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ABSTRACT

Chemically, the Rutaceae family is probably the most versatile

of all higher family of plants. Three main groups of compounds,

namely, limonoids, coumarins and quinoline alkaloids have been

obtained from this family. The LLtroductory part of this work

reviews very briefly the chemistry of each of these groups.

In the ma in work, three plants of the West African genera of

the Rutaceae were investigated. The wood of ~'rae~~ .E..a.nic~lata.

(Schum and Thonn) yielded the furocoumarLD, imJ£eratori~ which nas

isolated earlier from a number of Rutaceous plants and in addition,

a furoquinoline alkaloid, dictamnine which had also been isolated

from a large number of other genera of tlm f~lily. The root of

Clausena anisata was shown to contain imperatorin along \'litha new

coumarin (couli1arrayin)which was shown almost at the same time by

Dreyer to be a consti tuent of Murraza l2..aniculata.

From the woocl of Oricia suaveolens Yvas isolated a new alkaloid

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

The structure of the new alkaloici uas elucidated from spectroscopic
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studies to be 1-methyl-6,7-dimethoxy-flinderslnc and this structure

was conf'Lrmed synthetically_
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~ 1'1.111 0 Due T ION

Sinoe work started on wood pro~uots in this depaxtment,

attention has been ~ocussed more on the investigation o~ the ~aQily

MeliaGeae than any other f'anri.Lyof plants. From this f'ami.Ly, a- large

number o~ limonoids have been obtained. These limonoids are a olass

o~ C26 deb~aded triterpenes believed to be derivable ~rom apo-euphol

type of compound and they are now re~erred to as the 'meliaoins,.1

Very closely related to the f'am.i.Lylvleliaoeaeis the Hutaoeae f'am.i.Ly,

Comprising o~ the members of this large family are about one hundred

and ~ifty gener~ and over a thousand speoies, oonsisting mainly of
evergreen, sweet s~ented trees and shrubs. They have their widest

distribution in the tro)ioal and sub-tropical habitats and are parti-

oularly ablli~dantin Australi~, South Africa and West Africa.
'I'heRutaoeae f'anri.Lyis mor-pho Logi.oa.l.Lysdm.i.Lar' to t...l1eMeliaceae

family. Both ~amilies are shrubs or trees, but rarely herbaoeous.

From the olose morpholo gioal rela tivnships that exis t be tween these

two familites of plants, it is not too surprising, there~ore, -Q1attheir

chenri.c s.Loonstd. tuents are very s.imf.Lar, This has be en berne out by the

large number' of closely related limonoids excr-ac ted from both f'ami.Li.e s,

Some of the w-ell-lmovm genera of the Rutaceae are:
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Citrus : This forms a very larGe genus oontaining about sixteen

speoies of' whbh the f'ollowing Gultivated species form very good

example 3

9. lemon (leCl·::m),C. auratif'()lj..~c:(lime .tree) and C. reticulata

(Tangerine) •

~rvifoli~ anclmany others.

~l'a:egle which include !I.. mildbr,,!-edii,~~~_1l~E1t?- and some others.

9l'§:'1:l~~Elnatypified by .fl~.~ElnE:.~isE: t.a., Oricia of \'ihichO. suaveolens

From purely chemical point of view, the Rutaceae fc:;,milyis a

f'ascinating group and ll1 respect of'the compounQs it produces, it is

probably the most versatile of all f'am.i Li.e s of higher plants. This

f'amily of plants has been found to contain three main groups of ohemical

compounds namely

(i) Limonoids (ii) Quinoline alkaloid3 and (iii) ooumarins.

itn attempt is hereby made to review v~ry brief'ly some of each of'

these groups of compounds.
(i) LII-mNO]])S

The limonoids occurring in both the Meliaceae and the Rutaceae
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f'ahiilies are a group of oxidisecl triterpenes relieved to be derived

genetically by the CD. ta1)01isI.1of' a normaL steroid side chain and

f'ormat i.on of' a ~·-suis'£ftUtea.f'uzan ring ,lit,h loss of' four carbon atoms.

The liruonoids occurring in the Meliaeeae show; in gen8ral, much greater

structural variation than the limonoicls of the plants of the family

Hutaceae. I!~rhilethe Lamonoi.ds of the plants of the Rut.aoaae f'ani.Ly

vel."j often h-vve their A-rings as well as theirD-rili..gs expanded into

6-lactones, the limonoids of the Meliaceae family (the meliacins) are

observed to be ma'i.n Ly D-ring Laetone s and their A-rinGS remain oarbo-

cyclic except m8thyl ivorense..te which was isolated recently by

E. K. klesogan and D.A.H. Taylor2 frO!ilKhaya ivorenses (IJeliaceae).

This moliaoin is the onIy and the first Ldmono Ld f'r-omthe Meliaceae

f'ami.Ly known to be both A- and D-rings opened to 6-lactones. The

limonoids of the Rucaoeae plants are muchmore interoonvertible than

those of the plants of the MeLinceae and +hey are , )-:'orthe most part,

reasonable interr.lediates in the biogenesis of' limonin(I) (the parent

compound) or are closely- r-eLaced biogenetically.

f..:i.pl2::.~(I): This is the parent limonoid of' the Rubaceae and ,is' the

LlD.jerccrist.i tucmt of' .Q~~c:E~ seeds. It is the i'irst furanoid triterpene

to be isolated and has been knovm for over a hundred year-s3• Lt s

stz-uo tur-a.Lde-Gernination was reported in 1960 by Arigoni et aL~-and

later oonf'irIUedby X-ray orystalloc;raphiv studies on the Iocloacetate
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of epilison015,6. 6 .D. L. Dreyer has recently shown from photo-

o~emical ~tudie8 on limonin that it can be converted. to photolimonin

A (II) which has properties very SirD.:LLrto lllionin but appear-s to be a

C-8 stereo-isor.ler and photo Li.uorrin B (III)' whLch is very sirri Lar-

structurally to methy'L angolensate and andirobin whio1. are rings

B-Seco 00 ::m:cring naturally in the MoLi.acoae pLants •

Dooxyli:nonin (IV)
"'~~.::.-....-..-"-.~=.~~"

D 1·· . l' dBeoxy anona.n was lSO ace

It is a 14,15 deoxy-A-:-14,15-lirnonin. l'he origin of deoxyLiraon.i.nwas

rega:cc;.ed to be a r-esul.t of Lncomp.Ietenas s of the epoxidation step in

the biogene sis of LimorrIn rather them tho reduc tion of' Limon.i.n t·:)

neoxylil:lonil'1. It oonLd be prepared. cheuically f'r-omLimorrin by treat··

ment,'rich chromous chloride or ,lith hydriodio acid. und.er controlled.

conditions. (Scheme 1).

