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INTRODUCTION




India, due to her geographic position and the
resulting climatic pattern, is endowed with an abundance
of diversified flora which includes, amongst others,
plants of medicinal value. The history of the medicinal
use of plants in India can be traced to the remote past.
The earliest mention of this is found in the Rig Veda,
perhaps the oldest repository of human knowledge, having
been composed between 4800 and 1600 BC.! During the
centuries that have gone by, the materia medica of the
indigenous systems of medicine has become extensive and
heterogeneous and at present more than 2,000 drugs of
vegetable origin have been onmtod,l quite a number of
these being known both to eastern and western medicine.
However, very little work of scientific value was done
on these till the beginning of this century and still,
there are many drugs which grow mature and eventually
die without being put to any practical use whatscever
for a lack of their proper investigation. It is much
likely that a large number of these growing in India may
possess properties and actionssimilar to the often
expensive imported remedies and would form excellent
substitutes.

From amongst the medicinal plants that have
thus far been studied and chemically investigated, many



empleaz can be cited of the relationship which seems

to exist between the botanical classification and the
chemical and physiological characters, some of these
being, the presence of powerful bitter and purgative
principles in the wild members of Cucurbitaceas, alka-
loids with similar physiological properties in the
members of the genus ghinchona, the toxic substance
andromedotoxin in many members of Erjcaceae, glycosidal
alkaloid solanine in many golanums, raphides of calcium
oxalate in a number of species of Araceae, saponins in
several plants of Caryophvllaceae ete. They show that
in many of the families and genera these characteristics
show & marked degree of correlation. There is, however,
an element of disturbance® in this pattern, in that, the
climate, soil, method of cultivation etc. have a profound
effect on the chemical composition and hence the physio-
logical characteristics of plants. It is for this reason
that some of the closely related plants differ in their
physiological properties.

The roots of Nardostachys jatamansi (Fam.
Valerianaceae) have been known to possess a number of
medicinal prop-rtiol.l’a In the indigenous medicine,
they are described as aromatic, antiseptie, diuretic,
antispasmodic, tonic, carminative, nerve sedative, nerve

stimulant and & substitute for official valerian. The
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essential cil from the roots is reperted to be antiseptie,
disinfectant, antispasmodie ete. and has also been of
use as an ingredient in perfumery. ‘“\r\&‘

Very little is known about the composition of
this oil. G.R. Chowdhari et 31**® isolated a erystalline
acid, named as jatamanshic acid from this oil and establi-
shed its structure. Govindachari et &) isolated a sesqui-
terpene ketone jatamansone® (valerancne) and proposed a
structure’ for it, which was later modified by Sorm and
coworkers® with respect to the position of the carbonyl
group, the absolute stereochemistry of this ketone being
established more rcocntly.g The sesquiterpene hydrocarbons
femaaliene and calarene have been isolated by Buchi and
covorkersi? from the oil extracted from the Chinese variety.

Considering the importance of reoots of Nerdestachys
Jatamansl in the indigenous medicine and as investigations
carried out so far on this have only been of a preliminary
nature, ecritical study of the same was thought to be desirable.

Two types of Mardostachys Jatamansi roots, darke
brown variety and greyish-brown variety, have been collected
and their chemical composition is being studied by us.

The latier variety was found to be rich in coumarin
compounds. However, occurrence of coumarins in valeriana-

ceous plants is unusual from chemotaxonomic point of view.



Because of this its botanical identity was re-examined®
and it was found to be an umbelliferous plant, Selinum
vaginatum C.5. Clarkee.

Roots of Selinum vaginstum are also medicinally
active.+: In the indigenous medicine, they have been
mainly used as nervine sedative. Analgesic and hypotensive
preperties are also attributed to them. Very little is
known about the chemical constituents of these roots.
Handa et 211% identified in 1863 the presence of many
monoterpenss in the oil obtained from dry distillation of
roots and no further work is reported on the same until
we took up the investigation. is mentioned earlier, we
could isolate coumarins in large amounts from the'‘concrete’
obtained by the solvent extraction of these roots.

As this thesis will deal only with coumarin
compounds, a brief introduction of the same is being given
here. an exhaustive survey of the literature on coumarins
is avoided for the sake of brevity and especially since a
large number of monographs and reviews*“=18 have appeared
from time to time. However, appropriate references are made
to relevant literature in the body of the thesis wherever
it is found necessary to illustrate and emphasise a partieular
point.

We are grateful to Prof, R. Hegnauer and Prof. K.B.Schulte
for their interest and help in this identification.
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Coumarins, which are 5,6-benzo-X-pyrone derivatives,
have been found to be widely distributed in the plant kinge
dom. They oceur in all partnw from roots to flowers and
fruits, Coumarin itself (5,6-benzo-«-pyrone) which is a
parent member of this series, was first isolated by Vogel
in 1820, from the plant Coumarons odorats, and was named
after the common name ‘coumarona'’ of the same plant.
Particularly, the planis belonging to the natural orders of
Orchidaceas, Leguminosae, Hutaceae, Umbelliferae and labiatae
are rich sources of naturally oceurring counarin.l“ though
they occur less abundantly in some other families. IHore
recently, a few complex coumarine such as aflatoxinlw
have been found as metabelic products of bacteria and fungi.
Unly few coumarins have been isolated from animal sources,
one of the examples being the yellow pigments isolated by
Lederer from castoreum.?C It is quite interesting to note
that except for coumarin and dicoumarcl all other naturally
occurring coumarins bear an oxygen substituent at 7 poution.la
Simple hydroxy or methoxy compounds, as well as coumarin
itself occur widely in many different families, but, as
the complexity of the compound incresses, they seem to be
more and more restricted with respeet to the familial

oceurrence. 13



‘Although the naturally occurring coumarins is
a large and important group of plant products, it is
doubtful whether the full range of their physiological
actions has been appreciated by most of the mvutigators%a
However, many naturally occurring coumarins find an
important place in modern medicine because of their
physiclogical activities. Dicoumarol which is 3,3'«
me thy lene~bis - (4¢-hydroxy-coumarin), enjoys extensive usage
in the treatment of thrombosis and as antagenist of Vitamin Kj
the antiecoagulant property of this compound being first
recognised by Link et 31.81 while working on speiled
sweet ¢lover hay. The furocoumarine pscralene, impera-
torin, bergapten and xanthotexin have been found to be
very potent in the restoration of melanine depleled skin,
and therefore they find use in the treatment of leuccderna?g
In 1967 Bickoff g al isolated an estregenic coumarin named
as coumestrol,®®»24 while working cn ladinoclover (Irifolium
repeng). Further, some coumarins have been found tc possess
good antibaétoriul activity. Possibly, the antibictie,
novobioein®o=27 isolated as a fungal metabelite of Strepto-
nyces niveus is the most important coumarinetype antibacterial

agent and because of the excellant antibacterial spectrum,
chiefly against gram-positive organisms and Protsus wulgaris
it is widely accepted in medicine.}® Pyranccoumarins,
samidin, visnadin, dihydrosamidin pteryxin and sunaorrﬁg’%"sa

are well known for their vascdilatory setivity.



Coumarins are isolated from dried and pulvurized
plant material by successive extraction with sclvents of
inereasing polarity in the conventional type of apparatus.
Eventhcugh coumarins are quite insoluble in petroleum ether,
the other constituents, present in the cil, tend to impart
a solubilizing effect on them, as a consequence of which,

a number of coumarins have been isolated from petroleunm
ether extracts of different plant materials. The petroleum
ether extraction iz omitted sometimes and is replaced by

a direct extraction with the more polar solvent diethyl
ether. Following the extraection with petrocleum ether and/or
ether a solvent of still higher polarity such as methanol
or ethanol is used as the menstruum, which often isolates

coumarin g.‘:.yc:oz.%:l.dm:.]‘:3

Purification of the erude coumarin fractions and
separation into individual coumarins can be conveniently
carried out by the ususl techniques such as fractional
erystallisation, colusn chromatography, prcpm:atﬁe layer
chromatography etc., out of which, the column chromatographic
technique is extensively used. Deactivated alumina, which
has been proved to be an effective ad:orbent,ag is widely
employed for this purpose, but in some cases silica gel
020,31 or formamide impregnated cellulose ;xzmrclu';32 is found
to beibotbor adsorbent. Thin layer chromatography has been
extensively utilised for demonstrating the homogeneity of
unknown and known coumarine and frequently for detection

Purposes. 13



Infrared and ultraviolet speetral analyses have
found their place in the structural characterisation of
coumarins. In the ultraviolet region cémarin itself
absorbs at Amax. 274 and 312 mu (log ® 4.1 and 3.5
respectively), the variation from this pattern being
attributed to the pronounced effect of substituents and
their location.®® In the infrared spectra of these
ecompounds the characteristic bands for the «-pyrone
moiety are found, as a rule, in the region 1716-46 cm~l
together with that of conjugated double bond at about
1626-1640 cm-l.m Proton magnetic resonance (PMR) spectra
are also extensively used in the structural identification
of coumarins. In some cases the structural argument has
been based entirely on this technique as it would have
been diffieult or impossible to do it chemically,>*135154,69
The use of mass spectrometry in the structural studies of
these compounds has not yet been exploited much, but, in
some cases it has been used to determine the exact molecular
weizhts.'% . Recent. _i 1nvest1utmnlas’37 on the behaviour
of coumarins on electron impact may prove to be helpful
for further studies in this field. X-ray crystallographic
technique has also been used in determination of exact mole-
cular weights of some complex coumarins, such as novobioein.2®

Table I depliets some naturally occurring coumarins.

However, an exhaustive list is avoided for the sake of brevity.



TABLE -1 SOME NATURALLY OCCURRING COUMARINS

NAME OF COUMARIN STRUCTURE SOURCE REFERENCE
A. SIMPLE COUMARINS
Roots of
Angelica glabra 358
Gabralactone Makino [Fam.Umbe- s
Iliferae]
2N
Citrus aurantium
Auraptenol H3CO (0} 0 Linn, subspecies
HAC : 40
PASSS Amara Linn
CHy OH (Fam . Rutaceae]
Roots of
Angelica shishindo
Angelicone ; - 41
Angelica ursina
[Fam.Umbelliferae ]
CH3
X SN Bark of
Collinin Flindersia collina, 42
0 0 Bail [Fam-Rutaceae]
I OCH3
=€ CH




NAME OF COUMARIN

STRUCTURE SOURCE REFERENCE
Latex of
Ferulenol Ferula Communis 43
Linn. [Fam. Umbe - 44
lliferae]
H3C OH C3H7(n)
H3C B3 i Fruits of 45
Mammein HO 5 0 M‘amm[ea americar.m %S
CH3 Linn. |[Fam. Gutti- 47
0 feroe]
CH3
B- FURANO-COUMARINS
5 4
S Sgreag o 0 00

Psoralene

Aviprin

Dihydro-psoralene

PSORALENE TYPE

HO OH CHx

0

CHs

2
Angelicin

Roots of
Prangos pabularia

Lindl.- [Fam- Umbe-
lliferae ]

@F 0

Dihydro-angelicin |

—_—




NAME OF COUMARIN STRUCTURE SOURCE REFERENCE

‘ SN Roots of
Prangein | Prangos pabularia 49
0 0~ 0 Linbiin Trdm!iGmpe-
CH lliferae]
BT
C=—¢cH
A
CHy

DIHYDRO-PSORALENE TYPE

NS
Marmesin [m iari]( of l i
egle marmelos
G e 0r =0 :

OH Correa [qu-
Rutaceae ]

PN Fruits of Ammi majus
Marmesinin C@(l i i maj
\l< 0 0 Xy L- [Fam. Umbelli- 5

ferae ]

ANGELICIN TYPE
CHy

Roots of
Archangelin OH Angelica archangelica
0 CH
N

3
3 Linn [Fam-UmbeIli-
0]

ferae ]
0
0) >




NAME OF COUMARIN STRUCTURIE SOURCE REFERENCE

Roots of
Athamanta oreoselinum

L. [Fam. Umbelliferae ]

Oroselol

53

Roots of Lomatium
columbianum
(Fam. Umbelliferae]

Columbianin - 54

£ A Leaves of Valleia
- btiociun o 0 0 discophora. F. Muell

; 55
[Fam. Goodeniaceae]

Roots of Angelica
edulis- Miyabe 56

Edultin
- [Fam Umbelliferae:l




NAME OF COUMARIN STRUCTURE SOURCE REFERENCE

C. CHROMENO-Q -PYRONES

4 5 4
AN | 3
o
Rogh o
8
Xanthyletin alloXanthyletin Seselin Dihydro-seselin

XANTHYEETIN TTY.PE
OCHs

Bark of Zanthoxylum
americanum 57

Mill [Fam- Rufoceoe]

Xanthoxyletin

@)

OH

Roots of Derris
scandens

(Roxb.) Benth

[Fom. Leguminosae |

Lonchocarpic acid 58

NEEOXSANT Y- EETINTTYRPE ?

Bark of Zanthoxylum
americanum. (Mill) 59
[Fom~ Ruroceoe]

alloXanthoxyletin

e e e e e e SICEEEE §




SOURCE REFERENCE

NAME OF COUMARIN

STRUCTURE

Inophyllolide

Braylin

Scandenin

Jatamansin
(Selinidin)

Seeds of Calophyllum

inophyllum
Linn [Fam. Guttiferae] &0

DIHYDRO=SESELIN: TYPE

Bark of Flindersia
brayleyana: F-Muell

[Fam. Rumceqe] 61

OH

Roots of Derris
scandens. 62
(Roxb-) Benth

[Fam- Leguminosae]

25 Roots of Selinum
> 63
: o0 vaginatum
C:-B:Clarke €4
C'3H3 » [Fam.Umbelliferae]
onec=c
' CH,

1
0




NAME OF COUMARIN

STRUCTURE SOURCE REFERENCE

Visnadin

Pteryxin

Anamelin

Alternariol

Dimethyl ether
of ellagic acid

=
Seeds of
0 0 0 Ammi visnaga L 65

[Fom Umbelliferae:l 66
O-C'CH3
Il
0
O ﬁ CIZH = CH2—CH3
O CHx
Roots of
Pteryxia terbinthina 67
(Hook) [Fam- Umbelli-
68
ferae]

Roots of Angelica
anomala- 69

Lall [:Fam'UmbeHiferae:]

D.3:4.BENZOCOUMARINS

Alternaria tenuis
[Fam. Dematiaceae] 70

Roots of Euphorbia
formosana. 20
[Fam. Euphorbiaceae]




NAME OF COUMARIN

STRUCTURE SOURCE REFERENCE

Dicoumarol

Novobiocin

Coumestrol

Erosnin

E: 4- HYDROXY COUMARINS

i OFt Leaves of Melilotus
albaj Melilotus offici- 21
nalis- [Fam- Legumi-
nosae.]
CHg OH
N
H3C
=0
Ot
NH
DN Streptomyces 25
niveus 26
0 (0] 6]
H3C h)
O-C-NH2
Hz
CH3
HO H3CO
—10)

F. MISCELLANEOUS TYPES

OH
Trifolium repens Linn 23
[Fam- Leguminosae] 24
®
N
CHo
O/ Seeds of Pachyrrhizus 7
erosus Urban 72

[Fam Leguminosae:[




NAME OF COUMARIN STRUCTURE SOURCE REFERENCE1
|
Aspergillus flavus 35 |
i Link Ex. Fries |
[Fam- Moniliaceae] 19
Latex of Ferula 73
Farnesiferol A 0O H asafoetida
CH3 [Fam: Umbeliiferae ]
OH
H3C CH3
Leaves of Eriostemon . l‘
Bruceol brucei ( F. Muell) ?
[(Fam.Rutaceae]
Chartreusin Streptomyces arten 7£5)
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PRESENT INVESTIGAZION

This thesis embodies the work on structural
characterisation of a new coumarin, named as jatamansin,
isolated from the roots of Selinup vaginatum C.B. Clarke,
and on syntheses of vasodilatory drugs(¥)e¢is-dihydrosamidin,
(#)-gisevinadin and (t)-gis-suksdorfin.

