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ABSTRAGCT

Chemically, the nutaceae family is probably the most versatile
of all higher family of plants., Three main grdups of' compounds,
namely, limonoids, coumarins and quinoline alkaloids have been
obtained from this family. The introductory part of this work
reviews very briefly the chemistry of each of these groups.

In the main work, three plants of the West African genera of

the Rutaceae were investigated. The wood of Afraegle paniculata

(Schum and Thonn) yielded the furocoumarin, imperatorin which was
isolated earlier from a number of Rutaceous plants and in addition,
a furoquinoline alkaleid, dictamnine which had also been isolated
from a large number of other genera of the family, The root of

Clausena anisata was shown to contain imperatorin along with a new

coumarin (coumarrayin) which was shown almost at the same time by

Dreyer to be a constituent of liurraya paniculata.

from the wood of OQOricia suaveolens was isolated a new alkaloid

related to Flindersine (an alkaloid from an Australian Rutaceae plant)

The structure of' the new alkaloid was elucidated from spectroscopic



studies to be 1-methyl-6,7-dimethoxy-flindersine and this structure

was confirmed synthetically.
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INTRODUCTION

Since work started on wood products in this department,
attention has been focussed more on the investigation of the fanily
Meliaseae than any other family of plants. From this family, a-large
number of limonoids have been obtained. These limonoids are a olass
of 026 degraded triterpenes believed to be derivable from apo-euphol
type of compound and they are now referred to as the ’meliaains'.1

Very c¢losely related to the family leliaocae is the Rutaceae family.
Comprising of the members of this large family are about one hundred
and fifty gener= and over a thousand species, consisting mainly of
evergreen, sweet seented trees and shrubs. They have their widest
distribution in the tropjical and sub-tropiecal habitats and are parti-
oularly abundant in Australia, South Africa and West Africa.

The Rutaceae family is morphologioally sinmilar to the Meliaceae
family. Both families are shrubs or trees, but rarely herbaceous.
From the olose morphological relatiunships that exist between these
two familites of plants, it is not too surprising, therefoire, that their
chemical nonstituents are very similer, This has bcen borme out by the
large nuaber of closely related limonoids exuraéted from both families,

Some of the well-knovm genera of the Rutaceae are:
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Citrus : This forms a very large genus oontaining about sixteen
apecies of whish the following oultivated species form very good
examples : (. Sinensis (Sweet organge), C. paradisi (grape fruit)

C. lemon (lemon), C. auratifolia (lime tree) and C. reticulata

PU—

(Tangerine).

FPagera oonsisting of F. g.anthoxyloides, F. pubens, F. macrophylla,

¥, parvifolia and many others.

Af¥megle which include A, mildbraedii, A, paniculata and some others

Clausena typified by Clausenz anisata,Cricia of vhich 0. suaveolens

and C, trifoliata form good examples.

Diotamnus exemplified by Dictamnus albus and Dictamnus dasycarpus.

Murrays typified by Hurrave paniculate.

From purely chemical point of view, the Rutaceae family is 2
fascinating group and in respect of the compounds it produces, it is
probably the most versatile of all families of higher plants. This
family of plants has been found to contain three main groups of chemical
compounds namely :

(1) Limonoids (ii) Quinoline alkaloids and (iii) ooumarins,

An attempt is hereby made to review very briefly some of each of
these groups of compounds.

(i) LIMONOIDS

The limonoids oceurring in both the Meliaceae and the Rutaceae



families are a group of oxidised triterpenses relieved to be derived
genetically by the catabolism of a normal steroid side chain and
formation of a B-substituted furan ring with loss of four carbon atoms.
The limonoids oceurring in the Heliaeceae show, in general, much greater
structural variation than the limonoids of the plants of the family
itutaceae. While the limonoids of the plants of the Rutaozae fanily
very often hsve their A-rings as well as their D-rings expanded into
§-lactones, the limonoids of the leliaceae family (the meliacins) are
observed to be m:z.inljr D-ring lactones and their A-rings remain carbo-
cyolic except methyl ivorensate which was isolated recently by

E. K. Adesogan and D.A.H. ']fa._*,.rlcuzt'2 from Khaya ivorenses (ileliaceae).

This meliacin is the only and the first limonoid from the leliaceae
family known to be both A- and D-rings opened to §-lactones. The
limonoids of the Rutaceae plants are much more intereonvertible than
those of the plants of the lleliaceae and they are, ror the most part,
reasonable intermediates in the biogenesis of limonin(I) (the parent
oompound) or are closely related biogenetically.

Limonin(I) : This is the parent limonoid of the Rutaceae and is the
najor censtituent of Citrus seeds. It is the first furancid triterpene
to be isolated and has been knowm for over a hundred yeu.rss. Itcs
struotural determination was reported in 1960 by Arigoni et a.lli' and

later oonfirmed by X-ray orystallographio studies on the Todoacetate
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of epilimonol o = DT Dreyer6 has recently shown from photo-
ohenmical studies on limonin that it canlbe converted to photolimonin
A (II) which has properties very simil:r to limonin but appears to be a
C-8 sterco—isomer and photolimonin B (III) which is very similar
structurally to me?hyl angolensate and andirobin which are rings
B-Seco oczurring naturally in the Meliaccae plants.
Deoxylimonin (IV) :

Deoxylinonin was isolateda from Citrus paradisi (grape fruit).
It is a 14,15 deoxy-&*14 15-1inonin. The origin of deoxylimonin was
regarvued to be a result of incompletencss of the epoxidation step in
the biogenesis of limunin rather than the reduction of limonin to
deoxylinonin. It oould be preparcd chemically from limonin by treat-
ment with chromcus chloride or with hydriodio acid under controlled
conditions. (Scheme 1).
Limonin diosphenol (Zvodol) (V)

4 7

Evodol is & highly oxidised limonoid which has oeen found

co-ocourring with limonin (I) and i1utaevin (XI) in three genera of the
Rutacese, naiely, Evodia, Calodendrun and Dictemnus. Limonin
diosphenol (evodol) is easily prepared directly from limonin by reacting
limonin with oxygen in presence of potassiwa t-butoxide in t-butyl

alcohol presunably via the hydroperoxide (Va)9



Rutaevin (XI)
Rutaevin was first isclated by Fujita et a110, from dried fruit

of Evodia rutaecarpa. It las alsc been isolated from Evodia

hupenhensis_ by Dreyer?. It has been found that the sceds of Cape

Chestnut Calodendrum carpense (Lf) Thuub, a nmative of Svuth Africa ara

a good source of rutaevin and co-occur in these Sgeds with limonin and
limonin diosphenol.

The structure of rutaevin has been formulated to be 6-keto
apilimonol11. It forms a monoacetate; a monobenzoate and an oxime
derivatives. The n.m.r. spectra of rutaevin ond its aestate showed
many features in ooumon with those of limonin. Thus resonanczs were
present for a 3-substituted furan ring, H-17, and epoxy H-15 and 019
methylene group.

Treatment of rutaevin with a base gives limonin diosphenol, indi-
cating that both the hydroxy and the keto groups of rutaevin are located
in the B-ring. Chromic acid oxidation of rutasevin gives a yellow
a-diketone formulated as 6-Ketolimonin (XIII). Treatment of the last
compound with hot sodium hydroxide converts it to limonin diosphenol (V)
Like all limonoids with a-epoxy ocarvonyl gfoups, chromous ohloride
reduces rutaevin to deoxy rutaevin (XII).

T e

It seems likely that rutacvin is identical with dictamnolide

ocourring in Dictamnus albus. The reported physical properties for




dictamnolide12, its apparent non identity with limonin and its conversion
to an acidic material having physical properties consistent with those

of limonin diosphenol all point to the fact that diotamnolide is iden-
tical with rutaevin.

Limonoia acid A-ring lactone (VII)

13

V.P. llaier and D.A. Margileth have just reported - the isolation

of a derivative of limonin for which the name limonoic acid A-ring
lactone (VII) was proposed. This compound is one of the two possible
monolactones which can be obtained from limonin by partial hydrolysis.

It was identified as A-ring monclacione by thin laysr chromatography

and paper eleotrophcretic comparison with the authentic compound cobtainea
synthetically and its facile conversion to limonin. There .ere indica-
tions of an enzyme in tissue exiracts which converts limonoic acid A-ring
lactone into limonin. The structure of liwonin has been elucidaterlJ+

as a tetracyclic triterpenoid dilactone with rings A &D &-lactones

and thess lactones can be reversibly opened with dilute alkali. Naier
and ilargileth proposed the name limonoic acid to the dihydroxy diacid
(VIII) derived from limonin by complete hydrolysis of these two lactones
in limonin, This dihydroxy-diacid can lead to two monolactone forms
namely limonoic acid A-ring lactone (VII) and limonoic ~ecid D-ring

lactone (VI). laier and liargileth developed methods of separating
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and identifying the two aoids and reported that the limonoic acid
A-ring laetone (VII) is the naturally occurring monolaotone.
Limonoic acid A-ring lactone was found to occur . along with

limonin in the orange membranes (Citrus sinensis) and grape fruit

pembranes and albedo (Citrus paradisi).

From the facile cunversicn of limonoie acid A-ring lactone to
limonin and from the evidence suggesting the presence of a lactonizing
enzyme in the tissues wiich accumulate both limonin and limonoic acid
A-ring lactone as shom by Haicr and Margileth, it is reasonable to
suggest that limonoic acid A-ring lactone could be an immediate
precursor in the biogenesis of limonin.

Iohangin IX

Ichangin is another congener of limonin., It is found in Citrus
ichanges and its hybridsiA} It appears to arise biogenetically from
cyvelisation of C=3 of deacetyl nomilin (XIV) into the C-19 methyl group
and has been found under conditions where de-acztylnomilin occurs in
large concentrations,

It is ecasily converted to limonin by trifluorcacetic acid and
hydriodic asid oonverts it to citrolin (X).

Obacunone and related compounds,

These are limonoids wiich accompany limonin (I) in most Citrus

seeds and some other genera of the Rutaoeae7. They are closely related



to limonin, and a correlation between obaounone and limonin has been

15

showm ~.
Obasunone  (XVI)
Obacunone occurs together with nomilin (¥V) in widely distributed
species of the Rutaceae. TFor example, both nomilin and obacunone were
Vi

found in Casimiroa edulis. Obacunone was reported’ to ocour with limonin

(I) in the seeds of Mortunella margeritia and also in the bark of

Phellodendrqﬂ anurense,

The correlation between obacunone and limonin was effected through
a lengthy series of transformations by T. Xubota and collaborator515.
The end product of the transformations of both limonin and obeacunone
was the cumpound identified as methyl tetrahydro enhydro-epi-

meroobacunone (XXI).

Obacunoic acid (XVII)

This aecid, together with limonin was isolated from the powdered

roots of Dictamnus dasycarpus by Nikonov16. The co-occucrrence of

limonin and obacuncic acid in Dictamnus dasycarpus on one hand and of

on the other hand supports the view that both dompounds nlay some part
in the biogenesis of limonin., Circumstantial evidence 128 has showm
that both obacunone and obacunoic acid are precursors in the limonin

biogenesis.



Obacunone is very easily converted chemically to obacunoic acid
with a base. Obacunoic acid could be converted into isoobacunoic acid
(XVIIIa) and epi-isoobacunoic acid (XVIIIb).,

Veprisone (XIX)

Veprisone is the methyl ester of epi-isoobacunoic acid. It was
isolated by T. R. Govindachari et 3117 together with a number of
furoquinoline alkaloids from Vepris bilooularis. from spectroscopic
studies, the structure of veprisone was elucidated as methyl epi-
isoobacunoate., This limonoid shows ; sloﬁe relationship to limonin
and obacunone as borne sut by the presence in its n.m.r. spectrum of
signals at & 5.6 (singlet, oorresponding to the proton at Cq7 in
limonin) and & 4.25 (singlet, corresponding to the proton at 015 in
limenin) .

Reaction of veprisone with hydriodic acid in acetic acid gives
an acid which, on treatment with diazomethane gives deoxy veprisone
(XX). This shows that hydriodis aoid is capable of de-epoxidising as
well as hydrolysing veprisone., Hydrolysis of veprisone with methanolic
saustic potash gives isoobasunoic acid (XVIIIa). .

Nomilin (XV) and deacetyl-nomilin (XIV)

Nomilin (XV) occurs widely together with obacunone in many species

of the Rutaceae. They were isolated together from the seeds of

7

' !(.l 3
Casimiroa edulis’. Nomilin is easily converted to obacunone by the
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aotion of acetic anhydride end pyridine..

Deacetylnomilin (XIV) was isolated by Dreyer from four Citrus

species and from Poncirus trifoliata., Its structure was showm by
spectrosccpic studics and by its facile cuﬁversion to obacunone and
nomilin,

Trom the interrelationships of ths limonoids, nomilin, deacetyl-

s : . ? . 8
nomilin, obacunone and its acids, it appears, and ev:_dence?’

suggests
that the final stages in the formation of limonin arc as follows:

deacetylnomilin (XIV) —-—> nomilin (XV) ——>, obacunone (xv1)

———> obacunoic acid (XVII) > isoobacuncic acid (XVIIIa)

——— limonin (1),
Zapoterin (XXII)

Zapoterin is closely related to obacunone. ' The isolation was

. 1
reported in the original work of Kinel et al. on Casimiroa edulis 8.

The structure of zapoterin has been worked ‘:>1.1t'I 9% from spectroscopic
properties, Its infra red spectrum shows a hydroxy band and three well
resolved sarbonyl bands as well as bands due to a P -substituted furan
ring, The n.m.r., spectrum showed resonances attributed to a
B-substituted furan ring, an H-17 furfurylic singlet ( § 5.45 ) and an
Ii-15 epoxy proton, an AB doublet identical with that of H-1 and H-2

of obacunone and five C- methyl groups. In addition, the n.m.r.

spectrum showed a one-proton triplet at (8 4.97). The sum of these



speetroscopic evidence indicates that zapoterin is a hydroxy-
obacunone derivative having the struoture (XXII).
But later, from the n.m.r. studics of Zapoterin and its acetate,

Murphy et al. 198

confirmed the structure of zapoterin to be an 118-
OH compound rather than the 120~ OH eompound as carlier propcsed by

Dreyer.

(ii) AIKALOIDS

From the point'of view of alkaloid ohemistry, the Rutaceae family
is characterised by having a large number of bases of the anthranilic
family. Biogenetically, most alkaloids isolated from the family
Rutaceae oould possibly be regarded as being derived from the amino
acid, anthranilio acid, as postulated by Price20 in the table shown
in Scheme (iii).

Price21 has drawm the attention to the oircumstance that the
capability to add an isopentenyl unit ﬁo a wide variety of moleoular
types appears to be a bioshemical characteristic of the Rutaceae family.
This is supported to a large extent, considering the fact that not only
the alkaloids, but also most of the ooumarins isclated from this Ffamily
of plants have been found to contain the isopentenyl group.

The Rutaceae family abounds in various types of furoquinoline

alkaloids. The biogenetic pattern of these furoquinoline alkaloids is
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(b)

-

difficult to unravel. For instance, there is no mood clue to ths
origin of the furan group. Robinson22 suisests some possibilities
(a) that the furan ring is a residue of the tryptophun side chain
that it is obtained by the degradation of an aromatic ring of the
acridones or (c¢) that it arises in a manner analogous to the probable
biogenesis of furo-ooumarins (that is, oondsnsation of a suitable
intermediate with a 2,4-dihydroxy-quinoline derivatives).

The chemistry of some of these closely related alkaloids of

the Rutaceae family is hereby briefly reviewed,

FUROQUINOLINE GROUP

s . 1 b T
Dictamnine (¥XIII) 0y g0t

Dictamnine was fircst isolated by Thoms

22 from dittany root

(_I_)‘j:ctam}}.% albus Linn.). It ecrystallises in prissm.p. 1320(.‘.-—33%.

It was subsequently found in Skimmia repens by Asahina, Ohta and

Z'an.ft)usaatzl+ who showed that it oontained one methoxy group and trans-

o : ‘ s . (o]
formed at 80 C by methyl icdide inte isodictamnine (XXIV) m.p. 1887C.
Isodietamnine contains no methoxy group, a change recalling that

: : 2 T
of - and Y -alkoxy quinolines to " N-alkyl=- quinoclones 2 . With benzoyl
chloride and anhydride, dictamnine yields N-benzcyl-nocdictamnine
(3XV) from which nor-dictamnine (XXVI) is obtained by hydrolysis.

Oxidation of dictamnine by permanganate in acetone affords dictamnal

(XXVII) and dictamnic acid (XXVIII)., Dictamnic acid is converted by



hydrochloric acid into 2,4-dihydroxy quinoline.

Dictamnal was shown26 to be converted by hydrobromic acid in
acetic acid into nor-dictamnal (XXIX), identical with 2,4-dihydroxy-
3-aldehyde quinoline. The latter .as synthesised and used to prepare
VY -dictamnine (XXX).

Dictamnine occurs very widely in the plants of the Rutaceae
family. It ocours in the ragara genus ( fagara acumunata, Iagara

dissoperma, I'agara maculgsa), in the Casimiroa genus (Casimiroa ~dulis),

in the Aegle genus (4egle marmelos) and in the Afraegle genus

(5-.‘1’33,_(-.-519.‘ P_anicula_tjga) which would be discussed later in this work.
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Dictamnine alongside with y-fagarine (XXXVII) was synthesised

27

in 1957 by Grundon and MoCorkindale 'by the series of reactions
(ODXI) ~———> (XXXVI) in the scheme (V). Grundon and licCorkindale
had .‘aﬂaowisrn.28 that the reaction of aniline .or o-anisidine with ethyl-
(2-ethoxy ethyl)-malonate gave exelusively the angular dihydrofurano-
quinolores (YXXI, R=H, OCH}) probably via 2,4-dihydroxy quinolines.
Treatment of the angular dihydrofuranoquinolene (XX¥I) with phosphorus
oxychloride afforded 2,4-dichloro-3-(2')-chloroethyl-guinoline
(XXXII, R=H, OCH5). The triohloro ocompound (XZXII) was hydrolysed by
an acid to give dichloro derivatives (XXXIIL, Rk=H, 001{3).
Chrematogravhy of the chloroquinoline (XXXIIJ, R=H) on alkaline
alumina ei'fected cyelisation into the linear dihydrofurcquinoline
(XXXIV, R=H) in about 407 yield but & more quantitative yield of
(XXXIV, R=H) was obtained by reacting the chloroguinoline
(XXXIII, R=H) with silver oxide in aqueous methanol. DBoth the dihydro-
furanoquinolines (XXXIV, R=H, OCI'IB) were prepared by the last method.
Reaction of XJXIV with I-bromosuccinimide and treatment of the crude
intormediate vith diethyl aniline gave'high yieids of (XXXV, R::—z,-ocrx3).
Reaction of (XXV, R=H) with sodium methoxide afforded the methoxy
furoquinoline (XXXVI, R=H) identical in all respects with dictamnine.
The chlorofuranoquinoline (XXXV, R= -OCHB) was also converted

by sodium methoxide into the dimethoxy compound (XXIVI, R= -OCI‘rIB)






indistinguishable from Y-fagarine (XXXVII) the isolation of which is
discussed below.