L:im<?r:}!lj._io.~henoLi2-ygdo]) , (V)
Evodol is a hi.ghLy oxidised. limonoid whLoh has been fou.."ld.7

co-occurrine; ,-nth limonin (I) and l'utaevin (XI) in three genera of the

RutaCOQ0, naneIy , ~vod:Lc:,£9-},od.end.run~and. Dd.ctcmnus , Linonin

dLoaphenoL (evodol) is easily pr'epar ed directly f'ron Limorrin by :ceactins

lllionin wi. th oxygen in presence at potu sai.un t-butoxid.e in t-butyl

alcohol presumably via the hydroperoxide (Va)9
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Rutaevin (XI)~-~.-~
Rutaevin was first isolB.ced by Fujita et a110, from dried fruit

It :a~ also been isolated from Evodia

hupenhensis by Dreyer7. It has been found that tile seeds of Cape

Chestnut .9a~_~eI?-dr":-lm.<?arpens~(r.r) 'I'humb, a native cf' South Africa ar-e

a good sour ce of rutaevin and co-occur in these seeds with limonin and

limonin diosphenol.

The structure of rutaevin has been formulated to be 6-keto

'1' 111 'f ' .epa amono • Lt orms a monoaceta te , a monobenzoa.te ana an OXlIIle

derivatives. The n.m.r. spectra of rutaevin ~ld its acetate showed

many features in OOLlI!lOnw i th those of limonin. Thus r-esonancas were

present for a ;3-substi tuted furan ring, H--17, an.; epoxy H-15 and C19
methylene group.

Treatment of rutaevin w i th a base givee limonin d.i.oapherio L, indi-

cating that 'oot.h the hydroxy and the keto groups of rutaevin are Locc.tcd

in the B-ring. Chromic acid oxidation of r-utaev in gives 2, yellow

ct-diketone formulated 2..5 6-Ketolimonin (XIII). Trsatment of the last

compoundvrith hot sod'i.umhydroxide converts it to limonin diosphenol (V)

Like all limonoids with Ct'-epoxycar-oony.L groups, chromous ohloride

reduces rutaevin to deoxy ru-'caevin (XII).

It seems likely that rutaovin is identical :,itll dictarnnolide11 ,12

occurring in Dictamn~~ alb2s. The reported physical properties for
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d.ict.amnoHde 12, its apparent non identity with limonin and its oonversion

to en acidic material having physical properties consistent with those

of limonin dipsphenol all point to the fact that diotamnolide is iden-

tical with rutaevin.

Limonoia acid A-rin" lactone (VII)-~ ..,-~."-~.~.~=-.-"--~--~.-.-.~--
V.P. Baier and D.A. Margileth have just reported13 the isolation

of a deri vati ve of limonin for whi.ch the name Limonoi,c ac id 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 monoLaccone by thin layer chromatogr-aphy

ana. paper eLeourophcr-e t.Lc compar-Lsorr w at.h the authentic compoundobtaaned

synthetically and its facile cunversion to limonin. 'I'har-e .,ere indica-

tions of' an enzyme in tissue extracts which ccnver t s Limono i,o acid A-ring

lactone into limonin. The structure of l:L..uoninhas been elucidateil-

as a tetracyclic tri terpenoid dilactone with rings A & D 6-lact.:mes

and these lactones can be reversibly opened wi.th dilute alkali. Maier

and ~,rargileth proposed uhe n8lJ18limonoic acid to the dihydroxy diacid

(VIII) derived trom limonin by complete hydrolysis of these two laotones

in limonin. This di:1.ydroxy-diacid can lead to two monoLactone forms

namely LamonoLc aoid A-ring lactone (VII) and limonoic aci.d D-ring

lactone (VI). I,laier and Hargileth developed methods of separating

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



- 7 -

atn'",
/

(9
i
I,
I

Iff~

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



- 8 -
'r \c...on l Cl .

CJ.. )

YII

o
\LO
/

XIII

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



and identifying the two aoids and repqrted that the limonoic acid

A-ring laotone (VII) is the naturally ocourring monolaotone.

Limonoic acid A-ring lactone was found to occur. along ,7ith

limonin in the orange membranes (C~tru5 ~~e~~~s) and grape fruit

Dembranes and albedo (Citr~ £aradisi).

From the facile conver-s i.cnof'limonoic acid A-ring lactone to

limonin ~ld f'r0m the evidenQe suggesting the presence of a lactonizing

enzyme in the tissues vLich accumu.Late both limonin and Limono i,cacid

A-ring lactone as sho.m by 1~Iai0rand Uargileth, it is reasonable to

5uggest that limonoic acid A-ring laotone could be an immediate

precursor in the biogenesis of limonin.

10~'laY.lR.inIX

Ichangin is another congener of limonin. It is found in .Citrus.

iCE~ and its hybrids 14. It appears to arise biogenetically from

cyclisation of C-3 of deacetyl nomilin (XIV) into the C-19 methyl group

and has been found under oond'iti.onsfihere de-acetylnomilin occurs in

large concentrations.
It iJ easi.Ly converted to limonin by trif'luoroacetic acid. und

hydr-Lod i.caoLd oonverts it to citrolin (X).

OQa.(}.up.on~~~clrela ~~<l G0m.E,?~nd~

These are limonoids whioh accompany limonin (I) in most Citr'll2.

seeds and some other genera of the Rutaoeae7. They are olosely related
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to limonin, and a cor-re Ia tLon be tween obaeunone and limonin has been

15shOTIIl •

Obaounone (1.'V1)

Obacunono occurs together with nomilin '(AY) in rri.deLy distributed

species of the Rutaceae. For example, both nomilin and obacunone were

found in .Qasim~roa e.q.~li~. Obacunone was reported 7 to ooour 'iD.th limonin

(I) in the seeds of ?ory~ella. par~~ritia and also in the bark of

Phellodendron amurense.~ ~-."",,"""' ~~---.-
The c::>rrelation between obacunone and Limon.in was effeoted through

a lengthy series of transformations by T. Kubota anJ. collaborators15.

The end product of the transformations of both limon in and obacunone

was the compound identified as methyl tetrahyCiro an.hydro-cpi-

meroobacunone (XXI).

Obaounoic acid (XVII)

'I'h Ls ac i.d , together wi th limonin was isolated from the pondered

roots of Dictamnus dasvcar-pus by Nikonov 16. The co-occuc:cence of~.....,.~~.-..~~---~ ••........• -
limonin and obac~moic aoid in Dict~1us dasyoarpus on one hand and of

on the other hand supports the v.i.ew that both oompounds play some part

in the biogenesis of limonin. Ciroumstantial evidence 7,8 has shorrn

that both obacunone and obacunoic aoid are precursors in the limon in

biogenesis.
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Obacunone is very easily conver-ted ohemically to obacunoic acitl

with a base. Obacuno i,c acid could be ccnver-t.ed into isoobaounoic acid

(XVIIIa) and epi-isoobacunoic acid (XVllIb).

