81.25; K, 10.42%,

The IR spectrum was very similar to that of «-icnone,
AMax

Apax, 292 mu, © 2240 und,(am mu, © 7134. Eome P-ioncne
was possibly present as an impurity.

4 2,4-dinitrophenyl hydrazone (ddep red) m.p.
114-116°, (), + 266°,(C. °%)



Avalysis
Founds C, €1.0; H, 6.3; N, 14.9.

clM‘n‘ "qm’.' C, 61.3‘ ﬁ, 605‘ l‘, 18.1’0

Its IR spectrum was in good agreement with that
of 2,4~dinitrophenyl hydrazone of (+) «-ionone.

Fractions 4, 6, 6 and 7 of Table 4 and fractions
6§ and € of Table § were combined together and chromato-
graphed on alumina (grade III, 300 g). The results
are tabulated below:

IABLE 6
Fr. w: fzht ngé &) p Solvent V: }:n.
1 1.4 1.6168 +300 Pet.ether 600
2 1.7 1.5229 +210 Pet.ether-
benzene 1:1 200
3 1.3 1.8220 +22° " 200
4 0.6 1.5201 +28° " 200
5 0.6 1.5184 +23° Benzene 200
6 1.0 1.5163 +20° " 300
? 2.2 1.5212 +16° Methanol 1000

A D e R GO G S G S S gD Y S G S G S D S G SR S G S T R S B g TR S SR G SR G S R e e e e



Fractions 2 and 3 of Table 6 were combined
and distilled b.p.178-180° (bath)/0.9 mm., d3g 1.040;
m° 1.6226; &)y + 22°,
inaiysis
: - Foundt C, 77.7; K, 8.4.
C1gHog0p requires: C, 77.85; H, 8.7%.

IF spectrum was identical with that of a lactone
isolated from a differsnt fraction of costus root oil and
shown to be dihydrodehydrocostus lactone (VIII).

L) L L ' ‘."‘t 20 14 ..‘.‘.i\',‘.' *] . i y.". ¥

Hexahydrodehydrocostus lactone (X):

Dihydrodehydrocostus lactone (0.5 g) was hydroge-
nated initially in aleohol in the presence of 10%
palladium oharooal;czzbgt)l finally in acetic acid in the
presence cf platinum oxide at room temp. and atno&g?gie
pressure. 7Total hydrogen uptake was 82 ml at MEK' The
product which was hexahydrodehydrocostus lactone (X) was
worked up in the usual way. It was distilled, b.p.186-200°

(bath)/0.6 mm., no> 1.4980; (x), + 61°,(c ''3)

Abalysis
Founds C. 7‘.3‘ B’ 9.9.

C1EB8‘02 ”qm". 0. ”022’ H, 10.240

fhc remaining portions of fraction Bl were shown
to be a mixture of the Cl3-non-conjugated ketone
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(described earlier), «-ionone, and dihydrodehydrccostus
lactone, by chromatography of appropriate fractions and
study of physical constants and Il spectra.

Pet.ether-benzene fraeticn J (600 g) was
chromatographed on alumina (grade 111, 1R kg’
(in 3 batches) and the results are shown in the
following table 7.

I ABLE 7

Fr. Weight gt )y Solvent

g.

A 38,0 1.5100 to +0° to +20° Pet.ether-
1.6190 benzene

B 285.0 1.5220 to +18 to +18° "
1.5280

c 40.0 1.5220 to +20° to +40° Benzene
1.5180

D 8§5.0 - - Ether.

- - - - . - - -

Fraction 4 (Chart I1II)
Fraction A (23 g) was fracticnally distilled

and separated into 3 fracticns Al, A2 and A3 shown in
Table 80

Th 1743
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2 AL LE B
Fr. H.“ht (‘) be Pe
Al 4.5 180-88° (bath)/1.6 mm.
A2 1.8 200-240° (bath)/1.6 mm.
A3 18,0 above 280°(bath)/1.86 mm.
Fractlon Al
Jsglation of an oxides

Fraction Al (4.6 g), indicated by its IR spectrum
to be a mixture of ketcnes, was chromatographed on alumina
(grade 11I, 200 g) using pet.ether, pet.ether-benzene,
benzene, and ether as eluents. Fractions 1.3 eluted
with pet.ether gave a ligquid (Ad; 0.3 g) whose IR spectrum
indicated the presence of at‘hut two double bonds, one
methylenic double bond (1647, 891 cm~}) and the other
vinyl group (-CH=CHg; 910, 980 om-1), n3’ 1.4720.

Analysis
Found: C, 80.6; H, 11070%

The IR spectrum did not show any absorption in
the hydroxyl or carbonyl region. It is probably an cxide.
Ko further work was done cn tnis fraction due to paucity
of material,
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Isolation of the ketone C13H220:

Fractions 4.10 eluted with pet.ether gave a liguid
(A6; 1.6 g) which was purified by distillation, b.p.
130-148° (bath)/0.6 mm., n3’ 1.4860.
Analysis
Founds C, 79.2;H, 11.2,
C13tiag0 requiress C, 80.36; H, 11.41%.

The IR spectrum of AB showed peaks at 1710 cm.lt
due to a keto group, 1647 and 891 cm=! due to a methyleniec
double bond.

Litnium aluminium hydride reduction of A8

Fraction AS (0,9 g) was reduced with lithium
aluminium hydride (0.5 g) in ether sclution and the
product was worked up in the usual manner. 1t was
distilled, (0.7 g), b.p.136-140° (bath)/1 mm,

inalyels

Founds C, 78.43 H, 11.7.
CigHingd reguirest C, 79.83; H, 12,328,

IR speetrun indicated the presence of methylenic
double bond and hydroxyl group.

The above alcohcl (C.4 g) was heated in the
atmosphere of nitrogen with selenium (0.6 g) at 240-2:0°
for 24 howrs. The product was extracted with pet.ether
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and chromatographed. The fraction eluted with pet.ether
was distilled (0.1 g), Apax. 228 mu; ¢ 8000, indicating //
the presence of small qur.nuth: of naphthalenie compounds.
Attempts to prepare the s-trinitrobenzene adduct were

unsuccessful,
Eraction 42
%=~ and B- lonones.

Fraction A 2 was found tc be a mixture of «- and
B~ ionones by JV spectrum (A\pgx, 228 and 296 my)

Eraction a3

Fracticn A3 (16 g) mostly containing high
boiling constituents was chromatographed on alumina
(grade IIl, 450 g) and only the fraction (7 g) eluted
with pet.ether-benzene (fraction A6) was investigated.
Fractions A7 and AB eluted with benzena and ether
respectively and each about 1.5 g. were highly dark
coloured and were not investigated.,

Isclation of a hydrogarbop:

Fraction A6 was dissolved in alechol (260 ml)
and coocled when a small amount of solid separated. It
was crystallised from pet.ether, m.p.204° (A9). Its
1E spectrum indicated it to be an ester (1720, 1247,
1023 em=}). The mother liquor was then cooled to -18°,
when a solid was obtained, which was sublimed, m.p. 62°.
Its IR spectrum indicated it te be a hydrocarbon.
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Analysis |
Founds C, 86.0; #, 14.08. It was probably a
Ca7 to Cag hydrocarbon.

Asolation of P-sitosterol (XI1)

After the removal of the solids the mother
liquors were concentrated and saponified with nleohoué
potash (10%) for 4 hours, and separated into saponifiable
and unsaponifiable parts. ko water-inscluble acids coud
be isolated from the saponifiable part. The non-saponifiable

part gave a semisolid waich, after two crystallisaticns,
from methanol gave & solid, m.p.136.136°,

Apslysis
Founds: C, 8301; 5' 12.1.

CQﬁwo “qml C, 83.”‘ B’ 11.99‘0

From the melting point and IR spectrum, it was
identified as Pesitosterol. |

Fraction B (Chart IV)

Separation of fraction B into lagtonic acidie
and unssponifiable portions.

A portion of fraction B (180 g) was refluxed

~ for one hour with alcoholiec potash (5%, 500 ml). Most
of the alechol was removed under reduced pressure and
the residue was diluted with water and extracted with



ether. 7The ether extract was washed with water and
dried. Hemoval of ether furnished fracticn B3 (€0 g).
The aqueous layer was acidified at 0° with dilute
sulphuric acid and extracted with ether. The ether
extract was washed with scdium bicarbonate solution

to remove acidic components. The remaining ether
sclution cn evaporaticn of ether gave fraction Bl(€0 g).
The bicarbonate solution was acidified with eold, dilute
sulphuric acid and the regenerated &cid was taken up

in ether. The ether solution was washed free of
mineral acid and dried. (n evaporation of ether it
gave fraction B2 (16 g).

Fraction B3 (32 g) was chromategraphed on
alumina (grade II1I, 1 kgl and the results are shown
in the following Table ©.

I ABLE. 8
Fr. weight (g) Eluent
B1§6 1.8 Fet.ether
Bl6é 1.6 Fet.ether + benzene

BlR 8.0 , Ether.

A e S G D W S e N A P U G e G DGR A SO G A G T G G G e G G R G S O G e OO e 0



Ihe ketone C13H220

Fractions BlS and B16 showed bands at: 1718
(a keto group), 1637, 881 cme' (exocyelic double bond)
in the 1R spectrum. The /V spectrum showed peaks at
280, 300 and 318 mu. A portion of fraction Bl6 was
distilled, bep.120-130° (bath)/0.6 mm. This ketone was
the same as the Cl3-ketone mentioned earlier.

40alysis
rounds Cy 81.843 H, 1l.2.

Cygliag0 requiress C, 80.36; H, 11.41%.

Fraction Bl7 indicated it to be a mixture of
ketene, lactone and alecohol from its IR spectrum (bands
at: 1718, 1760 and 3360 em-l). It was fractionally
distilled and separated intc fractions B18, B20 and B21,
vmeuoan was redistilled, b.p.160-200° (bath)/0.7 mm.
IR bands at: 3460, 1711, 1669, 1627 and 886 em~1. It
failed to give any sclid 234-dinitrophenyl hydrazone.

Fractions B16 and B19 were comparable in their
IR spectra. They were mixed together and chromatographed
on alumina (grade 1II, 90 g). The results are shown
below.
TABLE 10

Fr. _ veight (g) Eluent

1 0.2 ret.ether
2+3 0.5 Pet.ether
& 0.2 Fet.ether

-] 0.7 Fet.ether + benszene

- - g - e o e - - - -
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Fracticn 1, above was distilled, b.p.120.130°
(bath)/0.8 mm., n23+6 1,4076; Mgax, 210 mu (end absorption),
& 7021; IR bands ats 1708, 1647 and 861 om=}. This vas
identical with the earlier ketone.

Apalvais

Found: G, 79.9; H, 11.44.

C13Hog0 requires: Cy BO.36; Hy1ll.42%.

Fractions (2+3) and 4 were idéntical in their
IR speetra and hence were combined together and distilled,
bep+140-150° (bath)/0.6 mm., n5o+8 1.4870; end absorpticn
at 210 mu, © B404.

abalysis
Founds C ’ B80. 9; i ¥ 1l.4.

It failed to give a DNP derivative.
Fraction & gave & peak at 296 mu, © 4430.
The IR and UV spectra indicated 1t to contain j-ionone.

isolation of dihvdredehvdracestus lactone (VIXI)

' Fraction B20 was found to be a mixture of
alcohol and lactone by its IR spectrum. Fraction B20
(2 g) was saponified with alecholic potash (10%; & ml)
for 8 hours, and separated inte saponifiable fraction
Bpg and the unsaponifiable fraction Bag. Fraction Bag



(1.6 g) was purified by chromatography and was distilled,
bepe140-146°/0.6 mm., ng® 1.6200; (x)p + 27°. From the
IR spectrum and physical constants, it was identifled as
dihydredehydrocostus lactgne (VIII). Fruetion B23(0C.4 g)
was distilled, b.p.140-160° (bath)/0.7 mm., B> 1.86040;
Mmax. 283, 270 and 282 mu, © 2000, 3000 and 2200
respectively. IR bands at: 3360, 1666, 1637, 980
and 910 co-l.

Apalysis

Founds C, 80.96; H, 11.45.
Cy3lan0 requires; C, 80.36; ¥, 11,41%,

It appears to be a mixture of alcohols.

B-8itosterol (X1I)

An aleoiolic scluticn of fracticn B18 when ccoled
at -18° gave a solid, m.p.1356-136°; («)p - 38°. It was
identified as P-sitostercl from its physical properties
and IR spectrum.

Hexahydrodehydrogostus lactone (X)

Fraction 818 (6.6 g) was hydrogenated in alcohol
medium using palladium charccal (bi)Au) catalyst under
1400-1600 p.s.i. pressure at 70-80°. The hydrogenated
product was saponified with alcoholie potash (10§, 100 ml)
and separated into saponifiable (fracticn B24) and
unsaponifiable (fraction B25) portions. PFracticn B24
was distilled, b.p.170-180°(bath)/0.5 mm., ng> 1.8035%



(c,Sul)

«)p * 23°( It was identified as hexahydrodehydrocostus
lactone (X) from its IR spectrum.

4n unidentified alcohol

Fraction B26 was distilled and collected into
fractions B26 and B27. Fraction 528, b.p.120-138°/0.7 mm.
was found to be a mixture of ketone, lactone and alecohol
from its IR spectrum. Fractjon 826 (1.6 g) was chromatoe-
graphed on alumina (grade I1II, 80 g). The fraction
eluted with a mixture of pet.ether and benzene was found
tc be a mixture of ketone and lactone from IR spectrum.
The fraction eluted with benzene was distilled, b.p.140°%-
160° (bath)/1 mm., np° 1.4000; IR spectrum indicated it
tc be an alcohol, ;

Analysis

’ Found: ¢, 80.79; H, 12,68.

Cysliog0 requires:s C, 80,20; H, 12,684,

The fraction eluted with ether was not investigated.

Isclation of twe crystalline alcohols

Fraction B27, b.p.240«260°(bath)/0.7 mu. (0.6 g)
wasfhighly viscous. It was dissolved in pet.ether and
cocled when a erystalline solid (30 mg) was cobtained.

It was erystallised from pet.ether, m.p.184°. The IR
spectrum indicated it to be an alechol. It was not
examined further due to paucity of material. The mother
liquors from the above sclid alechol were concentrated
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and the residue chromatographed on alumina (grade III,
10 g). The fracticn eluted with ether gave a solid,
m.pe132.133°, It was an alcohol as revealed by IR
spectrum.

