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GENERAL INTRODUCTION




GENERAL INTRORUCTION

The study of natural products derived from the
plant kingdom form an important aspect of organic cheamistry.
Studies of natural products not only increase and deepen
our scientific knovwledge but also provide a basis for highly
developed industry.

The importence of the study of natural products in
India cen hardly be over emphasised, especially in view of
the fact that India possesses a wealth of most abundent and
aiversified flora., This is but natural as this subcontinent
is fortunate in having & variety of climstic and soil
conditions, suitable for healthy growth of plants, herbs,
grasses ete.

A great porgress has been schieved in the chealstry of
*§atursl Produghs” as & recult of the extensive work carried
out by organic cheaists in this field., Highly effective
separation techniques such as precise fractionation, elaborate
colounn chromatography, gas-ligquid snd thin layer chromatography
and the modera physical methods of structure deteraination
may be attributed to this phenomenol progress achieved during
the last few years, The advent of gas-liquid and thin layer
chromatography on preparative scale has opened up possibilities
for the isolation of mevw compounds and the reaction products



in the purest form. The physical methods viz., ultraviolet,
infrared, nuclesr magnetic resonsnce spectroscopy, optical
rotatory dispersion, circular dichroisa, X-ray crystallography
and ness spectrometry have revolutionized the successful
elucidetion of the structure and absolute configuration of
orgenic compounds. Further, during this period, development of
many new reagents and reactitns have also helped im this work.
The better understanding of the biogenetic pathways and organie
chemical mechanistic theories also aided to arrive at the
correct conclusions during the structure deterainations. A
brief summary of the present work is deseribed below:

Though, extensive work has been carried out on the
isolation and characterisation of the constituents, of both
stesm distilled’r? as well as solvent extracted® costus root
oils (gausures Lappa, Clarke), not muech work has been reported
on the constituents present im other parts of the plant,
However, the hexane extract obtained by extraction of the leaves
and stalks of the costus plant has been reported to contain
triterpencids from which only the isolation of teraxasterol (I)
and its acetate (II) has been described®. 0n eritical
exanination of the total hexane extract of the leaves and
stalks, in addition to (I) end (II), three lov molting tri-
terpenoid esters viz, «-amyrinstearate, f-amyrinpealmitate and
Aupeol palmitate have been 1sclated® by employing chromatography
over alumina and silicic scid impregnated with silver nitrate,
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and characterised by spectral data and chemical reactions,
This part of the work is desecribed in Chapter I of the thesis.

The chapter also describes oxidation of pP-sayrin and
its acetate by Jomes' chromic scid reagent®. In addition to
the normsl and allylie oxidation products, some more
interesting oxidation products are also formed, which have
been charscterised by spectral data,

Chapter II deals with the oxidation studies of
taraxasterol (1), its acetate (II) and tarsxastercne (III)
by m-chloroperbensoic ac1d? and also the oxidation studies of
(1) and (II) by Jomes' chromic acid reagent’ and selenius
uxm«“.

Oxidation studies of taraxasteryl acetate (II) by
perbenzoic scid has been described® earlier. Howvever,
vhen taraxasterol (I), its acetate (II) and taraxasterome (III)
are oxidised with m-chloroperbenzoic scid at 15%°, the
corresponding epoxides could not be isolated bdut their
rearrangement products could be isolated and characterised’.
These include the allylic alecohols (IV), (V) and (VI) snd the
corresponding cm nor-ketones,

Jomes' chromic scid oxidation’ of nnuuoryuuun
(1I) gives, in addition to the Cy, nor-ketoacetate, a
conjugated aldehydoacetate (VII).when taraxasterol (I) is
oxidised vith the same reagent, in addition to the taraxasterocne
(III) eand the diketone(VIII), the conjugated ketoaldehyde
(IX) is also obtained.



Seleniumdioxide oxidation® of teraxasterylacetate (II)
gives, in addition to the normal conjugated ketoacetate (X),
a selenoid which is formed by the resction of two molecules
of (II). Taraxasterol (I) vith seleniuadioxide gives
similar products.

The vwork presented in Chapter III describes (1)
oxidation studies on (¢) car-3-ene by sodiumdichromate and
agetic u““ and (2) epoxidation studies on 4«-acetyl-care
Z-ene (XV) by m-chloroperbenzoic acidll,

(+) car-3-ene on oxidation with sodium dichromate and
acetic se1al® gives as the main products (1) 8-hydroxy
n-cymene (XI), (2) car-3-ene 2,5.diome (XII), (3) 1,1,4-
trimethyleyclohepta, £,4-diene~6-one (XIII) and (4) car-2-ene
(XIV), which have been isolated by & single chromatography
over alumina and characterised through spectral data and
physical constants.

On trestment vith acetic anhydride in the presence of
sine chloride (+) car-3-ene gives as the major product,
4-&-.00:11-0-1-8-0-0“ (XV). The latter on treatment with

perbensoic acid gives the corresponding s-epoxide. The epoxide

on elution over alumina almost exclusively rearranges to a
conjugated ketoaleohol (XVI). However, when treated with
mineral acid in methanol, it affordis paramenthane derivatives,
identified as (XVII) and (XVIII).
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The work presented in Chapter IV deseribes the
revision of the structure of umommmu. a sesquiter-
penic ketone isolated rn-_w“ .
Sastry et al. assigned the structurel® (XIX) to the ketone.
Later, n-ar“ synthesised a compound possessing the same
structure (XAIX) and found thet the physical constants and
spectral data of the synthetic specimen sre not in agreement
with those reported for the natural ketone. FPlander suggested
an alternstive structure (XX) to the ketone, on the basis of
the spectral evidence already givem by Sestry et al,
However, the structure (XX), suggested by Pinder also does not
fully explain the spectral characteristics of the compound.
By careful and critical examination of the oyoe@nl data of
the ketone, the revised tricyelic structure (XXI) Possessing
the aristolane skeleton is assigned to it,

buring the course of these investigations liberal use
of modern technijues such as infrared, ultraviolet, nuclear
magnetic resonsnce and mass spectroscopy and thin layer
chromatography has been made., For the isolation of the
compounds, column chromatographic technisues using adsorbants
like slumina,silica gel and ulia gel impregnated with
silvernitrate is employed.

For the sake of brevity, a genersl introduction to
terpencids hgs been avolded. The subject has already been
covered adequately by a anuamber of well-known publications of



which special mention may be made of the following:
(1) Terpenes by J.L. Simonsen and W.C.J. Ross,
Vol.l-8 1987 edition (University Press, Cambridge).
(2) Chemistry of Carbon Compouni s, edited by
E.H. nodds, ¥Yoli, 118, IIC, 1963 edition (Elsevier
Publishing Co.).
(3) The Essential Oils, Yol, 1-8, by £. Guenther
(0., Van Nostrand Co. Inc., N.Y.).
1 gratefully acknowledge the help I received from
these publications, during the course of the investigstioms.
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SENER AL BREMABRKS

All melting points and boilimg points are uncorrected.

All teamperatures are recorded on the Centigrade scale.
Unless othervise stated, all rotations were taken in
chlorofora solutions. Concentrations are expressed in
8/100 ml of the solutiom.

The ultraviolet spectrs were recorded in ethanol solution
on & Perkin-Elmer 350 and Carl-ieiss 445069 rstio recording
speetrophotometers,

The infrered spectra were recorded on & Perkin<Elmer
infracord spectrophotometer, Model 1375 and Model 221,

with sodiumchloride optics,

The NMA spectra vere token in carbon-tetrschloride solution,
unless otherwise mentioned, using tetramethylsilene as the
internal reference on @ a-gp and T-80 MC varian instruments
and the chemical shifts are measured in 7 units.

The mass spectra vwere recorded on a CEC-21-110B mass
spectrometer.

Acid washed activated alumina standardised as per ,
Brockmann's procedure and silicic acic for chromatographic
purposes, after activation, were employed for coluan
chromatography. |

TiC analysis were carried out on glass plates coated with a
mixture of silicic acid and plaster of Paris (85:15:200 mesh)
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snd activated at 120° for 3 hr. Solvent systems used were
pet.ether, benzene, ethylacetate and acetone or a suitable
mixture of two or more of these solvents, depending upon the
nature of the compounds. The plates were developed by keeping
in an icdine chamber or by spraying with uaso‘.
10. Numbers given to charts, figures and structures in each
chapter of the thesis refer to that particular chapter only.
Ll. The list of references pertuining to each chapter has been
given at the end of that chapter.

12, Unless otherwise outoﬁ, all solutions were dried over
anhydrous sodiumsulphate.

13. Unless otherwise stated, sll b.ps. refer to the bath
temperatures,

14, In the list of IR bands given in the experimental section,
the significant bands described im the theory are underlined.
15. A brief summery of each chapter is given at the beginning
of that chapter.

16. In the description of HMR signals the abbreviations
brs, brd and bra means broad singlet, broad doublet and broad
sultiplet respectively.
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SHAFTER = 1

ISOLATION OF «<~AMYRINSTBARATE, P-AMYRIN AND LUPEOL
PALMITATES PROM THE LEAVES ARND STALKS OF COSTUS PLANT

AND OXIDATION OF P-AMYRIN AND ITS ACETATE BY JONES®
CHROMIC ACID REAGENT '
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SUMHARX

From the leaves snd stalks of the costus plant,
Saussyres lapps, clarke, in addition to taraxasterol (VI)
and tarexasteryl acetate (VII), three lov melting triterpenoid-
esters, ister A, Ester B.and Ester C have been isclated
in the pure state. These have been identified as «-amyrin-
stearate (Ester A), P-suyrin palaitate (Ester B) and lupeol
palaitate (Ester C), by saponifying them, and identifying
snd charseterising the alcohol and the acid componeats
obtainec after saponification.

Oxidation of P-amyrin (XI) by Jones' chromic scid
reagent furnishes in addition to the P-amyrone (XVIII) and
fetnyrene 3,1l-dione (XIX), an oxidodiketone to which a
tentative structure (XiI) has been assigned on the basis of
spectral data., The acetate (AII), on oxidation with the
same reagent gives in addition to the known ll-keto P-amyrin
acetate (XIII), two other isomeric keto acetates vhich have
been assigned structures (XXII) snd (XXIV) on the basis of
speetral Gata and chemical reactions.



The costus plant, Zaussures Lappe, Clarke, belongs
to the compositae family and is grown in India in Kashair
and the hill cistriets of Punjab at high altitudes’. The
roots of the plant are known to possess medicinal preperties
and have been prescribed in the indigenous systea of
medicine®'14, the roots contaln & fragrant prineciple which
can be isolated either by steam distillation or solvent
extraction. The essential oil obtained from the roots is
used in high grade porr—ry preperations. In our laboratory,
& lov temperature solvent extraction procedure for extracting
costus root oil, using Co-ﬂo pet.ether, has been developed,
The oil obtained by this method is free from polymerisation
and denaturing.

The systematic examination of the solvent extracted
costus root oil resulted in the isclation of seversl
compounds some of which are mentioned below, Costunolide (I),
dehydrocostuslactone (I1I), costol (IIl), costic acid (IV) and
aplotoxene (V) ote,0°34, However, the leaves snd stalks of
the costus plant have not been systematically examined so far,
though the isclation of an alkaloid "saussurin® has been
nporto‘u from them,

The isolation of taraxasterol (VI) and its acetate (VII)
from the hexsne extract of the leaves and stalks of the costus
plant has beean r,’onodu by C.P. Namboodripad et al., They
extracted the leaves and stalks with hexane to give a dark



I I Il R=-CH,OH

IV R=-—COOH

CH, = CH(CH,)gCH=CH=CH,—CH=CH=CH,=CH=CH—=CH,—CHg
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VI R=H. XY R=OH, R,=H.
VI R=-COCHj. \ X R=OCEEH., R,=H.
XVI R,R,=0.

Ester C R=0CO(CH,),CH5, Ri=¥ -
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green coloured concemtrate in 3.4% yield which on
chromatography over alusina has been reported to yield
taraxasteryl acetate (VII) and also taraxasterol (VI).
These compounds have been identified by physical constents
(8.pey m.mp, and rotation) and spectral data (IR gnd NMR).
Except these two compounds, no other compound has been
reported from the extract of leaves and stalks, We
therefore felt it desirable to isclate the other major
compounds of the hexane extract snd characterise them.

ELSSENT WORK

When a pet.ether solution of the hexane extract is
cooled to -18° for 48 hr., some solid separated which is
filtered., 7TLC examination of the solid indicates it to
consist of mainly two compounds, The solid on chromatogrephy
over alumina (Gr. III, 1326 ratio) gives a erystalline solid
-.,.M" (hexane + ethyl acetate), (<), + 99.1%, 1a the
eaplier fractions eluted with pet.ether., It has been identified
by physical constants (m.p., m.sp. snd rotation) snd spectral
data (IR) as (VII). The fraction eluted with benzeane gives
a solid which on crystallisation from (hexsne + ethylacetate)
followed by scetome melts at 222%, (<), + 90° This has been
identified as taraxasterol (VI) by spectral date (IR) and
physical constants (m.p. and m.mp.).
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The mother liguor left after the removal of solids is
taken for further examination. Initial examination of this
extract by chrometogrephy over alumine (Gr. I, 13120 ratio)
indicates that a major portion of the material is eluted
with pet.ether in the earlier frisctions, Exsmination of
IR spectra of these fractions suggests it to comsist of
earbonyl compounds ( 1739 eu”j; Simce 1t fails to give any
solid derivetives with 2,4 DNP, 1t was thought that the
fractisn contains mainly esters.

pased on these preliminary observations the mother
liquor is chromatographed on alumina (Gr. I, 1320 ratic) and
eluted with pet.ether, pet.ether + benzeme (l:l), pet.ether
+ bensene (ls 2), benzene and chloroform. The fraction eluted
with pet.ether gives an oily liquid which on TLC analysis
(AgNOg/3105, 20§ benzene in hexane) indicates it to be a
mixture of five compoumds. In order to effect a rough
separation between esters containing trisubstituted double
vonds and those contailning exocyelic methylenic double bonds,
the above fraction is chromatographed initially en silicic
acid impregnated with 10% silver nitraste, followed by
rechromatography of some of the fractions obtained that are
enriched in one component. By crystallisation of appropriate
fractions, 1t has been possible to isolate three lov melting
esters, designated as A,8,C in pure state (TiC)., From the
pet.ether + benzene (l:l) fraction of the main chromatography,
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teraxasteryl acetate (VII) has been isoleted by
rechromatography followed by crystallisation. Similerly
tarexasterol (VI) has been isolsted from the pet.ether +
bensene (1li12) fraction of the main chromatography.

Ester A, m.p. 46-48° (ethanol + acetone, li14) (=), ¢ 61°
(benzene, ¢, 1.84), °0';4°8 shows in 1ts IR s ctrum (Fig. 1)
2 band at 1789 e-‘l (OC = 0) and & strong band at 720 cn"
characteristic of compounds containing more than three
adjacent ~CH -groups in a chain. The NMR (ccl‘) spectrum
indicates the presence of -CH = ¢< grouping (signal at 4,87 ).
Since it fails to give any derivative, characteristic of
ketones, it is suspected to be an ester, For identification,
it is saponified to isclate the alcohol and the acid
components,

The alechol (VIII), Ggofi5q0y M* 426, m.p.183-84°
(hexsne + 105 benzene), («); + 83° (¢, 1) shows in its
Il spectrum a band at 3380 en™t (OH)., It gives an acetste
(IX), CgghggOps Mep. 220-222° (Etae), (), + 81° (e, 2.1);

IE bands at 1740 end 1282 (acetate); NMR (ccl‘) signals ats
9.2, 9.14, 8.98, 8.94 (24H, m-thyls at c‘. Cge C1o0 Cpq c"
Cpg and Cgo)t 8404 (3H, s, acetate methyl at c'); a triplet
centred at 5,64 (14, O, J = & Hs, c'-l) and a broad singlet
at 4.9 (1§, olefinic proton at ¢;,). Oxidation of (IX)
with sodiumdichromate and acetic ac1al? furnishes a

conjugated ketoacetate (X), CggilgOsy mep. 274-76°(3tAe),
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(%), + 97° (¢, 0.6). The ketoscetate (X) shows IR bands
at 1730 ( >C = O of ester), 1260 (ncetate), 1670 (conj. >C=0)
and 1626 en"! (conJ.>C = GH)y UV, .. 248 mry e, 12000,
NMR (CCl,) signals at 9.2, 9.17, 9.04, 8.83, 8.78 (244,
methyls at c" Cgs €10’ %1q° Gyqs Cjp ond c“); 8.0 (38, s,
acetate methyl at C-3)3 7.78 (1H, s, Cg~H, adjacent to >(C=0);
e triplet centred at 5,6 (1H, J = 7.8 Haz, c'-l) snd at 4.6
(1H, s, olefinic proton at cu). From these data the aleohol
is fdentified as «-amyrin (VIII) and the identity is
confirmed by coapsrison of the physical constamts and IR
spectra of compounds (VIII), (IX) and (X) with those of
»» authentic ssmples reported in ut.u'u

The acid compoment 18 crystallised from ethanol tO
give a s0l1d m.p. 69", CgH 0., H® 284, It 1s ldentified
as stearic scid from physicel constants®® and IR spectrun,
The ester A therefore has been ldentified as «<-anyrin-
stearate (L1t.%1® records for w-smyrinstearste m.p.45%).

Ester By Cugli o0 M* 664, m.p. 76-78° (acetone + 108
hexane), «, + s7° (benszene, ¢, 2.8), shows IR (Fig. 8)
absorption bends at 1738 ( >C = O of ester) and 720 ea"!
characteristic of compounds containing more than three adjacent
~Clig-groups in o chein., Its NMR (ccl‘) shows signals at
9.08, 9.02, 8.87, 8.67 (27H, methyls at C,y Cyy C1ov Cpq
°L’I’ Cz0 and the end methyl of the aliphatic side chain of
the ester molety), 5.556 (lH, m, Cg=i) and at 4.84 (14, brs,
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VII R=R,=R,=H. XI R =0H,R=R,=R3=R4=H.

IX R=-COCHz,R;=R,=H. XI R=-0COCHs, Ry=Ry=Ry=R,=H.

X R==COCHs, R, R, =0. Xl R=-0COCHz, R=R4=H,R,,R5 =0.

Ester A R=—=CO(CHp)eCHs, XIV R =-0CO(CH,)4CHs, R,=R, =H,
R;=R,=H. RpsRy=0.

Ester B R=-0CO (CH,),4 CHs,
Ry=R, =Rz =R4=H.

XVIL R,R,=0,R,=Ry=R,=H.

XIX R,R;=0,R,, Ry =0, R;=H.

XXV Ry=Rp =Ry =H, R =R4=~0-C—CH;.

|
0
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olefenic porton at cu). it is saponified to isolate the
alcohel and the acid components.

The aleohol (XI), Cgoligg®y M* 426, m.p. 196-96°
(hexane + 105 bensene), =, + 91° (bensene, c, 2), shows IR
bends at 3400 em”} (OH); NMR (CCl,) signals at 9,28, 9,23,
9.8, 9,15, 9,03, 8.95 (244, methyls at Cqr c‘. ¢00 c“.

Cyp o0d Cyo)y 6.87 (14, t, J = 8 Ha, Cg-H) and ot 4.87
(lH, brs, olefinie proton at C-12), It gives an acetate (XII),
Caglisg0ye meps 336-38%, (ethyl acetate), (<) + 82° (e, 1.5).
The compound (XII) shows IX bsnds at 1739 snd 1253 em™'
(scetate); NMR (ccx‘) signals at 9,15, 9,1, 9.,:’4, 8.92
(24l, methyls at c‘. cs. cm.cu.cn and cw)‘/*. triplet
contred at 5.6 (14, J = 10 Hz, Cy~H) end 4.89 (1H, brs,
olefinic proton 8t C-l2)., On oxidation with sodium-
dichromete-acetic ac1d*?, compound (XII) furnishes s
conjugated ketoscetate (XIII), cuasooa, m.p.264° (ethyl-
scetate), («)  + 110% (e, 0.9)3 UV, 247 muy w 15,360
IR bands at 1738 ( >C = 0 of ester), 12850 (acetate),
1666 (eonj.>C = 0) and 1613 ea™* (conj. >C = CH). Its NMR
(CCly) (Fig. 3) spectrum shows signals at 9.14, 9.1, 8.9,
8.78 (24H, methyls at Cgy Cgy €100 Cr1qt Cyp ama Cgp)t 8.0
(38,5 scetate methyl at C-3), 7.77 (1H, s, c,-u ad jacent to
>¢ = 0)3 a triplet centred at 5.6 (li, J = 5.4 Hs, c’-l)
and at 4,64 (lH, C~l2 olefinic proton). From the above
spectral data the aleohol (XI) has been identified as

4

7 8.06 (3H, s, acetate methlyl at Cgly
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pP-amyrin snd the identity is further confirmed by
comparison of physical constsnts and IR spectra of (XI),
(XII) and (AII1) with those of authentic samples reported
in 118,%8

The aeid component CjgHgg0cy 8.p.628° (ethanol), M* 286
is identified as palmitic acid from m.p.23, snalysis and
spectral data, Hster B therefore, has been identified as
f-amyrin palamitate mt.’“ records for f-sanyrin palaitate
Bep.77-78°, ), * 84°%).