~risone (XIX)

Veprisone is the methyl ester of epi-isoobacunoic acid. It was

ieolated by T. R. Govindachari et al~7 together with a number of

furoquinoline alkaloids from ~~s ~~2~~:is. From spectroscopic

studies, the structure of veprisone \It,S elucidated as methyl epi-

isoobacunoate. This limonoid show3 a 0103e relationship to limonin

and obacQ~one as borne Jut by the presence in itB n.m.r. spectrum of

signals at 0 5.6 (singlet, oorresponding to the proton at C17 in

limonin) and [)4.25 (sjnglet, oor-r-e spondLng to tho proton at Ci5
limonin) .

in

Reaction of veprisone with hydriodic acid in aoetic acid gives

an aoid which, on treatment with diazomethane gives deoxy veprisone
(xx) • This shows that hydr-Lodi,o aei.d is capable of de-epoxidising as

well as hydrolysing veprisone. Hydrolysis of veprisone ,:,ithmethanolic

~austio potash gives isoobat.unoic acid (XVlIla).

Nomilin (XV) occurs ';JidelytogGthf;::rwith obacunone in many speoies

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

C .. .:l 1· 7aSlffilroaeuu 1S •
• F~"'~~·--

ouNomilin is easily converted to obacunone by the

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



- 12 -

("..J

xvfll~

\.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



- 13 -

X)< \

---.~
)(\X

oH 0
,,

XXfl

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



14

aotion of acetic anhydride and pyridine.

Deacetylnomilin (xrv) was isolated by Dreyer from four Citrus

spectroscopic studios and by its facile conversion to obacunone and

nomilin.

From the interrelationships of th,.=;limonoids, nomilin, deacetyl-

nomilin, obacunone and its acids, it appears, and evidence7,8 suggests

that the final stages in the formation of limonin are as f'o LLowss

deacctylnomilin (XIV) --,,-:;:' nomilin (XV) -_;> obacunone (XVI)

_~ obacunoic acid (XVII)

---~ limonin (I).

ZaEoterin (XXII)

---» isoobacunoic acid (XVIIIa)

Zapoterin is closely related to obacunone. The isolation was

t d· th .' al . f Kin 1 t 1 . C .. d I' 18repor e ill e cr-i.gi,n work 0 0 ea. on al'l}llnrOa.§l....::L~ •

The structure of zapoterin has been worked out19a from spectroscopic

properties. Its infra red spectrum shows a hydroxy band and three well

resolved ea.rbony.Lbands as well as bands due to a ~-suDsti tuted furan

ring. Tho n.m.r. spectrum showdd resonances attributed to a

(3-substitutud furan ring, an H-17 furfurylic singlet ( 5 5.45 ) and an

H-15 epoxy pro ton , an ABdoublet 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 (& 4.97). The sum of these
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speotroscopic evidence indicates that zapoterin is a hydroxy-

obacunone derivative having the struoture (XXII).

But later, from the n.m.r. studies of Zapoterin and its acetate,

Murphy et al.19b confirmed the structure of zapoterin to be an 1113-

OH oompound rather than the 1~- OR 6bmpound as earlier proposed by
Dreyer.

(ii) ALKALOIDS

From the point of vieV1 of alkaloid ob.emistry, the Rutaceae family

is characterised by having a large number of bases of the anthranilic

family. Biooenetically, most alkaloids isolated from the family

Rutaceae oould possibly be regarded as beinG derived from the amino
°d th °1° .d t 1 t d b P' 20. "h t· 1 haca ,an r-am, J.O aca , as pos u a e y' ru.c e an cne .ao e s own

in Scheme (iii).

Price21 has dr-awn the attention to the oi.r-cumscance that the

oapability to add an isopentenyl unit to a 'Wide variety of moleoular

types appears to be a bio~hemical characteristic of the Rutaceae family 0

This is supported to a large extent, oonsi.der-dng the fact that not only

the alkaloids, but also most" of"the o::>umarinsisolated from this :family

of plants have been found to oontain th9 isopentenyl group.

The Rutaceae fmnily abounds in variou~ ty~es of furoquinoline

alkaloids. 'l'he biogenetic pattern of these furoquinoline alkaloicls is
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diffioult to unravel. j?or instance, there is no [pod clue 'co tho

•• .p t' ,... "), . 22 t .bi .t·oru.gan OJ. 11eluran {1;roup. .l1.001I1SOnsuCges s some POSSl III a.e s

(a) that the f'Ul~m1ring is a residue of the tryptoph~n side chain

(b) that it is obta ined by the degradation of an aromatic ring of the

aoridones or (c) that it arises in a manner analogous to the probable

biogenesis of furo-ooumarins ('chat is, eond.snsatd.on of a au i.LabLe

in termediate "i th a 2, 4-dihyd.roxy-quinoline deri vati ves) 4'

The chemistry of some of these closely related alkaloids of

the Rutaoeae family is hereby briefly reviewed.

Dictamnine (:XXIII)

Diotamnine wa s fi.:-st isolated by Thoms23 from di ttany root

(D' t lb') It t 11' ., 132oC_30o•_::Lc ~~ ~_.;.,.~. Li.nn, • crys a a.se s In prlsmSm.p. '4

It was subsequently found in pk~ta .~~~n~ by Asahina, Ohta and

Inubuse24 who showed that it oontained one methoxy group and trans-

formed at 80°C by methyl iodide int,) inodictamnine (XXIV)mi p, 188°C~

Isodietamnine oontains no methoxy group, a change recalling that

of' a- and (-alkoxy quinolines to 'N_alky~~quinolOnes25. 1~1ithbenzoyl

ch.Lor-Lde and anhydride, dictamnine yields N-benzoyl-nordictamnine

(xxv) r'r'om whi.ch nor=dictamnine (.K..\.'VI)is obi.a.ined by hydrolysis.

Oxidation of diotamnine by permanganate in acetone affords dictamnal

(XXVII) and dictamnic acid (XXVIII). Dictamnic acid is oonverted by
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hydrochloric acid into 2,4-dinydroxy quinoline.

D'i.e tamnaL was shol'm26 to be converted vs hydrobromic acid in

acetic acid into nor-dictamnal (xxrx) , identical with 2,4-dihydroxy-

3-aldehyde quinoline. The latter .zas synthesised and used to prepare

V -die tamnine (XXX).

Dictamnine occurs very widely in the plants vf the Rutaceae

family. I t occurs in the l~'agar~ genus C:L~ar~ as..Ul~1.pat§1, Zagar~

§.is soperma, Fa~~ maculos~), in the .9~s.=brrI"~<?.':.genus (Q!1siruiroG.:~9;~lis) ,

in the 4~~le.genus (Ae~ ~~elo~) and in the Afr~~~e genus

(l!!~ .E.~I}ic~t~) which would be discussed lo.-cer in this wor-k,
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Dic tamnine alongside with y-fagarine (XXXVII) was synchs sised

in 1957 by Grundon and McCorkinclale27 . by the series of reactions

(XXXI) ._.- -) (XXXVI) in the soheme (V). Grundon and r;cCorkindale

had shovm28 that the .l'eaction of aniline .cr- o-and.sid ine \~!ith ethyl-

(2-ethoxy ethYl)-malonate gave exclusively the angular dihydrofurano-

quino16r:os (vJCXI, R=H, OCH3)probably via 2,~_-dihydroxy quinolines.