Eracticn ¢ (Chart III)

(VII1)

Fraction ¢ (18 g) was saponified with aleoholie
potash (55, 200 ml) for B hours, and separated into
lactonie (C1l) aecidic (C2) and neutral (C3) portions,
by the usual procedure. The acid-free saponifiable
product C1 (7 g) was distilled, b.p.185-196°(bath)/0.5 mm.,
n§7 1.6306; (x)y + 87°. IR spectrum was closely similar
to tnat of dihyirodehydrocostus lactone.

analysis
Found: 0, 77077; H. 2.68.

C1gliagla requiress C, 77.85; H, 8.68%.

Selenium dehydrogenaticp of Fraction Cl

Fraetion Cl1 (2.5 g) was heated in an atmosphere
of nitrogen with selenium (2 g) for 24 hours at 280-300°.
The reaction product was extracted with pet.ether and
ehrcmatographed on & column of alumina (grade I, 20 g).
The blue product thus obtained was taken up in pet.ether
and extracted with phosphoric acid to remove azulenes.



The noneazulanic product was distilled. The distillate
exhibited the characteristic UV absorption for a
naphthalenic compound. It gave an adduet with
s-trinitrobenzene, m.p.106-107° which was identified
as the TNB adduct of le-methyl 7e-ethyl naphthalene by
m.p. and mixed m.p. with an suthentic sample. The
naphthalenic compound amounts to about 3%. The small
amount c¢f azulenes obtained was not examined. The
above lactone probably contained a small amount of
dihydrccostunolide.

Aeidic fraction C2

fhe dark coloured fraction C2 was distilled.
The distillate (1.5 g) was dissolved in pet.ether and
cooled at 0° for 24 hours when a sticky solid was
obtained. It was purified by sublimation, m.p. 629,
The IR spectrum gave a peak at 1764 em=l, characteristic
of a y-lactone and no absor:ition for -CO of carboxyl
group was observed. Bands at 1645, 880 cm~l indicated
the presence of exo-methylene group.

Analysis
Founds; C, 7‘.3; H’ 0.46 .

Clﬁw requires: C, 7‘0”; H' S.45%.

it appears that the acid obtained above cyclises
slowly to a lactone on keeping.

[ |
o
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Jnssponifishle part C3
Isplation of costol (IX)

Fraction C3 was distilled, b.p.160-160° (bath)/1 mm.
n%s 1.&60; “)p * 13.530-

Analysis
Found: C, 81.3‘ :‘d’ il.4.

CIM "qm.l. G, 81.76‘ H, 10.”‘.

Tne UV spectrum showed low € value peaks at 272,
282, 302 and 317 mu. IR spectrum showed banda at: 3380,
1640, 890 and 1023 cme! and was closely similar with
that of costol. In addition, it showed weak bands in
earbonyl region. In order to isolate costol in a state
of purity, the above liquid (6 g) was chromatographed
on slumina (grade III, 280 g). The earlier fractions
(Fr.l.2) eluted with pet.ether-benzene were indicated
to be mixtures of lactone and ketone from IR spectrum,
The middle fractions (Fr. 4-7) eluted with bensene
contained lactone and aloohol as revealed by IE
spectrum. The IR spectrum of fraction 8 eluted with
ether, and also its physical constants were in good
agreement with that of costol (IX), ma° 1.5186; (x)p + 1€°%.

Fraction D (88 g) was chromatographed on alumina
(grade IIly 1.6 kg) and a large number of fractions were












collacted. The fractions were suitably mixed and
divided into 3 main fractions, D1, D2 and D3, depending
on their physical constants, given in Table 11,

£ ABLE 11
Fr.  Weight ng’ &)p Eluent
Bs
DL - 26,0 -1.8020 o +18°to Pet.ether
1.513) +220
o2 18.0 1.6100 to +23 to Pet.ether +
1.5170 +300 benzene
03 2.0 - 1,8170 +38° to
+420 Ether.

-y - - -~ - - B v . A - - -

Fraction D1 was saponified with alcoholic potash
(8%, B0O ml) and separated into saponifiable and
unsaponifiable parts. The saponifiable part (1.8 g)
was indicated to be a mixture of lactones probably
dihydrodehydrocostus lactone and dihydroceostunolide
from the Ii spectrum and physical constants, b.p.170-210°
(bath)/0.7 mm., ng° 1.8121; () + 48.7°, (¢ -8)

Analvsis
Founds C’ ?702; H’ 9.3.

Cld!zo% Nqﬂh"ll C, 75.%; B' 9;“’.

Lostel :
The unsaponifiable part was fractionated and

the main component was found to be costol (IX) from
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Costus root oil obtained by the low temperature

1 gescribed earlier, contained
free acids as revealed by its acid value of 15.2. The
partially delactonised oil, obtained after the removal of
solid, erystalline lactones from the above oil by stage-
wise cocling at 0° and -18°, was further enriched in its
free-acid content as indicated by its acid value which
rose to 26.0. On the basis of the acid value, the
partially delactonised oil was mixed with the requisite
amount of aleoholic sodium hydroxide solution (10%) at
16°. The homogeneous mixture was shaken occasionally

and kept for a short period. It was then diluted with
water and neutral product extracted by shaking with
ether. The agueous alkaline sclution eontained the
organic acids along with some hydrolysed lactones.

sclvent extraction procedure,

The aqueous alkaline solution was acidified with
cold, dilute sulphuric acid. The regenerated acidic
material was extracted with ether. The ether sclution
was then exhaustively extracted, first with 10% sodium
bicarbonate solution, followed by a 10% solution of
sodium carbonate. The two extracts were processed
separately. The remaining ether solution which contained
the lactones was not further examined.
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. The sodium bicarbonate solutiocn was extracted
with ether to remove any adhering neutral material and
then carefully acidified in the cold, with dilute
sulphuric acid. The liberated acids were taken up in
ether. A portion of it was converted intec methyl ester
and the GLC analysis of the distilled methyl ester
revealed that it was a mixture of at least six compo-
nents with very clese retention times. A porticn of the
methyl ester wa® chromategraphed on grade II neutral
alumina using a high ratio, but a separation of the
components cauld not be effected. The acid mixture
did not form sclid salts with cyelohexylagpine, discyclo~
bexylamine and various other amines. It was distilled
under high vacuum (10«5 mm) but a pure component could
not be isclated. From the IR spectra of the acid mixture
as wall as its methyl ester, it was evident that
hydroxy acids were present. The product contained
nonegconjugated acids as revealed by the UV data
which did not show any characteristic absorption for
X,feunsaturated acid. This fraction was examined
separately but the results are not incorporated in
this thesis.

The sodium carbonate sclution was similarly
treated and the acids were extracted with ether. The
ether extraet was dried over anhydrous sodium sulphate,
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removal of ether yielded& the acids ss a thick brown oil.

The present discussion will deal only with the
acids obtained from the sodium carbonate extract.

The acids thus isolated from the sodium earbonate
solution were dissolved in acetone and the solution
cocled at -18° for 24 hours, when & solid separated.

It vas collected by filtration. The mother liquor

was concentrated and again chilled, when a secend erop
of the sclid was obtained. When no further sclid
separated, the mother liquor was concentrated to yield
a thick oil. TIhe sclid obtained from this operation
was found tc be a fatty acid from its IR spectrum.
Several erystallisations from acetone-methanol mixture
afforded pure palmitic acid (XIV) and behenic acid (XV).

i small portion of the acid mixture obtained
after removal of fatty acids, was esterified with
diazomethane. The distilled methyl ester was found
to be a mixture of six components, four of which were
in almost equal proportion, as revealed by its GIC
analysis. In the UV spectrum it showed end absorption
Amax. 210 mu, ¢ 7,230, indicating the presence of an
«yf~ unsaturated ester. Its IR spectrum showed bands
ats 1730, 1268 (ester grouping), 1683, 819 (conjugated
methylene group), 1639, 891 cm-l (end methylene group).
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Methyl «ster of this acid was then chromatographed
on neutral alumina (grade II) using petroleum ether,
petroleun ether-benzene, bensene and ether as cluents.
Small fractions were ccllocted and the course of separation
was followed by physical properties, IR spectrum and GLC/
ILC analyses. Physical properties of all the fractions
varied within the limits of experimental error and IR
spsctra of every alternate fraction tested remained
unaltered. The GiC analyses of every alternate fraction
revealed no change in the pattern, from the original
starting methyl ester. Aill these results showed that
ne separation ecould be effected by cclumn chromatography.

Isolation of costic acid.?

At this stage a recourse was taken to the
amine salt formation of the acids.® A small sample of
the acid was dissolved in methyl ethyl ketone and treated
with requisite quantity of eyclohexylamine. The mixture
became warm and a solid separated, This gave us a hint
that amine salt formation may prove & key tc the
separation of individual components of the acid mixture.
iceordingly, all the sodium carbonate soluble acid was
dissolved in an excess of methyl ethyl ketene and a
calculated amount of cyclohexylamine was added to it.
The solid thus obtained was fuurcd/,m#uhod with a e
1ittle methyl ethyl ketone, crude m.p. 165.180°,









It was erystallised frcm the same solvent thrice to a
constant melting solid, m.p.184.188°. The mother
liquors of the eyclohexylamine salt were preserved.

The cyeclohexylamine salt was suspended in ether
and treated with agueous alkali (8() until all the solid
dissolved in the alkaline solution. The ether layer,
which contained the eyclohexylamine was removed. The
aguecus alkaline solution was carefully acidified and
the regenerated acid mixture was taken up in ether.
Ether solution was dried and the ether evaporated. The
residue was obtained as a cclourless viscous oil.

A small quantity of this acid mixture ims
esterified with diazomethane and the 4istilled methyl
ester on GIC analysis showad it to be composed of four
components, three of which were in almost equal
proportion. This result clearly indicated that a
partial separation of components had taken place.
Further purification was schieved by preparing a
constant melting dicyclohexylamine salt, m.p.90.81°,
The salt was decomposed with dilute alkali, as described
earlier. The acid obtained from diecyclohexylamine salt,
solidified. It was orystallised twice from dilute
aleohol, m.p. 87-88°. It was found to be homogensous
by GLC and TiC examination of the acid and its methyl

ester.
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The acid (I) analysed for the molecular formula
Cigling02 and its equivalent weight was found to be in
agreement with the calculated value for a mono=-
carboxylic acid. It was hydrogenated, in the presence
of platinum oxide catalyst in ethanol sclution when it
absorbed two moles of hydrogen, indicating the presence
of two double bonds. The acid was thus biecyclic. Its
IF spectrum (Pig.1) exhibited bands at 1681 cm-l due to
a carboxyl group conjugated with a double bondj at 1634
and 885 cm.t due to an exocyelic methylene group and
1613 em-t due to the methylene group in conjugation with
the carboxyl group. The UV spectrum showed absorption
for an «,p- unsaturated carboxyl group ( Amax. 210 mu;
¢ 5030).% This acid has been named as 'costic acid',

Methyl ester of costic acid (Ia) also supported
the «,j-unsaturated nature of the carboxyl group from
the UV and IR spectra. It showed high end absorption,
Mmax. 210 mu; © 8624, Its IR spectrum (Fig.2) exhibited
bands at: 1706 (conjugated ester group), 1629, 882
(exoeyelic methylene group), 1613 and 814 cme? (methylene
group in conjugation with the carbonyl of the ester). The
NMR speetrum (Fig.3a) of the methyl ester showed signals
at 9,267 (3H) due to the quayternary methyl group at C10j
6.30 7 (3ii) due to the methyl of the ester grouping;
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at 5.63, £.377(2H) due to the two olefinie protons of
the exocyelic methylene group at C4; and at 4.82, 3.977
(2H) due to the two protons of the methylene group at Cyji,
in conjugation with the ester carbonyl group. The
spectral data were thus in complete agreement with
structure Ia for the methyl ester of costic acid.

Costic acid on dehydrogenation in presence of
selenium gave a 30§ yield of lemethyl, 7-ethyl naphthalene®
(I11), characterised as its sym-TNB.adduet. The formation
of l-methyl-7-ethyl naphthalene accounted for 13 of the
156 carbon atoms present in the acid. Of the remaining
two, one can be accounted as an angular methyl group
which 18 eliminated during dehydrogenation and the other
lost due to decarboxylation. From this, it appears that
the carboxyl group was present in the isopropyl side chain.

The methyl ester of costic acid (Ia) on reduction
with lithium aluminium hydride gave a mixture of two
aleohols as revealed by the GLC analysis. The presence
eof two compounds was possible only by the formation of
& small amount of dihydromleohol, which would arise
from the reduction of the ecnjugated methylenie double bond.

The methyl eater of costic acid was then reduced
with lithium aluminium hydride-aluminium chloride complex®
in whiech case the actual reduction is by aluminium hydride.
The alcohol,costol (11 ,obtained by this procedure was a
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single, homogeneous product as revealed by GiL analysis.
Its IX spectrum (Fig.4) showed bands at: 3386, 1020
(primary hydroxyl group) and 1639, 889 cm.* (exceyclie
methylene group). Its NMR spectrum (Fig.3D) exhibited
signals at 9,26 7(8H) due to angular methyl group at Cjoj
at 5.34, 5.62 (M) due to the two olefinic protons of
the exocyclic methylenme group at Cgqj at 5.04 and 85.186 T(2W
due to the two protons of the dissymmetrically disubstituted
double bond at C11 and & multiplet at 6.97 7(2H) due to
the two protons of the allyliec hydroxymethylene group.
This was in complete agreement with the desired structure
II of this alcohol.

On oxidation with Jones' chromic acid reagent’
costel (II1) gave an aldehyde (IV) (IR, Pig.8) in 786
vield, Ipax, 216 muj; ® 17,240, Its semicarbazone
mepe 223°, showed UV absorption at 262 mu; © 26,530,
The UV absorption characteristics of the aldehyde as
well as of 1ts semicarbazone indicated that the aldehyde
was an «,f-unsaturated aldehyde. This further confirmed
the allylic nature of the parent alcohol and the
«ypeunsaturated nature of costic acid.

