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INTRODUCTION



The work incorporated in the thesis deals mainly

with the four important aspects of costus root oil chemistry:

(1) The partial composition of the Punjab costus root
oil, of which a critical examination of the Icetone rich

fraction has been described.

(1) Synthesis of optically active hexahydrogermacrol,
hexahydrogermacrone and germaorane from both costunolide
and solid dihydrocostunolide the lactonic constituents of
costus root oil. These have not been reported so far in

optically active form.

(nin) Structure and some interesting transformations of
dehydrocostus lactone, a crystalline guaianolide containing
a conjugated lactone grouping, which is one of the major
constituents of costus root oil obtained from both Punjab

and Kashmir varieties.

(iv) Stereochemistry of 12—methoxydihydrocostunolide
a Michael addition product of costunolide at the position
Cxi* investigation resulted in the revision of the
stereochemical feature of the methoxymethylene group at CII.
Contrary to the accepted belief 1t has been shown to be

p—oriented.



Costus root oil, obtained by both the steam
distillation”™ and solvent extraction procedure””® from
the roots of the plant Sanssurea lappa Clarke has been
studied iIn past by many workers. Semmler and Feldstein’g’J
first studied the oil of commeroe. By subjecting it to
vacuum distillation at 11 mm,they collected fractions
boiling with in a range of 10° and by examining the
various fractions they reported the presence of following
compounds. Camphene, phellandrene, oc—costene, p«costene,

aplotaxene, costol, costus acid costus lactone

(Ci1”7002)» dihydrocostus lactone (CisHig802)> but they

were not able to isolate any ketone from the oil. Later,
Naves'M reported the presence of <¢ and ionones and cis>
dihydroionone in the oil, obtained by the solvent extraction

procedure using benzene. The first crystalline lactone
isolated from costus root oil was dehydrocostuslactone (1).
This was reported by Dkita™ and later confirmed by
Crabalona, the oil used by them was obtained by solvent
extraction procedure using pet.ether. Naves, later on
studied the structure of this lactone but the correct
structure for the same was given only in 1956 by Czech

S

workers,* on the basis of spectral data and quantitative

ozonolysis. Recently the oil of commerce (steam distilled)
was again studied by Sorm et al®"”, who reported the

presence of following compounds in it, viz. p-cymene.



mTTcene, humulene, "—elemene, caryophyllene, cedrene,
aplotax«ne, cedrol, costol, palmitic acid and dehydro—
costuslacton«.

The Czech workers, however, did not report the

presence of any Icetone in the oil.

The earlier worters did not take adequate
preciU4tion8 as regards the control of temperature during
the i1solation and processing of the oil. As a result of
this several thermolabile lactonic constituents present In
the oil were polymerised or denatured. Consequently, the
results obtained by different workers were thus somewhat
contradictory. This discrepancy was realised by Bhatta-—
charyya et al”™" during the early stages of their Investi.
gation on the oil from costus roots of Kashmir origin.
They therefore developed a new low temperature solvent
extraction procedure for the isolation of the oil using
pet.ether (40>60°) as the solvent. Extraction was
carried out at room temperature and at no stage during
the processing viz. concentration, decolourisation etc.,
the temperature was allowed to exceed 40+2”. This
method was first applied for the extraction of oil from
the Kashmir roots. The yields were 6.S* (as against 1-2%
by earlier workers). During the study™“"®”" of Kashmir

costus root oil thus obtained in our laboratory, the



following compounds have been Isolated and charaeterisedt
Costunolide, dehydroeostus lactone, dihydrodehydrooostus—
lactone, 12 -methox7dih7drocostunolide, ~-sellnene,
aplotaxene, p;—*elemene, costol, costlc acid, ~«sitosterol,
stlgmasterol, betulin, a solid keto alcohol, m.p. 1897,
palfflltic acid and behenle acids”™ some unidentified Ci3

ketones.

But it was not possible to isolate any ketone
in pure condition from the oil, although the presence of
<< and P-ionones, along with possibly the dihydroionones
was inferred”™" from the spectral data of certain

fractions obtained during the chromatography of the oil.

Following a procedure similar to that adopted for
Kashmir roots, the costus root oil of Punjab origin could
be obtained in yield. The free acids were removed from
the oil with alcoholic alkali and the neutral oil chromato-
graphed on alumina and eluted with pet.ether, pet.ether-—
benzene (3il), pet.ether—benzene (Isl), chloroform, ether

and methanol.

The pet.ether—benzene (3»1) fraction, which
contained ketones, esters and lactones was saponified
and further chromatographed over alumina and silica gel
and following compounds were isolated” dehydrocostus—

lactone, dihydrodehydrocostus lactone, a Ci8 acid, probably



oleic acid (as ester), a Cx4 —kBtone, a trlt«rpenoid ketone,
m.p. 252®, a triterpenlc alcohol, m.p. 230®, caryophyllene

monoxide and p-sitosterol.

The examination of this fraction has been

described iIn Part | of this thesis.

The second objective was to synthesise the

optically active hexahydrogermacrol (2), hexahydro—
germacrone (3) and germacrane (4). These three compounds
had been obtained earlier ™ from the naturally occurring

—unsaturated ketone, germacrone (6), which was isolated
from the Bulganian zdravets oil (Geranium macrorhyzum L)
by Sorm and co-workers. These saturated compounds, although
containing three to four asymmetric centres, were not optically
active. Our aim was to synthesise these three compounds in
optically active form, from costunolide () and solid dihydro—
costunolide (7), the crystalline lactones isolated from
costus root oil. The solid dihydrocostunolide on pressure
hydrogenation gave solid hexahydrocostunolide (8), while
costunolide gave a liquid material under similar conditions.
Both solid and liquid hexahydrocostunolides were subjected
to controlled LAH reduction followed by Huang—Minlon
reduction, to get the same optically active hexahydro—
germacrol (2). Dehydration of 2>with KHSG4 followed by

catalytic hydrogenation of the resulting product, however,
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failed to give optically active germacrane (4). In order
to obtain germacrane in the optically active form solid

dihydrocostunolide vas processed as follovst

Solid dihydrocostunolide was subjected to metal-—
amine reduction, which furnished an acid the structure
and stereochemistry of which at C4, C7 and Cn have been
established.M” The ester was hydrogenated under pressure
and the saturated optically active ester ~ was reduced
by LAH to the corresponding alcohol 37, which on tosylation
followed by LAH reduction gave germacrane showing optical
activity.

This piece of work has been described in Part 11

of the thesis.

Dehydrocoatus lactone (1), the crystalline
sesquiterpenic lactone, C”sHigOg, was first isolated from
costus roots by Ukita”™ in 1939 and later by Crabalona® who
isolated the same lactone from the oil extracted from the
roots using pet.ether, after several years of standing.
Among the lactones reported to occur in costus root oil,
dehydrocostus lactone is the only crystalline lactone, the
isolation of which has been consistantly reported by several

workers though in varying and poor yields.

The guaianolide nature of the lactone was first
indicated by Naves, who on the basis of Se—dehydrogenation

of the saturated lactone, came to the conclusion that it



CHQgOH

13



possesses a gualane skeleton. On the basis of catal/tic
hydrogenation and quantitative ozonolysis, he concluded

that dehydroCOstus lactone is a bicyclic lactone containing
two double bonds. In the year 1986, Sorm and co—workers®
repeated the experifflents of Naves and found that dehydro—
costus lactone contains in fact three double bonds, all of
\rfiich are present as™CaCHg groups. Out of these one of

the double bondsis conjugated with lactone carbonyl as
indicated by IR and UV data. On the basis of quantitative
ozonolysis they were able to show that unlike Naves, three
molecules of formaldehyde are obtained instead of two. These
conclusions were further supported by IR spectrum of dehydro-—
costus lactone which when taken in chloroform solution, did
not show the characteristic methyl bending vibrations round
about 1380 cm“”™ indicating the absence of any methyl group

in the compound. Further the IR spectrum of the completely
saturated lactone namely, hexahydrodehydrocostus Iactone (13),
was comparable with that of deoxodIhydrocarpes;;OTASESJSE}(13)
The Se—dehydrogenation of the saturated lactone was also
repeated by the Czech workers when they were able to get a
mixture of azulenes in low yields from which S—guaiazulene
(14) and S—chamazulene (15) have been identified and
characterised. On the basis of these results the structure

of dehydrocostus lactone was given as



Altjiough the structure 1 appears to be reasonably
satisfaotory, there are certain points which need to be
established by more rigorous chemical methods. For example,
the lov yield of azulenes formed during dehydrogenation did
not lend sufficient support to the structure. To draw
conclusions about the carbon skeleton of the lactone,
based on such low yield, appears not so satisfaotory,
especially when many non—azulenAc compounds give comparable
amounts of azulenes on dehydrogenation. Secondly, the
lactone attachment at vas based mainly on the
comparison of IR spectrum of a liquid material of doubtful

homogeneity.

In addition, the stereochemistry at the four

asymmetric centres, Cl, Cb, Cqg and C7 is to be established.

As already indicated in Part | of this thesis,
dehydrocostus lactone (1) is one of the major constituents
of costus root oil of both the Punjab and Kashmir origin.
It occurs to the extent of of the oil. We were
interested in preparing some useful products from this
lactone for possible application in perfumery and medicine.
Since azulenes are used as antiinflammatory agents in
cosmetics, one such cibTlous possibility was to devise a
method for getting reasonably good yield of the azulenes

from dehydrocostus lactone. Before making attempts in



this direction it was felt desirable first to establish
the guaianolide structure on firm basis. Since certain
other points about the structure vere to be established,
it was felt desirable to reYiev the entire structure and

give more rigid proof in support of the same.

For this purpose experiments have been carried out18

to prove the guaianolide nature of the lactone by (i)
converting it into guaiane (16), the basic hydrocarbon,
the identity being established with the help of IR
spectrum, GLC analysis and physical constants; (1H)t'r*nif
to get better yields of the azulene from some of the
compounds prepared from dehydrocostus lactone and (iii)

shoving the lactone attachment at Cs -C7 by chemical methods.

The formation of a lactol (17) from dehydrocostus
lactone by NafH4 reduction has been reported by Japanese
workers.The lactol was found to be temperature
sensitive and gave different products when subjected to
Huang—Minion reduction at different temperatures. One
such alcohol (18) contained two tetraalkylated double bonds
between Ci—Cio and C4 —C5, which resulted due to migration
of the originally occurring exocyclic double bonds at C4
and Cio. This alcohol will be definitely an allylic alcohol
if the lactone attachment vere to be between Cg and C7,
as expected i1t gave rise to a hydrocarbon (19) on metal-

Avxd ,
amine reduction, due to hydrogenelysis”™ thus confirming



the allyllc nature of the —-OH group and consequently the
lactone attachment at Cg and C7. An attenpt was also
made to elucidate the stereochemistry at Ci and Cg by
oxidative degradation of the saturated alcohol (20)
prepared from hexahydrodehydrocostus lactone (12), but
since the oxidation did not proceed according to our
expectations it was not possible to get a compound related
to nepetalinlc acid (21). This work has been described

in Part 11l of the thesis.

12—Methoxydihydrocostunolide (22), a crystalline
sesquiterpenic lactone isolated20 from both Kashmir and
Punjab costus root oils 1s an artefact formed from
costunolide (6) by the action of methanol under mild
alkaline conditions. Its structure as veil as its stereo-
chemistry at C6 and C7 have been established both by
degradative experiments and also by its synthesis from
costunolide. The later shovs that the stereochemistry at
Ce and C7 is the same as in costunolide (6), but does not
indicate the stereochemistry of —CH0OCH3 group at the
position Cii. In analogy™ with santonin group of
compounds and also solid dihydrocostunolide and on ther-—
modynamic considerations, the methoxy methylene group at CIllI
was previously assumed to be p. But recent observations,™
as regards the stereochemistry of x-—santonin <23) at Cil,
indicating the methyl groig? at Cn to be «—oriented, led

0
us initially to infer that the -CI™CHs group in the
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fflethoxy lactone also is -—oriented. Such an assignment,
however, is based on the comparison of rotation contri-
butions of dihydroQstunolide (7) and 12—methoxy dihydro—
costunolide (22), vhich possess identical stereochemistry
at C6 and Cr and can possibly diffar only as »gards the
position at On. Since a definite chemical proof to
decide this point has not been given earlier, it was
decided to prove the same by an unambigous”chemical

evidence.

For this purpose, the methoxylactone (22) was
subjected to metal amine reduction to get the ester (24),
which was subsequently converted into the alcohol 25, and

then into the methyl ether 26.

Solid dihydroCOstunolide (7) with the stereo-
chemistry established at every optical centre, could
also be converted into the same methyl ether 26 by means
of mild chemical reactions already known in literature.

This identity established without any doubt that the

| L

methoxymethylene group in 12-—methoxydihydrocostunolide (22)

IS p—oriented.

The work carried out in this connection has been

described in Part IV of the thesis.



During the course of these investigations,
liberal uses of oodern techniques such as Infrared,
ultraviolet”™ nuclear magnetic resonance, optical
rotatory dispersion, gas liquid chromatography, thin

layer chromatography etc. have been made.

For the sake of brevity a general introduction
to terpenoids has been avoided in this thesis. The
subject has already been covered adequately by a number of
veil known publications, of which special mention may be

made of the followingt

1. Terpenes by J.L. SiiiK™sen and co—workers,
Vol. 1I-V (University Press, Cambridge).

2. Chemistry of carbon compounds (Edited by E.H.Rodd),
Vol. 11B, 1963 edition (Elsevier Publishing Co.).

3. Mono and Sesquiterpenoids by P. de Mayo
(Interscience Publishers, N.X.)

4. Progress in the Chemistry of Natural Products,
Zechmeister, Vol. XllI (Springer—Vienna).

5. The Essential Oils (6 volumes) by E. Guenther

(D. Van Nostrand Co. Inc., N.Y.).

The author gratefully acknowledges the help he
received from these publications, during the course of

the iInvestigations.



10.

11.

12.

13.

14.

16.

16A.

REFBRENCES

Glldmelst«r and Hoffffiann, Die Aetherischenols,
Vol. 3, 1044 (3rd ed.).

T. Ukita, J.Pharm.Soc, Japan, 331 (1939),
C.A. 33, 48076 (1939).

Y.R. Haves, Helv.Chlm.Acta, 1172 (1948).
Y.R. Naves, Manufacturing Chemist, 318 (1949);
C.A. 681 (1960).

P.S. Rao and B.S. Varma, J.S.1.R., 10B” 116 (1961).
Semmler and Feldstein, Ber., 2433, 2687 (1914)<
Y.R. Naves, Helv.Chim.Acta, 1064 (1949).
Crabalona, Bull.Soc.Chim., 357 (1948).

M. Romanuk, V. Herout and F. Sorm,
Collec.Czech.Chem.Comm., 894 (1966).

M. Romanuk, T. Herout and F. Sorm,
Collec.Czech.Chem.Comm., 2188 (1968).

M. Romanuk, V.Herout and F. Sorm,
Collec.Czech.Chem.Comm. 5 24, 2018 (1969).

M. Romanuk, V.Herout and F. Sorm,
Collec.Czech.Chem.Comm , 2366 (1969)i.

A. Paul. A.S.Bavdekar, R.S.Joshi, G.H.Kulkarni,
A.S. Rao, G.R.Kelkar and S.C. Bhattacharyya,
Perf. & Ess.Oil Rec., 116 (1960).

G.H. Kulkami, A.S.Rao, G.R.Kelkar and S.C.
Bhattacharyya,
Perf. & Ess.Oil Rec., J5Q, 20 (1961).

R.S. Joshi, A.S. Bawdekar, G.H.Kulkarni, A.S. Rao,
G.R. Kelkar and S.C. Bhattacharyya,
Perf. & Ess.Oil Rec., 773 (1961).

G.H.Kulkarni. A.S.Bawdekar, A.S.Rao, G.R.Kelkar
and S.C. Bhattacharyya,
Perf. & Ess.Oil Rec., 110 (1963).



16.

17.

18.

19.

20.

?1.

22.

I. Ognjanov, D. Ivanov, V.Herout, M. Horak,
J. Pliva and F. Sorm,
Collec.Czech.Cheffl.Coma., 203S (1958).

R.S. Joshl, G.H.Kulkarnl. G.R.Kelkar and
S.C. Bhattacharyya, Te'crahedron (In press).

S.B. Mathur, S.V. Hlremath, G.H.Kulkarnl, Q.E.Kelkar
and S.C. Bhattaoharjrya, and in part by D. SImonovic
and A.S. Hao,

Tetrahedron, 3676 (1966).

H. Hi“ino, K. Meguro, G. Kusano and T. Takemoto,
Pharm.Bull. Japan, JL2, 5, 632 (1964).

G.H.Kulkarni, A. Paul, A.S.Rao, G.R.Kelkar and
S.C. Bhattacharyya,
Tetrahedron, iS, 178 (1961).

W. Cocker and T.B.H. McMurray,
Tetrahedron, 8, 181 (1960).

J.D.M. Asher, and G.A. Sim, Proc.Chem.Soc., 111(1962)t

D.H.R. Barton, Ibid., 112 and also J.Chem.Soc. ,3472 (Iw?2).



(1)
(2)
(3)

(4)

(5)

6)

<7)

8)

(9)

(10)

1o

GEKERAL REMARKS

The melting points and boiling points are uncorrected.
All temperatures are recorded on the Centigrade scale.

Unless otherwise stated, all rotations vere taken In
chloroform solution.

The ultraviolet spectra vere recorded In ethanol (and
In some cases methanol) solution on a Beckman DK— 11
ratio recording spectrophotometer.

The infrared spectra vere recorded on a Perkln—-Elmer
Infracord spectrophotometer, Model 137B and Model 221,
with sodium chloride optics.

The NMR spectra vere measured in carbon-tetrachloride
solution unless othervise nrantioned using tetramethyl-—
silane as the internal reference on a 60 Me Varian
Instrument and the chemical shifts vere measured iIn
'Tunits.

The acid vashed activated alumina standardised as per
Brockmann* s procedure vas employed for column chromato*

graphy.