Allylic oxidation of ester B by sodium dichromate xetic
2016’7 furnishes the ll-keto-p-amyrinpalmitste (XIV), which
has been identified by spectral data. Compound (XIV),
n.p.148° (ethyl acetate), CogliygOgs M* 678 shovs IR bands
at 1736 ( >C = 0 of ester), 1660 (conj. >C = 0) and 1613 em~?
(eond.>C = C)y UV nNgoyy 248 muy e, 12500, Its
NMR (CClg) spectrum shovws characteristic signals at 9.13,
9.01, 8.87 (87H, methyls at Cgqy CgyC)0eC;  10)199Cpq ond
the end methyl of the aliphatic side chain of the ester moiety),
7.76 (3H, Cg-H adjacent to)C = O group and CHg-adjacent
to ester)C = 0), a triplet centred at 5.53 (1H, J = 8.6 Hg
.Gg=proton) and at 4.5 (lH, olefinic proton at cu). From the
sbove spectral data the compound has been assigned the
structure (XIV).

Bster C, Cgf. %, 8.p.77-78° (acetone), (=), + 26°
(benzene, ¢, 2.38) shows IR (Fig. 4) bands at 1730 ()>C=0 ester),
1639, 887 ()C = CHy) and 718 ca") (more than three ~Cig-
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groups in & chain) and NME (CClg) signals at (5.4, 24,
broad multiplet, >C = cn.) in addition to the methyl signals
and the signal due to Cg-H. It is saponified to isolate the
alechel and the aclid components.

The alechol (iV), Cgolig 0, H* 426, m.p. 214-16°(methanol
+ acetome, 311), («), + 28° (e, 2.8); shows IR bands at
3400 (cH), 1639, 887 en™* (>C = CHg)j WMA (CClg) signals at
9.28, 9,22, 0,18, 9,04, 8,97 (l8H, methyls st c‘.c..cu.
c“ and cu). 8.34 (3H, s, Cgo methyl on double bond), 6.94
(1, =, Cg=i) and at 5.4 (24, brm >C = CHg). It gives an
acetate (XVI) CaglggOpy B.ps 217-18° (ethyl acetate),
(=), + 43° (e, 1.2). The compound (XVI) shows IR bands at
1740, 1263 (scetate), 1642 and 885 ea™! (>C = CHy)y WMR(CCl,)
signals at 9,24, 9,82, 9.17, 9,07, 6.97 (18H, methyls at
Cqr Cgr Cygn g and c"). 8.35 (31, 8, Cyy methyl on
double bond), 8.02 (3d, s, acetate methyl), & triplet
centred at 5.7 (18, J = ® Hs, c‘-l) and a msulgiplet centred
at 5.4 (84, >C = clla). Jones' chromic acid oxidation of (XV)
gives a ketome (AVII) caoﬂ‘.‘o N* 424, n.p. 162-71°(acetone),
(«)n » 57° (e, 1.8). It shows IR bands at 1704 (>C=0),
1429 (-G - CHp) 1645, 896 snd 878 es™' (3G = Ciy)y WMA (CCL,)
signals at 9.2, 9,04, 9.0, 8.97, 8.9 (18H, methyls at Cj
Cgy Cpov Clq 2nd Cyq), 8.3 (34, s, Cgp methyl on double bond),
7.7 (84, m, methylene protons at c, adjacent to >C = Q) and
& broad multiplet centred at 5.44 (8H, >C = Cig). It glves
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214 DNF derivetive CugHs 0.8 ) 8.p.212-14°. Froa the above
Geta alcohol (AV) has beenidentified as lupeol and the
identity is confirmed by m.m.p. deteraination with en
Authentic sample and superimposable IR spectra of both (XV)
and (XVI).

The seid component, m.p. 62° (ethanmol), ¢, o320+
4' 256 hes been identified ss palaitic neld by m.p.23,
snalysis and IR spectrua.

Ester C therefore, has been identified as lupeol
palattate (118,21 recrods for lupeol palsitste m.p.79°).

Although fesmyrin plalmitste has been isolated from
natural uucu“'“, the other two esters viz, «e-amyrin
stearate and lupeol palmitste appear to have been not
isolated from the natural sources. However, they have been
prepared synthetically® e,

feAmyrin (XI) on oxidation with chromic acid in acetie
acid has been reported to give P-amyrone uuxx)"’“ and
f.sayrene, 3, ll-dione®®~3 (x1X). when peamyrin-
acetate (XII) 1s oxidised with potassiumpermsnganate or
hydrogen peroxide in agetic acid solution >33 or chromie

scid in acetic acia®$*%® feamyreanonyl acetate (12,13 dihydro,
lg~keto feamyrin acetate) (XX) is obtsined., Chromic acid

ouuuo-” of feamyrin acetate (XII) ilu gives f-amyrenonyl
scetate (XIII) (ll-keto Pe-amyrin acetate). In the oxidation

of Beamyrin (XI) and f-amyrinscetate (XII) by chromic acid



in acetic acid, in addition to the oxidetion of the
functional group, allylic oxidation also takes place at e
We were interested to see whether the Jones' chromic acid
oxidation of (XI) and (XII) give only the products with the
oxidstion of functional group or allylic oxidation products
in addition to the normal products of oxidation of functional

groupe.

LLVETE VT

u:hon oxidised with Jones' chromic acid reagent
(L hr. acetone, &t room tempersture), P-amyrin (iI) gives in
addition to f-amyrone (XVIII) and p-amyrene, 3, ll-diome (XIX),
two more compounds in minor quantity. These have been
separated by chromatography (silicic acid) and purified by
erystallisation., The least polar compound, Cggfi 0, N 424,
m.p. 180-88° (agetone), («), + 114° (e, 1.2), semicarbazone
Cgylig Oigy m.p. 248-50° has been 1dentified ss S-amyrome (XVIII).
It shows Ik bends at 1710 (>C = 0) and 1424 en™} (-CO-Cily)y
NMK (ccl.‘) signals at 9,17, 9.12, 9.0, .94, 8.87 (244,
methyls at Gy Cgy Cy00 C1q* C7 and Ggg)y 7.67 (2H, m, methylene
protons at C, adjacent to >C = Q) and st 4.87 (1H, brs,
Cig olefinic proton). The compound eluted next to (XVIII),
Caoligglzs N* 438, m.p. 235-37° (hexanme), (<), + 140° (e, 0.8);
aonosenicarbazone CgH o0 Noy ®.p. 244-46°, UV . 252 mn
®nex 125003 IR bends at 1715 ( >C = 0), 1666 (eonj. C = 0),



1613 (eonj >C = CH ) and 1486 (-CO-CHg)y NMA (CCly) sigmals
at 9.1, 8,97, 8.84, 8,77, 8,67 (24H, methyls at Cqr Cgr Cro0
c“. c" and Cggly 7.7 (238, s, methylene protons at Cg
adjacent to >C=0) and at 4.5 (1, s, olefinic proton at C,,),
has been identified as P-amyrene, 3, li-diome (XIX). (us.u
records for (X1X) m.p.237°, mgnoseaicarbazone u,p. 232°).

The compound eluted next to (XIX), a minor product,
Caolige¥ss M* 454, m.p. 232-35°(hexane) shows IR bands at
1700 ( >C = 0) and 1408 cu™' (-G - CHg). Its WNR (COl,)
spectra suows signals st 9,08, 9.0, 8.95, 8,8 (24H, methyls at
Cqs Cg» Ciov Cpqr Cp7 90d Cgo)y & multiplet centred at 7.62
(28, Cg methylenic protons adjacent to >C=0) sad two doublets
centred at 7.37, 7.42 (8, J = 6 iz each, the « and P-protons
of the C;o methylene group which is adjaceat to the ll-keto
group). GSuch @ difference in the chemical shifts of the
% and Peprotons of the C;, methylene group adjacent to >C=0
group have already been observed in the case of some
steroidal compounds in ut.“. The HMR spectrum indicates
the absence of olefinic protons which is supported by the
fact that the compound shows -ve THM test., The additionsl
oxygen may be present as an ether or oxide. The possibility
of an epoxyketone (epoxide at Cjgy C35)3 18 ruled out due
to the absence of any signal in the region between 6 to 7 7.
Structure (Xil) is considered as one of the possibilities,
which may be resulting from (iIX) by oxidstion at Cy,

L
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foliowed by ring closure. The fourth compound could mot
be isolated pure.

Jones' chromic scid oxidation of Peamyrinacetate (XII)
(5 hr, in refluxing benszene and acetone) leads to & mixture
of four compounds (TLC). These have been separated by
gchromatography (alumina and silicic scid) end purified by
erystallisation, The major product (lesst polar), c,.l.oo,.
8.263-64°, (ethyl scetate), («), + 108° (e) L.B)y OV ayqy
248 mu, v, 14,300 has been 1dentified®® as ll-keto p-smyrine
acetate (XIII). The other ketoacetate eluted in the later
fractions, CggliggOgs ¥’ 482, m.p. 288° (ethyl acetate) is
assigned structwe (XXII) on the basis of spectral data
given below, It shows IR (Fig. 5) bends at 1728, 1280,
(acetate), 1600 (sonj. >C=0), 1680 (eonj. >C=C<) snd 1410 em”!
(=GeGiig). The relative intensity®’ of bands at 1690 and
ugo ol suggests the conjugsted ketone chromophore to be
in cissoid configuration. This is supported by UV L —
264 ap, ®aax 4000, Its NMR (ccl.‘) spectrum shovs signals st
9.13, 9,08, 8.88 (24, methyls at Gy Cgy Gy Ciqs Gy, 2nd
c“). 8.08 (38, s, acetate methyl at c,), 7.5 (28H, m, cu
methylene protons adjacent to)C=0) snd at 5.67 (1d, m, c‘-l).
Since the NMR spectrum shows the absence of olefinic protoms,
the conjugated double bond must be tetrasubstituted, which
ultimetely suggests that the origimal trisubstituted double
vond in (XII) has migrsted to the tetrasubstituted position



K

-
»
L8

(70PNN) (IXX ) 31V13IOVOLIN-21 40 WNYLI3dS dl 'S '9ld
(SNOYDIW) HLONITIAVM
Gl vl oy | 2l LI Ol 6 8 L 9 S ¢
T T T T T T T T T T T 0
- T 102 5
= 2
o >
a3 <
- : 8 Hov 2
r 3
>
3
E 09 -
9
2 408
- 4001
T T T T T T T B T T
00.L 008 006 000! _WD 006Gl 0002 000g¢ 000%Y



4 |

-

Sl



during the formstiom of (XXII). Though the spectral data

of (XX11) indicate the presence of ~COCH -group, it fails to
give any semicarbazone or oxime, The 3,12-dione (XXIII)
Caotiaa2s mep. 218-220°, obtainable from B-amyrome (XVIII)
by oxzidation with mechloroperbensoic acid gives only &
sonosemicarbazone CgHy 0.8, B.p.266-56°, the seuicarbazone
formation taking place only at the (g carbonyl group

(8 monoxime m.p. 247¢48° is also reported®®). These data
indicate that the keto group st C;p is in a hindered
position and does not take part in the formation of
derivatives, This explains the failure of the -l8-keto-
scetate (AXII) to give solid derivotives. The ketoacetate is
thus assigned the structure (XAXII) and its formetion®®

from (XII) is shown in scheme A.

A sinor quantity of a third ketoacetate (XXIV),
Cagligg¥as mepe 287-88° (ethsnol), IR bends et (1718, broad
SC = 0 of acetate and keto groups), 1280 (acetate) asnd
1408 ca”t (- 8 - cl‘). has been isolated from the middle
fracticns of the chromatography. Its NMR (CClg) spectrum
shows the presence of an olefinic proton (4.6 7, 1H) in
sddition to the signals due to methyl groups, acetate methyl
and protons at Cg and -CI‘- at C;;+ The UV spectrum indicates
the absence of conjugation, It is sssigned structure (XXIV),
which is expected to be formed slong with (XXII) under the
scidie conditions of the m«gu"-“.
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SCHEME A

H,CrO,4
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N

H Ozc rO

+ H,0
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TRANSIENT ION

HszO4

> XXII



The ketoscetate (XX) (P-sayrenonylacetate),
Cggliggly Bepe 318-16° (othyl acetate) (Lit,*#+32 rogorde
for (%X) m.p.300-301°) obtainsble from (iII) by oxidation
vith m-chloroperbensoic acid gives as per known pnn‘un“
an enol diacetate cul.‘o‘ (XXV) m.pe. 238-34°.
Compound (XXII), under these conditions, however, fails to
give any enol acetate but gives & mixture of (XXII) and
(XX1IV), the latter predominating. Compound (XXIV) has been
isolated by ecrystellisation snd identified by IR and m.m.p.

7



BArERIMERTAL

l. Extroction of costus leaves and stalks by pet.ether

Costus leaves and stalks were dried and finely
powdered, iried powder (5 kg) vwas taken in an aspirator
bottle and repeatedly extracted with pet.ether. Hach time
the pet.ether (10 L) was allowed to remain in contact with
the powder for 24 hr., Pet.ether was distilled from the
total extract when crude concentrate (170 g) was obtained.

A solution of the crude concentrate (170 g) in pet,ether
(300 ml) vas cooled to -18° when a solid (5 g) was separated.
The solid (5 g) vas chrometographed over alumina (Gr. III,
126 g, 1:25 ratio). The pet.ether fractions of the
chromatography on repeated crystallisation from hexane +
ethylacetate gave a erystalline solid (1.2 g), -.p.m.u’
(«)D + 99.1°. This vas identified as taraxasteryl acetate
(VII) by m.m.p. and IR [tu." records for taraxasteryl-
acetate 266-57° («)p * Mj

The frection eluted with bensene gave a solid which
on repested crystallisation with hexane + ethyl scetate
followed by acetone gave taraxasterol (VI, 0.95 g), m.p.
and m.m.p. 822°% («), » 90° £Tit. %3 records for taraxasterol
mep. 426-87°, () » 10877,

The mother liquor after removal of the solid weighed
168 g.

%
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2. ghrosatography of the sother liguor of (1)

The mother liquor from (1), (100 g) vas chromstographed
over alusina (Or. I, 1 kg, 1310 ratic) and eluted as follows:

ghrometogram (Table 1)

Fro.No. Solveat Volume in ml Wt. in g TLC pattern
1. Pet.ether 200 5.1 three spots
2. . 2«00 6.0 .

3. . 2500 30.0 .

4, Pet.ether + benzene 1500 13.0 two spots
(1:11)

6. Pet.ether + benzene 1500 u.0 two spots
(1:2)

6. Benzene 2000 3.0 five spots

7. Chlorofora 1000 4.0 »

Fractions 1 to 3 (TLC similar) were mixed together amd
rechromatographed over siliciec acid impregnated with 10§ '
silver nitrate as in chromatogram (Table 2).

Fraction 4 vas repeatedly ecrystellised from hexene + ethyle
scetate when taraxsterylacetate (VII, 6.8 g, TiC pure) was
obtained a.p. and m.m.p. l‘l-l". (-s)p * ”.0'.

Fraction § was rechromatographed over alumina (Gr. I, 330 g,
1330 retio) and eluted with pet.ether + benzene (1:l1),
benzene snd chloroform respectively. The fraction eluted
vith chloroform was repeatedly crystaliised from hexane +
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ethylacetate folloved by acetone to furnish tarexasterol
(VI, 5.7 g, TiC pure), =.p. and m.m.p. 222-223° («), + 90°.
Fractions 6 and 7 being complicated mixtures were not
examined further,

3. Hechrosatosraphy of fractions 1 to J of chrogatogras
fable 1) snd mother liguor of Fraction 4

Fractions 1 to 3 and mother liquor of fraction 4
(ehromatogram, table 1, 40 g) were rechromatographed over
silicic acid impregnated with 10% silver nitrate (silicie
acid 800 g + AglCg 80 g) ané eluted as follows:

chromstogren (Teble 2)

Fre.No. Solvent Volume in sl Wwt.in g TIC pattern

i, Pet.ether 500 0.2 one spot

2. . 750 10.5 two spots

3. e 1500 6.1 three spots

(one major)

4. Pet.ether + benzene 250 0.5 one spot
{18:1)

$. Pet.ether + benzene 2000 10.3 one spot
(2:1)

6. Benzene 1500 2.6 five spots

7. Chlorofora 500 0.8 five spots

IA of fraction 1 shoved it to be a hydrocarbon. Being
in small quantity it was not examined further.
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Fraction 2 wvas rechromatographed as descridbed in
chromsatogran (table 3).

Fraction 3 was found to contain mainly one compound.
1t was mixed with fractions 4 and 5 and rechromstographed
over silicic acid (340 g) and eluted with pet.ether, pet.ether
+ benzene (l2:1), pet.ether + benzene (8:1) and bensene
respectively., The fraction eluted with pet.ether ¢ bensene
(iul) vas repeatedly crystaliised from acetone to furnish
lupeol palmitate (ester e, 9.2 gj; TLC pure), m.p. 77-78°,
(%), » 26 (bensene ¢, 2.8) (L18,21% pecords for ester e,
BePe 'n').

Analysis
Found: C, 83.27; H, 13.30.
CqeliggPg requires C, 83.08; H, 12.13%.

IR bands at 1280, 1639, 1379, 1325, 1309, 1266, 1247, 1221,
1200, 1175, 1149, 1110, 1040, 1010, 981, §§7 snd 718 e=~ .
Fractionsé and 7 being complicated mixtures were not exsained
further.

4. jechromatography of fraction 2 of chrowatogrem, Lable 8

Fraction 2 of chromatogram (tsble 2) (10.5 g) vas
rechromatographed over silicic acid (260 g, 1:25 ratioc) and
eluted as follows:
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ghropatogren (Table 3)

Fr.No, Solvent Volume in ml Wt.in g TLC pattern

1, Ppet,ether 500 - -

2. Pet.other + bensene 800 4.2 mainly
{18:1) one spot

3. Pet.other + bensene 800 3.4 ol
(10:1)

4. Pet.ether + benzene 500 0.2 two spots
(i:l)

6. Benzene 500 0.1 two spots

6. Chlorofors 500 0.1 "

Fraction 2 was repeatedly crystallised from ethanol ¢+ acetone
(134) to furnish & erystaliine solid (TLC pure) identified

a8 w-amyrinstearate (ester A, 2.8 g), m.p. 46-48°, =)y * 01°.
bensene ¢, 1.84). (Lit. 58
Analysis

records for ester A, .o’o“"o

Found: C, 82.64; H, 12.5¢
G“I.‘og requires C, 83.17; H, ig2.228

IR bands ot 1739, 1645, 1387, 1263, 1isl, 1183, 1101, 997,
978, §33 and 780 et

Fraction 3 was repeatedly crystallised from acetone containing
10§ hexane to furanish a crystaliine solid (TLC pure) identified
as peamyrin palaitate (ester B, 2.3 g)y 5 p.76-78° («), + 87°
(beasene, o, 2.8), K* 664 (L1t.2!®
-.p.'l'l-‘ll.).

records for ester B,
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Analysis
Founds C, 82,603 H, 12,18
cM' requires Gy .‘o“‘ d, 18,13%.

I& bands at m' 1.“’ 1248, 1176, 1148, 1100, m’ o7e,
838, 819 and_78Q emi.