The allyliec alechol (II) was reduced with lithium
in liquid ;-enu.s to give a hydrocarbon in 80f yleld.
The hydrocarbon was purified by chromatography and
subsequent distillation on metallic sodium. It was
a single, homogeneous product and was identified as
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(+) B-selinene (V) from its physical properties, IR
(Fig.6) and NMR spectra. It may specially be mentioned
here that the f-selinens obtained from costiec acid, via
the alcohol II had a high specific rotation {+ £9.61°)
which must be due to its high isomeric purity. The
highest value recorded in the literature is + 40,0
The NiH spectrum (Fig. 3e) of the hydrocarbon showed
signals at 9.28 7(3H) due to the quapternary methyl
group at Clp, at 8,27 7 (3H) due to the methyl growp

on a double bond at C11; and at 6,67, 5.34 and 4.98 7
(4il) dues to the four olefinic protons at C4 and Cii.

The allylic nature of the alecohol II was further
confirmed by the formation of selinape (VI) as a result
of hydrogenclysis, when it was subjected to ecatalytie
hydrogenation in ethanol in presence of palladised carbon.
Selinane was identified by its physical mpu;t:n/q IR
spectrum (Pig.7) and mixed GLC analysis with ske authentie
sample. Tetrahydrocostol was also obtained from this
oxp.th-

Methyl costate (Ia) was ozonised in acetic acid
solutionl® when a keto earboxylic acid (VII) was obtained.
The methyl ester of VII gave a semicarbazone, m.p. 236°.
This acid and the semicarbazone wers previocusly obtained
by Sorm by osonisation of costolll,a sesquiterpenic,

allylic aleohol,present in costus root oil.
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From all these svidences it iz elear that costic
acid 1s represented by the structure I.

Costic acid on hydrogenaticn in ethanol in presence
of &dnia platinusa oxide catalyst gave tetrahydrocestic
acid (VIII) wvhich did not sclidify. Tetrahydrocostic
aeid has been systematically converted into dihydroeudesmol.

Tetrahydrocostic acid, on treatment with methyl
lithium in dry ether, was converted into the me thyl ketone
(IX), which on Baeyer-Villiger oxidaticn with perbenzoic
acid at room temperature gave the acetate (X). Saponifi.
cation of the acetate ylelded the aleohol (XI), which on
oxidation with Jones' chromie acid reagent afforded the
Ci4-ketone (XI1). The IE spectrum of XII (Fig.9) showed
bands at: 1709, 1449, 1418 and 1381 em.l. This ketone
was characterised by preparing its semicarbazona, m.p.
206-207°, agreeing with that reported in the literature.l2

Un treatment with methyl magnesium lodide in
dry ether, the Cl4-ketone (XII) was converted, in good
yisld, into dihydroeudesmoll® (XIII), m.p.B83.280,

@7 + 16.6%; mixed melting point with an authentic
sumple was undepressed and the IR spectra (Fig.l0) were
superimposable.

This proves conclusively the sterecchemistry of
tetrahydirocostic acid (VIII) at all the centres and
hence that of the parent compound costie aeid (1).
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EXPERIMENTAL

Isolat £ - ids stus t oil

Partially delactonised costus root oil which was
prepared by stagewise cooling of the petroleum ether
solution of the oil at 0° and -18°, when most of the
solid lactones crystallised out, was used for isclation
of the free acids.

Partially delactonised costus root oil (£00 g,
acid value 25) was mixed with alocholic socdium hydroxide
solution (10%; 200 ml) at room temperature with thorough
shaking. The mixture was allowed to stand for two hours
with occasional shaking. It was then diluted with
sufficient amount of water and stirred vigorously.
Adegquate quantity of ether was added to the mixture and
the ether layer and the agqueocus alkaline solutions were
separated. The ether solution was again extracted with
aquecus sodium hydroxide (10%; 8 ml). The combined
agueous alkaline solution was extracted twice with ether
to remove all the adhering neutral oil, and then carefully
acidified with cold, dilute sulphuric acid. The liberated
acid was taken up in ether. The ether solution was washed
free of mineral acid and dried over sodium sulphate.

Cn removal of ether a residue (76 g) remained behind
wileh was again dissolved in ether and extracted
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thoroughly with 105 sodium bicarbonate solution. It was
further extracted thoroughly with 10% sodium carbonate
solution. The sodium bicarbonate extract and sodium
carbonate extract were kept separately. The remaining
ether solution which contained some lactones was
presserved.

Ihe scdium bicarbonate extract, on preliminary
examination, was found to contain a mixture c¢f hydroxy
acids. They were investigated separately, but the
results are not incorporated in this thesis,

The sodium carbonate sclution was extracted with
ether to remove adhering neutral matter and then acidified
with cold, dilute sulphurie acid. The liberated acid wWas
extracted with ether and the ether sclution washed free
of mineral acid and dried over anhydrous sodium sulphate.
Evaporation of ether gave a dark, viscous liquid (29 g).

The above liguid (29 g) was dissclved in acetone
(76 ml) and kept at ~18° overnight when a solid separated.
It was collected by filtration and the mother liquor was
concentrated to half the volume and left in the deep frecze
for another 24 hr, when a further crop of solid was obtained.
The mother liquor was preserved. The crude solid (3.0 g)
was fracticnally corystallised from a mixture of methanole
acetone. The first crop yielded almost pure palmitic acid
(XIV). It was recrystallised from acetone m.p.61.629,



Lbalysis
Found: C, 78.1j H, 12.2; Eq.wt. 266,10,

C],gﬂm requires: 0. 74.94; R,m.m; Bg.wt. 286.42.

The mother ligquor after renoiral of palmitic acid
was concentrated to half the volume and cocled at 0°. The
solid that separated was crystallised thrice from methanole
acetone (111) when behenic acid, (XV), m.p.78°, was obtained.
Analvesis ,

Founds C, 7%.163§ 1,13.105 Eq.wt.337.30.
6393“03 requiress Q, 77.68; 3,13.03’; Bg.wt.34057.

Jdsolation of costic acid (I)

The mother liquor after removal of fatty acids
was evaporated under vacuum and at a low temperature, ¥he
residue (25 g) was dissolved in methyl ethyl ketone (200 ml)
and eyclohexylamine (12 g) was added to it. The mixture
was shaken vigorcusly and left at rocom temperature for
cne hour. The solid amine salt thus obtained was filtered
(23 g), crude m.p. 165.180%. It was crystallised three
times from methyl ethyl ketone when a salt m.p. 124.186°
was obtained.

The cyelohexylamine salt (20 g) was suspended in
ether (100 ml) and 6§ aguecus sodium hydroxide sclution
(380 ml) was added. The solid gradually disappeared and



ajusous and ethereal layers were distinetly formed. The
ether layer containing cyclohexyl amine was removed
and the aqueous alkaline layer was further extracted
with ether to remove the residual amine. The alkaline
solution vas acidified with dilute hydroechloric acid,
the regenerated acid was taken up in ether. Ether
extract was washed with water and dried. Evaperation
of ether gave a mixture of acids (16 g), as a clear,
almost colourless ligquid.

A small gquantity of th;l acid was converted
into its methyl ester (diazomethane). The distilled
methyl ester revealed three peaks in the GIC analysis.

The above acid mixture (185 g) was dissolved in
acetons (75 ml) and dicyclohexylamine (12 g) was added.
The mixture was allowed to stand for 30 minutes at rocom
temperature with occasional shaking when a sclid
separated. It was filtered and crystallised twice
from acetone m.p. 91.92°, |

The acidé regenerated from its dicyclohexylamine
salt by treatment with &% alkali as before was obtained
as u sclid (10 g) and when crystallised from dilute
alechol yielded pure costic acid (B g), m.p. 87-889;
(d)? + 23.42° (CHC13y e, 1.3).

snalysis

Founds c’ 7‘07” 3,9.31; Eq.wt, 231.0.
01Ma requires: G, 7‘.'3' !,9.46’; lq.vt.334.33.
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It showed end abscorption in UV spectrum, Amax., 210 muj
€ 5,0303 and exhibited IR bands (Fig.l) at 1681, 1628,
1613 and 825 cmel.

Methyl costate (Ia)

Costic acid (1 g) was dissclved in ether (15 ml)

and an ethereal solution of diazomethane (prepared from
1 g. nitrosomethyl urea) was added. ixcess reagent was
destroyed by adding two drops of acetic acid. The
ethereal solution was washed free of acetic acid and
dried over anhydrous socdium sulphate. The ¢il cbtained
after evaporation of ether was distilled (0.2 g),
b.p. 135°(bath)/0.3 mm., npC 1.5062; («)37 + 30.71°
(CliC1g, ¢, 3.0); Mmax, 210 mu; € 6,624. UGIC showed
a single peak. IR (Fig.2) bands at: 1706, 1629, 1613,
1245, 882, 814 cmel.

Analysis

Found: C, 77.41; H, 9.79.
CigHa40a requiress C, 77.37; H, 9.74%.

Selenium dehydrogenation of costic agid.

The acid (1 g) was heated with selenium (1.5 g)
at 280.29¢° in an atmospherc of nitrogen for fifteen hours,
The product was diluted with petroleum ether (40.60°) and
passed through a column of alumina (grade IIj; 1C g). The
column was eluted with pet.ether (40-60°; 100 ml). On
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evaporation of the sclvent a hydrocarbon (0.360 g) was
obtained. It was distilled over metallic sodium to yield
a ligquid (0.218 g), b.p.140°(bath)/10 mm., Agax, 280 mu,
€ 2143; and Agax, 228 mu, ¢ 48,700,

s-Trinitrobenzene (0.25 g) was added to the
alecholic solution of the above hydrocarbon (0.21 g).
Yellow crystals separated, which after three corystallisae-
tions from methanol melted at 107-108°. Mixed melting
point with an authentic sample of T.N.B. adduct of lemethyl,
7-ethyl naphthalene was undepressed,

Apalysis

Founds N, 1l.14.
C1pH170gNg requiresm: N, 10.96%.

Methyl costate (Ia, 0.6 g) dissolved in dry ether
{20 ml) was added dropwise to a stirred suspension of
lithium aluminium hydride (0.36 g) in dry ether (850 ml)
at 0°. The mixture vas stirred at 0° for 30 minutes and
then refluxed for 6 hours. Excess reagent was destroyed
by careful addition of moist ether. Ether solution was
decanted and washed with a little water. It was dried
over anhydrous scdium sulphate. Evaporation of ether
gave a viscous liquid (0.45 g), b.p. 180°(bath)/0.56 mm.,
ngd 1.6098; («)F7 + 62,36° (CHClgj e, 2.3).
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onalysis

Foundy C, 81,84; H, 11,39,
CygHipg0d requires: C, B1.76; 1, 10.98%
Cygliog0 requires; C, 81,02y H, 11.78%.

GIC and TIC analyses showed the presence of
two components in this product.

Methyl costate (Ia; 0.73 g), dissolved in dry
ether (25 ml) was added to a stirred slurry of aluminium
hydride (prepared by adaing 0.33 g anhydrous aluminium
chloride to an ethereal suspension of 0,35 g. lithium
aluminium hydride) in dry ether (50 ml) at room temperature.
The stirring was continued for 486 minutes at rcom tempera-
ture. The excess reagent was destroyed by addition of
molst ether and the product was isolated as described
above. It was distilled to give pure costol (II; 0.83 g),
bepe 180° (bath)/0.6 mm., nge 1.51805 («)f’ + 34.33°
(CiiC1gy ¢, 4.5).

Abalysis
Founds C, 81.793 H, 11.19.

Ci1stingd requirest C, B1.763 H, 10,98%.

The preduct was a single, honnmoiu compound
as revealed by GIC and TLC a;x;slzyul. it showed IR (Fig.4)
bands at: 3566, 1639, 1020, $86 cme’.
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Costadl (IV) from costol (I1)

To costol (II, 1 g) dissolved in acetone (20 ml)
vas added Jonefs’ chromic acid reagent at 0° till brown
colour persisted. The reaction mixture was diluted with
water and extracted with ether., The ether extract was
vashed free of sulphuric acid with water, followed by
sodium bicarbonate soluticn te remove any organic aeid
formed during oxidation. The ether soluticn was dried
over sodium sulphate. On evaporation, costal (0,76 g)
was obtained. It was distilled b.p. 130° (dath)/0.8 mm.,
n37 1.49003 Agax, 216 muj © 17,240,

ahalysis
Founds C, 82.“; ﬂ, 10.83.
C1sHian0 requires: C, 82,81j H, 10.16%,

Its IK spectrum (Fig.5) showed bands at: 2703,
1689, 1639, 1621 and 886 om.t.

Costal (0.5 g) disscolved in ethanol (6 ml) was
added to an agueous solution of semicarbazide hydrochloride
(0.25 g) and sodium acetate (0.3 g). The semicarbazone
(0.3 g) after three erystallisations from ethyl alcchol
melted at 223°, Iiqax, 262 mu; ¢ 26,530.

Analysis

Found:s C, 69,783 H, 9,16; K, 16.26.

Cygliggha0 requires: C, 70.04; H, 9,19; N, 15.31%.
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Metallic lithium (0.6 g) was added in small lots
and under stirring te ligquid a=smenia (500 ml) collected
in a well insulated three-necked flask fitted with a
mechanical stirrer and a reflux condenser.Gostol (0.64 g)
dissolved in dry tetrahydrofuran (1560 ml) was then added
dropwise during 30 minutes to the lithium-liquid ammonia
complex, Stirring was continued for three hours after
the addition was complete. The roaction mixture was
allowed to stand at room temperature overnight when most
of the ammonia escaped. The residue was carefully diluted
with water and extracted with ether. The ether solution
was washed twice with water and dried over anhydrous scdium
sulphate. The product obtained after evaporation of ether,
was passed through a cclumn of neutral alumina (grade I,
10 g) and eluted with petroleum ether (40-60°). On
removal of the solvent, the residue was distilled (0.4 g),
b.pe 140°(bath)/7 mm., nf° 1.4800; ()50 + £9.61° (CHC1g,
e, 2.08).

Analysis

Founds ¢, 28,33 H, 11.76.
Ciglaq requires; C, 88,165 H, 11.84f.

1t showed IR bands at (Fig.8) 3086, 1637, 1395,
1368, 1283, 1140, 1042, 980, 962, 235 and 854 em-t.
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Sonversion of costol (I1) into selinane (VI)

Costol (0.26 g) dissolved in ethanol (15 ml)
was hydrogenated in presence of palladium chareocal(8g,
0+28 g) catalyst, ntil no further absorption of hydrogen
tock place (80 ml H2 at ll.!.P.E). The product was isolated
as usual and passed through a cclumn of neutral alumina
(grade II; 16 g) and eluted with petroleum ether (40.60°)
and ether, Petroleus ether fracticn gave a hydrcecarbon
(C.15 g) on removal of solvent. It was distilled over
metallie sodium, b.p. 180°(bath)/7 mm., n3° 1.4793;
@)37 + 8,32° (CHClgy o, 3.1).