The first chapter of this thesis deals with the
isolation and structure determination of jatamansin (I).
The structure of this compound was elucidated with the help
of chemical degradations together with spectral studies.
Further support for the structure of jatamansin (I) was
cbtained by synthesis of dihydrojatamansin (II) starting
from jatamansinol (III) and also by conversion of jatamansi-
nol into known compounds seselin (IV), dihydroseselin (V)
and jatamansinone (VI).

N AN
o} 0”7 >0 0 0" o
pZ
OH
i) v
A X
0 0”70 0 0
Il R=—CH(CHZ) = CHy~ CHy
1Y 0 I

* As these roots were originally mistaken for those of
Hardostachys jatamansi, D.C., the new coumarin was
nzmed as Jatamansin,
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As mentioned earlier, naturally occurring pirano
coumarins samidin (VIIa), dihydrosamidin (VIIb), visnadin
(Vile), pteryxin (VIIIa) and suksdorfin (VIIIb) have been
known to possess a strong vasodilatory activity. Since
they are elosely related with jatamansin, and except that
of (£)-trans-samidin the synthesis of none of these
compounds was reported in the literature, it was falt
desirable to synthesise some of these compounds.

AN
0 0”0
0-Ac
0GR
0
VI VI
CH
a. R=-Hc=cL ° HsC
~eH [ _H
3 a. R=-C=C\
CH CHz
e 3
b. R=—CH,-CH
2 S CH _~CH3z
3 b- R=—CH,— CH
¢ R==CH(CHz) = CHy~CH g

The second chapter of the thesis includes the
syntheses of (+)-gis-dihydrosamidin (VIIb) and (+)-cige
visnadin (Vile), the ketone jatamansinone (VI, 3'-keto-3',4'~
'dihydro:oaolin), which has been synthesised by earlier workers
starting from 7-hydroxy-coumarin (umbelliferone) being used
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as a starting material for this purpose., Direct synthesis
of visnadin from dihydrojatamansin was also attempted, but

without success.

The work on conversion of jatamansinone into (+)-
gis-suksdorfin is deseribed in the third chapter. This
series of reactions includes two types of interesting
rearrangements, the mechanisms of which have been discussed.
afforts in the direction of synthesis of (+)-gis-dihydro-
pteryxin have alse been dealt with in this chapter. It is
interesting to note that during these preparations we have
come across many new compounds, which have been fully

characterised.
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Seneral remark

Numbering of structures, figures, tables and
references in each chapter refers to that particular
chapter only.
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CHAPTER |
ISOLATION AND STRUCTURE

DETERMINATION
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JATAMANSIN
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8 UMM ARY

Roots of the plant Selinum vaginatum C.bH. Clarke
were extracted with petroleum ether (40-60°) under controlled
conditions and from the extractive a new compound, named as
jatamansin, has been isclated in high yield by simple
refrigeraticn. Jatamansin is a coumarin and from study
of its chemical degradations coupled with infrared,
ultraviolet and PMR spectra, structure I has been assigned
to it.

SN
0 0" o
CH
o-c.c=c< g
0 H
O CHy

Support for this structure was cbtained by
conversion of jatamansin into the chromene seselin (XI)
and the ketone jatamansinone (XIV), structures of which
have been fully established by previous workers.

Seselin was prepared from the alcohol jJatamansinel
(IX, obtained by alkaline hydrolysis of jatamansin) through
simple heating of its tosylate in 2:4:6.collidine. Seselin,
thus prepared, was hydrogenated to the known compound
dihydroseselin (XII). The ketone jatamansinone (XIV) was

J



<0

obtained by oxidation of jatamansinol (IX) with Jones'
reagent. The properties of these compounds are in full
agreement with those reported in the literature. Further,
dihydroseselin, thus prepared, was found to be identical
in all respects with that prepared from authentic osthol
(XI11) by treatment of red phosphorous and hydrobromie
acid (demethylation accompanied by ring elosure).

O- C-.C—CH.,—CH 0

I 2 73 H

VIII

AN A
N
o 5 H5CO 0~ >0 0 07 N0
N
0
XI1I X1 X1V

The structure assigned to jatamansin was confirmed
by synthesising dihydrc jatamansin (VIII) by the condensation
of jatamansinol (IX) with «-methyl-butyryl chloride.

Since the synthesis of jatamansinone (XIV) from
7-hydroxy-coumarin (umbelliferone) and the conversion of
Jatamansinone to jatamansinol (IX) have been achieved by
earlier workers, the above conversion of jatamansinol to
dihydro jatamansin can be considered as a total synthesis
of dihydrojatamansin.
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Selinug vaginatug® C.B. Clarke (Fam., Umbelliferae)
is a perennial, glabrous herb of about 11 /2 m height
with finely greoved hollow stems, roots abruptly tapering
from the middle and the upper portion of the subterranean
stems being covered by long leaf bases. The plant is
commonly found throughout the Western Himalayas, extending
from Kashmir to Kumaon at altitudes of about ©000-12000 ft.

Some mediecinal propartinl have been attributed
to the roots which include hypotensive, sedative and
analgesic actions., In the indigencus medicine they are
mainly used as nervine sedative. The roots with their

sveet, musky odour are alsc used as incense.

Very little is known about the chemical composition
of these roots. By dry distillation of roots Handa gt al.2
in 1863 obtained an oil, in which, they identified the
presence of «-pinene, limonene, camphene, phellandrene,
«-thujene, fenchyl alcohol and terpeniol. No further
work was reported on the same until we took up the
investigation. We could isolate coumarins in large
amounts from the extractive obtained by the sclvent
extraction of the roots.

* Hindi: Boot-keshi.



The powdered roots, on extraction with petroleum
ether (40-60°) at room temperature (25.30°) and removal
of solvent at controlled temperature (bath, 40 + 2°) under
vaeuum, ylelded a liquid extractive (9.7%). Simple
refrigeration of this extractive at o® separated a crysta-
1line compound (8% of the extractive) in an slmost pure
state which was further purified by erystallisation from
a large volume of petroleum ether and 1ts homogencity was
proved by T.C, This is found to be a new compound and

has been named as Jatamansin.

The present chapter deals with the elucidation of
structure of jJatamansin, |

Jatamandin is a highly erystalline optically
active compound, m.p. 97-98°, («)[3,5 - 24.06° (e, 6.1).
It analysed for CjglnpOg and the molecular weight values
321 and 326 (caleulated 328.37), obtained by the Rast
method agreed with the formula. This molseular weight
was also confirmed by mass spectral studies of jatamansin
and its derivatives.

From the infrared spectrum (Fig.2) which included
the characteristic peaks at 1724 (conjugated §-lactone),
1610, 1490 and 846 om™ (aromatic), it was surmised
to be an aromatic conjugated d-lactone. The ultraviolet



AXdY 10§

WNLYNIOVA WNNIT3S 40 S100d 3HL WOMAd 3AILOVHIX3 40 WNY123dS ol L Bl
(SNOYDIWN) HLONITIAVM
Gl vl ¢l i {1 Ol 6 8 I 9 g 1% ¢
0 ; ; % : ; : s : : | ; +—— 0
i 5 ) -
" ® 1o

02 |- o 5 © oz
o » —
i ,ww b W
o =
oY Hop »
<
& 2
o I
09 —4 09 =
o
4 Jil
pe 3

e —408

00l —4 00|

I I | i if ] |
004 008 006 000! WD 00GI 0002 000§ 000%




(1) NISNVWVLYP 40 WNYLD3dS dI ¢ 9ld

(SNOYDIW) HLONIT3AVM

Gl 14! ¢l F | I Ol () 8 L 9 - v ¢
0 _ } + } } w - + : } . . o)
¢ 0 i
e IU/o 8 3 351 .
=2-0- % o ~
7o) =2 & N
02 + H ®HD = o =~ 02
= —
55 080 0 = il w
P
B i % —~0t &
© —
= o —
| u
09 |- —~409 Z
O
e 5 m
2
08 408 =
00l — 00l
“ T _ T T M T
004 008 006 000l _n_zu 004G 0002 000¢ 000V



spectrum (Fig.8), which showed absorption at Agax., 326, 286,
246 and 220 mp (log ® 4,13, 3.38, 3.47 and 4.30 respectively),

supported the above conjecture.

The bands corresponding to the hydroxyl group
were absent in the infrared spectrum. Similarly the PMR
speetrum (Fig.5) did not exhibit signals due to any
acetoxy or methoxy 5roup; Further, Jatamansin gave no
reaction with carbonyl reagents and the test for an epoxy3
group was also negative. Thus the presence of hydroxyl,
acetoxy, methoxy, active carboi:yl and epoxy groups was
excluded.

On hydrogenation over pre-reduced Adams' platinum
oxide catalyst in glacial acetie aeld, jJatamansin (I)
absorbed cne mol of hydrogen to yleld erystalline dihydroe
jatamansin, CygHg20§, m.p. 107-108%, («)p + 6.06° (e, 6.11).
In the infmared spsctrum of dihydrojatamansin (Fig. 4), the
bands due to a conjugated d-lactone (1724 em™l) and aromatie
system (1600, 1484 and 833 cm™%) still persisted. Further,
its absorption in the ultraviolet region (Fig.3j; Amax. 326,
286, 246, 223,65 and 211.8 muj log © 4.13, 3.47, 3.49, 4.16
and 4.24 respectively) was exactly similar to that of
jatamansin, Thus it was clear that the reducible double
bond in jatamansin is isclated from the main chromophore
which remained unaffected during hydrogenaticn.
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From the close similarity of the ultraviolet
spectra of jatamansin or dihydrojatamansin with those
of known 7-oxygenated coumarins (Table 1), the presence
of 7-0xygenated coumarin chromophore was suspected.
This fact was also favoured on biogenetic grounds
because the compounds angelicin II and oroselol III,
having 7-oxygenated coumarin chromophore, were also
isolated from the same source by us.

(e}
©)

II I1I



« ULTRAVICIET ABSOR'TIONS OF 7-0OXYGENATED COUMARIN

CROMOPHORE .
Compound Amax. log € Reference
323 4.07
286 3.46 a
246 3.8
219 4.06
327 4.19
261 3.69
&
280 3.86
219 4.35
323 4.16
2569 3.37 6
249 3.48

219 4.21

- -




Confirmation of the above conjecture was cbtained
by lithium aluminium hydride reduction of jatamansin and
colour reactions deseribed below.

Jatamansin and its derivatives gave yellow
colouration on warming with alecoholic alkali’ and gave
viclet fluorescence on adding conc. sulphuriec acids
which turned deep red on warming. These colour tests
are characteristic of a coumarin ring. Further, as
expected, lithium aluminium hydride reduction product
of jatamansin gave a positive test for phenclic hydroxyl
group (which was absent in jatamansin). Thus, the
presence of coumarin ring in jatamansin was conclusively

proved.

Evidences for the nature of the remaining
carbon skeleton and oxygen atoms wer obtained as follows.

The PMR spectrum of jatamansin (Fig.8) depicted
a 8ix proton singlet at 82.8 cps assignable to two
quarternary methyl groups (gemdimetlgyl) and a multiplet
located around 114 cps (6 H) due to two methyl groups on
an olefinic linkage, whereas in the PMR spectrum of
dihydro jatamansin (Fig.6) two tertiary methyl groups
at 79.2 ¢ps were still discernible, however, it did not
display the signal corresponding to the methyl groups on
double bond, but showed instead a doublet at 67.2 eps
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(8H, J= 7 cps) due to u_og:-ca< group and a triplet at
£2.2 cps (3H) assignable to HiC-Clg- group, which

revealed the presence of K-/C=c<033 grouping in Jatamansin.
HsC

Further proof for this observation was obtained
by ozonolysis of jatamansin.bn mild ozonolysis jatamansin
gave in the volatile portion acetaldehyde, acetic and
pyruvie acids, detected by the 2:14.DNP and paper chromato-
graphy respectively. From the non-volatile portion,

a crystalline, neutral, gpptically active compound, Mm.Pe.
183.84%; («);2,8 + 7.6° (e, 5.8), named as jatamans inol®
was isolated. It analysed for C14H1404. In the infrared

*We subsequently noticed that almost simultaneously
Soine et al? isolated this compound from the petroleum ether
extract of lomatiun puttally and named it as fomatin.

Soon after our work on jatamansin 8“ published
it came to our notice that Seshadri et al.l¥ had also been
simu . taneously working on the same compound, their publication
being followed by ours. The compound was named by them as
selinidin. The optical rotation (+ 20,.3°9) cof selenidin in
dioxan reported gzotho- was opposite in sign to that of
jatamansin (-24.06°) in chlorcform. Suspecting that
stereochemical factors may possibly be involved, rotations

of jatamansin and jatamansinol were checked agaln in
different solvents (Table 2). It was found that this

apparent discrepancy was mainly due to the effect of solvent.
However, the ?loibinty of natural jatamansin being partially
racemic cannot be excluded.

IABLE 2 - SPECIFIC ROTATIONS CF JATAMANSIN AKD
JATAMANSINOL IN DIFFERENT & LVENRTS.

Compound_____ Chloroform  Ethanol Uioxan

Jatamansin -24,08° + 8,6° + 1,8°
Selinidin - - + 20030
Jatamansinol + 7.6° v BB.OP + 35.856°
Lomatin - + 74,.8° -
Selinetinl0 - + 17,20
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spectrum (Fig.7) it exhibited bands corresponding to the
hydroxyl group (3623 em=l). It also depicted the presence
of & coumarin ring (1721, 1618, 1490 and 833 em™). Cther
bands of diagnostic importance in the infrared spectrum
consisted of a doublet at 1387 and 1368 c-‘l, typical of

a gemdimethyl group. Jatamansinol did not show any test
for phenol. Further, the ultraviolet spectrum of jJjatamane
sinol (Fig.3; Amax. 329, 286, 246 and 216 mu; log ®max.
4,08, 3,36, 3.41 and 4.01 respectively) was exactly
similar to that of jJatamansin, which indicated that the
main chromophore in jJatamansin remained unaffected during
czonclysis also. Jatamansinol, on treatment with petoluene-
sulphonyl chloride in pyridine, gave a crystalline mono-
tosylate, C21Hpo068, m.p. 1868-68°. On acetylation with
acetic anhydride in pyridine it formed a crystalline monoe
acetate, C1¢H160g, m.p. 137-38°, showing the presence of
only one hydroxyl group in it.

In the PMR spectrum of jatamansinol (Fig.®8)
gemdimethyl group ( 85,2 eps , 8H) was still discernible
however, it did not display signals corresponding to other
methyl groups present in jatamansin, evidently the grouping
g;,c = ¢<CH3  ynich accounted for the formation of

acetaldehyde and acetic acid was removed during
ozonolysis. Moleeular formulae of Jatamansin(CigHa(Og)

and jatamansinol (C34H1404) indicated the loss of a Cg
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unit during ozonolysis. This was alsco evident from the
formation of pyruvic acid (along with acetaldehyde and

acetic aeid) which further indicated the pronnoo‘ of >C=0
group in econjugation with gac\/c = C<‘m3 groupings

in other words the presence of . gac\/c = c({,’{a grouping
in jatamansin was established. g

The loss of this unit during ozonolysis, absence of an
alcohol group in jatamansin, and the presence of a hydroxyl
funetion in jatamansinol led to the suspicion that jatamansin
may be an ester of jatamansinol and a Cg unsaturated acid
(angelic IV or tiglie,V ), This conjecture was also
supported by the fact that angelate and tiglate esters have
been reported:l to give on ozomolysis corresponding alcohols,
acetaldehyde, acetic and pyruvic acids, as an example of
which may be cited the case of laserpetinell (VI), a diester
of angelie acid and an aleohol laserol (VII). On oszonolysis
it yielded laserol, acetic and pyruvic acids.