From the leaves of Fagara ooco (@ill) Bngl., five alkaloids were
isolated by Stuckert29. Two of these, B- and y-fagarines, are discussed

30

below. B-fagarine has been shown” ‘to be identical with skimmianine.

Y-fagarine (XXXVII) C, 3ty 405N

y-fagarine (m.p. 139° - 140°) was obtained also from the mature
bark of the bael fruit tree, Aegle marmelos (Correa)31. Its.reaotions
are very similar to the reactions of dieotamnine. Thus, like diotamnine,
Y-fagarine is converbed by methyl icdide at 169° into y-isofagarine.
The structure of y-fagarine has been shown32 to be 8-methoxy dictamnine.
The synthesis of y-fagarine was done alongside with dictamnine

27

by Grundon and licCorkirdale™' .

B-fagarine (Skimmianine) (XXXVIII) C, 14307

B-fagarine is the most wide-spread member ¢f the group of

alkaleids of the Rutaceae. It was first isolated from the leaves of

Skimmia japonica (Thumb) by Honda.Bj. It ocours also in Chloroxylon

e e

swietenia D.C. (East Indian Satinwood).

Skimmianine crystallises out in colourless pyramids (m.p. 1760).

¥
£



It was shown to contain 3-methoxy group and unreactive oxygen by

3h

Asahina and Inubuse” and a linear structure was assigned tg the
ocupound on the basis of the siwmilarity of” its ultra violet spectrum
to that of dictamnine.

The reactions of slkkimmianine are very similsar to those of

dictamnine and Y-fagarine.

Kokusagine (XXXIX)

Kokusagine was first isolatod from the root bark of Orixia
Japonioca (Thumb) by Toresaks in 193335. It was later found along
with flindersiamino in the bark of Flindersis maculosa Lindl36. The
structure of kokusagine (4,6,7-trimethoxy furoquinoline) (XXXIX) rests
on its degradation to 6,7-dimethoxy-i-hydroxy-2-quinolone and by wey
of hydrogenolysis to 6,7-dimethoxy-3-ethyl-4-hydroxy-2-quinolone (XL).
The hydrogenolysis reaotion is simil r to what was enecuntered when
hydrogenation of diotamnine was attempnted as would be seen later in this
work. (The product of the attempted hydrogenation of dictamnine was
li-me thoxy-3-athyl-2-quinolone) .

Kolusagine alsc undergoes reastions typical of the other linear
furoquincline allkaloids, Thus, like diotamnine, kokusagine is converted

to isokokusagine by boiling with methyl iodide.



The mechanism of this reastion could be explained probably by
the assumption that the methoxy quinoline group rearranges to give
N-methyl quinolpne as shown below., This rearrangement is parallel
to the rearrangement of L-methoxypyridine by methyl iodide to give

N-me thyl-y-pyridone.
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Aeronycidine (XLI)

This is %4,5,7,C8 —tetramethoxy furoquinoline first isolated

from the bark of Melicope farea§g57. Like dictamnine or kokusagine,

acronycidine is converted to iso-acronycidine when boiled 1ith methyl
iodide. The most characteristic property of acronyeidine and its
derivatives is the ease with which they undergo oxidative demethylaticn

with either nitric or nitrous acid to give 1,4-quinones.

Flindersiamine (XLII)

This alkaloid has the structure 6,7-methylene dioxy-8-methoxy
dictamnine (XLII)., It is degraded to 6,7-methylene dioxy-E-methoxy-l-
hydroxy--2-quirolone and it undergoes the usual reactions of diectamnine,
that is, conversion to iso-flindersiamine with methyl iodide and
probably the rupture of the furan ring by permanganate.

Flindersiamine was first isolated by Cannon et al. in 1952 from
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Flindersia bourjotiana F. Muell” . Cannon and co-workers encountered

flindersiamine as a constant melting puint mixture with skimmianine.
The alkaloid was later found along with kokusagine in the bark of

Egéﬂgersia maculosa Lindl?6

TH: LUNASIA ALKALOIDS

Lunacridine C,-H,,0, IV (XLITI)

Lunacridine is a secundary alcohol which exists with its



quinolinium salt, lunasine (XIVI) in Lunasia amara Blanco~?, It was

first isolated by Reersma in 19014.1"0 and subsequently Steldt and Chen

in 19451"1. Lunaeridine gives large colourless needles from ethyl
acetate m.p. 85.500. It contains two methoxy groups and one

methylimino group. The ultraviolet absorption spectrum is charasteristic
of a 2-quinolone. The infra-red spectrum is also consistent with a
quinolone structure, with the carbonyl: freguency 4t - 1633 c:mmlI .
Lunacridine is insoluble in alkali but contains a hydroxyl group as
shown by infra-red absorption at 3370 cm_1 and by the formation of a
monoacetate derivative.

Vigorous treatment with acid converts lunaeridine in part to a
more basic substance identical with the alkaloid lunacrine (XLIV) in
infra-red spectrum and other physical properties, but differing in
optioal rotation, Lunacridine is optically active.

Goodwin and Horning sl’u:w'.rec‘i3 911.:1'1@.(:1':1d.ine to be l,B8-dimethoxy-

3( 3'-me thyl-2'-hydroxy-butyl)~ 1-methyl-2-quinolone (XLIII) by its
formation when 8-methoxy—l;.—hyrlroxy—-5——(3'. methyl-z‘—hydroxy—butyl) -1=
me thyl-2-quinolone (XIV) obtained by the action of ethanolie potassium
hydroxide on lunacrine was methylated with diazomethane.

Acid catalysed cyclisation of lunacridine gives rise to lunacrine.



Lunacrine (XLIV)

Lunacrine C16H1903N m.p. 114° was first isolated by‘Boorsma39

in 1900 from the bark of Lunasia costulata liiq. It exists in other

39

Lunasia species such as Lunasia amara Blanco

, Lunagia’querpifolia’ .
Like lunaeridine, lunacrine is optically active and the naturally
occurring isomer is (-) lunacrine. The ultraviolet spectrum of
lunacrine in methanol was unaffected by the addition..ofralkali, but a
marked change occurred on acidification, the long wave length bands
(313 mu and 326 md) exhibiting a hypsochromic shift (3C) mu), thus
showing that the nitrogen atom is a part of the chromophore.

Lunacrine, on refluxing with 157 aqueous alcoholic potassium
hydroxide solution, was converted in good yield to an alkali-soluble
substance having the same number of carbon atoms as lunacrine but
differing empirically by the addition of water. The produot contained
one methoxy group and one methylimino group and was identified as (XIV).

Treatment of (XLV) with ethereal diazomethane gave a non-
orystallizable oil which was converted to a crystalline hydroperchlo-
rate. The orystalline basc obtained from' the hydroperchlorate was
found to contain one methoxy group more than lunacrine and its
alkaline transfommation product. The empirical formula and physical
constants of the new base were nearly the same as given for

lunaoridine (XLIII).
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Goodwin and Hor‘nin;;39

suggested a fiechanism for the alkaline

hydrolysis of lunaecrine to the 3-alkyl-l-hydroxy-2-quinolone (XIV)

as follows:

O OH
|
\.)Q:xl._h.,.., N Ry
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And the acid cyclisation of lunacridine to lunacrine as going

through the quartenary 4-methoxy-1-methyl quinolinium strueture

(XIVI) as follows:

OC_H



Lunasine (XIVI)

Lunasine is the quartenary L-methoxy-1-methyl quinolinium
structure (XLVI) corresponding to the 1-methyl-k-quinolone alkaloid,
lunacrine (XIIV). It is the main constituent of the water-soluble
alkaloids of Lunasia 359333?2&%&59- The structure and properties of
the L4-methoxy quinclinium salts obtained frum L-quinolones are of
interest in connecticn with the conversion of L—alkoxy quinolines to
N-alkyl quinolones. For example, the well-known ccnversion of the
furoquinoline alkaloids (L4-methoxy compounds) to the iso-alkaloids
(1-methyl-4—quinolones) by the action of methyl iodide might, by
analogy with lunacrine, have been expected to give rise to a quartenary
quinclinium iodide analogous to the methyl lunacrium salts. The conver-
sion of dictamnine and its cungeners into their iso-forms when heated
with methyl iodide is an exanple of the above reaction which possibly

goes via the quarternary ion as previsusly discussed.

Lunacridine and Lunacrine Syntheses

The syn'the ses of both lunaeridine and lunacrine alkalcids were
” , Iy
undertaken by Clarke and Grundon (1964)7 .
3-substituted— 2, 4-dihydroxy quinolines and their 1-methyl
derivatives can be prepared conveniently irom arcmatic amines and

substituted malonic esters in diphenyl etherAz. It was found that
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diethyl-( 3-methyl but-2-enyl)-malonate (;}CIHIII) reacts in refluxing
diphenyl ether with N-methyl-o-anisidine (XIVII, n=053) to give the
unsaturated L-hydroxy-2-quinclone compound (XLIX). The series of reactions
leading to the quinolones is shown in scheme (Viii).

The conversion of the 1-methyl quinclone (XILIX, R = CH3) to the
secondary alcohol (LI, R = Cﬂj) was eifeoted oy diborane followed by
alkaline hydrogen peroxide. Treatment of the 4-hydroxy quinolone
(L1, R = CH3) with diazomethzne gave (+) lunacridine (XLITI). Iunacridine

59

was then oyclised to lunacrine by methods of Goodwin and Horning .,

ELINDIRSING GROUP

Flindersine (LIIT) C1Lﬁ1502N'

flindersine was first isolated frum the wood of flindersia

L3

australis by Mathes and Sohreiber ™~ who assigned the molecular formula

C23H260?N2 to the eompound, but later, Browm, Hobbs, idughes and
L3

Ritchie ™ showed the formula b> be correctly represented as

I N i he
C1hy1302j and to possess the struoture (LIII).

Pernmaonganate oxidation of flindersine gave flindersinic acid (LIV)
whioh was hydrolysed by dilute asid ts give L-hydroxy-2-quinolone,
o-hydroxy-iso-butyric ascid 2nd carbon dioxide.

FPlindersine is =2asily reduced to the dihydroderivetive (LKII) by

hydrogen in presence of platinuwi or Raney niockel but not easily reduced



in presence of 10. palladium on chureoal.
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The synthesis of flindersine in poor yield was carried cut by
Brown, Hughes and Hitchiehh. The synthesis involved the preparation of
2,4~dihydroxy quincline (LV) by heating aniline with malonic ester in
diphenyl ether. The quinoline was then escerii'ied with 88-dimethyl
acryvloyvl echloride to give the ester (LVI) ana Jries rearrangement gave
probably the 3-acyl compuund (LVIII) which was then isomerised dy
aluminium ehloride in nitrobenmzene to the cyclic ketone (UVILI).
Reducticn of the ketone gave the alechol (LIX) whioh was then
dehydrated by thionyl chloride or phosohorus pentoxide to give the
alkeloid (LIII).

A more facil: and shorter method of preparing flindersine was

. : - ; L
recently developed Oy Piozzi and co-workers 5.
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3—(w—dimethy1 allyl)-/-hydroxy-2-quinolone (LX) was uszd as the
starting materizl. Refluxing the last ccmpound (Li) with 2,3-dichloro.
5,6-dioyano benzoquinonone (DDQ) in dry benzene for just two hours

gave the alkaloid (LIII) in 56% yield.

Atanino (IXI)  CygHy0H m.p. 133°C.

This new alkaloid was isolated by Eshiet and Taylor in 196646
from Fagara zanthoxyloides Lam. (Ata, Yoruba).

It was shown to be weakly basic and the infra-red spcotrum showed
a band at 1600 om™! , suggesiing that the compound ias a 2-quinolone
compound., I?wqm the B.oT- spectrum and on the basis of its close
similarity ¢z flindersine, the structure of the alkaloid waes elucidated
as 3-(3'-methyl hut -2'-enyl)-4-methoxy-2-quinolone (LXI). That this
structure was true for atanim vas evicent from t’.ﬂ;e fact thot treatment

& ; : D o R SR TR e
of atanine with hydriodic acid ™ afforded a ccmpound, identical in

propsrties with dihydro flindersine (LXII).




Ataninewas hydrogenated to dihydroatanimeand the dihydroatanine
was synthesised by reacting UL~hydroxy-2-quinolone with isovaleryl
chloride and aluminium chloride. The 3-isovalervl-L-hydroxy-2-
quinolone obtained was reduced by sodium borohydride to the 3-isoemyl-
L-hydroxy—-2-3juinolone in accordsnce with the method of Huffman and
Browcler.l"? The 3-isoamyl-4-hydroxy-2-quinolone was methylated
(diazomethane) to L-methoxy compound, identical in properties with
dihydroatanine

But atanine itself oould possibly be prepared by the method of
Clarke and (‘:rundonll:I . Taus, heating aniline with diethyl-(3-methyl
but- 2-enyl) malonate in diphenyl ether should give the L-hydroxy-

5=dimethyl allyl -2-quinolone which should then methylate to give

L-methoxy-5-dimethyl allyl-2-quinolone (atanine),

2 - ARYL = L - QUINOLON. GOUP
Apart frun the 2-quinclone and the furancquinoline alkaloids
which exist in plants of the Ruteceae, a few 2-phenyl-h-quinolones

have been reported isolated. Two exasles of sucir alkaloids are:

(a) Eduleine

3duleine ( 7-methoxy-1-methyl-2-phenyl-k-quinslone) (LXIII) was
first isolated by J. Iriarte and ca—workersha frow the bark of
Casimiroa edulis Llave et Lex. and later from the bark of Lunasia

quercifiolia by Jchnstone, Price and Toddl"g.



The alkaloid was shown tu form mono and dibromo derivatives,
but resistant to attack by acids, alkalis, oxidising and reducing
agents. It was showm to cuntain one methoxy group and one
nmethylimino group. It showed the characteristic L-quinolone infra-
red absorption at 1618 om_1 and its infra-red absorption at 7Oh-cmh1
was in accurdance with a mono substituted benzensid . ring. On these
spectral bases, the stwuoture 7-methoxy-1-methyl-2-phenyl-li-quinolone
(IXIII) was assigned to the alkaloid and this was confirmed by

49

synthesis ~ from m~anisidine and ethyl-formyl-phenyl acetate.

b) 5-hydroxy-1-methyl-2-phenyl-li-quinolone (LIIV)
s LN R ke L e Rt

This alkaloid has recently been isclated from Lunasia
quercifiolia by Hart, Johas and LambertanSO and its struotural eluci-

dation was based on the spectroscopic studies.



(iii) COUIARTNS

Coumarins forma one of the most important groups of natural
products, All, but a few, are derived from plants especially
Loguninosae, [Rutaseae and Umbelliferae; the others oome from
animals and mioroorganisms. Some coumarins, for example, the simple
coumarin itself, psoralene and dihydro coumarin ocour as glycosides
of the eorresponding cimnemic acias. Alth.ugh tiie simple eoumarin is
a natural product, it is believec‘zS1 that the true parent of all
naturally occurring couwmarin is 7-hydroxy coumarin (umbelliferone).

The family Rutaceae is kmoim tc store a large nuaber of coumarins.
The lieliaceae family rarely stores coumurins, dut during the cuurse

52

of’ the genewral survey of the Meliaceae, it was found that o member

of the family, sSkebergia senegalensis sontained as a major pr.duct,

a ooumarin (8-methoxy-4-methyl coumcrin). The occurrence of this
coumarin in this plant of the }Meliaceae further strengthens the view
that the Rutacecae is very closely related to the lleliaseas,

£ few of the very lerge nuaber of the structurally related

=

ccumirins ¢ the Rutaceae plants are hereby: reviewed.

Eexgapten (13V)
Jergapten 012H804 (m.p. 1917C) was isclated from bergamot
oil as early as 183% and it is wide-spreail in ¢he Rutaceae family,

oceurring in varicus species of' Fagara, Ruta, Skimmia, Citrus,



Pimpinella and Casimiroa, Thoms and Baetohe53 showed that it is a

furcecoumarin with a linear type of moleoule by nitrating bergapten.
The nitro compound (LXVI) was reduced to the aminobergapten (LXVII)
and the amino compound was oxidised o a compound identified as a
1,4-quinone, bergapten quinone (ILXVIII).

Recently, Dreyer8 reported a good yield of bergapten together

with imperatorin (ISXIV) in Poneirus trifoliata.

Xanthotoxin (LXIX) CyHg0), (m.p. 146°)

This is isomeric with bergepten and it has bsen isolaied from
a number of rutaceous plants, for example, from Fagera
xanthoxyloides Lam; and various species oi Ruta. Like bergapten,
Thoms54 recognised the presence of furan and coumarin rings and zon-
veried the ocmpound to bergapten quinone by nitration, reduction of
the nitro compound tc¢ the amino compcund, followed by the uxidation
of the amine.

95

Spath and Pailer synthesised xanthotoxin from 6,7~
dihydroxy coumerin by malic acid condensation to give dihydroxantho-
toxol, followed by methylation and dehyﬁrugenatj..on on a palladium
eatalyst.,

In the furocooumarin series, demetihylation by the usual

reagents is ususlly attended with diffioulties owing to the sensi-

tivity of the furan ring. However, demethylation can be effected by
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mna.gne sium 106;1(195 at 160 or by aluminium ohluride in the absence

of & solven‘c56b.

Uemethylation of xanthotoxin either by magnesium iodide or
aluninium chloride afforded xanthotoxol (IXX) (m.n. 251°)
G‘HHG% which is itself a very minor component of the ocoumarin mixture

of sngelica archangelica,
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Lsoimperatorin (LXXAI)
Isoimperatorin 016H1h94 (m.p. 1690) is the paloroglucinol
based analogue of the pyrogallol deriv tive imperatorin (ILXXIV).

Iscimperatorin was isolated from Imperatocia ostruthium L. which

57

yields several other coumarins. Spath and Kahovec” found that the

acid hydrolysis of isoimperatorin yielded bergaptcl (I.XIT)

(deme thylated derivativ%fbergapten). Interaction of isoimperatorin
with perbenzoic acid yielded an epoxide, identical with the natural
eoumarin, oxypeucedanin (LXXIII).

Spath and Dobrovolyny58 synthesised isoimperatorin from
bergaptol and  vy-dimethyl allvl bromide. They (ound that the
hindered position of the hydroxy group made esterification usually
difficult.

Inperatorin (I3XIV)

Imperatorin 076H149L was identified as the YY-dimethyl ether
of xanthotoxol by Spath and Holzen59. They ncted that this compound
(LXXIV) cn aeid hydrolysis or hydrogenolysis yielded xanthotoxol
(LXV) and that oxidation with chromic acid yielded acetone., Impera-
torin easily isomerises to allo-imperatorin (LKiVI). Imperatorin is

a constituent of Imperatorin osthruthum L., Aegle marmelos

(Correa), Poncirus trifoliata and, as would be seen later in this

work, two Jest African rutaceous plants .freegle paniculata and

o e
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Clausena anisata.