Fractions 4, 5 and 6 being in small gquantity vere not
examined further.

§. gaponification of =-emyrinstespate (ester 4)

To a solution of ester A (1 g) im benzene (25 =l),
potassium hydroxide (2.5 g dissolved in 50 ml of ethanol)
was added, The resction mixture was refluxed on a water
bath for 8 hr., After distillation of the benszeme and aleohol,
the reaction mixture was diluted with water and extracted
thrice with chloroform (3 x 100 ml). The chloroforam layer
was washed with watepr and dried. HRemoval of chloroform gave
a erude solid (0.7 g) which was purified by chromatography
over alumina (Gr. II, 8 g). The fraction eluted with bensene
was crystallised from hexane containing 10f benzene to furnish
wesmyrin (VIII, 0.38 g, TLC pure), m.p.183-84° («)  + 83°
(e, 1) H* 426 /T16.% records for VIII, m.p. 186.5 - 187°,
(%), * 91.6° (venszene)/.

Analysis
Founds C, 84.863 H, 11.78

Cgofigg® requires C, 84.443 H, 11.81%.



I bends st 3380, 1653, 1041, 996, and 835 on ',

The agueous layer was acidified with ecome. hydrochlorie
acid snd extracted thrice with chloroform. The chlorefora
extradt vas washed with water and dried., Hemoval of
chlorofora gave a erude solid which ves ecrystalliised from
othanol to furnish stearic seid m.p. 69°, * 284 (L18.%0
records for stearic acid m.p. 60.58%),

Analysis
Found: C, 76.86; H, 12.61
Cigfiggls requires Cy 75.99; H, 12.76%.

6. Preparetion of «-smvrin scetste (1X)

To & solution of «e-amyrin (VIII, 0.1 g) in pyridine
(8 ml), acetic anhydride (2 ml) was sdded. The reaction
mixture was kept at room teaperature for 48 hr. and then
hested on & water-bath for 2 hr., It was diluted with weter
and extrscted thrice with chloroform. The chloroform extract
was washed with dil, hydrochloriec seid (5%5), followed by
water and dried., Hemoval of chloroforms gave a erude solid
(0.11 g) vhich wes chromatogrsphed over alusina (Gr. II, 8 g).
The fraction eluted with pet.ether was erystallised from
ethylacetate to furnish «-amyrin acetate (IX, 0.065 g),
B.po280-222°, (w), + 81° (e, 1), (L1t % rocords for Ix,
8.p.287%, (), + 83.3°).



Analysis
Founds ¢, 81.61; H, 1l.228
Cagligglp requires ¢, 81.99 H, ll.ls%.

IX bands at 1740, 1667, 1262, 1105, 1032, 1013, 994, 978,
912, §36, 820 and 813 cw”l.

7. Epsparation of li-ieto =-amyrin scgetste (X)

To a solution of «-amyrin acetate (IX, 0.15 g) im acetic
scid (15 ml), sodiun dichromate (0.6 g) was added, The
resction mixture wes refluxed on 2 heating mentle for 24 hr.
After dilution with water, it vas extracted thrice with
chlorofora. The chlorofora layer was washed with water and
dried. Removal of chloroform gave a crude solid (0.16 g)
which was chromstogrsphed over alumina (Gr. II, 5 g). The
fraction eluted with pet.ether + benszene (lil) was crystallised
from ethyl scetate to furanish ll-keto «“-amyrinacetate
(X, 0.08 g, TLC pure), m.p. 274-76°, («), + 97° (e, 0.6).
(6189 pecords for x n.p.278°).

Analysis
Found: C, 79,763 H, 10.61
Cagliggls requires Cy 79.62; H, 10,4458,

Ik bends at 1730, 1670, A686, 1323, 1280, 1215, 1148, ¥589%

1099, 1030, 990, 908, 894, 868 and 837 em .
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8. gagenification of S-sayrin pslmitate (ester B)

To & solution of P-aayrin palsitate (ester B, 2.0 g),
in bensene (30 ml), potassium hycroxide (5 g, dissolved
in ethanol 40 ml) was added, The reaction sixture was
refluxed on 2 water bath for 8 hr. The reaction product
wes worked up as in (85) to separate the alechol and aeid
portions. The crude alcohol wes purified by chrom:togréphy
as in (8) and crystallised twice from hexsne containing 10%
bensene to furnish P-sayrin (AI, 0.8 g, TLC pure), -.p.m-n'
(«)p + 91° (c, 8), u" 426 (11t.% records for I, m.p.199-200°%,
() + 89°%,
Analysis

Founds C, 84.47; H, 11.74
Caoligg? requires Cy 84.443 H, 11,815,

15 bends at 3400, 1653, 1381, 1361, 1041, 998 and 818 ea .

The crude acid obtained after acidification of
agueous layer, after work up as indicated in 5, vas
erystallised from ethanol to furanish palmitic secid (0.27 g),
3.p.62°, H* 286 (L1t.%® records for palsitic acid m.p.62.5%).
Analysis

Found: C, 74.563; H, 12,71
cl‘l.G. requires G, 74.94; H, 12.58%.



17

9. Ezepapation of f-savyrinacetate (AI1)

To a solution of pP-amyrin (iI, 0.1 g) in pyridine
(2 ml), acetic anhydride (2 nl) was added, The reaction
mixture wvas kept at room tempersture for 48 hr, =nd then
heated on @ water bath for 2 hr. It wa® worked up as in 6,
The erude product (0,105 g) was chromstographed over alunina
(Gr. II, 5 g). The fraction eluted with pet.ether was
erystallised twice from ethylacetate to furnish f-anyrin.
scetate (LI, 0.088 g, Tic pure), m.p. 236-38% (=), + 82°
(ey 1.8). /TUlt. % records for AL, m.p. 241% (=), + 86.1°7
Aoalysis
Found: C, 82,31y H, 11.30

GNR requires c, 81.99; H, 1l1.18%.
IR bands et 1739, 1661, 1363, 1156, 1143, 1107, 1086, 1033,
1010, 999, 980, 943, 918, 83l and 817 en"l.

10. Ereparuticn of ll-keto B-suyrin sgetete (AIL1)

To a solution of P-amyrin scetate (XII, 0.1 g), in
scetic scid (15 ml), scdiumdichromate (0.6 g) was added., The
reaction mixture vas refluxed for 24 hr, It was then worked
up as in 7. The ecrude product (0.09 g) was chromatographed
over alusina (Gr. 11, 6§ g). The fraction eluted with
pet.other + benzene (l:l), was crystallised twice from ethyl-
ascetate to furnish ll-keto P-amyrinmacetate (XIII, 0,058 g,
TLC pure), m.p.264°, () * 110° (e, 0.9), u.u." records
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for XIII, m.p. 264-65°, (<), + 117°).
Analysis

Founds C, 79.96; H, 10,73
caI“O’ requires Cy 79.625 H, 10.,44%.

IR bands at 1733, 1666, 1613, 1280, 1133, 1075, 1020, and
-l
990 em .

L1, prepsrstion of ll-keto S-savris pslaitate (XIV)

To a solution of P-amyrin palsitute (ester B, 0.25 g)
in 8cetic acld (20 ml), sodiumdichromste (1 g) was added.
The reaction mixture vas refluxed for 24 hr, It was worked
Up 83 in 7. The crude product (0.24 g) was purified by
chromatography over alumine (Gr. II, 8 g). The fraction
eluted with pet.ether + benzene (2:1) was crystallised twice
from ethylacetute to furnish ll-keto-f-smyrin palaitate
(XIV, 0.13 g, TLC pure), w.p. 148°, u* 678,

Analysis
Founds C, 81.78; H, 11.71
c“ll,uo’ requires Gy 81,353 H, 11.58%.

IR bends at 1236, 1660, 1613, 1208, 1080, 1121, 1099, 1027,
991, 886 and 780 en"t.
12. saponificetion of lupeol palsitate (ester G)

To a solution of lupeol palmitate (esterC l g) in
bensene (25 al), potassiumhydroxide (5 g dissolved in ethanol
50 ml) was added. The reaction mixture was refluxed om & vater
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bath for & hr, It was worked up as in 6. The crude solid
(0.46 g) obtained in the neutral portion was purified by
chromatography over alumina (Gr.ll, 8 g). The frection eluted
with bensene vas crystallised twice from methanol + acotone
(3:1) to furnish lupeol (XV, 0.8 g. TLC pure) m.p. 214-16°,
<)y + 28° (e, 2.8), u* 426 (T1t.%7 records ror (xV), a.p.
815-16°%, (w), + 27.8%7.

Analysis

Found: C, 83,97y H, 11.93

Cgofige® requires G, 84.44; H, 1l.81%.

1IN bends at 3400, 1638, 1364, 1208, iiss, 1103, 1037, lo0i2,
981, 943, 917 and 947 en”’.

The orude acid (0.2 g) obtuined after ascidification of
agueous layer and work up was erystallised from ethanol to
furnish palsitic sedd (0.09 g), m.p. 68°, X' 286,

Analyls
Found: C, 74,973 H, 12.74
Cigliggly requires ¢,74.94; i, u.“ﬂ.

13. prepsraticn of lupcol agetate (AVI)

To & solution of lupeol (XV, 0.2 g) in pyridine (2 ml),
acetic anhydride (3 nl) vas added. The reaction mixture vas
kept at room temperature for 48 hr. and then hested on & wvater
bath for 2 hr. It was worked up as in 6. The erude product
(0.8l g) vwas purified by chromatography over alumina



(or. II, 6 g). The fraction eluted with pet.ether wvas
erystallised from ethylacetate to furnish lupeclacetate
(AVI, 0.13 g, TiC pure) m.p. 217-18%, («); + 43° (e, 1.2).
u.u."’ records for AVI m.p. 220, (%), *» 47.3).
Analysis

Foumds C, 82,263 H, 11.38
°a.u°a requires Cy 81,993 H, 11.18%.
IX bands at 1740, 1648, 1883, 1156, 1ll2, 1034, 1020, 989,
909 and ga§ ea~l.

1¢. jones' chreuls seld exidation of lupeol (A1) %o
Augencne (XVIL)

To & cooled solution of lupeol (XV, 0.1 g) in acetone
(10 ml), Jones' chromic acid reagent (3 ml) was added slowly with
stirring, till the brown colour persisted. The reaction
mixture was stirred for 2 hr. It wes diluted with water and
extracted thrice with chloroform. The chloroform layer was
washed with sodiumbicarbonate solution (85%), followed by
vater end dried. Evaporation of chlorofora furnished a
crude product (0.08 g) which was purified by chromestography
over alumina (Gr. II, 5 g). The fraction eluted with
pet.other was crystaliised from acetone to furnish lupenocne
(AVII, 0.08 g), myp. 169-71°, («), + 87° (e, 1.8), W* 424,
(14,9 records for AVII, m.p. 170.8 - 170.8% (x), + 67.6°).

Amlpsie Founds C, 84.4lj H, 11,63

Cgoligg® requires C, 84.845 i, 11.39%.



I vands at 1204, 1648, 1489, 1148, 991, 896 and §78 ea"l.
It gave a 214 DNP derivative m.p. 212-14%, (Lit,%7

records for 234 LEP of XVII m.p. 214%).
Analysis

Founds C, 71.78; H, 8.86; N, 9,78
CgglisgOqiy Toquires G, 71.49; H, 8.76; N, 9.26%.

15. jones' ghromic scid oxidation of S-agyrin (X1)

To a cooled sclution of P-smyrin (XI, 0.7 g) in acetone
(30 ml), Jones' chromic seid resgent (8 ml) was added slovly
with shaking till the browa colour persisted. The reaction
mixture was kept at room temperature for 1 hr, It was then
diluted with weter (10O ml) and extracted thrice with
chloroform. The chloroform layer was washed with scdium-
bicarbonated solution (58), followed by water and dried.
Removel of chloroform furnished a crude solid (0.6 g) whieh
vas chromatographed over silicic acid (9 g, 1116 ratio) end
eluted as follows:

chresatosras (T,n1e 4

Fr.fio. Solveat volume fa ml ut. in g TLC pattern
i Pot.osl(m-ﬁ benzene 00 0.26 one spot

4
g, Nt..ﬂ(l:rl; bensene 200 0,01 two spots

]
3. m.ot‘h:r'; benzene il10 0,09 one spot

:
4, Pet.,ether + bensene(l:2) 110 0.02 one spot
§. Benzene 150 0.08 one spot
6. Benzene 150 0.01 three spots
7. Benzene + chloroform(6:l) 285 0.03 .
8. Chlorofora 200 traces .



Froction 1, (TLC one spot) was erystallised from acetome
to furaish P-smyrone (XVIII, 0.14 g, TLC pure), m.p.l80-82°,
(«)p + 104° (e, 1.2), H* 424 (L1t 2738 pocords for xvIII
m.pe 178-80%, («), + 106.6°).
Analysis

Founds C, 84.40; H, 11.58
c.ol‘.ﬂ requires C, 84.843 H, 11.39%.
IRk bends at 1740, 1683, 1484, 1266, 1244, 1202, 1143, 1117,
1078, 1031, 1008, 972 and 816 ea"l.

It gave a semiesrbazone Cg)fig,0Ng a.p. 248-50°
u.u.""“ records for semicarbssone of XVIII m.p.248-49°).
Analysis

Founds C, 76.88; H, 11,003 N, 9,08
Cgyfig 08 requires C, 77.88; H, 10.67; N, 8.728.
Fraction £ being in smell quantity vas not examined further.
Fraction 3 (TLC one spot) was crystallised from hexane to
furuish peanyrene 3, ll-diome (AIi, 0.08 g, TLC pure),
8.+238-37%, (<), + 140° (e, 0.8), u* 438 (L1t.®! records
Jfor XIX m.p. 287°).
Analysis
Found: C, 8l.94; H, 10.89
caoI“O. requires ¢, 82,13y H, 10.578.
Is bands at L1718, 1666, 1613, 1486, 1976, 1386, 1239, 1104,
1070, 1020, 973, 882 and 868 ca~!



It gave a monosemicarbazone cau“o,n, BePo 8“-“.
(u1t.3} records for monosemicarbazone of XIX m.p. 232°).
Analysis

Founds C, 74.82; H, 9,813 N, 8,18
CgifiggOgligrequires ¢, 76.10; H, 9.96; N, 8.48%,

Fractions 4 and § (TLC one spot, similer) vere mixed togethér
end erystallised from pet.ether to furnish compound (XXI,
0.07 g), w.p. 232-38°, u* 454,
Analysis
Found: Ac. 79.20; H, 10.13
Caolggls requires Cy 79.24; H, 10.20%,

Ik bands at 1700, 1403, 1389, 1332, 1015 snd 922 cn" .
Fractions 6,7 and 8 being in sinor guantity verse not
examined further.

16. Jones' chromlc scld oxidation of S-asyrin scetate (XII)

To & cooled solution of P-anyrinacetete (XII, 1 g) in
acetone (25 nl) and bengene (5 ml), Jones' chromic acid
reagent (8 ml) was added slowly under stirring till the
brown colour persisted. The reaction mixture was refluxed
on & water bath for 5 hr with stirring. It was then diluted
with water (100 ml) and extracted thrice with chloroform.
The chloroform extract was vashed with sodium bicarbonate
solution, followed by water eand dried. Removal of chlorofora
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furnished a erude product (0.8 g) which was chromstogrephed
over alumins (Or. I1I, 38 g, 1:40 ratic) and eluted as
follovs:

ghrosstogran (Table 8)

Fr.fo. solvent Volume in ml wt.in g TiC pattern
1. Pet, ether 250 0,08 one spot
€. Pet.ether + benzene (S5:l) 750 0.31 ::::ly one
8, Pet.ether + benzene (3:1) 500 0.17 .

4. Pet.ether + bensene (l:l) 500 0.09 .

5. Bensene 500 0.02 one spot

6. Chlorofora 250 0,01 three spots

Fraction 1 vas erystallised from ethylacetete to furaish
unrescted f-amyrinacetate (XII, 0.03 g), mep. 2nd m.mep.
296-38°. IR superimposable with that of suthemtie (XII).
Fraction 2 was rechromstographed over silieie aeid,
(8 g, L1115 retio) and the fraction eluted with pet.ether +
benzene (1l32) vas crystaliised twice from ethylacetate to
furnish ll-keto B-amyrinacetate (XIII, 0.18 g, TiC pure),
Sepe 263-64%, (x), + 108° (e, 1.2). (118.%¢ records for xi11
B.p. 264-68%, (), + 117°).
Analysis

Founds ¢, 79.31; H, 10,22

CagliggPs requires Cy 70.62; H, 10.445.
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iK bends et 1733, 1666, 1613, 12860, 1133, 1075, 1020,
and 990 ea”l.
Fraction 3 was ¢rystallised from ethylacetate to furaish
ketoacetate (XXII), m.p. 286°, n" 4s2,
Anelysis

Founds: ¢, 79,79y H, 10,62
O“I“O. requires ¢, 79.68; H, 10.44%.
Ik bends at 1788, 1690, 1680, 1410, 1880, 1320, 1149, lll0,
1086, 1025, 998, 935 and 903 ea"t.
Fractions 4 and § (TLC similer) vere mizxed Sogether and
erys tallised from ethanol to furanish ketoscetate (XXIV, 0.08 g,
TLC pure), m.p. 287-88°.
Analysis

Found: C, 79.413; H, 10,82

W‘ reguires Cy, 79,625 H, 10,4458,

IR bands at JZ18 (broad), L1408, 1280, 1210, 1110 snd 996 ea"l.

17. Erepspation of S.h8-dione (XALI1)

To a solution of pPe-amyrone (AVIII, 0.1 g) in echlorcfors
(15 ml), m-chloroperbensoic scid (0.3 g) in chlorofora
(20 =l) vas added. The resction sixture was kept at 18°
for &4 hr. It was then diluted with chloroform snd extracted
with sodiumbicarbomste solution (5%). The chloroform layer
was washed with water snd dried. Hemoval of chlorofora



give @ crude solid which was purified by chromatography
over silicic acid, The fraction eluted with benzene was
erystallised twice from ethylacetate to furnish p-amyrene,
3,12-dlone (XXIII, 0,04 g, TLC pure), m.p. 218-20° (Lit,38
records for XXIII, m.p. 216-18°).

Analysis

Founds ¢, 81.88; H, 10,81
c»l‘.ﬂ. requires ¢, 81.76; i, 10.98%.

IX bands at 1708 (broad), 141§, 12319, 1289, 1144, 1108, 1080,
994 snd 910 ea™t,
It gave & monosemicarbazone m.p. 285-56°.
Analysis
Founds C, 74.48; H, 10.125 N, 7.98.
Cgilig Ogiigrequires C, 74.80; H, 10.33; N, 8.448,

is. greparsticn of fsagyraponyl sgetete (XX)

To & solution of p-smyrinscetate (XII, 0.1 g) in
chlorofora (15 ml), mechloroperbenzoic acid (0.3 g) dissolved
in chloroform (20 ml) wes added. The resction mixture was
kept at 15° for 24 br. It was vorked up as im 17, The crude
solid obtained was purified by chromatography over silieie
scid and the fraction eluted with pet.ether + benzeme (1:28)
was crystalliised twice from ethylscetate to furnish
p-smyrancoylacetate (XX, 0.08 g), m.p. 312-16% (Lit.
records for XX m.p. 300-01°).



Analysis
Founds C, 79.858; H, 10.48
C.gﬂ“o' requires Cy 79.28; 4, lOoll’o

IR bands at 1730, 1704, 1420, 1376, 1248, 1217, 1104, 1081,
1018, 988, snd 897 en™t.

19, Erepapation of enoldiagetate (XiV) Lrom (XX)

To p-amyranoanylacetate (iX, 0.1 g), acetic anhydride
(15 ml), fused sodiumacetate (0.4 g) and catalytic quantity
of petoluenesulphonic acid (0,02 g) were added. The
reasction mixture was refluxed for 48 hr, It was them diluted
with water (50 ml) end extracted thrice with chlorefora.
The chlorofora extract was washed with water and dried.
Lvaporation of chlorofora furnished a crude solid which was
erystaliised from ethylacetate to furnish enoldiacetate
(XXV, 0408 g), mep. 233-34° (Lit,%®
8.p.233-34°).,
Analysis

records for iiV,

Founds C, 77.413 H, 10,20
c"ﬂ.‘o‘ requires Cy 77.583 H, 10.33%

IR bends at 1764, 1748, 1008, 1372, 1337, 1250, 1230, 1200,

1181, 1133, ille, 1018, 1000, 963, 946, 928, 897, 888, 858,

and 845 ea”t.