Gas liquid chromatographic analyses vere carried out
on a Griffin & George ¥PC apparatus MK IIA vith
polyester column employing hydrogen as carrier gas.

The numbers given to the structure and charts and
also the numbers given to the figures in each chapter
of the thesis refer to that particular part only.

The list of references pertaining to each part has
been given at the end of that part.
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PART |

" COMPOSITION OF THE PUNJAB COSTUS ROOT OIL



1V

ABSTRACT

The new lov—temperature solvent extraction procedure
developed for the extraction of Kashfflir costus root oil hat
been successfully applied for the isolation of Punjab costus
root oil as veil. The oil in the present case is obtained
in a yield of approximately 4~. It consists of about SO®
of its ovn weight of a mixture of crystalline lactones,
which can be obtained by stagewise cooling of the pet.ether
solution of the oil at O® and —18°. This has been shown to
consist mainly of dehydrocostus lactone (2) and costunolide(l).
The Punjab costus root oil appears to contain a somewhat
higher percentagg of costunolide than the Kashmir costus

root oil.

The partially delactonised oil, thus obtained,
contained a substantial quantity of free acids which could
be removed by extraction with alcoholic alkali at low

temperature.

The neutral oil on chromatography over alumina
furnished six fractions, which have been obtained by the
elution with the following solvents: (i) pet.ether, (ii)
pet.ether—benzene (3:1), (i1i) pet.ether—benzene (111),

(iv) chloroform, (v) ether, and (vi) methanol.

The fraction eluted with pet.ether—benxene (3tl)

on saponification and chromatography over alumina and



silica gel, has been shown to consist oft (1) dehydro-
eostus lactone, (11) dlhydrodehTdrocostus lactone, (ill)
a Cis acid, (It) a Cis —Icetone, (v) caryophyllene uaono—
oxld®, (vl) a trlterpenold ketone, a.p. 252°, (vll) a
trilterpenlc alcohol, m.p. 230®, (vIill) an alcohol, m.p.
115-120°, (Ix) ~—sitosterol and several other unidentified

compounds, Including oxides and ketones.



The costus plant, Sausaurea lappa Clarke, belong!
to the cofflposltae family and Is a valuable Indian raw
material. It grows mainly In Kashmir and also in Lahaul
and Spiti areas of the hill distriots of the Punjab at an
altitude of approximately 10,000 ft.~ It has been used
in the indigenous system of medicine,2 the roots are tonic,
stomachic, carminative, stimulant and useful in asthama,
cough and cholera. It is alterative in chronic skin
diseases and reheumatism. It is said to have remarkable
effect in controlling bronchial asthaaa, specially of
vagatonic type. The root powder is used for preserving
wollen clothes against moth attacks. Large quantities of
roots used to be exported to China and Japan for use In
temples™ and to Europe for the distillation of essential oil.
In Indiaj®roots are known by various names such as kashmiraja,

kuth, kustha6’6

etc. The roots contain a fragrant principle
and the essential oil contained in the roots has attracted
the attention of perfumers in India and abroad. Consequently

the oil has found %ride use in high grade perfumery preparations.

The two important methods applicable for the
isolation of essential oil from costus roots are (!)
steam distillation, (11) solvent extraction using
different solvents. The oil has been known to be rich
in lactonic constituents, some of which are conjugated

and hence cannot stand high temperature,as they are easily



polymerised. The yield of the oil obtained hy steam
distillation of the roots is quite low, as many of the
constituents which are present in the roots are not so
volatile in steam and some of them are probably denatured

by contact with water at high temperature. The oil has

been extracted also, by solvent extraction procedure, using
solvents like pet.ether, benzene,®*”® ether, alcohol™ etc.
by the previous workers, but no adequate precuations were
taken as regards the control of temperature during extraction.
As a result, some of the valuable constituents which are
thermolabile were lost owing to polymerisation. Taking into
consideration these facts, a procedure was standardised for
the extraction of the oil from the costus roots of Kashmir
origin using pet.ether (40-60°) under mild conditions in

our laboratory. The process was so designed that at no

stage during extraction, removal of solvents, decolourisation
etc., the outside temperature was allowed to exceed 40+2".
The oil obtained by this procedure is free from polymerisation
and denaturing and contained a new sesquiterpenic lactone
having a ten—membered carbocyclic ring, namely costunolide (1)
to the extent of IS”. The oil thus obtained has been

Ifi for its composition which formed

critically examined13
the subject matter of several publications from this
laboratory, the results of which are included in the thesis

of some of my colleagues.



Following an exactly similar prooedure, we have
now been able to extract an essential oil in about 4*
yield from the Punjab costus roots. As in the case of the
Kashmir costas root oil, it also contains about 50" of
its own weight of a mixture of crystalline lactones, which
has been shown to consist mainly of costunollde (1) and
dehydrocostus lactone (2). The partially delactonised oil
which has been accepted by perfumers abroad is found to be
somewhat different as regards the physico—chemical constants
from the Kashmir oil. The comparative properties of the
costus root oil from the two sources have been shown in

the following tablet

Origin Solu— Acid Sap.
< n* °.s bility value value

Kashmir

costus +28.96 1.6082 0.9977 98.62JS  21.90 133.91

root oil (c,2.e)

Punjab

costus +29.65 1.6100 01.001 98.641 29.80 133.91

root oil (c,1.6)

Since large quantities of costus roots were
cultivated in Punjab, a project was sponsored by the
Punjab Government to find commercial uses for the oil

and its constituents.



As a part of this prosraome, the stud/ of the

oomposltion of the Punjab coatus root oil vas undertaken.

The partially delaetonlsed oil contained free
acids, as Indicated by Its acid value. These were
Initially removed by extraction of the oil with alcoholic
alkali. The quantity of the acids obtained amounts to
about 6”. For the critical examination of the constituents,
the neutral oil vas initially chromatographed on neutral
alumina (gr.n) and collected into various fractions by
using the following solvents for elution (see Chart It
(1) pet.ether (A), (11) pet.ether*benzene(3tl) (B), (ill)
pet.ether—benzene (itl) (C), (lv) chloroform (D), (v)
ether (E), and (vl) methanol (F). In this thesis the
critical ex™nination of the pet.ether—benzene (3tl)
fraction (B) which was found to contain ketones has been

described.

Amonfe the ketones reported to occur In costus root
oil, << and pi—-ionones seem to be the only known compounds.
Although Semmler and Feldstein first studied16 the oil of
commerce for its composition, no ketone was reported to
occur in this oil. It was only Ifaves™ who showed the
presence of << and ~—ionones along with cis—dihydroionones
in the oil, obtained by solvent extraction procedure using

benzene. In a series of recent communicationsby Czech



workers the composition of costas root oil of comfflerce
(steam distilled) was again examined, but no information

about the ketones of the oil was nsntioned.

While dealing with the composition of the Kashmir
costus root oil ,"”™® it was observed that a siBd.lar
fraction eluted with pet.ether—benxene (111) contained
some ketones, in “"ich the presence of a Ci3—ketone,

o— and p-—ionones have been indicated. It was not possible
however to isolate any of these compounds iIn pure condition.
The same fraction also contained substantial quantities of
lactones and esters, which made the isolation of ketones
rather difficult. This is probably because a lower ratio
of alumina (gr.l1ll1) was used in the main chromatography, as
a result better separation between the constituents did not
take place. For this reason while studying the composition
of the Punjab costus root oil, twenty times grade Il alumina
was used and a fraction with pet.ether—benzene (3tl) (Fr.B)
was taken, so as to get a fraction rich in ketones (see

Chart 1).

Initial examination of the IH spectrum of the pet.
ether—benxene (3tl) fraction(BX indicated in it, the
presence of only carbonyl compoimds (the presence of a
broad band near 1760 cm~" and also at 1710 cm”” respectively),

which is probably due to esters, ketones and lactones. The






IR spectrum did not show any peak for <0H stretching
Indicating the absence of free alcohols In the fraction.

An attempt to separate the various constituents of the
fraction by column chromatography over alumina was,

however, unsuccessful as the various fractions isolated
were Indicated to be mixtures of three to four components
from ILC analysis. Since the presence of lactones was
indicated in the IR spectrum of the fraction B), it was felt
desirable to separate the fraction into saponifiable acidic

and neutral portions by saponification.

For this purpose the fraction was saponified using
6% alcoholic KOH for 12 hr. and separated into non-—
saponlfiable part (Bx) and saponifiable part (Bg) in the
usual way. From the saponifiable part (B2) some quantity
of the acid could be recovered by extraction vith aqueous
MaaCOs. The three portions thiis obtained by the above procedure

have been separately examined as described below.

(1) Examination of the non-saponifiable part (Bi)
(See Chart 2)

The non-saponlfiable part (Bi) was chromatographed
on fifty times (gr.lll1) alumina and eluted with (1) pet.
ether (B5), (ii) pet.ether—benzene (3il) (Be)) (ill) pet.
ether—benzene till) (B7), (iv) benzene (Bg), (v) ether (B9}

and (vl) methanol (BxQ).



The fraction (B5) eluted with pet.ether shoved
in its TLC analysis, the presence of four components,
tvo of these, vhieh are less polar vere observed close
to one another. The fraction (B@) eluted with pet.ether—
benzene <3tl) gave a solid on cooling at -18® for a day.
It was filtered off and purified by crystallisation with
pet.ether to give a solid m.p. 249-260®, (°<)p — 27, which
was indicated by its IB spectrum (Fig.l) to be a ketone
(1716 cm”l). The W spectrum of this ketone also confirmed
the presence of a ketone group ( Aaax. 376; <max. 70 )
and in addition showed an end absorption 210j4S0). An
idea about the vmsaturation was also obtained by the
tetranitromethane test which indicated it to be a
saturated compound. The elemental analysis (03(”~480) of
the compound indicated it to be a triterpenoid ketone, which
is probably pentacyclic in nature, although the other
possibilities like C30H500 and CsqH”O are not completely
ruled out. Owing to the paucity of the material further
examination of the ketone was not undertaken. The low
end absorption of the W spectrum and also a close exami-
nation of the m.p. and (o()d of the compound initially
suggested it to be freidlin (3), but the mixed m.p.
determination with an authentic sample of freidlion
was depressed by 267. The mother liquors from the fraction

along with the fraction (85) eluted with pet.ether
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were ehromatographisd on silica gel (1:25) (see Chart 11)
and eluted with (1) pet.ether (Bn), (li) pet.ether-.benzeiM

(111) (B12), (ii1) benzene (B13) and (iv) ether (B2 )«

The fraction BY\.) «lIttted vith pet.ether was
obtained in nearly pure condition as indicated by its
TLC analysis. The IR spectrum did not indicate it to be
either a carbonyl or hydrosgrl compound, but the elemental
analysis shoved that it contained one oxygen function. This
Is probably an oxide. The pet.ether—benzene (lil) fraction
(B22) shoved four spots on TLC analysis, since the fractions
Bi;1Y) and (B12) vere small in quantities, they vere not

ctitically examined.

The benzene fraction (B13) vas further chromatographed
over silica gel impregnated vith silver nitrate” (1i30) and
eluted vith (1) pet.ether—benzene (3tl) (Bi15)} (ii) benzene

(Big) and (ii1i) ether (B17).

The fraction (Bxs) vas found to be aloK>st pure (TLC)
and vas ldentical vith the fraction (Bii) (Rf values comparable)
The fraction eluted vith benzene (Big) vas purified by disti-
Ilation and the distillate on cooling gave a lov melting solid,
vhich vas purified by crystallisation from pet.ether to give
a crystalline solid m.p. 60-61", () —74~. It analysed for
CIEN24~ and the IR spectrum (Fig. 2) vas found to be identical
vith caryophyllene monoxide (4). This vas further confirmed

by taking a mixed melting point vith an authentic sample of
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caryophyllentt oxide, which did not show an”™ depression.

The fraction (Bi17) (see Chart 11) was further purified by
chromatography over silica gel and the fraction elated with
pet.ether gave a pale yellow oil. Tht IB spectrum (Fig.3)
showed absorption at 1715 cm** indicating the presence of a
non~conjugated ketone grouping in the molecule) another
peak was also obseryed at li6d81”™and 890 cm"”) showing that

it also contains an exocyclic double bond. The IHI spectrum
showed only the end absorption at 210 ("“max. 4,450),
from which it can be inferred that it contains also a tri-
ftsubstituted double bond. The NMR spectrum (Fig. 4)
indicated the presence of —CGCH3 group (signal at 7.91f,3B)
and also the presence of olefinic protons (3H) (signals at
4.85, 4.98, 5.3 and 5.35T). It also showed signals at
8.95 , 9.05T(3H) due to a secondary methyl group. From

these spectral data, it can be inferred that it is a methyl

ketone. It, however, failed to give a solid semicarbaxone.

The 1E, as well as, NMR spectra did not give any
indication of an oxide or ether group in the molecule and
hence it was considered probable that the compound contains

only one oxygen function which is present as ketone group.

Although the elemental analysis of the ketone did
not agree exactly with Ci4H240y the elemental analysis of

the corresponding alcohol prepared by HaBH4 reduction agreed












for o~ 260. Also a rough ldea of the molecular weight of
the ketone by Rast’-k' s method Indicated it tOJb];elther a Ci4 or
Cis ketone. In view of the presence of a methyl ketone
grouping <-CH3Co) In the molecule, which i1s somewhat
uncofflmon in a Ci5 carbon skeleton, a Ci4 carbon skeleton

was preferred.

Examination of benzene fraction (Bs)

The fraction Bg was dissolved in pet.ether and
cooled to get a solid, which on crystallisation with pet.
ether gave m.p. 330°. The TLC analysis of the compound
on silver nitrate impregnated silica gel indicated the
presence of two compounds which were situated very close
to each other. The IB spectrum (Fig. 6) indicated to be
alcohol(s) and the elemental analysis corresponded to
CsqH”0. Further work in this connection was not under—

taken du« to paucity of the material.

The mother liquor™ left after the removal of the
solid was farther chromatographed on alumina gr.XIl (1(30)
and eluted with pet.ether (Bxg)* pet.ether—bensene (3x1)
(Big), pet.ether.benzene (1tl) (B20)> benzene (B21) and
ether (832). The pet.ether—benzene fraction (Itl) (B20)
on cooling gave a solid m.p. 116-120® indicated by its IR
spectrum to be an alcohol (3333 and 1031 cm' due to

hydroxyl group) containing an exocycllc double bond






(1630 and 877eifi™i, This alcohol showed (<)d + 48.60®.
Elemental analTslt Cxi”260 indicated it to be a sesqulter—

penlo alcohol. Further work is In progress.

Examination of fraction B9

Xhe fraction (B9) elated with ether on cooling
gave a solid, which on erystalllsatlon with methanol
furnished a pure compound, C~"gHsoO, m.p. 135-36®, (°(j) — 37®.
It was i1dentified as p-sltosterol (7), from m.p., mixed m.p.
and IR spectrum. The saponifiable part Sb (see Chart 1)
was separated into neutral part (B3) and the acid part (B4)

b7 extraction with NagCX)3,

Examination of the neutral part (B3)

The neutral part B3 was chromatographed on alualna
grade 111 (1t25) and eluted with pet.ether, pet.ether-—
bensene (3x1), pet.ether—benzene (Itl), benzene and ether.
The second fraction which was elated with pet.ether—benzene
(3tl) on cooling gare a solid which was filtered and puri-
fied by cr/stalllsation from methanol to give a solid, m.p.
59-60® and (o()g — 11.2~. The IR spectrum was superimposable
with that of dehjrdrocostus lactone (2). It was identified
as dehydrocostus lactone. The remaining fractions were
mixed together and the conjugated lactones present in It
were converted into the ammonia adduct In the manner as

93

described already. This was then treated with picric



CH3-(CH2)y -CH= CH-(CH2)7*“ COOCH3



acid when the picrate derivativ® of ammonia adduct of the
conjugated lactones separated out. The derivative formed
was identical with that of the ammonia adduct of dehydro*
costus lactone, thus confirming the presence of dehydro-—

costus lactone in the fraction.

The mixture of lactones which did not form the
ammonia adduct derivative shoved three spots on TLC
analysis (two major and one in very sinall proportion).

When a comparative TLC of this mixture vas taken with the
dihydrodehydro costus lactone (6), prepared by NaM4
reduction of dehydrocostus lactone, the two major spots
were identical in Rf values with the Cn epimeric mixture
of dihydrodehydrocostus lactone. This mixture was further
chromatographed on alumina gr.HI1 (It30> and eluted with
pet.ether, pet.ether—benzene (3]|1), benzene and ether, fhe
IH spectrum of the fractions eluted with pet.ether—benzene
(3]11) and benzene were identical with dihydrodehydrocostus
lactone prepared from dehydrocostus lactone and TLC behaviotir
was also similar. It analysed correctly for 0i~20729
confirming that i1t is a mixture of Cxi—epimeric dihydro-
dehydrocostus lactones. There was, however, some difference

between the two as regards their optical rotations.

Examination of the acid part (Ba) see Chart 1)

The Na2 @3 extract on acidification gave a mixture of

acids, which was converted into a mixture of esters by



dlazomethane. The methyl esters were purified by
chromatography over alumina £r«Il (Is20) and eluted

with pet.ether, benzene, ether and methanol. The

major part of the ester was eluted with pet.ether and

vas found to be pure (TLC). The IR spectrim (Fig.7)
Indicated the presence of ester grouping (1750 cm-1).

The Indication of a fatty acid vas also inferred by the
characteristie band at 720 cm' in the IR spectrum. The

NMR spectrum (Pig. 8) shoved a triplet centred at 9.11T

<8H) vhich can be ascribed to the presence of a primary
methyl group in the molecule, a sharp signal centred at
8.7T vith approximate intensity of about 22 protons

Indicated the presence of eleven -G groups vhich are

in the vicinity of saturated carbon atoms. Signals

centred at 7.7 7.89t'(6H) indicated the presence of three
methylene groups vhich are in the vicinity of the double bond.
A signal at 6.4T<3H) 1is due to the ester methyl group. In
the olefinlc region a multiplet centred at 4.65 vas

observed due to tvo (or possibly three) olefinlc protons.