Anslysis

Found: C, B&,.32; H, 18.7.

Cygiiag requiress C, 86.803 H, 13,.80%.

IR spectrum (Fig.7) was identical with that of the
authentic sample of selinane (VI).
The product eluted with ether was identified as
tetrahydrocostol, b.p. 140° (bath)/0.6 mm., ng° 1.4932.
sDalysis
Founds C, 79.81; H, 12.62.
C1gtag0 requiress C, 80.29; H, 12,.88%,

Czonlzation of methvl costate

Methyl costate (0.78 g) was dissclved in glacial
acetic acid (20 ml) and ozconised oxygen was passed through
it at room temperature for three hours. The reaction
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mixture was left at roum temperature for two hours.
Hydrochlorie acid (2N, 20 ml) was then added to it,
Glacial acetic acid (20 ml) was also adied to make a °
clear, homogenecus solution. The solution was allowed to
stand overnight at rocm temperature. The solvent was
evaporated under reduced pressure and the residue taken
up in ether. The ether sclution was washed with water
and then extracted with sodium carbonate (10%, 26 ml)
solution. The aquecus alhlm solution was uiutm
with dilute hydrochloriec acid. The bulk was saturated
with ammonium chloride and thoroughly extracted with
ether. Removal of ether gave the keto acid (VII), It
was esterified with diazomethane (prepardd from 1 g.
nitrosomethyl urea) and the methyl ester (0.3 g)
distilled, b.p. 148° (bath)/0,08 mm, IR bands aty; 1730,
1706, 1280 u-l.

Semicarbuzone of the above methyl ester (0.3 g)
was prepared by adding an aqueous solution of semicarbaside
hydrochloride (0.17 g) and scdium acetate (0.2 g) to the
aleoholic soluticn (5 ml) of the methyl ester. The
 semicarbazone was crystallised three times from ethanol,
m.p. 296°, '

Analvsis
Founds C, 60,01; H, 7.69; N, 15,22,

C14ling0gig requires: C, 69,763 H, 8.24; N, 14.94%.



Istrabydrocestic acid (VIII)

Cestic acid (0.1987 g) dissolved in ethanol
(8 ml) was hydrogenated in presence of palladised
carbon (683 0.08 g). Total hydrogen uptake was
38,77 ml at N.I.F, corresponding to two double bonds.
Reaction mixture was filtered and the alcohol was
evaporated from the f1 ltrate. The tetrahydrocostic
seid thus cobtained was a thick liquid.

Ite methyl ester of VIII

Tetrahydrocostic acid (0.19 g) was esterified
with the ethereal solution of diazomethane and the
methyl ester (0.185 g) was distilled, b.p.136° (bath)/
0.7 mme, nf° 1.4849; («)F7 + 24.88° (CHC1g; e, 2.7).

anslysis
Found: C, 76.36; H, 11,28,
CigHagla requiress C, 76.14; H, 11.18%.

Its UV spectrum showed no characteristic absorption

Q\ max. 210 mu; ¢ 718). It exhibited IR bands (Fig. 8) at 3
1727, 1260 emel. There was no absorpticn in the double

bond region.

| Tetrahydrocostic acid (1.2 g) dissolved in dry
ether (10 ml) was added at 0° to a stirred solution of



metiyl lithium (prepared from 0.5 g. lithium and 5 g.
methyl iodide) in dry ether, during 10 minutes, The
reaction mixture was atirred at room temperature for
30 minutes after the addition. Excess reagent was
carefully destroyed by addition of moist ether,
followed by water. Aqueous and ethereal layers were
separated. The ether layer was washed with water

and dried over anhydrous sodium sulphate. On removal
of ether an oil was obtained (1 g). It was chromato-
graphed on neutral alumina (grade II, 20 g) and eluted
with petroleum ether (40-60°). Removal of sclvent
gave tne methyl ketone (IX; 0.88 g), b.p. 138°(bsth)/
(ie% mme., %7 1.4880.

iapalysls
Found: C, 80.874 H, 12.01.
clsagw requiress G, 81,39 H, 11.945,

It showed IR bands at: 1704, 1381, 1366, 1220,
1186, 1109, 975, 943 and 866 em-t.

The methyl ketone (IX, 0.7 g) was dissolved in
chloroform (20 ml) and 0.2 K perbenzoic acid (20 nl) and
toluene-p-sulphonic acid (0.06 g) were added to it. The
mixture was stirred at room temperature for 4C hours. The
chhrotors:’“:?}aﬂcn was washed with water, sodium

whouu/(and again with vater. It was dried over sodium
sulphate. The product obtained after removal of



chlorcform was passed through a column of alumina(grade IIj
10 g) and eluted with petroleum ether (40.60°). Kemoval
of solvent gave the acetate (X; 0.638 g).

| The erude acetate was saponified with 108 . iy
alecholic potash (20 ml) for 3 hours. The nuumkvu
worked up as usual and the neutral product was isclated
as & thick liquid. It was chromatographed on neutral
alumina (grade 1Ij 13 g) and eluted with pet.ether and
ether. The ether fraction on evaporation yielded the
aleohol (XI§0.6 g), bep.140°(bath)/0.4 ma., n37 1.4023,

Analysis
Found: c’ 790‘8’ H’ 12,30,
Ci4fiag0 Tequiress C, 79.93; H, 12.46 .

The alecohol (XI; 0.4 g) was dissolved in acetone
(10 ml) and oxidised with Jone's chromiec acid reagent.
The product was isolated as usual and chromategraphed on
neutral alumina (grade II, 10 g). The petroleum ether
eluate on remcval of sclvent gave the Cjq-ketone (XIIj
0.36 g). It was distilled, b.p.140°(bath)/1 mm.,
027 1.4870; @7 - 2.0° (@iClg; e, 4.7).

Analysis

Found: C, 80.67; H, 11.68%.
C14Hng0 requires: C, 80.71; H, 11.61%.

IR spectrum (Fig.®) exhibited bands at: 1708,
1449, 1379, 1361, 1238, 1186, 1018 and 975 cm=1.



femicarbazone of A1l

' The Cyq~-ketone (0.1 g) dissclved in ethyl
alechol (4 ml) was adied to a sclution of semicarbaside
hydrochloride (0.06 g) and sodium acetate (C.086 g)

in vater (8 ml). The solid thus obtained was erysta-
1lised twice from ethanol, m.p. 206.207°.

Analysis

Founds " 16.64.
CIM.Q requires: N, 16.80% .

The ketone (0.2 g) dissolved in dry ether (10 ml)
vas added at 0° under stirring to a solution of methyl
magnesium iodide (prepared from 0.2 g magnesium wire
and 3 g. methyl iodide) in dry ether (20 ml). The
reaction mixture was stirred at 0° for one hour and
was then poured into an ice-cold saturated solution
(25 ml) of ammonium chloride. The mixture was allowed
to vara to room temperature and the organic layer
separated. The aqueous layer was extracted twice with
ether and the ether extract mixed with ths original ether
solution. It was dried over sodium sulphate and the
ether distilled vhen a sovlid (0.2 g) was cbtained.

It was sublimed at 75°%0.6 mm. The sublimate, m.p.
70-73° was erystallised from petroleum ether (60.80°)
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BEUMHARX

Costus root oil contains a substantial amount
of alccholic constituents, of which costol is one.
Sorm and coe-workers determined the structure of costol
on the basis of spectral and chemical evidences.

It has now been found that costol examined
by Sorm was not a single, homogeneous compound, but a
mixture of at least three components, one of which
possesses structure assigned by Sorm. This complex
alecholic mixture has been oxidised,first with chromic
aeid and then with silver oxide, to a mixture of acids,
from which erystalline costic acid has been cbtained.
Pure costol has been obtained, via the reduction of
methyl costate.

Amongst the other components, elemol has been
identified from its physical properties and IR spectrum.

CH,OH COOH

COSTOL COSTIC ACID
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Costus root ¢il is known to contain a substantial
amount of alechcls as was first menticned by Semmler and ,
Feldstein.l They obtained a sesquiterpenic primary aleohol,
costol, from the fraction boiling at 176.190°%11 mm. They
oxidised this alcohol to the corresponding aldehyde: from
which they obtained a semicarbazone, m.p. 217-18°. They
also suggested a structural relationship between costol
and a sesquiterpenic acld, costus acid, C;gli280g, which
they found to be present in costus root oil. They,
however, did not arrive at any conclusions regarding the
structure of the alecohol or the corresponding acid.

Subsequently, Sorm and coworkers® examined costus
root oil more eritically and obtained a primary aleohol,
costel, from the neutral porticn of the c¢il. They
assigned strueture (I) to this compound on the basis of
speetral and chemical evidences.’ Sorm found that it
did not form any sclid derivative. It was purified by
elaborate chromatography and through its none-erystalline
phthalic half-ester. The only solid derivative was the
semicarbazone of the aldehyde obtained from this alcohol.
The catalytic hydrogenation data indicatied that it was
allylic in nature. i saturated hydrocarbon, selinane (II)
presumably formed due to hydrogenolysis, was obtained

together with tetrahydrocostol (I1I), durimg hydrogenation.
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The final proof cf the structure and absclute configuration
of co:tol was obtained by the czonclysis of costol to the
corresponding ketocarboxylic aeid (IV), from which on
further degradation, a tricarbomyliti= acid (V) was obtained.
This acid (V) has also been obtained by Semuler and Risse®
and also by Sorm and collaborators® from Peselinene (VI).

In view of the faet that the absolute configuration of
p-selinene® 1s known, the two tricarboxylic acids obtained
from P-selinene and costol, could be correlated; and hence
costol was assigned the stereostructure (I).

In our laboratory, we had a substantial amount
of costus root clil at our disposal and as a part of the
project to characterise as many cof its constituents as
possible, we undertook the investigation of the alecholie
fracticn of the oil.

The partially delactonised, acid-free, costus root
0118 was distilled under reduced pressure and collected
inte two fractions. The first fraction, b.p.80-180°/9 mm.
contained mostly hydrocarbons as indicated by its physical
properties and spectral data. The second fraction, b.p.
100-130°/0.2 mn. exhibited in the IR spectrum a strong
band in the hydroxyl region and also bands in the carbonyl
region for ketones and lactones. The higher boiling
residue was not investigated.
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The second fraction, mentioned above, was initially
saponified to remove most of the lactones and then chromato-
graphed on neutral alumina (grade ii) and eluted successively
with petroleum ether (40-60°), bensene and ether. The
petroleum ether fraction was fuund to be free of aleoholic
impurities and contained mostly ketonic compounds as
indicated by the IR spectrum. This fraction was not
examined further by the present authois The benzene
fraction afforded a product which was evidently a mixture
of ketones and aloohols. The lust, the ether fraction,
was rich in alecoholic compounds.

The IR spectrum (Fig.la) of this fraction showed
bands at 3380, 1020, 1640 and 887 cam<’, indicating the
presence of a primary hydroxyl group as well as exoeycliec
methylenic double bond. On distillation, the product
showed physical propertis closely similar to those
reported by Sorm® for costol. GIC (Fig.2) and TIC
analyses at this stage, however, indicated that the
product was not hcmogeneous but a mixture of lt!hut
three components, twe of which were in almost equal
proportion. 7This led us to suspoet that costol examined
by Sorm was also an impure product; and hence we undertook
a thorough investigation of the same.

The product was chromatographed twice over neutral,
grade II alumina using a ratic of 1180 and 13100 and
eluted successively with petroleum ether (40-60°),









pet.ether benzene (1:1), bengene,esther and methancl.
About fifty small fractions of 80 ml each were collected.
The pet.ethér and pet.ether-benzene fractions did not
yield any aleohele-containing product. Aleohol was eluted
only with benzene, ether and methanol. Each of these
fracticns was treated separately. GLC examination &

of almost every alternate fraction revealed nearly
identical pattern not particularly different frem the
starting material before chromatography. The IR spsetra
ef all the fractions were nearly identical. This proved
that chromatography was of little value for the separation
of the components of this alcohol mixture, which will be
called “"costol" hereafter for the sake of convenience.

The 'costol' did not form any of the conventional
s0lid derivatives such as phenyl urethane, penitro- and
2,4-dinitrobenzoate and phtnalic acid half ester.

'Costol' was then oxidised with Jones' chromic
acid reagent to form the corresponding aldenyde in good
yield. The aldehyde readily formed a crystalline semi-
carbagone, m.p. 218°, The distilled aldehyde on GIC
analysis exhibited two peaks of almost equal intensity,
similar to those of the parent alcohol.

It was then thought that 'ceestol' could best
be purified through the semicarbazone of its aldehyde.
The aldehyde was regenerated from the semicarbazons with






oxalic acid’ and also with levulinic acid® under mild
conditions. But, surprisingly, the regenerated aldehyde
thus obtained also exhibited the same pattern as for the
criginal aldehyde, on GLC analysis.

At this stage we were simultaneously engaged in
the structure elucidation of the new crystalline, sesquiter-
‘penic aeid, costic acid® (VIIa), described in Part IIa of
this thesis. The structure and absolute configuration of
this acid was shown to be as in Vila which obviously
suggested a structural relationship with costol (I) of Sorm.

48 is mentioned in Part Ila of this thesis, methyl
ester of costic ac:.d‘(vnb) on reduction with aluminium
hydride gives an allylic aleohol which is a single, homoe
geneous compound. Comparative GLC analyses of this
compound With the h"ﬂu"‘ 'eostol' indicated that the
latter contained one component corresponding to the aleohol
obtained from erystalline costic acid.

The aldehyde obtained frem the allylic alcohol,
derived from pure, crystalline costic acid gave a semi-
carbazone, m.p. 223°. On admixture with a sample of semi-
carbazone (m.p. 218°) from the natural 'costol! series,

a slight depression (218°) was observed. It was evident
from this fact that the semicarbazone obtained via the
natural source was contaminated with closely similar
compounds. The UV speetral characteristics of the two



aldehydes and the corresponding semicarbazones wewe in
close agreement and indicated the «,p-unsaturated nature
of the aldehydes and the allyliec nature of the parent
alochols.