20. Atsespted preparetion of enel disgetate of
setoacotete (IXIL)

To ketoagetate (XXII, 0.1 g), sceticanhydride (10 ml),
fused sodiumacetate (0.4 g) and ctalytic gquaatity of
p=toluene sulphonic secid (0.02 g) were added. The reaction
wixture was refluxed for 48 hr. It was worked up as in 19,
However, the IR of the crude product showed the presence of
a2 keto group. The crude product (TLC, two spots) was
chromatographed over silicic acid and eluted with pet.ether,
pet.ether + bensene (l:l), benzene, benzene + chlorofora
(10:1) and chloroform respectively. The fraction eluted
with bengene was found to be unreacted (XXII, TLC and m.p.).
The fraction eluted with benzene + chlorofora (10:l1) was
erysteallised from ethylacetate to furnish ketoacetate

(XXIV, 0.06 g) @m.p. 80d m.m.p. 287-88°, IR superimposadble
with that of authentic sample,
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HAPTER - IL
OXIDATION STUDIES ON
TARAXASTEROL AND ITS DERIVATIVES




SUNNARX

Oxidation of taraxasterol (I), its acetate (1IV)
and taraxasterone (VI) by mechloroperbenzoic acid gives as
the main products, the allyliec alcohols (XX), (XVI) snd
(XXIV), formed by the rearrangement of initially formed
epoxides, under the acidic conditions of the reactions,
along with the Cgg-nor-componnds, viz, (XIX), (XV) and (VII)
as the ainor products., Jomes' chromic acid oxidation of (IV)
and (I) gives, in “dtu& to the Cgg-nor-compounds (XV)
and (XIX), the conjugated aldehydes (XVII) and (XXI) which
are formed by initiel migration of the exoeyclic double
bond to trisubstituted position, followed by allylie
oxidation at the Cgg-methyl.

Oxidation of taraxasterol (I) and its acetate (IV)
by seleniumdioxide gives, the selenoxides (XXX) and (XXVII)
respectively, in addition to the normally expected allylie
oxidetion products, viz, conjugated ketoalecohol (XXXI) and
conjugated ketoacetate (XXVIII).



6D

LT RORUCIION

Taraxasterol (I), c”l.oo. is a pentacyelic triterpene
aleohol belonging to the l8«il, 19fH urssne group (taraxastane
group). It contaims en exocyelic double bond at Cgo(28) sad
a P-hydroxy group &t Cge Its structure has been established
by converting it into taraxastene, identical with heterc-
lupene (II). Teraxasterol and some of its esters viz, acetate,
isovalerate ete. have been isolated from a nuaber of natural
sources,some of which are sentioned below.

1)  The roots of fapaxseus'' offigimale T, (11) from the
extract of the flowers of Homan or English c-u-uo‘

(Anthemis nobilis L), (111) as acetate, isovalerate and
pyroterebate in the ethanclie extract of the latex or the

stem bark of Calotropds Progers® (femily Asele pladagese),
(1v) in the latex and root bark of galotropis gigantes®'®r7
(v) as acetate in the resin of M‘t (vi) in the
white rays of m’ flowers, (vii) in the thistle
clowersl®, (viil) in the resin from Sapherhis Tirusaill &'+
(1x) in the latex of jndrvels Ganariensisi® (x) and along
with Ve-taraxasterol (II1) from the umnsaponifiable fraction

of an ethanolie extract of artichokes' (Gyagars Scolvaus).
Both taraxasterol (I) snd 1ts scetate (IV) have also been

isoleted from the hexane extract of the leaves and stalks



I R=H, R=0H, Ry=CH,.

0
VI R,R,=0, Ry=CH,.
VI
XV R=H,Ry=-0-C-CHs, Rz=0.

R,R,=0, Rp=0

I R=R,=H, R,=CHy:

I R=H,R;=0H, Ry=CHj.
VIL. R=H, Ry==0-C-H, Rp=CHy.
ol
R,R{=0; Rs=0GHx .
XIL R=H,R;=-0-C-CHs, Rp;=CHs.
0
XVI R=H, Ry==0-(~CH3, Rp=CHaOH.

=
|
0

XVII R=H,R==-0-C-CHs, Rp=~CHO.

Il
0
XVl R=H, Rj=-0-C~CHy, Rp=-CHy~0-
Figl
XX R=H, Ry=0H, Ry=CH,OH.

XXI RR;=0, Rp==C-H.

XXIV RR,=0, Ry=—CH,OH.
40

XXVI R=R,=H, R,=-CHO.

C-CH=x
i

0
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of the costus plant, Saussurea lLapps clarkel¢.

A diol belonging to this group viz., taraxastane
3p-20 dlol (V) Caoliggds M.p.270-272°%, has been 1solated'®
from the Manila Elmi resin. The corresponding Cgq epimer
has been isolated in our Laboratory from the black damaerl®
resin m.p.261.3°,

on oxidation with chromic scid or on heating at 300°C
with copper powder , compound (I) has been nporul" to give
the ketome, taraxasterone (VI), Cgoliyg0, m.p.184-185°
(%) + 110°, along with another neutral compound, Cgofi g0g,
n.p.l”°. which was tentatively assigned the diketone
strusture (viD)'8,

when (I) was heated with foramic acid (90%), the formate
ester of ! -taraxasterol was obtained, (VIII) m.p.281%(«),* 57°,
which on Mnlyun” gavey -taraxasterol (I11), c”l‘oo,
8.p.220-221°%, (), + 60°; acetate m.p. 246-7°.

Compound (I) could be rearranged to (III), by heating
it with 10§ HyS04 ipn benzene or ethanol solution. Compoumd (III)
on chromic acid oxidation gave the ketome (IX), \} -taraxasterone,
vhich on Wolff-Kishner reduction gave, mmnou”'n vhich
was found to be identical with heterolupeme (II).

Both (I) and (III) on catalytic hydrogemation gave the
same dihydro compound (X), indicating that both possess the

same carbone-skeleton., From these ¢vidences, the structure
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of tarazasterol was confirmed as (I).

Un trestment with hydrogen peroxide in acetic acid
solution, compound (1) has been reported to give an oxuo”(n).
m.p.152-184°, acetate m.p. 208-310°.

\} =Taraxzasterylacetate (X1I) on treatment with perbenzoie
uweld gave the corresponding epoxide which on LAH reduction
in the presence of sodium ethoxide gave epi-y ~taraxastane-
dtola (V, one of the Cz0 epimers).

.gpoxu-uu“ of taraxasteryl acetate (IV) by perbenzoie
seld at 0% gave in sddition to the mixture of stereoisomeric
epoxides (XIII and XIy ), three more compounds, which are
probably produced &s a result of the rearrangement of the
epoxides under the scidic conditions of the reaction. The
sajor of the two epoxides, Cgofig Ogs m.p. 236-238°, N* 484,
on LAH reduction geve the taraxsstasme : .3P,20 diol (V),

@epe 270-272° identical with the one isolated from Menila,
glmiresin., The other products of epoxidation include (1) a
nor-ketoacetate, m.p. 270-272° u' 470, °a“uo°a and (2) &
nydroxy scetste Cggligg0., mep. 266-260°, u* 500,

since the structural elucidation vwork on norketoscetate
and the hydrt;xy agetate v;l not taken up in detail, it vas
felt desirable to obtaine these compounds im quantity and
study their structures, In addition, we wvere interested in
ascertaining whether the epoxidation products of (1) and
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(1V) by using perbensoic scid were essentially the same as
those obuunzymuunn‘-dlon”rhanic acld, For these
reasons, the oxidation of (I), (IV) and (VI) was carried out
by using m-chloroperbenszoic =eid.

ERESENT WORS
Epexjcaticn of Jarssteryl sgstate (IV)

Taraxasteryl acetate (IV) on oxidation with mechloro-
perbenszoie acld (1.1 moles, 85§ chloroforam, 96 hrs at 15°)
gives the normally expected epoxides only in small propou;tlu.
the rearranged products of the epoxides predominating.
Chromatography of the oxidation product on silieie acld,
followed by crystallisetion gives two compounds in the
TLC pure state. The less polar of these, CgH . 0q, u* a70,
2.p.268-70° (ethanol), has been identified as the nor-keto-
agetate (XV) from spectral datag IR (Fig. 1), 1740, 1260
(acetate), 1700 ( >C = 0); 142 (- g - CHg=)y

WNR(GGL )} 9424, 9.17, 9.10, 9.04, 8.97, 8.33 (2L, methyls
at Ce4, C-8, Cel0, G-l4, C-17 and C-19); 8.04 (3H, s, scetate
mothyl at C-3)3 at 5.54 (l-H, brt, C-3 proton); 2,4-DNP
derivative Capligggisy mep. 262°. The more poler compound,
CagliggOse H' 484, m.p. 310° (ethyl acetate), (<), + 58°

(ey 0.8), has been identified as “the hydroxyacetate (XVI)
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by spectral data and chemical reactioms. IR (Fig. 2)3
3600 (0d), 1724, 1250, (acetate); NMR (CClg); 9.24, 9.2,
9,17, 9,08, 8.94 (21H, methyls st C-4, C-8, C-l0, C-l4, C-17
and C-19)j 8.04 (3H, s, -OCOCHy at C-3); 6.08 (2H, s, C-28
methylene protomns); 5,57 (ld, brm, C-3 proton); 4.54 (1H,
bra, clefinic proton at Ce2l).

On oxidation with Jomes' chromic acid reagent (XVI)
furnished a comjugated aldehy- doscetste (XVII) CgaliggOg,
M* 482, m.p, 258-60° (hexeme), IR (Fig. 3); 1784,

1845 (acetate), 1681, 2817 (conjugsted aldehyde) and

1645 (eocnj, -CH = C< )y NMR (CCly); 9.3, 9.17, 9.14, 9,07,
8.97 (21H, methyls at C-4, C-8, C-10, C-l4, C-17 and C-19),
8.07 (34, s, C3-0COCHy);5.6 (1H, brm C-3 proton); 3.5 (1H,
brs, conj. olefinic proton at C-21)3 0.77 (lH, Cgpy-CHO);

UV %pax 232,56 wmi(dpo114000)5 2,4-DEP derivative,
CaafisaOgh s Bep. 263-8% Compound (XVI) on acetylation
(ACg0/Py) gives the dlacetate (XVIII) c“lluo‘. Mu* 5626
@.p. 240-42° (ethyl acetate), (), + 63° (e, 0.2); IR 1754,
1260, 1235 (acetates)y NMR (ccx‘); 9.85, 9.13, 9.11, 9,08,
8.94 (21H, methyls at (-4, C-8, C-10, C-l4, C-1l7 and C-19);
8,04, 7.97 (6, s, Cg and C-28 -UCOCHg)} 5.54 (3H, m, Cg-
and Cgg-protons); 4.44 (1H, Cg)-olefinic protom).

In addition to (XAV) and (XVI), a minor compound more
polar than (XVI) was also formed which could not be isolated

pure,
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Epexidation of Terexasterel (I)

Oxidation of taraxasterol (I) with m-chloroperbenszoic
scid under similer conditions gives a aixtur of four
compounds of which three have been isolated by chromastography
over alumine and siliecic acid in the pure state, The least
polar compound has been identified as the nor-ketoaleohol (XIX)
CgolleaOgy M* 428, m.p.286-38° (bensene + 20§ hexane)y
IRs 3600 (OH), 1696 ( >C = 0), 1408 ( ‘-CI.). On acetylation
(ACgP/Py) 1t gives the nor-ketoadetate (XV), m.p. and m.m.p.
268-70°.

The compound eluted next to (XIX) hes been identified
as the alol (XX) by spectral properties and chemlcal reactions;
Caoligo¥p M* 442, m.p. 283-25° (bensene + 105 hexsne), (=) + 21°
(ey 0.6)3 IRs 3860, 1030 (~-CHOH)j NMA (ccx‘). 9.86, 9.12,
9,08, 8.95 (21 H, methyls at C-4, C-8, C-10, C-l4, C-17
end Cel®)y 6.05 (2H, s, C-28-methylene protons); 5.57 (1d,
brt, C-3 proton) and 4.47 (1§, C-2l-olefinic protom).
Acetylation of (XX) (Aogefty) gives the diacetate (xixxx) BePe
and m.m.p. 240-42°,

Oxidation of dicl (XX) by Jomes' chromic acld reagent
gives the ketoaldehyde Cgoligglg (XXI) m.p. 168-70° (ethanol);
IR (Fig. 4)3 1700 ( >¢C = 0), 1672, 2778 (comnj. -CHO), 1639
(eonj. =CH = ¢< )y NMR (cﬂ‘)a 9.3, 9.0, 8,97, 8.9 (21H,
methyls at Ce4, Ce8, C-10, C-l4, C-17 and c-m_); 3.4 (18,
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bram, conj. olefinic proton at C-81); 0.6 (lH, C-28-CHO)j
UV %gex 282 mu (8;;,10,500); 2,4-DHP derivstive Cqglig O W,
-.p.M°.

The compound eluted (next to XX) im the later fractions
gives a solid identified as the epoxydiol (XXII) c,on‘oo,.
Bepe198-200° (bensene + chloroform, 1:14); IH: 3640, 3546 (OH).
Un scetylation, (AegD/Py), (XXII) gives the epoxy diacetate
(XKII1), Cggly Ogs M" 542, m.p. 264-66° (ethanol); IR bands
1745, 1727, 1250, 1235 (acetates); NMR (CBClg) (Fig. 5)3
9.2, 9,18, 9.1, 8.97, 8.94 (21H, methyls at C-4, C-8, C-10,
C-l4, C~17 and C-19); 8.0, 7.96 (6H, s, Cg and ca-oco-cn,);
5.48 (14, ¢, J = 7.8 Hs, c,-proton)g 6.8 (1H, m, Cg =proton);
6.06, 6.72 (2H, d each, J = <1lZ Hs, each, C-28 protons)., It
15 interesting to note that the C-28 methylene protons being
non-equivalent by virtue of the restricted rotation®4r38
around Cgo-Cgg bomd are observed as a pair of doublets, with
geminal coupling comnstsnt -12 Hz, From these data, the epoxy-
diol and its acetate have been assigned structures (XXII) sad
(XXIII) respectively.

Bpexidation of tapaxasterons (VI)

Oxidation of taraxasterone (VI) with m-chloroperbenszoiec
acid under similapr conditions gives meinly two compounds (TLiC)
which are separated by chromatography over alumina, The less
polar compound has been identified as the diketome (VII),
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XXIl R=H, Ry=0H, R,=CH,OH XXVl R=H, Ry==0-C-CHy, Ry,R5 =0
XX R=H, Ry=-0-C-Chs,

XXIX R1="O-IC|-CH3; R=R2=H: R3=OH

R, =-CH,~0-C—CHs 0

C
Il :
0 XXXI R=H,R1=OH,R2,R3=O

—

—Se=0

XXX R=OH




7Y

GgoBeads M® 426, m.p.200° (ethanol), (11t.% m.p.106%);
I8 bends 1700 (56 = 0)4 1408 (- § - CHy)y W (GG1g)1 0.8,

9.04, 8.98, 8.94, 8.88 (214, methyls st C-4, C-8, C-10, C-14
C=17 and Ce19), 7.7 (4, a, methylene protons at C-2 and
Ce8l)y 2,4-DNP derivetive, C iR 0.8 , m.p. 2600(d). The
more polar compound CgoliggOoy M* 440, @.p. 203° (ethanol) hes
been identified as the ketoalecohel (XXIV) by spectral datag
IRs 3640, 1000 (primery OH), 1704 ( >C = 0); NMR (Ocl‘)a
9.24, 9.0, 8,96, 8.9 (21H, methyls at C-4q4, C-8, C-l0, C-l4,
Cel7 and C-19); 7.6 (2H, m, protons at C-28, adjacent to
carbonyl); 6.02 (2H, s, Cpg-methykr) and 4.47 (lH, olefinie
protons at C-8l)., It gives on acetylation (AegO/Py), the
ketoancetate (XiV), Cggflgo0qy M* 482, m.p. 166-68° (ethanol)
IR: 1754, 1235 (acetate), 1708 (>C = 0).

It appears from the above observations that during
oxidation of (IV), (I) amd (VI) by mechloroperbenzoic acid
at 18°C, the epoxides initially formed get rearranged to the
allyliec alcohols (XVI), (XX) end (XXIV) respectively, under the
acidie conditions of the reaction. However, the forastion
of nor-compounds such as (4V), (XIX) and (VII) from compounds
containing exomethylene double bonds like (IV, (I) amd (VI)
by mechloroperbensoic scid or any cther peracid appesrs to
have been not reported.

The rearrangement of taraxasterol (I) toy -taraxa-
sterol®® (I1I) and also the allyiie oxidation of v-taraxastene
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(I11) to the conjugated aldehyde (XXVI) by selenium
d1ox4de®7 have been reported. when (I) is oxidized with
m-chloroperbensoic acid at room temperature, in addition
to the products reported above, some-taraxasterol (III)
can also be isolated, characterized through its acetate (XII).

It 15 vell known that taraxssterol (I) resrranges®®
to'V~taraxasterol (III) in the presence of acids, So both (I)
and its acetate (IV) were subjected to oxidation with Jomes'
chromic aeld reagent in order to find out whether the
exocyelic double bomd in (I) and (IV) migrates to the
trisubstituted position during oxidation under aecidie
conditions,
Qaidation of taraxasteryl agetate (IV) by Jones' chromic
aclid _reageqt

Jones' chromic seid oxidation of (IV) /Densene +
scetone (lil), room temperature 8 hrJ gives mainly &
mnixture of two compounds, which are separated by
chromatography. These have been identified (m.m.p., IR
and NMR spectra) as (1) the aldehydoscetate (x"!i
Cygligo¥s Bep+ 258-60° (hexane) and (11) mor-ketoacetate (XV)
Cgyligo¥s Bep. 268° (ethanol).
gxidation of tarexasterel (1) b vy _Joges’ chromic acid
Leagent

Jomes' chromic scid oxidation of (I) /Densene +
acetone (l:l), 3 hr. at room temperature) furnished mainly
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three compounds (TLC), which have been separated by
chrosatography over alusina and isolnted im the pure state.
The least polar of these, Cgofi .0 ®.p.l82-83% acetone)

has been identified as taraxesterocme (VI); IK: 1700 (>C=0),
1653, 888 ( >cscily) [L1t.%8 recordsm.p.184-86° for (VLY.
The compound eluted mext to (VI) has been identified

(memepe IR and NMR opo'otn) 28 the conjugated keto-
aldehyde (Xx1), Cgofl 0oy mep. 168-70° (ethanol). The
compound which 13 eluted in the later fractions has been
fdentified (m.m.p., IR and HHR spectra) as the diketome (VII)
Cgolleglas .p.200° (ethanol).