Phellopterin (LXXVII)

Phellopterix C13H1605 (n.p. 1020) was first isolated by

Noguchi and Kauanami60 from Phellopterus littoralis Benth, and later

from the rcot of Angelica glabra, It differs from imperatorin only
by the presence of nn odditional methoxy group and osuld be regarded
as S5-methoxy imperatorin, Phellopterin has récently beecn showm by

19

Dreyer © to oo-exist with the limonoids zapoterin, 7o-obacuncl, and

deacetylnonilin in Casimiroa edulis Llave et Lex.

e B i———

Scue otiner known simple Counarins from plants of the Rutaccae

Apart from the furocoumarins, the plants of the Rutacsae family
adound in simple substituted coumarins, . few or these coumarins are:

Aesculetin dimethyl ether ( 6,7-Gimethoxy oocumarin) (LXXVIII)

3

: 61 : .
from Pagera macrophylla, Subercsin (7-me thoxy-6-isopentenyl

[

coumarin) (LXXIX) from Zanthoxylium flavim®' and 7-denethyl-

———

. 61
suberosin (L'IX) extracted from Chloroxylon swietenia. . From

the roots of Toddalia aguleata, Toddaculine.(5,7-dimethoxy—6-

isopentenyl-coumarin) (LXXXI) m.p. 95°C was extracted62.
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From the Yest African species of the ileliaceae family, a large
number of limonoids have been isolaced in this Deportment, From the
Citrus genus <f the Rutaceae fanily, many limonoids have been
obtained and some plants of other genera in this family have been

showvn to contain limonoids as well as alkaloids with scme coumarins as

minor constituents. For example, Diotamnus albus has ozen found to

be a source of the alkaloid dictamnine as well as the limonoid
dictamnclide (identifizd as rutaevin). The alkaloids dictamnine and

eduleine and the ooumnarin phellopterin have been ootained from



Casiniroa edulis whioh alsc steres the linmonoid zapoterin., But no

West African specics off the Rutaceae has so far buen shown to
oontain limonoids. It was, therefore, deoidad to investigate bhe
West .Afrioan speeics of scme Rutaceae génera for their limonoid
wontents. Three Vest Afrioan speoies of the Fagara genus namely
. leprieurii, . lamarei and F., zanthoxyloides have already
been investigated and ncne of the three plants was shown to contain

limencids. We hoped that other genera would give some limonoids and

wie, therefore, deeided to examine spegies of difTerent genera.
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INVESTIGATIONS AND DISCUSSIONS

In the course of this study, three West African species of
three different gencra of the family Rutaceae were investigated.
They were:

(a) Afraegle paniculata ( Schum and Thonn)

(b) Clausena anisata (Willa)

(¢) Oricia suaveolens (Engl.)

AFRABGIE PANICULATA (Schum and Thonn)

This plant was formerly classified under the genus aegle on

the basis of its close relationship to Aegle marmelos (Correa). It
&

-

is commonly found in Ghana, Togo, Dahomey and Southern Nigeria. It

is usually planted at the baeck of many houses in Oyo Province,
Nigeria. The wood extracted was brought from Fiditi, (Oyo Province
Nigeria).

It is a small trce, but said to occur wildiy attaining 30 feet
to 40 feet-in height, The fruit is orange-like, but with a tough
shell and is usually about 2 - 4 inches in diameter. The branchlets
are grey-greon and its flowers are white and fragrant. The Yoruba
name is "Shanga".

Two crystalline substances A and B were isolated from the
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wood. 4 was found to be a known furocoumarin and B a known
furoquinoline alkaloid.
Compound A m.p. 100° - 102°

The petroleum ether (60° - 80°) extract of the wood was concen-
trated and on allowing to stand overnight, some crystals appeared.
The crystals were collected, washed with petroleum ether and
recrystallised from methanol to give light yellow erystals m.p. 9200.
The n.m.r. spectrun of the erystalline substance showed that it was a
mixture. The substance showed two spots on the thin layer chromato-
plate indicating that it was probably a mixture of two substances.
The mixture was then dissolvaed in benzene and put on alumina column,
Benzene brought down & new crystalline substance A, recrystallised
from methanol, m.p. 100°¢ -~ 102%.

The other component did not come down from the column.

The n.a.r. spectrum of the substance 4, (fig;1) showed the
presence of two methyl groups on a double bond at & 1,77 (singlet),
an ethylenic proton showing as a triplet at 6 5.73 ( J =8 ¢/s ), a
methylene group centred at § 5.09 as a doublet (J = 8 ¢/s). These

signals indicated the presence of -Ci, - CH = C

> 3 group. The

3

dovmfield position of the methylene group suggested that the

isopentenyl group was probably joined through an ether oxygen to a
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benzene ring rather than directly to the benzene ring. The n.u.r.
spectrum also showed the presence of two furan protons at O 7,45
(doublet, J =~ 3 ¢/s) for the a-proton and at 8 6.93 (doublet,

J =~ 3 ¢/s) for the B-proton. There were two AB doublets at

6 6.4 (J =9 ¢/s) and at & 7.50 (J = 9 ¢/s) attributed to the two
coumarin protons. There was a singlet at O 7,83 attributed to a
benzenoid proton. The infra red spectrum (fig. 22) showed a strong
carbonyl absorption at Vs 1695, characteristic of ths carbonyl
band of a coumarin.

Blemental analysis (carbon and hydrogen analyses) combined
with the molecular weight of 270 (from the mass spectrometer)
suggested fh@ molecular formula 016H1hph'

It was cvident from the spectral properties that compound A was
a furocoumarin compound with an o-isopentenyl side chain. The partial

structure (LXXIV) was, therefore, suggested for A.

5 Y+
O | —omanan=d
L Q S ST LS NCH

| (LXK AY) =

The next problem was to detormine which of the two possible positions

in the benzenoid (5 and 8) the o-isopentenvl group was substituted.
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An attempi at hydrolysing A by refluxing with concentrated hydro-
chloric acid in methylated spirit gave a dark tar which did not
crystallise.

On comparing the physical properties of compound 4 (mep.,
infra-red spcetra and ulira violet spectrum (fig. 2b) with the
R S % . D 63
physical properties of somc lmown furocoumerins reviewed by Dean 7,
it was found that compound A was similar to both dmperatorin

o] T x o
(m.p. 1057) and isoimperatorin (m.p. 109 ).
Imperatorin (LXXIV) is a furocuumarin extracted from the root

59

of Imperatoria ostruthium””, and its isoform (isoimperatorin) (LXX1)

was extracted from the same plant,

Hydrolysis of imperatorin with acetic acid containing traces
of sulphuric acid gave the hydroxyv product xanthotoxol (ILXXV) melting
at 2&30059. Hydrolysis of isoimperatorin under the same condition
gave bergaptol (LEXII) melsing at 2??0. Methylation of xanthotoxol
with diazomethanc gave the methyl ether of xanthotoxol, xanthotoxin
(LXIX) mn.pe 14&9 whilc methylation of bergaptol affurded
bergapten (LiV) m.p. 188° - 189059. |

Since the two compounds imperatorin and isaimperatorin have

very close melting points, it seemed that one way of differentiating

between them was to hydrolyse them and then methylate the hydrolysed
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products and to compare the melting points of both the hydrolysed
products and the methyl ether of the hydrolysed products.

In order to find out whether substance A was imperatorin or
isoimperatorin, it was hydrolyscd with acetic acid containing a few
drops of sulphuric acid. The product was a white crystalline sub-
stance m.p. ZAOOC. This was very comparable with the melting point
of xanthotoxol. NMethylation of the white substance with ethereal
diazomethanc afforded a reddish crystalline substance m.p. 1450.
This was very closc to the melting point of xanthotoxin. These two
experiments confirmed that substance A was imperatorin (1XXIV)
and not isoimperatorin.

The oily portion of the extract was chromatographed on neutral
alumina and a large quantity of B-sitosterol was eluted.
Compound B m.p. 130°C - 132°C.

Another extract of the same wood was investigated in order to
get more of the erystallinc mixbure which melted at 9200, and from
which compound A was separated by chromatography. It was hoped
that the second componcnt with the léwer Hf valuec on the t.l.c.
plate would separate from compound 4 when the mixture was put on
a colwmn using perhaps silica gel as the absorbent. Unfortunately,

this sceond extrast gave no crystals, but a thick oil. A portion of



the o0il was chromatographed first, on alumina, and then on silica
gel. In both cases, a large quantily of B -sitosterol was obtained
and no other crystalline substances came down even with the most
polar mixture of solvents.

To the remaining portion of the oily extract, petroleum cther
was added to precipitatec most of the unwanted B-sitostercl. Then it
was extracted with 10% water in mcthanol. To the methunolic extract,
some quantity of water was added and then re-extracted with chloro-
form. The chloroform cxtract was concentrated and then redissolved
in & little quantiiy of benzene. This was then chromatograrvhed on
alunina. A fraction eluted with 20% ether in benzene gave a
crystalline substance, recrystallised from methanol to give large
prism-like crystals oi' substance 3 m.p, 13000 - 1320

The molecular weight of 199 (from mass spcctrometer) sugzested
that substance B ‘contained a nitrogen atom (molecular weight odd).
The infra-red specrum showed no carbonyl band,

The elemental analysis combined with the molecular weight
determination suggested the empirical formula C12H902N for the
substancc B, .

The n.m,r, spectru (fig. 3) showed signals at § 2.23 (singlet)
attributed to an NH proton, at 8 4.38 (singlet) for thc -OCH

3
protons and complex multiplets between § 7.0 and § 8.0. Attcmpted
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hydrolysis of B with methunolic hydrochloric acid was unsuccessful.
Hydrogenation of substance B wusing platinum oxide as a catalyst in
methanol afi'orded a crystalline substance m.p. 180° - 182°C with a
lower t.l,c. Rf value than the starfing material, Golccular weight
of the hydrogenated product (from mass spectromcter) was found to be
203, two units highor than the molecular weight of the starting
material,

The infra-red spectrum (fig.4) of the hydrogenated product
showed a carbonyl band at'%max 1653% cm-1, characteristic of the
corbonyl band of a 2-quinolone. The mnui.r. spectrum (£fig.5) of the
hydrogenated product showed signals at § 1.28 (triplet, J = 7 ¢/s)
attributed to the —-CH3 protons next t©o a methylens group and at
8 2.76 (quartet, J = 7 ¢/s) attributed to the methylenc group, being
split by the methyl group. This indicated that the hydrogenated
product was a 2-quinolonc with an c¢thyl group as a side chain. The
n.m.r. spectrum of the hyvdrogenated product also showed tho singlet
at 8 4,0 attributed to the methoxy protons. It was susgusted from
the above spectral evidences that the hydrogenated product was
probably a 3-ethyl-2-qguinolonc compound.

By comparing the physical properties, (melting point, mclecular
welght and the ultra violet spectrum) of some known alkaloids of the

family Rutaecae with compound B, it was found thet Compound B was
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identical with dictamnine.
Dictamnine is an alkeloild existing in many plants of the
Rutsoceae, It 4.5 a molecular weight of 199, th:z saue s the molecular
— . . . — o[ \
weight of compound B and its melving point 132°-133" is the same as
the melting point of compound B. It was concluded, thererore, that
Composund B was the known alkaloid dictamnine (XIII).
dydrogenation ruptured the furan ring to give 3-ethyl-L-methoxy-
) inolone (-"G{XII) e 1800 1:":0 austia 211dinr L
-quinolone, (LI (m.p. - 1827),  a reastion reczlling the
hydrogenolysis of kokusagire (XXXIX) tolgivz 6,7-dimcthoxy-3-ethyl-l-

hydroxy-2-quinolone (XL)36.

CH
OL Hy OCH3 ,C,H:';

A== e
g8l L
(X ) (e 1)

That ‘the product of hydrcgenaticn of dictaunine (cewmpiund B)
was 3-ethyl-L-nethoxy-2-quinolone was evident from the synthesis orf the
last elapound.

Syntnssis of 3-ethyl-L-methoxy-2-quinolone

L2b

Baeker wnd co-workers had madc & 3-suostituted-4~hydroxy-2-

quinolone by the reaction of anilinc with a substituted malcnic cster.



This method was attempted in order to make the. 3-ethyl-l-hydroxy-2-
guinolone which, it was hoped, would methylate to the required
L-methory derivative.

Diethyl-ethyl-malasnate (IXXXIII) was prevared 5y refluxing
diethyl maloncte and ethyl bromide with sodium methoxide in
me‘thanol&a’b. Condensation of tais ester with aniline gave
a substance (LXXAIV), m.p. 220° - 223°C, insoluble in chloroform
a-nd its m.m.2, spectrun in deuterochloroficrm could not be taken. The
ind'ra-red spectrua showed a caroonyl nand at 172L 031_1 . 'This band
oould not havg ?irlie to the curvonyl bund of ths 2-guinolone which we
observed at Ymax 1653 amﬂi. This product was proesumed to be a

dianilide formed prooably by tlhe conéensation of two moles of aniline

with cne wole of the substituted ester a&s shown below:-

coott Na0CHz O"Ug .
o H,  + g9 s — /CH —CH, - CHs
coo” e © LR )
QY
1/m " Er ooc- CH-*CooEl. 4 /m
S ~NH,

C.qu..[g H T‘\

"//\L m W )
K/I NH Co GH = 0= N-NF o

H
ot 5 (,Hj



Avother approach to the 3-ethyl-hf-methoxy-2-quincline
(LXXXII) involved the Friedel Craft's method of introducing an acyl
groun to an aromatic ring. The .eaction of L4-hydroxy-2-quinolone
(ILXXXVIII) with acetyl chloride and sluminium chloride gave 3-acetyl-
L~hydroxy-2-quinolone (LXXXIX) which was reduced b¥v sadiun borohydride .
to give 3-ethyl-k-hydroxy-2-oquinolone (XC). . Xebhylation of this with
ethereal diazomethsne gave the required 3-ethyl-lL-nethoxy-2-cuinolone
(1XXXIT) , m.pe 182°. This was the methed euplcyved in preparing
S=iscamyl-i-netlioxy-2-guinolone using disovaleryl chlorids instead of
acetyl chloride by Perkin Jr. (1909)1‘"?. The storting materiul,
L-hydroxy-2-quinolone was prepared dy condensing methyl anthranilate
(LXX4V) with diethyl malonote aosording tc the metiwoé of Lutz et a165.
The anthranilide (LXZAVI) thus obtained was oyclised using sodium
methoxide. Tho resulting cster (LKXXVII) was hydrolysed with 407
sodium hydroxide and this was followed Yv decarboxylation 4y give the
reguired J=hydroxy-2-quinolone.

The n.a.r. speectra of both the synthetic 3-ethyl-k-methoxy-2-
quin.lone and the material obtained when dictamnine was hydrogenated
sere found to beo identical in all wespects., The infra-red spectra of
both compueunds were found to be superimposable. Their melting points
were found to be the swie and nixed melting points vere fournd to be

undepressed. It was consluded, therefcore, that the product of the



. X W
o0 > (;OO ot 3
e C . faY
. T —C]
NH, r tooc - \\\/\NHCOC_HZCOD'UT
(Lxxx vy ¢ (L XXX u1)
Q\SLRSC\;I‘? ?H 00‘(,‘{/ ) \ﬂg&dfok‘js“ﬁ
P | ST i (./ Y
NQOCHS m/\/ =
SN @) = P
H
[ LAXX VM)
ol Sk
' CHyco L @J\l o x
_ Na BH f
@io (il "‘N’“ o ’
14
(LAXA NI U—MXM\
?H \"LH:"’ CH, N L2 ch
‘/, [/ﬁo P2 2 % m 2%
> "‘M‘\l/’\ ' :\O
; H
Ho
(XC) (Lxex)



hydrogenation of diotamnine with platinum oxides as a catalyst in

methanol was 3-ethyl-L-nethoxy-2-quinolone (LZXXII).

CLAUSINA  ANISALA  (illd)

Clausena anisata is a very swall shruo. I¢ dis found in Togo,
Dahomey, Southern Nigeria ana in Bauchi plateau dn Northerm Nigeria.
It ccours as a small tree up to 20 ft. high in some areas.

The roots of the plant werc extrasted and the extract, after
evaporating the sslvent (petrolewa ether) gave some crystals on
standing. The crystals were separated from the sil by washing with
petroleum ethsr and filtering. Reorystallisation from mothanzl gave
light yellow crystals m.p. 98O - 100%. The infra-red spectrum was
found to be identioal..in all respzcts with the infra-red spectrum of

impcratorin cbtained fruam the wood ol Afraegle panioulata . The n.m.r.

spectrum of the crystalline substance was also identical with that of
imperatorin. fThese facts showed that the crystalline suostance from
Clausena. anisata was iumperatcrin,
Tho petroleum ether was cevaporated off tae filtrate and the
residue vas chromatographed on neutrol alumina, Another crystalline
. _ 0 o 5 o
substance € m.p. 150" - 153°C. was brsught down from the oolumn

oy 10% ether in benzene,

The infra-rcd spsotrum (fig.6) showed a strong  ,0=c band at



1769 cm_1‘ This apocared tov be the carbonyl band of a coumarin rather
than of a guinolone, The n..r. spocirum (f£ig. 7) shoved signnls at

$ 1,67 (singlet) and § 1.83 (singlet) attributed to th» 7o methyl
groups on a double bond, § 3.45 (doubiet, J = € ¢/s)-assigned to the

two protons of a methylone group and & 5.22 as eomplex triplet attributed
to the vinyl proton, This porticn of the spectrum indicsated the prescnce
of' an isopentenyl grouo ﬂCH2—CH = C\C;B in the compound, The
n.m.rr. spectrum also showed signals at 553.93 as a singlet osunting for
6 orotons and this .as assigned to two methoxy groups. There ware two
AB doublet at 8 6,13 ( T =10 ¢/s ) and & 7.97 ( J =10 o/s ).

These two doubl.ts were charasteristio of -4 and H-3 protons of a
coumarin and a singlet at § 6.32 atiributed to a benzcnoid proton.

Since the n.m.r. spectrum showed the prescnce of only one benzenocid
proton, the benzencid ring of th. coupouna was likely ©o be highly
substituted. ~From the above spectral properties, the partial structure
(XCI) was suggested for the coumarin.

The-nsxt proolem was to find out the positions of th: tvo methoxy
grouns cnd the iscopentenyl group in the benzenoid ring. Six possible
structures (XCIa - XCIf) eould be writtenldoan for the compound,

By comparing the ultra violet absorption of various dimethoxy

councrins reviewed by P. M. Dean in his book66, it was found that the
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ultravioled absorpbion of the new ccmpound € (#ig.8) wes much closer
to the ultraviolet absorption of 5,7 dimethoxy ocoumcrin than any of
the othor dimethoxy coumarins.,

The ultre viclst absorptions of saﬁe knovn dimethoxy cuumarins

and the new soumarin C ars shown in the table belosr »

5,7-dimethoky | 6,7-dimethoxy | 7,85-dimethoxy. |New Coumirin C
*Amax X Amax )\ max
246 my 235 m 250 mu 213 md
254 mu 296 mu 718 mu 260 mu
23 mu 342 ml 323 mJd
i e i ; T N e s i t i

It scemed, therefoirc, that the new ocoumurin C was probably either
5,7-diumethoxy-6-isopentenyl coumavin (XC1a) or 5,7-dimethoxy-8-
isypentenyl coumerin - (XCIb) and not any of the other structures
(XCIz - XCIf)x

But < 5,7~dimethoxy-6-isopentenyl coumurin (ZCIa) is & lmown
¢ ompound., Tadaaculine62 whose melting voint (95° ) diffors from the
melting point of the new coumarin €. Thy only structure left for
consgideratvion, therefore, was 5,?udimothoxy—G;isopentcnyl coumarin
(XCIb).