It was alsc found that the hydrocarben obtained
as & result of hydrogenvlysis during catalytic hydroge-
nation of natural 'costol' did not agree in propertics
with the pure selinane (II) obtained from similar experi-
ments in the costic acid series,

All these evidences suggested that the natural
'eostol' is not homogeneous but consists of a mixture of
several alcohols, one ¢f which possesses the structure and
stereochemistry as in I. This was further confirmed by
converting natural 'costol' into costic acid.

Natural 'costol' was oxidised with Jones' chromic
acid nmnt,m as well as with activated manganese
dioxide! to give a good yleld of the corresponding aldehydes.
The distilled aldehydes were further oxidised to the
corresponding acids by means of silver oxide?® at room
temperature., A sample of the methyl ester prepared from
the mixture of acids exhibited mainly two peaks in the GIC
analysis.

The erude acid mixture obtained above was then
troated with eyflohexylamine followed by dicyclohexylamine

as in the case of isolation of pure costic acid. The
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regenerastion of the corresponding acidé from the amine salt
yielded a solid acid. It was orystallised from dilute

alechel and was found to be identical in all respects with
the natursl costic aeid, from its m.p., IR, UV, NMR spectira

and ’h"m:. m’mu'-

The methyl ester of this acid was reduced with
aluminium hydride tc give an alcohe) which was & homogeneous
product and identical in all respects with the alliylie
alechol obtained from methyl costate (VIIb).

The mother liquors from the crystallisation of the
anine salts, were processed to obtain an 20id in a ligquid
ferm. This acid was found to be a mixture of two components
from the GIC analysis of its methyl ester, one of which was
evidently the costic acid. The separation cf the other
constituent is in progress and is not reported in this thesis.

During the oxidation of the 'costol' fraction with
chromic acid, a substantial amount of aleoholic products
remained uncoxidised. This was separated from the resultant
aldehyde via semicarbazone Tormation and also by treatment
with Girard's reagent. The alcoholic fraetion, thus
obtained, was alse found from GIC and TLC analyses to be
a mixture of at least three components, This fraction
was carefully examined and its elaborate chromatography
yielded one orystalline alecohol which was identified as
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EXPERIMENTAL

1 t ‘costel' (I

Partially delactonised costus root oil was treated
with alkall to remove the free acids (see Part Ila of this
Thesis). The acid-free oil (386 g), thus obtained was
fractionated under reduced pressure using an 8" Vigreaux
column.

Fraction FKo. bBe P. Yield
1 m-:.&'lﬂ mife 80 8o
2 100-1@9/0.2 mm. 130 B

The high boiling residue (136 g) was preserved.

Fraction 2 (130 g) was sapcnified with alcoholic
potash (200 mlj; 10%) for 8 hrs. The reaction mixture was
worked up as usual and separated into neutral (96 g) and
lactonic constituents.

The neutral product (350 g) from several experiments
was chromatographed on neutral alumina (grade II, 6.0 kg).
IThe results are shown in Table 1.

Table 1
Fr. Solvent Yolume (L) Weight (g)
1 Pet.ether (40-60°) 3.0 188
2 Benzene 1.0 20
3 Ether (1) 1.5 65
& Zther (2) 1.6 80
(3 Methanol 1.0 20




Fractions 3, 4 and 5 were combined (135 g) and
fracticnated under reduced pressure.

Fr.¥o. be Pe Yield
1 86-110°/0,3 mn. 17 3.
2 1100380/003 IiMe 80 g.

The high beiling residue (03 g) was preserved.

Fraction 2 (28 g) was chromatographed on neutral
alumina (grade II, 500 g) and eluted with pet.ether, pet.
ether-benzene (131), benszene, ether and methanol. The
results are shown in Table 2, (Pxge 92)

IR spectra of fractions 1,2 and 6 revealed the
presence of a weak band at 17886 em-t due to the lactone
and a strong peak at 1708 em-l due to a keto carbomyl
group. Fraection 6 showed, in addition to the above peaks,
a band at 3380 cm-l indicating the presence of a hydroxyl
group. Evidently, they were mixtures consisting mostly
of ketones with traces of lactones and alcohols. GIC
analyses of the distilled products obtained from each of
these fractions showed at least six peaks.

IR spectra of fractions 12, 16 and 19 indicated
that the lactone impurity was totally eliminated, but the
ketone still persisted in fraction 12, though only %o a
small extent. Fractions 16 and 19 were almost pure
alechols. The GLC analysis of the distilled samples
revealed three major peaks with two other minor peaks.
Partial separation was thus achieved.
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Aleohol.rich fractions were then collected (22 g)
and chromatographed on nmeutral alumina (grade IIj 2.2 kg)
and eluted with pet.ether, pet.ether-benseme (1:1), benszene,
benzene~ether (1:1), ether, ether-methanol (1:1) and
methanol. Fifty fractions cf 8§ ml each were collected.
Fractions 1, 8, 15, 24, 38 and £0 were examined by GLC
to indicate that the pattern was the same for each
fraction, showing two prominent peaks and two minor ones.
Fractions 24-80 were mixed together and distilled under
reduced pressure, b.p. 140°(bath)/0.5 mm., Yield 10.5 g.
ngo 1.6182; () + 6.7° (CHClz; e, 4.2).

Analysls

Founds C, 81.8; H, 11l.4.

C1gHia40 requires: C, 81,763 H, 11,98%.

IR spectrum (Fig.la) shows bands at 3380, 1020 cm=:
(primary hydroxyl group) and 1640 and 887 ocm=} (exveyclie
methylene group).

Preparation of phthalate ester of 'costol'

Freshly sublimed phthalic anhydride (12.0 g) was
added to a solution of 'costel' (10.C g) in dry benzene
(180 m1). The mixture was refluxed for six hours. Most
of the benzene was distilled and the residue was diluted
with petroleum ether. The precipitated phthalic anhydride
was filtered. The mother liquor was extracted thoroughly
with sodium carbonate solution (10f) to extract the acid.



The sodium carbonate scluticn did not yield any aecid
corresponding to the phthalic acid half ester. The
unreacted '‘costol' (9.0 g) was recovered from the
pnt.othc_r solution.

Ciidation of 'costol’
(a) JMith mem

A mixture of 'costol( 2 g) dissolved in chloroform
(200 ml) and freshly prepared activated mangansse dioxide
(20 g) was mechanically shaken at rcom temperature for 24 hrs.
Manganese dioxide was filtered and the filtrate was evaporated,
wvhen a residue (1.9 g) was obtained as an cil. It was
distilled under reduced pressure, b.p. 180° (bath)/ & mum.,
n%7 1.4990. g

(b) Mith Jones' chromic acid reagent

'Costol' (2 g) dissolved in acetone (15 ml) was
oxidised with Jones’ chromic acid reagent. Excess reagent
vas decomposed by addition of methanol and the mixture was
diluted with water (26 ml) and extracted thoroughly with ether.
The ether solution was washed with water to remove mineral
acid and then with sodium carbonate solution (86§) to extract
the acid formed during oxidation. The residual ether soluticn
was washed with water and dried over anhydrous sodium sulphate.
Evaporation of ether gave the sldehyde (1.7 g) as a corude
product. The sodium carbonate sclution, on acidification,

Th 1745



gave an acid (0.2 g) as e thick liquid. The aldehyde was
distilled, b.p. 188° (bath)/6 mm., no® 1.4989, The
aldehydes (costal), obtained by the two methods (a) and (b)
above, vere found to be identical.
Analysis
Found: ¢, 81.83; H, 9,9,
Cygpo0 requires: C, £2,81; H, 10.16%.

IR spectrum (Fig. lc) exhibited bands at 1686, 1633,
890 em™*. UV spectrum showed imax. 218 my, € 10,430.
GIC snalysis revealed two peaks of almost equal intensity,
and a small hump accounting for about 10% impurity.

A solution of semicarbagide hydrochloride (0.f g)
and scdium acetate (0.6 g) in water (6 ml) was added to a
sclution of ocostal (1 g) 4in ethanol (10 ml). 4 solid
immediately separated. It was filtered and erystallised
three times from alcohol, m.p. 218°%; («)j + 36.37°
(AcCH; e, 0.8). The mother liquor was preserved.

ahalysls
rﬁm‘ G’WOM§ K,9.19; R' 16.316

C168agNg0 requiress  C,60.783 K,9.16; N, 16.26%.

UV spectrum showed Amax., 263 muj ® 25,680.



Hegeneration of costal from the semicarbazone:
(a) ¥ith oxalic acids

4 mixture of the semicarbuzone (1 g), alcohol (16 ml),
oxalic aeid (2 g) dissclved in water (80 ml), 40% aquecus
formaldenyde (8 ml) and petroleum ether (40.60°; 100 ml)
was refluxed for six hours. Ihe agueous and organic layers
were separated. The pet.ether solution was washed twice
with water and dried over anhydrous scdium sulphate. On
evaporation of the solvent, the aldehyde, costul (0.4 g)
vas obtained. It was distilled, b.p. 178° (bath)/4 mm.,
g’ 1.4990,

It ylelded the semicarbazone m.p. 218°, which was
identiecal with the starting compound.

(b) Bith levulinic acid

A mixture of the semicarbazone (1 g), levulinic acid
(80 ml) and 1N hydrochlorie acid (10 ml) was shaken mechanie-
cally at room temperature for 24 hours. The clear soluticn
thus obtained was diluted with water and neutralised with
sclid sodium bicarbonate. The sclution was extracted
thoroughly with ether; the ether sclution washed with water
and dried. zvaporation of ether gave the aldehyde, costal
0.7 g). It wvas distilled, b.p.160-66°(bath)/3 mm., ng’ 1.4988,

4nalysis

' Found: C, £2.32; H, 10.0.
CigHgo0 requires: C, 82,613 H, 10.16%.
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Costus root oil mainly contains sesquiterpenic
compounds, some of which are described in this Thesis.
Amongst tne hydrocarbons, j-selinene (I) and B-elemene
(I1) are present together with the major acyclie,
straight-chain hydrocarbon, aplotaxene (IXI). Costel
(Iv); elemol (V), costic acid (VI), costunolide (VII)
and dehydrocostus lactone (VIII) are the major and
important oxygenated compounds. fp-Selinene, costol and
ecostic acid form a serles, which may be assumed teo
arise from & common precurser. These compounds can be
looked upon as the different stages of oxidation (or
reduction) of the common precursor.

By the same analogy, P-elemene and elemol also
must arise from a common pPrecursor.

The biogenesis of aplotaxenes is of great interest.
iccording to Sorm' the reasonable postulate is that
aplotaxene is formed by decarboxylation of an umsaturated
C1g8~- monocarboxylic acid.

Costunolide (VI1) and dihydrocostunclide (IX) are
the ten-membered carbocyeclic lactones present in this oil.
Saussurea lactone (X), which is not a natural product,
but an artefact arising from dihydrocostunclide, has
also been isolated from this oil. This conversion has
been achleved experimentally in the :mm-aury.'






Un similar considerations, the hydrcearbon
f-elemene may be considered to be an artefact arising
from a hydrocarbon (XI), which is a ten-membered
carbocyelie hydroecarbon having three double bonds.
Considering the presence of large amount of costunclide
in costus root oil, the presence of hydrocarbon XI,
cannot be ruled out. Such a hydrocarbon, obviously,
will be very unstable and under the experimental
conditions, is most likely to yield P-elemene according
to the same mechanism as saussurea lactone is formed
from dwaroeostmm.’ A search for this hydro
carbon in costus root oll, however, proved fruitless.

The importance of such a hydrocarbon may well be

imagined when one considers the variety of ways in which
transannular reactions can take place on such a molecule.
This hypothetical hydrocarbon would constitute the parent
compound in the germacrane (XII) series to which costunclide
and dinydrocostunolide belogg.

Aceording to Sorm,” " the readiness with which
most of the unsaturated derivatives of germasecrane type
undergo transannular eyclisation to give compounds with a
selinane skeleton (in the case of lactones, relatives of
santonin) suggests & bilogenetic significance of such
reactions. It may be assumed that the cyclodecane-type
lactones are the primary products in nature, and that
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lactones of the santonin and guaianolide series are
formed from them by secondary processes, analoguous

toe well<known sterecspecific transannular cyclisations
observed in the laboratory. This hypothesis is supported
by the frequent oceurrence of lactones of the germacrane
type in the Compusitaes family, which is also the source
of the other two types of sesquiterpenic lactones.
However, direct evidence for this biogenetical relatione
ship 1is still lacking. "

The importance of the germacrane skeleton is
further stressed ﬁy Barton? in connection with his
work on the ten-membered ring lactone, pyrethrosin(XIii),
It is possible, by establishing different bonds across
the germacrane ring, to construct the carbon skeletons
of most of the bicyclic sesquiterpemoids. This obsere
vation is experimentally illustrated by the eyclisation
reactions of pyrethrosin (loc.cit).

The work carried out in our laboratory on
eonmndc"e and dihydrocostunclide lends additional
support to the above observations.

Rusicka's’ illuminating hypothesis on the

blogenesis of terpencids, considers an aeyecliec precursor
of the farnesane type for mono- and bicyelic sesquiterpenes.
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It 4= further supposed that the displacement of the

allylic hydroxyl greup of farnesol (XIV) by either of

the isolated double bonds gives rise tc 6-, 10« or lla
membered ring intermediates.® The medium ring intermedis-
tes possess unique conformations which dictate the structure
as well as the stereocchemistry of the sesquiterpenes

derived from them by a variety of simple further reactions,
notably double bond cyclisations.

It 4s now generally believed that the actual
iscprencid unit invelved in terpsne biogenesis is
mevalonic acid (XV).Q Mevalonic acid, under the
influence of certain enzymes, is converted into isopentenyl
pyrophosphate tm)}°'1’ vhich can further isomerise to
dimethyl allyl pyrophosphate (XVII)?'“ One molecules
of dimethyl allyl pyrophosphate can condense with two
molecules of isopentenyl pyrophosphate to form exclusively
the trans-trans farnesyl pyrophosphate (Xviry)ilii6y16
It was shown that nerolidyl pyrophosphate (XIX) also
accompanies farnesyl pyrophoephae in an equilibrium
mixturer **® Nerolidol and farnesol were thus shown
to be the simplest acyclic sesyuiterpencids (see

Schemes 1 and 2).