The formation of diketome (VII) from (I) by excess
chromic seid in acetic acid is already roponodu. The
formation of norketoacetate (XV) snd diketone (VII) from
(IV) and (I) respectively by Jones' chromic acid reagent is
therefore as per expectstion. In the formation of
conjugated aldehydes (XVII) end (XXI) from (IV) snd (I)
respectively, by Jones' chromie acid reagent, the exoeyelie
double bond at Cgo.ga 15 rearranging to the trisubstituted
position (Cgg o)) under stromg acidic conditions and the
rearranged product then undergoes allylie oxidation to
give the conjugated aldehydes,
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¢xidation of taraxsstercl snd its scetate by selenius dioxide

As deseribed above, in the formation of conjugated
eldenydes AVII and XXI from IV and I respeectively by Jomes
chromic scid reagent the exoeyclic double bond present in IV
and I migrates to the trisubstituted position under aseildie
conditions of the resction. This is followed by allylie
oxidation of the vinyl methyl at C-20. As a result, the
normally expected allylic oxidation product with the oxygen
function at C-21 cannot be cbtained. With & viev to introduce
sn oxygen function at C-21, without rearrangement of the
exoeyclic methylenic double bond at Cgo gy the selenium
dioxide oxidation of IV snd I has been carried out under mild
conditions.

when IV is stirred in bensene solution with ome
equimolar proportion of selenium dioxide at room temperature
(14 hrs) a msixture containing four compounds (TLC, benzene +
4% ethyl acetate) results of which two compounds csn be
isoleted in the pure state by chromatography, followed by
erystallisation. (The resction of IV and I with selenium
dioxide in ethanol at reflux temperature gives a complex
wixturd. The less polar compound (polarity slightly more
then IV) mep.188-90° (pet.ether + 55 benzene), has been
assigned the selenoxide structure AXVII, on the basis of
elemental snalysis and spectral data; IH: 1739, 1235 (acetate),



970 (ref. 29), 840 (8¢ = 0), NMR (ccx‘)- 9.88, 9,18, 9.14,
9.06, 8.95 (214, methyls at C-4, C-8, C-10, C-l4, C~17 and
C-19); 8,07 (34, s, acetate methyl at C-3), 6.5 (lH, ¢,

J = 7.2 u,xc’-l), 4.4 (1H, brs, oloﬂatc proton at C-21)

and 6.27 (2H, a, probably due to cl.-s'é- at C-20). The two
protons signal at 6,27 can be usually assigned to either
«ClgOH or -CHg-0-alkyl. Since the IR spectrum of (XXVII) shows
the absence of hydroxyl band, the signal can arise only from
an ether (or oxide) of the type -CI‘-o-nlyl. B the
elemental analysis 1s not in agreement with that of a C-32
compound containing three oxygen functions, It is therefore,
thought that the signal may be arising due to -CHg-ie=0,",
which is supported by the presence of bands at Q70 (ref. £9)
and 840 en"! in 1ts IR spectrua. The elemental analysis of
(XXVII) is in agreement with the molecular formula

c“lm.uo.. Similar type of selenoxides have been nportod”'u
during selenius dioxide oxidstion of cyeclohexene and 1,3-
diphenyl propene.

The more polar compound CggligoOgy M* 482, m.p.280-82°
(ethanol) has been assigned structure XXVIII; IR (Pig. 6),
1724, 1242 (acetate), 1600 (eonj. C=0), 16803, (mj.)c-cll.);
NMi (CClg)s 9.15, 9.04, 8.97, 8.9 (21H, methyls at C-4, C-8,
C~10, Cel4, C«l7 ond C-19), 8,08 (3H, s, acetate methyl at C-3),
5.6 (1H, t, J = 9 Hs, Cg-H), 7.5, 7.33 (24, ds, J = 8.4 Hs
each, «* ana B protons at C-22) snd a pair of doublets
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centred at 5.0 and 4.2 (2H, J = 3.6 Hs each, conj. >C = CH,
8% Ce80)5 UV Nggyy 235 mu (ege, 4700); 2,4-DHP, Coglls Ogh,
n.p.ﬂl‘-‘l'.

(n sodium borohydride reduction the ketoacetate XiAVIII
gives the hydroxy acetate XXIX Cggliga0q, mep. 262-54°
(pet.ether + 10§ benzene); IR (Fig. 7) 3650 (OH), 1724,

1242 (acetate), 1650, 885 (C = CHy)y NMA(CCL))} 9.15, 9.1,
9,028, 8.92 (214, methyls at C-4, C-8, C=10, C-l4, C~l7 and
Cel®), .06 (3d, acetate methyls at C-3), 5.67 (1H, t,

J = 7.8 s, Cg-H), 6.0 (1d, t, J = 6 Hs, Cg)~H) and multiplet
centred st 5.27 (2d, >C = Cig at C-20).

Taraxasterol (I), vhen treated with selenium dioxide
under identical conditions followed by chromatographic
separation of the products gives two compounds, identified
as selenoxide (XXX) and conjugsted ketoaleohol (XXXI) om the
basis of spectral evidence and elemental analysis.

Compound XXX, Cggfig 8005, B.p.177-79° (pet.ether + 5% bensene)
shovs IR bands at 3650 (CH), 966 (ref. 20), 840 (Se = 0)

and NMR (ecx‘) signals at 6.0 (2H, m, Cig-Se = 0), 4.37 (1H
brt Ggi-clefinic protomn) in addition to the methyl signals

at 9.24, 9.28, 9,15, 9,06 and 8.95. Compound XXXI Cgolliyg0g,
M* 440, m.p. 268° (pet.ether + 10§ bensene) shows IR bands

at 3534 (0H), 1690 (eonj.>C = 0), 1613 (eonj.>C = Clg) snd
NMR (CCl,) signals st 9.3, 9,27, 9.17, 9,08, 9.02, 8.95

(218, methyls at C-4, C-8, C=10, C-l4, C-17 and C-19)} 7.4
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7.6 (24, ds, J = 8.4 Hz each, « and P-protons™® st C-22),
5.8 (1, t, J = 7.8 Hs Cg~H) and a pair of doublets centred
6t 4.94 and 4.13 (8H, J = 3.6 Hs each, conj. >C=Clg at C-20);
OV hgaxe 238 mw (e, .y 4900). On acetylation (acgd)/Py) it
gives the acetate XAVIII m.p. and m.a.p. ﬂo-.lc’(upn-
imposable IR and NMR),

The formation of compounds XXVII and XXX from IV end I
respectively, can be explained, according to the wechanisnS3
suggested for the formation of selencxides from cyclohexene
and l,3-diphenylpropene. 3Since in the present csse, benzene
wvas used as the medium, the intermediate carboniuam ion
(at C-20) formed after the addition of HU-5¢'=0 . to the
double bond at C-20, rearranges by the abstrasction of @
proton from the Cy)-Chg-ereating @ double bond between C-20
and C-21.
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EAPERIMEBNTAL

i. Epoxidation of tarazssteryl agetate by s-chlopo-

perbensolc aclé
To & ¢ocled solution of taraxasteryl acetate (IVy 0.5 g)

in chlorefora (20 ml), a soclution of m-chlorgperbenzoic
scid (0.3 g3 1.1 mole, 85%) in chloroform (50 ml) was sdded.
The reaction mixture was kept at 16° for 96 hr. It wes
diluted with chloroform (100 ml) and washed with agqueous
sodium carbonute solution (8%) (to extract m-chlorobensoic
aecid), followed by wvater and dried. Removal of chlorofora
gove the erude product (0.4l g3 TLC - 3 spots). It was
chromatographed over silicic acid (6 gms, 1115 ratio) and
eluted as follovs:

Chromatogram (Table 1.)

Fr.No. Solvent Volume in ml Wt in g. Remarks
i. Pet.ether 180 - -
2., Pet,ether + benzene(3:1)180 0.01 TLC two spots

3. Pet.ether+bensene (2:1) 120 0.120 TLC two spots
4. Pet.etherebenszene (2:1) 120 0.110 .

6. Pet.ethersbensene (l31) 200 0.150 TLC simgle spot
6. Bengene 200 - -

7. Chlorofora 200 - -

Eraction 8 shovwing mainly unreacted taraxasteryl acetate,
(TLC) was not examined further.
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Eraction 3©luted with pet.ether + benzene (2:1) showed
asinly one spot with & smell impurity of a more polar compound
in TLC anelysis, It was repeatedly erystallised from ethanol
to give the solid nor-ketoacetate (iAVj; 0.07 g,TLC pure),
B.p.268-70%, u* 470.
Anslvsis

Founds C, 78.96; H, 10.628

Cg1liggPg requires ¢, 79.10; H, 10.71%.

IK bands ats 2857, 1740, 1700, 1450, 1412, 1365, 1316, 1350,
1220, lle4, 1076, 1036, 1016, 980 and 905 ea”’,
It geve the 234 DNP derivetive m.p. 262°,
dnadvesis

Founds C, 67.613 H, 8.,08; N, 8.3

c,.,n“o‘l‘ requires ¢, 68.28; H, 8.36; N, 8.61%.

Exaction 4 eluted with pet.ether + bensene (2:1) showed two
spots in TLC snalysis the major spot corresponding to the
compound present in fraction 6. It was rechromatographed over
alusine (Gr. II, 5.8 g, 1150 ratio) and eluted with pet.ether;
pet.ether + bensene (4:1l); pet.ether + benzeme (l:l) sna
benzene respectively., The fraction eluted with pet.ether +
bensene (1l3l) (TLC single spot) of this chromatography was
mixed with fraction § of chromatogram (Table 1) and erystallised
tvice from ethyl acetate to give the solid hydroxy ascetate
(AVIj 0.110 g, TLC pure), m.p.310° («) = + 68° (e, 0.80)

n* 484,
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Analysis
Found: Cy 79,095 H, 10.59

Cggatigg0g requires C, 79.28; H, 10.81%.

Ai. bands aks 3600, L7284, 1460, 1412, 1379, 1350, 1326, 1314,
1203, 1162, 1143, 1108, 1032, 991, 978, 917, 904, 892, 870,
847, 833, 799, 784, 755 and 699 cm~l.

&. Jones chromic agld oxidation of hydrexvacetate
(A¥D) to conlusated aldebvdfoscetate (AVIL)
To an ice cooled lqhuu of hydroxyacetate (XVIj 0.08 g)
in acetone (10 ml), Jones' chromic acid reagemt (3 ml) was
added dropwise till brown colour persisted, The reaction
mixture was kept at room temperature for 1L hr. It was then
dilutec with vater (100 ml) amd extracted thrice with
chlorofora, The chloroform layer wus washed with ag.scdium-
bicarbonate solution (5%), followed by water and dried.
Removal of chloroforam furnished the ecrude solid product
(0.042 g), vhich vas crystallised twice from hexane to give
the conjugated aldehydo acetate (XVIIj; 0.028 g, TLC pure),
m.p.268-60° n* 432,
Analysis
Founds C, 79.813 H, 10.47

Caaligg®g requires C, 79.68; H, 10.448.
Li_bands at 2817, 1784, i68), 1648, 1490, 1449, 1399, 1370,
1312, 1348, 1190, 1163, 1143, 1130, 1106, 1075, 1045, 1031, 1015,
1008, 974, 962, 935, 915, 903, 894, 873, 845, 797, 781, 768,
726 and 712 onl,
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a

It gave/ 214 NP derivative -.p.m-".

ioalvsis
Founds C, 68.69; H, 8.4l R, 8.35

CagliggOe y

requires ¢, 68.85; H, 8.21; N, 8.45%.

3. Agetylation of hvdroxy scetote (AVI) to diagetate (AVIIL)

To a solution of hydroxyacetate (XVIj 0.0580 g) im pyridine
(6 ml) acetic anhydride (5 ml) wvas sdded dropwise. The
resction mixture wasksept at room temperature for 24 hrs and
then heated on & water bath for 2 hrs. It vas then poured
into ice-vater mixture (100 ml) and extracted thrice with
chloroform., The chloroform layer was washed with dilute
hydroechloric seid (8%), followed by water and dried. Hemoval
of chloroform furnished the crude solid }produt (0.04 g).
It was erystallised twice from ethylacetate to give the solid
dlacetate (XVIIIj 0.021 g, TLC pure), m.p.240-42°, («), + 63°,
(e, 0.2), u* 826, |
Apaivsls
Founds C, 77.46; H, 10.58

c;‘I“O‘ requires C, 77.58; H, 10.33%
L8 _bands st 1750, i462, 1370, 1314, 1284, 13684, 1E35, 1160,
1108, 1070, 1084, 974, 942, 918, 894, 872, 854 and 781 en"l,



4. Epexidation of taraxssterol by m-chlopeperbensoic acgld

fo a cooled solution of taraxasterol (I, 3.8 g) in
chloroform (25 ml), & solution of me-chloroperdenzoiec aecid
(1.6 g) in chloroform (10 ml) was added. The reaction mixture
was kept at 18° for 96 hrs. It vas then diluted with
chloroform (200 ml) snd extracted twice with ag.sodium-
bicarbonate solution (5%). The chlorofora layer was washed
vithwv ater and dried. HRemoval of chlorofora furnished & erude
produet (3.5 g, TiC - four spots). It was chromatogrephed
over alumina (Gr. II, 52.5 g, 1:15 ratic) and eluted as

follows:
Shronstogram (Tebdle 2)

Fr.fo. Solvent Volume in ml We, in g Remarks
1., Pet.ether 250 - -
€. Pet.ether +» benzene 280 - -

(3:11)
a. m..'?:’l; benzene 280 0.260 TLC two spots

. )

4., Pet.,ether + benszene 250 0.945 -

(1:1)
5. Benzene 250 0.610 TILC single

spot

6. Chloroform 250 1.12 TLC two spots

Exagtion 3, shovwing mainly uareacted taraxasterol (I) was not
examined further,
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Eraction 4 shoved two spots according to TLC snalysis. It
vas rechromatographed over alumina (Gr. II, 40 g; 1140 ratio)
and eluted with pet.ether + bensene (l:l), benzene and
chloroform respectively. The fraction eluted with pet.ether
+ bensene was fround to be slmost pure. It was erystellised
twice from benzene + 20§ hexane to give the norketoaleohol
(XIX, 0.318 g. TLC pure), w.p.236-38%, M* 428,
Analysis
Found: C, 81.56; H, 10.97
Cgglleg0s Fequires  C, 81.26; i, 11.29%.

A4 _bands at 3600, 1695, 1460, 1408, 1370, 1277, 1260, 1224,
1192, 1178, 1130, 1100, 1085, 1064, 1040, 1029, 1010, 980,
962, 932, 910 and 848 ea"l,
Ezagtion § eluted with benzeme shovwed single spot im TLC
analysis., It was crystallised from benzene + 10§ hexane to
give the diol (XX, 0.39 g, TiC pure), m.p.223-28%, («) + 21°
(e, 0.6), M" 442, '
Analysis
Founds ¢, 80,.98; H, 11.41

Cgofigo¥z requires c, 81.39; H, 11.38%.
Li_bands at 3560, 1460, 1376, 1207, 1209, 1176, 1163, 1131,
1090, 1079, 1030, 998, 966, 939, 914, 838, 500 and 758 eca~l,
Eragtion § eluted with chloroform shoved two spots im TLC
analysis, It vas rechromstogrsphed over alumima (Gr. 1I, 22 gas,



1320 ratio) and eluted vith pet.ether + benzenme (l:l)
pet.ether + benzene (l:2), bensene and chloroform. The
pet.ether +» benzene (l:l) and pet.ether + benzene (1:2)
fractions gave pure diol (XXj TiC) me.p. and m.m.p. 224°
(superimpossble IR spectra)., The benzene fraction was &
mixture of diol (XX) snd epoxydiol (XXII) (TLC), It was
mixed vith mother liquors obtaimed in the crystalliisation of
diol for further purificetion. The chloroform fraction gave
a pure (TLiC) solid epoxydiol which was erystallised from
bensene + chloroform (li4) to give epoxydiol (XXII, 0.220 g
TLC pure), ma.p. 198-200°.
Analvels
Founds C, 78.18; H, 10.81.

C30tigg¥3 requires c, 78.88; H, 10.99%,
Li bends st 3640, 3846, 1458, 1377, 1383, 1316, 1284, 1245
1227, 1205, 1179, 1149, 1100, 1080, 1064, 1032, 1019, 997,

980, 968, 938, 909, 848, 828, 799, 779 and 746 en” .

6. Asetvistion of epoxvdiol (AALL)

To a solution of epoxydiol (XAIl, 0.128 g) in pyridine
(10 ml), acetic anhydride (2.5 ml) was added, The reaction
mixture vas kept at room temperature for 24 hrs. snd then
heated on a water bath for 8 hrs, It was then poured in cold
water (100 ml) and extracted thrice with chloroform. The
chlorofors extrsct was washed with dil, HCl (5%), followed by
wvater and dried, Removal of chlorofors furnished a solid



product (TLC pure). It was crystallised twice from ethanmol
to give epoxydiacetate (XAIIIj 0.088 g TLC pure), -.p.s«-«‘:
»
n 542,
soalysis

Founds C, 76.81; H, 9.84
c"..‘O‘ ’«.‘r.. Cy 75.23% Hy 10.08%.

I8 _bands et 1748, 1787, 1460, 1379, 1364, 1292, 1250, 1838,

1099, 1081, 1031, 1010, 969, 870, 781, 760 snd 708 em .

6. Acetylation of morketoslgohol (XIX)

To a solution of nor-ketoaleohol (XIX, 0.105 g),
in pyridine (10 ml), acetic anhydride (2 ml) was added., The
reaction mixture was kept at room teaperature for 24 hrs
and then hested for 2 hrs on & water bath, It was then
poured in eold water (100 ml) snd worked up as in (5). The
erude solid product was crystallised from ethylacetate to
give morketoacetate (iAV, 0,06 g, TLC pure), m.p. and
BeMoPe 268-70°.

I# superimposable with the IR of norketoacetate
obtained in (1).

7. Agetylatien of dlol (Xi)

To & solution of diol (XX, 0.150 g) in pyridimne (10 ml)
scetic anhydride (3 ml) wvas added, The reaction mixture was
kept at room teaperature for &4 hrs and then heeted on &
water-bath for 2 hrs. It was then poured in water (100 ml)
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snd worked up as usual., The crude solid product was
erystallised from ethylacetate to give discetate (AVIIIj
0.080 g,TLC pure), m.p. ond m.Epe M’.

IR superimposable with the IR of diacetate obtained
in 3.

8. gxidation of diol (4K) by Jones' chromic 3gid resgent

To an ice cooled solution of diol (XX; 0.180 g), in
scetone (20 ml), Jones' chromic acid reagent (4 ml) vas sdded
drop by drop till the brown colour persisted. ‘After the
asddition, the reaction mixture was kept at room temperature
for one hour. It was then poured in ice cold water (150 ml)
and extracted thrice with chloroform. The chloroform layer was
vashed with ag. sodium bicarbonate solution (88%), folloved
by water snd dried, HRemoval of chlorofora furnished a crude
solid which was crystallised from ethanol to give tie keto-
aldehyde (xxI) (0.072 g, TLC pure) -.p.xu-vo".

Analvels '
Founds ¢, 81,70y H, 10.78
C”I“og requires ¢, 82,133 H, 10.57%

16 bands ot £774, A700, 1678, A6, 1460, 1385, 1218, 1189,
1156, 1106, 1014, 980, 844, 763 and 705 en~i,
It gave a 214 DNP derivative a.p. 260-62°.

Analysis
Found: C, 63,733 H, 7.103 N, 13.82

c“w.'. requires ¢, 63.163 i, 6.77y B, 14.048.



97

9. Eeexigdetion of taraxsstercmne (VI) by m-chioroperbenzolc acid

To & cooled solution of taraxasterone (VI, 0.5 g) in
chlorofora (10 ml), a solution of mechloroperbenzoic seid
(0.3 g) in chlorofora (10 sl) was added. The reaction mixture
was kept at 16° for 96 hrs., It was then diluted with
chloroform (100 ml) and weshed with agueous sodium carbomate
solution (5%) to extract me-chlorobeasoic seid., The chlorofora
layer wvas then washed with water and dried. Removal of
chlorofora furnished the crude product (0.52 g TLC - three
spots). It was chromatographed over silicic acid (5.8 g,
1.10 retio) and eluted as follows:

chrogatograg (Table 3)

Fr.io. GSolvent Volume in ml Wt., in g Remarks

1. Benzene 200 ml - -

2, Benzene + chloroform 200 ml 0.18 TLC single spot
(10s1) ©  with slight

impurity

3. Benzene + chlorofora 200 ml 0.26 "
(731)

4. Chlorofora £00 ml 0.08 Two spots

8, Ether 200 - -

Exaction £ eluted vwith benzeme + chlorofors (10:l1) , was
rechrometographed over alumina (Gr. II, & gms, 1126 ratio) sod
eluted with pet.ether, pet.ether + benzene (l:l), benzene and



9%

¢hiloroform. The fraction eluted with pet.ether + bensene
(lsl, TLC single spot), was crystallised from ethancl to
give diketone (VIIj; 0.060 g. TLC pure), -.p.ﬂOO'.
(Lit.*® a.p. 198°) N 426,
Ansiysis
Founds C, 8l.4l; H, 10.,79.
Cgoligg¥s requires C, 81.63; H, 10.87%.