Traatment of tile angular dihydrofuranoquinolOne (XXXI) with phosphorus

oxychloride afforded 2,4-dio1:1loro- 3-( 2 I )_chloroethyl-q1.1.inoline

(XXXII, R=H, OCH
3
), The trio1:1loro compound (XlOCII) was hydrolysed by

an ac ad to give dichloro der Iva't'i.ves (AXXIII, 1{=H,OC:13).

Chromatography of the chloroquinoline (XXXIII, R::H) on alkaline

alumina effected cyclisation into the linear dihydrofuroquinoline

(XXXIV, R=H) in about 40/. yield but a more quantitative yield of

(XXXIV, R=H)was obtained by reacting the chloroquinvline

(XXXIII, R=H) ·..·ith silver oxide ill aqueous methanol. Both the dihyd:::-o-

furanoquinolines (XXXDJ, R=H, OCH3) were prepared by the last method,

Reaction of XXXIV vri,th N-br',)lliosuccinimide and treatment of the crude

intormediate-'ith diethyl aniline gave high yi~ias of (xxxv, R=H,-OCH
3
).

Reaction of (X.,WT, R=H) with sodium methoxide afforded the methoxy

furoquinoline (XX~-VI, R=H) identical in all respects with dictamnine.

The chlorofuranoquinoline (XY.1.V, R= -OCH3)was [.lso converted

by sodium methoxide into the dimethoxy compound (YJOCVI, R= -OCH3)
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indistinguishable from y-fagarine (XXA~II) the isolation of which is

disoussed below.

From the leaves elf Fagara P_0.25?- (G-ill)Engl., five alkaloids '\7ere

isolated by Stuckert29• Two of these, ~- and y-fagarines, are discussed

below. 8-fagarine has been shown30 to be identical with skimmianine.

!~f~JL~ri~ (XXA~II) C13H1103N
y-fagarine (m.p. 1390 - 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 diotamnine. Thus, like diotamnine,

y-fagarine is oonverted by methyl icdide at 1Gs)° into y-isofagarine.

The struoture of y-fagarine has been sho,vu32 to be 8-methoxy dictamnine.

The synthesis of y-fagarine was done alongside with dictamnine

by Grundon and 1,~oCorkindale27 •

f3-f~~!!.~ (Skimmianine) (XXXVIII) C14H1304W

~-fagarine is the most wide-spread member of the group of

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

§k?fnmia ~licCl. (Thumb) by Honda. 33. It ocours also in £.h]¥?rox:yloE;

<~~~~eIl~ D. C • (Eas t Indian Satinwood).
Skimmianine crystallises out in ~olourless pyramids (m.p. 1760).
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It was shown to contain 3-methoxy group and unreaotive oxygen by

Asahina and Inubuse34 and a linear structure was assigned to the

compound on the basis of the simil.:.~rity of' its ultra violet spectrwn

to that of dictrumline.

The l'eactLms of sldmmianine are very sim.iLar' to t:1,::>seof

dictamnine and Y-fagarine.

Kokusagine was first isolate-d from t~le r-oot bark or Orixia

. ja~<?:~.tca (T:1umb)by 'l'oresaka in 193335• It was later fOUJ.'1.dalong

with flindersiamino in the bark or l~lindersia maou.Losa Lind136• 'I'he

structure of kokusagine (11-,6,7-trimethoxy furo quino line ) (XXXIX)rests

on its degradation to 6,7-dimethoxY-4-hy;4-oxy-"2.-quinplone. and"Ly YTUY

of hydrogenolysis to 6, 7-dimethoxy-3-ethyl-~--~lyc-:'roxy-2-quinQlone (XL).

The hydr-ogenoLysd s reaotion is simil,r tv whc.t.'fas oncounber-ed when

hydrogenation of diotamnine was attemptecl as would be seen later in this

work. (The product of the at tempto d hydrogenation of dictamnine was

4-methoxY-3-~thyl-2-quinolone).

Kolcusagane ".1130 under-goes reaotions ty.1:Jical of the other linear

f'uroquano Lmo alkaloids. 'rhus, like diotaDmine, kckusa gi.ne is converted

to isokokusagine by boiling with methyl iodide.
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The mechanism of this rea~tion could be explained probably by

the asswnption that the methoxy quinoline group rearranges to give

N-methyl quinolene as shown belo~. This-rearrangement is parallel

to the rearrangement af-4-methoxypyridine by methyl iodide to give

-----~/
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This is 4,5,7,2 ~totramethoxy furoquinoline first isolated

from the bark of ~ic?~ !_ar~a.37 0 Like dictamnine or kokusagine,

acronycidine is converted to iso-acronycidine !~nenboiled iith methyl

iodide. 1'he most characteristio property of acr-onyo i.d.i.ne and its

derivatives is the ease with which they undergo oxidative demethylation

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

Flindersiamine (XLII)

This alkaloid has the structure b,7-methylene dioxy-S-methoxy

dictaumine (XLII). It is degraded to 6, 7-methylene dioxy-8-methoxy-lf--

hydroxy--2-qullolone and it undergoes the usual reactions of diotamnine,

that is, conversion t.::>iso-flindersiamine with methyl iodide and

probably the rupture of the furan r irig by permanganate.

Flindersiamine '!as first isolated by Cannon et aL, in 1952 from

li'li~e~_~ ~':!.E...iC2j;.iana.F. Muel138. Cannon and. co-workers encountered

flindersiamine as a constant melting poin t mixture vri.t.h sk.immd.an'ine .

The alkaloid vms later f'ound along vzith kokusagine in the bark of

Flindersia maculosa Lindl?6

T:rr~LUNASIAALKALOIDSc;.....-.=-... - ..

Lunacridine (XLIII)

Lunac:!:'idine is a secJndary alcohol which exists with its
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quinolinium salt, lunasine (XLVI) in Luna3ia ~~ra Blanco39• It was

first isolated bYBG-Dl~Smu.in190440 and subsequently Steldt and Chen

in 194341• Lunacridine gives large colourless needles from ethyl
oacetate m.p. 83.5 C. It contains two methoxy groups and one

methylimino group. The ultraviolet absorption spectrum is charaQteristic

of a 2-quinolone. The infra-red spectrum is also consistent with a

quinolone structure, wLt.h the car-bony'L:" frequency at vmax 1633 cm-1•

LunaGridine is insoluble in alkali but oontains a hydroxyl group as

shown by infra-red absorption at 3370 om -1 and by the formation ot: a

monoaoetate derivative.

Vigorous treatment wi.th acid converts Lunaer-i.dine in part to a

more basic substance identical with the alkaloid lunacrine (XLIV) in

inf:ra-red spectrum and other physical properties, but dit:t:eringin

optioal rotation. Lunacridine is optically active.
39Goodwin and Horning showed lunacridine to be 4,8-dimethoxy-

3(3'-methyl-2'-hydroxy-butyl)- 1-methyl-2-quinolone (XLIII) by its

f'orma't.i on when 8-methoxy-4-hydroxy-3-(3 ';methyl-2' -hydroxy-butyl)-1-

methyl-2-quinolone (XLV) obtained by the action of ethanolic potassium

hydroxi6.e on lunacrine was methylated with diazomethane.