H. _CHs HaC _CH;
/C—g\ /C=C\

HyC” B COOH H” P <« “COOH

v vV

0

s OH _CH3 OH
_C=C-CO 0-Cc-c=c{_ HO OH

H l HO o 1 H HO 5

CHy O CHy

VI VII
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Tne cohelusions drawn from the results of
ozonolysis were fully corroborated by hydrolysis experi-
ments, Dihydrojatamansin, on hydrolysis with &¢ methanolic
potassium hydroxide at room temperature, yielded jatamansinol
and an aeid Cgiyp0g. The latter was identified as x-methyl-
butyrie acid by comparison with an authentic sample on G.C
and through formation ¢f p-bromophenacyl ester, m.p.52.539,
This fact conclw ively proved that dihydrojatamansin is an
ester of Jatamansinol and «-methylbutyric acid, further
confirmation of which was sought by condensation of
Jatamansinol with X-methylbutyric acid. Jatamansinol,
on refluxing with x-methylbutyryl chloride in benzene
solution, yielded dihydrojatamansin® identical in all
respects with that prepared from hydrogenation of jJjatamansin,.

Jatamansin, on mild hydrolysis, furnished jatamane
sinol and a Cg unsaturated acid, m.p. 45-45° (with the
characteristic infrared absorption bands ats 2800-.2600,

938 om~! due to -COOH group and 1696, 1645 em~! assignable

* Since the synthesisl? of jatamansinone (XIV)
from 7-hydroxy-coumarin (usmbelliferone) and conversion®
of jJatamansinone to jatamansinol has been achieved by
earlier workers, the conversion of Jjatamansinol to
dihydrojatamansin can be considered as a total synthesis
of dihydroJatamansin.
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to -C=C-C=0 entity; and ultraviolet absorption’® at

amax. 216 mu, log ¢ 3.69), which as expected, on hydro-
genation® over pre.reduced Adams' platinum oxide catalyst
in methanol, absorbed one mole of hydrogen to yield'methyl-
butyric acid. It was proved to be angelic acid (IV) from
1ts m.p. 43-48° (tiglic acid,V melts at 62-64°) and PMR
spectrum. The vinyl proton of an angelate has been
roportodu to give a signal at 368.8 cps (multiplet) and
that of a tiglate at 394.2 cps (multiplet). The PMR spectrum
of methyl ester of acid isolated from jatamansin (Fig. 9)
showed a signal at 358 cps (multiplet) due to vinyl proton
and in jatamansin also it appeared around 360,0 eps. From
these observations it was clear that jatamansin is an
angelic ester of the alcohol jatamansinol.

Thus all the foregoing evidences reveal the
presence of a 7-oxygenated coumarin ring, angelate ester
side chain and gemdimethyl graup in jatamansin, which
accounts for 17 carbon atoms out of the 19 and all §
oxygens. By the analogy with various other naturally
occurring coumarins the remaining ? carbon atoms, the
oxygen atom at 7 position and the gemdimethyl group were
believed to be present in the form of a tetrahydropyran

+ This observation also -ugpomd that the unsaturated
acid may either be angelic (IV) or tiglic (V) aeid.



or a tetrahydrofuran ring fused at 7:8 (Fig.10, A and B)
or 637 pesitions (Fig.10, C and D) of the coumarin moiety.
The four possible structures may be written for jJatamansin
skeleton as shown in PFig. 10. One of these with an angelic

ester side chain attached at the appropriate position will
represent the structure of jatamansin.

-
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C D

FIG-10

A decision in favour of the 2'?' .dimethyl tetra-
hydropyrano (6', &', 7, 8) coumarin skeleton (Fig.10, A)
could be made by a eritical study of the PMR spectra of
Jatamansin and its derivatives which further depicted
structure I for jJatamansin. is can be seen from Fig. 6,
Jatamansin showed a pair of doublets forming an AB system
at 482 and 366 cps (1H each, J=9 cps) which could be
assigned respectively to the protons at 4 and 3 positions



of the {-lactone ring by comparison with known coumarin
compounds, such as duoophoridm,m where the corresponding
doublets occurred at 485 and 372 cps. The position of

other doublets (due to protons at 5 and € positions) in

the aromatic region and their splitting (432 and 400 cps,

1H each, J=9 cps) were typical of the signals from ortho-
protons in a 1,2,3,4-substituted benzene ring.’ It is
known'® that aromatic protons which are not adjacent to an
oxygen substituent give signals between 444 and 438 cps,
whereas, Af there is an adjacent oxygen atom, the signal is
shifted upfield to the region 408.402 cps. From the
positions of the signals of two aromatic protons (at & and 6)
in jJatamansin, it is evident that the one at 6 (400 cps)

has an oxygen adjacent to it, while the other at 6§ (432 cps)
has not. The triplet at 309 cps (1H) was assigned to proton
at 3' and the multiplet centred around 180 cps (2H) was
aseribed to benz.ylic protons at 4'. As mentioned earlier
the multiplet located around 114 cps (6H) was due to «%- and
methyl groups of angelic ester side chain and a strong
singlet at aa.ff(en) was assignable to gemdimethyl group at 2°'.
The absorption due to Pe-proton of angelic ester side chain
(360 cps) was merged with one of the absorptions of doublet
due to proton at 3, but the integration curve clearly showed
the presence of two protons in that region. Finally in the

% In view of this the possibility of the skeletons,
Fig. 10, C & D was excluded.



PMR spectrum of jatamansincl (Fig. 8) the signal due to
3' proton (237 eps) was shifted upfield by 72 cps than
that of jatamansin (309 eps). It is well known'? that
in the case of primary hydroxyl group, the signal due to
protons on a carben atom bearing a hydroxyl group shifts
downfield by about 30 eps after acetylation, whereas, in
the case of secondary hydroxyl group this shift is about
80«70 eps. Therefore the presence of secondary hydroxyl
group* in jatamansinel was evident.

Thus the chemical degradations (Fig. 11) coupled
with spectral studies enabled Structures I, VIII and IX
to be assigned respectively to jatamansin, dihydrojatamansin
and Jatamansinol.

N X
KOH
0 0”7 0 o) 070
OH 0-C -CH-CH-CH
0o e '3
O CHz
IX I VI
(0} KOH
Ha +C/CH3 l/3 il
C=
HyC” “NCOOH Ix 1x
+ +
v Ehig=ClHQ CHz~ CH,—~CH(CHZ) ~COOH
CHz COOH
CHz CO — COOH
FIG- 11

* In view of the presence of secondary hydroxyl group and
two benazylic protom in jatamansin, the possibility of
the skeleton Fig. 10B was excluded.
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Further chemical support in favour of the
structure (I) of jatamansin was obtained by the corre-
lations schematically depicted in Fig. 12,

X X
o 2
O 0] 0 0] ¢}
OH O -Tosyl
X X1
3
= X X
4
HyCO™ o — 0”0
N
X1V XIlI X1

Reactions: (1) Condensation with petoluene sulphonyl chloride.
(2) Detosylation by refluxing in 2;4:6 collidine.
(3) Hydrogenation over Pt0g catalyst in Hae.

(4) Demethylation accompanied by ring closure
by red PX HBr.

(8) Oxidation with Jones reazent in acetone.
(6) Reduction with NaB4 in methanol.

FIG- 12
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Tosylate of jatamansinol (X) on heating with
2:436-collidine furnished an optically inactive chromene,
mep. 1191200, identified as seselin (XI)'® from the
melting point and ultraviclet spectrum'® (Fig. 17) in
viich it showed the presence of extended conjugation
(\max. 33C, 294, 284 and 218 mu; log © 4.07, 4.05, 4.04
and 4.42 respectively). The structure of this chromene
was fu’ly corroborated by its PMR spectrum (Fig.l8). A
pair of doublets at 482 and 366 (lH each, J=9 cps) vas
assigned to protons at 4 and 3 respectively and another
pair of doublets at 430 and 397 cps (1H each, J=8 cps) to
the ortho protons at & and € respectively. The third pair
of doublets at 413 and 341 cps (2 H each, J = 10 cps) 1is
very much characteristic of two cis hydrogens (4% and 3'
respectively) on a double bond conjugated with an aromatic
ring® (chromene system). The last pair of doublets was
absent in the FMR spectrum of jatamansinol (IX, Fig. 8),
but instead of that a triplet at 237 cps (1H, due to one
proton at 3') and a multiplet centred at 183 cps (2H, due to
bengylic proton at 4') were present which disappeared in
that of seselin (XI) due to formation of double bond
between 3' and 4' carbon atoms. Lastly the PMR spectrum
of XI also depicted a strong signal at 88,8 cps (6H) due
to the gemdimethyl group at 2',
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Un hydrogenaticn over pre.reduced Adsms' catalyst
in acetic acid seselin, as expected, absorbed one mcle cf
hydrogen to yield the known compound, aihydroseselin®l
(X11), m.p. 104-5°, with the ultraviolet absorption (Fig.l17,
Amax. 329, 255, 246 and 213 mu; log ® 4.08, 3.37, 3.41
and 4.17 respectively) similar to that of jatamansin. The
PMH spectrum of XII (Fig.16) is in full agreement with its
structure (in this, triplets at 176 and 111 cps (2H each)
appeared due to 2 benzylic protons at 4' and 2 protons at
3' respectively instead of a pair of doublets at 413 and 341
eps due to olefinic protons at 4' and 3' present in that
of seselin].

As we could not get an authentic sample either of
seselin or dihydroseselin for comparison, we prepared
dihydroseselin from authentic osthol* (XIII). Osthol was
treated with red phosphorous and hydrobromic acid to give
dihydroseselin. > The infrared spectrum of this product
was found to be indisbvinguishable from that of dihydro-
seselin prepared from hydrogenation of seselin. Similarly
the melting points of both preparations remained undepressed
on admixture. Thus the presence of 3',4' -dihydroseselin
skeleton (Fig. 10 A) in jatamansin was proved chemically.

Further, in order to have a chemical support for
the point of attachment of the ester side chain at 3'
carbon atom, the alcohol jatamansinol (IX) was oxidised with

* We are thenkful to Dr.(Mrs) ai. Chatterjes for
supplying the sample of osthol.



Jones' roauntaa which afforded the ketocompound,
C14H1204, meps 167-58% named as jatamansinone. It was
found to be identical with the known compound 1?4
(i=keto-3' ,4' -dihydroseselin) by comparison of the

melting point and ultraviolet spectrum (Fig. 17,

Amaxe. 321, 286, 248 and 218 mu. log © 4.12, 3.5, 3.54

and 4.15 respectively). In the MR spectrum of jatamansie.
none (Fig. 18), as expected, signals due to the proton at
3' (present in that of jatamansinol) disappeared and the
absorption due to protons at 4' position was shifted to a
much lower field (223 eps, singlet) than that of jatamansinol
(183 cps, multiplst). This may be ascribed to the diamagnetic
anisotropy of the adjacent carbonyl group. Jatamansinone
(XIV) was reduced with scdium borohydride to yield racemic
jmt’.anm.‘mol,"l m.p. 162-66°, the spectral characteristiecs
of which were identical in all respects with those of an
active jatamansinol obtained by hydrolysis or ozcnolysis
ol jJjatamansin. The formaticn of jatamansinone confirmed
the presence of an ester side chain at 2' position in
jatamansin (I). Thus the structure of Jatamansin was
unambiguously established,
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EXPERIMENT AL

GENERAL REMARKS

All melting points and boiling points are
uncorrected and recorded on centegrade scale. Uptical
rotations were taken in chloroform solutions unless
otherwise mentioned., Petroleum ether refers to the
fraction boiling between the range 60-80°. Ether extracts

after washings were dried over sodium sulphate.

Neutral alumina used for column chromatography
was prepared from commercial alumina by the metheod of
Evans and 8hoppo35 and activated to grade I by heating at
480-460° for 6-8 hr. Suitable grades were prepared there-
from by mechanical shaking (4-6 hr) with appropriate amounts
of water.2® 8ilicic acid used for cclumn chromatography
was deactivated>’ by heating at 480° for /2 hr. TLC was
run over glass plates coated with the mixture of silicie
acid and plaster of paris (R5:18; 200 gesh ).

Infrared spectra were recorded as liquid film or
in nujol suspension cn Perkin-Elmer Infracord Spectro-
photometer Model 137B, with sodium chloride optics.
Ultraviclet spectra were measured in 95f ethanol solution
on Beckman raticerecording spectrophotometer, Model DK.2
and on Perkin-Elmer Spectrophotometer Model 380.



PMR spectra were taken on 10-20% solutions in carbon
tetrachloride, dueterochloroform, acetone or pyridine.
on a Varian Associates A-60 spectrometer with tetramethyl
silane as the internal standard and chemical shifts were
measured in cps units. GLC analyses were carried out
using hydrogen under pressure as the carriler gas on
modified Griffin GLC apparatus, MK I1A with polyester

column.

Extraction of the roots of Selinum minatu-(z.a.Chrk;)

The powdered roots (74.9 kg) were added to
petroleum ether (40-60°; 170 1it.) and were stirred
mechanically for about 4 hr., at room temperature. The extract
was first filtered through cloth and the plant pulp squeezed
thoroughly to press out the maximum amount of solvent. The
extract was then filtered through filter paper. The
residual pulp was subjected to two more similar extractions
but using only 140 1it. of petroleum ether each time. The
combined filtrate were poured into a double jJacketed
stainless steel vessel fitted with adequate condensers and
connection for vacuum. The jacket temperature of the above
vessel was maintained at 40 ¥ 2° and the solvent removed

* obtained from Jammu & Kashmir.
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under reduced pressure. Traces of suspended matter

were removed by filtration under vacuum. The extractive

thus obtained (7.28 kgj; ©.7%) had the following properties;
colours light brown; ng? 1.56264; ()50 - 10.36° (¢, 1.18);
acid number 6.5; ester number 104.8 and alcchol number 78,52,

Ultraviclet spectrums Aggx, 326, 286, 246 and 220 mu

(82F 240,31, 142.9, 163.3 and 678.8 respectively).

Infrared spectrum (Fig.l), bands at: 3425, 2941,
1739, 1608, 1488, 1449, 1370, 1282, 1222, 1143, 1111, 1060,
1047, 1020, 996, 960, 934, 892, 936 and 760 cm™l.

Jevapansin (1)

The extractive after refrigeration for several
davs deposited crystals of jatamansin (530g) which were
filtered out, washed and erystallised (thrice) from a
large volume of petroleum ether to give colourless crystals,
m.p. 97.98%; («)38 - 24.06° (¢, 5.1).

Infrared spectrum (Fig.2) bands at: 1724, 1610,
1490, 1468, 1404, 1383, 1348, 1245, 1147, 1119, 1078,
1042, 1022, 994, 900, 847, 769 and 761 em™l.

Ultraviolet and PMR spectra (described in the
theoretical part).

Apalysis

Found: C, 69.85; 1, 6.22,
C1¢H2008 requires: C, 69.80; H, 6.14%.
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Dihydrojatamansin (VIII)

Jatamansin (4 g) was hydrogenated at room
temperature (28°) and pressure (710 mm) in glaeial
acetic acid (200 ml) over pre-reduced .dams' platinum
oxide catalyst (0,200 g). The hydrogen uptake came to
& close after absorption of 806 ml ¢f hydrogen (caleu-
lated for one double bond, 316 ml) during 4 hr. The
catalyst was then filtered and the solvent was removed
in vacuum to furnish a residue (3.00 g) which on crysta-
llisation from petroleum ether afforded dihydrojatamansin
in colourless needles, m.p. 107-108°; ()37 + 5,06°(2,6.11).
Ultraviolet spectrum (deseribed in the theoretical
part).
Infrared spectrum (Fig.4), bands at: 1724, 1600,
14%4, 1403, 1364, 1346, 1292, 1279, 1241, 1217, 1160,
1146, 1111, 1070, 1042, 1020, 917, 900, 833 and 760 em=l.