The biogenesis of sesyuiterpenes from farnesyl
pyrophosphate (AVIII) involves an ionisation of the allylie
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dijhosphorylated hydroxyl group and cyelisation of one
of the cther double bonds to form u series of cations.®
The cis- and transefarncsol derivatives can furnish
various cations but the prosent discussion will be
rostricted to the cation (iX) formed from trang-farncsol.

Models of the trans.cation (XX) reveal that the
tvo double bends are extremely close to each other. The
cationic center resides cut in the isopropyl side chain,
where it may be hydrated or it may suffer further extensive
oxidation ylelding the sesquiterpenic lactones, all of
wiich can be shown to be derived from XX.

The simplest way in which this cation can be
neutralised is by elimination of a proton to create a
double bond in the iscpropyl side chain, thus giving rise
tc the hypothetical hydrocarbon (XI).

Gimple hydration of this cation results in alechol
(XXIa & b) which has two double bonds uniquely situated
for concerted ayelisaticn with complete trans.anti-parallel
additions to the double bonds to yield the bicyelic products
(XXII a & b).

Alechol (XXIIa) 4s a direct precurser of eudesmol
(XXII1) and cther sesquiterpenes of this skeleton (santonin,
ecyperone, costol) and is in complete mocord with the
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sterecchemistry of this group. Furthermore, a direct
six-centred rearrangement of the electrons in (XXIa)
yields elemol (V). Thus, cation IX is shown to be the
precursor of P-selinene (1), costol (IV), costic aeid(VI),
Beelemene (II) and elemol (V).

<

Product XXIIb is the direct precurscr of the
large body of sesquiterpenes with the gualazulene skeleton
and predicts their stereochemistry. This may include
dehydrocostus lactone (VII1) present in costus oil.

rmny, there is a possibility of finding
compounds related to uneyclised ZX from mtsinl sources.
This expectation has recently been realised by the isolation
and identification of products like germacrone>® (XXIV),
pmthroo:.n(ml),“ parthenolide (xxV)° and costunolide
(vi1).5 411 these compounds underge facile cyclisations
to the corresponding bicyclle products, as postulated
above, in the biogenetic scheme.

Thue, it is readily seen that under this bioge-
netic hypothesis, compounds belonging te the selinane,
germacrane, elemane and guaiane serles, may arise from
the same commen precursor (X7) cbtainable from transe
farnesyl pyrophosphate. The occurrence of all the four
types of compounds in costus root oil lends further support
to this hypothesis and brings forth the close biogenetic
relaticnship of the products isclated from costus root oil.
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Costunolide is an important sesquiterpenic lactone
occurring in costus root oil. Its structure and absolute
configuration (XXVII) have been determined in our
storatoryl and by Sorm and counberutorn.a It possesses
a ten-membered carboeyeclic ring system with a unique
distribution of two trisubstituted double bonds. The
molecule contains three doubls bonds, as determined by
catalytic hydrogenation. The double bond estimation by
means of perbenszoic acid, however, indicated the presence
of only two double bends. These results taken with IR
and UV data of costunolide conelusively proved that one
of the double bonds in costunolide was in conjugation
with the carbonyl group of the lactone moiety.

The treatment of costunolide with perbenszoic acid
has been previously used only as an analytical procedure
for the estimation of the number of double bonds, and
the epoxides, ‘ttmn formed, were not isolated. In view
of the occurence of several epoxy compounds in essential
oils and particularly of the sesquiterpenic epoxy lactones,
pyrethrosin and parthenolide, it was considered that
preparaticn of epoxy compounds from costunolide and its
derivatives would be interesting.

Before going inte the details of preparation of
epoxides of costunclide and dihydrocostunolide, a very
brief survey of naturally occurring epoxy terpenoids
will not be out of place.
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(1) Linaloocl nmxido (I) (2,3-epoxy-2,8-dimethyl.7-0cten-6-0l)

Schimmel and Co.2 first observed this monoxide in
Mexican linaloe oil where it is probably formed by aerial
oxidation of linalool while still in the plant. Naves®
found that epoxylinalocl occurs free or as an ester in oil
ef lavendin,in the oil of 'shiu', the content ranging from
0.5 to 4.2%. Its struecture was determined by Naves and
Bachmann,*

Linalool monoxide is an oil possessing a musty odour
reminiscent of camphor and fenchyl alcohol. This oxide is
not used as such in the perfumery industry.

) {43 -Caren-5,6-epoxide (epoxvearene) (II).
The [/ -modification of this oxide was identified
by Simonsen and oowrbus as the main constituent in the

o1l of Zieris smithil:Blanchard® recently reexamined its
structure and found it to be chrysanthenone’ (III).

(3) Riperpitone oxide (IV) and piperitencne oxide,

(lippione) (V) occur in several mentha lpociolos

(4) gsolaserpitin (VI) has been isolated by Sorm and
co-workers® from the roots of Laserpitin latifolium L.

(6) Pierotoxinin is one of the components of the bitter
prineciple of 'picrotoxinin'. Its structure (VII) was
brilliantly proved by Conroy.l®
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(6) _Corjamyrtione (VIII) occurs in several Coriaria
species. Its constitution has been determined by the

Japanese vorhrl.u

(7) Fumegillip, a potent antibiotic isclable from the
mould Aspergillus fumigatus was assigned a non-isoprencid
structure (IX) by Tarbell and coworkers.'? The structure
was later sonfirmed by NMR spectral data.

(8) Humulene momoxide (XI) and humulene dioxide (XII).
Hamaswami and phattacharyyal® isolated the mono- and
diepoxides of humulene (X) from the essential oil of

wild ginger, (Zipgiber gzerumbet, Smith). The optically
active fraction of the oil on repeated fractionation
followed by chromatography, yielded two pure compounds.
The major component was identified as the moncepoxide (XI)
of humulene on the basis of chemical and spectroscopic

evidences.

The second, a minor component was similarly
identified as the diepoxide (X1l) of humulene.

The occurence of humulene dioxide is the first
instance of a terpencid diepoxide in nature.

In this connection it may be pointed out that a
closely related sesquiterpene, caryophyllene (XIII) also
occurs as its epoxide (XIV) in nature .14



Treibs and co-workersl? isoclated caryophyllene
oxide from the oil of cloves and it was later shown to be
identical with a crystalline oxide isolated by Seidel,
Muller and Schinzl® from the oil of lavender.

Epoxy lactones

(1) Pyrethresin (XV)

Barton and deMayo'® isolated pyrethrosin from
Chrysenthenus cinersrisefolium, a wellknown member of the
compositae family. This compound, Cy7H20g, ccntains a
lactone ring, an scetoxy group, two double bonds and an
oxygen funetion which is neither a hydroxyl nor a keto
group and was, therefore, assigned oxide character. The
melecule was thus monocarbocyclic. One of the d uble
bonds was shown to be conjusated with the carbonyl group
of the y-lactone. The key experiment in the structure
determination was an attempt to acetylate pyrethrosin
in acid solution, which led to the opening of the oxide
ring and formaticn of eyclopyrethrosin (XVI), a bieyeclie
product of the selinane series.

Pyrethrosin was transformed into a derivative of
the santonin series by an elegant sequence cf reactions,
which leaves noc doubt about the ten-membered ring
structure. Quite recently Barton, Bockman and deMayol?
proved the presence of the l,2-epoxide in the molecule by
isomerisation of tetrahydropyrethrosin (XVI1) to the
ketone (XVIII), by means of borontrifluoride.






Barton and coworkers (loc.cit) were able to
propeose the absolute configuration of pyrethrosin at
most of the asymmetric centres as in XV, by a study
| of the various chemical, physical and spectral proper-
ties of the molecule and its derivatives.

(2) Partbenclide CUIX)

Sorm and coverkersl® isolated parthenolide,
Cigliagls from the extractives of Chrysanthemum parthenium (L)
Bernh.

Un the basis of varicus chemical degradative
. experiments, IR and UV spectra they assigned to it the
structure XIX,

Govindachari and co-workers>® who isolated
parthenclide from the trunk bark of Michelia ghampagss
arrived at structure XX for it as followss

Parthenolide, m.p.118%; (x)p - 78°, possesses
aY -lactone ring, two double bonds and an oxygen function,
Cne of the dcuble bonds is exocyclic and conjugated with
the lactone carbonyl group. The oxygen functiocn was
found to be present as & 1,2-¢poxide. These results
prove the ten-membered carbocyclic structure of parthenolide.
The KM spectrum of parthenolide shows a singlet (3H) at
2,72 7 (methyl on carbon carrying oxygen), a singlet (3H)at
2,28 7 (methyl on a double bond), two sets of doublets(2H)
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at 4.4 and 3.77W = 3.5 eps) indicative of an exoeyclic
methylene group, whose presence is further confirmed by
the formation of formaldehyde on ozonolysis and the
presence of an IK absorption band at 880 em-l. A broad
signal (1H) at 4.7 Tis ascribed to a vinyl proten.

Hydrogenation of parthenolide in the presence of
palladised carbon gives dihydroparthenclide. The latter
shows NMR signals at 8.28 7 (3H) dus to methyl group on
a double bond, B,74 7 (3H) due to methyl group on carbon
carrying oxysen and a doublet at 8,72 7(3H, J= 7 cps) due
to the new methyl group created by reduction of the
exocyclic double bond. The doublets at 4.4 and 3.7 7
present in parthenolide have disappeared.

The study of the NMR spectra of parthenoclide and
dihydroparthenclide clearly shows that the isolated double
bond in parthenolide is trisubstituted and hence Sorm's
structure XIX for parthenclide is untenable. |

Dihydroparthenclide on reaction with perbenzoic
acid gives the epoxy derivative (XXI), CjgHpa04, m.p.172.73°.
The signals for the vinyl proton at 4.4 7and vinyl methyl at
8.28 7in the former disappear and a sharp sipglet (3H)
appears at B.67due to a methyl on the system - {- 0.

Parthenclide is monocarboeyclic and since
dihydroparthenclide gives chamazulene on dehydrogenation
it must possess the germacrane skeleton (XXII).



The position of the epoxy ring on carbon atoms 4
and 6 was conclusively proved by chemical evidences as
follows. Tetrahydroparthenoclide on treatment with boron
trifluworide gives an allylic aleohol, which on reduction
yields a glassy tricl. The latter consumes periodic acid
indicating the presence of 1,2-dicl. This is possible
only if the epoxide is on carbon atoms 4 and 6 in the
germacrane frame work. NMR data supports this conclusion.
Thus, only two structures XX and XXIII are possible.

That parthenolide 1s represented by structure XX
vas confirmed by carrying out a series of degradative
reactions on dihydroparthenolide, which ultimately led to
the formation of levulinic aldehyde. The levulinie
aldehyde can only arise from structure XX with the tri-
substituted double bond between C3 and Cjgq.

Dihydroparthenolide readily rearranges to a
tertiary alechol (XXIV) on treatment with borontrifluoride
etherate. The compound gives chamazulene with great
facility on heating with palladium charcoal. On the
basis of its molecular weight, determined by mass
spectroscopy, it should be bieyelic. The compound was
assigned structure XXIV on the basis of its NMR spectrum
whose principal features are a doublet (3H, J= 7 cps) at
8.78 T(methyl at C11), a sharp singlet (3H) at 8.727
(methyl at C4 on carbon bearing hydroxyl), a doublet






130

(8H; J= 1.6 cps) at 2.32 7 (methyl on double bond) and no
signals in the & 7region. The formation of perhydroamulenic
compound from dihydroparthenolide shculd huve stereochemical
significance since in all previcusly recorded instances

in the case of ten-membered sesquiterpenes cnly perhydroe
naphthalenes have been reported.>

(3) Arborescin (XAV)

An epoxy guaianolide, arborescin, obtained from
Artemisia arborescens and Matricaris globifers belonging
to the family gompositae, has recently been assigned
structure XXV by Bates .+1.31 on the basis of NHR
spectroscopy.

(4) Globieip (XXVD
Another closely related guaianclide, globicin

(XXV1) isclated from Matricaris Elobifera was recently
found to be an epoxide by Bates and oowrkarn.ag

Considering the cccurrence of these epoxy lactones
in the plants of the compositas family and the important
structural features they exhibit, it was felt that a
versatile compound like costunclide be converted into its
mono- and di-epoxides. Costumolide (XXVII), which is a
ten-membered ring lactone has a characteristic distribution
of double bonds in the molecule and can rightly be considered
the parent compound of the germacranolides. The importance
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of ten-membered carboeyelic compounds in terpene biogenesis
has been discussed in literaturds’>*>?% prtensive work
has been carried out in our laberatory on eoatunaudo,%
but its epoxides were not isolated and studied, though, by
the aetion of perbengoic ascid the double bonds were esti.
mated. As the knowledge about the structure and different
reactions of costunolide accumulated, the aspect of the
chemistry of its epoxides could not be ignored. The
opeurrence of pyrethrosin and parthenolide in nature
provided further impetus to this idea.

The revised structure of parthenolide (XX),
discussed earlier, immediately disclosed 15- relationship
with the structure of costunolide. Though the structure
of parthenolide was firmly established, the problem of
its absolute configuration had remained unsettled. It
appeared that valuable informaticn about this point may be
obtained by studying the epoxides of costunolide as
Govindachari's structure of parthenclide was nothing but
the 4,5-epoxide of costunclide. IF a monoepoxide of
costunclide could be prepared and characterised, the
structure of parthenolide could be further confirmed and
the sterecchemistry could also follow, since both these
aspects have been rigorously established for costunolide.

Dihydrocostunolide, m.p. 77-78%, was selected as
the starting compound for studying epoxidation, as 1t is
more stable and simpler than costunolide.
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1t was observed early in the present investigation
that tne product obtained by the prolonged (48 hours) action
of perbenzoic acid on dihydrecostunolide exhibited a sharp
band in the IR spectrum at 3448 cm™! indicating the
presence of a hydroxy compound. The hydroxy band was
found tc be absent in products of reactions of shorter
duration (12 hours).

Experiments were then carried cut with dihydroe
costurolide (XXVIII) using one mole and two moles of
perbenzoic acid in chloroform soluticn at 0° for 12 hours.
The products, however, showed a considerable range in the
melting point. Repeated crystallisations using different
solvents and solvent mixtures were of no avail,

For example, when dihydrocostunolide was treated
with one mole of perbenzoie acid in chloreoform solution
at 0° for 12 hours, the product was found to have m.p.
756-110°, even after several crystallisations.