The elemental analysis and the spectral data thus suggested
It to be oleic acid methyl ester (6), vhich vas further
supported by the TUJ analysis (Rf values comparable). Hovever,
it did not furnish any soUd amide from vhieh the possibility
of cdbher oleic acid (els—Isomer) or eladle acid (trans-—
isoaer) could not be Inferred vlth certainty. Saponification

of the ester gave a lov melting solid (m.p. 40®). Further

vork in this connection is In progress.



(%)3DNVXIIWSNVyj.






experimental

Preparation of partially d«lactonl«»d oil from
Punjab costus roots

The oostos root oil was extracted from the Punjab
costus roots, by the solvent extraction procedure using
pet.ether (40-60®) at room temperature by employing
counter current extraction principle. For this purpose,
three consecutiye batches each of 57.1 kg vere taken

together to form one lot.

Finely powdered costus roots (67.1 kg) were charged
in a narrow mouthed stainlesssteel tank of adequate size,
fitted with a flase bottom, a tap for drawing extract and
a powerful spark proof vertical motor stirrer. Pet.ether
(40-60°) 80 L., was then added to the root powder and the
mixture stirred for Z 1/2 hr. It was then allowed to
settle for 15 min. and drrawmn through the tap. The extract
(A) thus obtained was taken for concentration at 40”. The
residual plant pulp was them extracted similarly four times
with pet.ether, taking 28 L each time, to get the extracts
B, C, D and E. These extracts namely B, C, D and E, aloi«
with required quantities of pet.ether, were used, to extract
a second batch of costus root powder (57.1 kg) similarly to

get the extracts F, G, Hand I. The extract J was then



taken by adding 28 L of fr«sh pet.ether. Of these, the
extract F vat taken for ooneentratlon and the remaining
namely G. H, 1 and J, along with the required quantity

of pet.ether ¥ere used for the extraetion of the

batch to get the extracts K, L, Mand I. A fresh extract 0O
was then taken by adding 28 L pet.ether. The total extracts
namely A, F, K, L, IT and O were then taken together

and concentrated in a double jacketted stainless steel
distillation vessel under vacuum at a bath temperature

not exceeding 40 + 2”~, to get the total concentrate

(about 730$ ml of about 800 g/lit. concentration). The

scheme of extraction is shovn belov.

Batch | Batch 11 Batch 111

K

Delactonisation of the oil

The concentrated extract thus obtained was then
kept at o® for three days, when the crystals separated out
665 g., + 117® , showing it to be almost pure

costunolide



The concentrate was then kept for another three
days at O® and the lactones removed . The extract was
then kept at 20® for 16 days, when more lactones separated

out (1493 g), («j™ + 30.77®.

When no more lactones separated at .20® the

extract was then subjected to charcoal treatment to remove
the colouring material and other Impurities. The extract

In the form of pet.ether solution was treated with activated
charcoal 267 g) and after fULIng In bottles, was shaken
In a shaking machine for 3 hr. It was filtered using a
filter paper and the solvent reoK™ed under reduced pressure.
The last tracej® of solvent was removed under reduced pressure
of 10 mm. at 40 £ 2®, when costus root oil (2.~ kg) was

obtained (yield about |.i

Removal of free acids from the delactonlsed eostus root oil

Delactonised costus root oil (600 g) from normal
commercial roots (acid value 23.17) was taken iIn a separating
funnel and alcoholic potassium hydroxide (15 g, in 260 ml of
alcoholjcalculated quantity 11.6 g) was added. The homogeneous
mixture was vigorously shaken for a short time and ether(2 .5 1)
was then added. After vigorous shaking the ether solution was
extracted three times with sodium chloride solution (#)

(3X1 L). The ether layer was separated, dried over anhydrous

Na2So4. One more batch of the oil was similarly treated.



From the combined ether extracts of both the
batches, ether vas removed at 40" under reduced pressure
till the vacuum vas 10 mm., when the neutral portion of the
oil (930 g) vas obtained. Part of this oil (300 g) vas

subjected to chromatography as shovn in Table 1

The combined aqueous alkaline extract from the
above experiment vas then acidified vith ice cold dilute
sulphuric acid and extracted vith ether (2 times). The
ethereal layer vas vashed tviee vith vater and dried over
anhydrous sodium sulphate. Ether vas then removed under
reduced pressure (10 nn) at a bath temperature of 40 + 2®

and the acidic part (53 g) vas obtained.

Manali eostus root oil (neutral) 300 g vas chroma*

tographed on alumina (gr.X1} 6 kg) and eluted as follovst

1...SP.g
Ho. Solvent Volume Weight Fr. Nos. In
(rit.) (@) Chart 1.

1 Pet.ether 15 60 A
2 Pet.ether—benzene 10 26

(3tl)
3 Pet .ether—benzene 15 15 C

(111)
4 Chloroform 12 59 D
5 Ether 10 33 1
6 Methanol 10 35 F
7 Material held up in the column 73



The pet.ether—benzen® (3j1) fraction (B) which
was found to be rich in ketones as indicated by its

IR spectrum was taken for its critical examination.

Saponification of fraction (B)

The fraction (B) (26 g) was saponified by alcoholic
potassium hydroxide (300 ml; 57) by refluxing for 13 hr. on
a steam bath. Excess of alcohol was removed under suction
and the residue diluted with water and extracted with
ether sereral times to remove the non>saponifiable part (Bi),

which amounted to 13.36 g.

The aqueous layer, thus left after extraction
with ether, was acidified and kept at room temperature
for 24 hr.(to complete lactonisation). The aqueous layer
was then extracted with ether thoroughly. The ether
extract was washed free of mineral acids, with water and
it was then extracted with NaaCOS solution (aq. 10j6)
several times to remove free organic acids. The ether
extract was washed with water and dried over anhydrous

Ka2e£©4 and evaporated to give neutral fraction (6.1 g) (B3).

The Ha2 (3 extract obtained above was acidified
with dilute HGI (Itl) and extracted with ether. The ether
layer was washed free of mineral acid, dried and evaporated

to give acid fraction (4.4 g; B4).



Examination of the saponifiable portloHa (B3) and (B4)

(1) Heatral part (g.l g) Ba (see Chart 1)

The material (5.1 g) was chiwmatographed on

alumina (gr.11l; 130 g) and eluted as followss

g...2
No. Solvent Volume(ml) Weight(g)
1 Pet.ether 100 nil
2 Pet.ether—bensene(3tl) 250 1.108
3 Pet.ether—benzene(lil) 300 0.88
4 Benxene 300 0.58
5 Ether 150 2.15

The fractlon(2) on cooling at -18® for 12 hr.
gave a solid, vhleh was filtered and purified by crystalli-
sation from methanol to give dehydrooostus laotone (2), m»p.
and mixed m.p. 59-60®, («)£, —11.2® (c, 1.1),

IR bands ati 1779, 1639, 1264, 1196, 1151, 1136,
1081, 1015, 985, 982, 916, 894 and 819 em™

Found* C, 78.47; H, 8,12,
Ci5H1802 requlresi C, 78,23; H, 7.88JJ.



Isolation of dihydrodefaydrocosttts lactong

The eomblnsd fraction (3.9 g) from fraetloni 3, 4
and 5 (Table 2) was dissolved in ethanol (25 nl) and
treated with liquor amnonia (15 ml). The oixture was kept
at >18" for 34 hr. It was then diluted with water and

worked up in the usual vay to give a liquid product<.1 Q).

A solution of picric acid (1.1 g) in ethyl alcohol
(50 ml) was added to the alcoholic solution of the ammonia
addttct (3.1 g In 15 si). The fellow solid which separated
out was found to be picrate of the ammonia adduct of
dehfdrocostus lactone from its m.p. and mixed m.p. The
mother liquor was diluted with water and extracted with ether.
The ether layer was washed with 9aOH solution to remove
excess of picric acid. The ether extract was made free of
alkali by washing repeatedly with water, dried over anhydrous

9«2S04 and ether evaporated to give a lactone mixture(l1.7 g).

The mixture (1.7 g> was chromatographed on alumina

(gr.lll; 54 g) and eluted as followst

table 3

Ko. Solvent Tolume (ml) Weight(g)
1 Pet.ether 150 0.056

2 Pet.ether—benxene(3tl) 200 0.73

3 Bensene 200 0.42

4 Sther 150 0.17



TIC analysif showed that the fraotlons 2 and 3
were identleal and therefore mixed together. ComparatlTe
TLC of this coBblned fraction with that of dihydro—
dehjdroeostus laotone prepared fiom dehydrocestus laetone
hj HaM” reduction, indicated that it is a mixture of Cn
epiaerlo dihydrodehydroeostus lactones* The IR spectrum
was identical with that of dlhydrodehydrocostus laetone
prepared from dehydrocostus laetone, b.p. 176-180®(bath)/
0.6 mm., n™"® 1.6246; N 69.82® (c, 2.0).

IR bands at* 1770, 1639, 1449, 1206, 1176, 1117,
1010, 990 and 892 cm*~.
Analysis
Founds C, 76.98; H, 8.69.

N167°2002 requires! C, 77.66% H, 8.68".

Thus the neutral part B3 mainly consists of
(1) Dehydrocostus laetone (2), and

(11) Cxi epimeric dilirdrodehydrocestus lactones (6).

Bxamination of acid part B4

The'mixture of acids obtained above was converted
into a mixture of corresponding esters by diazomethane. The
methyl esters (1.0 g) were chromatographed on alumina

(gr.1l, 20 g) and eluted as followst
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1
ITo. Solvent Volume (ml) Weight (g)
1 Pet.ether 60 0.37
2 Benzene 120 0.20
3 Ether 70 0.097
4 Methanol 86 0.087

The fraction (1) was found to be TLC pure and
shoved the following propertiest b.p. 160-62®(bathVvV0.46 mm.,
njl 1.4640; <«d = 0®.
IR bands at, 1760, 1470, 1448, 1366, 1260, 1208,
1180, 1010, 890, 860 and 729
AaaJLz&Ai
Found: C, 77.18J H, 11.84.

CisHagOg requires: C, 76.97; H, 12.24".

The spectral data and the elemental analynis

probablj indicated it to be methyl ole”ate (6).

gxamination of the non-saponlfiable part (Bj)

The fraction Bi (12.3 g) was chromatographed on

alumina (gr.ll1l; 620 g) emd eluted as follovst

Th \QO\
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TABLE 5

No. SolY«nt Tolose Fr. Nos. iIn
<»1) Chart |

1 Pet.ether 6500 2.73 56

2 Pet.ether—benceneXsSi 1) 1600 1.66 Be

3 Pet.ether—benzene(lsl) 1200 0.87 ®7

4 Bensene 1600 2.70 BS

5 Sther 1200 2.33 Bo

6 Methanol 1000 0.49 BIO

The fractions (Bs) and (Be) ver« ldentical In TLC
pattern. The fraction Sg was chilled for 12 hr vhen fine
needles separated out, m.p. 348”~. The solid was further
er/stalllsed from pet.ether to a constant m.p. 258°,

(«p —26° (c, 0.8), mixed m.p. with friedlein 230®.

IR bands ati 1718, 1462, 1389, 1379, 943, 917,
862, 840, 833, 781 and 724 cm“l.

D7 spectrum *210,4fi0.

MalyiU

Found: C, 84.33} H, 11.87.

C30H500 requires| C, 84.44~ H, 11.8:ij(.

Further obsraeterisation of this ketone could not

be done due to the paucity of material.



The cu™ther li(J[uor of fraction (Bg) vas fflixed
with fraction B5 and the total fraction (3.7 g) was

chromatographed on silica gel (95 g) and eluted as followst

.5,

No. Solvent Volume Weight Fr. Nos. iIn
(ml) (9) Chart 11

1 Pet. ether 300 0.16 BII

2 Pet.ether—benzene(1*1) 460 0.39 Bi2

3 Benzene 460 1.92 B13

4 Ether 300 1.17 B14

Fraction (Bxi) was TLC pure and its IR spectriam
did not indicate the presence of any carbonyl or hydroxyl
absorption. Its elemental analysis, however, showed it
to be an oxygen containing compound, from which 1t was

considered it to be an oxide.

The fraction Bi12 found to be a complex mixture
of four to five compounds (by TLC) and was not examined

further.

Isolation of caryophyllene monoxide (4)

The fraction B13 (1.92 g) was chromatographed
further on silver nitrate—impregnated silica gel (60 Q)

and eluted as followsi
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So. Solvent VolUBt W«ight Fr.Hos. In
(al) (9) Chart 11

1 Pet. ether 600

3 Pet*ether»bensene<lItl) 4110 0.38

3 Benxene BSQ 0.16 Ble

4 Ether 300 0.86 B17

The fraction (Big) was identical with fraetlon<Bis)
in TXiC pattern, bat contained a lalnor coapoond as iImpurity.
She fraction Bi6 vhich was TLO pure vas distilled and the
distillate on cooling gave a solid vhich vas purified bj
crystallisation froa pet.ether and shoved the folloving
properties* m.p. 60-61®, - 74® (c, 1.1).

IR bands ati 2900, 1660, 1470, 1390, 1289, 1270,
1179, 1130, 1100, 1089, 1070, 870, 946, ~0, 899, 876,
866, 831, 810 and 770 c«—lI.

Analysis

Foundl C, 81.81} H, 10.86.

01724”" requires; C, S1.76~ H, 10.9QS.

Mixed B.p. vith an authentic sample did not shov
any depression confirming that the compound is a caryophyllene

monoxide (4).



44

IgQlatlon of a Ci4 ~toton»

The fraction B17 was identical with the fraction
Bi4 (TLC). After mixing, the mixture (1.9 g) was purified
by chromatography over silica gel. The pet.ether eluted
fraction (0.62 g) was found to be pure and the IR spectrum
(F1g.3) shoved it to be a katone (1716 cm"”?). It shoved
the folloving propartiest b.p. 125-130"(bath)/0.16 mm.,
n|® 1.4670, (O0p = O®.

WV spectrum* fal10»4667.

IR bands at] 1716, 1663, 1379, 1370, 1170 and
893" em“”™»

Ma.Xygl»

Poundt G, 78.60; H, 11.06.
C14H240 requires} C,80.71) H, 11.61jj.
Molecular veight (Bast’s method)

Founds 229% required (Ci4|l240) 208.

SaM4 reduction of the ketone

The ketone; (0.076 g) was dissolved in methanol
(20 ml) and HaBH4 (0.049 g) was added in instalments
during a period of 16 min. The reaction mixture vas kept
at room temp, for 30 hr. and then worked up to give a
liquid material (0.080 g) which was chromatographed over

alumina (2 g) and eluted with pet.ether and benzene. The



benzentt fraction gave pare alcohol (TLC) (0.0478 g) and
further purified by distillation and shoved the following

pO
propertlett b.p. 125-130®(bath)/0.45 mm., 1.4591;

«Ad i 0®
IR bands att 3400, 2996, 1653, 1465, 1385, 1070,
995, 941, 898 and 840 cm*~.
AfiaXyglft
Foundi C, 79.58; H, 12.11.

C14H260 requiresl C, 79.93; H, 12.115t.

Isolation of the alcohols, m*p.23QP and 115-120°

The benzene fraction Bs (2.7 g) was dissolved in
pet.ether and kept for 24 hr. at -18®. A solid separated
out vhich vas crystallised with pet.ether to give a solid
(0.15 g), mMm.p.230®. This showed on TLC analysis two
spots (silver nitrate Impregnated silica gel plate). The
two spots were observed quite close to one another. The
compound showed the following properties, m.p.230®,

(d + 15.53® (c, 1.1).

UV spectruffli *210 6066.

IR bands at* 3030, 3018, 1640, 1035, 877 and
n20 cm/Ne

Malatia
Found: C, 83.30; H, 11.77.

C30H520 requires* C, 84.04; H, 12»22%,



4h

The mother liquorr Ileft after removal of the
solid was chromatographed on alumina (gr.ll1lj 60 g)

and eluted as follows}

..8,
No. Solvent Volume(ml) Weight (Q)
1 Pet.ether 260 m
2 Pet.ether—benzene(3tl) 300 0.513
3 Pet.ether—benzene(lt 1) 360 0.816
4 Benzene 260 0.361
5 Ether 200 0.091

The fractions 2 and 3 on cooling gave a solid
which on crystallisation showed following properties®
m.p. 115-120®} (<)« + 48.60° (c, 1.07).

UV spectrum* *210>3229.

Foundi C, 81.51J H, 11.63.

C15H260 requires! C, 81.02} H, 11.79j".



Isolation of g-sltosterol

Fraction Bg vas dissolved in methyl alcohol
and cooled at -1~ for a day, when some solid material
separated out. This vas filtered and crystallised twice
from methsmol to get a vhite crystalline solid, m.p.
136-36®, (O9j — 37® (c, 1.2). It was identified as
p—sitosterol by IR spectrum and mixed m.p. determination

with an authentic sample.
IR hands ati 3448, 1667, 1639, 1460, 1372, 1064,

1080, 961, 840, 800 cm“”.

Found: C, 83.45; H, 11.85.

N297M50M requirest C, 83.99; H,
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PART i

SYNTHESIS OF OPTICALLY ACTIVE GERMACRANE
DERIVATIVES



ABSTRACT

Optically inactlTs hexahydrogeraacrol (6)]
hexah/drogeriaacrone (7) and germacrane (8), previously
prepsored from the naturally occurring unsaturated
monocyclic ]Js'etone, germaerone (3), Isolated from
Bulgarian zdrayets oil, have now been prepared In the
optically active form. Both liquid and solid hexahydro-—
costunoUde afforded the same optically active hexahydro—
feermacrol (16), vhen subjected to controlled LAH reduction
followed by Huang—Minion reduction. The alcohol on
chromic acid oxidation afforded the optically active
hexahydrogermacrone (17). The acid (23) obtained due to
hydrogenolysis of solid dlhydrocostunollde (10) by metal
amine reduction, was converted Into Its methyl ester.