Acid catalysed cyclisation of lunacridine gives rise to lunacrine.
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Lunac:rine (XLDr)

Lunacrine 1140 was first isolated by Boorsma39

in 1900 from the bark of Lunasia ~ata Miq.

Lunasi~ species such as Luna~ amara Blanco39,

It exists in other

Like lunacridine, lunacrine is optically active and the naturally

occurring isomer is (-) lur.acrine. The ultraviolet spectrum of

lunacrine in methanol was unaffeoted by the aClditioIldof!alkali,but a

marked change occurred on aoidification, the long Have length bands

(313 mU and 32&m~) e~1ibiting a hypsoohromic shift (30Jmu), thus

showirigthat the nitrogen atom is a part of the chromophore.

Lunaorine, on refluxing with 15% aqueous alcoholic potassiwn

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 -,;ater. The produot contained

one methoxy group and one methylimino group and was identified as (XLV).

Treatment of (XLV) with ethereal diazomethane gave a non-

orystallizable oil which was converted to a crystalline hydropore;hlo-

rate. The orystalline bas o obtained from' the hydroperchlorate was

found to contain une methoxy group more than lunacrine and its

alkaline transformation product. The empirical formula and physical

oonstants of the new base were nearly the same as given for

lunaoridine (XLIII).
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Ocodw.in and Horning39 sugge s tad a ·:Giechanismfor the alkaline

hydrolysis of lunaGrll1e to the 3-alkyl-4-hydroxy-2-quinolone (XLV)

as follows:

And the acid oyclisation of lunacridine to lunacrine as going

(XLVI) as follows:

through the quar tenar-y 4-methoxy-1-rnet.'1.ylquinolinium str-uetur-e

-->

OCH3
".,.",//~.---- ..~

\I \~) '\ \
/"~~~(

CH3 (XLV I)

----.-~
/
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Lunasine (XLVI)

Lunasine is the quartenary 4-methoxy-1-methyl quinolinium

structure (XLVI) corresponding tu the 1-methyl-l/--quin::,lone alkaloid,

lunacrine (XI.IV). It is the main constituent of the water-soluble

alkaloids of Lun~~h~ .9.11_~!oi!olia39 'I'he st:cuotu.re and properties of

the 4-methoxy quinolinium salts obtained f'r0m 4-quinolone s are of

Lnte re st in connection with the conversion of 4-alkoxy quIno l.i.nes to

N-alkyl quinolones. For examp Ie , the well-lmown conversion of the

furoquinoline alkaloids (4-methoxy compounds) to the iso-alkaloid.s

(1-methyl-}+-quinolones) by the ao tzi.on of methyl iodide might, by

analogy Ylith lunacrine, have been expected to give rise to a quar-tenary

qu'i.ncLi.ni.um iodide analogous to the methyl Lunacr-i.umsalts. The conver-

sion of dictamnine and its congencr-s .irrto their iso-forms when heated

with methyl iodide is an exampLe of the above reaction which possibly

goes via the quar-ter-nar-y ion as prevL,usly discussed.

Lunacridine and Lunacrine 3vntheses
._~.....,."..~- '~~_.'-"-.,,"-._~' _-~ .••.••.• _.~. __ ~_~·_..., •••••••• ,_.J=I •.•• -.~ .••••....••••• ,,-_,u

'I'he synthe se s of both Lunaor Ldine and Luna.c.ri.ne alkaloids "ere

41undertaken by C'Lar-keand Grunc,;m(1964) •

3-substi-cuted.:-2, Lj--di..1,.ydroxyquinolines and their 1-methyl

derivatives can be prepared conveniently frOlil aromatic anririe s and

b t·, t d Lorri , . d' h 1 ~' 42su S l -eu e ma ona.c escer s D1. a.pr eny ecner- • It was found that
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diethyl-(3-methyl but-2-enyl)-malona-ce (:n;VIII) reacts in refluxing

diphenyl et~18r with N-methyl-o-anisiCline (XINII, IbCH
3
) to give the

unsaturated 4--hydroxy-2-quinclone compound'(XLIX)• 'I'he series of r-eaot Iona

leading to the quinolone s is S;1mTIl hi e eheme (Viii).

'I'he ccnver-s i.on of the i-methyl quinolone (XLIX, R = CH
3
) to the

secondar-y alcohol (LI, H = CH
3
) was effeoted ~0ydiborane followed by

alkaline hydrogen peroxide. Treatment of the 4--hydroxy quinolone

(LI, H = CH) with di.azomethane gave (,:':.)Lunacr-Ld'i.ne(XLIII). Lunacridine

was then oyclised to Lunacr-Lneby methods of Goodwin and Horning39•

E'LD"\;1).8RSINEGROUP
• ~_~_."""" .•__ ..a:.~" .: •••..•••.••••• ,___ •

K,lindersine (Llll)

Flindersine was first isolated fr0ill the wood of l'lindersia

!':.\l.s,t.~~~~by Mathes and So:rreiber4-3 who asei.gned the :nolecular formula

C23H2607N2 to the sompound , but later, Brown, Hobbs, Hughes and

Ritchie4-3 showed the formula iJ·:J be cor-rec t.Iy represented as

and to possess the stru~ture (LI11).

PeTIa~nganate oxidation of flindersine gave fli2dersinic acid (LIV)

whio h was hydrolysed i)y dilute aoi.d. t·.) give 4-hyctroxy-2-quinolone,

~-hydroxy-iso-butyric aoid p.nd oarbo~ dioxide.

Flindersine is easily reduced to the ili.hydroderiv8,tive (IJCII) by

hydrogen in presence of p.La.td.numor Raney niokel but not easily reduced
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in pre serice of 10F palladium on char-coa l.,

d il--------:;;:.
Cv:i~j,

-t Co
1,

The synthesis 0:(' flindersine in poor yield \;as oa:cried out by

B T· 1 , '~. t hi 44r own, nugne S ann .o, C a.e • The syrrthesd s involved the preparation of

2, 4-dihydl~oxy quineline (LV) by he at:Lng aniline 'ilith !J13..lonicester in

diphenyl ether. The quinoline was then e s cerii'ied-.vith f3~-dimethyl

aoryloyl ch.Ior-i.de to give the ester (LVI) and ~:'ries rearrangement gave

probably the 3-acyl compound(LVIII) which ',-.us -che~'l.isomez-i.sed '0y

aIum.irri.umohloride in nitro0e~lZene t:)che cyclic ke tcne (iNIII).

Reduct i.on of 'I.;heke tone gave the aLooho L (1IIX) whi.oh H1S then

delwura'ced:)y thionyl chloride or pho sphor-us lJen-coxide to give tile

alkaloid (LIII).

A mor-e f'ao i.Ls and shorter method of preparing flindersine VIaS

J 1 d 1 d - n' • d 1 45recen G y eve ope oy i-a.ozZl an co-wor cer-s •
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3-(~1-dimethyl allyl)-2~-hyd.roxy-2-quil1.olone (LX) lias used as the

starting mater-Ls.L, Ref'Lux.irigthe last compound(LX) "irith 2,3-diehloro90-

5,6-dioyano benaoquanonone (DDQ) in dry be'nzene f'oz- just two hours

gave the alkaloid (1,111) in 5Effo yield.