It was evident from this, tiat the time factor
was important. 4 kinetic study of the epoxidation
reaction using one and two moles of perbenzoic acid in
ehloroform on dihydrocostunclide was initiated. 1t was
observed that one mole of perbenzoic acid was consumed
within 16 minutes after which the absorption virtually
stopped. The second mole was consumed at the end of



133

96 hours. This observation was found true for costunclide as
well.

Pihydrocestunclide was therefore treated with one
wole of perbenzole acid in chloroform scluticn and the
reacticn mixture was worked up after 185 minutes., The
product, even after several erystallisations, was,
however, found to b2 nonhomogeneous, m.p. 80-1186°,

Comparable results were obtained when costunolide
wvas employed under similar conditions.

Dihydrocostunolide on treatment with 2.2 moles
of perbenszoic acid in chloroform solution at o° for
86 hours, furnished & erystalline compound, m.p. 160-658°,
It was crystallised twice from benzene-petroleum ether,
mep. 172-178%; ()7 - 66.43°. Its IR spectrum (Fig. 1)
exhibited bands at 1773, 1379, 1342, 1309, 1300, 1268,
1242, 1183, 1136, 1093, 1064, 1047, 1026, £95, 9c2, 024,

800, 874, 826, 809, 783, 733 and 714 cm™ .

Its EMR spectrum (Fig.2) showed signals at B.,78,
8.65 and 8,858 7 (3H each) due to the three methyl groups
at Cgy Cy0 and Cy13, &t 7.23, 7.08 7 (1H, each) dus to
the two protons at Cy and Cg and a triplet at 6.19, 6.04
and 5.90 7(1H) due to the proten at Cg on carbon carrying
an oxygen, in agreement with structure XXIX for diepoxide
of dihydrocostunclide.












134

The melting point and the specific rotaticn of
the diepoxide of dihydrocostunclide agreed with those
of epoxy dihydroparthenoclide (XXI‘.).19 The identity was
confirmed by taking the mixed melting point with an
authentic sample of epoxydihydroparthenolide (kindly
supplied by Professor Govindachari). IR spectra of
both the samples were superimposable. This identity
conclusively proved that epoxydihydroparthenolide (XXI)
had the same sterecchemistry as dihydrocostunolide (XXVIII)
at Cg, C7 and C11, viz. the yelactonme ring is crm’&u-a '
and the C13- methyl is «-oriented. The stersochemistry of
parthenclide itself at the lactone ring juncture thus
follows.

Attempts to prepare the diepoxide (XXX) of
costunclide under the same conditions were fruitless, as
the resulting product was always a poclymerised material
even under mild temperature conditions.

From the kinetic data it was observed that the
first mole of perbenzoic acid was absorbed within fifteen
minutes while the other required 96 hours for completion.
It was thus reasonable to suppose that in such a case a
monoepoxide could be easily isolated. But this idea did
not materialise and even chromatography did not yield a
pure compound. Apparently, both the trisubstituted double
bonds in costunolide were not equivalent in their reactivity
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EXPER I 4L

Monoepoxide of costunolide
A solution of perbenzoic acid in chlorcform

(12 ml of 0.53 Nj 0,86 g., 0.0047 mole)was added to
costunolide (1 g; 0.0043 mole) at 0°. The reaction
mixture was worked up after 15 minutes. The chloroform
solution was washed thoroughly with sodium bicarbonate
solution (10%) and then with water., It was dried over
anhydrous sodium sulphate and the chloroform removed
under reduced pressure at 40 + 2°. The crude product,
WeDPe 7b-m°. was crystallised six times from benzene-
petroleum ether, m.p . 80-120°,

The product (0.8 g) was then chromatographed on
neutral alumina (grade IIj; 26 g) and eluted with pet.ether,=
benzene and chloroform. A solid was obtained from the
chloroform eluate, m.p. 90-118°. Attempts to purify this
product by crystallisation did not yleld any dependable
results.

Die L cos lide

A solution of perbenzoic acid in chloroform (28 ml
of 0.7 N; 1,34 g., 0.0096 mole) was added to costunclide
(1 8.y 0.0043 mole) at 0°. The reaction mixture was kept
in the refrigerator for 6 hours. The product was isolated
as described above, the temperature being maintained at
40 + 2°, at all stages. It was a polymerised material
from which no erystalline product could be isolated.
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A chloroform sclution of perbenzoic acid (14 ml
of 0.7 K; 0.67 g., 0.0048 mole) was added to dihydro-
costunolide (1 g., 0.0042 mole) at 0°. The product was
isolated after 15 minutes, m.p. 70-110°, It was crysta=
1lised six times from benzene-petroleum ether mixture,
mep. 90-120°. Chromatography on neutral alumina was not
helpful in purifying it, («)3’ - 12.30° (CHC1z; ¢, 1.6).

Asnalysis

Found: C, 71.81;H, 8.83.

Cygli2203 requires: C, 71.97; H, 8,86%,

Diepoxide of dihydrocostumolide (XXIX)

A chloroform solution of perbenzoic acid (28 ml
of 047 Hj 1.34 g., 0.0096 mole) was added to dihydro-
costunclidd (1 g., 0.0042 mcle) at 0°. The reaction
mixture was kept in the refrigerator for 96 hours. The
product was isolated as described earlier; m.p. 160-168°.
It was crystallised twice from benzens-petroleum ether,
meps and mixed m.p. 172.173% )37 - 66.43° (GHC13; ¢,6.7).

sualysis
’ow‘ 0, 67.89‘ K’ 80“'
Cigliga04 requires: C, 67.64; K, 8.33%.
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S UMM ARY

The structure of dehydrocostus lactone has
nov been firmly established. The problem of its
sterecchemistry has two aspects, namely, the stereo-
chemistry of the ring Juncture and the stereochemistry
of the lactone moiety. In this part, an attempt has
been made to examine the latter. FNo conclusive results
have been obtained so far, but it is felt, that conti-
nuation of this study may ultimately lead to the
solution of this problem.

Dehydrocostus lactone possesses a y- lactone
function as in the case of costunolide. It was thought
interesting to examine the possibility of obtaining a
common component from both the series.

Dihydrocostunolide on ozonisation gives a keto
lactone carboxylic acid. It forms suitable solid deri-
vatives. A similar approach was followed in the case of

0 \CEO 0\30

DEHYDROCOSTUS DIHYDRODEHYDROCOSTUS
LACTONE LACTONE



dinydrodehydro costus lactone. AR attempt has been
made to obtain a diene laetone, which on ozonolysis
would give the same keto lactone carboxylic acid, if
the stereochemistry of the lactenic molety in both
the compounds be the same.

Various experiments leading to the formaticn
of the diane lactone have been described.
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In this chapter are described some experiments
which have been carried out for detsrmining the stereo~
chemistry of dehydrocostus lactone (I) and correlating
it with costunolide. It has not been possible to come
te any final conclusion as yet, but it is felt that
continuation of work on this line will eventually lead
t¢ & solution of this problem. For this reason, it
seems desirable po put on records the experiments which
have been carried out so far.

Dehydrocostus lactone 1s one of the main lactonie
constituents of costus reot coil, obtained by the low-
temperature solvent extraction procedure developed in
in our laboratory.l It was first isolated by Ukito?
and later by cmbabma from costus root oil. Its
constitution vas initially studied by Naves,® who,
on the basis of its quantitative ozonolysis and dehydro-
genation of the saturated lactone concluded that it
contains two exocyclic double bonds and possesses a
guaiane skeleton. Sorm and co-workers® subsequently
established the presence of three exoeyclic methylene
groups, as a result of quantitative czonolysis. They
also found, on eritical examination of its IF spectrum,
that dehydrocostus lactone does not contain any methyl
groups. Hexahydrodehydrocostus lactone (I1) on selenium
dehydrogenation gives a mixture of four azulenes in very






low yields. From all these evidences, the Czech workers
assigned structure I to dehydrocostus lactone.

In one of the recent communications from our
Labornotr,e we have reported chemical evidences,
based on pure erystalline derivatives, which would
support the structure I for dehydrccostus lactone. It
is but natural that the attempts to sclve the stemo-
chemistry should follow the structure determination.
There are two aspects of this problems (i) sterec-
chemistry of the ring juncture, and (1) stereochemistry
of the lactone ring.

From certain experiments which have been carried
out in our Laboratory’ on dihydroguaiol epimers (III, IV)
& solution of this problem seems to be in sight. In the
present case attention has been concentrated on the
sterecchemistry of the lactone mcisty.

4 similar y-lactonic unit occurs in costunolide
(V) and dihydrocostunolide (V1), $the stereochemistry of
which has been rigorously established by converting
them to santanolide 'e' (VII) of known absolute configue
ratann.s The spectral properties would suggest that
the lactone moiety in dehydrocostus lactone (I) is also
possibly a trans.lactone. However, other physical tools
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such as mhcular’ rotation difference between the lactone
and the diol could not be used with certainty, specially
because the y-lactone molety is fused to a 7-membered
ring and not to a S-membered ring as in santanolide '¢’
and vis-a.vis V and VI. For this reason it was felt
desirable to try to prepars a common component from
dehydrocostus lactone (I) and costunolide (V).

When costunolide (V) is preferentially hydroge
nated in ethanol in the presence of 5% palladised carbon,
it gives solid dihydrocostunolide (VI) as the major product.
The latter, on ozonisation, is ¢lsaved into two components,
one of which is levulinie acid (VII1) and the other, a
ketolactone carboxylie acid (IX).® 4s the compound (1x)
is obtiined directly by ozonolysis, it necessarily retains
the original stereochemistry cf the lactone molety. Its
methylester forms suitable solid derivatives such as
214-dinitrophenyl hydrazone and thiosemicarbazone, both
of which can be used as reference materials for comparison
purposes.

The methylester of compound IX on reduction with
lithium aluminium hydride forms the tetrol (X) which on
reaction with sodium metaperiodate affords the aldehydo
diol (XI). Its semicarbazone and other derivatives can
also be used as reference compounds. Since these various
products are readily available, efforts were made to obtain
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same or similar products from dihydrodehydrocostus
lactene (X131 )o

attention was then directed te the preparation
of pure dihydrodehydrocostus lactone (XI1) by stereo-
specific reduction of the methylene group in conjugation
with the lactone carbonyl to give a single epimer at Cjj.

seduction of dehydrocostus lactene te dihydro-
dehydrocostus lactone using scdium and alcohel has been
described earllier by Naves oul.‘

However, this method was inadequate to obtain an
epimerically pure compound. Reduotions, using sodium
and agqueous umnh’ also falled to give pure XII. Finally,
the recent method reported by the Japanese vorkersi® to
get the dihydrolactone via oxidation of the pure erysta.
1line lactol (XI11) was found to be the most sultable.
The lactcl was prepared by prolonged reduction of
dehydrocostus lactone with scdium borohydride. The
dihydroproduct obtained by thiz method was found to be
a single epimer from its GLC and TILC analyses. Direct
reduction of dehydrocostus lactone with sodium borohydride
gave 80% pure (GLC) dihydrodehydrocostus lactone. It was
also observed that it is more convenient % prepare the
lactecl by controlled reduction of dehydrocostus lactons
with lithium aluminium hydride.









It has further been found that controlled
lithium aluminium hydride or sodium borohydride
reduction of the dihydrolactone followed by Huang-
Minlon reduction, at different temperatures results in
the formaticn of the disne-moncls (XIV) and (XV). 1In
the monol XV the twe originally present methylenic
double bonds have migrated inside the ring to a conjue
gated position.”

Efforts of the present author were directed to
obtain a similar conjugated lactone (XVII) from dihydroe
dehydrocostus lactone (XII). Sueh a conjugated diene
weuld show characteristic UV absorption and its formation
could be conveniently detected by adopting this method.
Czonisation of this lactone will result in the formation
of a keto-lactone-carboxylic aeid which would be identical
with IX, if the stereochemistry of the lactone molety is
the same as in costunolide.

For this purpose two general approaches were
adopted: (1) isomerisation of double bonds by heating
with scids and bases, and (ii) hydrobromination of dihydro-
dehydrocostus lactone and subsequent dehydrobromination.
The results of iscmerisation experiments on the
dihydrodehydroccstus lactone with acidic and basic reagents
are shown in Table 1.

* These results have been collected by Mr. 8.B. Mathur 6
of :.ur laboratory and will form a part of his Ph.D. thesis.













It is evident from Table 1, tﬁat the results
of isomerisation of dihydrodehydrocostus lactone itself
have not been very encouraging. It scems that extensive
trials will be required before the objective is achieved.
This aspect 1s being scrutinised.

Hydrobro tion and dehydrob tion of
dibydrodehydrogostus lactons

Hydrobromination of dihydrodehydrccostus lactone
was easily effected by passing dry hydrogen bromide gas
into a solution of the lactone in anhydrous ether. The
dibromo derivative (XV1), thus obtained, was then
dehydrobrominated under a variety of conditions. The
course and extent of dehydrobromination was followed by
quantitative UV absorption measurements of the resulting
‘dhnn.

The results of the dehydrobromination experiments
tried under various conditions are shown in Table 2. 1In
several cases, the neutral product was chromatographed on
neutral alumina (grade II1) and U spectral characteristics
of suitable fractions were determined as indicated in
the Table.
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o. Solvent Base Temp./Time
1 CCla Dimethyl room temp.
aniline ove
and reflu-
xed 1 hr.
2 EtCH Alcoholie room temp.
ECH 96 hrs,
3 Celig Pyridine refluxed
6 hrs.
4 Pyridine “yridine refluxed
1.5 hr,
6 CClyq Aniline room temp.
over, &
refluxed

2 hrs.

Neutral product. Aecid

Pet.ether frn:

Amax. 247 mus Anax.244 my

¢ 5338, € 6132,

Amax. 200 mus

€ 4980, Amax.290 o,
€ 6132,

)

Amax. 247

v 31905” -

J.uux. ; ms

Bepzene {rug

Amax. 247 mpy

Amax. é”

€ 2083, ”-

nax. 247 nax.%47

€ &aséw ok £ 394:,” g

Sl s

AmnaXe 244

€ 4830. -

3‘3“0 200 muj






Experiment No.4, above, appeared promising
and was repeated on a larger scale in an atmosphere
of nitrogen (experiment No.6) with the hope of isclating
a pure preduct showing the characteristic UV absorption,
but chromatography of the product was of no help.