This ester vhen hydrogsnated Initially In alcohol medium
under pressure and subsequently In acetic acid medium
furnished an optically active saturated ester (28). This
has been reduced Into the corresponding alcohol (29),
which In turn has been converted Into the optically active
hydrocarbon germacrane (8b or 8c) by LAH reduction of Its

tosylate.

51



The essontlal oil of Bolgarlan zdvavets.
Geranium macrorhlzum L., was found to contain a
crystalline solid, m.p. 66-57°, to which the composition
Ci6H240, was given by Weinhaus and Scholz.» They
considered i1t to be an alcohol and named it as 'Germacrol’.
Later Naves2 contradicted these results and suggested
that the compound is a bicyclic sesqulterpenic oxide with
the composition Ci”~220. Treibs” on the basis of

degradative experiments assigned to it the structure (1).

During the course of their study on the composition
of this oil, Sorm et al.4 in collaboration with Bulgarian
workers studied this compound in detail and showed that
it is neither an oxide nor an alcohol, but is in fact
an oy unsaturated sesquiterpenlc ketone with a ten—
membered ring. This conclusion was arrived at from the
spectroscopic data. The IR spectrum showed a strong
band at 1675 cm*”, characteristic of an a(,— unsaturated
ketone grouping, which was supported by the presence of
a band at 1670 o™ In its Eaman spectrum. In confomity
with this, the UV spectrum showed absorption maxima at
242 mj, (log **3.59) at 314 mu (log *72.69). On the basis
of thfisespectral evidences and chemical reactions, the
Czech workers assigned the structure (3), which was
later on modified to (3) in order to explain satisfactorily

certain reactions.®
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In another series of experlnents Sorm et al.
hydrogenated germaerone to give hexahydrogermacrone <7),
which vas converted to hexah/drogermacrol (6) by LAH
reduction. Dehydration of 6 with KHSO4 , followed by
catalytic hydrogenation gave the saturated hydrocarbon
germacrane (8). Alternatively, germaerone (3) was
partially hydrogenated to tetrahydrogermacrone (5), which
on reduction with LAH gave tetrahydrogermacrol (6a).
Hydrogenation of this alcohol gave the hexahydrogermaorol (6)

and the germacrane (8).

All these saturated compounds namely hexahydro—
germaeroly hexahydrogermacrone, and germacrane obtained
from natural germaerone showed no optical activity,
inspit”® of the fact that they possess three to four
asymmetric centres. Germacrane was later on synthesised
by Sorm et al.® and also by Martin Smith® from arlstolactone.
Both these samples have been shown by GLC analysis, to
consist of three stereoisomers. It was, therefore, felt
desirable to synthesise these compounds in optically pure
form. The crystalline lactone costunollde (9) (IR spectrum
is shown in Fig. 1), Isolated from costus root oil was
considered to be suitable starting material for these

compounds.

Costunollde was hydrogenated in alcohol medium

under pressure to give liquid hexahydrocostunolide. The



0] 0] o (o)
@D ) oY)
Ao\ovwoz<____>_mz<n:



0—CO

n

13

15

10

14



distilled sample of hexahydrocostunollde on GLC analysis
on silicon colunn at 260® indicated the presence of tvo
components in almost equal proportions. The partial
hydrogenation of costunolide is knovn to give7 tvo
dlhydrocostunolides (ID) and (11). One of them 10 is

a solid, the structure of which has been decided by
converting it to santanolide *c', m.p. 154*5SP of knovn
stereochemistry.g It is therefore quite probable that

the two hexahydrocostunolides indicated by OLC analysis

are the two Cn—eplmers 12 and

Liquid hexahydrocostunollde was then reduced

with lithium aluminium hydride under controlled conditions9
to give the mixture of the hydroxy aldehyde (14) and the
did (15). The Huang—MlInlon reduction of this mixture
afforded the optically active saturated BK>nohydrlc alcohol,
Ci~300, which was further purified by chromatography to
get the optically pure (QLC/TLC) hexahydrogermacrol (16)
(IR spectrum has been shown in Fig. 2). The alcohol *
on oxidation with Jones chromic acid reagentyields the
pure (GI1/;/TLC) optically active ketone, Ci~*sgO (17),
identified by IB spectjrum (7ig.3) and physical constants
as hexahydrogermacrone. In agreement with the structure

the NMR spectrum (Fig. 6) shows signals at 9.19, 9.10
and 9.02'T(12H) due to four methyl groups at C4, Cio and Cxi
and a multiplet at 7.74, 7.71, 7.66, 7.66 and 7.42T(3H)
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due to thrtte protons ad;]Jaeent to the carbonyl group at
Cs and C7. We failed to obtain 3,4»DKP derivative as
well as semlcarbazone of this tetone. An att«sipt to

obtain germaerane by direct Ruang—MInlon reduction of

the ketone ~ did not succeed.

Dehydration of the alcohol * with KHSO4 gives
a mixture of tvo hydrocarbons (C15H38) IB and ™ 1in which
I predominates as indicated by IR 0'lg*4) and NHE spectra.
The mixture on catalytic hydrogenation gives the pure,
saturated, optically Inactive hydrocarbon 8, which analysed
correctly for C”"g”"so* From its physical constants and IR
spectrum (Fig. 6)] it was identlfied™ as germacrane. Its

NMR spectrum has been shown In Fig. 6.

The optical Inactivity of the germacrane thus
obtained Is possibly due to the presence of a plane of
symmetry in the “lecule drawn across C3 and C7 , provided
that the dlsposltlonsof the methyl groups, at C4 and Cxo
are els—symmetrical with respect to the plane. The tosyl
derivative of hexahydrogermacrol (16) was also prepared,
which was then reduced with L4H to afford a mixture of
unsaturated hydrocarbons of composition CifjHas* The IE
spectrum of this mixture resembled that of the KHSO4 —
dehydration product IB and (Fig. 4). The saturated
hydrocarbon germacrane was obtained by catalytic hydroge-

nation of this mixture. The germacranes thus obtained by

two different paths were Idtotlcal In all respects.
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Subsequently, costunolide (9) was partially
hydrogenated in alcohol medium to get the solid dihydro—
cOstuiK)lide (10) (IR spectrum shown in Fig. 7). This
solid lactone was then further hydrogenated under pressure
to get solid hexahydrocostunolide”™ (12) m.p. 62—-63®
(IR spactrum shown in Fig. 8). This was subjected to the
same series of reactions as liquid hexahydrocostunolide to
yield optically active hexadiydrogermacroi; (lé), optically
active hexahydrogermacroifve (17) and opticallyinactive
germacrane (8), The identity of these compounds obtained
by two series of reactions was established by IR spectrum,
physical constants and GLC analysis. The following table
gives the comparative study of the physical constants of

these compounds.

Starting Hexahydrogermacrol Hexahydrogermacrone
material
Carbon & Carbon &
n (<)d VWAIdT™*o0 «in n (A9 Hydrogen_
Found Calc. Found Ca3
Liquid n~2 n24
hexahydro— 1.4840 -6.Z® 80.05 79.58 1.4726 +83.~ 80.95 80.5
costunolide
13.31 13.36 12.70 12.1
Solid N28 n28
hexahydro— 1 4826 -4.37® 79.80 79.58 1.4720 +83.81® 80.60 80.S

costunolide
13.40 13.36 12.63 12,1
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The aboTe conrerslon of solid hexahydrooostunolidtt
and liquid hexahfdrocostunolids to the identical aleohol,
ketone and hydrocarbon, proves without any doubt that liquid
hezahjdroeostuBolide is essentially a miztiire of tvo Cn
epiMeric hexahTdrocostunolides 12 and Bven though,
ay— assuaption regarding the disposition of the methyl
groups at &4 and Cio cannot be made at this stage, it iIs
clear that the isopropyl group at Gp> in the coni«cmds

3 and N is ~—oriented.

An attempt vas then made to prepare optically
active germacrane starting from the hydrocarbon 20 of known
stereochemistry. 13 This hydrocarbon can be prepared from
costunolide (9) by two routest <i) 9 was reduced by IAH to
the mixture of two diols 21 and which, as such, on metal
amine reduction, using sodium and liquid ammonia gave a
mixture of the hydrocarbon 30, a secondary alcohol and a
primary alcohol, from which the hydrocarbon was separated by
column chromatography; (ii) costunolide was partially
hydrogenated to solid dihydrocostunolide, which on metal
amine reduction using lithium in liquid ammonia furnished
an acid characterised through its methyl ester™ (IB
spectrum is shown in Fig. 9). This was converted to the
corresponding alcohol ~ by which 1n turn was converted
to the hydrocarbon ~ by LAH reduction of its tosylate. Tin

structure and stereochemistry of ~ and hence of 20 at C4
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has be«n rigorousl7 established converting the acid »

to santanolide <e* (25) hj acid catalysed cyclisation and
also by lIsolating S {H)™*.meth7Ilglutarlc acid from the
products of its ozonolysis, which proves the stereochemistry

of 23 at C4.

In order to avoid the transannular acid catalysed
cyclisation of the hydrocarbon 20» during hydrogenation, it
vas initially hydrogenated in ethyl acetate medium using
platinum catalyst in order to reduce the trans disubstituted
double bond, this, however, could be achieved satisfactorily
only when the hydrogenation vas carried out under pressure.
The crude dihydropreduct(which still contains a little of
the original hydrocarbon as such, was then hydrogenated
in acetic acid medium to get the completely saturated hydro-
carbon Ci|”30, which was foond to be 90% pure (QLC). This
was i1dentified by IE spectrum as germacrane. The small
specific rotation shown by the compound was possibly due to
the presence of an impurity, which might have been formed
as a result of transannular cyclisation of a small amount

of the hydrocarbon occurring in the dihydro product.

Since the hydrogenation of the hydrocarbon 80 did
not proceed properly owing to the slow rate of hydrogenation

in ethyl acetate medium, we wanted to prepare the saturated

¢ This part of the work has been carried out by
Dr. 6.H. Kulkami and Mr. H.S. Joshi of our
laboratory.
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hydrocarbon germaorane, starting froia the ester 23, vhleh
unlike the hydrocarbon 20, la completely mlsclble In alcohol.
The ester N whose stereochemistry at C4, C7 and Cix Is
definitely known™ vas hydrogenated under pressure in
alcohol medium, Initially at the room temperature and then
at S0-60° to get a mixture of two esters, which were
separated by chromatography, fhe earlier fraction of the
chromatography contained a pure ester (OLC/fI™) (XR spectrum
Is shown In Fig. 10), which responds to tetranltromethane
test for unsaturation, whose SHE spectrum (Fig.11) clearly
indicated the presence of a trilsubstltuted double bond
(signal at 4.601)and methyl group on a double bond (sigaal

at 8.49T). This Indicates that during pressure hydrogenation
only the disubstituted double bond has been hydrogenated and
the compound that is obtained is therefore 26. This was
conrerted to the corresponding primary alcohol » by LM
reduction. Since the compound 28 contains only one double
bond now, the possibility of transannular cycllsatlon is
ruled out during its hydrogenation in acetic acid medltmi.

It was therefore hydrogenated In acetic acid mediim using
platinum catalyst to get the completely saturated monocyclic
ester »~ (IR has been shown in Fig. 12), purified by
chromatography and distillation. The ester could be
obtained in pure condition (&LC/TLC) and showed rotation

of 23®. The saturated ester was then converted to the

corresponding primary alcohol 29 by redaction which
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showed rotation of + 1.0~. Controlled oxidation of #
using Cros— pyridine gave the saturated aldehyde (30),
which was characterised through its semioarbazone, m.p.
149-50~. The alcohol 29 was then converted to the
tosylate and the I;F\er reduced by LAB to give the hydro-
carbon germacrane in pure condition (GLC/TLC). This
hydrocarbon showed rotation of + 7.0®. The specific
rotation of hydrocarbon can be explained on two different

grounds as described below.

It has already been pointed out that the molecule
of germacrane contains a syauietry drawn across
C2 and C7. The preparation of an optically active hydro-
carbon is quite in contrast with the existence of such a
plane of syaaetry. It is quite possible that owing to the
non—rigidity of the conformation of a ten—membered ring
system, it may be difficult to construct such a plane
of symmetry, so that the two portions obtained are exactly
the mirror images, even assuming a cis—symmetrical relation-
ship of the methyl groups at C4 and Alternatively,
ifT the construction of such a plane of symmetry is possible,
the optical rotation of the hydrocarbon will definitely
indicate that the methyl group at Cio is not cis—symmetrical
with the methyl group at C4, which has already been shown
to be p-oriented. If the 17er view is taken as correct,
then the methyl group at is o(—oriented, in which case

the hydrocarbon should be represented by the steaeoformula(sa).



EXPSHIMENTAL

Liquid hexahydroGoatunolldg

CostunoUd* (9), m.p. 106-107®; («)d + 12~ (20 g)
dissolved In alcohol (300 hl) was hydrogenated (1000ilrS/sq.In.)
using platinum oxide catalyst at roon temperature (6 hr) and
then at 40-50° (6 hr). The alcohol was then remored under
suction. The residue after dilution with water was extracted
with ether. The ether layer was washed with aq. MaHCo3
solution to remove acid (formed due to hydrogenolysis) s The
liquid hexahydrocostunolide obtained after removal of ether
was purified by distillation (18 g), b.p. 130-3cP(bath)/

0.6 mm., d® 1.007; («)p —2" (c, 1.2)} n|® 1.4880.

Found* C, 76.60; H, 11.00.

Ci6H2602 requires* C, 75.68; H, [11.00JJ.

Hydroxy aldehyde (14X from hexahydrocostuaolide

Liquid hexahydrocostunolide (18.0 g) in dry ether
(100 ml) was taken in a three necked, round bottom flask,
fitted with a dropping funnel, a condenser and a mechanical
stirrer. An ethereal solution of LAH (0.76 g in 260 ml)
was gradually added under cooling at .10°. The reaction

mixture was stirred for 3 hr. at the same temperature and



for another 3 hr* at the room temp. It was then decomposed
by alcohol and water and vorked up to give a mixture of

N and 15, containing a little unreaeted lactone.

Hexahydrogermacrol (16)

The mixture of 1A and ~ (17.0 g), dissolved in
diethyleiM glycol (150 ml) was taken in a four necked flask
fitted vith a mercury sealed stirrer, a condenser, a thermo-
meter pocket and an inlet for Ng. Nitrogen was allowed to
bubble through and KOH (I1B.25 g) and hydrasine hydrate (13.0 ml)
were introduced. The contents were heated to 200.720” and
maintained at that temperature for 4 hr. with stirring. After
cooling, the reaction product was diluted with water and
extracted with ether. RemoTal of ether furnished a liquid
(13.5 g) which was chromatographed on alumina (gr.1l, 700 g)

and elated as followst

Fr.No. Solvent Volume (ml) Weight (9)
1 Pet.ether BOO 0.72
2 Pet.ether—benzene (2t1) 1000 7.36
3 Benxene 500 0.56

4 Sther SO0 1.55



Fraction (3), which was essentially was
purified further by chromatography and distillation (GLC/
TLC), b.p.120-140®(bath)/0.7 mm., n]2 1.4840, (°()d - 6.2®
(c, 7.4)*.

IR bands ati 3436, 29S0, 1466, 1374, 1149, 1106,
1016, 961, 926 cm“~.

Foundt C, 80.06j H, 13.21.

C16H300 requires* C, 77~.87\H, 13.36JJ,

The fraction (4) contained the diol which

was not critically examined.

Chromic acid ojcidation of the monol 16

Hexahydrogermacrol (16) (2.1 g) was dissolved in

acetone (20 ml) and Jones reagent wasadded dropwise until

a brown colour persisted. It was kept at the roomtemperature

for 30 min. and then worked up to give the crude ketone,
which was purified by chromatography and distillation to give
17 in pure form (dLC/TLC), b.p. 116-120®(bath)/0.9 mm.,
1.4726} (@Qjj + 83.~ (c, 3.61)
IR bands att 2950, 1695, 1464, 1408, 1370, 1269,
1163, 1122, 1042, 970 cm*~.

Found: C, 80.95} H, 12.70*
CieH280 requires! C, 80.29} H, 12.S8JJ.
& Literature records for hexahydrogermacrol («<<)d + 0®

++ Literature records for hexahydrogermacrone, 24 1.4770}
(oO)d + o®.



KHS04—-d»hydratlon of the moiK)l 16

Hexahydrogermaerol (Id) (1.3 g) vas heated vith
KHSO4 (3.1 g) In an atmosphere of nitrogen at 180° for
2 hr. The product after talcing in pet.ether vas filtered
through a column of alumina (gr.X, 60 g). The pet.ether—
eluted portion vas purified by distillation to give
mostly W, b.p. 110-120®(bath)/1.0 mm., 1.4711;
(00j) + 3.2® (c, 6.4).

IR bands ati 3021, 1471, 1461, 1389, 1379, 1316,
1176, 1031, 980, 909,869 and 776 cm*".

Analysis

Foundi C, 86.92} H, 13.40.

Cl#28requlresi C, 86.46] H, 13.64%(.

The hydrocarbon mixture containing mostly 1#
(1.03 g) vas hydrogenated in acetic acid medium using
pt. catala*t. The volume of hydrogen absorbed (116 ml at NTP)
corresponded to slightly OTer one double bond. The hydrogenated
product vas worked up and purified by chromatography and
distillation to give in pure form (OLC/TLC), b.p. 110-120®

(bath)/1.0 mm., 1.4660, («)j) + 0®.

The IH spectrum (Fig. 6) taken in 0.1 mm cell
vas in agreement vith that of ~ obtained from germacrone
by Sorm et al.
IR bands at* 1332, 1307, 1282, 1236, 1170, 1111,
1076, 980, 962, 917, 869, 862, 833, 781, 761, 736 and 720 cm’”.
The NMR spectrum vas quite in agreement vith the

structure 8.



Foundi C, 85,705 H, 14.27.

C16730 requires* C, 85.63j H, 14.37J3J.