A confirmaticn of the structurs of the coumarin € by th:

synth:sis of (XCIb) was thon aimed at,
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5,7-dimethoxy ocumarin is a2 phloroglusinol bused compcund, The
starting material for the synthesis of 5,7-dime thoxy—S8-iscpentenyl
counarin wa$, thereforg, thought to be phlor;gluainol. An'attemnt
was mede at maling 5,7-dimethoxy coumarin before introducing the

iscpentenyl gwoup ececrding tw the propesed sohenc
OH

OH
(\ Zn(CN), _cHo
™~ _.._._H | :
c \ =N
o \JLD H il Ao YO Ac, 0

L)QCIIQ) (XCilb)

By

X CHBOH x> N
T _ &
HO 00 At 0730
(XCHe) (X Cllel)
|:)u-l3
e
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Phloroglucinol (XCITa) was formylated by a msthod modificd by
s S e o B LS i
Lialkin and Nierenstein . This was done by passing dry hydrogen
oaloride gas into a sclutica of phlorsglucincl in dry etuer containing
zine oyanidc.

Condensati.n of the phlorcglusinaldehyds with acetic

St u.u W - 63

annydride 9y the method of Heyes mnd Robertson ,.gave, instead of
the expseted 5,7-dihydroxy coumarin, a dirty browm oil which did not
solidify, The infra-red spictru did nct show the charasteristic
@, 8 unsaturated carbonyl band of a cCumarin,

It was thought that the dimethyl ether of vhlercglucinaldehyde
might cyclise easily instecad of the phloroglucinaldehyde. Phlero-

. e 3 ; o Y ; 69
gluoinel was di-methyl. ted by a method modificd oy Pratt and ibinson 7,
This involved passing dry hydrogen chlcride inte the scluticu or
phlorsglucingl in analar metihanol. The dimethyl ethor of the
vhlorogluoinol thus obtained was formylated using formanilide and

phosphoryl chluride69

to give the salt <4 (CH,0),.C.:,.0H ~
Beave 2
CH = CH = Ph ECI} wiich was hydrclysed to give a pior yicld of the
required dimethoxy phloroglucinaldehyde.,
The experiment was repeated by passing hydrogen chloride into
the solution of dimethyl ether of phleroglucinel in dry ether contain-

ing zine cyanidc as was done in the fermylaebion  of phloroglueinol.

A much improved yicld of dimethoxy phloroglucinaldehyde was ovtained,
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Vigorous aeetylation of dimethoxg phloroglucinaldehyde with
acetic anhydride and sodiun acetate gave & darl: green oil whose infra-

red spectrun did not show any tracc of e coumerin.

“hile the synthesis of the coumarin { was still being attenpted

70

D.L. Dreyer reported the isolaticn and synthetic confirmaticn of
counarrayin (m.p. 15?0 - 1580) from the dried foliwze of Muriaya
paniculata, ancther rutacezus plent. The melting noint of

coumarrayin vas very comparable to the melting point of the coumarin
we callzd C. 'The n.m.>. specira oi' o\ two camoounds were very similar.
The infra-red spectrum of coumarrayin kindly supplied by Dreyer himself
wes found to bs superimposable.on the infra-red spectrum of cur
oouncrin C. It followed, therefore thot wr coumarin C was the

same compound as coumarrayin, The structure of coumarrayin vas

70

elucidated enu confirmed synthetically by Dreyer’ as 5,7-dimethogy-
8-isupentenyl céumarin i.e. (XCIb). This .sas the struoture proposed
for our cwmosum.ain ¢ and which we set out tu eonfirm by siymthesis.
Drever s'mthesised his counarrayin oy a netiovd analogous to our
approach.. Our 9lan was to meke the 5,7-dinscthoxy osusarin beroru
iftrodueing the iscpentenyl group to the benzenuid ring, out Dreyer
introducsd the isopentenyl group to the dimethyl ether of the

shlorcglucinaldehyde before cyclisution o the coumarin as showmn

in the next page.

2
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ORICIA SUAVEOIENS (Bngl.) Verdoon

Oricia suaveolens is a small under-storey plant locally

abundant in and around the Gambari F,R., but has not been recorded

elsewhere in Nigeria. It occurs in Sierra Leone, and Ivory Coast.
The wood of the plant was extracted with lipght petroleun

ether (600 - 800) to aftord a large quantity of oily material.
Colum chromatography of the oil on neutr-c;l alunina gave a

vellow crystalline substance on eluting with 20% benzene in diethyl
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ether. Reecrystallisation from benzene gave large, glassy prism-like
crystals m.p. 1500 - 1550 which was optically inactive. The
maleculnir weight frim the mass spectrometer gave 301 ana the fret that
the noleoulor weizht was cdd suggested the éwescncu of a nitrogen atonm.
The presence of & nitrogen atom was confimed by Lassaigne's test.

The elemental analysis (caroon and hydrogen analyses) combined with the
nvleoular welzght determinction suggested the empirical formuls
017H1904N for the compound. 'The n.m.r, spectrum (fig.9) of the
campound which we now refer to as oricine showed a sharp singlet
eounting for six protons ot § 1.53 and this was attributed to two
methyl groups. “There .as a sharp singlet at & 3.70 counting for three
protons ant this singlet was thought to be atiributable to the protons
of a methoxy grsup, but later found to be due to the protons of a

nmethyliminc group ( “HCH The singlets at & 3,98 and § L.02

3)'
counting for three protons each were assigned to twc nmethoxy groups.
There were two doublets centred at abuut § 5.48 ( J = 10 ¢/s ) and
8§ 6.75 ( J =10 ¢/s ) which were not downfield envugh to be attributed
to the H-l and H-3 of 2 ocumarin, In fact, the infra-red spectrum of
oricine (fig. 10a) did not indicate the presence of a coumerin. We

th-ught, that the doublets were due to the ethylenic praotons of such

HC = CH with no hydrogen atoms on the contiguous
N

P
C C

grouping as
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esarbon atoms. The signals at § 6.73 and & 7.31 werc attributed to
tivo benzenoid prutons and since they did not couple with sach other,
they were, perhaps, para t: each other.

Hydrcgenation of oricine with platinwa oxide as a-catalyst in
nethansl gave dihydro-oricine 1.»n. 1500 . In the n.m.r. spectrun of
the hydrogenuted produst, (fig. 11) i.e. dihydvo=oricine, there were
two trivlets centred at about 6 1,83 ( J =27 ¢/s ) and § 2.65
(T =7 e/s ) which were not in the n.m.r. spectrum of oricine, The
dcublets &t § 5.48 and O 6.75 in the n.m.r. spectrua of oricine were
gbsent in the n.m.r. spectrun of the dihydro-derivative.

Koleculas weight (from mass spectrometer) of the hydrogenated
product :as 303, an addition of tiro units to the molecular weight of
oricine. This indicated that there .as only one reducible ethylenic
bona in oricine. < The presence of the two triplets in the n.m.r. of the
hyd -ogenated product ana the absence of Tthe doubluts at § 5.40 and
8 6.75 indicated thut the -EI = CH- - group was hydr.genated to a
—CH2 3 GH2- group.

Comparing the ultravioclzst spectrum of éricine (fig. 10b) with
the' ultraviolet spectra of some known 2lkaloids of the Rutaceae plants,
it .as found that the ultraviolet absorption < oricinz s very
similar tc the ultraviolet absorption of flindersine, an alkaloid from

the wood of Flindersia australis43. 1t appeared, therefore, that
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oricine had the sanc nucleus as flindersine and the structures (XCV)
and (XCVI) were suggested for the new alkaloid orieinc and its

dihydro derivative.

The three-proton signal at 8 3.70 in the n.m.r. spectrumn of
oricine -as thougat to be due to the protons of o methoxy groun. If
so, we wondsred why the pritons of the methoxy group should rescnate
at a higher field than 'the protons of the other two methoxy groups.

"Te assumed, therefevey thut for these protons to give @ signal at such
a high field, it should be substituted in the heteocyclic ring and
very close 4o the heterc atom. Thu: methoxy grou» wes, therefore,
hought ‘€3 be in the 2-positicn of the alkaloid.
he quantity of oricine cbtained from the extract ivas so small
that degradative vwork on it in order to eonfirm fhis structure -as
irioussible. It was deoided, therefcce, to confirim the structure of the

nev alkalcid by synthesis.



SYNTHSIS _ OF, . SRICINE
A »ossibls internediate in the synthesig of oricine .as thuought
to be 6,7-dinethoxy-4~hyiroxy-2-quinoslone (XCVII). Reaction of this
ocapound with  8B-dinethyl aorylcyl chloride (ﬁy'the uwethod of Browm
el :‘-.ZL{J'L in tho synthesis of flindersine) would give, it was hoped, the
ester (XCVIII) which would thon iscmerise =nd cyclise to give the
ketone (XCIX). Reduction of the ketone followed by dehydration was
expected to give the compouné (C) which-should bz converted to (XCV)

by m .thylaticn with diazo methaone.

Various Attempts at the Synthesis of 6,7-dimethoxy-L-hydruxy-2-quinslone
A method¢ of preparing o LY-nydroxy-2-quinclone is by refluxing
an arylamine with malcnie ester in a high biiling s.lvent, The
arylamine required in(the synthesis of the 6,7-dimethoxii} ~hydroxy-2-
L ‘] - | fot, = e £l 4= I ?1
quinolone was é-aminoverabrole and this was msde from catechol’ .
echol was meth cG with a mixture of dimeth ohate and o: i
Cateohsl wa thylated witn a t of dimethyl sulphate a austvic
) e ; s o g s
potush at belew € C. The veratrole (CI) formed was nitraced with a
rixture of nitric aocid (D 1.42) and water (1:1) by the method of
Sardivell and Rebinson' . attemptud catalytie reductiin of the nitro-
veratrule (CII) using 10% palladised charcoal at 3 atuospnores was
unsuceessful. Reduction of the nitroveratrsle tu the aminsveratrsle

(CIII) -as effected chenically by refluxing the nitro esmpound with
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tin in 507 pydrochlorie aeci . The awincveratrole was a low melting
solid (i.p. 76°) whish quickly dsrkened on exposure to air. The infra-
red spectrum showed the characteristic absorptien for the -NHz group

as a doublet at Vmax 3333 G e

Attempted condensation of the amino-veratrole with diethyl
malcnete by refluxing the nixture in diphenyl ethér gave, on cocling,
a greyish solid, m.p. 210°C.,

Molscular wreight from the mass spectrometer was found to be 360.
The fact that the molecular weight was{even suggested that either there
was nc nitrogsn atom in the nolecule of the product or that there were
ti/o nitrogen atims in the product.. The s2lid was insoluble in chloro-
form and its n.m.r. spectrwt in deuters-chloruform ecould not be taken.
That the compound contained Hwra nitrogen atoms was proved by
Iassaigne's test.

It was, likely, that the solid formed was a di-anilice (CIV)
formed probably by the condensation of two moles of dimethoxy-aniline
(6-aninoveratrale ) and one mole of malcnic ester,

Another approsch ts the 6,7-dimethoxy-4-hydroxy-2-quinclone by

65 had nade

the way of an anthranilate +as sought. ILutz et al.
L=hyurcxy-2-quinclone oy heating uethyl anthranilate with malonie

ester ond the cesulting anthranilide was cyelised with sodium mothoxide.



The resulting 3-carboxyl-L-hydroxy-2-quinolone, after hydrclysis, was
decarboxylated to the required L-~hydroxy-2-quinolone,

The synthesis of 6,7-dinethoxy-4~hydroxy-2~quinolone was
attenpted by adopting the above method, fhis involved making methyl
veratrate ( methyl 3,4-dimethoxy anthranilate) (CXI) from vanillin
(cv).'

Vanillin was methylated with dimethyl sulphatc and caustic soda
to give veratraldehyde (CVI). This was converted into veratraldoxime
(CVII) which was dehydrated with acetic anhydride to give veratro-
nitriie (CVIII)7ha. The nitrile was hydr:lysed by 107 caustic sodae

4o

solution and the resulting veratwic acid was methylated with

The

methancl osontaining a few millilitres of sulphuric acid to give

nmethyl veratrate (CIX). Nitration of the methyl veratrate with a

75

mixture of nitrie acid and acetic acid'” gave methyl 6-nitro veratrate

(€X) which was reduced chenmically with stannous chloride and hydro-

75

chloric acid'” to give methyl 6-amine-veratrate (CXI) m.p. 12700.

| Condensation of the methyl 6-awino veratrate ( methyl 3,4-
dimethoxy anthranilate)(CXI) with malonic ester gave a solid materiel,
M, 750C, soluble in chloroform., The infra-red spectrum (fig. 12)
showed a sharp ester band at “Ymax 172L cm“1 and & carbonyl band of
probably an amide at 1667 cm—1. The n.u.r. spectrun (fig. 13) showed

the presence of an cthoxy group —OCHZCH5 i

Lj:riplets at 6 1.32
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(3 =7 of/s) and quartet at & 4.29 (J =7 ¢/s8) , three -ocH3
groups at & 3,90, § 3.93 and 0§ 3,97, There was a sharp singlet at
6 3.52 counting for two protons, The molecular weight of the ccapound
fron the mass spectrometer was found to be 335. From thise spectral
evidences, we arrived at the conclusion that the product was the nono-

nalonamide (CXII) formed by the condensation of 1 mole of methyl

E-aminoveratrate with cne nole of malonic ester thus:

CHBC coO-HA

¢ro:co-CH, - oLl
('_,\—\30 2 SNHL T
CH

C}\‘/ (.D‘-—"LH
’l \L NS coott + CH,CH OH

H (a_ % 11)
Attenpted oyclisation of the monc-malonamide . with sodiw: mothoxide

was unsuccessful.

Ancthor attenpt at making the 6,7-dimethoxy-L-hydroxy-2-

76

quinolonc was sought via N-acetyl veratronitrile. Thorpe had reported



the formation of 1-imino-2-cyano-oyclo-pentanc (CXIV) by the
cyclisation of adiponitrile (CXIII) vwith sodiua ethoxide.

It was hopcd that a similar cyelisation of 6-N-acctyl veratro-
nitrile (CXVII) would give 6,7-dimethoxy-i4~inino-2-quinolone
(CXVIII) which sh:uuld then hydrolyse to the required 6,7-dimethoxy-L-

hydroxy-2-quinslone (XCVII) as shown below @
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The 6-N-asetyl veratronitrile was prepared froum veratronitrile
(CVI). Nitration of veratronitrile with a mixture of scetic zoid
and nitric acid (D 1.42) at room temperature gave & quantitative
vield of 6-nitroveratr.nitrile (CXV) which was reduced with stannsus
chlouride ond methanolic hydrcohlorice aeid tc give a quantitative
vield of 6-ainoveratronitrile (CZVI) m.n. 90°C.—62%,

The reductisn of 6-nitroveratroaitiile to the aming com-
pound was found ©o be mueh nore facile and-gave wwore gquantitative
viela «f the oroduet than t.e redustisn of metayl 6-nitroverairate.
That this vas so eoculd be exdlained oy che fact th.t the niurs group
in the 6-nitroveratronitrile .as les. sterically hindsred thaa the
nisr: group of the methyl é-nitroveratrate.

Aostylatica of 6=anino veratroniteile (CXVI) with acetic
anhydride 2nd a few diops of sulphuric asid at rcom temperature gave
the N-acetyl veratronitrile (CXVII) as o white orystalline sudstance
m.p. 19500 £ 19600.

Cyvelisation of N-acetyl veratrenitrile was attempted by
refluxing ths nitrile .ith scdium ethoxide in absolute ethonocl. On
adding the reaction mixture to oovld water, fine, ecrveam-colouwied
orystelline sudstance (m.p. 1380) whioch was soluble in chlorcform
+sas obtained. UThs inifra-red speotrum did not show any caronyl band.

The n.a.r, specirwa in deutere-chloroform (fig. 14) showed the
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presence of an ethoxy group -OCH20H3 [triplet at 6 1.45 (J = 7 ¢/s)
and a quartet at & 4.59 (J =7 ¢/e)]. There was a singlet at
t 2.65 counting for three protins and this was atiributed to a methyl
group. The singlet at § 3.98 counting for six protons was attributed
to two methoxy groups snd there were two arcmatic proton signals at
§ 7.17 and § 7.30. The molecular weight was found to be 248 from
mass spectrometer and this combined with the elemental analysis
suggested the molecular {formula 013H1603N2 for the product.

Trom the n.m.r. spectrum, two possiols structures eculd be written
dowm for this coumpound, the quinclone structure (CXIX) or the

benz - pyrimidine (CXX).

_ s
N O-CHy ’
QH()\J- /LHL NN
5 > 8 !
l o l /)1'--.
A 0T 50 oad THETCH,
R exix) (exx)

The guinolone structure (CXIX) ocould not have been the true structure
of' the compound because infra-red spectrum did not show the presence

of a carb.onyl band. The n.m,.r. spectrum indicated the presence of
-OCHzCH3 and not C—CI-I2 CH, because of the downfield chemical shift

£
of the quartet attributed to the methylene group. The methyl signal



at 6§ 2.65 in the n.m.r. spectrum of the product s not accuunted for
in this structure, The structure of the compound was, therefore,
likely to be (CXX). The fact that the three-pr.tcn signals at § 2.65
was a sharp singlet justifiied its »nousition in the benz-pyrimidine
structure.

The oyclisation off N-acetyl veratronitrile tc the dimethoxy benz-

pyrimidine (CXX) took place probably by the mechanism below:
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The cyclisation reaction is very similar to the meclhanism of ‘the



S

hydrolysis of a nitrile to an amide thus:

()
=N 4+ oH7 -t ! >
e _:__—: o e C . IO —
2 I NS
OH (@)
g il Sl
SaH e ~ NH,

The accidental cyclisation of N-acetyl veratronitrile (CXVII) to
2-methyl-L-ethoxy-6,7-dimethoxy benz-pyrimidine (CXX) dis similar to
the cyclisation of N-methyl-l-acetyl anthranilonitrile (CXXI) to
1-methyl-2-methyl benz-pyrimidine (CXXII) with hydrogen chloride gas

78

in dry methanol recently reported by =Z. C. Taylor and Y. Shvo
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In search oi' a suitable intermediate that would cyclise to the
required 6,7-dimethoxy-4-hydrozy-2-quin.lone, -ethyl-acetoveratrone
formate (CXXVI) was thought of as a possibility. This was made from

79

veratrole thus : Iriedel-Crafts acylaticn of veratrole ~ gave a good
yield of acctoveratrole (CXXIII) which was nitrated with a mixture of
acetic acid and nitric acid (D.1.42). The nitrs c¢cmpound was reduced
by stannous chloride and methanolic hydruchlorie scid to give 6-amino
acetoveratrone (CXXV). Reaction of the 6-aminc dectoveratrone with
ethyl formate gave the required N-ethyl acetoveratrons formate (CXIVI)
recognised by its n.m.r. spectrum,  Attempted cyclisaticn of the
li-ethyl acetvoveratrune formate with s:dium ethoxide was unsuccessful;
the startin; material identified by the infra-red and n.m.r. spectra

was recovered.
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It was thought that, perhaps, MRthyl N-acotyl veratrate (CXXVII:)
might cyclise with sodium hydride tz th: required 6,7-dimethoxy
quinslone. methyl 6-amino veratrate (C¥I) was converted 1o mothyl Ne
acetyl-veratrate by acetic anhydride and a few drops of sulphuric acid
at room temperature. The methyl N-acetyl veratrate .as re¥fluxed with
sodium hydride in benzene and the product obtained after destroving the
excess sodium hydride was a high melting sclid, (m.p. > jﬂbo) inscluble
in chloroform. Methylation of the sslid with ethereal diazomethone
gave a crystalline substance whose n.m.r. spectrun in deuteru ohlorcform
was found to be identical in all wrespects with the n.m.r. spectrum
of methyl N-acetyl vefatrate, the starting material. The high melting
solid was likely to be N¥-acetyl veratric acid (CXIVIII). It seemed
that the hydrclysis of the ester group of the methyl, N-acetyl veratrate
ts the carboxyl group took placc and this cguld have happened only if
there was any trace of water in thg reaction mixture.