As can be seen from Tables 1 and 2, though a
variety of conditions was tried it was difficult to
obtain a conjugated diene lactone because of the formaticn
of bye-products. Such a conjugated diene lactons would be
expected tc show a UV absorption maximum arcund 280-284 mu
with € value of about 10,000 te 12,000 units. In all
the cases studled above, the maxima appeared around 247 my,
the shift may be explained as due to the presence of
impurities. In addition to the maximum at 247 mu,
anc ther maximum at 200 mu was alsc observed in almost
all the cases studied. The absorption at 280 mu is
characteristic of compounds containing three conjugated
double bonds, and as such, cannot be readily explained
especially in the case of neutral products.

However, formation of the desired lactone (XVII)
was clearly indicated by the characteristic UV absorption
at 247 mu. The € value was usually of the order of
8000 units. In the case of experiment 4, where pyridine
was used as the base, the product showed € value of 78508,






EXPERIMENTAL

Dibydrocostunolide (VI)

It was obtained according to the procedure
previously established in this Laborntory.a

Co:tmu& (Vi mep. 106.107° 3 ()p + 128°)
(10.0 g) dissolved in ethanol (460 ml) was hydrogenated
in presence of pauad:;fny-chareoal catalyst (683 0.6 g).
Absorption of hydrogen virtually stopped when 982 ml
(at N.I.P,) were absorbed, corresponding to 1.02 moles
of hydrogen. 7The catalyst was filtered and the ethanol
was removed from the filtrate under suction. The residue
was taken up in ether, washed with sodium carbonate :
sclution toc remove the acid formed due to hydrogenclysis,
and then with water. Femoval of ether followed by
erystallisation of the residue from methanol furnished
7.0 g. of dihydrocostunolide, m.p. 77-78°%; (x)p + 112.8°
(CHClg; ey 2.8).

Analysis
Founds C, 76.62; H, 9.31.

CIM% P‘Qﬂi!‘.!t C, ?6088‘ H, 90“0

1ts IR spectrum (Fig.l) showed bands at: 1779,
1667, 1198, 1089, 811 cm” 1.
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Czonolysis of dihydrocostunc udcs

Czonised oxygen was passed inte a solution of
dihydrocostunolide (10.0 g) in ethyl scetate (75 ml) at
0° for 12 hrs. The solvent was removed under reduced
pressure at 40°, and the residue was mixed with water
(60 ml) and heated on a water bath for six hours. The
osonolysis product was soluble in water. The sclution
was saturated with ammonium sulphate and thoroughly
extracted with ether. The ether solution was extracted
with sodium carbonate solution to extract the acids. The
agueous alkaline solution was acidified with dilute
hydrochloric acid and thoroughly extracted with ether,
Removal of ether afforded a mixture of acids (11.5 g).
Ig vas esterified with diazomethane.

The above methylester was fractionated:

Fragtion No. _ Bs Bs Xield
1 7076/ 6 mm. 2.5 g.
2 1”-1550/0.5 mme 70 g

Fraction 1 was identified as methyl levulinate
(2,4-dinitrophenylhydrazone, m.p. 140-41°).

Fragtion 8 was refractionated and the portion
b.p+180-86%3 mm. was collected, ng° 1.4620; @)E® + 0°
(CHC1g; ¢, 4.2).



Apalysls
Founds G,ﬂ.@l; B' 7.18,
011!!1605 requiress O,l‘?.&; Hy 7.0#0

its IR spectrum (Fig.2) shows bands at: 1770, 1724,
1696, 1279, 1188, 1149 and 1036 em-l.

2,4-Dinitrophenylhvdrazone of methylester of IX

A mixture of the methyl ester (0.2 g), 2,4-dinitro-
phenyl hydrazine (0.18 g) and ethanol (18 ml) was heated
to boiling. It was slightly cocled and two drops of
concentrated hydrochloric acid were added when it formed
a clear solution. It was allowed to stand overnight

vhen yellow crystals of the derivative were deposited.
It was crystallised twice from ethancl, m.p. 94-98°.

Analysis
Found: N, 13.59.

Ci7Hgo0ghg requiress; N, 13.72%. ‘

Thiosemicarbazone of methyl ester of IX

The methyl ester (0.2 g) was added to z boiling
solution of thiosemicarbaside (0.09 g) in ethancl (R ml).
The mixture was allowed to cocl when erystals of the
derivative deposited. They were filtered and crystallised
from squecus ethanol, m.p. 154-188°.

Apalysds

Found: N, 13.76.
Cyoliy g0gNa8 requires: N, 13,980 .



Zhe tetrel (0°

Ihe methyl ester of compound IX (0.5 g) dissolved
in dry ether (10 ml) was added to a stirred suspension of
lithium aluminium hydride (0.5 g) in dry ether (25 ml)
at 0°. The stirring was continued at 0° for one hour
and the reaction mixture was then refluxed for 6 hours.
Excess reagent was destroyed by adding moist ether and
wvater. Hydrochlorie acid (2 N) was carefully added in
cold, until all the precipitate dissolved. Ths ether
layer was separated and rejected. The aqueous solution
wvas neutralised with sodium carbonate and filtered. The
filtrate was concentrated tc 4 small volume under reduced
pressure. It was then continuously extracted with chloroe
form for 24 hours in a liguid-liquid extractor. IEvaporae
tion of chloroform ylelded the tetrol (X, 0.4 g) as a
thick, viscous liquid.

Its IR spectrum showed broad bands at 33890 and
1031 em™* and an absence of bands in the carbenyl region.

Zhe aldebyde=diol (X1)

i saturated sclution (12%) of sodium metaperiodate
(6 m1) was added to & solution of the crude tetrol (X, 0.35 g)
in ethanol (8 ml), and the mixture shaken mechanically for
2 hours. The precipitate of sodium iodate was filtered and
the filtrate diluted with water and extracted thoroughly
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with ether, FEther extract was dried over anhydrous
sodium sulphate and the ether evaporated, when the
aldehydo-dicl (X1, 0.2 g) was obtained as a thick liquid.

Semlcarbagzone of X1

fo an agueous solution (6 ml) of semicarbazide
hydrochloride (0.12 g) and scdium acetate (0.14 g) was
added a solution of the aldehydo«diol (0.? g) in ethancl
(2 ml). The mixture was heated and allowed to stand at
rocon temperature for two days, when erystals of the
derivative separated. They were ccllected by filtration
and erystallised twice from dilute ethanol, m.p.121.22°,

Analysis
Found: N, 17,89,

Cyolia10giis requires: N, 18,18%,

Dehvdrocostus lagtons (1), ©.p.60-61%; (), = 12,8
(CHC1la3 ¢y 3.1) was used for the present work (IR Fig.3j

MR '“o ‘?)0
Dt~

Db ydrodelydrecostus lactope (XII). It was

obtalned by the procedure previcusly adepted in this
6

Laboratery.

Sodium borohydride (0.6 g) was added in small
lots to a solution of dehydrocostus lactone (10.C g) in



methanol (80 ml) and the reaction mixture was allowed
to stand at room temperature for 24 hours. It wvas
diluted with water, acidified with hydrochloric acid
and extracted with ether. The ether layer was washed
free of mineral acid and dried. Removal of ether gave
a liquid (9.1 g) which was chromatographed on neutral
alumina (grade III, 180 g) and eluted with pet.ether,
and ether. The pet.ether eluate gave & lactone (6.0 g)
and the ether eluate ylelded the lactol (XIII) as a thick
liquid (2.0 g) which solidified on cocling. It was
erystallised three times from pet.ether, m.p.110-111°%;
®)p = 35.7° (CHC1gy e, 2.7)

(b)  Controlled lithium aluminium hydride reduction of I

An anhydrous ether solution (100 ml) of lithium

aluminium hydride (0.72 g of 76% purity) was added dropwise

to a stirred solution of dehydrocoztus lactone (10.0 g)

in dry ether (100 ml) at -10°. The reaction mixture was

stirred at «10° for 3 hours and for a further pericd of

three hours at room temperature. The product was isolated

as usual (9.1 g). It was crystallised three times from

pet.ether to give the pure lagtol (XIII), m.p.110-111%

@)p - 33.1° (CHClg; ¢, 3.4).

Analysls
Found: C, 760”‘ Hy 9,60,
Cygliogla requiress C, 76.88§ H, 9.46%.

Tts IR spectrum (Fig.4) showed bands aty 3497, 1639, 1460,
971, 961, 926 and 900 ea-l.
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Jones' chromic aeid reagent was added tc a
solution of lactol (2.0 §) dissolved in acetons (20 ml)
until the brown colour persisted. The excess reagent
was destroyed by addition of methancl (5 ml). The
reaction mixture was diluted with water and extracted
with ether. The ether solution was washed free of
mineral acid and dried. Removal of ether gave a liquid
(1.2 g)« It was chromatoiraphed on alumina (grade II;
38 g), and eluted with pet.ether, pet.ether-benzene and
ether. The pet.ether-benzene eluate gave the dihvdro-
dehvdirocostus lactope (X1I), as a liquid, b.p. 188°(bath)/
03 mm., nﬁ‘ 1.8210; («)p + 18.8° (CHC1g; ey 2.3).

It showed a single peak on GIC analysis.
Anaslysis

Found: C, 77.28§ H, 8.49.
Cisliapla requiress C,77.55; H, B.685.

Its 1F spectrum (Fig.5) showed bands at: 1770,
1639, 1208, 1176, 1117, 1010, 990 and 892 cm~l,
Its HMR spectrum is shown in rig. 6b.

A A mixture of dihydrodehydrocostus lactone (1.0 g)
diethylene glycol (256 ml) and potassium hydroxide (1.0 g)
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was heated for 6 hours at 170.180°. The reaction
mixture was diluted with water and the neutral product
(0.& g) was extracted with sether. The neutral product
showed Max. 243 mu; ¢ 28578,

The aqueous alkaline solution, on acidification
and ether extraction furnished an acid (0.3 g), showing
Amax. 244 mu; ¢ 2€.18,

8. A mixture of XII (1.0 g), freshly distilled
aniline (1.0 g), potassium hydroxide (0.2 g) and diethylene
glycol (26 ml) vas heated at 170.180° for 4 Bours. The
reaction product (neutral) was isolated as aboves
amax. 242 mus © 1996,

3. A sclution of the lactone (XII; 1.0 g) in benzene
(10 ml) was mixed with potassium hydroxide (0.5 g) and
diethylens glycol (30 ml). The whole mixture was heated
under reflux at a bath temperature of 150° for 6 hours.
The reaction mixture was diluted with water, and processed
as usual to give a product (0.68 g) showing Amax. 244 muj
€ 2085,

4, The lactone (1.0 g) dissolved in dry benzene (10 ml)
was treated with freshly distilled borontrifluoride ethergate
(6 ml) at room temperature, and the mixture kept overnight.
It was poursd in a saturated sclution of sodium bicarbonate.
The neutral product thus obtained showed Amax. 247 muj ©3588,
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The chlereform sclution was washed free of hydrobromie
acid and dried over anhydrous sodium sulphate. Chloroform
was didtilled off and the residue (10.5 g) was obtained

as a thick, dark coloured liquid. This dibromolactope (XV1)
was used as such for dehydrobromination reactions.

Analysis
PGMS u' u‘”'
CysHagOubn Requiress Br, 40.61%.

Uehydrebrominution of dibromolactone ngzz

b Dibromolactone (8 g) dissolved in carbon tetra-
chloride (80 ml) was mixed with dimethyl aniline (3.0 g)
and kept overnight at room temperature. The mixtwe was
then refluxed on a water bath for one howr. The reaction
mixture was poured inte dilute hydrochloric acid and the
organic layer separated. It was washed with water and
then with sodium carbonate to extract any acid formed
during the reaction. Carbon tetrachloride solution was
dried and evaporated to give a neutral product (3.7 g)
as a dark coloured liguid. The scdium carbonate solution
yielded an acid (0.8 g). Ihe scid showed max, 244 muj
€ 6132 and Mmax. 200 muj; © 6132,

The neutral product was chromutographed on neutral
alumina (grade I11; 80 g) and eluted with pet.ether, pet.
ether-benzene, benzene and ether.
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Pot.ather fractiop guve a product, Amax. 247 mu;
€ 5338, and Amax. 290 mu, © 4980.

Pet.other Denpene fragtiop gave a product,
Anux. 247 T34 € 3190 and Amax. mlﬂ, € 4206,

Benzepe Lragctlopn gave a product, dmax. 747 muj
€ 2642; Xmax. 280 mu; © 2983,

Ether fraction was not examined.

2,  Dibromolactone (1.0 g) was dissolved in alecholic
potash (5%; 20 ml) and kept at room tempsrature for 86 hours.
The neutral and acidic products were isolated as usual.

The peubral product showed max, 247 mu; € 8338; Jmax. 280 mu;
€ 4409. Ihe acid showed Amax. 247 mu; © 3944 and Amax.290 muj
& 3944,

3. A mixture of dibromolactone (1.0 g) dissolved in
benzene (256 ml) and pyridine (8 ml) was heated under reflux
for 6 hoursy The product showed Amax. 244 mu; ¢ 4930
and Mmax. 290 mp; © 4639,

4. A solution of dibromolactone (1.0 g) in dry pyridine
(18 ml) was heated under reflux for 80 minutes. The solution
was diluted with water containing hydrochloric aecid and
extracted with ether. The ether sclution was washed free
of mineral acid and dried. Zvaporation of ether gave
a product showing Amax. 244 muj © 7808 and amax. 290 muj
¢ 7608,
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6. A mixture of dibromolactone (1.0 g) dissolved
in carbon tetrachloride (20 ml) and freshly distilled
aniline (3.0 g) was kept overnight at rocom temperature,
and then refluxed for two hours. The product, thus
obtained, showed Mmax. 2860 muj € 4796 and Mmax. 2090 muj
€ 4143,

6. Experiment 4, above, was repeated using dibromo-
lactone (10.0 g) and dry pyridine (100 ml). The mixture
was refluxed under nitrogen atmosphere for 3 hours. The
product (8.2 g) was chromatographed on neutral alumina
(grade 1IIj 170 g) and eluted with pet.ether; pet.sther.
benzene, berzena dnd chloroform.

Pet.ether fraction gave a negligible residue.
: Pet.other-benzens eluate gave a product showing
Amax. 247 mp; © 3149 and Amax. 280 muj © 6139,
Bengzepe cluate gave a product showing \max.
247 mu; ® 4419 and \max, 290 mu; © 35638,

Shloroform eluate gave a product showing Amax.
247 mu; © 4640 and Amax. 280 muj © 3148,
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