PMR spectrum (Fig.6 in CClg): A pair of doublets
at 451 and 366 cps (1H each, J = © cps, due to protons at
4 and 3 respectively); another pair of doublets at 431 and
899 eps (1H each, J = 8 cps, due to protons at & and 6
respectively)j triplet at 304 ¢ps (1H, due to proton at 3');
a multiplet centred at 180 eps (2H, due to benzylic protons
at 4')y strong singlet at 79.2 cps (6H, due to gemdimethyl
group at 2'); a doublet at 67.2 cps (3H, J = 7 cps, due to
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l;?—CH‘: grouping) and a triplet at 52.2 cps (3H, due to
CHg~Cha-grouping) .
Abalysis
Founds C, 69.4; H, 7.00.
C19Hi200§ requires: C, 69,07} H, €.,71%.

Leonolysis of Jatamansid

A slov stream of ozonised oxygen was passed through
a solution of Jatamansin (3.6 g) in carben tetrachloride
(&0 ulﬂ)j\s;h;r c;oaction mixture after removal of solvent
in vacuus was diluted with water (30 ml) and subjected to

steam distillation.

Volatile products of ozonolysis (acetaldehyde, acetic und
pyruvic acids)

Distillate obtained as above was neutralised
with sodium bicarbonate and again subjected to steam
distillation. The distillate, thus obtained, vas converted
into its erystalline 2,4-dinitrophenyl-hyirazone (0.20 g),
m.p.147-48%°, by the usual procedure and identified as the
2,4 -DNP of acetaldehyde by mixed melting point with an
authentic sample which remained undepressed.

Analysis

Found: C, 42.80;H, 3.66; N, 26.04.

Colg04li4 requires: C, 42.863 H, 3.603 N, 24.99%.
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The non-volatile portion of second steam
distillation containing sodium salts of acids was concen-
trated and subjected to paper ohromato(raphyas us ing
n-butanol-aq. ammonia as a developing solvent. IV
showed the presence of acetiec and pyruvie acids by

comparison with authentic samples.

Nonevolatile product of czo s (Jatanans inol , IX).

The nonevolatile portion left after the first
steam distillation was extracted with sther and worked up
in the usual manner to give a residue (2.7 g) which
zhowed the presencs of twe spots on IL.C and was subjected

to column ehromatography over neutral alumina (gr. II1),

CHACMATUGRAM
k4. of compound 2.7 g.
vte of Al203(Heu,IIl) 76.0 g.
Fr. Eluent Ratio by Volume of «t. of Temarks
vo lune eluate {raction.
(ml) (g)

1 Pet.,ether 1008 200 - -

2 Pet.ether £0s 80 300x3 n.600 unreacted
benzene Jatamansin.
Banzene 100% 300 0.020 rejected
Benzene-ether E&03180 300x8 1.900 jatamansinol

Ether 100% 300x2 c.008 rejected.

- . e e -



Fraction 4 containing jatamansinol (IX) was
erystallised from benzene and ethanol to give colourless
nesdles, m.p. 183-84%; (02> + 7.6° (e, 6.8).

Jliraviolet spootr\n:(dugibod in the theoretical
P&YT ).

Infrared spectrum (Fig.7),bands at: 3623, 1721,
1618, 1499, 1471, 1408, 1887, 1368, 1297, 128, 1736, 1198,
1160, 1140, 1130, 1088, 1075, 1041, ©R9, 943, 911, 862,
833 and 762 om™t.

PMR spectrum (Fig.8; in CDClz): a pair of doublets
at 459 and 374 eps (1H each, due to protons at 4 and 3
respectively); another pair of doublets at 438 and 409
eps (1H each, J = 9 eps, due to protons at 5§ and 6
respectively); & broad signal at 237 eps (1H due to one
proton at 3'); a multiplet at 183 eps (2H, due to twe
benzylic protons at 4');and a strong doublet at 85.2 cps
(6H, due to gemdimethyl group at 2').

analysis
Found: C, 68,26; H, 5,63,
C14H1404 requires: C, 62.285 H, 6.73%.

Jatamansinel agetate
Acetic anhydride (& ml) was added to a solution

of jatamansincl (0.790 g) in pyridine (10 ml) and the
mixture kept overnight at room temperature. The product
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vas diluted with excess of water and extracted with ether.
Ether extraect was washed with dilute hydrochloric aecid,
vater, sodium bicarbonate solution, then water, dried
and the solvent removed to furnish a residue (€.820 g)
which on erystallisation from pet.ether-benzene mixture
gave colourless needles of jatamansinol acetate, m.p.
137-38%, ()0 - 6.7¢° (¢, 6.33).

Ultraviclet spectrum Ap,y, 527, 286, 246 and
216 mu (log © 4.17, 3.6, 3.56 and 4.16 respectively).

Infrared spectrum,badds ats 1733, 1111, 1099,
1064, 1063, 1001, 992, 30, 909, 893, 840, 821, 806, 772,
760 and 686 cm™>.

PMR spectrum (in CClg): a pair of doublets at
485 and 368 cps (1H esch, J = © eps, due to protons st
4 and 3 respectively); another pair of doublets at 434
and 402 cps (1H each, dus to protons at 6 and 6 respectively);
triplets at 368 ecps (1H, due to the 3 proton) and 183 cps
(2H, due to benzylic protons at 4') and strong singlets
at 122 cps (3H, due to -C.CHg group) and 81 cps (GH,
due to gemdimethyl group :t 2'].

Abalysis
Found: C, 66.97y H, 6.97; ~C0.Ci3z, 1525,
C16H1606 requires: C,66.63; H,56.59; -C0.CHg 14.93%.



£ 1 tos (X)

p-Toluene-sulphonyl chloride (2,0 g) was added to
a solution of jatamansinol (1.93 g) in pyridine (20 ml)
and the mixture kept at room temperature for 24 hr. The
product was worked up in the usual manner to give a
residue (3.0 g) whiech on crystallisation from methanol
yielded colourless needles of jatamansinol tosylate, m.p.
1858.59°,

Infrared spectrums bands at 1727, 1610, 1488,
1406, 1353, 1323, 1282, 1280, 1216, 1190, 1176, 1151, 1136,
1112, 1074, 1036, 1017, @82, 947, 917, 833, 840, 781, 789,
738 and 697 cml.

Analysis
Found: C, 62.67; H, 5.02,

C21H20068 requires: C, 62,98; H, £,04%.

alkalive hydrelyvsis of dinvarcjatamansin (VIIL)

Hethanolie potassium hydroxide (&i; 50 ml) was
added to a solution of dihydrojatamansin (3.0 g) in
methanol (30 ml) and the resulting solution was allowed
to stand at room tamperature for about 24 hr., The reaction
mixture after ramoval of excess of solvent under vacuum

wvas diluted with water, acidified with dilute sulphuric aeid



and extracted with ether. The ether axtract was washed
with sodium bicarbonate solution to separate the acidie
portion.

Agidic portiop (x-methylbutyric acid). The sodium
bicarbonate washings were combined and acidified with
dilute sulphuric acid,and the resulting solution was
extracted repeatedly with ether. The ether extract
was dried and the solvent removed to give an oily residue
(0.8 g) which was distilled at 116-120° (bath)/°0 mm.
It was found to be identical with «-methylbutyric acid
on GLC.
Infrared spectrum,bands at: 2800 2600 (v.broad),

1724, 1480, 1408, 1379, 1233, l2e2, 1227, 1161, 1111, 1087,

1018, 971, 960, 826, 826, 781 and 741 em”l.

p-Bromephenacyl - (X-metk 1)-butyrate: The above acid(0.10 g)
was esterified with pebromophenacyl bromide (0.30 g) in
the ustal manmer to furnish pebromo-phenacyl ester (0.22 g)e
It was erystallised from agueous methanol to give cc laurless
plates, m.p. 52-83° which remained undepressed on admixture
with authentic p-bromophe: aeyle{gene thyl =butyrate.

4nalysds

Found: Br, 36.13.
C1aii1803by requires:s Br, 36.57%.
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Keutral vortion (jatamansinol IX)., The ether extract
containing the neutral produect of hydrolysis of dihydroe
jatamansin was washed with water, dried and the solvent
removed to furnish a residue (2,0 g) which was crystallised
from benzene to yield colourless needles of jatamansinol,
m.p. 183-84°, ()7 + 9.8 (¢, 4.8). Melting point
remained undepressed on admixture with the scsple obtained
from ogonolysis,

Infrared speetra of both samples were completely
superimposable.

sralysds

Found: C, 68.393 H, 5.83.
C13Y140, requires: C, 68.28; H 5.73%.

dydrolysis of Jabamansin

Jatamansin (6.0 g) in methanol (&0 ml) was
hydrolysed with methanolie potassium hydroxide (6%;
80 ml) by the procedure deseribed earlier. The reaction
mixture after removal of excess of solvent and acidifi-
cation was extracted with ethor. The ether extract was

washed well with sodium bicarbonate solution to separate
the acidic portion.

Acidic portion(angelic acid,IV). The sodiunm
bicarbonate washings of the ethereal sclution were combined



and acidified with dilute sulphuric acid. The resulting
solution wvas extracted thoroughly with ether. The ether
extract was dried and solvent removed to give an oily
residue (1.3 g) which was distilled at 135.40° (bath /88 mm.
The distillate on cccling in a refrigerator gave colourless
erystals, m.p. 43-48°, identical with that reported for
angelic acid (IV).

Ultraviolet spectrum: Amax, 216me(log © 3.69).

Infrared spectrum bands at: 2800-2600 (v.broad),
16965, 1645, 1460, 1418, 1379, 1346, 1282, 1185, 1163, 1085,
1044, 1018, 938, 864, 792 and 739 em"’.

Methyl angelate: To a solution of above acid (0.25 g) in
ether (4 ml) was added an ethereal solution of diazomethane
(in lots) at room temperature till light yellow colour
persisted. After about 5 minutes excess of diazomethane
was destroyed by addition of few drops of glacial acetic
acid., The solution was then diluted with ether (20 ml), washed
with water, sodium bicarbonate solution, followed by water,
dried, and the solvent was removed to yield an oily residue
(0.23 g) of methyl angelate which was distilled at 135-40°
(bath)/713 mm.

Infrared spectrum,bands ai: 2960, 1718, 1639, 1449,
1429, 1372, 1360, 1266, 1266, 1232, 1189, 1149, 1018, 990,
917, 893, 847, 768 and 736 em"l.



PME gpectrum (Fig.9, in CCl4): multiplets centred
around 382 eps (1H, vinyl proton) and 115 cps (6H, due %o
2 methyl groups on double bond)j and a strong singlet at
220 eps (3H, due to -Q\;OCEa group).

Analysis
Found: C’ 63.01’ H’ 8.70.

CgH1002 requires: C, 63,13; H, 8.83%,

Neutral portion (jatamansinol,IX). The ethereal extract
containing the neutral portion of hydrolysis of jatamansin
was worked up in the usual manner and the resulting product
(3.3 g) was crystallised from benzene to give cclourless
needles of jatamansinol, identical in all respects (m.p.
mixed m.p., rotaticn, infrared and ultraviolet speetra)
with that obtained from osonolysis of Jatamansin.

Hydrogenation of angeliec acid (IV)

Angelic acid (0.1 g) was hydrogenated at room
temperature (30°) and pressure (713 mm) in methanol (10 ml)
over pre-reduced Adams' platinum oxide catalyst (0.010 g'.
The hydrogen uptake came to a close after absorption of
26 ml of hydrogen (ealeulated for 1 double bond, 26 ml).
The product was worked up in the usual manner to give a
residue (0.10 g) which was distilled at 1¥5-20°(bath)/80 mm.
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This product was shown to be identical with x-methylbutyrie
acid by comparison with authentic sample on GILC and through
the preparation of p-bromophenacy) ester, m.p. 52.53°,
which remained undepressed on admixture with an authentie
p-bromophenacyl-((-methyl) -butyrate.

Preparation of dihydrojatamansin by condensation
of Ja W othylb 1 ¢ch

A suspension of jatamansinol (IX, 930 mg) in dry
benzene (25 ml) was added to -methylbutyryl chloride
(460 mg, prepared through usual procedure by the action
of thicnyl chloride on <-methylbutyric acid). The mixture,
protected by calcium chloride guard tube was refluxed on a
steam bath for 24 hr., the course of reaction being followed
by TLC. The reaction mixture was then cocled, diluted with
henzene (80 ml), wazhed with water, sodium bicarbonate
scluticn, water and dried overnight. The solvent was
removed to afford a residue (1.2 g) which was purified by
passing through neutral alumina (Grade IIj 25 g, elution
with 300 ml benzene) and by crystallisation from petroleum
ether to give colourless needles of dihydrojatamansin,
m.p. 107-108°; («()g8 + 9.8° (ey 4.1). Its melting point
remained undepressed on addixture with the sample cbtained
from hydrogenation of Jatamansin. Infrared, ultraviolet
and PMR spectra of both samples are identiecal.



Apnalysis
Found: C, 69,21; H, 6.89.
C102008 requiress C, 69.07; H, 6.71%.

seselin (XI)

Jatamansinol tosylate (X ; 1,35 g) was heated"C
with 23416-collidine (% ml) for & hr. in an oil bath at
180.90°, The reaction mixture was worked up in the usual
manner and the product (0.75 g) was purified by passing
through neutral alumina (grade III; 26 g ,elution with
200 ml of petroleum ether)and crystallised from petroleum
ether to give colourless crystals of seselin, m.p. 119-20°,
@0 & 0° (e, 7.67).

Ultraviolet and PMR spectra: (deseribed in the
theoretical part).

Infrared spectrum (Fig.13) bands at: 1724, 1631,
1596, 148C, 1401, 1370, 1287, 12853, 1235, 1217, 1103, 1188,
1114, 1074, 1009, 909, 833, 803 and 734 em~l.

4nalysis

Found: C, 74.12; H, 5.56.

Cy4H120g requires: C, 73.67; H, 5.30%.

Dihydroseselin (XII)
Seselin (0.50 g) in glacial acetic acid (256 mld
was stirred in hydrogen atmosphere at roon temperature (25°)

and pressure (713 mm) in the presence of pre-reduced Adams'



platinur oxide catalyst (850 mg). Absorption of hydrogen
equivalent to one mol was over in 2 hr,, after which there
wvas no further absorption. The product was worked up in
the usual manner tc give a residue (0.460 g) which on
erystallisation from petroleum ether and aquecus methanol
afforded colourless crystals of dihydroseselin, m.p.104-108°,
)28 + ° (c, 4.9).

Ultraviolet spectrum:(described in the theoretical

part).

Infrared speetrum(Fig.l4), bands at: 1709, 1600,
1477, 1418, 1398, 1361, 1267, 1232, 1176, 1161, 1117, 1071,
1036, 1021, 978, 986, 923, 903, 886, 826, 766, 749 and 722 em~l.

PMR spectrum (Fig.16, in CClg): a pair of doublets
at 452 and 367 cps (1H each, due to protons at 4 and 3
respectively); another pair of dcublets at 428 and 397 cps
(1H each, due to & and € protons respectively); triplets at
176 cps (2H, due to benzylic protons at 4') and at 111 eps
(2H, due to two protons at 3'), and a strong singlet at
82,8 eps (due to gemdimethyl group at 2').