The cyelisation was repeated using metallic sodium in toluene
instead of sodiun hydride in benzenc. A solid (m.p. 233% - 236°C)
which was insoluble in ¢hloroform was obtained. The mass spectrum gave
very sharn peaks at i 239 and u* 221. It scemed from the mass
spectrum that the sclid was a mixture of two substances with the ahove
molecular weights. The required 6,7-dimethoxy-4-hydroxy-2-quinolone

(C11H110hN) should have a molecular weight of 221,and 239 eould be



the molecular weight of the N-acetyl veratric acid (CXXVIII)

(G448 305)
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The difficulty in eyclising methyl N-acetyl veratrate could be

explaingd by the fact that cyclisation depends on the attack o
—CH2 on the carb:n joined directly to the benzene ring in the ester

group of the veratrate. There are two electron-donating methoxy grol
B



supplying electrins to the venzene ring, thus making the methyl €-F-
acetyl veratrate less recactive than methyl N-acetyl anthranilabe (which
has none oi such eleetron dcnating groups), “ith clecir.n donatioa
to this carbon atom of the ester group of the methyl N-acelyl veratrate

()
as shown below, the attuok of the uCHz on it becumes difficult

CH O I
37y ™~ QCH
el " 3
: i @;c Mo
5 =~ C - -
-

and if there is any competing recction such as hydrilysis, it wiuld be
preferred. With any slight trace of water either in the sclvent of
the reaction cr in the reactants, hydr:lysis would preferventially take
place.

The experiment was, therefore, repecated using dried tolucne.
A s0lid was cobtained and this again gave twio peaks In the mass spectrum
at 221 and 239, but the 221 peak was much stronger then the 239
peak, indicating a larger proportion of the required 6,7-dimethoxy-L-
hydroxy-2-quinolune in ths mixture. Since the mixture was insdluble in
most common organic solvents, separation of the two substances either
by column chromatography or preparative thin layer chromatography was

not attempted.



Ashley, Perkin Jr. and Robinsan81 used sodiwn granules instead of
chips in a high boiling sclvent (toluene) to cyclise methyl N-acétyl-
anthranilate to L-hydroxy-2-quinclone. The use off sodium granules
instead of chips provided a larger reastiun surface area than the
sodium chips. This method was adopted in anothar effort t. cyclise
methyl N-acelyl-veratrate. Refluxing the methyl N-acetyl-veratrate
with sodium granules in tcluene gave a sulid which was believed to
be mainly N-methyl veratric acid ( mass spectrum gave & sitrung peak
at 239, but the 221 was much weaker)s

George Koller82 had prepored L-hydroxy-2-quindlone oy the
Claisen cundensation of methyl anthranilate with diethyl malonate
using sodium .ethoxide in 2 sealed tube at a temperatucre of above 140 %c.
The resulting 3-carbuxyl-2-guinclone was hydrolysed znd decarbouxylated

to the required quinclone according tc the scheme below:
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The foregoing method was tried on 6-amino veratrate using sodium
amyloxide., A yellow solid, insoluble in ohloroform was obtained. The
moleoular weight from the mass speetrum was 239. Fethylation o the
solid with ethereal diazomcthane gave a crystalline substsnce recognized
as the methyl N-acetyl veratrzte by the infra-red spectrum and the
melting point, This meant that the yellow solid cbtained as a product
of the vondensaticn was N-asctlyl veratrio acid. The eondensation of
the amino compound and malonic ester prubably resulted in the formation
of a malonanilide (CXXIX) which wvas then hydr.lyscd tc the dicarboxylic
acid (CXXX). Loss of one of the carboxyl groups of the aoid then

afforrded the N-acetyl veratric aeid (CXIVIII).
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Another route to the 6,7-dime thoxy-4-hydroxy-2-quinclone via
- 85 oy ¥ 3 > o
Hoesoh reaction = was explored. The Hoesoh reastion ccnsists of the
condensation of 2 nitrile with a phenol, a polyhydric phenvl or a
phenolic ethor to form a hydroxy aryl or an alkoxyaryl ket.ne, for

example :
|
oz oM 4(3\//,‘/0H
K}I T l\. Y~ co R

The mechanism of this reaction was assumed by Hoesch as
involving threec separate steps:

(i) TFormation of imino chlorides

== P |
Rip 4 O —, K=
Al |4

(ii) Interacticn of imino chlorides with the phenol or phenol

ether to give Ketimine hydrochloride

140 ot
R —& ~¢! ‘l‘HD\ _OH 7@/
i iy T R TR
Ny NS I
N-H

(4ii) Hydr:lysis of the Ketimine hydrochloride to thu ketone.
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It was thuught that by a sort of "intramoleculer" Hoesoh reaction

shown below, the 6,7-dimethoxy-4-hydroxy-2-quinoloene sculd be obtained.

RH+CO£&:j“

o T

= {Cxatxl )
NH
A Gl C < ....“.‘.'II N‘HC"\
Sty S Cho
4
(AT s 0 N\ ,J~
) > N-=0C
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The reaction of the amino veratrile with the ethyl cyanoacetate
gave the recuired N-substituted oompound (CAXXI) as a yellow
eworphous sulid, m.p. 232°C - 233°C. It was insolublo in chlorsfurm

and hence its n.m.r. spectrum in deuterochloruform was not taken.



Its molecular weight from nass specir.meter (220) agreed with
the molecular weight of the expected priduct. .The infra-red speotrum
showed the sharp “NH band at Vg, 3226 om™' and the ~<CN band at
Vmax 2222 cm_1 and the 2C =0 band at Vmax 1653 cm—1. The
attempted Hoesch reaction on the sclid was unsuccessful, The starting
material was recovered.
The condensation of the amino compound, amine veratrole with
malenic ester already attempted was repeated. This time, 2 large
excess of malonic ester was refluxed with the amino veratrole in
diphenyl ether using & short air ccndenser to give a solid material
m,p. &bove 30000. The solid was inscluble in chloroform, but the mass
spectrum gave a strong peak at 221 and a relatively weaker peak at

289. Boiling the substance with caustic potash and reprecipitation
with hydrochloric aeid gave a s-1id whose molecular weight frim mass
spectrum gave 221 , the molecular weight of the expected 6,7-dimethoxy-
L-hydroxy-2-quinclone. The infra-red specﬁrum (fig. 15) gave the
characteristic sharp WH band at Vmax 3348 e ! and e carvonyl

band of a 2-quinclone at 1639 cmr1. It seemed, therefore, that the

6, 7-dine thoxy-4-hydroxy-2-quinolone was oblained.

Various attenpts ts react this with 88-dimethyl acryloyl chloride
according to the method of Brown et al.hh in the synthesis of

flindersine were unsuccessful.



N T

4000 3000 2000 1500 800 700
4.:] gaa g Log j g g R T N Y | | " ] ¥
100j s e e e i i

s
:f‘hﬂﬁ[
i

F388 o £ :: -z i 100

@
o

o
o

NN
o

N
o

1

.- .T_ 1 1440 4]
>
o

15ad
Tt
T
1l
Tt
-
-

Ul

TRANSMITTANCE (9)

+—120

EEBEEREEE SESE-SEEIESSESd ST SEE IETSEIER :_ia__{'af T E=E

0 3 : i 4 SESEEEE :6 SEZSTCIESIEEEIEE 'Eﬁ? .--i__'.:ﬁ_ﬂ::ﬂ = = '-.‘?LE:I'-»: .-__:__-_—:.: E _H:go
r/

£

@tﬂj&_:ﬂﬁ_’ fes|
T aalk

oy REMARKS




Z-Substitubed)~hydroxy-2-quinclones.

In the syntheses of the Lunasia alkaloids, Clarke and (}rund.anm
made a number of 3-substituted L-hydroxy-2-quinclines by heating
arylamines with appropristely substituted malonic esters in high
beiling solvents. For instance, 8-methoxy-L4-hydroxy-3-(yy-dinethyl-
allyl)-2-quinolone (CXXXIII) was synthesised oy refluxing o-anisidine
(CXXXII) with diethyl-(yY-dimethyl allyl) malonate (XIVIII) in
diphenyl ether in a blanket of nitrogen. These workers suggested
that the L-hydroxy-3-(YY-dimethyl allyl)-2-quinclones would cyclise

easily %o the flindersine-related ocmpcunds,

W
‘30: cH,
5 i CH—CHL‘“CH ::C\C.H
OQ/ 3
Gxv (x N

m (e xxx111)

CHO ‘



As a check on this halonic ester edndensation - 6,7-dimethoxy-
L-hydroxy-3-isoamyl-2-quinolone (CXXXV) was prepared. This involved
the preparation of isoamyl bromide which was condensed ith diethyl
malonate to give diethyl-iscamyl-melonate (CXIXIV).

Iscamyl alcohol was brominated by boiling with hydrobromic acid
oontainings a few millilitres of sulphurie asidah. The resulting
isoamyl bromide b.p. ‘11?a - 120° vas c.ndensed with malonic ester by
refluxing with scdium methoxide in dried methsanol for over six hours6hb.
The substituted malonic ester was refluxed with amino veratrole (CIII)
in diphenyl ether to give a good yield of a greyish solid material m.p.
130°C - 135°C.

The infra-red spectrum showed the characteristic diminc band
(>@H{) at Vmax 3509 cm.“.)f and the carbonyl band of a 2-quinolone at
Vimax 1639 om~1 . The sclid materizl was insuluble in chloruform, but
methylation with ethereal diazomethane converted it into a chloroform-
soluble derivative (m.p. 182°C - 184°C). On inspection of the n.m.r.
spectrum of the methylated prceduct, it was recugnised as the 4,6,7-
trinethoxy-3-isoanyl-2-quinolone (CXXXVI). Therefore, the chloroform-
jnsoluble material (m.p. 130° - 135° ) was the required
6, 7-dime thoxy-4-hydroxy-3-isoamyl-2-quinolone (CXXXV).

It apoeared very hopeful, from the abovo reactions that 5,7-

' ‘
dimethoxy-3-(3 -methyl but -2' —enyl)-4-hydroxy-2-quinolone would be
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obtained if diethyl-(YY-dimethyl-allyl)-malonate (XIVIII) were used
instead of diethyl-iscamyl-malonate.

85

M. . Grundon and his colleagues had already synthesised a
nusber of flindersine-related alkaloids in their unpublished work.

In cne of such alkaloids, the 2-positiun was o-methylated. From the
n.n.r. spectrun of this 2-methoxy alkalcid kindly supplied by
Grundon, it was found that the 2-OCH3 orotsns showed a sharp signal at
a position very similar to the positions of the two methoxy groups

in the benzenoid ring of oricine. This meant that the singlet at

8 3.70 in the n.m.r. speotrum of oricine (fig. 9) which was thought
tc be due to the :Z—OCI-I3 pretons was not in fact due to the 2—0CH'75
protons. If this signal was due to a methoxy groun, it was suggested
that it could be due to the methoxy group in the 8-position of the
alkaloid end that the 8~~OCH3 group being very olose tu the nitrogen
atom at the 1-position could have a different ehemical shift firum the
other methoxy groups in the benzencid ring, It was, therefore,

suggested that the alkalcid, oricine, evuld have ‘the strusture (CXXXVII)

ratier than the structure (XCV) which was earlisr proposed.
~
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An attempt was, theref.re, made tu synthesise the 6,7,8-
trimethoxy flindersine or its dihydro derivative and compare the
physical pr.perties with the natural alkaloid oricine, or dihydri-
orieine,

This invclved the prepafation of 2,3,4~trimethoxy aniline,
Condensation of this with diethyl-(3-methyl but-2-enyl) malonate
should give 6,7,8-trimethoxy-3-isopentenyl-4~hydroxy-2-quinslone
which would then cyeslise, perhaps, under acid ecnditicns, to give
6,7 ,8-trimethoxy dihydro flindersine.

The 2,3,4-trimethoxy aniline was prepared from pyrcgollol.
Pyrogallcl was carboxylated by the method of Kalbe—Sohmidtas. This
is 2 method of introduecing a carboxyl groud di:ectiy int: a phenol
nucleus oy passing earbon dioxide intc a solution of the scdium or
potassium salt of the phencl at above 100°C. The reaction is parti-
cularly faeile with di- and tri-hydric phencls.

The meenanism of the reaastion appears tc involve the attack by
an aotivated earbun dioxide moleoule at the activated srthe position

in the plencxide ion.

_ /\Lo{r‘.\ /36 {/%J
&R Ty e
= Sy H Q‘O : QH
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The pyrogallol-carboxylic acid (CYXXIX) obtained was

87

methylated by shaking with a mixture of dimethyl sulphate and
caustic soda. Only two of the three hydroxyl groups were methylated
by this method to give 3,4~dimethoxy-2-hydroxy benzoic acid (CXL)
(m.p. 160°6-16°C). It gave a very intense colour with Feriic chloride
showing that there was still a free phenolic -OH group. It seemed
that the third hydroxyl group next to the carboxy group could not
easily be methyloted because it was sterically hindered. One method
of overcoming sterical hindrance in organic reactions is to increase
the temperature of the reaction. /At 2 high temperature, caustic soda
could decompose dimethyl sulpohate before methiylation cculd take place.
Dimethyl sulphate - potassium carbonate combination in dry
acetone had been found to be useful for the methylation of plahnt
phenols88. The methylation of the sterically hindered vnhenclic =0H
group in the 3,L~dimethoxy-2-hyvdroxy benzoic acid (2¥L) was cffected
by boiling the acid with dimethyl sulphate - potassium curbonate
(anhydrous) in methyl ethyl ketone (higher boiling solvent than acetone)
to give the methyl 2,3,4~trimethoxy benzoate (CILI) as an oil, which
was yrolysed to the required 2,3,L4-trimethoxy benzoic acid (CXLII)
(n.p. 900). It gave no colour chunge with ferric chloride solution
showing that all the phenolic lLydroxyl groups had been methylated.

The acid (CXLII) was converted to the amide (CXLIII) by reacting the
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acid first, with phosphorus pentachloride to afford the acid chloride
which was then shaken with ammonia solution. The amide was converted
to the arylomine (CXLIV) by Hofmann's degradation BeHBE Y,
The mechanism of Hofmann's degradation is explained as follows:89
Hypobromite solution reacts with the acid amide (CXLIII) to
give N-haloamide +{CXIVII) which reacts with the alkali solution to
afford an unstable salt (CXIVIII). In the dry state, the salt
undergoes decomposition wherein the orgeanic residue migrates from
the carbon atom to the nitrogen atom, the products being the
isocyanate (CXLIX) and an alkali metal halide. In the prescnce of
water and an excess alkali, the isocyanate is hydrclysed tc the amine

(CXLIV). 1In alcoholic solution, the isocyanate would be converted to

a urethane.
OCH 3 |
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It was decided to make the 6,7,8-trimethoxy-i~hyiroxy-2-quinclons
with a saturated side ohain at the 3-position beiore -preparing
6,7 ,8-trimethoxy-3-isopentenyl-4~hydroxy-2-quinclone.

The arylamine (2,3,4-trimethoxy aniline) (CXLIV) was refluxed
with diethyl-iscamyl-malonate in diphenyl ether in the usuzl way to
give 6,7,8-trimethoxy-3-isoamyl-4-hydroxy-2-quinolone (CXIV) as a
greyish substunce(m.p. 15500 -~ 15700.) The infra-red spectrum showed
the usual imino ()-IIH ) band at VYmax 3333 t:u;n_"i and a characteristic
carbonyl band of & 2-quinolone at vmax 1639 cm_1. Methylavion of
the substance with diazomethane afforded the 4,6,7,8-tetramethoxy-2-

quinolone (CXIVI) which was readily soluble in chloroform.
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The n.m.r. spectrim of the tetramethoxy compound in dsutero-chloroform
showed, "inter alia', four very olose peaks at 235 e/s, 236 ofs,

237 ¢/s and 241 c¢/s for the 6,7,8-and L-methoxy groups. This showed
that the O-methoxy protons had uzlmost the same cuemical shif'ts as the
other %o methoxy groups in the 6,7-positions in the benzenoid ring.
Therefore, the supposition that the signal at § 3.70 (223 c¢/s)

(fig. 9) for three protons in the natural alkaloid, might be for the

B-methoxy group could not be true.
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On a close inspection of the infra-red spectrum (fig. 10) of
oricine, it was found that the choracteristic JIJH band cxpected at
Vmax 3333 cm-1 was absent. This showed that, perhaps, the alkaloid
was N-methylated. Again, the chaiacteristis carbonyl-band at Vmax
1639 cm~1 for a 2-guinolone was very prominent, showing that the
natural alkaloid could not hove been 2~o-methylated. The n.m.r.
spectrum of oricine showed two aromatic singlets indicating that the
benzenoid ring of the alkaloid had twoe free positions and not just
one as we had in the proposed structure (CXXXVII).

It was suggested, therefore, that the true structure of oricine
was 1-methyl-6,7-dimethoxy flindersine (CLVII) and the synthesis
discussed in the rest of this work confirmed this structure to be true.

The intermediate §,7-dimethoxy-3-isopentenyl-l-hydroxy-2-
quinolone (CLIII) required for the synthesis of the 1-N-methyl
compound (CIVII) was prepaced from amino-veratrole (CIII) and
diethyl-isopentenvl malonate (XIVIII). The preparation of the
substituted malonate (YIVIII) was carried out by oxidising mesityl
oxide (CL) with sodium hypobromite to B8B8-dimethyl-acrylic apid?”
(cLI). Lithium aluminium hydride reduction of the acid gave the
YY-—dimethyl—a.llyl—alcoh0191 (CLIz) which was brominated with
phosphorus tribromide containing a few drops of pyridine in a low

boiling petroleum ether91. The resulting YY-dimethyl-allyl-
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bromide (CLII) was condensecd with redistilled malonic ester using
sodium methoxide in dried mcthanolsab to give the requiced diethyl-
isopentenyl-malonate (XIVIII).

Refluxing an excess amount of the substituted malonate with
amino veratrole under nitrogen for over six hc::ursl’L1 gave thse desired
intermediate 6,7-dimethoxy-3-isopentenyl-L4-hydroxy=2-quinolone (CLIII)
(m.p. 200°C - 20100). Its infra-red spectrum gave the characteristic
carbonyl band of a 2-quinolone (1639 om_1). The material was insoluble
in chloroform, hence its n.mr. spsctrum in deutero-chloroform was not
taken. TIts moleculor weight from the mass spectrum was 289, the
moleculer weight of the expected compound. The carbon, hydrogen and
nitrogen analyses agreed with the molecular formula of thes expected
3-substituted quinolone (CLIII).