Li_bands at 1700, 1460, 1408, 1389, 1378, 1220, 1136, 1103,
1064, 1018, 1000, 964, 913 and 839 cm~i,
It gave & 234 DNP derivative m.p. 260 (d4).
Analvsls
Found: C, 63,163 H, 7.24; N, 13.98
CqiligOalg requires C, 62.81y H, 6.87; N, 14.28%.

Erection 3 eluted with benzene + chlorofors (7:1) was
rechromstographed over alumina (Gr. II, 8.0 g, 1320 ratio)
and eluted with pet.ether, pet.ether + benzene (lil), benzene
and chloroform. The fraction eluted with pet.ether + benzene
(i31) and benzene (TLC similar) were mixed together and
erystallised from ethanol to give the ketoaleohol (XXIV,
0.110 g, TLC pure), m.p.208°, M' 440,
Analvsis
Founds C, 81,343 H, 10.98
C”H“Og requires C, 81,763 d, 10.98%.
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LA bands at 3640, 1704, 1462, 1374, 1156, 1000, 966, 844
and 714 ea”l,

10. pcstyletion of ketoaleohol (AXIV)

To & solution of ketoalcohol (XXIV, 0.128 g) in
pyridine (8§ ml), ascetic anhydride (2.5 ml) was added, The
reagtion mixture was kept at room temperature for 24 hrs
and then &ris heated on & water beth for 2 hrs. It was then
poured into ice-water (100 ml) and extracted thrice with
chloroform. The chloroform layer was wvashed with dil.HCl (8%),
folloved by wvater snd dried. Removal of chloroform furnished
a crude solid product. It was erystallised from ethamol to
give solld ketoacetate (XXV, 0,062 g, TLC pure) m.p.l66-68"4
M* a8,

Analysis

Found: C, 79.413 H, 10.28
C“l.oo' requires Cy 79.823 H, 10.448,

A8 bauds at 1784, 1708, 1449, 1372, 1296, 1256, 1838,
1166, 1101, 1010, 980, 964, 943 and 775 ea~l,
L1, gxidagion of tapuxssteryl agetate by Jones' chromie

agid reagent
To a cooled solution of taraxasteryl acetate (IVy; 1 gm),

in scetone (15 ml) and benszene (15 ml), Jones' chromic acid
reagent (6 ml) was added drop by drop till the brown colour
persisted. After the addition, the reaction mixture was kept



&t room temperature for 8 hrs.

water (200 ml) and extracted thrice with benzene.

100

It was then poured in

The

benzene layer was washed with aq. sodiumbicarbonete sclution

(88), follovwed by water ana aried.
furnished the ecrude product (0.9 g).

Removal of bensene
It was chromatographed

over aluanina (Gr. II, 36 gms, 1140 ratio) and eluted as

followw

ghrogatogram (Table 4)

Fr.lo. Solvent
1, Pet.ether

2. Pet.ether + benazene
(8:1)

8., Pet.ether ¢+ bensene
(3:1)

4. Pet.ether + benszene
(1:1)

6. Chloroform

.'oluo in ml

Wt. in g

0.108

traces

0.080

0.310

0.228

0,070

Remarks
TLC one spot

TLC two spots

TLC one main
spot

- TLC three spots

Fraction 1 shoved single spot in TLC analysis corresponding
to thet of taraxasteryl acetate.
Fractions 2 and 3 shovwing identical TIC pattern (single spot)
vere mixed together and crystaliised twice from hexane to give
solid aldehydfoacetate (AVII, 0,04 g, TLC pure), m.p.s nd

MeWoPe '“.”.0

IR superimposable with that of aldehydo-acetate

obteined in 8.
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Fraction 4 showed two spots in TLC snalysis one
corresponding to aldehydoacetate (AVII, major spot) and the
other corresponding to nor-ketoacetate (AV, minot spot). It

vas rechromstographed over silicic acid (9 gas, 1130 retio)
and eluted with pet.ether + benzene (l:l), pet.ether + benzene
(132), benzene, benzene + chlorofora (10il), benszene +
chloroform (7:1) and chloroform. The fraction eluted with
bengene (TLC one Spot) was crystullised from hexsne to give
aldehydfoacetate (XVII, 0.160 g, TLC pure), m.p. and m.n.p.
258-60°.
Fraction 5 eluted with benssne showed meinly one spot in
TLC analysis, It was erystallised from ethyl acetate to give
norketoacetate (XV, 0.108 g, TLC pure), @.p. and m.s.p. 268°,
IR superimposable with that of (XV) obtained in 1.
Fraction 6 shoved three spots in TLC analysis, It being in
smell quantity wes not examined further.

l2. gxidation of tarexssterol by Jones' shroaic seid resgent
To an ice cooled solution of tarexasterol (I, 2 gms)
in benzene (50 ml) and acetons (50 ml), Jomes' chromic acid
reagent (30 ml) was added drop by d rop till the bdrowan colour
persisted, After the addition, the reaction sixture was kept
at room temperature for 3 hrs., It was then poured in ice cool
vater (250 ml) and extracted thrice with ehloroform. The
chloroforas extract wes washed with ag., sodius bicarbonate
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solution (5%), followed by water and dried. Removal of
echloroforas furnished a crude oxidation product (1.8 gms, TLC
three spots)., It was chromatographed over slumine (Gr. I,
72 g3 13140 ratio) and eluted as follows:

ghromatogran (Table 5)

Frelo. Solvent Volume in ml Wt, in g Remarks

l. Pet.ether 200 0.28 TLC one spot

&, Pet.ether + Denzene 200 0.58 TLC two spots
(3:1) :

3. Pet.ether + benszene 200 0.55 TILC one spot
(1s1)

4. Benzene 200 0,18 TLC two spots

5. Chloroform 200 - -

Fraction 1 eluted with pet.ether showed & single spot 48 TLC
snalysis, It vas crystallised twice from acetone to give
taraxasterone (VIj 0.12 g TLC pure); m.p. 182-83°%
dnalysls
Found: C, 84.20¢ H, 11.06

C30figg® requires C, 84.84; H, 11.30%.
1A _bsnds at 1700, A683, 1451, 1381, 1351, 1360, 1268, 1217,
1100, 1188, 1136, 1104, 1075, 1019, 983, 986, 953,983, 912,
486 and 837 ea™l,
Fraction £ eluted with pet.ether + benzene (3:l1) shoved two

spots in TLC snalysis., It was rechromatographed over alumine



105

(Gr. 1I, 11 gms, 1120 ratio) amd eluted with pet.ether,
pet.ether + benzene (4:1l1), pet.ether + benszene (2:11) and
benszene respettively, The fraction eluted with pet.ether

+ bensene (4:l) (TLC one spot) was erystallised from ethancl
to give keto-2ldehyde (iXxI; 0.210 g, TLC pure) m.p. snd
memep. 168-70°,

IR superimposable with that of (AXI) obtained in 8.
Fraction 3 eluted with pet.ether + bensene (lil) showed onme
spot in TLC analysis, It was crystallised twice from
ethanol to give diketone (VII, 0.34 g TLC pure), m.p. and
WeMePe 200°,

IR superimpsable with thet of (VII) obtained in 9,

13. gxidation of taraxastervl sgetete by selenlum dioxide

To & solution of tarazasteryl acetate (IV, 2 gms),
in bensene (100 ml), selenium dioxide (2 gms) was added.
The reaction mixture was stirred at room temperature for
14 hrs, After removal of the benzene, the crude product was
dissolved in ethyl acetate (100 ml), when some selenium metal
precipitated after some time. The solution was bolled with
sctivated charcoal and filtered., Hemoval of &thyl acetate
furnished a cerude product (2.02 g, TIC four spots). It vas
chrométographed over silicic acid (30 gms, 1:18 retio) snd
eluted as follows:



¢chromstogreg (Table 6)

Fr.No. &Solvent Volume in ml wt, in g Remarks

1., pet,ether + benzene 250 0.11 TLC two spots
(1:1)

2. Bensene 250 0,758 "

3. Benzeme + chlorofors 260 0.208 ®
(10:1)

4, Benzene + chlorofora 250 0.04 .
(1031)

6, Benzene + chlorofora 250 0.460 TLC one spot
(6s1) '

6. Chlorofora 280 0.12 TILC one spot

7. Ethyl acetate 250 - -

Fraction 1, being in small quentity was not exsmined further.
Fraction 2 snd 3 shoved two spots in TLC enalysis. They vere
mixed together and rechrometographed over alumina (6r. II,
50 gms, 1380 ratio) snd eluted with pet.ether, pet.ether +
benzene (3:1l), pet.ether + benzene (2:3l1), benszene and
chloroform respectively. The pet.ether + benzene (3:1)
fraction (TIC one spot) was crystallised from pet.ether
containing 5% bensene to give (XxvVIl), 0.360 g. TLC pure)
#.p. 188-90°.
Analysis

Founds C, 74.32; H, 10.22

Cggll) ggie0g requires C,74.66; H, 9.92%.
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14 bapds at 1739, 1664, 1460, 1372, 1838, 1145, 1015, 270,
and_S40 eal,
Eraction 4 bveing in smell quantity was not exsaimed further.
Ersction § and 6 eluted with bensene + chloroform (6:1) end
chlorofora respectively (TLC one spot) vwere mixed together
and crystalliised from ethanol to give solid keto acetate
(XXVIII, 0.280 g, TiC pure) m.p. 280-82°.
u* a8z,
Anslvsis

Founds C, 79.87; H, 10.54

ca‘wo‘ ’.Qw.. Cy 79.624 Hy 10.448

Li_bends ot 1784, 1600, 1603, 1449, 1370, 1g48, 1171, 1135,
1020, 976, 929 and 894 ea~t,
It gave & 2314 DNP derivative m.p. 256-58°.
Analvsis
Founds C, 68.46; d, 8.08; N, 8.87
CagliggOgliqrequires C, 68.85; H, 8.21; N, 8.45%.

14. geduction of ketoscetate (AAVILL) by sodiua borohviride

To an ice cooled solution of ketoacetate (XXVIIIj 0.1 g)
in me thanol (15 ml), sodiumborohyiride (0.2 g) was added slowly
in portions. The resction product was stirred at rooa
temperature for 10 hrs and then kept at room temperature for
48 hrs., It was diluted with cold water (100 al) and acidified
by dil., HCl., It was then extracted thrice with benzene,
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Benzene extract was washed with water snd dried., Removal
of bensene furnished the crude product (0.105 g, TLC three
spots). It was chromatographed over alumina (Gr. II; 4 g,
1340 ratio) and eluted with pet.ether, pet.ether + benzene
(531), pet.ether + bengene (3:l1), pet.ether + benzene (13l)
and beangene respectively. Benzene fraction (TLC one spot)
was cerystallised from pet.ether containing 10f bengene to give
hydroxy acetate (XxIXx, 0.08 &, TLC pure)j m.p. 252-54°.
Analvals

Founds C, 78.973 #, 11.08
°ﬂ‘u°a requires C, 79.88; i, 10.81%.

A4 bands at 3660, L1784, A68Q, 1445, 1366, 1248, 1008, 970
and 855 en"t.

15. gxidetion of tarezestercl by seleniumdioxide

To a solution of taraxasterol (I, 0.828 g) in benzene
(100 ml) selenium dioxide (0.625 g) wes added, The reaction
mixture wvas stirred at room temperature for 14 hrs., It vas
filtered and evaporated and ethyl scetate (100 ml) was added
to the residue. The ethyl acetete solution was boiled and
allowed to settle., The separated selenium metal was filtered
off. Removal of ethyl acetate furnished the crude product
(0.631 g, TLC four spots)., It was chromatographed over 2lumina
(Gr. II, 30 gms, 1150 ratio) and eluted as follows:
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ghromatogray (Table 7)

Fre.lio. Solvent Volume in ml Wt, in gm Remarks
l. Pet.ether +» bensene 200 traces TLC one spot
(8:1)
2. Pet.ether + benzene 200 0.22 bt
(1:1) )
3. Benzene 200 0.87 .
4. Benszene + chloroform 200 traces -
(10s:1)
6, uaul(n: I)ehxonrou 200 0.038 TLC two spots
]
6. Chloroform 200 0.08 “
Fraction 1 being in small quantity was not examined further.

Fraction 2 eluted with pet.ether + benzene (1:l1) (TLC ome
T e M —n s
spot) was crystallised from pet.ether containing 5% benzene
to give selenoid compound (XXX} 0.12 g, TLC pure), -.p.rn-'n°.
Analysis
Founds Cy, 76.703 H, 10.71.
%“o‘l“‘u.. Cy 77.083 H, 10.37%.

L8 _bsnds st 3680, 1664, 1462, 1381, 1297, 1283, 1189, 1110,
1078, 1088, 1011, 968, 840 and 757 ea"l.

Fraoction 3 eluted with benzene showed single spot in TiC
analysis, It was crystallised from pet.ether + 10% bengene
to give the keto-aleohol (XXXI, 0.17 g TLC pure), m.p.288°,
H* 440,
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dpalysis
Founds Cy 8l.323 i, 11.21,

°ao'a°g requires ¢, 81.76; H, 10.98%.

il _bands ot 3524, 1605, 1613, 1449, 1370, 1032, 962 and
926 cm"t. '

Fractigh 4,5 and 6 being in smell quantity, were not
examined further.

16. psetyletion of kete-elgohol (AXXL)

To & solution of keto-sicohol (XXXI, 0,18 g) im
pyridine (5 ml), acetic anhydride (3 nl) was sdded., The
reaction product was kept at room temperature for 24 hrs and
then hested on @ water bath for 2 hrs., It was then poured
in cold water (200 ml) and extracted thrice with chloroforsm.
The chloroform layer was washed with dil, HCL Sf, followed by
vater and dried., Removal of chloreoform furnished a ecrude
solid (0.145 g). It was orystallised from etheanol to give
solid keto-acetate (AXVIII, 0.09 g, TiC pure) m.p. and
Welepe 280-82°.

IR superimposable with thut of keto-adetate (XXVIII)
obtained in 13,
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CHAPTER - IIX
OXIDATIOR STUDIES ON
(+) CAR-3-ENE AND ITS DERIVATIVES
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SUNHMARX

(+) Car-3-ene on oxidation vith sodiumdichromste
and acetic acid gives as the main products (1) 8-hydroxy
u-eymene (XX) (2) car-3-eme 2,5-diome (XV) (3) 1,1,4-trimethyl
eyclohepta, 2,4-diene-8-cne (XIX) and (4) care-2-ene, (XXVI)
which have been isolated by chromatography om alumine snd
characterised through spectral data and physical comstants.

Uxidation of 4-w-acetyl car-Z-eme (XXVII) with perbensoic
and mechloroperbensolc scids, gives in addition to the
epoxide (XXXI), the rearranged alcohol (AXXII). Under mild
alkaline conditions, epoxide (XiXl), rearranges to the
conjugated ketoaleohol (XXXVII), However, in the presence of
scids, in methanol medium the paramenthane deri vatives (XXXII)
and (XAXVIII) sre formed as the major products of the reaction.
The structur<s are assigned to the rearranged products, on the
basis of elemental analysis and spectral data,
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(#) Car<3-ene (I), is asn abundantly oeccurring cheap
indigenous bye product of pine oil (Pinus longifolia)., Many
interesting transformstions of (I) leading to commercially

important chemicals like l-menthol (II) have been carried out.
In addition, methods have been developed for its conversion to
chrysanthasic ..“1,8,3 an important component occurring in

the fora of esters like pyrethrins and cinerins., Synthetic

analogues of pyrethrins npl cinerins are becoming inecreasingly

important as pest control agents. They are superior to

natural pyrethrins and cinerins in the fact that they combine
bigh insecticidal activity, lov mammalian toxiecity with

higher photostability. FProaminent among these which sre in

commercial use are permethrin (ux)‘ and eypermethrin (“)".
These insecticides are esters of 2,28-dimethyl, 3-vinyl
substituted cyclopropane carboxylic acid esters with alcohols

like m-phenoxy benzyl aleohol, S-bensylfurylmethyl alechol ete.
For the synthesis of such imsecticides, one of the key

intermediates required is methyl, 1R ecis, 3-formyl, 2,2-dimethyl

cyclopropane carboxylate (V). The preparation of insecticides

is then schieved by the reaction of appropriate Wittig reagents

on (V). The preparation of compound (V) from cis-caronic acid

has already been described in utmun"?. 80 ve were

interested in finding & suitable metiod for the prepsration of
¢is-caronic seld and for this purpose, the chesp and abundsntly
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avallable (+) car-3-ene (I) vas considered as the ideal
starting material,

The oxidation of (+) care3-enme (I) by potassium
pernsnganate®'? has been extensively studied. On oxidation im
acetone the acid part was found to consist of a sixture of
the following compounds which have been isolated and
chardcterised through their ethyl esters, (a) gis and trans
caronic acids, (VI and VII) (b) gis and trens homocaronie
seids, (VIII and IX) (e¢) assy. dimethyl suecinie acid, (X)

(4) hydroxydicurboxylic scids (XI and XII). The hydroxy
carboxylic aclds on oxidation with potassium permanganate give
the corresponding gig end trans keto carboxyliec acids (XIII and
XIV). Several methods have been deseribed for the oxidation
of (I) by potassium permanganate under different conditiongi®slis12
These methods, however, give rise to complex mixture of acids,
as aentioned above and the isclation which involves
fractionation of methyl or ethyl esters followed by
saponification 1s rather tedious and in addition the yields
are poor. GCig-cearonic acid has also been obtaimed from
car-S-ene 2,5-dione (u)“ by oxidation with potassium
permanganate. A survey of the lite reture indicsted that
compound (XV) itself has not been obtained in high ylelds

from (I).

One of the methods by whieh (XV) can be obtained from (I)
is by subjecting the latter to allylic oxidation.
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buring the oxidstion of (I) by potassium permanganate'?,
the neutral portion left after the removal of aclas, vas found
to consist of a complex mixture of compounds which have been

separated by employing fracticmation and column chromatography

on silicic ascid, FProminent among these are («) car-3-ene-Se-one

(AVI), (75% of the neutral portion) and the remaining have been

identified by spectral data and chemical reactions and are listed

below (AVII to XiAV)., However, the diketone (XV) could not be

isolated, though 1ts presence along with XVI was detected by
GLC analysis, |

when the oxidation of (I) was earried out by chromic acid -
in acetone and pyridine although other allylic oxidotion
products were obtained, no trace of diketomne (iV) could be
detected,

In the methods described above the total neutral oxidation
products could be obteined only in 10-15% yield, the major
portion of (I) being recovered unchanged.

ELRSENT JORE

The allylic oxidation by using sodiumdichromate and acetic
acid with or vithout sodiumacetate has led to allylic oxidation

products in fairly good yield in the case of many olefinie

compoundsi®147,18,  yith a view to obtsin the diketone (XV),

(I) was subjected to allyliec oxidation using sodium dichromate-
agetic acid, Though normally, the oxidation by the above
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reagents 1s carried out around 100°C or at refluxing
temperature of acetic acid, taking into consideration the
susceptivility of the cyclopropane ring system towards acid
rearrangements, the reaction was carried out at room
teaperature for a prolonged time (48 hrs). The oxidation
product after work up vas found to consist of at least

5 major compounds. Ig was subjected to chromstography over
aluaine (Gr. II, 1:20 ratio) and eluted with solvents viz.
pet.ether, pet.etner-benzene (li:l), benzene and chloroform.
The earlier fractions eluted with pet.ether, wnich constituted
about 70% of the total oxidation product was found to
contein mostly unchanged (I) along with a minor proportion
of rearranged hydrocarbons, according to IR speectra and
comparative GLC and TLC,

The fraction eluted with pet.ether + benzene (l3l) showed
the presence of five compounds according to TLC smelysis, IR
spectruam of some of these fractions incdicated it to comsist
of agetates (bandsat 1735, 1250 o)), Hovever even oo
repeated chromatography it ves not possible to isolate them in
pure state. In the eariier fractions of rechromstography, a
small quantity of & hydrocarbon could be isolated in sbout
90% purity (GLC) and was identified as car-Z-ene (XXVI) on the
basis of spectral deta and elemental analysis., Its NMR (ccly)
spectrus shows signals at 9,28, 5.98 (3H, each s, cyclopropene
methyls at Cy)j centred at 9,37 (14, a, Cg-proton); 8.7
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(id, s, Cj-allylic proton); &.42 (34, s, vinyl methyl at Cg)
and at 4.8 (14, br, s, olefinic proton at Cg).