This new alkaloid was is.)l[,ted by Esh.i.et and Taylor in 19661.-6

zanthoxvloides_~" ,__ .J!'.~ __ Law. (Ata, Yoruba).

It was shown "b be wealcLy ba si,o and the infra-red spcotr-um showed

a band at 1601.)om-1, suggesting that the compoundt.as a 2-'luinolone

oompound, FDOIll the ~.rr.or"spectrum arid on the basis of its olose

similarity t:; flindersine, the stz-uc ture of t~1.ealkaloid vras elucidated

as 3-(3'-methyl but -2'-enyl)-4-methoxy-2-quinolone (LXI). That t~1.is

structure was true for at anire U:1S evid.ent f'r om 'the f'ac t th[~t treatment

of at.amnswi.th hydriodic acid46 afforded a ccmpound, identical in

prop~rties with dihydro flindersine (LXII).

HI-. .•••.....
-----7
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Atuninelias hydrogenated 'co d.i.hydz-oacarrineand the di.hydr-oat.an.ing

Vl11S synthe sisedby rec.cting 4--hydroxY-2-quinolone with Lsova.Ler-y'l

ohloride and aluminium chloride. The 3-isovaleryl-4-hydroxy·-2-

quinolone obta.ined was reduced by sodium borohydride to ::he 3-isoe:nyl-

4-hydroxy-2-1uinolone in acoordance vath the method of Huffman and

Brollcler.47 The 3-isoamyl-4--hydroxy-2-quinolone »u:..s methylated

(diazomethane) to 4-methoxy oompound, identical in pr-opcr-tie s with

clihyclroatClnine

But atanim itself oou.Ldpc s sd.bLy be pr epar-ed by t~1emethod of

41Clerke and Grundon • Tl1Us,heati.ng aniline ".lith diethyl-(3-me'chyl

but- 2-enyl) malonate in d.ipheny'L ether shouLd give the 4-hydroxy-

3-dimethyl allyl -2-quinolonelvhich should then methylate to give

4-methoxy- 3-dimethyl allyl-2-quinolone (a-canine) ~

Apar-t f'r0f1 the 2-quin0lone and. the f'ur-ancqudncLane a.LkaLoi.ds

whi.ch exist in plants of 'che Rut.aceae , a f'ew 2-:;?hei1yl-4--quinolones

have been reported isolated. '.i';voexa.roLes of SUC;.l alkaloids are:

(a) Eduleine

':duleine ( 7-methoxy-1-ruethyl-2-phenyl-4--quinJloi1e) (LXIII) was

first isolated by J. Iriarte and oJ-workers48 fro~,'. t:,-e bark of

Caeinri.r-oaedulis Llave et Lex, 1111.(1 later f'r-omthe bark of Lunasi.a
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The alkaloid was S~10\1r. to form mono and di.br-omo derivatives,

but resistant to attack by aoids, alkalis, oxiJ.ising and. reducing

agents. It was shown to conta i.n one methcxy group and one

methylimino gr0Up. It showed the characteristio 4-quinolone infra-

d' J • t 1618 -1 d' . .,., d" t· t 701 -1re ao sor-pClan a om an l'~D:tlli r-a-z-e acsor-p aon a ~ cm

~!as in accc.r-dance with a mono substi.tute d benzenoicl ring. On tile se

spect.r-a.l bases, the stwoture 7-methoxy-1-methyl-2-phenyl-h-quinolone

(IJCIII) -ras assigned to the alkaloid and this was confirmed by

synthesis49 from m-anisicline and ethyLe-f'or-my'Lcpheny.l.acetate.

This a.Lka.Loi.d has recently been LsoLateet f'r-on l:U?_a.~ia

.CJY~~E.~if'?liaby Hart, JC'lL.1S and La.:.l1berton50o.nclits s tr-uo tur-a.L eluci-

dation rras 'oased on the speccr-o sc op i,c stud.ies.
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(iii) COUE{LlllNS

Coumar-Lnsf'orto one ofche most important groups of natural

prcduc t.s , ,1.,.11, but a fen, are derived from .:.J18l1tsospeoin.Ll.y

i.c gund.lJ.usae , Rubaoeae and Umbelliferae; the others come from

animals and mioroorganism8. Some coumariris , f'or- example, the simple

coumarLn itself, )soralene and d.i.hydr-ocoumar-In oocur as glycosides

a natural J:)rod.uot, it is believed51 that the true parent 01' all

naturally occur-r-ang ooumar-i.nis 7=hydr-cxy ocumar-In (umbellifer;)ne).

'I'he family Rutaceae is knovm '(;0 stcr-e u Lar-ge nuuber- of coumarins.

The heliaceae family rarely stores ocumur-i.ns, "out during the ccur se

of the gene:c'al survey of the l<Ieliaceae, it rras found52 that a member

a coumar-In (8-methoxy-4--methYl ccumar-i.n) , 'I'he occur-r-ence of this

coumar-i.n in th.is p.Larrt of the I.Ieliuceae further strengthens the view

that the Rutacoae is very olosely :..~elated tv the ?~eliaf:leae.

A i'evTof the very, Lar-ge number-of tile structurally r-eLa'te d

ocum.irans of the Rubaoeae pli.:.l1ts are hereby· reviewed.

oil as early as 183'~~and it is wide-81J:i.'eai in\;~le J.utaceae f'um i.Ly,
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E,.impL."'1.ellaand. Co,s:lliliroa. Thoms and Baetohe53 showed that it is a

f'urocoumar-Ln with .:1 Li.near vcypeof molecule by nitrating bergapten.

The n.itr-o compound (LXVI) Has reduced to 'che CI.i'lirlObergapten(LXVII)

and the amirio compound WD.S oxid.ised to 0, oompound iden tiZied as a

1 ,4-quinone, bergapten quinone (LXVIII).

8Hecently, Dreyer reported a good yield of berga)ten together

with imperatorin (II~JCIV)in Pon~irus trifoliata.

This is isomeric ~7ith bergapten and it has been LsoLate d from

a number of rutaceous plants, for examp10, f~oru

~nth£xy~oid.e~ Lam; and. various species oJ:'Ruta. Like bergapten,

'1'h08s54 recognisod the presence of f'ur-an Gnu coumaz-Lnril1.t;s and t;>on-

ver-ced the compound to bergapten quinone by nitrat:Lon, red.uction of

the nitro compound tG the ami.no ocmpc.und, f'oLLowedby the oxi.dat.Lon

of the ann.ne,

Spath and. Pailer55 synthesised xanthotoxin frJm 6,7-
dihydroxy coumarin by ine.Li.caoi.d oondensa.t i.on tu give Ciihydroxantho-

toxoJ., f'o.l.Lowed.by methyLat.i.on and dehydr-ogenat i.on on a palladium

ontulyst.