Aualysis
Found: C, 73.21y H, 5.99,
C14H31403 requires: C, 73,023 H, 6.13%.



o)

o

Dihydreseselin (XIT) from authentie osthol (XIII)

Osthol (0,10 g), red phosphorous (0.06 g) and
hydrobromic aeid (6 ml, d 1.49) were heated under reflux
for 1 hr. The reaction mixture was then diluted with
water and extracted with ether. The ether extract was
washed with water, sodium bicarbonate solution, followed
by water, dried and thes solvent removed to give a residue
(0.080 g). 1t was purified by passing through neutral
alumina (grade IIIj; & g), elution with 200 ml of petroleum
ether, and repeatedly erystallised from petroleum ether-
ether mixture to give colourless crystals of dihydroseselin
(0,086 g), m.pe. 103-108°, which remained undepressed on
admixture with the sample obtzined from hydrogenation of
seselin,.

Ultraviolet, infrared and PMR spogtra of both
preparations are identieal in all respects,

Anelysis

Found: C, 72.80; H, 6.03.

C14F1403 requires: C, 73.02; E, 6.,13%.

Jatamapginone (XIV)

Jatamansinol (IX3; 1.3 g) was dissolved in acetone
(25 ml) in a 100 ml three-necked flask fitted with a thermo-
meter, dropping funnel and mechanical stirrer. The solution
was cocled in an ice salt mixture. Jones' reagent (2.6 ml)
was added slowly with stirring (/2 hr.). The solution was
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stirred for 5 minutes more. The excess of reagent was

then destroyed by addition of methanol until the mixture
became green. The solvents were removed and the residue
was diluted with water and extracted with ether. The

ether extract was washed with water, sodium bicarbonate
sclution followed by water, dried and the scolvent removed
to give a residue (1,23 g) which on TLC showed the presence
of at least three components. It was subjected to column
chromatography over silicic acid.

CHEOMATC GRAM
Wt. of compound 1.23 g.
wt. of silicwacid 31 g.
Fr. Eluent Ratio by Volume of ¥t. of Remarks
volume eluate fraction
(ml) )
1 Fet.ether 100% 160 -
2 Pet.ether 501 80 180 -
benzene
3 Benzene 100% 180x2 0.020 -
] jatamansi-
4 Bengene-ether 961 6 180xS 0. 650 none
5 e 86:186 180x3 0.030 not identi-
fied
€ bt 801 50 180x3 0.600 Jatamansi-
nol.
7 Ether 1008 160 0.004 -
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Fraction 4 was corystallised from ethyl acetate
to afford jatamansinone in colourless prisms, m.p.157-58°,
(«)go_; 0° (e, 2.7).

Ultraviolet spectrum (Fig.17): Amax. 321, 2886,
248 and 218 muy (log ¢ 4.12, 3.80, 3.54 and 4.12 respectively).,

Infrared spectrum (Fig.19), bands at: 1721, 1600,
1670, 1484, 1430, 1396, 1379, 1366, 1367, 1342, 1289, 1263,
1226, 1206, 1189, 1144, 1111, 1066, 999, 939, €09, 843,
822 and 763 em™1.

PHR spectrum (Fig.l18 in CCliq): a pair of doublets
at 460 and 377 eps (1H each, due to protons at 4 and 3
respectively); second pair of doublets at <441 and 413 cps
(1H each, due tc protons at 6 and 6 respectively), and
singlets at 223 cps (2H, dus to benzylic protons at 4')
and 82,2 ops (6H, due toc gemdimethyl group at '),

ahalysis
Found: C, 68.89; H, 4.83,
C14ii1203 requires: C, 68,843 H, 4.95%.
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CHAPTER Il
SYNTHESES OrF
DIHYDROSAMIDIN AND VISNADIN




b1
S UMMARY

The coumarins dihydrosamidin (IIb) and
visnadin (1Ie) isolated from the extracts of Ammi
yispaga L. have been known to possess a strong
vasodilatory aetivity. As the syntheses of these
compounds were not reported in literature, it was
thought worthwhile to attempt them.

X

0 (O

OAc
0 ICI R
0
11
CHz

b- R=—CHy— CHC
CHy

¢- R=—CH(CHz)~CH,— CHj

For this purpose, jatamansinone (IX), which was
obtained from jatamansin (Chapter I, p. 19 ) by hydrolysis
followed by chromic acid oxidation, was employed as the
starting material. It was treated with lead tetraacetate
in acetic acid to yleld the ketoacetate X. The latter
was subsequently converted into (+) -gis-4'-acetyl-
khellactone (XI) by the aection of sodium borohydride.
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The gis-orientation of the 3' and 4' substituents
in (+) -4-acetyl-khellactone (XI), thus prepared,was
shown by converting it te the diacetate XVII and showing
the identity of the latter with authentic (+)-gis-
diacetyl-khellactone, obtained by osmium tetroxide
oxidation of seselin (XV), followed by acetylation of
the resulting (+)-gis-khellactone (XVI).

X AN X
0] 0] 0 0 0 O
OAc OAc
0 0 OH

IX X XI XV

o s

(o C C-H- (CH3) CH,—CHg

XVI XVII XVJH

(£)-cis-4' -Acetyl-khellactone (XI) was then
converted into (+)-gis-dihydrosamidin and (t)-¢cigs-visnadin
by condensation with appropriate acid chlorides.

A direct synthesis of visnadin from dihydro-
jatamansin (XVI11) was tried but without success.
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The plant Ammi vispaga L (bishop's weed) has
been uutl1 in Egypt for centuries as a home remedy and
spasmolytic. A discovery of the coronary vasodilatory
sctivity of khellin,! a erystalline furochromone (I),
isolated from the ethereal extract of the seeds of the
same attracted much attention. The faect that the seeds
contain vasodilatory substances other than khellin has
been shown by suun,a whose 'visnagan' fraction (extractive
remaining behind after removal of the crystalline material)
evidenced considerable activity, from which by using
refined chromatographie techniques Smith et al.® later
on could isolate three strongly vasodilatory active
coumarins, samidin (IIa), dihydrosamidin(IIb) and
visnadin (IIe).

Hy O 0

¢. R==CH (CHz) = CH,~CHy

* Since these vasodilatory agents are clouly
related with jatamansin (Chapter I, p. 19
it was thought to be desirable to work on thou.



61

The structures of samidin, dihydrosamidin and
visnadin have been established by Smith et al.* in 1987,
Schmid et al® 4in 1969 reported the possible stereo-
chemistry (both 3' and 4' substituents being in the
cis-configuration) of these products (II), along with
the synthesis of (¢) -trans.samidin from 7-hydroxy
coumarin (I1I, umbelliferone), The reactions used by
them in this synthesis are schematically depicted in
Fig.l. They condensed umbelliferone (III) with 2-methyl-
2'-hydroxy-but-3-yne (IV) by heating at 160° in O-dichloro=-
benzene to give seselin (V), which was converted into
dpoxide (VI) by the action of perbenzoic acid. Seselin
epoxide was treated with acetic acid under reflux to give
(+)-trans-4'-acetyl-khellactone (VI1); the latter being
finally converted into (+) -trans-samidin (VIII) by
acylation with B,}' -dimethylacrylic acid cnloride.

Thus Schmid gt al successfully synthesised (+)-trans-
samidin. However, their attempt to synthesise the cis

product was without success.



Vv
X AN CGHSCOOH
HAc \
0] 0 0 e—— 0 0
OAc 0
H3 -
C CH-COCI H2504
OAcC
/CH3

0 ¢ CH= c\CH
0
VIII FIG-1 IX

Present chapter describes successful syntheses
of (+)-gis-dihydrosamidin and (t)-gis-visnadin carried
out by us from jatnuuinom' (IX), which was obtained
from jatamansin by hydrolysis followed by chromic acid
oxidation. Fig. 2 schematically shows the reactions
used during this conversion.

* Synthesis of this ketone starting from 7-hy%roxy
coumarin was also reported by g_c_bnid
alongwith the synthesis of (¢) j_gm.suidm(ng.l)
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Pb(OAc)£in HAc)

o) (0] ) 0 0]
OAc
0 0
IX X
NaBHg
(in dioxan)
X
R-CO-Cl(in benzene)
0] 0 0 o) 0
OAc OAc
(0]
X1l X1
_~CHsz

a- R= = CH CH ¢y

b R= = CH (CH,) ~CH,~CHy
FIG 2

To introduce an acetoxy group in the 4' position,
jatamansinone (IX) was treated with lead tetraacetate

in acetic acid under reflux for V2 hr.S

However,

the product on 1.C showed the presence of atleast

five components. With a view to obtain better ylelds
of the ketoacetate X, many conditions of reaction time
and temperature were tried. Finally oxidation at the
room temperature in an atmosphere of nitrogen for 1 hr.

was found to give the best results (45-80% yield).



The ketoacetate x[(+)-3' -keto-4' -acetoxy-3',4'«
dihydroseselin| is a new compound, the structure of
which was fully corroborated by its infrared, ultraviolet
and PMR speetra. In the infrared spectrum (Pig.3) it
showed a characteristic strong absorption band at 1250 cii
due to acetate group, along with those of a coumarin ring
(1739, 1613, 1460 and 843 cn~1) and its ultraviolet
absorption (Pig. 4; having \max. at 324, 261, 248 and
213 mf; log © 4.11, 3,65, 3.59 and 4.13 respectively)
was very similar to that of its precursor (IX). Further,
in its PMR spectrum (Fig.5), as expected, the singlet
at 223 ecps (2H), due to two bengylic protons at 4’
present in that of jatamansinone (Chapter 1, Fig.18)
disappsared, but instead of that,a singlet at 382 cps
(1H) due to proton at 4' along with a strong signal at
138 ops (3H, singlet, due to -CC-CH3 group) appeared,
the rest of the absorption signals being essentially
similar to that of Jjatamansinone.

3ince it was already known that sodium borohydride
reduction of the diketone XIII, gave cAg-khellactone (XIV)®
it was decided to carry out the same reaction on keto-
acetate ¥ in order to obtain the desired gls-acetyl-
khellactone (XI).

NaBHy4
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The ketoacetate X was therefore reduced with
sodiumborohydride under various experimental conditions
involving changes in time, temperature and solvent. Better
yields of (t)-gis-4'-acetyl-khellactone {XI, (:)-gis-3'-
hydroxy-4' -acetoxy-3' ,4' -dihydroseselin), m.p. 182.83°,
were obtained by carrying out the reduction in dioxan’
for /2 hr. at 2.6° (65-70% yield). The product on TLC
showed the presence of atleast three components. The
most polar and predominant fraction, analysing for C3gl1606
and having the required spectral characteristics* constituted
the required reaction product and was used in the next step.
The second fraction, m.p. 158.60° which analysed for
C14H1408 was identified as (+)-gis-khellactone by comparison
(melting point, mixed melting point, infrared and ultraviolet
spectra) with authentic (+)-gis-khellactone (XVI) obtained
by osmium tetroxide oxidation of seselin (xv).5

. * Infrared spectrum (Fig.7) absorption at 3809 and
1020 em*} (due to -OH group), 1709, 1613, 1460 and 833
em~} (due to coumarin ring), 1748 and 1227 em-l (due to
-0-C-CHg group); ultraviolet spectrum (Fig. 4), \max. 324,
261, 249 and 215 my (log © 4.14, 3.52, 3.57 and 4.17
respectively); PMR spectrum (Fig.6) essentially similar
to that of ketoacetate X (Fig.5) except signals at 241 eps

(1H, due to proton at 3') and 154 cps (1H, due to -OH group)
appeared which were absent in that of ketoacetate X.
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The stereochemistry of XI was established by

the correlations, schematically represented in Fig. 9.

4! ~Acetyl-khellactone (XI) was acetylated with acetyl
chloride in benzene solution at room temperature to
vield the (+)-diacetylkhellactone (XVII), m.p.160-62°,
having its infrared spectrum (Fig.l0) indistinguishable
from that of the diacetate obtained from acetylation of
authentic (+)-gis-khellactone (XVI). Melting point of
both preparations remained undepressed on admixture.
Thus this correlation confirmed the gis-orientation of
both 3' and 4' substituents in XI.

= CH5COCI o CHzCOCI =
—_—> —
0 0”7 =0 0 0~ ~0 0 0" 70
OAc OAc OH
OH OAc OH
X1 XVII XVI

FIG-9
(+)-cis-4' ~Acetylkhellactone (XI) was then
converted into (t)-gis-dihydrosamidin (XIIa) and (+)-gis-
visnadin (XIIb) by treatment® with appropriate acid
chlorides.

(+)-gis-Dihydrosamidin (XIIa), m.p.125-27°
was obtained by refluxing XI with isovaleryl chloride in
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benzene solution for 24 hr. The infrared (Fig.ll),
ultraviolet (Fig.4) and PMR" (Fig.12) spectra of XIla
are in full agreement with its structure.

(¢)-gis-Visnadin (XIIb), m.p.150-862°, was
prepared by similar condensation of XI with X-~methyl-
butyryl chloride. The difference in melting point of
(¢+)-gis-visnadin (XIIb), thus prepared, and that of
natural visnadin® (IIe) m.p. 88.88°, is very conspicuous.
But, the structure of XIIb has been fully corroborated by
its infrared (Fig. 14), ultraviclet and PMR (Fig.13)

spectra,

N
Pb (OAc)4 in HAc =
0”0 a 0 0" X0
OAc
O- C~CH=(CH3) ~CH,~CHy 0-C-CH(CH,)=CHp~CHg
0 0
XVIII XII b

* As expected, the signal due to 3 proton appeared at
314 eps (1H, doublet J=5 cps) which may be cited as
an example of downfield s of about 73 eps
(vide Fig.6) of a signal, due to proton on carbon
bearing a secondary hydroxyl group, after acetylation
of corresponding hydroxyl group.
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In order to synthesise visnadin directly
from dihydro jatamansin (XVIII), an attempt was made
to intrcduce an acetoxy group in the 4' position of
dihydrojatamansin by the action of lead tetraacetate.
However, under various experimental conditions®:®;10
AV1II was recovered unchanged. O(xidation with other
oxidising agents such as chromic acid and selenium
dioxidou to produce the corresponding hydroxyl compound
alsc failed. This inability is probably due to the steriec
effect of the flexible overlapping of the ester side chain
in dihydro jatamansin,
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EXPSRIMENT AL

Fér general remarks vide Chapter I, p.39.

(£)=3" -Keto-4' ~acetoxy-3,4' -dihydroseselin (X)

Lead tetraacetate (9,4 g) was added to a solution
of jatamansinone (X, 4.84 g) in acetic acid (120 ml) and
the mixture stirred at room temperature in an atmosphere
of nitrogen for 1 hr. The product was added to excess
of water and extracted with ether. The ether extract was
washed with water, sodium bicarbonate solution, again
water, dried and the solvent removed to furnish a residue
(4.4 g). It showed the presence of atleast four components
on TLC and was subjected to column chromatography over
silieic aeid.

CHROMATOGRAM
Wte of compound 4«4 g.
Wt., of silicic aecid 110 g.
Fr. ©&olvent Ratio by Volume of Wt. of
volume eluate fraction. Remarks
(ml) )
1 Pet.ether 100% 300 -
2 Pet.ether-
benzene 803 80 300 -
3 Benzene 100% 300x3 0.886 Jatamans inone
4 Benzene -ether 97.3 300x2 0.58 ixture of
Jatamansinone &
toacetate X.
8 e 02.8 300x86 2.12 Ketoacetate X.
6 e 85.16 300 0,21
7 e 80 . 80 300 0.83 Compo und
8 Ether 100% 300 0¢11 | mep.226.28°(n0t

characterised)
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Fraction § containing the ketoacetate X was
erystallised twice from benzene to give colourless crystals,
HePo 180-“0’ (‘)ga-t Oo.