Toiylatlon of hexahydrog”rmacrol and reduetlon of tb>
N f

The alcohol (16) (1.0 g), dissolved in pyridin®
(15 ml) was mixed with tosyl chloride (2.1 g) and kept
at the room temperature for 48 hr. The product was
diluted with ice cold water and extracted with ether.
The ether layer was washed with dilute HCI followed by
water and dried (N&2 So4) Removal of ether furnished
thetosylate (1.3 g) which was reduced with LAH (1.5 Q)
in ether solution in the usual way. The hydrocarbon
obtained was purified by, chromatography and distillation”
b.p. 110-120°(bath)/0.7 mm., n|® 1.4710; (x)d + 1.2®
(c, 5.4 ).

Founds Cf 86.5; H, 13.87.

CisH8 requires* C, 86.46; H, 13.j

Its IR spectrum taken in 0.1 mm cell was almost
identical with that of the product obtained by KHSO4 —
dehydration of hexahydrogermacrol which by GLC analysis
was shown to contain about 20fi saturated hydrocarbon. The
component occurring to the extent of 8B~ corresponded to

the KHSO4 — dehydration product obtained from 16 (QJJS),
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Th« hTdroearbon mixture, Ci5H28» obtained above
(0.49 g) absorbed (50.9 ml at NTP) hydrogen on hydrogenation
In acetic acid medium using platinum catalyst, corresponding
to 0.95 double bond. The hydrogenated product worked up 1In
the usual way had the following propertiest b.p. 110-120°
(bath)/1.0 mm., 1.4676} (ocd + O®.

The IE spectrum was identical with that of

germacrane.

Found: C, 85.90} H, 14.40.

C15H30 requiresi C, 85.63} H, 14.37".

Solid hexahydrocostunolide (12)

Solid dihydrocostunolide (10) (28.34 g), m.p.76-77®
0 +114°, was hydrogenated in alcohol solution, using
platinum catalyst (1000 Ib./sq.In.) iIn the manner described
for liquid hexahydrocostunolide. The product was distilled,
b.p. 130-140®/0.7 mm. and the distillate cooled in pet.
ether solution at -18° for a day to yield the crude
lactone, m.p. 55-56°, which after three crystallisation
from pet.ether gave the pure lactone m.p. 60-61°,
(o)d—-5.2° (c, 4.4).

IR bands ati 2950, 1770, 1449, 1372, 1307, 1242,
1205, 1162, 1130, 1087, 1010, 990, 980, 840, 806, 724 and
704 cm“~.

Found: C, 75.50} H, 10.95.

CIn"2602 r®qtlires» C, 75.68} H, 11.00J".



Solid hexahydrooostunollde vas reduced with 1«AH
under controlled conditions folloved by Huang—Minion
reduction in the manner previously described to give
hexahydrogeraacrol (16) (aLC/TLC), b.p.120-130®(bath)/
0.7 mm., n|® 1.4826; (O<)p —4.4® (c, 2.5).

Analysis

Found! C, 79.80} H, 13.40.

Ci15H300 requires! C, 79.67;H, 13.36".

Hexahydrogeraacrol (16) obtained above vas oxidised
by Jones' reagent in beiahydrogermaerone (17) (QL<yTLO),
b.p. 110-120®(bath)/0.9 mm., n™® 1.4720; («)p + 83.8°
(c, 1.5)* Nt

WUTIII

Found} C,80.60; H, 12.63.

Ci6*"280 requires* C, 80.29; H, 12.68}\

The ooBpoUBds (16 and 17) from both solidand liquid
hexahydroeostunolides vere identical in physicalconstants,

IR spectrum and QLC retention period.
Liquid ammonia reduction of dihydrocostunolide (10)

Liqguid ammonia (1500 ml) vas dravn in a H.B. flask
vhich vas fitted vith a mercury sealed stirrer, a dropping
funnel and a condenser. Lithium fiieees (2.87 g) vere dropped

during a period of 15 min. and the stirring continued for
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another 15 mIn. The lactone W (10.0 g. in 300 ml dry ether)
was added slovly through the dropping funnel. After the
addition was over, the stirring was continued for another
5 hr. Excess of ammonia was allowed to evaporate and
lithium was decomposed by adding alcohol. Xhe product was
then diluted with water and acidified. It was then extracted
with ether several times, the ethereal layer washed free of
mineral acid and extracted with sodium carbonate solution
thoroughly. The carbonate solution was acidified carefully
and again extracted with ether. The ether layer was then
washed with water to remove free acids and dried over
anhydrous sodium siaphate. The etherl’[\]gm evaj”ration gave
the acid, which was esterified with diazomethane in the usual
mannerto give the ester 23 (2.67 g), b.p. 115-120"(bath)/
0.1 mm., n|® 1.4892} (<d -91.4® (c, 3.7).

Anatela

Foundt C 75.96) H, 10.53.

CigHaeOg requireSl G, 76.75j H, 10.47JC.

IR bands ati 2941, 1740, 1449, 1429, 1374, 1342,

1260, 1190, 11#1, 1047, 980, 917 and 840 cm"”".

Pressure hydrogenation of ester 23

The ester ~ (2.6 g) was dissolved in ethyl
alcohol (150 ml) and platinum oxide (0.117 g) was added

and the mixture hydrogenated under pressure (1000 Ibs.”sqg.In.).



first at the room temperature and then at 50-60". Wtrkins
up vas done in the usual vay to get a mixture of esters
(2.50 g). This vas then chromatographed on alumina (gr.XXI,
120 g) and the pet.ether fraction gave pure X~LC/XLC) ester

26, b.p.140-14if (bath)/0.15 mm., 1.4741} («)jj + 33.08®
(c, 2.5).

Found* C, 76.76} H, 10.94.

Cio0H2802 requiresi C, 76.14} H, 11.18".

LAH reduction of the ester 26

The ethereal solution of theester ~ (0.41 gin
50 ml ether) was added to a slurry of IkAH (0.28 g 1n 60 ml
ether) and stirred for 6 V2 hr. Excess of LAH vas decomposed
by alcohol folloved by vater. It vas then vorked up in the
usual vay to give pure (6LC/TLC) alcohol 27 (0.43 g), b.p.
130-136®(bath)/0.2 mm., 1.4940, (oQj5 + 7.37®(c, 2.48).

IR bands at» 3040, 2900, 1460, 1380 and 1019 cm"~.

Foundi C, 80.62} H, 12.18.

Ci~SO requirest C, 80.29} H, 12.68J(.

Hydrogenation of ester 26 i1n acetic acid medium

The ester ~ v(1.13 g) was dissolved iIn acetic acid
(50 ml) and Adam*s catalyst (0.106 g) was added. The hydro>

genation vas continued for 24 hr., vhen the absorption vas



complete for nearly one doable bond. After filtration,
the filtrate was then concentrated to remove most of the
acetic add. The residue was diluted with water, and
extracted with ether. The ether layer washed free of
acid by aqueoas Ma2Co3 and finally with water. After
drying over Ha2S04, it was evaporated to give the ester
which was purified (GLC/TLC) by chromatography and dlsti-—
Ilation. Tetranitromethane test was negative, showing
that the ester was completely saturated, b.p. 155</"
(bath)/2.0 mm., n|” 1.4720; @01 + 23.38° (c, 2.2).

IR bands at* 2960, 1764, 1262, 1200 anS 1170 cm“~".

Found* C, 76.26J H, 11.76.

C16H3002 re<iuiresi C, 76.53} H, 11.8".

IM reduction of ester 28

The saturated ester » <0.762 g) in dry ether(60 ml)
was added dropwise to a slurry of LAH (1.0 g in 60 ml of
dry ether) during a period of 16 mIn. The stirring was
continued for 7 hr. and the excess of LAH was decomposed
by alcohol followed by water and the product worked up in the
usual manner to give the corresponding saturated alcohol 29,
which was pmrified by chromatography and distillation, b.p.

126—130® (bath)/1.6 mm., n™ 1.4874} (oc)p + 1.00®(c, 2.13).

Analy”™Ag
Fo\mdJ C, 79.98} H, 13.00.

Ciei”\s00 requireSl C, 79.67}— H, 13.36J{.



CrOa—Pyrldlne oxidation of the alcohol 29

The alcohol »~ (0.12 g) was dissolved in drj
pyridine (5 ml) and was added to a CrOs—pyridine complex
(0.42 g of Cro3 in 10 ml of dry pyridine) and kept at the
room temperature for 48 hr. It was vortced up in the usual
way to giye a liquid product (0.10 g). It was passed
through alumina (gr.ll, 3.0 g) and eluted with pet.ether,
followed by benzene. The pet.ether fraction (0.022 Q)
gave the aldehyde (30), which formed a semicarbazone, m.p.
149-150°) but could not be characterised further due to

paucity of material.

Tosylation of 29 and LAH reduction of the tosylate

The alcohol 29 (0.353 g) was dissolTed in dry
pyridine (18 ml) and freshly crystallised p-toluene
sulphonyl chloride (0.42 g) was added. The mixture was
kept for 36 hr. at the room temperature and then worked up

in the usual way to give the tosylate (0.572 g).

The ethereal solution of the tosylate was added
to a slurry of (0.89 g in 50 ml dry ether) and stirred
for 6 hr. Excess of LiH was decomposed by alcohol followed
by water and worked up in usual way to give the crude
hydrocarbon ~(0.336 g) which was passed through alumina

(gr.l; 6.0 g and elute& with pet.ether. It was further



i)

purified by distillation over sodium, b.p, 120-12" (bath)/

6.0 mm., 1.4700j («)d + 7.69P (c, 4.0).

Found: C, 86.10; H, 14.63.

Ci~30 requiresi C, 85.63) H, 14.375",
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STRUCTURE OF DEHYDROCOSTUS LACTONE
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ABSTRACT

The structure 3 previously assigned to dehydro-—
costus lactone (one of the major constituents of oostus
root oil)) has been confirmed by converting It Into (1)
gualane (1) Ci6H28» (H) s—gualazulene (21) and
S—chamazulene (24) In fairly high yields from some of Its
derivatives. The lactol (13) obtainable from dehydroeostus
lactone was found to be temperature—-sensitive. When
subjected to Huang—Minion reduction at 13”7, It gave
among other products, a mixture of tvo alcohols (16) and
(17). When subjected to the same reaction at 170*") It gave
S—gualazulene and another alcohol (18), In which both the
originally occurring exocycllc double bonds have migrated
inside to tetra—alkylated position, so as to give a
conjugated system. This alcohol (18), the structure of
which was supported by IR, U7 and NMR spectra furnished a
hydrocarbon (32) when subjected to metal-amine reduction,
indicating the presence of allyllc hydroxyl group in it.
This proves that the lactone attachment in dehydroeostus
lactone is at Ceé -Cr . The saturated alcohol (22) prepared
from hexahydrodehydrocostus lactone (6), on chromic acid
oxidation gave the corresponding ketone (25) and the keto-—

carboxyllc acid (27). The structure of the latter has been
established by bromination and dehydrobromination, when it
afforded a cross—conjugated dienone ester (30), the structure

of which was supported by IR, UV and NMR data.
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The presence of sesquiterpenlo lactones In eostus
root oil was first reported by Semraler and Feldsteln”™ who
examined costus root oil obtained through Schemmel & Co.
They subjected the oil to Tacuum distillation at 11 mm.
and collected rarloua fractions boiling within a range of
about 10”. In addition to o(. and P— costenes, aplotaxine,
costol and costus acid, they also reported that the higher
boiling fractions, viz. (1) 190-200°/11 mm. and (11)
200—210~/11 mm., consist of two sesqulterpenlc lactones,
which they called as costus lactone and dlhydrocostus
lactone respectively. But they were unable to Isolate any
solid crystalline lactone from the oil. The presence of
solid crystalline lactone In coi tus root oil was first
reported by tJklta® in 1939 who extracted the roots with
pet.ether, distilled the oil under vacuum to get a fraction
boiling at 176-190°/6 mm. and from this Isolated a crysta-
Iline lactone, Ci*isOg, m.p. 60.7~, in low yield.
Crabalona”™ later on Isolated probably the same lactone
from the oil after several years standing. This lactone
reported by these two workers is presumably identical with
dehydrocostus lactone Isolated by Naves by vacuum distillation
of oil at 2 Though Naves records that the lactone
Isomerises at 63°, the method of isolation adopted by him
Involved drastic tempvrature treatment and the yield of

the lactones was only 0.126” of the oil.



The constitution of dehydrceostus lactone was
initially studied by Haves,” who on the basis of the
formation of a mixture of tvo azulenes (S— and Se—
gualazulenes) by Se—-dehydrogenation of the saturated
lactone and also on the results of its quantitative
Azonolysis, concluded that it contains tvo exoeyclic

double bonds and possesses a guaiane skeleton (1).

During the course of the inyestigatlon of the
constituents of costus root oil Sorm” et al have examined
some of the constituents systematically and elucidated
their structures. They were able to isolate in 6-8" yield,
the same dehydrocostus lactone of Naves by vacuum distilla-
tion of oil at one stage (140-143®/0.5 mm.) followed by
subsequent erystallisatlon of the particular fraction. They
repeated the experiments of Naves and came to the conclusion
that quantitative ozonolysis shovs the presence of three
exocyclic double bonds and not tvo as previously reported.
Examination of the IR spectrum”™ of dehydrocostus lactone
In chl&roform shoved the presence of only exomethylene
double bonds (390, 1640 cm'*jand clearly indicated the absence
of any methyl groups in the molecule as revealed by ttM
absence of the —-CH3 bending vibrations around 1380 cm””

(IR spectrum of dehydrocostus lactone is shovn in Fig. 1).
This clearly indicated that dehydrocostus lactone contains

three double bonds, all of vhich are present as ~CaCHa
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grouping. The presence of an unsaturated «<.methylene—
Y—-lactone, was Indicated by the IR (peaks at 1760, 140&Mand
81522ﬂ*&) and UV spectrum (high end absorption at 210 m?™).
A comparison of the IR spectrum of the completely saturated
lactone viz. hexahydrodehydrocostus lactone with that of
dihydrodeoxycarpesia lactone obtained from carpesia

lactone (2), indicated that the two compounds are identical
in their carbon frame work; and hence they suggested
structure » for dehydroeostus lactone. Selenium dehydro-
genation of hexahydrodehydrocostus lactone vas reported to
give a mixture of four azulenes in very lov yields. These
results vere also consistant with the structure 3 for

dehydroeostus lactone.

Among the lactones reported to occur in costus
root oil, dehydroeostus lactone seemed to be the only
crystalline product, the isolation of which has been
reported by several independent worlcers, though always
in poor yields. During the course of our investigation
0& the costus root oil (prepared from both Kashmir and
Punjab costus roots) extracted by using a modified low
temperature solvent extraction procedure, we could Isolate
a mixture of two crystalline lactones which constitute
about 80% of the total extractive. The lactone mixture
was shown by us to consist of (1) costunolide (4),

a monocyclic sesquiterpenlc lactone with a unique

distribution of double bonds in a ten—membered carbocyclic
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ring, occurring to the extent of and (ii) dehydro-
eostus lactone occorring to the extent of 31”. Some
interesting transformations of eostunolide have already
been reported7 and some of them have been described in
Chapters Il and 17. Since ve had a substantial quantity
of dehydrocostus lactone at our disposal, we naturally
felt interested iIn undertaking a detailed examination of
this lactone vith a Tiev to elucidate its structure
beyond doubt. We carried out some interesting trans-
formations of it with a view to obtain some useful
products. The eonrersion of this lactone into azulenes
in good yields was one of our objectives. Attempts were
b—ut

also made to elucidate its stereochemistry} have only

partly succeeded.

Since the azulenes were obtained by earlier
workers only in low yields, this does not lend sufficjbent
support to the structure 3 especially when many non-—
azulenic terpenoids are known to yield comparable amounts
of azulenes on dehydrogenation. Further an alternative
structure 5 for dehydrocostus lactone also could not be
completely ruled out, as most of the deductions, which
have led to the structure 3 are based on the IH spectrum
of saturated liquid materials (possibly mixture of epimers)
of doubtful homogeneity. It was therefore felt desirable
to furnish further confirmatory evidences based on reactions
Involving homogeneous and crystalline materials for the

structure 3.



SO

For the Hake of convenience it is assumed that
3 represents the correct structure of de~drocostus
lactone. In our initial ex>eriments 3 vas fully hydro-
genated in alcohol BMdium using platinum catalyst under
pressure to give hexahydrodehydrocostus lactone (6), vhich,
from the results of chromatography, OLC analysis, fractio>
nation through spinning band eoiuim etc. vas found to be a

mixture of dpimers, mostly around Cn.

With the ultimate object of getting a product
related to nepetalinic acid (7), via the intermediate keto—
carboxylic acid (8), hexahydrodehydrocostus lactone (6),
obtained by direct hydrogenation vas oxidised vith chromic
acid in acetic acid, but instead of the desired ketocarboxyllc
acid, the product obtained vas a lactone carboxylic acid,
possibly represented by 9 or Wy or a mixture of both. Most
of the 6 vas recovered unchanged. Subsequently * vas reacted
vith phenylaagnesium bromide and the product dehydrated
to give MM 1) presumably, the dlene (11). But contrary
to expectation, its oxidation did not lead to any conclusive

results.*

Ve then directed our attention to the preparation
of pure dihydrodehydrocostus lactone (12) by stereospecific

reduction of the methylene group in conjugation vith the

* This part of the vork vas done by Dr. D. Sliu)nosric
in the laboratory and included in his thesis.
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lactone carbonyl to give a single spliBer at Reduction
of dehydrocostus lactone to dihydrodehydrocostus lactone
using sodium and alsobol has been described earlier by
Naves”™ et al. We, however, did not find It possible to
obtain an eplaerlcally pure product by this method, as
apart from a mixture of the eplmers at Cix, some tetra—
hydroproducts were also produced unexpected”. A small
amount of the parent lactone also remained unreacted and
could be Isolated as the solid plcrate of amBK>nla adduct.
Reduction esqgperlments using sodium and liquor ammonigl:oalso
filled to give pure Finally the recent method reported
by Japanese workers”™ to get the dlhydro lactone via
oxidation of the pure crystalline lactol (13) (IR spectrum
is shown In Fig. 3) which Is obtained by prolonged reduction
of dehydrocostus lactone by sodliaa borohydrlde, was found
to give pure dlhydro dehydrocostus lactone containing one
single epIMr (GLC/TLC) (IR spectrum Is shown In Fig. 2).
Direct reduction of by sodliua borohydrlde gave 80" pure
(GLC) dihydrodehydrocostus lactone* It was further observed
that the lactol  could be obtained more conveniently on

a preparative scale by controlled reduction of A with [I*AS.
The complete reduction of dihydrodehydrocostus lactone with
LAH gave a crystalline dlol (14), m.p. 53-64®, 8R spectrum

has been shown in Fig* 4.