Some of the fractions eluted with benzene gave a liquid,
TLC pure ketone (96% by GLC) which was further purified by
distillation and identified as the l,l,4-trimethyl, cyclo-
hepta 2,4-diene-6-one ( XIX) cmluo. N* 150, as per spectral
data given below; IR bands at 1650 ( >C=0, completely conjugated
dienone); 1610 (conj. —CH = CH- end >C = Cil-) 1380, 1365
(gem dimethyl); NMi (ccl.‘) signals at: 8,92 (6H, s, gem dimethyl
at C;)3 8.0 (3d, sy Cg ~ vinyl caa); 7.5 (2H, 8, c,,-cn, ad jacent
to >C=0)y 3.95 (lH, dy J = 13.2 Hs, Cy-olefinic proton); 4.32
(1H, d, J = 13.2 Hs, Cg-olefinic proton) and 4.10 (lH, s,
olefinic proton at Cgls UV %\ op 298 mu, e .y 5500, It gives
a 234 ULNP derivative, cwﬂuo‘l‘, ®.p. 173-176° A:u.“’ records
175-6° for 214 DNP of (XIx)/. This compound as reported
earlier might have been formed by the scid rearrangement of
ketone (XVI),expected to be formed from (I) by allylie
oxidation in the same reaction. This compound has also been
reported to have been formed during oxidation of (I) by
chromiua trtoudo“ in acetone and pyridine and also by
potassium pcruuautol‘.

The tail fractions eluted with benzeme (TLC single spot)
on erystallisation from ethanol gave a solid CjgH;g0g,
n.p.eoauo identified as the car-3-ene, Z,5-dione (XV) by
spectral data described below; IR bands at 1650 (eonj. >C = 0)
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1613, 868 (eonj. =CH = C< )j WMR (0C1.) signals at

8.63, 8,67 (3H each, 5, gem dimethyl at C,); 8.07 (3d, s,
Cg-vinyl CH )y 7.8 (24, s, eyelopropyl protons at C, and c‘)
snd 8t 3.6 (14, br, s, olefiniec proton at C,); UV “eas 227 my,
et pax 58003 241 an, | J— 10,420, It gives a dioxime

“Lo“u%‘s' s.p. 182-183° (118,12 for dioxime of iV m.p. 188°),
The physical constants and spectral properties are thus in
agreement for (AV) as reported in literature, However, the
yield of the diketone works out to only 2.5% on the basis

of oxidised material, though it could be isolated by 2 single
echromatography on aluamina,

The fractions eluted with chloroform were further purified
by rechromatogrephy over alumina, to get a liquid aleochol
C1of140 ep.76-76%/0.6 mm, H” 150 which was identified as
s<hydroxy me-cymene (XX) by spectral dataj IR bends at 3400 (CH),
4 bends at 1961, 1887, 1792, 1754 (all weak), (mydisubstituted
bensene'®), 1608, 1557 (aromatic); NMA(CCl,) signsls at 8.5
(6d, s, methyls of hydroxy isopropyl); 7.65 (3H, s, Cigy aromstiec)y
7.27 (14, s, exchangeable with Dy 0, OH proton); 3.04 and 2.67 (ad,
m, aromatic protons).

As observed earlier in the case of oxidation of (I) by
chromium trioxide in acetone and pyrid ine, S-hydroxy-s-cymene

(AX) happens to be the predominent oxidation product in this
oxidation also,.
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While this work was in progress 6 a convenient method
for obtaining gis-caronie 2¢1d%% from (+) car-3-ene was
doﬁlopo‘ in our laboratory. The method consists in converging
(+) car-3-ene (1) into 4-«-gcetyl-car-Z.ene (XXAVII) by a
Friedle-Crafts' type acylation, vhich is then subjected to
oxidation by potessium permanganate either in acetone or
aquecus medium, By this procedure, gig-caronic acid could be
obtained in yields ranging from 35% to 45% on the basis of
converted (XXVII).

In this connection, we felt it desirable to exsmine some
sore transformstions of 4-<-acetyl-casr-Z-ene (XAVII) which can
be conveniently prepared from (I) in good ylelds,

Care-2-ene (XAVI) when treated with peracetic acid and
sodium acetate in methylene dichloride is npormu to glve a
mixture of compounds (XXVIII) and (XXIX) which are formed as a
result of the rearrangement of the initislly formed epoxide
(AXX) under scidic conditions (Scheme I), With a view to
ascertain the effect of the mature of the substituent at Cg-
position on the cleavage of the Cg=Cg epoxide of car-Z-ene
derivatives, the opond.tl.usor some 4-substituted car-zZ-ene
derivatives were undertaken.

Car-3-ene (I) when treated with acetic amhydride in presence
of Lewis scids like aphydrous zinc chloride give in fairly good
y1e1d®*%, the 4-«-scetyl-car-2-ene (XAVII), which can be obtsined
in 958 purity (GLC) by fractionmstion. This compound, contsining
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the seetyl group at the Cg -position was selected for our
epoxidation studies. Treatment of (XXVII) with either
s-chloroperbensoic acid in chloroform at 10° or perbensoie

scid at 0%, gives & mixture of two compounds (TLC), whieh
could be separated by chromstography over silicic acid, The
less polar compound, the major product of the reaction obtained
as a liquid (TLC pure) has been identified as the opoxuo“
(XXXI) CygH)30p by elemental analysis and spectral dats;

M® 1943 IR bands at: 1709 ( >C = 0)3 1153 (epoxide); NMR(CCL,)
signals at; 8.92, 9,028 (3H, each, s, methyls on cyeclopropane
st Cgp)j 9.17 (2d, br,m, cyclopropsne protons at C; and c.);
8.68 (3, s, methyl at c'-unlu oxygen); 7.90 (3i, s, -c:oc:l!a
at c‘); 7.256 (1, s, Cg-proton of epoxide) anc centred at

7.54 (18, m, C ~proton). The epoxide (AXXI) is found to be
sensitive to heat and unless & high vacuum of the order of

0.l mm is employed, it could not be distilled without undergoing
change. The spectral properties described above were in
agreement with those reported in utontuuu.

The more polar Wm. the mimor product of the reaction
(16%) has been obtained as a liquid (TLC pure). It is
identified as (XXXII), cuuuo, by spectral data and elemental
sunslysis., M' 194; Ik bands at: 3650 (08), 1124 (tertiary -0H);
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1709 (>C = 0); 1688, 892 ( >C = CHy)y 749 (gis-CH = CH-)y
HMR(CCLg) (Fige 1)j signals ats 8.72 (3i, s, methyl at C;)3
8.2 (84, s, vinyl methyl at c‘h 6.287 (2H, m, >C = Ciig,

protons at C,o)y 7.84 (3d, s, -ClCHg at Cg) and at 4.42 (21,
br, s, olefinic protons at Cg and c.), 6.42 (1H, hydroxy

proton exchangable with Dg0). Compound (XAXII) might have been
formed by the rearrangement of the epoxide (iXil) under the
scidic conditions of the reaction, as aslready observed in the
case of car-Z-ene epoxide (XXX). The amount of the resrranged
compound (XAXII) could be comsiderably reduced, when perbenszole
acid carefully wusned with ice-cold water is employed for
epoxidation.

The rearrangement of oxirenes on alumina solid matrix to
allylic aleohols and cother rearranged products has been
extensively studied, For example, vheu carane 3,4-«-epoxide
(XXV) is rearranged on alumins solid matrix, a mixture of
allylic alcohols (XAXIII and XXXIV) results® in additionto
the pearr«nged alconol (XXAV), wnile the corresponding f-epoxide
(AXAV1) under similer conditions gives a mixture of three
compounds im which the allylic alcohol (AAXIII) is slso preseat.
When sn ettempt was made %o purify the crude spoxide (XiXI) oa
eiumina (Gr. II, 1320 ratio), it vas observed that a major
portion of the epoxide was rearranging to a more polar compound.
This wes confirmed by sdsorbing the pure epoxide (AXXI) on a
colduan of alumina (Gr., II, 1:20 ratioc) for 24 hrs followed by
elution, vhen an allylic alcohol assignea struetw ¢ (XXXVII)
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could be eluted with chloroform in the tail fractions of
chromatography. Compound (XXXVII) a liquid, (attempts to
purify the compound by distilistion resulted in its
rearrangement to other compounds as jncicated by TLC analysis
of the distiliate) GygH, 0oy («), - 24°(e, 3), H* 194 shovs
IR bands ats: 3478 (OH), 16956 (eonj. >C = 0), 1639

(eonj., >C = ¢< )3 NMR (ccl‘) (Pig. 2); signals at: 8.88

(3, s, methyl on cyclopropsne); 9,08 (8i, br, s, c:ll3 on
cyclopropane and eyclopropane protons at C; and c.)J 8.2 (34,
s, vinyl methyl at Cg)3 7.8 (3i, s, -CoCH, at Cgls 6.74 (14,
s, exchangable with D0, Od proton) and 8.17 (li, s, protom at

Cgly UV L 246 mry e, . 4000, The compound vas found to be

sensitive to“hnt and =cids and even during the course of
acetylation, (ACg0/Py), in sddition to the scetate other
rearranged products vere formed (TLC). Compound (XXXVII) is
2l80 obtained as the major product whean the epoxide (XXXI) is
treated with cetalytic quantity of sodium hydroxide in methanol
at room temperatum .,

It is already known that ¢arane 2,3« «-epoxide (XXX) on
chromatography over silicic acid rearranges to the diol (xxu)“
while with metatitanic seid it resrranges to the monol (XXVIIN)®L,
with a view to ascertain whether the epoxide (XXXI) which
possesses the acetyl group at Ce also rearranges in the same
manner as (XXX) or differently, the epoxide (AXXI) wss treated

with dil.nydrochloric scid (18)** ia methsnol st 10° ror 24 hrs.



(*122) (IAXXX) TOHODTV DJ1TATIV 40 WNHLI3dS ¥WN "2 '9ld

[~
N
—
(LINdd Ol 0-6 0-8 0-4 0.9 0-S 0-v 0-€ 0-2
| NP | 1 T T T ] || T | g 5 . 3 T T | | T T T T i T 1 b I 1 1 T 1 T T
| | | I | I
b AT N g
®
3 i
[
o -
~ ~
»
@
g
o "y,
S €H4200 ‘OH
~
@
o
<H=<
| | L | 1 |
ZHO 001 002 00¢ 00v 00s




125

By this treatment a mixture of four compounds was obtained
of which only two could be isolated pure by chromatography.
The less poler of the two was identified as (XXXIl) according
to compurative TLC enalysis and spectral data (as given
eariier). The more polar compound, & liquid (sensitive to heat,
$0 could not be distilled without rearrangement), C, figo0y
u* 226, («), + 18° (c, 2.5) has been identified as (XXXVIII)
as per spectral dauta deseribea below; IN bends ats 3636 (0H);
1704 ( >C = 0), 740 (gis-disubstituted double bondj NMK (ccl‘)
(Fig. 3) signals at: 8,75, 8.88, 8.94 (9H, asthyls at cl and
Cg)i 7.74 (38, s, COCHg at Cg)j 6.85 (3H, OCHg at Cg) end
4.42 (24, br,s, olefinic protoms at (g end c.). The compound
(AXXVIII) does not give an acetate under normal conditions
(Aeg0/Py at room temperature) indicating the tertiary mature
of the hydroxyl group. These data suggest struecture (XXXVIII)
for the compound. The formation of (XAXVIII) from the
epoxide (AXXI) by aecid which follows the some course as in
the rearrnagement of carene 2,3 epoxide is shown in the
scheme (I).

Sodiumborohydride reduction of (XAXVIII) gave the diol
(XXXIX) as a liquid (probably epimers at C;,;), cul“o,.
K* 228, (w), * 77° (e, 5) possessing the following spectral
datag IR bands ats 3300 (OH), 740, 1640 (gis-disubstituted
double bond)j HMR (ccl‘) signals at: 5.86, £.87, 8.94 (9H,
methyls at C; snd Cg)y 8.74 (34, 4, J = 6 Hz, cn-cllah
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6.86 (3d, s, ocn' at c.); 6.08 (24, br,s, exchangsble with
bgO, OH protons at C, snd cu) and at 4.4 (2H, br,s, olefinie
protons at Cg and Cgl.

In conclusion it can be ssid that epoxide (XAXI) under
uild alkaline conditions gives mostly the comjugated ketoe
aleohol (XXXVII), the acetyl grouwp at C,, thus influencing &ts
formation. tboz:nju.m double bond isomer (iL), hovever
could not be detected in the reaction products., In presence
of acid, the epoxide (AXXI) after initial protomation,
rearranges to compounds (AXXII) and (XAXVIII) via the
intermediate cartonium ion of structure (XLI). In this

respect it reseables carene, 2,3 w-epoxide.
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BALERIMENT AL
1. gxidation of (+) car-3-ene by sodiusdichromete snd scetic scid

(+) Car<3-ene (I, 56 g} approx. 0.4 sole) and acetic
seid (200 ml) were placed in a 2 litre 3-necked flask, fitted
with a mechanical stirrer, The mixture was stirred at room
temperature and powdered sodium dichromste (l!act.O.,l 148 g
approx. 0.56 mole) was added in small portions during @ periocd
of 6 hr. The stirring wvas continued st the room temperature
for 42 hrs., It was then diluted with water (1 litre) and
extracted thrice with chloreforam (3 x 250 ml). The chloroform
layer was washed with agueous sodiumcarbomate solution (5%),
folloved by water and dried. Distillation of chloroform gave
the crude oxidation product (48 g). It was chromatographed

over alusina (Gr. II, 960 g; 1:20 ratic) and eluted as shown

below,
chromsetogres

Er.die. _Solvent  Yelume io al dtin g 1iC pattern

) 18 pet.ether 1250 18,78 Unreacted (+)car-
(6 fractions of 3-ene (oneSpot)
260 wl) N
2. » 280 0.5 uknl.y one spot
de pet.ether + 1500 9.2 S spots
benzene (l:l) (6 fractions of
250 ml)
o+ benzene 500 0.689 .
S, . 250 1.43 one spot
6. . 250 1.16 almost single spot
7., benzene ¢+ chloro- 250 l.44 » :
fora (111)
8. Chlorofora 500 7.87 one spot



Ezaction ) wostly containmed unreacted (+) car-3-ene
identified by IR spectrum and compsrative GLC with an
authentic sample.
Fraction 2 on rechromatography over aluminms (Gr. I, 10gj
13120 ratio) gave a hydroecarbom (GLC pure) im the pet.ether
eluted fraction which was identified as car-2-eme (XXVI) by
spectral data, M° 136.
dpalvsis
Found: C, 87.96; H, i1.68

Cyofiyg requires Cy 88,163 H, 1ll.848.

Fractions 3 and 43 both showing 5 spots in TLC emalysis,

showed in their IR spectra, bands at 1735 snd 1260 en~! aue to
scetste, Attempts to separate the coamponents of the mixture
by chromatograéphy were however, unsuccessful,
Exaction 8§ (TLC single spot) was purified by distillationmy
beps 140-45° (bath)/3.5 mm (955 pure by GiC). M' 150 1dentified
as (XIX) by spectral data,

Ik bends: 1680, 1610, 1443, 1380, 1368, 1333, 13lz, lesaz,
1286, 1198, 1180, 1130, 1105, 1020, 976, 948, 913, 781,
749 en”t.
Analvsis

Founds C, 80.183 H, 9.6l

°10.14° requires 1 C, 79.963 H, 9,308,

It gave & 214 DNP derdvative CyoH g0 N , n.p.173-178°
(Tt "8 records, m.p. 176-6° for 214 DNP of (XIX)/.



Ansivsls
Founds C, 57.65; H, 5.64; N, 16.47

C1g1304F4 requires ¢, 58,17 H, 5.49 and N, 16.96%.
Erection 6 and 7 showing identical pattern vere mixed
together and crystallised from ethanol to give a pale yellow
erystalline solid m.p.96-97° identified by spectral date as
(Xv, 1.3 g).
IR bemds: 1680, A6l3, 1439, 1370, 1343, 1325, 1282, 1230,
1179, 1183, 1118, 1087, 1030, 1003, 986, 964, 926, 908,
488, 833, 790, 740, 700 en"l,

Found: C, "0“' Hy 7.87

Crofig¥% requires C, 73.14; H, 7.37%.
o
It gave a dioxime CyoH, O Mo, m.p. 182-83° [T1e.13
records m.p.185° for the dioxime of (XV)/.
Analysls
Founds C, 61,513 H, 7.4l N, 14.00
cxoll‘o.l' requires C, 61.83; H, 7.873 N, l14.42%

Eraction 8 (TLC almost pure) was further purified by
rechromatography over aluminma (Gr. II, 120 g,uu ratio) and
the fraction eluted with benzene + chloroform (8:l) gave TLC
pure aleohol, identified by spectral data as S8-hydroxy
m-cymene (XX), b.p.75-76°/0.8 mm (GLC, 98% pure), N* 150,

IR bends at: 3400, 1961, 1887, 1788, 1784, 1605, 1887, 14sl,
1439, 1351, 1286, 1156, 1072, 1086, 1010, 990, 945, 894, 885,
8ll, 7M™ en”t,

Found: C, “01"' H, 9.186

cgoll‘o requires Cy 79.98; H, 2.39%8.



2. resaretion of 4=<cacetvl cer-g-ene (AAVIL)

A mixture of scetic amhydride (220 ml; 2.33 moles),
(+) car-3eene (I, 136 g, 1 mole) was heated to 50° witn
stirring in sn stmosphere of nitrogen. Aunhydrous sinme chloride
(24 g; 0.18 mole) was then added portionwise over a periocd
of two hours, The mixture was stirred at so' for additional
3 hr. and then poured into water (300 ml). The orgsaie
layer was extracted thrice with ether, washed with agueous
sodium bicarbonate solution (5%), water snd dried,
Eveporation of ether furnished the crude product, which was
frectionsted and the fraction boiling at 54-60°(vapour)/10 mm
was collected. This fraction consisted of chiefly compound
(AAVII, 97 g3 GLC 98%).

3. Epoxidation of ¢-«w-agstyl car=g-ene

To & cooled solution of (XXVII, 24.3 g in 100 sl chlorofors)
& chlorefora solution of perbenzole acid (75 al, 2.2N;
L.2 moles)vas added and the homogeneous solution wus allovea
to stend at 0° for 48 hr. After dilution with chlorofora
(200 ml), it was extracted with aqueous sodiumblcarbonate
solution (8%) to remove benzoic acid formed, washed with
water and dried., Distillation of chloroform gave the crude
epoxide (24 g), vhich consisted of three products according to
TLC analysis, It was chromatogrephed om silielc meld (480 g3
1320 ratioc) and eluted as follows:
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Er.ie. Gelvent

.
F

1LC pattern

1. Pet.ether 2000 - -

2. Pﬁ.o&:{)ﬂonm 2000 5.2 one spot

3. Pot.o:::{)wnmo 400 1.4 one spot

Ao . 600 0.8 2 spots

5. e Lovo 2.98 one spot

6. Dbenzene 1000 3.8 2 spots

7. Chlorofora 200 1.7 & spots

8. Chlorefora 800 1.54 2 spots

9. Ethyl acetate 400 0.2 4 spots

Fructions 2 and 3 shoved single spot in TIC analysis
corresponding to that of (XAXVII), IR superimposable with
that of (XiAVII). Fraction 4 being in smell quantity was not
exanined further.
From fraction § the last traces of solvent were removed under
high vacuum, The product thus obtsined was identified as
the epoxice (XXXI, 2,98 g) by spectral data M' 194,
IR bands at 1708, 1437, 1404, 1368, 1344, 1300, 1288, 1219,
1183, 1163, 1014, 938, 877, 865, 837¢3~%,
snalysis
Founa: ¢, 73.983 H, 9.12
Cygil g0 requires ¢, 74.19; 4, 9.34%.
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Fractions 6 and 7 vere mixed together and . rechromatographed
on siliecic acld (50 g, 1:10 ratio) to get more of the
epoxide (XXXI; 2.0 g). IR superimposable with that of
epoxide (XxXl) obtained in Fraction 5,
Fraction & rich in the alechol was purified by rechromastography
over silicic scid to give in the tail fractions thé pure
aleohol (XXXII, 0.6 g) identified by spectral data.

n* 194,
IR bends at: 3660, 1709, 1658, 1449, 1344, 1212, 1167, 1124,
1000, 398, 846, 742 eu™
Aunalysis

Founds C, 74.,08; H, 9.46
cuauO. requires Cy 74.193 H, 9,348,

4. Rearrengesent of the epoxlde (XXXL) over slumins to the
ellyiic sicohol (AXAVIL)

A column of alumina (Gr. II, 80 g) was developed with
pet.ether as the eluent and a solution of (XXXI) in pet.ether
(4 g in 15 nl) vas adsorbed in the column, The sdsoroea
material wvas alloved to stand in contfaet with aluaina for
24 hrs, It was then eluted with pet.ether, pet.ether +
bensene (l:l), benzene, chloroform snd ethylacetate, The
fraction eluted with chlorofora gave the allylic alecohol
(AXXVII, 1.4 g)3 in the pure state (TLC).