Ultraviolet spectrum: (described in the theoretical
part). Infrared spectrum (Fig.3) bands at: 1739, 1613,
1482, 1460, 1370, 1316, 1289, 1250, 1143, 1111, 1073, 1036,
¢9n5, 938, 893, 862, B43, 769 and 716 cm"l.

PMR spectrum (Fig.8, in CDClg): doublets at 465,
482, 420 and 383 cps (1H each, J = 8.9 ecps), due to protons
at 4,6,6 and 3 respectively) and singlets at 392 cps (1H due
to 4' proton), 138 cps (3H, due to -0-C-CH3 group), 99 and
92.4 cps (6H, due to gemdimethyl group ca)m 2').

Analysis
C16H140¢ requires:s C, 63,57; H, 4.60%.

(£) =-gis-4'~hcetyl-khellactone (XI)

To a cooled (2-8°) and stirred solution of the
ke toacetate (X, 1.2 g) in aqueous dioxan (80%; 80 ml) a
solution of sodium borohydride (0.23 g) in aqueous dioxan
(10 ml) was added during a period of § minutes. The mixture
was stirred further for 26 minutes at the same temperature.
It was then made slightly acidic (pH 4-5) with 1N sulphurie
acid. The solvent was removed under suction at 40.48°
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and the residue was extracted with ether. The ether

extract was washed with vater, sodium bicarbonate

solution, then water, dried and the solvent removed to

give a residue (1.30 g).

It showed 3 spots on TIC and

was subjected to column chromatography over silicic acid.

- - - -~ . -~ -

CEHROMATCGHAM

Wt. of compound 1.30 g.
Wteof silicic acid 33.0 g.

Fr. Solvent Retieo by Volume of Wt, of Remarks
vo lume eluate fraction
(ml) ()
1l Pet.ether 1005 280 -
2 Fret.ether=-
bengzene 803 80 280 -
3 Bengene 100% 280 -
Benzene~ether 90: 10 280 0.02
5 ne 70330 280x4 fe88 (r)gig-4'~
Acetyl khe-
llactone(XI]
é " 803 80 260x2 0.20 @W-gig-khell.
actoneXVI)
7 .e 286: 786 280x2 C.10 Compound; m.p.
, 186.8:3 (nog
identified)
8 Ether 1co% 280 0,03
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Fraction. § containing (+)-gig-4' -acetyl-khellactone
was purified by erystallisation (twice) from benzene to
furnish colourless erystals, m.p. 182.84%; («)§0 = 0°.
Ultraviolet speetrum:(deseribed in the theoretical part).
Infrared spectrus (Fig.7): bands at 3809, 1748, 1709,

1613, 1460, 1370, 1282, 1227, 1111, 1020, 71, 889,
833 and 766 cg~l.

FPMK spectrum (F1g.6, in CDClg): doublets at 467,
409 and 374 cps (1H each, J = 9.10 eps, due to protons at
4, € and 3 respectively, absorption due to proton at 6
being merged in solvent absorption); 386 and 241 eps (1H
each, J = 5 cps, due to 4' and 3' protons respectively);
and singlets at 164 (1H), 133 (3H) and ®6 (6H) cps (due to
-0H, —0.({\-033 and gemdimethyl groups respectively).

(o]

Analysis
'Om‘ c’ 62.95‘ H, BO“I
016“160‘ “qu“.' c’ 63. 16‘ H, 5. w’o

(+)-gis-Ehellactone (XVI)

Fraction 6 containing (+)-gis~khellactone was
purified by crystallisation from benzene to furnish
colourless erystals, m.p. 168+60° which remained undepressed
on admixture with authentic gig-khellactone. Infrared (Fig.8)
and ultraviolet spectra of both samples were superimposable.
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Analysis
Found: C, 64,33; H, 6.65.

C1411408 requires:C, €4,11; H, 5.3%%,

(+)-gis-Ehellactone (XVI)by osmium-tetroxide oxidation’?
of seselin (XV)

Osmium tetroxide (0.41 g) in dry purified dioxan
(6 ml) was added to seselin (0,29 g) in the same solvent
(5 m1). The sclution was left at room temperature for 4 days
and then saturated with hydrogen sulphide. The back
precipitate was filtered off and dioxan soluticn was
evaporated to dryness under reduced pressure. The crude
produet (0.31 g) was erystallised from benzene to give
colourless cryttalesix;l.p. 169-61°. Ultraviolet spectrums
Amax. 325, 263, 246, 219 and 213 mu (log © 4.14, 3.45, 3.48,
4.10 and 4.13 respectively). Infrared spectrum (Fig. 10):
bands at 3390, 1728, 1686, 1616, 1492, 1461, 1398, 1369,
1362, 1289, 1242, 1225, 1180, 1160, 1138, 1114, 1091, 1080,
1021, 1006, 999, ©30, 890, 866, 822, 802, 780 and 762 cm~i.

Analysis

Found: C, 64,03y H, 6.83.
C14ii1405 requiress C, 64.11; H, 5.38%.

Acetylation of (+)-cis-khellactone (XVI)

Agetyl chloride (0.40 g) was added to a solution
of the (+).gig-khellactone (0.096 g) in benzene (20 ml)
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and the mixture was kept at room temperature for 3 days.
The course of reaction was followed by TIC on silieic acid.
The reaction mixture was diluted with benzene (20 ml),
washed with water, sodiuam bicarbenate solution, then water,
dried overnight and the solvent . remeved. The prod uct
(0.11 g) showing traces of upuritgalicu purifiedby
preparative layer chromatography (Lhich was run over
silicic acid plates (20 x 20 cm) by usual procedure
using ethyl acetatesbenzena (111) as developing solvent],
and then through orystallisation from petroleum sther-benzene
to give colourless needlaes, of (+) -cis-3',4'.dlacetyl-
khellaetone (XVII), m.p. 161.63°., Ultraviolet spectrum:
Amax. 322, 206, 266, 245 and 219 mu (log © 4.14, 3.94,
3.863, 3.60 and 4.15 respectively). Infrared spectrum
(Fig.10): bands at- 2941, 2899, 1764, 1742, 1631, 1£08,
1477, 1412, 1389, 1312, 1287, 1245, 1195, 1163, 1136,
1087, 1063, 1031, 1013, 994, 962, 923, 899, 886, 843,
823, 800, 781 and 759 em™t.

Analysis

Found: C, 62,52} H, 5.32.
C18H1807 requires: C, 62.42; H, 5.24%,

Acetylation of (+)-eis-4'-acetyl-khellactone (XI)

(£)-gig-4' ~Acetylkhellactone (0.10 g) in benzene
(16 ml) was acetylated with acetyl chloride Y0.35 g) by the
procedure described earlier. The product (0.11 g) showing
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traces of impurities Avu purified by preparative layer

chromatography and by erystallisation from petroleum
ether-benzene mixture to give colourless ncedles of
XVIL,m.p. and mixed m.p. with authentic gig-3',4'-
diacetyl-khellsctone, prepared as above, 160-62°.
Infrared and ultraviclet spectra of both preparations
were identical.

Analysis

Found: C, 62,673 H, £.34.
C18H1807 reguires: C, 62.42; L, 5.24%.

(+)-eis-Dihydrosamidin (XIla)

78

Isovaleryl chloride (0.13% g) in dry benzene (2 ml)
was added to a suspension of (+)-gis-monoacetyl-khellactone
(XI, 0.134 g) in dry benzene (10 md). The reaction mixture

protected by a CaClg guard tube was refluxed on a steam
bath for 28 hr. The course of resction was followed by
TiC on eilicic acid. The reaction mixture was cooled,

diluted with bengene (30 ml), washed with water, sodium
bicarbonate solution, then water, dried and the solvent

removed to afford a residue (0,160 g) which was chromato-

graphed over silicie aeid.
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SHROMATOGRAM
Wte of compound 0,16 g.
Wt. of silicic acid 4.0 g.
Fr. Solvent Ratic by Volume of Wt, of FRemarks
vo lume eluate fr.
(ml) (g)
1 Pet.ether 1004 106 -
2 ret.ether- 801 80 100 0.030
benzene A}
Rejected
Benzene 1008 100 0,020 -
2k Benzene-ether 93.7 100x4 1.40 (+)-cig~
dihydro-
samidin(Xiia)
L3 Ether 100% 100X2 0,020 g+ Rejected.

- - - - - - - - - -

Fraction 4 containing (*)-gis-dihydrosamidin
was crystallised from pet.ether to give colourless needles,
mep. 128-27°, (-()%8;- 0° (ey 1.8). Ultraviclet spectrum
(F1g.4): Amax, 324, 260, 249 and 216 mu (log © 4.17, 3.57,
3.66 and 4.19 respectively). Infrared spectrum (Fig. 11):
bands &t 1754, 1613, 1494, 1471, 1410, 1379, 1298, 1236,
1180, 1124, 1088, 1080, 1010, 920, BY3, 861, 836 and 774 em-1.

PMR spectrum (Fig.12 1in CCl4): doublets at 452,
439, 403, 368 cps (1H eaehy J = 8.9 ¢ps, due to protons
at 4, 5, © and 2 respectively), 386 and 314 cps (1H each,
J = 6 cps, due to protons at 4' and 3' respectively);



singlets at 128, 124 cps (&i, due %o -C.Jha and -—L-cda-
group) and 83 cps (6H, due to gondinothyl group at 2');
and a doublet at 5 cps (6H, J = 6 cps, due %o .cn/°“3 group).

Analysis
Founds; C, 64.“; H, 6.26.

Co1H2407 requires: C, 64.95; H, 6.23%.

(£)-gis-Visnadin (XIIDb)

()-gis-4' ~acetyl-khellactone (XI, 0.15 g) was
esterified with «-methyl-butyryl chloride (0.1 g) by
following the procedure described earlier. The reaction
product (0.18 g) was chromatographeé on silicic acid (6 g).
Bengzene -ether mixture (93.7 ) eluted the ectexy (0,15 g),
which on erystallisations from pet.ether afforded (+)-gis-
visnadin, m.p. 180.82°, Ultraviclet spectrum: Amax. 324,
261, 249 and 215 mu. log ¢ 4.15, 3.86, 3.62 and 4.19
respectively.

infrared spectrum (Fig.l4): bands at 1739, 1608,
1486, 1488, 1372, 1348, 1277, 1229, 1181, 1147, 1103,

1062, 1007, 936, 909, B92, B46 and 776 em™t.

PMR spectrum (Fig.13): doublets at 455, 440, 407,
372 eps (1E each, J = 8.9 eps, due to protons at 4,5,6 and
3 respectively), 391, and 320 eps (1H each, J=5 eps, due to
protons at 4' and 3' respectively); singlets at 124 cps
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(3H, due to -0.C.CHz group at 4') and R5 eps (6H, due to
o
gendimethyl group at 2'); a doablet at 71 cps (3H, J = 7 eps,

due to CH3-CHZ grouping) and a triplet at 66 cps (3d,

due to CH3-THg grouping).

Apalysis

Found: C, 65.16; K’ 6.44,
C21Hg407 requires: C, 64,96; H, 6,23%.



4.

8.

6.

7.

8.

9.

00
"
v

REFERENCES

C.P. Huttrer and E, Dale, Chem.Revs., 48,543(1961).
K. Samman, Quart.J.Pharm.Pharmacol , 4, 14 (1831)4
6, 12 (1933); 18, 83 (1948).

(a) E. Smith, L.A. Pucel and W.G, Bywater, Science,
118, 820 (1982),

(b) E. Smith, N, Hosansky and W.J. Bywater, Abstracts
of the Mediecinal Division, 24N, 126th HMeeting of the
American Chemical Soclety, New York, Sept. 1964,

E. Smith, K. Hosansky , W.G. Bywater and E.E. van
Tamelen, J.imer.Chen.8cc., 28, 3634 (1987).

H.D. Schroeder, W. Bencze, 0. Halpern and H.Schmid,
Chem,Bor., 23, 2338 (1969).

¥.8. Johnson, A.D. Xemp, R. Pappo, J.Ackerman and
W.E. Johns, J.Amer.Chem.Soc., 78, 6312(1986).

(a) B. Elisberg, H.Vanderhaeghe and T.F.Gallagher,
J.Amer.Chem.S0c., 74, 2814 (1982).

(b) A. Hunger and T. Riechstein, Chem.Ber., 85,635(1962).

R.E. Willette and T.0. Soine, J.Pharm.Soc.,

53 (3), 2756 (1964).

L.F. Fieser ard R. Stevenson, J.Amer.Chem.S0a.,
26, 1728 (19864).

G.W.K, Cavill and D.E. Solomon, J.Chem.Soc., 3€42(1964).
K.B. Wiberg and S.D. Nielsen, J.0rg.Chem., 29,3363 (1964)

D.H.R, Barton and Dov Elad, J.Chem.Sec.,2085(1986).



CHAPTER Il
SYNTHESIS OF SUKSDORFIN
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The vasodilatory drug (+)-gig-suksdorfin (Ib)
has been synthesised starting from jatamansinone (II).

CH
b- R=— CH,~ CH 3
CHy

c R=—CH—(CH3)—CH2—CH3

Jatamansinone (II) was converted into the keto-
acetate III by treatment with lead tetraacetate. The
ketoacetate III was hydrolysed with alkali in order to
obtain the ketoaleohol IV. However, instead of the
desired material a rearranged product having a tertiary
hydroxyl group and no keto funetion was obtained (Eluei-
dation of the structure of this compound will be taken up
at a future date). Alternatively, III was hydrolysed
with acid under controlled conditions which yielded the
ketoaleohol VIII1, Evidently, during acid hydrolysis IV
has rearranged to VIII, the mechanism of which has been

discussed.
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AN X A S
070 0 070 0
OAc OH 0
0 0

0 OH
II 11 1V VIII
X X
o) 0 0 o 0~ ~0
0 OAc
Ac OH
IX XI

Keto-aleohol VIII was acetylated to yleld the
ketoacetate IX. It vas then reduced with sodium borohydride
and the product was found to be identical with () -gis-4'-
acetyl-khellactone (XI). Thus during sodium borohydride
reduction of IX, there was one more rearrangement, the
migration of acyl group from 3' te 4' position. The
reaction mechanism of this has also been discussed.

In view of the above rearrangements (r)-gise
suksdorfin has been prepared from the ketoalecohol VIII,
by condensing the same with isovaleryl chloride, reducing
the resulting ester XVI with sodium borohydride and then
acetylating the alcohol XVII (obtained through aecyl migration)
with acetyl chloride.
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X
0~ 0 0]
CH
0 0.C- .cHZ 73
_CHg ﬁ CH, CH\CH
O'C-CHZ'CH\ OH 0 3
Il CH3
o
XV1 XVl

In order to prepare (&)-gis-dihydropteryxin (Iec)
by similar method, the ketoalecohol VIII was condensed with
«-~methylbutyryl chloride and the resulting ester XIX was
reduced with sodium borohydride. In this case, however,
there was no acyl migration and the product was foumd to
be 3'x-methylbutyryl-khellactone (XXI), instead of the
desired 4' «(-methylbutyryl-khellactone(XX). This was
further confirmed by acetylation of XXI which yielded
() -gig-visnadin(XXI1). Thus it has not been possible
for us to synthesise dihydropteryxin at present and the
problem is receiving our further attention.

X AN AN
0 0 0”0 o 0”0
0 OH OAc
0-C'R O0-C'R 0-C-R
I I I
0 0
X1X XX XXI XXl

Rﬁ—CH—(CH3) —CHZ—CH3



Syntheses of dihydrosamidin and visnadin have
been detailed in the second chapter. Present chapter
describes successful synthesis of (+) -gis-suksdorfin(lb)
from jatamansinone (II) carried cut by us.