In this connection, it may be worthwhile mentioning

that dihydrodehydrocostus lactone is one of the main
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constituents of liquid lactones Isolated from costus root
oil. Its structure was determined in our Iaboratory6 on
the basis of its catalytic hydrogenation, quantitative
ozonolysis, dehydrogenation to give a mixture of azulenes
and also the comparison of the IE spectrum with the hydro>
derlTatlTe of dehydrocostus lactone obtained by sodium and
alcohol reduction. But the natural lactone was consisting
of epimers probably at Cn and i1t has been possible only to
isolate one of the eplaers in purity. The structure has
been further confirmed by the SKR spectrum and also by
comparison of physical constants and IR spectrum with an
authentic sample prepared as indicated above. The Japanese
workers isolated a lactone, 01” 20”2 » from the medicinal
plant Sen mokko ™ which was identical with dihydrodehydro-
costus lactone. They named it as mokko lactone. They
obtained dlhydrodel”~drocostus lactone, as mentioned above,
in the form of a low melting solid (m.p. 38®), but (’in our
hands the pure (GWTLC) dihydrodehydrocostus lactone

obtained via the crystalline lactol is a liquid.

The crystalline lactol (13) has been found to
give different products when sub;)eoted to Huang>HInlon
reduction at different temperatures. When the reaction
IS carried out at 136”* a mixture of two monols was obtained

which were separated by chromatography over alumina. The

* The Huang—Minion reduction at temperature 136®
was carried out by a colleague, Mr. S.Y. Hiremath.



CHgOH

14

16

17



83

monol (16), Ci~240 (GLC/TLG pure) eluted in the

earlier fractions, shoved the presence of exomethylene
double bonds in its XH spectrum. The NIQI spectrum shoved
signals at 9.3, 9.13, 9,04T(6H) due to the methyls of
the isopropyl group at C7. In the olefinic region, it
shoved signals at 6.34, 5.23, (4H) due to four
protons on escomethylene double bonds at & and o~.0-e

A triplet at 7.11, 6.96, 6.82t'(IH) vas also obseryed
vhich 1s due to proton at Cs. The NMH spectrum is in

complete agreement vith the structure ( 16).

From the middle fractions of chromatofraphy,
another pure (GLC/TLC) isomeric t monol (16), Ci~240,
vhose IR spectrum clearly indicated the presence of
exomethylene grovg® vas obtained. Its NMH spectrum,
however, indicated the presence of only one exomethylene
group (signals at 5.45, 5.35T(2H) and a methyl group on
a double bond (signals at 8.36 T(SH) but did net shov
signal due to a proton on triallsylated double bond. It
is therefore obvious that one of the tvo original exo—
methylene double bonds have migrated inside the ring.
The spectral data vould suggest that the alcohol could
be represented by either of the structures(Xe orl7)

and vas shovn by further experiments to be

When the Huang—Minion reduction of the lactol vas

carried out at higher temperatures (170®), along vith other



products, the pure (TLC) heteroannular dienic alcohol (18)
was obtained as the main component, In which both the
original methylenle double bonds have migrated Inside the
ring. Its IH spectrum (Fig. 5) did not show the presence
of any exomethylene group, fhe HMR spectrum (Fig. 6)
indicated the presence of two methyl groups on double

bonds, signals at 8.3g't'(3H) and 8.18T(3H) and did not
show any signals due to trialkylated protons. In conformity
with this, it showed the characteristic U7 absorption at 252
(fmax”00). Oxidation of the compound with Jozies' reagent,
as well as other oxidising agents such as Cro3>pyridlne
and activated Mno2» however, failed to give the expected
conjugated dlenone (19) in pure condition, although
indication as to its formation as one of the products

was observed in the UV spectrum of the oxidised product
(Xmax. 390 i~, fmax. 3000). Much of the monol remained
unaffected, even when the reaction is carried out for

longer time, suggesting that the alcoholic group 1is

in a hindered position. During the formation of ~ from

13, S—gualazulene (21) (characterised throi~h its TNB adduct)
was also obtained as a by—product in 1.6% yield. It was

also observed that the proportion of S—gualazulene is

raised to 30 when the same reaction is carried out at 2207.

In another series of experiments 6”as obtained
by direct catalytic hydrogenation of 3 or hydrogenation

of epimerleally pure was reduced by LAH under controlled
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condition*,”® and the resulting hydroxy aldehyde (lactol)
was subjected to Huang—Minlon redaction to furnish in
good yield the pure (GLG/TLC) crystalline monol (22),
Cin280 (IR spectrum is shown in Fig. 7). Dehydration

of the monol with potassium hydrogen sulphate gave a
mixture (GLC) of two unsaturated hydrocarbonjj CI1"26»

both containing trialkylated double bonds (IR and KmR
evidences). Hydrogenation of this mixture (23) gave a
saturated, hydrocarbon, isomers S0t20),
identified as guaiane (1) by IE spectrum (Fig* 7) and
physical properties. She formation of guaiane fn>m ~
would therefore support that the latter possesses a
guaiane skeleton. Sulphur dehydrogenation of the boik>1
23 gave S.guaiazulene (21) in ™ vyield, identified by XH
spectrum (Fig. 9), 6LC and characterised throu”™ its TNS
adduct.V/hen 23 was heated with alkali in diethylene glycol
in an atmosphere of nitrogen at 180 >"00" for 5 hr.,

along with other products, chamazulene (24) could be
isolated in BS yield, identified by IR spectrum™ (Fig.10),

GLC analysis and characterised through its TUB adduct.

In our further examination of the monol 83" it
was oxidised with chromic acid to yield the pure (GKS/TLC)
crystalline ketone, 0x7"260 (26) (IR spectrum is shown in
Fig. 7), along with a keto carboxylic acid, Cii®a2603t
characterised through its methyl ester, Cxe6H2go03. The

ketocarboxylic ester showed a broad band at 1724 cm"~.
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in 1ts IR spectrum (Fig. itl) from which, hov«7er, the
presence of both the keto and the ester groups could not
be definitely inferred. Sodium borohjrdride reduction of
the product followed by re—esterification with diazomethane
afforded a hydroxy ester whose IR spectrum (Fig. 13)
clearly indicated the presence of a hydroxy and an ester
group from which it was concluded that the original molecule
contains both the keto and ester groups. The sodium boro*
hydride reduction of the Icetocarboxylic acid was found to
be a slow process and the complete reduction could be
achieved only after prolonged treatment with excess of the
reagent under refluxing conditions. In support of this,
the SMR spectrum (Fig. 8) of the above product did not
show any olefinic proton or vinyl methyl groups, but
showed signals due to an ester methyl at 6 .:*T("h). In
addition it indicated the presence of four methyl groups
(9.122, 9.10, 9.06, 8.90, 8.86 T(12H) all of which are
attached to saturated carbon atoms. The protons adjacent
to the carbonyl group were also observed at 8.06, 8.00,
7.90 and 7 . AT * It was, however, not possible to say
definitely the exact number of such protons - whether two
or three. These spectroscopic data could be satisfactorily
explained by two formulae 26 or 27. This product was
considered to be suitable materialjﬁegradation to
nepetelinic acid, if it were represented by the structure

as it was obtained from crystalline alcohol The
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slow redaction of the keto group by NaBH”, taken together
vith the fact that no semlcarbazone Is foraed, would
suggest that the structure vouXd be Dehydration of
the hydroxy ester by thionyl chloride—pyridine afforded
a mixture of two unsaturated esters, IR spectrum of vhich

shoved presence of a trisubstituted double bond*

In order to decide betveen structures 28 and 27,
the compound was brominated with excess of 9*bromosueeini—
ffiide, when a bromo compound (29) was obtained. The
estimation of the bromine indicated that three bromine
atoms have been incorporated in the molecule. Dehydro—
bromlnatlon of the above compound by boiling with pyridine
Iin nitrogen atmosphere afforded a mixttire of compounds from
which a crystalline solid, m.p. 95-96" (30) has been
isolated by column chromatography followed by crystallisation.
The IB spectrum (Fig. 13) of this product showed pealcs at
1726 cm"” due to ester carbonyl, 1696 and 1660 cm“” due to
o(,“.unsaturated carbonyl and 1646 cm** due to the -C»C*
stretching of a conjugated dotible bond. Since the peaks
at 1695, 1660 and 1645 cm— were almost equal in intensities,
it is quite probable that the chromophore present in the
molecule is the cissoid «(,“>—unsaturaied ketone. The W
spectrum of this product showed Xmax. at 268 nfty fmax.12,900.
No definite conclusion, however, could be drawn from these

data as to the exact location of the keto group.
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Th® NMR spectrum (Fig. 14) of the product 30
clearly Indicated that all the methyl groups present In
the SK>lecule are situated on carbon carrying double
bonds (signals at 8.29, 8.24, 8.03 and 7.92T(12H) ;

a signal at 6.32T(3H) indicated estermethyl group and

at 3.03'T(1h) due to a sisglet olefinic proton on a
conjugated trisubstituted double bond. The signal
observed at 6.32Tvas quite eonsistant with the ester
iMthyl of an unsaturated conjugated acid. ™ These
data, however, could not be explained by the structure 2$
of the original molecule, which would have given a compound
containing at least one saturated methyl group and more
than one olefinic proton. Although the presence of an
o(,p> unsaturated cyclopentenone could be inferred from the
IR spectrum of the compound 30 by presence of a peak at
1696 cm—1, 1t was felt desirable to furnish further proof
to show the presence of cyclopentenone in the molecule
Preferential reduction of the ester did not take place

in the above reaction even with calculated quantity of LAfi.
Controlled LAB reduction using reversed addition proeedure™
failed to yield the keto primary alcohol but gave instead
a hydroxy ester (28) by preferential reduction of the

keto group. The hydroxy ester was identical in its IE
spectrum, with the one (Fig. 12) obtained by sodium
borohydride reduction of Some diol mixture (31 & 31la)

was also formed due to complete reduction of both the
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functional groups. Attempts to prepare monotosylate
by preferential tosylation of primary hydroxy group
folloved by LAH reduction of the same to furnish a
mixture of epimeric secondary alcohols were also

unsuccessful.

te

Althoughj”boYe experiments would strongly
support the guaiaaolide nature of the lactone, the
point of attachment of tue lactone ring had to be un-
equivocally established. The absolute stereoohemistry of
dehydrocostus lactone at the ring juncture as veil as that
of the lactonic moiety had also to be decided. As such
the KMR spectrum (Fig. 15) of dehydrocostus lactone vould
suggest that the point of attachment of the hydroxyl oxygen
atom of the lactone moiety iIs at Ce and not at Cgy as the
spectrum shows a triplet at 6.17, 6.04 and 6.88T (1H) and
not a quadruplet, as would have been expected if the
attachment were at Cs. Similar triplets were also observed
in the NMR spectrum (Fig. 15) of dihydrodehydzecostus
lactone (12) and the dienic monols (15) and (16). This
is also chemically supported by the formation of the
conjugated dienone (19) as one of the products of oxidation
of the conjugated dienic monol (18). The alternative
structure 5 would have resulted in the formation of a

product 20 with ainisolated keto function.

When the dienic monol (18) was subjected to

metal amine reduction,using either sodium or lithium
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in liquid ammonia, a hydrocarbon (32) (IR spectrum has
been shoim In Fig* 5) was formed as the main product,
along with traces of a conjugated hydrocarbon CUVh

The structure ™ for the major hydrocarbon is supported

by its NVH spectrum (Fig. 6) vhlch showed the presence of
three saturated methyl groups (signals at 9.13, 9.07, 8.97,
8.90T(9H) and one methyl group on a double bond (signal
at 8.38 T(3H) . In the olefinic region no signals were
observed, indicating that the double bond must be tetra*
alkylated. The hydrocarbon »~ must have been obtained by
further reduction of the conjugated hydrocarbon (33)
obtained from the dienlc monol (18) as the primary product
of hydrogenolysis. The possibility of any allylic migration
of the double bond leading to the formation of homoannular
diene (34) during metal amine reduction is not likely,

as a heteroannular dienlc system is expected to be more
stable than the homoannular one. The formation of hydro-
carbon (33) via the Intermediate 33, clearly establishes

the position of hydroxyl group in dehydrocostus lactone at Cé6*

With a view to determine the stereochemistry of
dehydrocostus lactone at Cq and C7, viz. the stereochemistry
of lactone moiety, we were interested in converting the
dihydrodehydrocostus lactone to a compound in which both
the exomethylene double bonds have migrated inside the

ring to tetraalkylated positions in conjugation with one
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another. This coapoond would be expected to cleave
on ozonolysis to furnish a keto lactonic carboxylic
acid from which valuable information about the stereo-
chemistry of the lactone moiety could be obtained. As
already the formation of chamazulene was observed by
treating dihydrodehydrocostus lactone with alkali at
higher temperatures (180-200°), attempts were made to
carry on this reaction at lower temperatures, 1i.e.
between 120-160®, so that the two double bonds could
migrate inside the ring. But attempts to prepare such
a compound were not successful, as the main reaction
products were acids and only a small portion of a complex

mixture of lactones was obtained during the reaction.

Dihydz~dehydrocostus lactone (13) was then
hydrobrominated to give a dibromocompound (36), dehydro—
bromination of which was tried under different conditions
using different dehydrobrominating agents, with a view to
get the desired compound, but in all these cases the
major product was again a mixture of acids along with
small quantities of a lactone mixturerWhen the dehydro—
bromination was done with alcoholic KOH for 4 hrs. on a
steam bath, it was possible to isolate from the reaction
products a lactone mixture In about 15" yield. This was
chromatographed on gr.lIl alumina and one fraction was

isolated which showed a maxima at 254 m™ with fmax. 2500.



This indicated that the expected lactone 36 was formed
only In small proportions, the major product being a
lactone ~ in which the presence of one olefinic proton
was indicated in its NHR spectrum. The acids formed
during the reaction were esterified with CH2K2 and the
mixture of esters obtained chromatographed on alumina to
get a fraction which showed in spectrum peaks at 254
and 288 mi respectively. Although the peak at 264 mh
could not be satisfactorily explained on the basis of
structure 38, the peak at 386 mh indicated the presence
of a conjugated triene system in the molecule which is
possible only if the ~—elimination of Cg hydroxyl group
takes place. From these reactions it can be only
inferred that though the dehydrobromination reaction
proceeds mostly In the expected manner, so as to furnish
a compound containing a conjugated system of two tetra—
alkylated double bonds , it is accompanied by simultaneouji
p—elimination of the hydroxyl group at Cq under the alkaline
conditions of the reaction. The lactone that could be
isolated from this reaction was mainly the one in which
the dehydrobromination has taken place In a way different
from the desired way, 1.e. possibly as iIs represented

in the structure 37.*

Further experiments iIn this regard have been carried out
by a colleague, Mr. A.S. Bawdekar, in the laboratory
with somewhat better success, though it has not been
possible so far to obtain the conjugated dienic lactone
36 In the pure state.



The OHD curve of the saturated ketone (25) (Fig.16)
showed a posltlTe cotton effect (a, + 64 units) which did
not alter much on addition of HCI) indicating thereby that
the ketone group is In a hindered position.This fact
supports the attachment of the lactone moiety at Ce-C?
as the other possibility tlz . C7-C8 would havB resulted
in a non—hind«red ketone. Since the reference compounds
in the (3t5t0) ' Dbicyclodecane system of known absolute
configuration are not aTailable, no definite conclusions
regarding the stereochemistry of the ring Juncture at
Cs and Cxo could be drawn from the ORD measurements. Since
the conformation of a oycloheptaikK>ne is not yet definitely
known, the octant rule also could not be applied without
ambiguity* IT the Hudson and Klyne lactone rule16 which
has so far been applied only to saturated y* and 6 -lactones
attached to a six—membered ring, can be extended further to
Y— and 5 —lactones attached to a seven—membered ring also,
some i1dea as regards the stereochemistry at the asymmetric
centre Gs in dehydrocostus lactone, can be inferred. The
molecular rotation difference between the saturated lactone
hexahydrodehydrocostus lactone (6), prepared from epimerically
pure dlhydrodehydrocostus lactone (12), and the saturated
moiu>l (22) prepared from 6 gives a positive value <+ 22.4)
from which it can be assumed that the Cqg asymmetric centre
is having the D—configuration. This means that when the

formula of hexahydrodehydrocostus lactone is writteft in the
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conventional form, the hydrogen at Cg Is ~-oriented and

the C6 oxygen is -—oriented.

In the NHH spectrum ot dehydrocostus lactone 3
and dlhydrodehydrocostus lactone 13 (Fig, 15), cleanly
@rfled
resolved triplets are observedjL™at 6.04"Cand 6 .22 TrespectlTely
giving a clear indication of strong coupling between the Cg

proton with C5 and C7 protons respectively, with 3 values

of about 8 and 9.6 cps respectively.

It has already been reported™” that in the case of
lactones attached to a seven—membered ring, as in the case
of some guaianolides, small differences are observed between
the splittings of the He with E7 in the trans and cis fused
lactones, where Jg,? is @*0 c.p.s. and 7.8 c.p.s. respectively.
It has also been mentioned that three contiguous protons
present in a seven membered ring and strongly coupled to
each other, cannot be assigned to an eclipsed configuration,
because of prohibitive strain and thus must be due to a

trans—trans—arrangement.