The substance~ (CLIII) was cyclised to the 6,7-dimethoxy dihydro-
flindersine (demethyl-dihydro-oricine) (CLIV) m.n. 220° - 221°%C
by refluxing with hydrochloric acid in accordance witch the method of

92

iAshiet and Taylor in the conversion of atanine to -dihydro —
flindersine, N-methylation of the demethyl dihydro oricine with
methyl iodide and potassium carbonate in a.cetcumal"3 gave the dihydro-

oricine (CL¥) whose n.m.r. spectrum was similar to the n.m.r.

spectrum of the substence sbtainsd by hydrogenating the natural orisine.
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Oricine was obtained directly by the cyclohydrogenation of
6,7—dimethoxy—}—isopentenyl-&rhydroxy-2-quinélona using DDY, followed
by N-methylation.

Refluxing the 3-isopentenyl-2-quinolone compound (CLITI) with
2,3-dicyano-5,6-dichloro benzoquinone (DDgQ) in dry benzene according
to th: method of Poizzi et al, in the preparution of flinécrsin944

gave a crystelline substance, m,p. 246°%6 .= 21200, readily soluble in

chloroform. The infra-red spectrum (fig.16) gave a sharp characteris-

1

5 ] 8 = -1
tic carbonyl band of a 2-quinolone at about V¥max 1650 em . Th

[t

n.u.r. spectrum (fig. 17) differed from the n.m.r. spoctrum of the
natural oricine (fig. 9) only in the abscnce of the three-proton
singlet at 0 3,70 and the slight downfield shifi of one of the
benzenoid protons. It was obviocus from the n.mir. spectrum that the
product of the cyclohydrogenation was the expected demethyloricine
(CINI). Slemental analysis was also in agresment with the molccular
formula C16H1?0h§ expectcd for the dﬁmethyloricine.

DDQ dis an excellent reagent for dehydrogenation., It has found
very cunsideravle impertance in the synthesis of natural chromenss.
'hc choice of benzene as the solvent in the dehydrogenation reaction
off DDQ has the advantage that while DDQ dissolves readily in
benzene (solubility ~ 68g/litre at 25°C), the 2,3-dicyano-5,6-

dichlorohydroquinone produced after the dehydrogenation reaction 1is
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reasonably insoluble (solubility ~ 0.6g/litre at 25°C) and may be
filtered offgs.

N-methylation of demethyloricine (CLVI) with methyl iodide and
potassium carbonate (anhydrous) in dry zcetone gave oricine (CIVII)
whose melting point and infra-red spectrum were found to be identical
in all respects with the naturcl oricine. Doth the satural oricine
and the synthetic compound had the same Rf valuss on the t.l.c.

plate. The n.m.r. spectra of both compounds wers superimposable.

This proved that the natural alkzloid from Oricia suaveolens has the

structure 1-methyl-6,7-dinethoxy-flindersine (CIVII) related to
flindersine and ataningisolated from other zenera of the Nutaccae

family.

CONCLUSIONS _AND _ COMMUNTS

From the West African plants of the Rutaceae sv fr examined,
no limonoid has been isolated, but it is interesting to note that in
these plants, coumarins and alkaloids whose structures are similar to
counarins @md alkaloids of other plants of the same family were
isolated.

for instance, Afraegle paniculata which is believed to be

native to Vest Africa and India was found to contain dictamnine which

has earlier becn isolated from Dictamnus albus, an Jjustraliaen




Rutaceous plant. The coumarin imperatorin which exists in

Inperatoria ostruthium was found in two genera of Test African

Rutaceac, Afraegle and Clausena. From the root off Clauscna
anisata was isclated o coumarin which was isclated at the some time

from Hurrays paniculata. Oricia suaveolens was shown to be a

source of the alkaloid oricine which is closely related structurally
to flindersine, obtained from the Australian Rutaceae plant

Flindersia australis.

liost of the limonoids obtained from the family Rutaccac exist
in the seeds. Usually, in cases where dictamnine is extracted in
the plants of the Rutaceae, it is usually accompanied by & limonoid.
It is not unlikely, therefore, that the Citrus-like plunt, Afraegle
paniculata which has boen shown to contein dictamnine mey contain
limonoids which would, perhaps, be similar in structure to limonin

in its seeds.
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EXPERIMNENTAL

All melting points (m.p.) were taken on a Kofler hot-stage
microscepe and were not corrected, The infra-red (i.r;) spectra of
solids (Nujol mulls) were taken on a Perkin-Elmer model 137 instru-
ment and ultra violet (u.v.) spectra were determined in methanolic
solutions on a Perkin-Elmer model 137 u.v. instrument. Nuclear
Magnetic Resonance (n.m.r.) were taken on a Varizn A.56/60 lic/sec
spectrophotometer, in deutero-chloroform solution against tetramethyl-
silane as internal standard. The units quoted for n,m.r. are & values.
llass spectrd were obtained with a Porkin-Elmer Hitachi R.M.U. 6
instrument,

Silica gel refers to Merck, mesh 0,05 mm - 0.2 mm. Alumina
refers to the activated type, Peter Spence H-type. Thin plate
chromatograms for thin-layer chromatography (t.l.c.) were run on plates
made by spreading an agueous slurry of lierck silica gel G on glass
plates and drying at 1300 in an oven for about one hour. The
chromatoplates wers developed with benzene-ethyl acetate (3%1)
otherwise stated. After drying, the spots showing the positions of
the components of the material spotted were detected by exposing the
plates to iodine vapour inside an iodine tank for a few minutes.

Light petroleum refers to the fraction b.p. 60° - 80°.
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EXTRACTION OF THE WOOD OF ArRATGLE PANTCULATA

Tﬁe powdered wood was continuously extracted with boiling light
petroleun ether for 24 hours. The solvent was evaporated off and on
keeping the residue overnight, crystals mixed with oil were cbtained.
The crystals were washed with iight pecroleun ethor and filtered.
Recrystallisation from methanol gave light yellow ecrystals (m.p. 92°)
as a mixture (shown on t.l.c.).

Chromatography of the mixture on activated alumina gave, on
elution with pure benzene, a crystalline substance identified as
imperatorin m.p. 100°-102° (from methanol) (found C, 71.86;

H, 5.06; C,H requires 0, 711 ; H, 5.2) u*, 270. ¥

1&9& max
1695 cm  (carbonyl) lma.x 217 mu (& = 2.716 x 1), 246 mu
(€ =2.2345 x 10 ), 263mu (€ =1.23% x 109, 300 mu

(¢ = 1.111 x 10%).

Attempted Hydrolysis of Imperatorin with HCL

Imperatorin (0.45 g.) in methylated Spirit‘(5 ml.) and hydro-
chloric acid (5 ml.) were refluxed for half an hour. ¥ater vias added
and the organic portion oxtracted with diethyl ethsr. The ethereal
layer was extracted again with caustic soda and the aqueous laysr was
acidified with hydrochloric acid and re-extracted with ether.
Bvaporation of the ether gave a dark tar as a residue. The infra-red

spectrum was uninteresting.



O

Hydrolysis of Imperatorin to Xanthotoxol

Imperatorin (1.0089 g.) was dissolved in acetic acid (10 c.c.)
and one drop of concentrated sulphuric acid was added, The mixture
was allowed to stand at room temperature for over 40 hrse The
product (white crystalline substance) was washed with water and dried
on the filter paper.

e, 250°  (zat.?? 213

Methylation of Xanthdtbxol

Xenthotoxol (0.8g.) was dissolwed din a mixture of methanol (5 ml.)
and diethyl ether (20 c.c.) in a 100 ml. round bottomed flask.
Diazomethane was bubbled into the solution until the solution attained
a permancnt yellow colour. The mixture was left in the fume cupboard
overnight until the excess diazomethane escaped (when the solution
becamec cclourless) Nvaporation of the solvent gave a solid,

recrystallised from methanol

59

m.p. 145°  (Tit.?? L°).

Isolation of Dictamnine

T0 the cil cbtained from another extract of the wood of Afraegle
paniculata, light petroleum cther (50 c.c.) was added then extracted
with 10% water in methanol (150 c.c.). To the methanolic extract,

some quantity of water was added and then re-extracted with chlorofor.
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Evaporation of the chloroform gove a gumny material which was
chromatographed on alumina,

A fraction eluted with 2077 wcher in benzene gave o light yellow
prism-like crystals from methancl m.p. 150O - 13208 (Found ¢, 72.46;
H, .5k 5 CyH O N requires C, 72.35 ; H, L.55) ¥ 199 Aoy 235 m
(e=4y x 10™, 310 m (€= 6.5 % 10°).

Attempted Hydrolysis of Dictamnine with hydrochloric acid

Dictamnine (0.63 g.) was refluxed with hydrochloric acid (6 ml.)
for one hour. The mixture was diluted with water, then extracted with
ether., The ether solution was dricd with anhydrous sodium sulphate
and evaporated to give a solid, identified as the starting material by

the m.p. and t.l.c.

Hvdrogenation of Dictamnine

Dictammine (0.3025 g.) was dissolved in methanol (50 c.c.) and
platinum oxide (0.1 g) was added. The mixture was shaken up with
hydrogen at 1 atmospheric pressure until no more hydrogen uptake. Then
the catelyst was filtercd off ond the solvent evaporated from the filtrate
to give white crystals Mm.pPe 180% - 182% M 203.

(Found ©C, 69.24; H, 6.0k ; 012H1302N requires C, 70.94; H, 6.40)

-1 e
Vi 1653 cn (carbonyl of a 2-quinolone).
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Synthesis of the hydrogenatcd Product of Dictamnine

(i.e. 3-ethyl-i-hydroxy-2-quinolone)

Preparation of diethyl-cthyl-malonate

Sodiun (9g.) was dissolved in mothanol (15C c.c.) and cooled.
To the sodium methoxide solution was added diethyl malonate (57.5 ml.)
and ethyl bromide (45 ml.). The mixture was refluxed for over 24 hours.
After adding water, the product was extracted with ether and the
ethereal layer as well washed with watcr, and dried over anhydrous
sodium sulphate. Evaporaetion of the ether and re-distillation of the
residuc gave the substituted malonate collected at ::.bovo 180°¢C

Yield 20g.

Attempted condensation of diethyl-ethyl-malonatec with 2niline

The diethyl-ethyl-malonate (10 ml.) was added to aniline (10 ml,)
in diphenyl ether (50 ml.) and the mixture woas refluxed for ons hour.
On cooling, a solid appearcd, and this was collceted and washed with
hexcne to give an ashy crystalline substance. m.p. 2207 - 225o
insclubl: in chloroform, vmax 1724 cm-1 .

Attempted methylation of the solid was unsuccessful.
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L ~-hydroxy-2-quinolone

(a) Condensation of mcthyl anthranilate with malonic ester.

A solution of methyl anthranilate (40 ml.) in diethyl
malonate (250 ml.) was hcated in an oil bath rapidly-at 16500 and then
gradually up to 19500 over a period of 90 minutes tnd kept at
1950 - 198O refluxing for one hour longer, During this timc, some
guantity of' ethanol distilled through a partial reflux condenser. The
cxcess diethyl malonate was distilled i a4 reduced pressure and
mechanical stirring. On cooling, a solid precipitated which dissolved
on addition of about one litre of sodium-dried cether. The resulting

solution of the anthranilide was used directly in the cyclisation below:

(b) Cyclisation

A solution of metallic sodium (8g.) in dried methyl 2lcohol
(150 ml.) was added dropwise to the stirred and refluxing ether solution
of crude mono-anthranilide over a period of 2% hours. The resulting
thick suspension was allowed to cool by standing avefnight. The ether

wes evaporated.

(e) Hydrolvsis was carried out without isolating the ester by adding
LO7 caustic potash (140g.) to the mixture and hcating at 60° - 70°

for one hour.
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(d) Decarboxvlation : The acid, without being isoleoted was

decarboxylated thus:

The temperature of the warm alkaline solution from the preceeding
step was raised from ?OO to 9500 over a period of three and a half
hours; alcohol distilled out slowly. After cooling to ?OOC, the
alkeli-insolublc material was filtered, slurried in 400 ml. of 10%
caustic soda at ?OOC and refiltered: then washed with water.

The L4-hydroxy carbostyril was precipitated from the combined
alkali filtrates by acidifying with hyv@rochloric acid. The resulting
gelatinous precipitate was filtered, washed by stirring in about 10
litres of 5% sodium bi-carbénate. It was then filtered and dried
in an oven

L,

m.p. <> 300° (Lit™" 354.°C)

yield ~ 7.5g.

Synthesis of 3-acetyl-l-hvdroxy-2-quinclone

To. 2 suspension of L-hydroxy-2-quinslone (6 g.) in carbon
disulphide (90 ml.) was added acetyl chloride (6.25 ml.). The mixture
was hoated undor reflux for thirty minutes, cooled to below 0° in
ice-salt mixture snd treated with aluminium chloride (16.5g) with
mechanical stirring. The mixture was pourcd over ice-HC1l and left in

the fume cupboard for another day to allow the carbon disulphide escape.
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The crude prcduct was collected and recrystallised from acetic
acid-water
Yicld ~ 5g.

1k,

m.p. 2540 - 255°C (Lit*tt 255%¢_-"256°C).

Sodium borohydride reduction of 3-acetyl-l-hvdroxv-2-quinolone

To 3-acetyl-4-hydroxy-2-quinolone (2.18g.) in isopropyl alcohol

(75 ml.) was added sodium borohydride (NaBHL) (4.0g.). The nixture
was refluxed for seven hours; then carcfully treated with hydrochloric
acid to decompose the cxcess sodium borchydride, diluted with water ond
extracted three times with dichloromethane (3 x 100 c.c.). The
organic extracts were evaporated to dryness and the crude product was
recrystallised from nethanol-water

Yield ~ 1.15z.

m. p. 210° - 24,5°¢.

-

lMethylation of Z-cthyl-Li-hydroxy-2-quinolone to 3-ethyl-l-methoxy-

2-quinolene

To = mixture of 3-ethyl-k-hydroxy-2-quinolone (1.0g.) in
sodium-dricd ether (20 ml.) containing methanol (5 ml.) was bubbled
diazomethane. The matérial dissclved as methylation took place. The
solution was allowed to stand overnight in the fume cupboard. The

solvent was evaporated to drymess and the residuc was recrystallised
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from agueous methanol m.p. 182°,
Yield 0.452 g.
The i.r. spectrum and n.m.r. spectrum were identical with the

i.r. and n.m.r. spectra of the hydrogenated product of dictamnine.

EXTRACTION OF THE ROOT OF CLAUSENA ANISATA

The root of Clausena anisata (6.75 kg.) was continously extracted
with light petroleum ether overnight. The solvent was evaporated to
give some crystals cmbedded in oil.

The crystals were separated from the oil, recrystallised from
methanol to give a solid m.p. 95O - 980. The i.r. and n.m,r, spectra
of the solid were identical/in) all respects with the n.m.r. and i.r. of
imperatorin.

Chromatography of the oily nortion

The oil (17.7425 g.) was chromatographed on alumina (800 g.)
The fraction eluted with 10% ether in benzene gave white crystals

(coumarin'€s m.p. 150° - 155°C yield 1.3 g. (Found C, 71.34 ;

n

-1
H, 6.83, Crefly g0, requires C, 70.04; H, 6.60) Voax 1709 cum

Aoy 213 W (6= 2.219x 1%y, 260 (e = 9.12 x 10°) and

325 md (e = 1.109 x 10h). The n.m.r. spectrum showed signals at

H
§ 1.67 (Singlet) and © 1.83 (Singlet, =0 *%3) ; © 3.45
CH
(doublet, J = 6 ¢/s methylene), § 5.22 (triplut? vinyl proton),
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6 3.39 (Singlet, 2-OCH5) § 6.13 (doublet J =10 ¢/s), § 7.97

(doublet J =10c¢/s), & 6.32 (Singlet).

Attempted Synthesis of Coumarin C (Coumarrayin).

Formylation of Phloroglucinol “:

Into a solution of anhydrous phloroglucinol (20 g.) in drv ether
(250 c.c.) containing zinc cyanide (12 g.), & stream of dry hydrogen
chloride was passed. [ The dry hydrogen chloride gas was generated in
Kipp's apparatus from ammoniunm chloride and sulphuric acid and dried
by passing through 2 wash bottle containing sulphuric acid]. The
bubbling of hydrogen chloride gas continued until the oil formed
solidified. After standing overnight, the solid was collected, washed
with ether and the imide salt formed was dissclved in water (400 c.c.)
and hydrolysed by warming on the water bath, The solid cobtained on
cooling was dissolved in ether, filtered from traces of red-coloured
by-product and the ether was evaporated. Phloroglucinaldehyde thus
obtained was recrystallised nany tinmcs from water saturated with
sulphur dioxide to give orange-colourcd needlc-like crystals. No

definite melting point67. Yield 10.5 g.

Attenpted condensation of Phloroglucinaldehyde with acetic anhydride

A mixture of phloroglucinaldehyde (8 g.), sodiwa acetate (8 z.)

and acetic anhydride (40c.c.) was heated on an cil bath for over
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15 hours. The mixture was added to water to give a dirty brown oil.
This oil was taken up in ether and evaporation of the ether gave a dark

oil as residue whose infra-red speotrum did not show a carbonyl band.

Methylation of Phloroglucinol

Into a solution of anhydrous phloroglucinol (25 g.) in analar
methancl (150 c.c.) was passed a stream of dry hydrogen chloride gas
for cne hour at such a rate as to raise the temperature of the svlvent
to its boiling point. The sclution was boiled for one hour under
reflux and, after saturating with hydrogen chloride once more for
another hour, was allowsed to stand overnight.

The greater part of the alcohol was removed by distillation and
the heavy oil which precipitated on the addition of water wuas taken
up in ether. The ethereal solution was washed with water, dried with
anhydrous sodium sulphate and evaporated. Redistillation gave a yellow
oil at above 300°C.

Yield 20 g.

T;I - _,;» s 3 . -
Formylation of Dimethoxy phloroglucinol

The smixture of nhloroglucinol dimethyl ether (20 g.),
formanilide (17.4 &.) and phosphoryl chloride (7.k z.) in sodium-

dry ether (150 c.c.) was heated gently on 2 steam bath and ofter half

an hour, a heavy oil began to seperate from the dark liquid. After a
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total of one and a half hours from the commencement of the reaction,
heating was discontinued and the containing vessel was stoppered and
allowed to stand for 24 hours. The ether was decanted from the hard
s0lid mass and the latter was broken up and washed thoroughly with fresh
ether. The product (a salt of the composition M60206H20H » CH=CHPh)
was hydrolysed by repeated and prolonged stirring (mec¢hanical) with a
large quantity of water aznd a large volume of ether. After a few
hours, the ethereal layer was separated and fresh ether was added.

The combined ethereal layer was washed with dilute hydrochloric acid,
dried with sodium sulphate and after the removal of the solvent, %he
residue was distilled under reduced pressure. The yellow o0il obtained
gave crystals and recrystallisation from methanol gave pure crystals.

69

m.p.. 68% - 69%, (rit.>” 70%)

Yield 0.5 g.