In the furooouma.cin series, demethy.Lat i.on by the usual

reagents is usua l Ly attended Viith diffioult ie s o':"Til1[; 'co the sensi-

tivity of the f'ur an ring. However, demethylation can be ef'f'e cte d by
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. ." -d 56a at 10/1/10 - 1" '1 -, . tl '0mag-DeSlum lOcLl e U, L V or by a umanrum all. (.,rlue a.n ne a sence

of (1
56'0

solvent •

Deme thy.La t i.on of xan thctoxan either by magnesium iodide or

aluminium chloride afforded xan tho toxc.L (I,XX) (m.:). 251°)

C11H604 whLch is itself a. very minor oomponerrt ofehe ooumar-i.n lllixtu:CA

---7

(LX Yf)

---~

I:-I -tI(~l
"O/~(Y"{)/'i)

01-\ U-XX)
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Isoimperatorin C16M1404 (m.p. 1C9°) is the phlorogluoinol

baseu analogue of the pyrogallol deriv.:.tive :lli1peratorin (Iu'GIV).

LsoImper-etor-Ln ".7asisolated from Imper~l;o:.:'ia .~_t.E.~l.t~'liumL. which

yi,,"leis several other coumar-Lns. Spath and Kahovec57 fauna. th.::.t the

acid hydrx.Lysi,s of Lsoimpcr-at.or-Lnyielded bergapt.c L (L~~XII)
cf

(a.emethylEd;ed der-Lvat i.ve bergapten). Encer-aot i.on of iso:irJperatorin
/\

Ylith perbenzoic acid yielded an epoxide, identioal ':lith the natural:

cJumarin, oxyyeucedanin (LXXIII) •

58Spath and Dobrovolyny eyrrthe si sed Lsoimpex-e.tor-in from

bergaptol and. yy-diroethyl allyl br-omi.de , They I'ound thnt the

hindered position of the hydroxy group made esterification usually

diffioult.

Imperatorin C16H1404 was identified as the YY-d.iJnethyl ether

of xantho toxo L by Spath and Holzen59• They noted that this compound

(LXXIV) on aei.d hydrolysis 0:(' hydrogenolysis yielded xan tho toxoL

(L;:r-l) and th::.t oxid.ation vlith chr oeri,c acid yielded ace tone. Irnper-a-

torin eo.sily isoIDerises to allo-imperatorin (LXXVI). Imperatorin is

L., !~e marmelos

(Correa), P?Eoi~u~ ~~liata m1.a.,as would be seen later in this
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Clausena anisata.

!:hel~_'?2...terin (LXA'VII)

Phellopterll. C13H1605 (n.p. 102~) "Jas fli~st isolated by

Noguchi and Kawanarm,60 from ?hel~.p..terus li tti:?_r2.l_i.~.Benth, and later

by the pr-esen ce of en cl.<lditionctl methoxy group and oouLd be regardQd

as 5-methoxy imperatorin. Phellopterin has recently 088n shown by

Drey.::;r19 to oJ-exist '-iith the Limonoi.ds zapo ter-i.n , 7Q'-obao"J.Tlol,and

Apart from the f'uz-ocoumarins , the plants of' -eheRut.ao aae family

aO:)UL'1din simple sub st i,tuted couraarins • "'-~f'err of the S8 counar i.ns are:

Ae scuLet.i.n dimethyl ether ( 6, 7-{._imethoxy ooumarIn ) (Lll"VIII)

61
t'r-cm ?ag~a ~<;:£.r:()J!.h.l~_~,.3uberosin (7 -Be -choxy-6-isopontenyl

coumarin) (LX,':::IX) from~'"'Etl~oxylium !}_~V_:i;..t~D~61and 7-demethyl-

subero sin ( L',:XX) extr-ac 'ced f'r-om Chlor_o_JS'l.lon~"!'~~.~!3~nia.61. From

isopentenyl-coumarin) (LXXXI)

Toddacul ine . ( 5 ,7 =d.imethoxy-6-

o 62m.p. 95 C was extracted •

. the roots of 'I'odda.Li.a a2"J.leata,UNIV
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From the "Test African speoies of -che Eeliaceae f'anri.Ly , a Lar-ge

number of limonoids have been Lso Iace d in this Depc..rtnent. From the

Citrus genus cf the Rutaceae f'an.i.Ly , many Lamono i.ds have been

obtained and some p.Larrt s of other genera in this f ami Ly have been

shown to corrtc.Ln Limono Ld.s as weLl, as alkaloids wi.t h SOLleoOUL1C1rinsas

minor cons ti tuent s , For example, Diotamuus alnus has 020n r'ound to

be a source of' the a.Lka.Lo.Ld die t.amnane as Hell as the Limono i.d

die tamn, ..lide ( iden tified us r12taevin). '1'he alkaloids die tamn'ine and

eduleine and the ooumar-i.nphellopterin have been oot.a.l.ned from
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Casimiroa edul_is trhLoh also stores the Ldriono i.d zapotar-Ln, But no

,lest A:?ricaD species of the Rut.aceae has so far been shown to

con tad.n Limono Id s , It -..a s , therefore, de oi.d ad to .inve s t.Lga'te the

IVest ,.Ai'rio[-',Jlspeo i.o s of scree Rutaoeae gene r a for the ir Lirnono i.d

oorrten t s , Three viest Afric;nn speo i.es of the ii'ag;ll'a genus namely

I'. Lamar-ai

been investigated ~1l1Ci. none of the three plants wo..sshown to oont.a.in

Lamcno i.ds , We hoped that other genera would give some Lirnono.iu.s and

Yi8, the"-~efc)re, deQided to exauane slPecies of different gener-a,
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llWESTIGATIONSANDDISCUSSIONS

In the course of this study, three West African species of

three dif'ferent genera of the family Rutaceae were .inve stigated.

They were:

(a) A:fraegle pan~culata ( SChUL'1and 'l'honn)

(b) Clausena anisata Civilld)~~~.-.~ --
(c) Oricia suaveolens (Engl.)

~n ..AEGLE_.....R.1Uif.CULATA(Schum and Thonn)

This plant was fOilllorly classified lli.der ~iliegenus Aegle on

the basis of its close relationship to Ae~lJ!:a~e:J...()s (Correa). It
..i:.'::~

is co~nonly found in Ghana, Togo, Dahomey and ~outhern Nigeria. It

is usually planted at the back of many houses in Oyo Province,

Nigeria. The wood extracted was brought from Fidi ti, (Oyo Province

Nigeria) •

It is a small troe ,out said to occur wildly attaining 30 feet

to 40 feet in height. The fruit is or-ange-d iko , but with a tough

shell and is usually about 2 - 4 inches in d.iame ter-, The branchJ.ets

are grey-[,;,recn and its flowers are white and fragrant. The Yoruba

nflLle is "ShangaH•

Two crystalline substances A and B were isolated from the
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wood. A VIasfound to be a known furocoumarin and B a known

furoquinolb1e alkaloid.

Compound! m s p ,

The petroleum ether (60° - 80°) extract of the wooil was conoen-

trated and on allowinG to stand overnight, some cryst2ls appeared.