An argument of this type has been advanced in the
elucidation of the stereochemistry of lactone ring fusion
in globicin™® (41) and arborescin™® (40). In both the
lactones, J5,6y 6,7 N c.p.s. (taken on a 100 Mc/s
instrument), indicating a trans—trans—arrangement of Hs,

and H7 and hence a trans>lactone fusion as shown.



Since the NMR spectra of 3 and » were taken on 60 Mc/S
instrument, a direct comparison of the Je,6, J6,7 values,
with those obtained in globicin and arborescin could not be
made. Although the NMR spectra of dehydrocostus lactone
and dihydrodehydrocostus lactone were taken on a 60 Mc/s
instrument only, Indications as regards the strong coupling
between C5, Cg and Cg, C7 was observed by means of clean
tripletsj%s\r;at{wfli.04 and 6.22 respectively. Although the

J values are not exactly identical, as in the case of
globicin and arborescin, they are reasonably close to the
observed values, and it is quite probable that on all trans

arrangement may be present in dehydrocostus lactone also,

as indicated in the structure (Sa).



EXPERIMENTAL

Hexahydrodahydroeoatus lactone (6)

D«hydroco«tus lactone (60 g) (m.p.60-61°} <0(i3 — 13®
(c, 2.6) dilssolYed in alcohol (260 ml) was hydrogenated
under pressure (1000 Ibs/sqg.in.) using platinum catalyst
(0.25 g) initially at room temperature (6 hr) and then at
60® (6 hr). Alcohol was removed under suction, the residue
diluted with water and extracted %rith ether. RemoTal of
ether furnished a liquid (48 g), purified by distillation,
b.p. 130-37/0.6 mm., n™ 1.4980; («<)d + 36® (c, 4.2)
(Found* C, 76.68} H, 9.89, C16H2402requires1 C, 76.22]
H, 10.24%),

NaBH4. reduction of dehydrocostus lactone

Dehydrocostus lactone (23.0 g) was dissolved in
HeOH (70 ml) and MaBH4 (1.0 g) added in instalments during
one hour. The reaction mixture was b»pt at the room temp,
for 24 hr., diluted with water containing HCI and extracted
with ether. The ether layer was washed with water and
dried. Removal of ether gave a liquid (22.3 g) which was
chromatographed on alumina (gr.11l1) 440 g) and eluted with
pet.ether and ether. The pet.ether—eluted fraction(13.0 Q)

contained mostly the lactone 12, + 10® (c, 1.6). The



97

ether—elated portion (4 g) on cooling in pet.ether solution
gave the solid laetol ~ (1.01 g), erjrstalllsed from pet.

ether, m.p. 110-111®) (©<)p -36° (c, 2.6).

Controlled LAH- redaction of dlhydrodehydroeostas lactone(12)

The lactone (22,0 g) was deduced by gradual addition
of an ethereal solution of LAH (1.6 g of 7S purity In 200 ml)
under cooling (—1i0®). 7he reaction mixture was stirred for
3 hr. at -10® and for another 3 hr. at room temperature.
It was then worked up to give a solid (21 g), m.p. 90-9~,
which was crystallised from pet.ether |o give pure lactol
(15 g), m.p. 110-111®, (0Qjj — 32® (c, 3.6).

IR bands at* 3497, 1639, 1460, 1377, 1163, 1111,
971, 961, 926 and 900 cm“~.

4Ba3j8.4a

Found* C, 77.46J H, 9.77.

0172202 requires* C, 76.88) H, 9.46jC.*

Chromic acid oxidation of lactol (13)

The lactol ~ (1.14 g) was dissolyed in acetone
(30 ml) and Jones reagent was added dropwlse till a brown
colour persisted. It was kept at room temperature for 1 hr.

and worked up to give a liquid, purified by chromatography

¢ JaparMse workers report m.p. 110-111®; («<) —40*
for the lactol. n



and distillation to give pure 12 (GLC), b.p. 166-160*"
(bath)/0.26 mm., n|® 1.6311j (oQi3 + 19® (c, 2.28).

IR bands at* 2960, 1783, 1639, 1449, 1206,
1176, 1122, 1010, 990 and 892 cm"l.

Found* C, 77.30; H, 8.68

CisH2002 requires* C, 77.66; H, 8.68JJ.

Hexahydrodehydrocostus lactone (6) from dihydro-

The apiaierically pure dihydrodehydrocostus lactone
N (7.56 g) dissolved in alcohol (150 ml) was hydrogenated
under pressure (I000Ilbs./sq.in.) using platinum catalyst
(0.088 g), i1nitially at room temperature (6 hr) and then at
50® (6 hr). Alcohol was reeved under suction, the residue
diluted with water and extracted with ether. Reiwjval of
ether furnished a liquid (7,32 g), purified by distillation,
b.p. 130-137/0.46 mm., n|® 1.4966; ((Op * 18.0° (c, 2.5).

IR bands at: 1783, 1461, 1176 and 986 cm“~.

N16724172 requires* C, 76.22; H, 10.24j1.

+¢ JapaDeae workers report m.p. 36-37®, («<)n + 18.2*
for 12.

9b
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LAH » reduction of lactone (12) to the dlol (14)

The lactone ~ (2,89 g) In dry ether (100 ml) was
added to a solution of LAH (1.70 g in 76 ml dry ether) at 0O
during a period of 30 min. The reaction mixture was refluxed
for 5 hr. The excess of LAH was decomposed by moist ether
followed by water and then worked up i1n“usual way to give a
semisolid material (2.49 g) which was then cooled at 0®
in pet.ether when crystalline material separated out. This
was crystallised from pet.ether to a constant m.p. 53-54%;
(«)d + 36.8° (c, 1.6).

IR bands at» 3448, 1639, 1451, 1379, 1267, 1021

and 892 cm’’«

Foundi C, 76.165 H, 10.21.

01~r2472 requlresi C,76.22} H, 10.22J3J.

Huang—Minion reduction of lactol (13) at 170-17~

The lactol ~ (18.0 g), dissolved in diethylen*
glycol (130 ml), was taken in a three—necked flask fitted
with a condenser, a thermometer pocket and an inlet for
nitrogen. Nitrogen was allowed to bubble through and KOH
(18.0 g) and hydrazine hydrate (25 ml; 85jt) were introduced.
The contents were heated to 170-176" and maintained at that
temperature for 4 hr. After cooling, the reaction product
was diluted with water and extracted with ether. Removal

of ether furnished a dark liquid (15.8 g) which was
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chromatographed on alumina (gr.l1l; 600 g) and eluted ai
followst

Fr. Solvent Volume (ml) Weight (g)
1 Pet. ether 1600 4.20

2 Pet.ether+benzenecClil) 1800 0.6

3 Benzene 1000 0.375

4 Ether 1SOO 4.20

6 Methanol 1000 5.5

The fraction (4) was rechromatographed on alumina
(gr.111; 84 g) and eluted with pet.ether and ether. The
fraction eluted with pet.ether gave the dienic monol 17
(1.1 g) (TLC pure) which showed Xmax. 2E2 ma (®max. 9000);
(oQd + 46® (c, 1.6).

IR bands at* 3448, 1613, 1439, 1379, 1364, 1203,

1076, 1020 and 990 cm"~.

Found* C, 81.28; H, 10.77.

Ci6P240 requlresi C, 81.76; H, 10.96jJ.

From fraction (1), S—guaiazulene was isolated
and characterised through its TNB adduct, m.p. and

mixed m.p. 149*"

Th 180t



The lactone 6 (27.0 g) was reduced by gradual
addition of an ethereal solution of LAH (2,60 g; 76"
purity in 200 ml) under cooling at -10®* The reaction
mixture was stirred for 3 hr. at -10® and for another 3 hr.
at the room temperature. It was decomposed with alcohol
and water and worked up to give crude hydroxy aldehyde

(26.0 g) containing some unreacted lactone and the diol.

Huang—Minlon reduction of above hydroxy aldehyde

A mixture of hydroxy aldehyde mentioned above(26.0 g),
diethylene glycol (150 ml), KOH (27.0 g) and hydrazine hydrate
(26 ml) was heated at 200-—=220° for 6 hr. Iin an atmosphere of
N2 &Qd the product worked up as descril™d earlier to give a
liquid (21 g) which was chromatographed on alumina (gr.l11{

100 g) and eluted as follows.

Fr. Solvent ToluBe(ml) Weight (g)
1 Pet.ether 600 6.16

2 Pet .ethert*benzene (2t 1) 4600 10.8

3 Pet .ethsr—t—benzene (It 1) 2000 0.8

4 Ether 600 1.5



The fraction <) which solidified was cryttallised
from dilute alcohol to give the pure moziol 22 (&LC/TLC),
m.p. 53-54®, k)D + 6.3® (c,2.1).

IR bands ati 334A, 1461, 1370 and 1016 ca—".

ABftlyauU

Foundt C, 89.37) H, 12.68.

N16*M280requlrest C, 80.29j) H, 12.683{.

Chroaie aeld o3Ei4 atioB of the monQl Cmi

The ffionol 22 <1.0 g) was dissolved in acetone (20 ml)
and Jones’ reagent was added drop by drop till abrown colour
persisted (about5 ml). The product was diluted withwater
and extracted with ether. The ether layer was washed with
water, and extracted with Na2003 aq. to remove the acid. The
neutral portion (0.5 g) obtained after removal of ether was
chromatographed on alumina (gr.XIl) 15 g) and eluted with
pet.ether to give the corresponding ketone purified by
distillation and crystallisation from pet.ether to give the
pure (GLC/TLC) ketone m.p. 64—-6", («)d — 60®(c, 1.3)"

IR bands ati 1706, 1471, 1372 and 1174 cm“l.

to3-ys.li

Found* C, 80.81j H, 11.70.

N1NM260  requlresi C, 81.02; H, 11.79JJ.

The Na2Co3 extract was acidified with dilute 17304
and extracted with ether. The acid obtained after the

removal of ether was eaterifled with diazomethane to give



26 or 27 (OMiC pure), b.p. 150-5~(1=ath)/0.6 mm.,

1.6200; («<)p 2cP (e, 2.0). The KME spectrum
(Fig. 8) Indicated the presence of four saturated
methfl groups (signals at. 9.12, 9.10, 9.05, 8.90,
8.86T(12H).

Foundi C,71.60J H, 10.93.

Ci6H20D3 requires* C,71.60; H, 10.82j{,

KHSO4 — dehydration of aonol (22)

The monol ~ (2.38 g)and KHSO4 (3.68 g) were
taken in a flask fitted vith a reflux condenser in an
atmosphere of H2 sX 180-190® for 3 hr. After cooling the
prodii.ct was dissolved in pet.ether and chromatographed on
alumina (gr.l, 100 g) and eluted with pet.ether to give
a mixture (GLC) of two hydrocarbons 23 (2.12 g), b.p.
110-11tf>(bath)/9.6 mm., n8® 1.4860 Q) — 3.7® (c, 6.4)
(F

Found} C, 87.00) H, 13.60.
CIn28 requires! C, 86.46} H, 13.64J".

Sulphur dehydrogenation of aonol (28)

The Bu=nol ~ (0.5 g) was heated with sulphur
(1.0 g) for 5 hr. at 200—=220® in an atmosphere of K.
The reaction product dissolved in pet.ether was chromato-

graphed on alumina (gr.l, 20 g) and eluted with pet.ether.
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The blue coloured fraction was separated into azulenie
and non”azulenlo parts by 80" phosphoric acid. The
azulene part (4D mg) gave the TNB adduet of S—guaiazulene,

m.p. 149-160®.

Founds C, 61.67} fi, 4.80; Ktl0.23.

C21H21N306 requiresi 0,61.36} H} 5.13} N,10.21j(.

Chamazulene (24) from dlh7drodehyxiro«>Btus lactone <12)

The lactone 12 (3 g) dissolved in diethylene glycol
(50 ml) was heated with KOH (3.0 g) in an atmosphere of Ng
at 180-200® forS 5 hr. Water was added and the mixture was
extracted with ether. The product (1.6 g) obtained after
removal of ether was chromatographed on alumina (50 g.,
gr.l) and the violet coloured fraction eluted with pet.
ether was separated t into azulenie and non—azulenic portions
by 80” phosphoric acid. The asulene obtained was further
purified by chromatography and identified as chamazulene

N by Its IR spectrum (Fig. 10) and the TUB adduet, m.p.
131-32®.

IR bands at: 3031, 1538, 1440, 1370, 1316, 1292,

1262, 1198, 1085, 1068, 1020, 871, 916, 877 and 813 cm"/.
AQalZail

Found: C, 61.55} H, 5.02} N, 10.20.

C20M1#306 requires: 0,60.45} H, 4.82} N, 10.58jS.
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Metal—-amine reduction of dlenlo aonol (18)

In a 500 ml. three—necked flask, equipped vith a
E E mereijry saalMatlrrar. amnmnla (IfiQ ml) vas dravn.

Lithium (T.35 g) was addedstirring during 15-?0 mirn
A solution of the monol I1*"P .73 g) In dry ether (60 mlj

vas added gradually and the mixture stirred for 3 hr.
Ammonia vas alloved to evaporate and the residue decomposed
by dropvlse addition of alcohol followed by vater. After
further dilution vith water, It vas extracted with ether,
washed repeatedly vith vater and dried (Ka2So4). After
removal of ether, the product vas chromatographed on neutral
alumina (gr.l; 20 g) and the fraction eluted vlth pet.ether
vas distilled to give the hydrocarbon 32 (0.23 g), b.p.
120-126°(bath)/4.6 mm., n|® 1.4930j («)d 18® (c, 1.36).

UV end absorption: «210 4,360.

IR bands ati 2941, 1667, 1460, 1370, 1319, 1176,
1112, 926 and 833 cm-1.

Found* C, 87.10} H, 12.37.

Ci16S26 requlrest C, 87.30} H, 12.70JC,

Sodium borohydride—reduction of the ketoester (27)

The keto ester ~ (3.1 g) vas dissolved In methanol
(30 ml) and sodium borohydride (0.63 g) vas added during
15 mIn. vith shaking. The reaction mixture refluxed for

30 hr. It vas vorksd up in the usual vay to give the



100)

mostly the crude hydroxy acid. This was esterlfled with
dlazcmethane and purified by chromatography and distillation
to give pure (GLG/TLC) ester 28, b.p. 149-160®(bath)/0.15 am.,
n|® 1.4500J <«()g® — 10.26® (c, 1.66).

IR bands ati 3fi09, 1739, 1460, 1374, 1268, 1198,
1163 and 1031 ca“~.

Analys is

Foundt C, 71.14; H, 11.00.

Ci6H3003 requires! C, 71.07; H, 11.1~.

Bromination and dehydrobroalnation of the Vetoester (27)

The ester 27 <2.08 g) was dissolved in carbon
tetrachloride (20 al) and HSS (3.5 g) was added and the
mixture was refluxed for 20 hr. After cooling, i1t was
filtered and excess of bromine was removed by washing with
sodium thiosulphate solution, dried over RagSo4 and
evaporated to give the crude bromo compound (3.60 g),

b.p. 125-30®/0.1 mm., n*3 1.822; (=<p - 91.64® (c, 1.41),

Foundt Br, 60.42.

C16%603Br3 r«quirest Br, 47.435".

The bromo impound ~ (3.5 g) was dissolved in
pyridine (25 ml) and refluxed for 6 hr. iIn an atmosphere
of N2* Most of the volume of pyridine was then distilled
off and the remaining material after cooling was worked
up in the usual way to give a crude product (1.71 g). This
was chromatographed on alumina (gr.ll; 70 g) and eluted as

follows!
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Fr. Solvent Volume(ml) Weight (g)
1 Pet. ether €00 -

2 Pet.ether + benzene (2*1) 400 0.721

3 Benzene 200 0.601

4 Ether 160 0.176

The pet.«ther>benfen« fraction on cooling gav« foiro
solid, which was filtered off and crystallised from pet.ether
to constant m.p. 95-96™

W spectrumt Xoiax. 12,800.

IR bands: 1725, 1695, 1660, 1646,1470,1380, 1342,
1230, 1180, 1120, 993, 876 and 840 cm“~.

AaalyS8.4a
Found: C,72.88}H, 8,44.

CleH2203 requires | C,73.26}H, 8.4",

LAH re<toetion Qf the feeto ester (27)

The ester ~ (0.89 g) was dissolved in dry ether
(30 bl) and added to a slurry of LAH (0.48 g. in 30 ml. ether)
dropwise at 0O®* The mixture was stirred for 4 hr. at the room
temperature and refluzed for 2 hr. Excess of LAH was decomposed
by alcohol, followed by water. It was then worlced up in the
usual way to get the mixture of diols ~ and 3la (0.96 g), b.p.
166—-70°(bath)/0.8 mm., n|® 1.4690} (W—q - 19.41® (c, 2.7).

AaalzalLa

Found* C,74.20}H, 12.63.

CI"002 requires! C, 74.32}H, 12.417J.
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PART IV

STEREOCHEMISTRY OF 12 . METHOXY
DIHYDROCOSTUNOLIDE AT THE C,,- POSITION

Y




ABSTRACT

The stereochemistry of 12.methDxydlh7drocostunolld«
(la) at the position Cxx has been established by converting
both 12.methoxydlh3ardrocostunolide and solid dihydroeostuno—
Ilde; into the same methyl ether (22) by a series of
reactions carried out under mild conditions. Since the
stereochemistry of solid dihydrocostunollde (3) at the
position Cxi rigorously established, the formation
of same methyl ether indicates that methoxymethylene group
at Cii in 12.Bothoxydihydroeostunollde is oriented and
not fl(—oriented as previously inferred on the basis of

molecular rotation data and analogy.
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In a previous communication™ from our laboratory
the isolation of a methoxy lactone, C|et403, from costus
root oil has been reported. From degradative experiments
and comparison with analogous compounds, it vas concluded
that the compound is actually 12—-i@thoxy dihydrocostunolide
represented by the stereoformula (laX (The IR and NMR
spectra are shown in Figs. 1 & 2 respectiTely). In the
same communication, it was also reported that the
methoxy lactone can be very easily obtained from costunolide
(2) by the action of methanol in the presence of a trace
of base. From the results of experiments published in a
series of papers from our laboratory and elsewhere, the
absolute configuration of costunolide has been conclusively
established™ as (2). From this it can be safely concluded
that the stereochemistry of f »methoxydihydrocostunolide
at the centres Cg and Cj would be the same as iIn costunolide.
There was, however, no ejgperiiaental proof regarding the
stereochemistry of the methoxy methylene group at the
position. It was considered to be p-oriented from
analogy with dihydrocostunolide in which the methyl group
at Cxi was taken at that time to be p»>oriented as in (3a).
In view of the recent crystallographic observations”, that
Iin «(—santonin (4) the methyl group at C”"x is infact
o(.i0riented and not pi—oriented, as was previously assumed,
the methoxy methylene group at Cxi in 12 —>methoxydihydro—

costunolide, should also be <oriented and that it should
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FIG. 2. NMR SPECTRUM OF 12- METHOXYDIHYDROCOSTUNOLIDE.
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be repressnted by stereoformula (1). This contention is
supported by the close slIfflilarity between dlhydrocostunolide
(4) and 12—Mthoxydlhydrocostunolide in their spectral and

rotation data.