.’(«)ia -24° (¢, 3), H* 194, It was ldentified by spectral data,
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IH bemds 3478, AG9S, 1639, 1418, 1370, 1350, 1224, 1200,
1130, 1080, 1000, 978, 862 ea"l,
Analysis
Found: C, 74.34; H, 9.60.
C 8150 requires C, 74.19; H, 9,345,

6. fesrrangement of the epoxide (XXXI) to the allyviic slicohol
CAAAVIL) by treatgent with elkall

To a solution of epoxide (XXXI, 0.5 g) in methanol
(50 ml), a solution of potassium hydroxide (0.1 g in methanol
10 ml) vas added. The reaction mixture was kept at room
temperature for 24 hr., It vas then diluted with vater
(160 ml) and extracted thrice with chloroform. The chlorofora
layer was washed with dil, HCL (5%), followed by water and
dried. Removal of the chloroform gave a liquid (0.4 g) vhich
was chromatographed over alumina (Gr. II, 10 g) as indicated
in (4). The chloroform eluted fraction gave a liquid (0.2 g,
TLC pure) identified as (XXXVII) by spectral data sand rotation.

6. Hearransement of epoxide (AXXl) by hydrechloric acld in
sethanol to_cospounds (A4XIl) and (RAAVIIL)

To an ice cooled solution of epoxide (XXXI, 7.8 g) im
methancl (100 wl), hydrochloric acid (1IN, 1 ml) was added.
The reaction mixture was kept at 10° for 24 hr. It vas then
diluted with water (500 mli) and extracted thrice with chlorofora
(3 x 100 al). The chloroform layer was washed with aqueous
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sodiua bicarbonate solution (5%), folloved by water and dried.

Removal of chlorofors gave & produet (7.5 g) which consisted
of four compounds (TILC, 4 spots). It was chromatographed over
alusina (Gr, II, 2280 g, 1130 retio) and eluted as follovws.

chrogatogres

Lr.lie, Solvent Yeluge in al S lnx L

1. Pet,ether 500 0.7 2 spots

2. Pet,ether +» bensene 500 0.36 3 spots

(1:d) '

3. Benzene 200 0.20 spots

4. . 200 0.3 Hainly one
spot

8. l-.u?: I)ouonton 210 1.28 one spot

3

6. Chlorefora 200 0.4 3 spots

Te n 300 3.1 Mainly one
spot

Se nh’hﬂ.t.‘. 200 0.7 .

Fractions 1 to 3 containing 2 to 3 compounds being in small

quantity vere not investigated further.

Fractions 4 and 5 containing the less polar compound in major

proportion, vere mixed together and rechromsatographed over
silicie acid (22,8 g, 1115 ratio) and the fraction eluted with
& mixture of benzene and chloroforam (7:1) furnished the aleohol
(AXX11) 4n pure form, identified by comparative TLC, IX and

NM& spectra. M* 194,
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Analysis
Found: Cy 7‘0“. Hy 9.56.
c“luo8 requires Cy 74,193 H, 9.348.

Fractions 6 and 7 which were rich in the more polar coampound
vere mized together (3.8 g) and rechromatographed over siliecic
acid (57 g3 1115 ratico) and eluted with benzene, beniene +
ehleorofora mixtures, chlorofora and ethylacetate., The fractions
eluted with chloroform sad ethylacetate gave the alechol
(XXAVIII) in the pure state (ILC). It was identified by
spectral data and elemental analysis,
(0P » 18° (e, 2.8); u* 226,
IR bends: 3636, A704, AG39, 1460, 1376, 1359, 1135, 1094,
1069, 996, 919, 881, 883, 740 es~t.
Analysis
Founds C, 68,583 d, 10.06
Cygfigg0g requires ¢, 63.99; H, 9.80%.

7. gediue borohviride reducticn of algoheld (XXXVILIL) to the
dled (A81X)
To & solution of alecohol (XXXVIII, 1 g) in methanol (30 ml),

sodiumborohyiride (0.16 g)was added in small portions during
half an hour under stirring and the reaction aixture stirred
at room tempersture for 24 hr. It was then diluted with water
(200 ml), acldified with dil,.HCl and extracted thrice with
chlorofors (3 x 50 ml). The chloroform layer was washed with
water and dried, Hemoval of chloroform furnished a thiek
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liquid (0.85 g) which was purified by chromatography over
silicie acid (10 g). The fraction eluted with chlorefora
(T4LC pure) gave (XXRIX)(0.8 g).

@027+ 71° (e, 8y ¥° 228.

IR spectras m. M’ ‘“' m. 1“. 131. M. ‘m'
1078, 1000, 935, 900, 879, 740 en”'.

Agalysis
Found: C, 88.12; H, 10.30
clh‘o‘ r.w.. C. “o“ .’ 10.‘”.
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CHAPTEH = IV

REVISED STRUCTURE OF NARDOSTACHONE
A SESQUITERPENIC KETONE ISOLATED FPROM

BALRQUTACHLS JATAHANCL DoCe




S UMM ARY

Nardostachone, & sesquiterpenic ketone isclated from
Hardostachys jatagensi D.C, which was initially sssigned
structure (VIII), hes nov been given revised structure (X),
on the basis of spectral data (IR, UV, NMR, M* ion) and 1ts
identity shown with 1,8,9,10-tetradehydroaristolane-2-one,

proviously isolated from Sapugstvcone chinensis by Rucker.
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Indisn spikenard, fardostachys letepensi®s® 0.C.
(Valerianaceae) is a perennial herb growing at high
sltitudes upto 17,000 ft. in the Himalayan regions and Nepal.
The rhisomes which are profusely covered with fibres are used
in the indigenous system of medicine for treatment of hysteria,
epilepsy and other nervous disorders, as an antidote to
poisons, as a blood purifier, cure for infections of the
throat and respiratory organs, leprosy and tubercular adinitis,

From the Indian variety of the plant, Choudhury et al.
isolated jatamansic -cu’ (I) and Govindachari et al. isclated
jatamansone® (valeranone) (II). From Hardostachys jstegenst
(ioxl) D.C., compounds p-nuou"’ (II1) and p-gmi\noms
(enlarom)‘ (IV) vere isolated. Later Sastry et al, corried
out the systematic chemical exsmination’ of Bapdostachys
Jatamengd L.Ce (black brown variety) in this laboratory. By
employing lovw temperature sclvent extraction procedure using
40-60° pet.ether, they obtained a concentrate from the roots of
the plant. From the neutral portion of the concentrate they
isolated the following compounds vis., nardol® (v),
a-gurjumoa's (calarene) (IV), lrht.olom’ (VI), nl.crnoaom
(II) and caurml‘u (VII). Subseguently, from the neutral
portion, the same group (Sastry et al.) isolated a sesquiterpenic
ketone, CygH .0, b.p. 130-35° (batn)/0.09 ma, («)’:' + 209.3°
(e, 3), which they named nardostachone and assigned the
strumrom (VIII) to it on the basis of spectral data and



147

chemical reactions. The spectral data given by them was
as follows. Ii bands st 1669, ez, 1502 (=CO-CH=d-CH=CR),

@ B
1870 (-an<_ )y 1422 en~t (-cocig)y wv > i gog mm,
{ ]

tgax 15,200 (principle pesk) and % ox 235 mu, eg ., 7478

( secondary peak), dye to «CO~- group with extended conjugation.
NMR signels at 3.64 (lH, quadruplet, Jyie = 10 Hs,

Jallylie = 5 Hs) and 3.9 (1H, d, Jyje = 10 Hs) due to -CH=CH-
at Cg=Ggy 4.42 (1H, ) due to -CH = ¢< at Cyy 7.77 (3H) due
to -COCHg; and one allylic proton at Cp, 8.79 (3H, s) of
quarternary methyl at c...“ centred at 8.89 (6H, quadruplet,

J = 5,5 Hs) due to -CH and at 9.1 (34, d, J = 5.8 Hs),
e

due to -CiMe at Cq. Hovever, Pinder -ynmum” the ketone
(VIII) as shown in Chert I and demonstrated that the synthetic
ketone (VIII) is not identical with the natural ketone, on the
basis of UV and NMR spectral data, Pinder pointed ocut that
the reported UV absorption maxime (s:::aa“ Bty ooy 15,200)
of nardostaghone is not in agreement with structure (VIII)

for which the calculated value is 280 my on the basis of
Woodword's rule’®., The reported’ UV maxima (317 mu) for the
semicarbazone of (VIII) is also not consistant with the
structure assigned for the ketone., The syrmhetic ketone of
Pinder had UV x"m“ 283 mu, egyy 18,500. Its NME spectrus in
the olefinic region was very simple. In this region, only two

signals appeared, at 3.8 (s, 2H, Cg-H-and Cg-i in VIII) and



145

CHART - T

0

Selective H2
-

12

(+) —NOOTKATONE 11, 12=-DIHYDRONOOTKATONE

NBS

d—Collidine
—HBr

VII 9— BROMO KETONE



149

4.3 (s, slight evidence of splitting into a doublet, 1H,
€;=H)s A pair of doublets (6H and 3H) and a singlet (3H)
(methyl groups in VIII) were also observed in the 9,07 region.
The absence of coupling between the Cg and c. protons and

the allyliec proton at Oy in structure VIII, could be explained
on the basis of the dihedral angle between them, which is
about oo’” o The spectrum was very different in the low
field region from that of nardostachone’’ 2 and 1t was
apparent thet the natural ketone could not be represented by
structure (VIII). Support for this view was provided by the
fact that the seamicarbazone of synthetic mardostachone

end that of (VIII), u.p.230-328° (decomp.) and 213° (decomp.)
respeectively, were different, showing a large n.p. depression
on admixture. On the basis of his nev evidence Pindar confirmed
that nardostachone could not be represeated by (VIII), and
suggested an aslternstive structure (IX), C,5flgg0s Possessing
cross-conjugated trienone system, on the basis of spectral
avtdoau"'w, already published by Sastry et al. However,
according to Pinder, the struecture (IX) could mot explain some
of the HMA signals, e.g. 9.107 (3H, d) assigned to —Cl-Ciig
group and also the integration (li) of the signal 4.427 which
would have to be (2H) assuming that the hydrogens at (:1 and
Cg in (IX) have the same chemical shift,
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COOH

CHO



ERESEST ¥ORK

This smbiguiety of the NMA spectral data, pointed
out by Pinder, prompted us to reinvestigate the structure
of nardostachone and for this purpose, it wes isolated
agsin from the natural source, as per the procedure dnerti“?
and after careful purification by chromatography, a TLC
pure sample of the ketone was obtained. The physicsl and
spectral properties of the ketone are described below, om the
basis of which the structure (X) is assigned to the ketome.
The ketone has b.p. 132-35°(bath)/0.1 ma, ui> 1.5670, (S
+ 215° (e, 3). The high resclution mass spectrum of the
ketone gives the moleculsr ion as 216. Accordingly and on
the basis of elemental analysis the molecular formula is
fixed as cun“o. The IR spectrum (Fig. 1) shows bands at
1024, 879 (cyclopropenme), 1688 (s, comj. >C=0), 1618, 1577
(conj. =CHl = C{ and -CH = CH- of the conjugated diencne system),
snd 1412 es™ (-COCHy). The UV spectrum in ethenol shovs
®gax SL1 my w0 12,940, as the main peak, instead of 208 mw
as reported by Sastry et al., The HMR (CCly) spectrum (Fig. 2)
shows signals at; 9,14, 8.98 (3H, each, s, gemdimethyl on
eyclopropane); 8.96 (3H, d, J = 6 Hs, c‘-cl.); 8.86 (3H, s,
quarternary methyl at Cg)j 8.60 (1i, m, allylie cyclopropane
proton at Cqp)j 7.76 (2, m, -CHg at Cgy adjacent toafcu: D)3
4.40 (1H, s, conjugated olefinic proton at () and/3.90, 3.62
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(8H, my Jygo = 9.6 Hs, Cg and Cg olefinic protoms)., It is .
known that in (+) car-3-ene and «-pinene, the methyl groups
on the eyclopropane and cyclobutane rings are having different
chemical shifts, which has been attributed to the shielding
of one of the methyl groups by the i -electrons of the double
bond. In this cese also the methyls on cyclopropene which
are similarly situated, differ in their chemicel shifts., The
protons at c,.c. and Cq form an ABX system with Jap * 9.6 Hs,
The spectral data described above are in complete agreement
with the trieyelie structure (i) for nardostachome, This
structure explains, more satisfactorily the spectral
cheracteristics than the alternative structure (IX) proposed
by Pinderi3,

Indirect support for the structure (X) is available
from its co-occurrence with p-nrjluao"‘ (Iv), aummu(vu)
end p-maaliene®® (III), all of which contain s eyclopropane
ring.

Structure (%) was uu.-u“ previously by Rucker to
the sesquiterpene ketone, cul“o. from Hardostycone chinensis.
Comparison of the physical and spectral data shows close
similarity between the two ketones except for the magnitude
of optical rotation. /Dr. G. Hucker has pointed out to us that
the optical rotation reported in his paper for 1,8,9,10«tetra-
dehydre aristolane-2-one and the dihydroproduct were in error.
The correet values are + 230° and + 160° (in chlorofora)



respectively. The identity of nardostachone with 1,8,9,10-
tetraliehydroaristolane-2-cne is further confirmed by a
comparison of IR, UV, NMR and mass spectra of the latter
(kindly supplied by P4VF. Ricker) with those of (X). This
constitutes a proof that nardostachone shares the same carbon
skeleton as that of p-nrjuoao"’ (Iv).

We could isolate valeranone (II), valerenal (XI),
nardol (V), n-hexacosanol, calaremol (VII) and p-sitosterol
along with nardostachone (X) from the benzene eluted fraction
of the main chreuounph} and thus confirmed the isolation
of the previously reported compounds, However, we did not
investigate fractions, other than benzene eluted fraction,

obtained in the chromatography of the concentrate,
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L. Extraction of the root powder of Nerdostaghys
Jatamensi, D.C.

A mixture of finely powdered roots (1 kg),
pet.ether (40-60%, 3-L) was stirred for two hours, in @

10 L round bottom flask fitted with a mechanical stirrer.
After keeping for fifteen minutes, the extract was filtered
off. The operation was repeated twice with 8L of solvent
each time, From the mbhod filtrate the solvent vas
removed at 40° under reduced pressure. The concentrate
obteined was dissolved in ethanol (350 sl) and cooled to 0°
for 48 hr., The separated vax was filtered off and the aleohol
removed from the filtrate at 60° under reduced pressure to
yield 43 g of the concentrate (4.3%).

The concentrate (43 g) in ethereal solution was shaken
with sodiumbicarbonate solution (10%) and processed in the
usual fashion to yield acidic portion (0.7 g) and the neutral
portion (42 g, 97%).

€. chromatography of the neutrsl fracticn

The neutral fraction (42 g) was chromatographed on
alumine (Gr. II, 1050 g, 1126 ratio) and eluted as follows:
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Ghromstograg (Teble 1)

Fr.No. Solvent Volume in ml wWt. in g TLC pattern
1. Pet,.ether 4000 15.8 5 spots
£, Benszene 4000 8.2 6 spots
3. Ether 2000 3.4 3 spots
4. Ethanol 1000 0.2 6 spots

For the isclation of the mardostachone, only the benzene
fraction was ianvestigated further,

The bensene fraction (8.2 g) was rechromatographed over
alunine (Gr. II, 240 g, 1330 ratio) and several fractions eluted
with pet.ether, bensene and ether were collected.

The earlier fractions eluted with pet.ether on extensive
rechrometography furnished valeranone (II) which was further
purified through its semicarbazone to obtain pure (TLC) valeranocne
(11), b./p.128-32°(bath)/0.3 mm; (%), = 46.2° (e, 2); seaicarbesone
®.p. 206-08°. Its IR spectrum was superimposable on that of sn
nuhc;iu sample, [5“.7 records for (I1), b.p.l20-30(bath)/0.2 m=,
(4):7 - 46.8° semicarbdazone l.pM‘J
ipalvsis

Founds C, 81.38; H, 18,08
Cy5lige® requires Cy 81.02; H, 11.79%,
Analysis of seaicarbazone
Founds ¢, 69.,08; H, 10.18; N, 14.76
CreliggONg requires Cy 88,773 H, 10.46; N, 15.048.



The later pet.ether eluted fractions on repeated
chromatography furnished valeranal (XI). The aldehyde was
further purified through its semicarbazone to furnish pure
(TLC) valersnal (XI), b.p.l30-132(bath)/0.3 mmy («)p - 119°
(e, 3); semicarbazone m.p.170-72° Its IR spectrum vas
superimposable on that of am suthentic sample, / .7
records for (XI), b.p.125-30°(bath)/0.2 mm; («); -120°
(e, 3.1); semicarbasone m.p.171-73°_7.

Analvsis
Founds: C,; 82,084 H, 10.38,
C)gtigg0 Requires c, 82.81; H, 10.16%.
Analysis of semicarbazone
Founds C, 69,963 H, 8.943 N, 15,31
C gflggOliy requires ¢, 69.78; H, 9.15; N, 15,.26%.

Kechromatography of the esrlier benzene eluted fractions
furnished nardol (V) b.pd2l-26°(bath)/0.5 mmy («)p - 9.8°
(ey 3.0). Its IR spectrum wvas superimpossble on that of
an authentic sample /Lit.” records for (V), b.p.120-26°(bath)/
0.5 may (-o:" - 10.17°7.

Analysis
Found: C, 80,713 H, 11.61
°u'8¢° requires c, 81.02; H, 11.79%

Later benzene eluted fractions ylelded n-hexacosanol
@e.ps 2nd M.B.p. 7D-80° Lﬁt.’ records for n-hexacossanol
B.p.79-80°_7.
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Rechromatography of some of the fractions eluted
with ether furnished two pure (TLC) compounds (1) ealarencl
(VII) and (2) nardostachome (X). Nardostachono was
further purified through its semicarbssone. The properties
of these two compounds are given below,

Calarenol (VII), b.p.123-27°(bath)/0.3 ma («)p + 46.8°
(ey 2,8). Its IA spectrum was superimposable with thet of
an sutheatic ssmple. /Lit.” records for (VII), b.p.120-28°
(bath)/0.1 mm; m? + 47.997.

Analysis '
Founds C, 81.968; H, 10.75
C1gigg0 requires c, 81.76; H, 10.98%.

Nardostachone (X), b.p. 132-35°(bath)/0.1 mm;
()5 + 218° (o, 3)) semscardaszone m.p.230-32°(d).
Lﬁt.’ records for (i) b.p.130-356°(bath)/0.09 mmj (q):' >
209.3% sesicarvesone m.p.230-32° a)7.
IR bands at 1688, 1618, 1877, 1462, 1412, 1376, 1208, 1084
980, 916, §79, 853, 838, 810 and 780 ea"’,
Analysis
Founds C, 82.92; H, 9.66
C1gHgg® requires C, 83.28; H, 9,328
Analysis of semicarbazone
Found: ¢, 70.08; d, 8.61; N, l4.92,
Cygligg¥g requires ¢, 70.20; H, 8.48; N, 15.37%.
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The last fractions eluted with ether solidiffied.
The solid separated was crystallised from ethyl acetate to
yield pure (TLC) p-sitosterol, m.p. and m.m.p. 134-238°
(ut.7 records for P-sitosterol m.p.134-35°)., 1Its IR
spectrum vas superimposable on that of an authentié sample.
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