The coumarins pteryxin (Ia) and suksdorfin (Ib),
which have been known to possess a sirong vasodilatory
activity, were first isolated by Call et 81.'*2 4in 1986
from the plants Pleryxias terebinthins (Hook) and Lomatium
suksdorfil (Wats.) respectively. Structures of these
compounds have been established by Soine et al® in 1962,
However, syntheses of these products have not been
attempted by earlier workers and therefore it was thought
to be desirable to achieve the same.

N
0 00
0
I i
M
~
a. R=-c=cl N N
CHs
o 0 X0 o0 0 Xo
IR
b- R == CH,=CHJ OAc OH
CHy
0 0

¢. R = — CH=(CHz)=CH,~CHy
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As a prelude to the syntheses of these vasodilatory
drugs (I), the keto-ucetate III ( (&)-3'-keto-4'-acetoxye
3,4' ~dihydroseselin) which has been obtained from jataman-
sinone (II; 3'-keto-3',4'-dihydroseselin) by lead tetra=-
acetate oxidation (vide Chapter II, p. €6 ) was saponified
with aqueous alkall® in nitrogen atmosphere with a view to
obtain the keto-alcohol IV;[ (+)-3'-keto-4'-hydroxy-3',4's-
dihyiroseselin), but instead of this an isomerised product,
C14H12085, m.pe 196.200° (V) was obtained. It showed an
extended conjugation? in the ultraviolet region (Fig. 4),

* The use of alecoholic solvents during these 6
hydrolysis experiments was avoided, as it has been roportog’
that 3',4'~-diaeyl-khellactone (samidin, visnadin, pteryxin,
suksdorfin ete) give 4'-alkyl-khellactone con hydrolysis in
aleoholie splutions by incorporation of a solvent molecule
on an oxygen atom at 4' position. For example, dihydiroe
samidin (VI) on hydrolysis in methanolic petassium hydroxide
vielded 4'-methyl-khellactone (VII).

X X
0 0~ "0 KOH (in methanol) O 0~ ~0
OAc oM
0.C-CH,-cH 3 OH )
I 2 YUNCH

3

VI VII
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Amax. 347, 312, 268 and 260 mu, log ¢ 3.93, 4.09, 4.01

and 4,10 respectively. The isovaleryl ester of this
compound, m.p., 186-88°, did not show any signal corres-
ronding to the prcton attached to the carbon hearing an
ester group in its FMR spectrum® (Fig.2) and was resistant
to sodium borchydride reduetion indicating the presence of
a tertiary hydroxyl group and absence of a keto funetion
in V. Elucidation of the structure of this compound will
be taken up at a future date.

As an alternative to the basie hydrolysis, the
ketoacetate I1IJ was subjected to aecid hydrolysis in dioxan
solution at room temperature and in an inert atmosphere of
nitrogen with a view to obtain the ketoalcohol IV. However,
the FMR spectrum of the neutral product of this hydrolysis,
C14H120§, m.p.212-16°, showed all signals in the expected
pesition except that due to proton attached to the carben
bearing a hydroxyl group. This appeared at a much higher
frequency viz. 276 eps (1H, singlet); whereas a signal due
to S{Q was expected® to appear around 320- 330 cps
because the ketoacetate III gave the corresponding signal
at 302 eps. This indicated the absence of a SCH.OH group
in the benzylic position. Further its ultraviolet spectrum
(Fig.4) showed the presence of an extended conjugation
(\max, 348, 337, 308, 270, 242 and 217 muj log © 3.92, 3.95,
3.97, 3.83, 3.96 and 4.22 respectively). Thus both the
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ultraviolet and PMR spectra revealed the structure VIII
[{1) «3-hydroxy-4' -keto-3',4' -dihydroseselin) for the
acid hydreclysis product.

X

o 0~ ~0

OH

VIII IX

In order to have a further suppert for the
structure (VIII) assigned to the acid hydrolysis product,
it was acetylated to give a crystalline keto-acetate IX,
C164160g, m.p. 154-86°, which was found to be guite
different from the ketoacetate 11l. The structure of the
kotouotutolf&:)-~ 3-acetoxy-4' ~kato-3' y4' ~dihydroseselin]
is in full agreement with its infrared, ultraviclet and
FMR spectra (Figs. €, 4 and 5 respectively).
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MPARISON OF PHYS ONSTANIS
RETOACETATE JXI AND ¥ETOACETATE

Property Ketoacetate II1 Ketoacetate IX
1. Melting point 180.82° 164.56°
2. Pltraviolet spectrum 324(4.11),261(3.65) 348(3. m;
213 (4.13) 308(4.03;
266 (3.96
24.024.04) and
215(4,11).
3. PMR spectrum[Signal 392 333

(in eps) due to ton
attached to carbon
bearing -OH group}

-~ - -

- - -

Bvidently, during acid hydrolysis the keto aleohol
1V has rearranged” to the ketoalecohol VIII, the probable
nomu.7 of this rearrangewent being the rapid enolisation
of IV and subseguent proton migration of the resulting
enedliol X to yield VIIiI.

* Many examples of such rearrangements have been
observed the literature.
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& \\ u* \1\ " o \4\
— > e
OH @H 0
QO H oH HO™ ~H
v X VI

lh\mnr, the pouibility of one step proton migration
\".é; ¢=0 — 0 - é - OH cannot be exeluded.
&= @’ |—< Y

In addition tc the above rearrangement it was
also observed that, both the ketoacetate IIl and keto-
acetate IX on reduction with sodium borohydride in dioxan
gave identical (+)-gis-4'-acetyl-khellactone (XI, Fig.7 & 8,
also vide Chapter II, p. 63 ) thereby indicating the
occurrence of one more rearrangement namely the migration
of aeyl nonp" from the 3' carbon atom to 4' during sodium
borohydride reduction of the keto acetate IX.

* Many onnphlgof such acyl migrations in basic medium
have been observed” in carbohydrate ehuutryb It is
interesting to note that lottorxeh and Klein® observed
that in the uu of 1,2,3,4-tetra-c-acetyl-f-D-gluco=
pyrancse (XII) simple "sort glass container catalysed
the transfer of an acyl group from the forth carbon atom
to the sixth lding 1,2,3,6-tetra-o-acetyl-f-Degluco-
pyranose (XIII).

I
CH,-0-C-CHg

0
- OAc
HO H/h
H OAc

Xl X1
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A NaBHg NaBHg N
(in dioxan! {in dioxan)
0 ) 0 0 0~ ™0
OAc
OAc OH 0
IX XI 111

FIG-7

Sueh aeyl migrations have been comidoroas
to take place through an intermediate orthoester formation
rather than the actual hydrolysis and recombination of the
wandering group. Thus, the probable mechanism of sodium
borohydride reduction of the ketoacetate IX may be the
initial reduction of keto group to g ive 3'-acetyl-khella.
ctone (XIV) which then rearranges to (¢+) -4'-acetyl-
khellactone (XI) thrcugh an intermediate orthoester XV
(Fig.9).

D o B

\T\?[Q NaBH4_ O OH 0 OH_. O
0 OH 0 0-C-
& OH |C|CH3
C

1X XY XV X1

FIG-9
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In view of the above rearrangements, the keto-
doohol VIII has been converted inte (+) gig-suksdorfin
(XVIII) through series of reactions depicted in Fig. 10,

H,C
*>c- cH,-co-cl N
H3C Na BH4
0 (in benzenez 0 0 0 (in dioxan)
0] 0 /CH3
OH O'C~CH2—CH\CH3

Il
0

VIII

CH5 COCI (in benzene)

FIG-10
The ketoaleohol VIII was refluxed with isovaleryl
chloride in benzene solution in an inert nitrogen atmosphere
to yleld a ketoeester XVI [(£)-3'-isovaleryloxy-4' -keto-3',4'.
dihydiroseselin), C19H200g, m.p.122.24°, Infrared, ultra-
violet and PMR spectra (Figs. 11, 12 and 13 respectively)
of this compound are in complete agreement with its structure.

The keto~ester XVI was then reduced with sodium
borohydride in dioxan solution at the temperature of 2-£°
for /2 hr. This afforded an alecohol XVII§ through reduction
of keto group followed by acyl mignation. The structure of



(IAX) NIT13S3SO0YAAHIA- b ¢~
-OL3IN-p-AXOTAHITIVAOSI —€-(+) 40 WNYLI3dS dHI 'Ll "9Id

(SNOYDIW) HLON3T13AVM

Gl vl ¢l 2l bl Ol © 8 L 9 G 1% ¢
0 = - t t t t t t t t ﬂ - + 0
HO 0 : 3
\ N (IAX) = 3 .
N N
s
s 402
N 3 j 3
/h

3 % r 4 >

& 2

—Hov £

£

f 1«

l

>

—409 Z

(&0

m

: A

~Ho08

00l 3 00!
T T T T =T T

00L 008 006 000l D 006} 0002 000§¢ 000




ABSORBANCE

400

WAVELENGTH MILLIMICRONS
300 250 220 200

2'OTI"IIIYIITil T T T I T T T T T T T I 1

OH OAc

(X¥1) (xarr)

/l % /CM-5 5
R=~—C —CHZ—CH
n N\

+ I

T VT T T T o T T T T T e T e e
25000 35000 40000 44000 48000 50000
cm?
FIG. 12. UV SPECTRA OF (4_')‘3"'ISOVALERYLOXY-‘V—KETO-3'—4'—

DIHYDROSE SELIN (XVI),(+)-CIS-4-ISOVALERYL-KHELLACTONE
(XVIT) AND(+)-CIS SUKSDORFIN (XVIII).
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DIHYDROSESELIN ( XVI).
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KHELLACTONE (XVII)

PMR SPECTRUM OF (+)-CIS-4'-ISOVALERYL—



XVII [(2)-gis-4'-isovaleryl-khellactons): C,gi220g,
m.p.166-68° , was completely borne out by its PMR
spectrum (Fig.14) in which signals due to 3' and 4'
protons appeared at 244 and 388 cps (1H each, J = 6 cps)
respectively . If the isovaleryl group had been at 3'
position, signals due to the 3' and 4' protons would have
appeared around 299 and 313 eps (vide p. 96 ). Infrared
and ultraviclet spectra (Fig.l18 and Fig.l? respectively)
are also in full agreement with the structure of XVII.

(+)-¢ig-4' -1sovaleryl-khellactone (XVII) was then
converted into (+) -cis-suksdorfin (XVIII) by acetylation
with acetyl chloride. The structure of (+) cig-suksdorfin,
thus prepared, C21Hz407, m.p. 134-36°, has been fully
corroborated by its infrared (Fig.16), ultraviclet (Fig.12)
and PMR spectra.*

* S8ince it has been proved that the ketoacetate IX
on reduction with sodtu boro ide gives (+) -4 -
acetyl-khellactone (XI, p. 9! it therefore follows
that XVII prepared similarly through sodium borohydride
reduction of oorusg:um; isovaleryl ester XVI, has
£is orientation of and 4' substituents.

+ As expected this is exactly similar to that of

its positional isomer (&)-gig-dihydrosamidin (VI)
(vide Pe 69 de
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In order to synthesise (+)-gig-dihydropteryxin
(Ie) by similar procedure from the ketoaleohol VI1I,
the latter was esterified with Lemethylbutyryl chloride
by refluxing in benzene. The structure of the resulting
ester XIX [ (+)-gig-3--methylbutyryloxy-4' -keto-3',4' -
dihydroseselin] m.p. 116-18° was fully supported by its
infrared (Fig.17), ultraviolet and PMR (Fig.18) speectra.
As expected its ultraviolet spectrum was similar to that
of IX and XVI (\max, 349, 337, 304, 266, 240 and 217 mu;
log © 3.88, 3,99, 4.04, 3.97 and 4.06 respectively) and
in PMR spectrum the signal due to the proton at 3' position
appeared at 334 eps (1lH, linslot).

HC CH,- (CH) CH- C Cl
(|n benzene)

O- C CH-(CH,)
_CHZ CH3
VIII X1X XI CH
NaBH,; (in dioxan) N I 3
H,C-CH,-CH-COCI
1 (in benzene)
B 2 CH, COClI
N (in 3benzene) N
0~ ™0 ) (0] 0
| OH OAc
OH 0O O'(|:-CH—(CH3)-CH2-CH3 Oﬁ-CH-(CHz)-CHZ—CHa
XX XX1 XXII

FIG-2I
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FIG. 19. PMR SPECTRUM OF (+)CIS-3'-d-METHYLBUTYRYL-
KHELLACETONE (XXT).




The ketoeester XIX was then reduced with sodium
borohydride with a view to obtain (t)-gig-4' -X-methyl.
butyryl-khellactone (XX), but instead of this, (+)-gig~3'-
A-methyl-butyryl.khellactone (XXI) was obtained. The
structure of XXI, m.p. 176-78° vas clear from its PMR
spectrum (Fig.19) whieh showed two doublets at 299 and
313 eps (I each, J=6 cps) assignable to protons at 3' and 4'
positions. If the ester group had been at 4' position (IX)
the signals due to 3' and 4' protons would have appeared
around 244 and 388 c¢cps, as is found in the case of 4'-
isovaleryl khellactone (XVI1), Infrared € Fig.20) and
ultraviolet spectra of XXI are in full agreement with its
structure. Evidently, there was no acyl migration during
the sodium borohydride reduction of XIX. This may be due
to steric hindrance of «-methyl group in the ester side
chain, which may be retarding the formation of an inter-
mediate orthoester.®

Additional support for the above fact was obtained
by treatment of XXI with acetyl chloride in benzene solution
at room temperature which afforded (+)-gis-visnadin (XXII),
m.p. 162-54°. This was identical in all respects (m.p.,
mixed m.p., infrared and ultraviolet spectra) with the
(#)-cis-visnadin synthesised by condensation of (+) -gig~
4' acetyl-khellactone (XI) with «-methylbutyryl chloride
(F1..21, vide Chapter II, p. 70 ). Thus it has not been

possible for us %o synthesise dihydropteryxin at preseyt, but
the problem is receiving our further aftention.
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EXPERIMENTAL

For general remarks vide Chapter I, p.59.

Compound ¥V

A suspension of the ketoacetate 111 (2.06 g) in
wvater (60 ml) containing potassium hydroxide (3.30 g) was
stirred in an atmosphere of nitrogen at room temperature
for 4 hr. The reaction mixture was acidified with sulphuric
acid (25 ml; 4 ¥) and was stirred further for 45 minutes for
ensuring complete reladtonization of the coumarin molety.
Ihe product was extracted with ether; the ether extract
washed with water, sodium bicarbonate solution, followed
by water, dried and the solvent removed to give a residue
(0.61 g) which was erystallised {rom benszene-acetone to
give colourless crystals of V, m.p. 196.200°,

Ultraviolet spectrum:(deseribed in the theoretical
part)., Infrared spectrum (Fig.l): bands at 3367, 2067, 2899,
1727, 1709, 1616, 1862, 1486, 1404, 1376, 1348, 129¢, 1259,
1235, 1161, 1127, 1111, 1101, 1066, 1021, 917, 885, 847,
800 and 772 em™1.

PMR spectrum (in pyridine after D20 exchange)
signals at: 382 (1H doublet, J = 10 cps), 76.6 and 69 eps
(6H, singlets due to gemdimethyl group)

ahalysis
Pound: C, 65,003 H, 56.16.