During the course of our study on the stereo-—
specific pyrolytic rearrangement5’6 and the acid-catalysed
transannular cycllsation”™ of solid dihydroeostunolide (4)
and 12 —methoxydlhydrocostunollde (assuming it to be
represented by the structure 1), ve have been able to
prepare tvo series of lactones, tlz. (1) derived from
dihydroeostunolide (4) and hence vhlch contains an
~(—oriented methyl group at Cn, and (11) derived from
12 —Bethoxydlhydrocostunolide, in vhlch the stereochemistry
of methoxymethylene group at Cxx is not definitely knovny
(but assumed to be o(-—orlented from analogy). It has been
already shown,®’® that the stereochemistry at Cs5, Cg, C7
and CMo ~ series of lactones derived from dihydro-
eostunolide and 12-methoxydihydrocostunolide is identical,
the only difference In stereochemistry, if there be any,
should be at Cxi in the two series. A comparison of the
rotation contribution of the various OKo— and bicyclic
lactones (5, 6, 9, 11 and 13) obtained from dihydroeostunolide,
with those of the corresponding compounds (7, 8, 10, 12 & 14)
prepared from 12H«ethoxydihydrocostunolide, would also

suggest that the stereochemistry of the methoxymethylene
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group at Cix in 12-methoxydihydrocostunoli<a« and the
related compounds should be the samei as in tL» lactones
derived from dlhjdrocostunolide (4), i1.e. the mevVoxy
methylene groiqg;)) at C*i should be <<—oriented (as 8ho«®

the formulae).

The table belov gives the molecular rotation
and the optical rotations of the lactones obtained in

the two series.

The comparison would strongly support the
«<—orientation of the methoxymethylene group in the
lactones derived from 12—-methexy dihydrocostunolide. It,
however, does not unambigously prove the stereochemistry
at Some convincing chemical evidences in support
of the o(-orientation were considered necessary. This
prompted us to undertake a series of reactions, results of
which are recorded in this part. Astonishingly enough
these results have given convincing proof that the
methoxymethylene group in 12-methoxydihydrocostunolide is
in fact p-—oriented and not -oriented as has been assumed
to be during the last several years, and that it is
represented by the stereoformula la. The experiments
employed for this purpose are described in the subsequent

pages.

In one of our recent publications, we have

described the metal amine reduction of dihydrocostunolide(4)
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to give an acid, 0173402 (15), characterised throiifh it«
methyl ester, (16) (IE spectrum shovn in Fig. 3).
The structure and stereoehemistry of 16 have been determined
by its ozonolysis. The ester » was reduced (L") to the
known alcohol 17, which was methylated lay
dimethyl sulphate and alkali to give a mixture (TlC) of
two methyl ethers, presumably (1Sa & 18b),
which showed («<)d- 19®. The reactions from dihydro—
costunolide (4) to methyl ether have been shown as a
matter of convenience separately in scheme 1. Since the
above method gave a mixture of ethers, the alcohol was
methylated by diazomethane™ and traces of £F3—ethereate

at 0® to give only one CjN“—epimeric ether with (<d —-133®.*

When 12-methoxydihydrocostunolide (la) was
subjected to metalamine reduction by using lithium in
liquid affloonia, a methoxycarboxylic acid (19) was obtained
as the desired major product, along with two other demethoxy-—
lated products (presumably 15 and 16a) as the minor
constituents. These acids were esterified by diazomethane

to give a mixture of esters, which were separated by

N The formation of a methyl ether from the corresponding
alcohol by this method, takes place with the retention
of configuration as already illustrated by many
examples,hence the original stereochemistry of

the alcohol (17) at Cn is also retained in methyl
ether (18a).



I ISBV

0
00

O )

N

(%) 3DNV1J.IWSNVH1

0
@Y



Li 4 N-B

CH2 N2 LAH

QOCCH CH2 OH

CHgNg, BF3
at 0°

CH20CH3



117

chromatography over alumina. The earlier fractions of
chromatography contained a mixture of &~ and 15a,

analysing for CieH2602, the IR spectrum of which

resembled that of obtained from dihydrocostunolid*(4).
The formation of N or from 12-—methoxydihydroeostunolide

can be explained Iin two wayst

(1) Initial removal of elements of methanol from
12 —methoxydihydroeostunolide under reaction conditions
to give costunolide (2), which then undergoes hydrogenolysis
in the usual manner (as i1n dihydrocostunolide) followed by
the reduction of the conjugated double bond leading to the
formation of two epimers, and

(11) Initial hydrogenolysis of 12>metho3qr tBBHHI
dihydrocostunolide to give the acid which then loses
elements of methanol to give a conjugated acid (derived
from costunolide) followed by the reduction of the

conjugated double bond*

This is in keeping with the assumption that the
addition of methanol to conjugated lactones (esters, ketones

etc.) is a reversible reaction.

The ~s”r fractions of the chromatography contained
mostly the desired methoxy ester 2”, which was further
purified by chromatography and distillation to give pure

(GLC/TLC) 20, CxyHagOs. Its IR spectrum (Fig. 4) showed
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bands at: 1660 om' due to trisubstltatdd double bond
and also at 980, 970 cm'™ due to a trans dlsubstltuted

double bond.

The ester 20 was converted Into the corresponding
alcohol 21 (IR spectrum shown in Fig. 5) by Lk& reduetlony
which was further transformed into methyl ether 32, by
tosylation of 21, followed by LAH reduction. This methyl
ether 22, showed (0(j) — 133® (IR and NMR spectra shown
in Figs. 6 & 7 respecli»iirely). The series of reactions
from 12>methodydihydrocostunolide (la) leading to methyl

ether have been shown in Scheme 11.

The methyl ether IBa (from Scheme 1) and ~ (from
Scheme 11) obtained*respectively from dihydrocostunolide(4)
and I"—methoxydihydrocostunolide (la) were found to be
identical in all respects. The mixture of two ethers
showed single spot on TLC analysis and on GLC analysis
give one peak only. Their IE and NMR spectra were super—

imposable and physical properties were practically identical.

A close examination of the reactions leading to
the same methyl ether 22f from both dihydrocostunolide(4)
and 12 —methoxydihydrocostunolide (la) carried out under
mild conditions, clearly indicates that the methoxy-—
methylene group i1n 12>methoxydihydrocostunolide (la) and

methyl group in dihydrocostunolide (4) are oriented in
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different manner, i.e. the —-CROCH3 group at Cn in

I's—i~thoxydlh7drocostunollde should be ™—oriented.

Further, i1t was felt necessary to give some
additional proof in support of the structure and stereo-
chemistry assigned to the compounds (20), (1), and (2S),
because firstly it is quite likely that during the metal
amine reduction the migration of double bond from position
C4 —Cs to CG5—C36 may not take place and compounds (20), (21)
and (22) may have the double bonds at the same positions
as in 12 -—methoxydihydrocostunolide and dihydrocostunolide.
Secondly, the orientation of methyl groups at C4 in 22
obtained from 12.methoxydihydrocostunolide and of 18a
obtained from dihydrocostunolide may be different. This
doubt was clarified by subjecting the ether 22 obtained
from 12 -—methoxydihydrocostunolide (la) to ozonolysis,
which gives rise to S(+)—«(—methyl glutaric acid (identified
and characterised through its methyl ester 23b), and a
ketocarboxylic acid 24a« methyl ester 24b« C3“oHis® *
formation of S(+)—o(—methylglutaric acid establishes the
stereochemistry at ¢4 in 20, 21 and 22 and shows that the
methyl group at in all the three compounds is p>oriented,
as in the case of the corresponding compounds obtained from
dihydrocostunolide. This also clearly establishes that
the stereochemistry at C4 and C7 in methyl ethers prepared

from 12>methoxydihydrocostunolide and dihydrocostunolide
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iIs the same, and the identity of the two ethers in physical
constants, spectroscopic data, GLC and TLC behaviour can

explained, if only they are having identical stereochemistry

at as well.

The methyl ester of ketocarboxylic acid 24a formed
a semicarbazone, m.p. 80-81° and which analysed for

C11H2104N3.

This new finding regarding the stereochemistry

of the methoxymethylene group in 12-—-methoxy dihydro—
costunolide would warrant critical re—examination of the
stereochemistry of the various products derived from it

via pyrolytic rearrangement*
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EXPERIMENTAL

Metalamlne reduction of 12.methoxydlhydrocostunollde

In a 2 1. three necked flask equipped with a
mercury sealed stirrer, liquid ammonia (800 ml) was drawn.
Lithium (2.3 g) was carefully added during & period of
15-20 min. The ethereal solution of the lactone
(10.0 g. in 350 ml) was added dropwise and mixture stirred
for 3 hr. Excess of ammonia was allowed to evaporate and
the residue decomposed by dropwise addition of alcohol
followed by water, which was then added in excess for
dilution. It was acidified with dil. HClI (1tl) and
extracted with ether. After washing the ethereal layer
free of mineral acid, it was washed with sodium carbonate
solution (107) in order to remove organic acid. The
sodium carbonate extract was then acidified with dil. HCI
(Isl) and again extracted with ether. The ether extract
was washed free of mineral acid, dried over anl”drous
Na2 So4 and evaporated to give a mixture of acids (6.33 Q).
The methyl esters of acids were prepared by diazomethane
in the usual manner. The TLC analysis indicated the
presence of three esters, which were then separated by

chromatography over alumina (gr.ll; 240 g).
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No. Solvent Volume(ml) Weight(g)
1 Pet.ether + benzene (3;1) 1800 2.11

2 Pet.ether+benzene (lil) 1600 2.29

3 Sther 600 0.162

The second fraction contained methoxy ester (20)
which was further purified by chromatography and distillation.
The purified sample showed the following properties* b.p,
140-46°(bath)/0.1 mm., n|” 1.49205 (o3 — 100.9° (c, 3.3).

IR bands ati 2985, 1739, 1449, 1379, 1190, 1163,
1112, 1099, 982, 917 and 847 cm“~.

Analysis

Poundi C, 72.36j H, 9.89.

C17H2803 requires: C, 72.83; H, 10.06J6

LAH reduction of methoxyester (20)

To a slurry of LAH (0.471 g in 30 ml dry ether)
was added dropwise, an ethereal solution of the ester
(152 g. in 50 ml) at o®. The stirring was continued at
room temperature for 5 hr. Excess of LAH was decomposed
by addition of alcohol followed by water. The reaction
mixture was worked up in the usual way to give the

corresponding alcohol (21) (1.02 g) which was purified
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by chromatography and distillation, b.p. 160-166°(bath)/
0.1 mm., n|® 1.6040; - 107.2® (c, 3.3).

IR bands at* 3448, 2900, 1667, 1460, 1390, 1200,
996, 926, 891, 860 and 810 cm®“l.

Analysli
Found: C, 76.28; H, 11.32.

N16%8®2 requlrest C, 76.14; H, 11.18~".

Tosylation of alcohol (21) and its LAH reduction

The alcohol ~ (0.82 g) was dissolved in dry pyridine
(16 ml) and freshly crystallised p-toluenesulphonyl chloride
(3.2 g) was added. The reaction mixture was kept for 48 hr.
at room temperature and then worked up in usual way to give

the tosylate (0.913 g).

Ethereal solution of the tosylated (0.91 g in 30 ml)
was added dropwiae to a solution of LAH in ether (0.6 g. in
26 ml) at 0°. The stirring was continued for 6 hr. at room
temperature. Excess of I"AH was decomposed with alcohol
followed by water and worked up in the usual manner to get
the crude product (0.51 g). The crude product was purified
by chromatography and distillation to give pure methyl ether

10.20 g, b.p. 120-125°(bath)/0.4 mm., n™ 1.4911,;
(coNr — 133.4® (c, 2.4).

IR bands ati 2900, 1460, 1390, 1200, 1160, 1120,

996, 930, 890, 860, 810 and 760 cm"A.
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Pound) C, 81.19" H, 12,00«

CigHgsO r«qulP«»t C, 81,29; H, 11.94JJ.

OzoDolygls of methoxy ether (22)

The methoxjr ether (22) (2.6 g) ¥as ozonised In
chloroform solution. The ozonlde was decomposed by
refluxing with water (10 ml) and hydrogen peroxide (6 ml)
for 10 hr. After cooling the solution to room temperature,
potassium hydroxide pellets (about 1.6 g) were added. The
solution vas extracted with ether to remove unreaoted
material. The aqueous layer vas then acidified with dilute
HCl and saturated with common salt and again extracted with
ether repeatedly. The ether layer was washed with brine,
dried over anhydrous sodium sulphate and evaporated to give
mixture of acids (1.2 g). The methyl ester (1.1 g) was
prepared In the iisual manner with dlazomethane, the mixture
of esters thus obtained was fractionated according to their

boiling points and following fractions were collected.

Fraction 1. (0.272 g), b.p. 96-100®(bath)/6.0 mm.,
1.4321J (0(Qj3 + 18.73® (c, 1.1).

AMIISIS
Found* C, 64.915 H, 8.60.

C8H14™»4 requires! C, 66.16} H, 8.10".

It was ldentified as <<—methyldlmethylglutarate(23b]L



Fraction 2 (0.3388 g), b.p.110-1I1fiP(bath)/0.7 mm.,
n|3 1.4409; («)p + 6.8® (c, 3.6).

Found* C, ~.61j H,—-".06.

N10M187M requiress 0,59.38; H, 8.97J3J.

It was identified as keto ester <24b) vhleh

formed a semicarbazone, m.p. 80-81".

Found* C, <Sl.445 H, 8.18j) N, 15.63.
C11H2104N3 requires* C,60,95j H,8.16% H,16.26jl.

Liquid aagonla reduction of dihydrocostunolide (4)

Liquid ammonia (1500 ml) was drawn in a R.B. flask
which i1s fitted with a mercury sealed stirrer, a droppixig
funnel and a condenser. Lithium pieces (2.5 g) were added
during a period of 15 min. and the stirring continued for
another 15 min. The dihfdrocostunolide (10.2 g. in 350 ml
dry ether) was added slowly using dropping funnel, iifter
the addition of the compound is orer the stirring was
continued for another 5 hr. Excess of ammonia was allowed
to evaporate and lithium was decomposed by adding alcohol.
It was then diluted with water, acidified and extracted
with ether several times. The ethereal layer washed free
of mineral acid and extracted with sodium carbonate solution

thoroughly. The carbonate solution acidified and again
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extracted with ether. The ether layer was then washed

with water to remove free acids and then dried oyer
anhydrous Ka2 So4. The ether on evaporation gave the

acid, which was esterified with diazonethane in usual

manner to give the ester(8.35 Q). It was purified
(GLC/TLC) by chromatography and showed following properties!
b.p. 115il120®(bath)/0.1 mm., n|® 1.4892} («) — 91.4®(c,3.7).

Found: C, 76.96; H, 10.62.

CieH2602 requirest C, 76.76; H, 10.47j1.

LAH reduction of the ester 16 to the alcohol 17

the ethereal solution of the ester # <6.1 g. In
100 ml. dry ether) was added to a slurry of LAH (0.81 g in
70 ml dry ether) with stirring at o® during a period of
20 min. Wien the addition is over, the stirring was continued
for another 6 hr. at room temp. Excess of LAH was decomposed
by alcohol followed by water. The product was worked up
in the usual manner to give the alcohol 17 (4.82 g) and
purified further to get pure alcohol (QLC/TLC) and showed
the following properties: b.p.126-130®(bath)/0.1 mm.,

1.6034; («(0)) —9B® (c, 3.6).

Found: G, 79.79; H, 11.96.

Gi15H260 requires: C, 81.02; H, 11,79%,
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Mathylatlon of the alcohol 17 using CH2N2 and BRF3

The alcohol (3.1 g) vas dlssolyed in ether <60 ml
containing a drop of BF3 ethereate) and cooled to o"*
Ethereal solution of dlazomethane vas added till the yellow
colour develops with shalsiing and the mixture allowed to
stand at the same temperature for 45 min« Excess of
dlazomethane was removed and the ether concentrated to give
a product (3.0 g) which on TLC analysis indicated the presence
of two compounds, the more polar compound corresponded to the

unreacted alcohol ~ on comparison.

This mixture was separated by chromatography over

alumina gr.Z (1.35 ) and eluted as followsi

No. Solvent Volume ]bil) Weight (Qg)
1 Pet. ether 600 2.1
2 Benzene 600 0.76

The fraction (1) was found to be pure (GLC/TLC)
and comparative TLC indicated it to be identical with
ether ~ obtained in Scheme 11. The ether obtained by
two schemss were identical in all respects. IH spectra
were superimposable.

The second fraction was the unreaoted alcohol.



The ether thus obtained shoved the following
propertlest b.p.115-120"bathVo«5 mm., n|® 1.4914,
(o)™ — 133.52® (c, 1.2).

IR bands att 2900, 1460, 1390, 1200, 1160, 995,
930, 890, 860, 810 and 760 cm*~.

Found) C, 81.39) H, 13.05.

N167280 requlresi C, 81.29) H, 11.94~.
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