Alternative method of Formylation of dimethoxy-phloroglucinol giving

a quantitative wield

Dimethoxy phloroglucinol (10g.) was dissolved in dry ether
250 c.c.) and zinc cyanide (123.) was added. A stream of hydrogen
chloride was passed into the mixture and after sometime, an oil was
formed. The cil solidified on allowing to stand overnight. The ether
remaining was decanted from the solid, water was ndded and the mixture

was warmed on a water bath for 30 minutes, The oil which separated
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was collected in ether and the ethereal laver was dried with
anhydrous sodium sulphate and evaporated. The residue (a solid) was
recrystallised from methanol :

M. Pe 63°%C - 6900.

Yield ~ 6 g

Attempted condensation of dimethoxy phloroglucinaldehvde with acetic
anhydride

Dimethoxy phlcroglucinaldehyde (3g.), sodium acetate (3g.)

and acetic anhydride (15 c.c.) in a 100 ml. flask were refluxed for
about 20 hours. On adding the mixture to water, a green o0il was
obtained. This again did not give the infra-red absorption expected uv

about vmax 1700 cm—1 for the Y-lactone of a coumarin.

EXTRACTION OF ORICIA SUAVEOLENS

The wood (14.75 kg.) was pulverised and extracted continuously
for over two days with light petroleum ether. Evaporation of the
solvent afforded an oily material (~ 300g.) as the residue.

The il was chromatographed on alumina and 2 fraction eluted
with 207 benzene in diethyl ether gave a yellow crystalline
substance, oricine.

Recrystallisation from benzene gave large prism-like crystals
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(e 1.58.) .3 150°%¢ - 15500, optically inactive (Found C, 67.05 ;
H, 6.2 3 C17H1904N requires, C, 67.76 ; H,.6.34). Lassaigne

test for nitrogen was positive, u* (from mass spectrum) 301 ; vmax
1639 om“1 (carbonyl of & 2-quinolone). The n.mir. spectrum showed
signals at § 1.55 (singlet, 6H for 2 methyl groups)’ §3.70

(singlet, 3H for ENCHi), 5 3.98 (singlet) and 8 4.02 (singlet)
[both for 6H of 2-0Ci, groups] & 5.48 (doublet, J =10 ¢/s) and

8 6.75 (doublet J =10 c/s), 6 6.73 (singlet ArH) and O 7.%1

(singlet ArH).

Hydrogenation of Oricine

Oricine (0.135g.) was dissclved in methanol (about 50 ml.)
and platinum oxide (~ 0.1g.) wos added. The mixture was shaken up
with hydrogen at atwospheric pressure. until there was no more uptake

and evaporated
of hydrogen. The catalyst was filtered off/ the filtrate/ to give 2
white crystalline substance, dihydrooricine. m.p. 15006. (Found
C, 67.02 ; _H, 6.81 ; C,H,0,N requires G, 67.32, H, 6.93) N'
(mass spe¢trum) 303. The n.u.r. spectrum showed signals at 9 1.54
(singlet 6l for 2 methyl groups) & 3.70 (singlet 3H far‘smcga)
8 3.90 (singlet) and § L4.02 (singlet) [both for 64 of 2—OCH3 groups |,
8 1.83 (doublet,J = 7 ¢/s) and § 2.65 (doublet,T = 7 ¢/s) esach for

the methylene group.
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Methylation of Catechol to Veratrole

A solution of catechol (75 g.) in methanol (150 c.e.) was mixed
with dimethyl sulphate (188 ml.). After cooling to —500, a solution
of potassium hydroxide (113g.) in water (263 ml.) was added all at
once. A vigorous reaction took place and the reaction subsided after
about three minutes, On allowing to cool, thco mixture was diluted with
water and extracted with ether. The ether solution was dried with
anhydrous sodium sulphate ond evaporated., The residue was re-distilled
to zive a colourless oil at 200°C = 206°C (760mm.)

Yield 65 g.

Nitration of Verctrole

Veratrole (30g.) was gradually added with careful cooling (in
iced water) to a mixture of nitric acid D. 1.42 (35 c.c.) and water
(35 c.c.). A'solid appeared immediately. This wes filtered and
recrystallised from methylated spirit to give needle-like bright
yvellow crystals

m. p.  950C - 96

Yield 28 g.

Reduction of nitroveratrole to aminoveratrole

Nitroveratrole (20g.) was mixed with tin (48 g.) and after &

adding a trace of animal charcoal, 505 hydrochloric acid (200 c.c.)
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was added and the mixture was heated on a water bath for three hours.
wokes

The mixture was cooled, and diluted with edher. Sodium hydrexide

solution was added until the white precipitate of tin chloride formed

redissolved, and then extracted with ether. The ethereal layer was

dried with anhydrous magnesium sulphate and evaporated to give a low

melting substance, L-aminoveratrole.

(o]

m.p. (8 - 80°

(darkens on exposure to light)

Yield 12 g.

Attempted Condensation of A-aminoveratrole witn diethyl malonate

Aminoveratrole (10g.) and diethyl malonate (10g.) were
dissolved in diphenyl ether (100 c.c.) and the solution was refluxed
for about 1% hours. On cooling, a solid appeared. This was filtered
and washed with hexane to give a greyish powder of the malonanilide
m.p. 210°C. u" (from mass spectrum) 360. The solid was insoluble

in chlorofiorm. vmax 1724 cm—1 (carbonyl group of an amide).

Preparation oi Veratraldehvde

Vanillin (76g.) was placed in a three-necked 500 ml. flask
equipped with a reflux condenser and two separating funnels. The
vanillin was melted by warming on a water bath and stirred vigorously.

Potassium hydroxide solution (41 g. in 60 ml. of water) was run in



from one of the dropping funnels and after about 4O drops had been run
in, aimethyl sulphate (60 ml.) was run in through the other dropping
funnel at the same rate as the potassium hydroxide solution. The
external heating was stopped after a few minutes and the mixture was
allowed to reflux gently from the heat of the reaction. As soon as all
.the reagents had been run in, the reaction mixture (vellow) was poured
into a lerge porcelain basin and allowed to cool overnight., The hard
crystalline mass of the aldehyde was filtered and ground in a mortar
with 150 c,c. of ice cold water. It was filtered and dried in a
vacuum desiccator,

MePo 46°C.,

Veratronitrile:

Veratraldehyde (60 g.) was dissolved in warm methylated spirit
(150 ml,) in a beaker and a warm solution of hydroxylamine hydro-
chloride (31 g.) in water (35 ml,) was added. A solution of sodium
hydroxide (22.5g.) in water (30 ml.) was run into the mixture and the
nixture was cllowved to stand for about 2 hours, Crushed ice was
added and then saturated with carbon dioxide. The mixture was allowed
to stand in the refrigerator overnight. The crystalline aldoxime was
filtered and washed with cold water and dried in air

Yield 54 g., m.p. 82°C.
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The aldoxime was placed in a 500 ml, round bottomed flask
equipped with a reflux condenser. Hedistilled acetic anhydride (56 ml)
was added and the mixture was heated cautiously. Immediatelv the
reaction-became vigorous, the external hsating vias stopped. When the
vigorous reaction subsided, the solution was boiled for 20 winutes
more and then carefully poured into ice-cold water (150 ml.). The
veratronitrile crystals formed were filtered and dried in the air

; Yield 50 g.

m.p. 60°C.

Veratric acid

The veratronitrile (50 g.) was boiled with about one litre of~
107 sodium hydroxide solution under reflux until the condensed liquid
contained no oily drops. (about 1 hour). The condenser was removed
and the solution was boiled in the open flask in oxder to allow off the
free ammonia, The boiling was stopped when no more ammonia was being
evolved. The solution was poured into a large beaker, cooled, and
enough concentrated hydrochloric acid was added to precipitate the
acid, The acid was filtered and dried in the air

Yield 40 g., m.p. 182°%.

Methyl Veratrate

The veratric acid (30 g.) was placed in a 500 ml. round bottomsd
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flask, Methyl alcohol (100 ml,) and concentrated sulphuric (3 ml.)
were added and the mixture was refluxed for over 6 hours. On cooling,
the mixture was added to about 250 ml. of ice-cold water and the
white ester crystals were collected on a buckner funnel, washed well
with water and allowed to dry in the air., m.p., 52°C - 55°C

Yield ~ 22 g.

Nitration of methyl veratrate

Methyl veratrate (15 g.) was dissolved in glacial acetic acid
(20 ml.) and the sclution was added gently to nitric acid D 1.42
(about 20 ml.) in the fume cupboard with shaking. The mixture was left
for a oouple of minutes and the crystals of the methyl 6-nitro veratrate
appeared. This was collected and washed with water and allowed to dry
on the filter paper.

Yield 10 g. ; m.p. 142°% - 114°C.

_R_educ_tio’puof ;gg-‘th:{l_é—gifro veratrate to the amino compound.

Methyl 6-nitro veratrate (10g.) was added to a solution of
stannous chloride (16 g.) in 507 methanolic hydrochloric acid (100 ml)
anl the solution was refluxed for one hour on the steam bath. The
reaction mixture was diluted with ice-cold water, and made alkaline,

Extraction with ether gave, after evaporation, light yellow crystals,
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recrystallised from methanol to give large prism-like crystals.
Yield ~ 3.5 g. m.p. 127°%.

L

-1
v ~ 5 NH )
S 3333 em  as doublet for the -INH, group

Condensation of aminoveratrate with diethyl malonate

Methyl 6-amino-veratrate (3g.) and diethyl malonate (5g.) were
heated together in an oil - bath at 19006 ~ 200°C for one hour. On
distilling off the excess diethyl malonate, a solid, 6,7-dimethoxy-
malon-anthranilide m.p. 750 was obtained.

Yield 1less  than 1 g.
(Found C, 55.32 ; H, 6.21 3 C1SH21O7N requires C, 55.05 ;
H, 6.42) M" (from mass spectrum) 327 Ve 1?24.cm_1 (ester baad)

1669 o ( ester -~ ) . 1658 en”™ (carbonyl of an amide).

Nitration of Veratronitrile to 6-nitroveratronitrile

The veratronitrile (10g.) was dissolved in glaciel acetic acid
(20 c.64)w Nitric acid D 1.42 (AQ c.c.) was added with careful
shaking. On allowing to stand at room temperature for about 30 minutes,
bright yellow crystals appeared. The crystals were collecied and washed
well with water. The crude nitro compound was recrystallised from
methylated spirit to give fine yellow needle-like crystals.

Yield ~ 9.5 g. m.D. 166° - 168°.
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Reduction of the nitro compound to 6-amino-veratronitrile

The nitro compound (10.5g.) was added to a solution of stannous
chloride (32g.) in 50:50 methanolic hydrochloric acid (200ml) and
refluxed for over 4 hours. Ths soluticn was diluted with water and
basifiied with sodium hydroxide sclution until the gelatinnus
precipitate of tin chloride formed redissolved. The product was taken
up in chloroform. The chloroform solution was dried with anhydrous
magnesium sulphate and evaporated to give a deep yellow oil which
soliZified on cooling. M.P, 90°C —92°%¢, yield (9.5g.)

v 3333 PRl 275 o (amino group), 2410 om (-CN group)

max

Acetylation of 6-aminoveratronitrile

6-aminoveratronitrile (5g.) was dissolved in acetic anhydride
(100 c.c.) and about 10 drops of concentrated sulphuric acid were added
and the mixture was allowed to stand for about 20 minutes. The white
crystals of the N-acetyl-veratronitrile appeared. Th@s was collected,
washed with water and allowed to dry on the filter paper., ¥

m.p. 195°¢ - 196°C.

Yield 3g.
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6,7-dime thoxy-2-me thyl-4-ethoxy—- benz pyrimidine

6-ll-acetyl-veratronitrile (3g.) was dissolved in absolute
ethanol (30 ml.) and 2 small picce of metallic sodium (~ 1g.) was
dropped. "hen all the sodium had dissolved, the mixture was refluxed
for over 1% hours. A dark solution was obtained. This solution,
on pouring into 150 ml. of cold water, gave white crystals. m.p.
138°%c. Yield 2.2.g. (Found C, 60.82; H, 6.72: Cq 54 01,
requires €, 62.90 ; H, 6.45 ; ) u* .(mﬂss spectrum) 248, The
n.n.r, spectrum showed signals at & 1.45 (triplet J = 7 ¢/s) and
8 4.59 (quartet, J =7 ¢/s) both for ths ethoxy protons; & 2.65
(singlet, methyl protons) ; & 3.98  (singlet, Qﬁ of the two methoxy
geoups) ;3 & 7.17 (Singlet) and . & 7.30 (Singlet) for two aromatic

protons.

Friedel - Craft's acetvlation of Veratrole

Tinely powdered aluminium chloride (25g.) was added to an
ice-cooled mixture of veratrole (25g.) and acetyl chloride (17g.)
in carbon disulphide (63 c.c.). A vigorous reaction occurred and the
purple mixture cbtained was warmed for about 10 minutes on a water
bath and allowed to stand overnight. The reaction mixture was
treated with much ice-cold water and the lower organic layer was

separated, washed with sodium hydroxide solution, then threec times
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with water. The organic layer was dried with anhvdrous magnesium
sulphate and the solvent was svaporated on the water bath in the
fume cupboard. The residue was distilled and the product (vellow
0il) was collected at 18,°C under reduced pressure. On allow-
ing to stand at room temperature, the yellow oil solidified to
shinning prism-like crystals of acetoveratrone

Yield 18 g.

mips  47°C (mit.'228%).

Nitration of Acetoveratrone

Acetoveratrone (3.67g.) was dissolved in glacial acetic acid
(2 m1l.,) and cooled. To the cooled solution, concentrated nitric
acid D, 1.42 (2 ml.) was added dropwise with shaking. On allowing
the mixture to stand for a couple of minutes, & solid appeared.
This was collected and recrystallised from methylated spirit to give
needle-like crystals of the 6-nitro-scetovaratrone. Yield 2 g.
m.p. 136°C. v 1667 o™ (ketone)..

mact

Reduction of Nitroacetoveratrone to aminoacetoveratrone

The nitroacetoveratrone (8g.) was added to stannous chloride
(2Lg.) in 50:50 methanolic hydrochloric acid (160 ml.). The
mixture was refluxed for 4 hours, cooled and diluted with watler.

It was made alkaline with sodium hydroxide solution and extracted
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with chloroform. Tho chloroform was evaporated to give an oil as a

residue. Yield 3g. Vi 1616 e (xetone), 3333 o5 wad
-1

3279 cm (doublet, -NH,, group) .

Reaction of Aminoacetoveratrone with ethyl chlorclormate

é-aminoacetoveratrone (1g.) was added to ethyl chloroformate
(1 m1.) in 100 ml. round bottomed flask. To the mixture, sodium
hydroxide (5g.) in ice-cold water (20 ml.) was added. There was &
vigorous reaction and a deep brown oil floated on the agueocus layer.
After sometime, the oil solidified to give dark crystals. The
crystals were collected and recrystallised from methanol to give light
brown crystals of the urethane m.p, 95°C.  Yield Cid g5
v 1695 om_1 (ester), 1639 cm“1 (ketone).

ma.x

Attempted Cyclisation of the Urethane

Metallic sodium cut into small pieces (0.529g.) was dissolved
in absolute ethanvl (99%) (20 ml.). When 2all the sodium had
dissolved, the solid urethane (1g.) was added and refluxed for two
hours. On adding the reaction mixture to water, a solid appeared
and this solid was found to be identical in melting point and i.r.

with the starting materisl.
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Acetvlation of methyl é-aminoveratrate

llethyl 6-aminoveratrate (Zg.) was added to acetic anhydride
(10 ml.). After a while, when all the ester had dissolved, a white
solid appeared. The solid was washed well with water and dried on the
filter paper giving fine needle-like crystals of N-acetyl methyl

veratrate. Yield (~ 2g.) m.p. 163°C.

Attempted Cyclisation of the methyl N-acetyl veratrate with sodium

hydride

Methyl N-acetyl veratrate (1g.) was dissolved in benzene (10 ml.)
and sodium hydride (1g.) was added and the mixture was refluxed for
2 hours on & water bath. It was cooled and methanol was added to
decompose the excess hviride, It wes diluted with water and on malking
slightly acidic with hydrochloric acid, a sclid appeared. This was
filtered and dried in the oven. The solid was insoluble in chloroform .
m.p. above 300°C. Yield of material (~ 0.5g.).

Methylation of the solid material was done by suspending it in
a mixture of methanol (5 ml.) and diethyl ether (15 ml.) and
diazomethane was bubbled into the mixture. As methylation occurred,
the material gradually dissolved until a permanent yellow clesr solu-
tion was obtained. The yellow solution was kept in the fume cupboard

. e}
overnight. The solvent was evaporated to give a solid m.p. 160°-164"C.
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identified as the methyl N-scetyl veratrate by the i.r. spectrum.
(This showed that the reaction of sodium hydride with methyl
N-acetyl veratrate resulted in the hydrolysis of the ester group to

the carboxyl group).

Second Attempted Cyclisation of methyl N-acetyl veratrate with sodium

in toluene.

Hethyl 6-amino veratrate (0.5g.) was added to toluene (10 ml.)
in which metallic sodium (0.01g.) had been suspended. The mixture was
refluxed for about four hours on an oil-bath. The toluene was
decanted from the solid and it was dissolved in water. The agueous
solution was made just acidic with hydrochloric acid and the solid
precipitated was filtered. m.p. 2400, insoluble in chloroform.
llass peaks at 253, 239 and 221 corresponding to the compounds methyl
N-acetyl veratrate, N-acetyl veratric acid and 6,7-dimethoxy-4-

hydroxy-2-quinolone.

Repeat of the attemplted cyclisation of me thyl N-acetyl veratrate

using §odium and dried toluene

(a) Drying Toluene

Toluene (100 ml,) was shaken with fused calcium chloride

(20g.) for about one hour and then filtered into dry clean flask
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into which sodium wire was pressed. The solution was allowed to stand
over the sodium wire overnight and then distilled into anothsr dry

flask.

(b) Attempted cyclisation

ith the toluene thus dried (20 ml.) methyl N-acetyl veratrate
(1g.) was dissolved. The solution was distilled until about half of
the solvent distilled off, (to ensure that there was no trace of water
in the reaction mixture). Chipped metallic sodium (0.52.) was added
into the remaining solution and the mixture was refluxed for over four
nours. The excess toluene was decanted and the solid left in the flask
was dissolved in water, On acidifying the aqueous solution a solid
was obtained with mass peaks at 221 and 239, again indicating that the
solid was a mixture of N-acelyl veratric acid and the required

6, 7-dimethoxy-L~hydroxy-2-guinolone.

Attempted Cyvclisation oi’ methyl N-acetyl veratrate with sodium

81)

granules (Method oi' Ashley and Co.

—r

Sodium (3g.) was placed in about 100 ml. of high boiling
petroleun etasr (1000—1200 ) in a round bottomed flask. The sodium
was melted under this liquid by heating gently on a flame below the
boiling point of the liquid., As socn as all the sodium melted, it was

shaken vigorously until it had broken into fine granules. The
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pet. ether was then carefully decanted and the sodium washed with dry
toluene.  Then dry toluene (100 ml.) wes added. To this, methyl
N-acetyl-veratrate (25g.) was added. Reaction occurred immediately
and the yellow mixture boiled spontanecusly. The mixture was refluxed
on an oil-bath for 6 hours and after six hours, & solid was formed.
The solid was collected and then redissolved in warm water(about 400 ml)
On acidifying the agqueous solution with hydrochloric acid, a light
vellow solid appeared. This was filtered and dried in the oven.
m.p. 232°% - 235°, Yield 17g.