C14l120g requiress C, 64.61; 1., 4.65%.
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isovaleryl ester of compound V

Isovaleryl chloride (0,30 g) in dry bengzene
(10 ml) was added to a suspension of the
compound V (0,51 g) in dry benzene (80 ml). The mixture
protected by CaClg guard tube was refluxed on a steam
bath under an atmosphere of nitrogen for £0 hr. The
course of reaction was followed by TLC on silicic acid.
The reaction mixture was cooled diluted with benzene,
washed with sodium bicarbonate solution, then water,
dried overnight and the solvent removed to afford a
residue (0.65 g) which was chromatographed over silicic acid.

CHROMATOGRAM
Wte of ec-wund C.68 B
Wt, of siliciaeid 16.0 g.
Fr. 8Solvent Ratio by Volume Wte of Remarks
vo lume of fraction
eluate (g)
Pet.ether 100% 300 -
2 P.t.etmr-
benzene 803 80 300 0,030
] Rejected
3 Benzene 100% 300 0.010
Benzene- 90110 300X4 0.680 Isovaleryl
ether ester of V

& Ether 100% 300 0.020 Re jected
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Fraction 4 containing isovaleryl ester of V
was erystallised from petroleum ether-benzene to afford
colaurless needles, m.p. 168-87°, (x)p + 0° (e, 4.1).
Ultraviolet spectrums Amax, 345, 308, 268 and 280 my
(log ¢ 3.81, 4.03, 4.05 and 4.09 respectively). Infrared
spectrum: bands at 1754, 1639, 1660, 1493, 1406, 1399,
1363, 1311, 1264, 1262, 1244, 1176, 1167, 1167, 1136, 1081,
1070, 1043, 969, 923, 891, B6¢, 863, 830, 787 and 72¢ em=-1l.
PMR spectrum (Fig.2 in CDClg) doublets at 463 eps (2H,J=10 eps),
418 cps (1H, J = 8 eps) and 380 cps (1H, J = © cps); singlets
at 103 eps (2, due to -c\\-OCHa--xronv), 73 and 66 cps (6H,
demdimethyl group); and a doublet at 58.2 cps (6H, J=6 cps,
due to .cuig“ng group).

Abalysis
Found:s C, 66.03; H, 5.74.
Ciplia00g requires: C, 6€.27; H, 5.85%.

(+) =3' -Hydroxy-4' -keto-3',4'-dihydroseselin(VIII)

Hydrechloric acid (2 ml conc. acid + 6 ml water)
was added to a solution of the ketoacetate III (3.9 g)
in dioxan (140 ml) and the mixture stirred at room
temperature under an atmosphere of nitrogen for 24 hr.
The solvent was flashed off under reduced pressure at reom
temperature and the product was extracted with large excess
of ether, The ether extract was washed with water, sodium
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bicarbonate solution, followed by water, dried and the
solvent removed to give & residue (3.2 g) which on
erystallisation from benzene yielded pele yellow needles
of the keto alechol VIII, m.p. 212.-16°.

Ulsraviclet spectrum(described &n the theoretical
part). Infrared spectrum (Fig.3):bands at 03448, 2041,
1748, 1708, 1613, 1862, 1497, 1471, 1437, 1381, 1861, 1316,
1268, 1242, 1227, 1176, 1143, 1124, 1111, 1079, 1010, 975,
930, 917, ©68, B19, 800, 781, 771 and 724 em~t.

PMit spectrum (in pyridine and acetone, after D20
exchange)’ doublets at 461 and 489 cps (2H, J = 10 eps,due
tc protons at 4 and ), 410 and 376 cps (1H each, J = © cps,
due to protons at 6 and 3 respectively) and singlets at
276 cps (1H, due to proten at 3'), 96 and 84 cps (GR)dun to
gemdimethyl group at 2').

Apalysis
Found: C, 66,025 H, 4.85.
C14H120g requires:s C, 64.61; E, 4.65%,

(+)3' whcetoxy-4' ~keto-8' ,4' ~-dihydroseselin(IX)

Acetyl ehloride (0.15 g) was added to a solution
of the ketoalecohol VIII (C.10 g) in benzene (30 ml) and
the mixture was kept at rocm temperature for 3 days. The

reacticn product was worked up in the usual manner to
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furnish a residue (0,11 g), which was subjected to preparae
tive layer chromatography on silicic acid (carried out in
the usual manner using benzere-ethyl acetate (1:1) as

a developing solvent) and then was erystallised from

benzene to afford colourless needles, m.p. 154-86°,
Ultraviolet spectrum (described earlier). Infrared
spectrun (F1g.6): bands at 1764, 1733, 1704, 1613, 1672,
1490, 1471, 1433, 1408, 1374, 1202, 1241, 1205, 1176,

1149, 1130, 1106, 1076, 925, 862, 837, 784, 762 and 743 em™1.

PME spectrum (Fig.6): doublets at 459 and 467 cps
(2H J = 10 cps, due to protons at 4 and 6), 413 and 379 cps
(1H each, J = © eps, due to protons at 6 and 3 respectively)
and singlets at 333 cps (1H due to proton at 3'), 134 cps
(2H, due to -U.C-CHg group), 95 and 84 cps (6H, due to
gemdimethyl gron; at 2').

analysis
Founds C, 63.063 H, 5.26.

CieH160¢ requires: C, 63,163 H, £.30%.

Sedium borohydride reductlon of the ketoacetate IX

To a cooled (2-8°) stirred solution of the keto-
acetate IX (84 mg) in aqueous dioxan (80%; 65 ml) a solution
of sodiuz borohydride (18 mg) in agueous dioxan (1 ml)
was added during a period of 5 minutes and the resulting
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mixture was stirred for a further period of 25 minutes at
the same temperature. The product was made slightly acidie
(pH 4.5) and worked up in the usual manner to give a residue
(20 mg) which was purified by preparative layer chromato-
graphy and through erystallisation from benzene to furnish
colourless erystals of (&) -gig-4' -acetyl-khellactone (XD,
m.p. 183.86°, which remained undepressed on admixture with
an authentic sample obtained by sodium borohydride reduction
of the keto acetate III (vide Chapter 1II, p.73 ). Infrared
(Fig.8), ultraviclet and PMR speetra of both the samples
wvere identical.

Apalysis

Found: C, €62,.86; H, 5.28,
C16H160¢ requires: C, 63.15; H, 5.,30%.

(+)-3-Isovaleryloxy-4' -keto-3',4' -dihydroseselin(XII)

The ketoalechol VIII (0.86 g, in benzene (8 ml)
was esterified with isovaleryl chloride (0.0 g) by usual
procedure. The reacticn product was chromatographed on
silieca gel (22 g). Benzene ether mixture (96:85, 600 ml)
eluted crude ester (0.75 g) which on crystallisation from
petroleum ether-benzene mixture afforded colourless
needles of XVI, m.p.122.24°,

Ultraviolet spectrum (Fig.l12): Agay, 348, 837, 307,
268, 243 and 218 mu (log € 3.99, 4.01, 4.05, 3.99, 4.06 and
4.12 respectively).
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Infrared spectrum (Fig.ll): bands at 1754, 1718,
1608, 1575, 1471, 1439, 1328, 1361, 1304, 1286, 1260, 1215,
1190, 1176, 1136, 1124, 1110, 1078, 1059, 918, 880, 797
and 728 en”1,

PMR spectrum (Pig.13 in CDCl3z): doublets at 488
and 455 ops (2H, J = 10 eps, due to protons at 4 and 6),
412 and 379 cps (1 K each, J = 9 cps, due to protons at
6 and 3 respectively), singlets at 354 ecps (1H, due to
proton at 3') 140 cps (2H, dus to -C-CHz-group); 94 and 72
cps (6H, due to gemdimethyl group at g') and a doublet at

62.4 cps (6H, J= 6 cps, due to .cn<g’§ group).

Analygls
Found: C, 66.743 H, 5.99,
C1gliao0g requires: C, 66,273 H, 6.85%.

() -cis-4' -I1sovaleryl.khollactone (XVII)

The ketoester XVI (0.270 g) in aqueous dioxan
(80%; 15 ml) was reduced with sodium borohydride (0.081 g)
by the procedure described earlier. The product (0.26 g)
was purified by column chromatography over silicic acid.
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Wte of compound 0.26 g.
Wt. of silicic acid 7.0 g.
Fr, Bolvent Ratio by Volume Wt. of
vo Lume of fraction Henarks
eluate
(ml) &)
1 ret.ether 100§ 200 - -
2 Fet.ethere 80 80 200 - -
benzene
bengene 1004 200 0,008
] Rejected
Benzenes:ether 9317 200x2 C.010
§  Senzenetether 76.25 200x3  ©.196 (#)gig-4
isovaleryl
khellactone
6 Benzenetether 801 80 200x2 0.030 :)
Ether 100 200 0,010 Re jected

-~ -~ e -

Fraction 5 containing (+)- dg-4' -isovaleryle
khellactone (XVII) was crystallised from ether to give
colourless crystals, u.p.l66-68°, Ultraviolet spectirum
(F18.12) Amax. 326, 258, 248 and 214 mu (log € 4.11, 3.47,
3,80 and 4.08 respectively).

Infrared spectrunm (Pig.18): bands at 3472, 1745,
1721, 1626, 1504, 1475, 1412, 1379, 1206, 1769, 12850, 1225,
1192, 1168, 1153, 1133, 1117, 1693, 1072, 1020, 1012, 990,
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838, 960, 862, 848, 785, 776 and 767 em=l.

PMR spectrum (Fig.14, in CDC1lp, after D0 exchange):
dovblats =2t 488, 443, 410 and 376 eps (14 sach, J= 9.10 eps
due to protons at 4,5,6 and 3 respectively), 28° and 244
cps (18 each J = 6 eps due to protons at 4' and 2t respectively);
$inielet at 139 eps (2H, due to -C.CHz-group) and doublets
at 87 cps (8H, due to gemdimethyl :roup at 2') and 61 eps

(68, J = 6 epe, due to ~CE <g:g group).

Analysis

Found: C’ 68.56; H, 6.54,
Cleiing0g requires: ¢, 66.88; H, 6.40%.

(t)-Cis-Suksdorfiy (XVIII)

(+)-@is-4' ~-Isovaleryl-khellactone (Xvi1, 0,105 g)
in benzene(10 ml) was acetylated with acetyl chloride
(0,150 g) by usual procedure. The product (0.122 g) was
subjected to column chrematography over silicic acid
benzene-ether wixture (U6 : 5, 280 ul) eluted (+)-gis~
suksdorfin whieh was crystallised from ethanol-water and
petroleun ether to give colourless erystals, m.p. 134.36°,
Jltraviclet speetrum (Fig.12); Amax. 324, 299, 266, 248,
and 213 mu (log © 4.10, 3,90, 3,582, 3.5% and 4.13 respecti-
vely).

Infrared speetrum (Fig.16):bsnds at 1754, 1823,
1608, 1478, 1410, 1282, 1207, 1233, 1163, 1119, 1099,
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1076, 1027, 1005, 986, 934, 909, 896, 269, 243, 826, 216,
and 781 em™t.

PMR spectrum (in CCly) doublets at 483, 439, 400
and 370 eps (1H each, J = 8.8 cps, due to protons at
4,6,6 and 3 respectively), 387 and 314 eps (1H each, J=5 cps,
due to protons at 4' and 3' respectively); singlets at
131, 124 eps (£H, due to -C\SCBQ-M -C\\-cha groups), 86.2 cps
(6H, due to gemdimethyl group at 2') and a doublet at
69 eps (6H, J= 6 cps, due to -c}l(é%g group).

Analysls
Found: C, 64.78; H, 6.11.
C21lipgOy requires: C, 64.96; H, 6.23%.

(#)-3" x=Mothylbutyryloxy=4' -keto-3"' ,4' -dihvéroseselin (XIX)

The keto aleohol VIII (0.82 g) in benzene (120 ml)
was esterified with «emethylbutyryl chloride (0.61 g) by
the usual procedure. The reaction product (R.01 g) was
chromatographed over silicic acid (26 g)j benzene-ether
mixture (96:6; 900 ml) eluted the ester (XIX, 0.98 g)
whieh on ecrystallisation from petroleum ether-benzene
afforded colourless needles, m.p. 116.18°%,

Ultraviolet speectrum (in—CBOC18): Amax, 349, 337,
304, 266 and 240 mu (log ¢ 3.98, 3,99, 4.04, 3.97 and 4.06
respectively).

Infrared spectrum (Fig.l7):bands at 1767, 1724,
1618, 1685, 1497, 1476, 1439, 1410, 1396, 1381, 1353, 1314,
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1271, 1248, 1214,1190, 1153, 1133, 1108, 1075, 1088,
1027, 1016, 978, 928, 906, 856, 830, 803, 784, 771,
761, 727 and 708cm~1.

PMR spectrum (Fig.1l2® in CDCl3). signals at 458,
466 cps (1H each, doublets J = 10 eps, due to protons at
4 and 6), 412 and 377 cps (1H each, doublets J = 9 eps,
due to protons at 6 and 3 respectively), 323 eps (1H
singlet, due to proton at 3'), 93.6 and 82,8 cps (3H each,
singlets, due to gemdimethyl group at 2'), 75 eps(S8H,
doublet, J = 7 cps, due to CHz-CH<I grouping) and 58.8 eps
(31, triplet, dus to CHz-CHg- grouping).

Analvsis
Found: C, 66,28y H, 5.78,

C1gHo00g requires: C, 66.27; H, £.85%.

(#)-0is.3" «-Methylbutyryl-khellactone (XXI)

The ketoester XIX (0.44 g)in aguecus dioxan(80%;26 ml)
was reduced with sodium borohydride (0.084 g) by the procedure
described earlier. The product (C.43 g) was chromatographed
over siliecic acid (12 g). Benszene-ether mixture (75:25,

800 ml) eluted XXI which was ecrystallised from ether to give
colourless erystals, m.p. 176.78°,

Tltraviolet spectrum: M\yayx, 324, 268, 746, 219,
and 213 mu (log € 4.09, 3.47, 3.50, 4.06 and 4.09 respectively).
Infrared spectru: (F1g.20):bands at 3646, 2969, 2007, 1730,
1629, 1611, 1475, 1418, 1389, 1379, 1344, 1294, 1279, 1247,
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1193, 1170, 1167, 1133, 1119, 1079, 1062, 1020,1012, 980,
936, 893, 847, 781, 769 and 756 em™>.

PMR spectrum (Fig.19, in CDC13): doublets at 459
406 and 373 eps (1H each, J = 8.9 cps due to protons at
4,6 and 3 respectively, the absorption due to proton at
& being merged into solvent absorption), 313 and 299 cps
(1H each, J=6 cps, due to protons at 4' and 3'); singlets
4t 90 and 84 cps (BH, due to gemdimethyl group at 2');
a doublet at 67.8 eps (3H, J = 7 eps, due to Clg-CH<group),
and a triplet at 51 cps (3H, due to CH3-CHg-group).

Analysis

Found: C, 66.98; H, G.82.
C19ig20¢ requires: C, 65.88; H, 6.40%.

Acetylation of ()-¢is-3-x-methylbutyryl-khellactons (XXI)

The alcohol ester XXI (0,16 g)in benzene (16 ml) was
acetylated with acetyl chloride (0.20 g) by usual procedure.
The product was chromatographed over silichke acid (6 g).
Benzene-ether mixture (95 8§, 280 ml) eluted (+)-gis-visnadin
(XXIIy ©.17 g) which was crystallised from ethanol.water
and petroleum ether to give colourless needles, m.p. and
mixed m.p. with (+)-gis-visnadin, prepared earlier by
condensation of (r)-gig-4'-acetyl-khellactone (X) with -
methyl-butyryl ' chlovide (vide Chapter 1I, p.%0), 151-83°,

Infrared, ultraviolet and PMR spectra of both the samples
were identical.

Found: C, 65.05; ii, 6.40.
Cp)H2407 requires: C, 64.96; H, 6.23%.
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