The solid dissolved in sodium bicarbonate with effervescence,

showing that it was a carboxylic acid.

Mass peak 239 (ségng) 221 (weak).

Attempled Condensation of methyl IT-acetyl veratrute with diethyl

malonate and sodium amyloxide in accordance with the method of

Georg KBllerSz.

Methyl N-acetyl veratrate (16g.) was placed in a Clarius tube
and ‘diethyl malonate (15g.) was added. A solution of sodium (0.7g.)
in n-amyl alcohol (20 ml.) was added and the tube was sealed. The
tube was heated in a furnsce at 1400 - 1500 for over 15 hours.

A solid was formed, and this was insoluble in water and chloro-

form. The solid gave a mass peak ol 23%39. Yield 12 g.
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The solid was mothylated by suspending it in’ ether (100 m1)
and saturated with diazomethane as usual. On allowing the
diazomethane to escape and evaporating the solvent, a solid was
obtained  m.p. 162°C. Yield 10 g.

The solid was identified as the methyl N-acetyl veratrate by the

i.r. spectrum.

Reaction of amino veratrole with ethyl cyanocacetate

Amino veratrole (15g.) was added to excess ethyl cyancacetate
(100 ml.) and the pink solution obtained was boiled on & heating
mantle for 3 hours. The excess ethyl cyanoacetate was distilled off
under pressure and the residuc was allowed to cool. A solid was
formed. This was collected and washed with cther to give a deep
"~ yellow powdery substance m.p. 232% - 23300. Yield 10 g.

(Found €, 54.81 ; H, 5.56 ; C11H1203N requires ¢, 55.00,
H, 5.45 ) Mt 220, L 1750 curl (carbonyl band of an
amide), 2225 oo (= GI  group).

An attempted Hoesch reaction on the s0lid was abortive.

The synthesis of 6,7-dimethoxy-4-hydroxv-2-quinolone

Aminoveratrole (20g.) was added to excess diethyl malonate

(40g.) in diphenyl ether (100 c.c.) in a 250 ul, rcund bottomed flask
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equipped with a short air condenser and the mixture was refluxed for
about 2 hours. On cooling, a solid appearsd. This was filtered
and the solid was washed with petroleum ether to give = powdery
substance m.p. above 30000. Yield 12.5 g. Mass pesak at 221 and
& very weak peak at 289,

The solid was boiled with 107 caustic soda (20 ml.) and on
reprecipitation with hydrochloric acid gave light yellow crystals,
which was collected and dried in the oven. m,p. above 30000.
Yield ~ 5g. mass peak 221 (very sharp) (Found C, 60.11 ;
Hy, 472 5 Cpqy 0N Tequires C,50.73, H, 4.99) v, 3uk8 o
(imino band), 1639 cm“1 (carbonyl band of a 2-quinolone).

attenpted esterification of the 6,7-dimethoxy-L-hydroxy-2-
gquinclone with PP -dimethyl acryloyl” chloride according bto the

method of Brown et al. was unsuccessful.

Preparation of Isocamyl bromide

487 hydrobromic acid (142 ml.) was put in a 500 ml. flask and
concentrated sulphuric acid (33 ml.) was added in portions with
shaling. '"hen cold,isocamyl alcohol (109 ml.) was added and the
apparatus was assembled for distillation with a dropping funnel for
adding more sulphuric acid. The end of the condenser was conneoted

to an adapter dipping into water contained in a 500 ml. flask
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surrounded by ice. HMore concentrated sulphuric acid (5.5.m1) was
added slowly from the tap of the funnel and the mixture was distilled
slowly. The distillate, a hsavy liquid below the water level in the
flask was washed well with water,; then with an equal volume of con-
centrated hydrochloric acid (volume equal to the volume of the
distillete), with water, then with a small quantity of sodium
bi-carbonate and finally with water, It was dried with fused calcium
chloride and the dried bromide was distilled between H?O - 1200

Yield 65 g.

Condensation of Iscamyvl bromide with diethyl malonate

Metallic sodium (3.8g) was dissolved in dried methanol (100 ml)
and the sodium methoxide solution was allowed to cool, Diethyl malonate
(25 ml,) and isoamyl bromide (20 g.) were added and the mixture was
refluxed for over six hours. After about one hour, a white solid of
sodium bromide started to appear causing much bumping. The excess
methanol was distilled off and to the residue, water (100 ml.) was
added and the ester formed as oily drops was extracted with ether
(100 mls x 3). The combined ether extracts were washed well with
water and dried with sodium sulphate (anhydrous). Zvaporation of the
ether and distillation of the residue gave the diethyl-isoamyl-malonate
as a colourless oil, collected above 200° at atmospheric pressure.

Yield 15 g.
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Preparation of 6,7--dimethoxy-4-hvdroxy-3-isoamyl-2-quinolone

4 solution of diethyl-isoamyl-malonate (10z.) and aminoveratrole
(5g.) in diphenyl ether (50 c.c.) was refluxed in a blanket of nitrogen
for 3 hours in 100 ml. flask fitted with a short air condenser to allow
of f the ethanol formed.

On allowing to cool, the 2-quinolone crystallised out. This was
collected and washed well with n-hexane to remove the diphenyl sther,
The cream-coloured solid was insoluble in chloroform but scluble in
methanol. m.p. 130° - 135°%C, Yield 3.5g. (Found C, 62.76 ;
H, 8.07 ; CyH,,0,N requires C, 65.75 ; H, 7.54) K 291
v B 3448 c',m-1 (imino band), 1639 cm_1 -8 = o kof s

2-quinolone).

Methylation of 6,7-dimethoxy-i-hviroxv-3-isoamyvl-2-guinolone

6,?-dimethoxyhhrhydrcxy—3—isoamy1~2-quinolone (0.5g.) was
dissolved in methanol (10 ml.) and diethyl ether (20 m;.) mas added.
The solution was saturated with diazomethane until the solution attained
a permanent yellow colouration. The solution was then allowed to stand
in the fume cupboard overnight until the excess diazomethane had
escaped (when the solution became calourless). .The solution was
evaporated and the residue crystallised to give the 6,7,4~trimethoxy-
3-iscamyl-2-guinolone m,p. 182° - 18,°, Yiela 0.3g.

The methylated product was identified by its n.m.r. speotrum.



Pyrogallol carboxylic acid

A solution containing pyrogallel (40g.) and potassium
bi-carbonate (200g.) in water (400 ml.) was placed in a litre
2-necked flask. The solution was heated gently on a steam bath for
4 hours., Then it was refluxed vigorously over a flame for half an
hour while a rapid stream of carbon dioxide was being passed. The
solution was acidified While still hot with hydrochloriec acid, the
acid being delivered to the bottom of the flask with a long tube
comnected to the tap of the separating funnel. The solution was
allowed to cool and the acid crystals appeared on cooling. The 55
crystals were collected by filteration and recrystallised by boiling
with 200 ml, of water containing a littie decolourising charcoal to
give light yellow needle-like crystals, Yield 35g.

migs 2210 = 2052,

3,4-dime thoxy-2-hyviroxy-benzoic acid

Pyrogallol carboxylic acid (30z.) was dissolved in sodium
hydroxide solution (35 g. of NaOH in 250 ml. of water) and dimetayl
sulphate (60 ml,) was added and the mixture was shaken up while
cooling under tay water for 30 minutes. The dark-brom mixture was
then refluxed for 2 howrs while more sodium hydroxide solution

(5 g. of NaOH: in about 15 ml. of water ) was being added through the
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eondenser, to hydrolyse any ester that might be formed. On allowing
to cool, the 3,4-dimethoxy-2-hydroxy benzoic aeid was precipitated
with concentrated hydrochloric acid.,  m.p. 160°C - 16,°C

a7 16400). Yield (about 16g.).

(Lit,
An attempt at shaking the 3,4~-duimethoxy-2-hydroxy benzoic acid
with more sodium hydroxide and dimethyl sulphate to give the

trimethoxy benzoic acid was unsudeessful.

2, 5,4~trimethoxy benzoic acid

3,4-dime thoxy-2-hydroxy benzoic acid (38g.) was dissolved in
methyl ethyl ketone (300 ml.) and anhydrous potassium carbonate
(30g.) was a&ded.Bg To the mixture, dimethyl sulphate (40 ml.) was
added and the mixture was refluxed on a heating mantle for over
5 hours, The mixture was filtered and the solvent was distilled off
the filtrate. The residue, an oil, presumably 2,3,L~trimethoxy
methyl benzoate was boiled with 207 caustic soda (100 ml.) on a
flame for 2 hours to hwdrolwvse the ester. The solution was allowed
to cool and acidification with hydrochloric acid gave the
2,3, 4-trimethoxy benzoic acid as white needle-like crystals (after
recrystallisation from hot water containing a little charcoal).

Yield 15 8

7

n.p. 98°%¢ - 100°C. (Lit8 99¢).



2,3, h-trimethoxy benzamide

2,3,4~trimethoxy benzoic acid (25g.) was dissolved in benzene
(375 ml.) and to the solution, phosphorus pentachloride (25g.) was
added. The solution was refluxed for over one hour until there was
no more evolution o hydrogen chloride gas. The undissolved material
was filtered of{ and the filtrate was cooled well in ice-salt mixture,
Concentrated ammonia solution (250 ml.) was added gently. The Dbenzene
was then steam distilled and the agueous solution left as residue gave
cream-coloured prism-like crystals on cooling, This was filtered and

87

dried in the desicecator. m.p. 134° =136> (Lit°’ 130° - 1319).

B B BT o et i

aniline (Hofmann's degradation method)

2,3,4~trimethoxy benzamide (14g, ~ 0.06 mole) was dissolved in

methanol, then reprecipitated with water and filtered as fine granules;
it was washed well with water to remove all traces of alcohol. This
was suspended in sodium hypobromite solution. The hypobromite solution
was prepared ct 0% by adding bromine (4 c.c., ~ 0,08 mole) to a
solution of sodium hydroxide (16 g., ~ 0.4 mole) 15.133 ml. of water.
The mixture was stirred (mechanical stirring) for over two hours. Then
it was diluted with water and the pink oil formed was taken up in ether,

The ethereal solution was dried with anhydrous magnesium sulphate and
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evaporated. The residue was a thick pinkish oil. 7Tield : 8g. The
i.r. spectrum showed the doublet of the amino group at vm

3333 cm | and 3448 om .

6,7,8~trime thoxy-3-isoamyl-4-hydroxy-2-quinolone

2,3,4~trimethoxy aniline (2g.) was added to diethyl-isoamyl-
malonate (5g.) in diphenyl ether (50 c.c.). The mixture was refluxed
for two hours under nitrogen. On cooling, the 3-substituted-2-
guinolone compound was precipitated when titurated with petroleum
ether (40° - 60°). This was filteved and washed well with petroleum
ether (40° - 60°) until all the diphenyl ether had been washed off.
It was dried on the filter paper.  Yield (1.2g.) m.p. 15506 - 15?0.
(Found 0, 62.58; H, 7.58; €, H,,0.N requices C, 63.54 ; H, 7.16).

W 2575
’

Mo 1639 cm“‘I (carvonyl of & 2-quinolone) and 3333 cm

(imino band).

liethylation of 6,7,8-trimethoxy-3-isoamyl-4-hydroxy-2-quinolone

6,7 ;8~trimethoxy-3-isoamyl-4-hydroxy-2-quinolone (0.2g.) was
suspended in dry diethyl ether (20 ml) and diazomethane wes bubbled
into the solution until it attained a permanent yellow colouration.
The excess diazomethane was allowed to escape by leaving the solution
in the fume-cupboard overnight. On evaporating the solvent, an oil

was cobtained, The n.m.r. of the oil showed the presence of the four



methoxy groups of 4,6,7,8-tetranethoxy-3-isoamyl-2-quinolone.

Preparation of BP-dimethylacrylic acid :

In a 51. rcund bottomed flask fitted with a stirrer, re-
distilled mesityl oxide (100g.) dissolved in dioxan (200 ml) was
added. A oold solution of sudium hypobromite was prepared at 0° by
adding bromine (100 ml) gently from a dropping funnel into a solution
of sodium hydroxide (200 g. of NaOH in 1 Litre of water and 1 kg. of
ice) with vigorous stirring. The cold solution of sodium hypobromite
thus prepared was added all at once to the solution of mesityl oxide
in dioxan and stirring was started immediately. After a short while,
the mixture warmed up and the yellow mixture turned milky. The
stirring continued for about 3 hours after which the milky mixture
turned to a light yellow clear solution. The solution was tested
with acidified potassium iodide solution and no iodine was liberated
showing that all the hypobromite had &ecdmposed. The solution was
then acidified with 5077 sulphuric acid (250 ml) until it was acid to
Congo red. The whitish mixture formed was then extracted with ether
in bits (100 ml of the aqueous mixture to 500 ml. of ether) with
vigorous snazking during each extraction. The ether extracts were
combined and dried with anhydrous magnesium sulphate and the ether

was evaporated to give an oil as a residue. The residue was distilled
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under reduced pressure to give a light yellow thick oil which
solidified on cooling. Recrystallisation of the solid from pet.
ether gave pure white long needles of the acid which was dried in

air. Yield 25 g. m.p. 65% - 66°¢ (13t?° 68°).

YY-dime thyl-allyl alcohol

gg-dimethylacrylic acid (18g.) dissolved in dry ether (50 ml)
was added slowly for about one hour to a stirred slurry of Lithium
aluminium hydride (10g.) in dry ether (100 c.c.). The mixture was
stirred overnight at room temperature. The excess lithium aluminium
hydride was destroyed by carefully adding first, wet ether, then
ice chips bit by bit to the mixture cooled below 0°c. The complex
formed after 211 the hydride had been destiroyed was decomposed with
dilute sulphuric acid (75 ml. of sulphuric acid in 225 ml. of water).
The liberated alcohol was extracted with ether and ths ethereal solu-
tion was dried with anhydrous magnesium sulphate and evaporated. The
residue was re-distilled under reduced pressure to give a colourless
liquid.

Yield 12 g,

YY-dimethylallyl bromide :

YY-dime thylallyl alcohol (12g.) was dissolved in low beoiling
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petroleun ether (40° - 600) (40 ml) and added slowly to a stirred
mixture of phosphorus tribromide (13g.) aﬁd pyridine (1.9g.) in
petroleum ether (11.00 - 60°) (35 ml) at a temperature below -10°C.
for about half an hour. The mixbture was stirred overnight and ice-
cold water was added. The oil foirmed was well extracted with
petroleum ether (40° - 600); the pet. ether extract was dried with
anhydrous sodium sulphate and evaporated. The residue was distilled
to give the vyy-dimethylallyl bromide as a light vellow fuming

liquid. Yield 10,

Dimethyl —(yy-dimethylallvl)-malonate :

— e —

Freshly cut sodium (2g.) was added to dried methanol (100 ml)
[dried by refluxing with calcium hydride and distilling over it into
another olean dry flask]., Redistilled diethyl malonate (9g.), and
yY-dime thylallyl bromide (10g.) were added to the sodium methoxide
solution and the mixture was refluxed for about six hours. The excess
methanol was distilled off and the residue was taken up in diethyl
ether. "The ethereal extract was dried with anhydrous sodium
sulphate and the solvent was distilled off. The residue was
redistilled and the substituted malonio ester was collected above
20000. as a colourless liquid,

Yield 6g.
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6, 7-dime thoxy-3~isopentenyl-L~hydroxy-2-quinolone

A mixture of aminoveratrole (3g.) and diethyl-(¥Y-dimethylallyl)
-malonate (6g.) in diphenyl ether (50c.c.) was refluxed in a
blanket of nitrogen for five hours. When cool, thelsolid 2-quinolone
was precipitated with petroleum ether (40°-60°), collected and washed
with petroleum ether. The solid was shaken well with ohloroform and
filtered to give an ash-coloured powder. Yield 1.8g.

m.p. 200°¢ - 201°%. (Pound ©, 66.51 ; H, 6.8, ; C,H ON

16197k

requires C, 66.42 ; H, 6.58) M' (mass spectrum) 289. Wl

-1
1639 cm (carbonyl of a 2-quinolone).

Demethyl dihvdro-oricine :

6,7-dime thoxy-3-isopentenyl-4-hydroxy-2-quinolone (50 mg.)
was refluxed with coneentrated hydrochloric acid (2 ml.) for about
2 hours. 1% was diluted with wabter and extracted with chloroform.
The chloroform extract was dried with anhydrous sodium sulphate and
evaporated to give & solid residue of the demethyl dihydro-oricine.

Yield 10 mg. m.p. 222° - 226°C.

Methylation of demethyl dihydro-oricine to_dihydro-orisine

A mixture of demethyl dihydro-oricine (10 mg.) methyl iodide

(5 ml.) and anhydrous potassium carbonate (10g,) in analar acetone
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(80 ml) was refluxed overnight (over 12 hours) and then filtered.
The solvent (acetone) was evaporated off the filtrate and the residue
was extracted with chloroform. On evaporation of the chloroform, a
gummy material was obtained. The n.m.r. spectrﬁm of the gummy
material indicated that methylation took place but there were lots
of impurities. The gummy material showed mainly three spots on the
t.l.c. and the fastest spot corresponded to the dihydro-oricine
(obtained by the hydrogenation of the natural oricine).

The gummy material was too small for column chromatogravhy.
Preparative thin layer chromatography was done and a sligntly purer
material, still uncrystalline, was obtained. The n.m,.r. of the
last gummy material was very similar to the n.m.r, of the dihydro-

ricine -

l-deme thyl-oricine

6,7~dime thoxy-3-isopentenyl-4-hydroxy-2-quinclone (0.1042g.)
and 2,3-dicyano-5,6-dichloro benzoquigpnone (DDQ) (0.1056g.) in
dry benzene (100 ml) was refluxed for about 4 hours. The mixture
was oocoled and filtered. The benzene was evaporated and the residue
was extracted with chloroform, then washed with 10j sodium
bicarbonate solution (about 500 ml.), then with water. The chloro-

form extract was dried with anhydrous sodium sulphate and evaporated
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to give a crystalline substance. m.p. 210° - 21200. Yield ~ 0.1 g.
(Found C, 68,01 ; H, 6.01 ; cwﬂﬂoz{_rl requires C, 67.20 ;
H, 5.92.) u* (mass spectrum) 287.

liethylation of N-demethyloricine to Oricine

A mixture of N-demethyloricine (0.05g.) methyl iodide (2 ml)
and anhydrous potassium carbonate (5g.) in analar acetone (40 ml)
was refluxed for 6 hours on a steam bath. The mixture was filtered
and the filtrate was evaporated tc give a residue which was taken up
in chleoroform. The chloroform extract was washed with water, then
dried with anhydrous sodium sulphate and evaporated to give the
crystalline substance, oricine, recrystallised from benzene.
m.D. 15000. Yield 0,03 g. (Found C, 67.51 ; H, 6.30 ;
017H'1901;~N requires “C, 67.76 ; H, 6.34, The i.r, and n.n.r.
spectra were identical with the i.r. and n.m.r. spestra of the

natural oricine.
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