Tho crystals we re collected, washed with petroleum ether and

recrystallised from methanol to give light yellow crystals m.p. 92°C.

The n.m.r. spectrum of the crystalline substance showed that it was a

mixture. The substance showed ~10 spots on the thin layer chromato-

plate indicating that it was probably a mixture of two substances.

The mixture Y/as then d.LsaoLved in benzene and put on alumina coLumn ,

Benzene brought down a nOVI crystalline substance A, recrystallised

f' th 1 100°C - 1020C.rom me ano, m.p.

The other component did not come 'down from the column.

The n.m.r. spectrum of the substance !i, (fig.1) showed the

presence of two methyl groups on a double bond at 6 1.77 (singlet),

an ethylcnic proton show.in g as a triplet at 0 5.73 ( J = 8 cis ), a

methylene group centred at [)5.09 as a doublet (J = 8 c/s). These
fH3signals indic2,ted the presence of -CH2 - CH = C group. The,"'CH3

dovmf'ri.eLd pos.i ti.on of the methyleno 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.m.r.

spectrum also showed tho presence of two :furan protons at 0 7.45

(doublet, J =.v 3 cis) :for the a-proton and at 5 6.93 (doublet,

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

6 6.44 (J = 9 cis) and at 0 7.S0 (J = 9 cis) attributed to the tv70

coumarin protons. There was a sDlglet at 0 7.83 attributed to a

benzonoid proton. The in:fra red spectrum (:fig. 2a) shoilled a strong

carbonyl absorption at \I 1695, characteristic of the carbonylmax

band of a coumarin.

Elemental analysis (carbon and hydrogen analyses) combined

with the molecular woight of 270 (from the mass spectrometer)

suggested the) molecular formula C16H1404'

It was evident from tho spectral properties that compound f};. was

a furocoumarin compound 'with an o-isopentenyl side chain. Tho partial

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

(,oO~~3,lo / "-.if~O
~ !

(LxX,y)
The next problem was to determine which of the two possible positions

- 0 - c.,H -"2..'

in the benzenoid (5 and 8) the o-isopentenyl group was substituted.
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lss: attempt at hydrolysing A by ref'Luxarig \lith concentrated hydro-

chloric acid in methylated spirh eave a dar-k tu,r which did not

crystallise.

On comparLng the physical properties of compound A (m.p.,

inf'ra-red spectre'. and ultra violet spectr-uin (fig. 2b) with tho

physical properties of some mown furocoumo.rins nevf.ewed by Dean63,

it was found that compound A was sinri.Lar- to both imperatorin

(m.p. 1050) and isoimperatorin o(m .p , 109 ).

Imperatorin (LXXIV) is a furocoumarin ~xtracted from tho root

£.f ImJ2eratoria ostI'uthi~59, and its isoform (isoimpera torin) (LXXi)

was extrac ted t'r-om the SaIi18 plant.

Hydrolysis of impera torin VJith acetic acid containing traces

of sulphuric acid gaviJ the hydroxy product xanthotoxol (LXXV)melting

at 2l1-3°C59• Hydrolysis of isoimperatorin under the same condition

gave bergaptol (LXXII) mel":;ing at 277°. Methylation of xanthotoxol

with diazomethane gave tho methyl ether of' xanthotoxol, xanthotoxin

(LXIX) msp , 1440 whi.Le methylation of bergaptol af'f'or-de d

b t (Lv"IT) 1"000 _ 189°59.orgap en AV m.p. u

Since t ho t.wo compounds Impe ra tcr-Ln and Lsoimper-ator-Ln have

very cl038 Bolting points, it seemed that one '.vayof differentiating

be tween "~hem was to hydr-o Lyae them and then methylate the hydrolysed
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products and to compare the melting points of both tho hyclrolysed

products and tho methyl ethor of tho hydrolysed products.

In order to fllid out whethci- substance A was Irape.ra torin or

isoimperatorin, it was hydrvlysod Hith ace t i.c acid corrta'in ing a few

drops of sulphuric acid. 'rho product Has a whi.to crystalline sub-

stance ms p , 2400C. 'I'h.i.s was very comparable ,1ith the melting point

of xanthotoxol. Mot.hyLzrt Lon of the whito aubs t.ance with ethoreal

odiazomethano afforded a redd.ish crystalline substance m.p. 145 •

This was very close to the molting point of xanthotoxin. 'I'he se D,70

experiments confirmed that substanoo A was imporatorin (LXXIV)

and not isoimperatorin.

Tho oily portion of the extract was chr-oma'togra.phod on neutral

alumina and. a largo quantity of ~-sitostorol was eluted.

Another extrac t of tho same wood was inve stiga ted in order to

get more of tho crystalline mixture nhich meltod at 92oC, and from

which compound A was separated. by chromato [;l'9.t)hy• It was hoped

that the second componcnt wl t.h the lower Hf valuo on the t.1. c •

plato woulrl separate froLl compound whon tho mixture vias put on

a column US:Ulgperhaps silica gel as the absorbun t. Unfortunately,

this second Gxtraot gave no crystals, but a thick oil. A portion of
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the oil was chromato Graphed first, on alumina, and thon on silica

gel. In both cases, a largo quantity of~-sitosterol was obtainod

and. no other crystalline suos tanco s came dovn even v i.th the most

polar mixture of solvonts.

To the remaining portion of the oily extract, petroleum ether

was added to precipitato most of the unwanted S -sitosterol. 1'hen it

was extracted with 10% wator in methano l., To the methano Li,c extract,

some quantity of wat8r Vlasadded and then re-extracted ;lith chloro-

form. Tho chloroform ~xtract was concentratod. end then redissolved

in a little quantity of benzene. This was thon chromato grc..phcd on

alumina. A fraction eluted ,'lith 20%ether in benzene gavo a

crystalline substance, recrystallised from methanol to give large

a C1prism-like crystals of substance .2 m.p. 130 C - 132

The molecular weiCht of 199 (from muss spectrometer) suggested

that substance B contained a nitrogcm atom (molecular.'oight odd},

The inf'ra-red spocrum showed no carbonyl band.

The oLemorrta.L analysis combined with tho moLecul.ar' vieight

determination sUSGested the empirical formula for the

substance B.

'I'll':; ~l.m.r. spec tr-ua (fig. 3) shoved signals at 0 2.23 (singlet)

attributed to an N!i proton, at 0 4.38 (singlet) for tho -OCH3
protons and complex multiplcts bo~uoen & 7.0 and 5 8.0. Attempted
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hydrolysis of B w i th methuno l i,c hydrochloric acid was unsuccessful.

Hyclrogenation of substance B USll1.G platinum oxide as a catalyst in

methanol af't'or-dcd Cl. crystalline substance msp , 1800
- 182°C with a

Lowe.r t .l.c. Rf value than the starting material. Molocular ;faight

of the hydrogenated product (from mass spectromoter) was found to be

203, t~IOunits high.)r than the molecular weight of the starting

matorial.

The infra-red spectrum (fig.L~) of tho hydrogenated product

showed a carbonyl band at v 1653 cm-1, characteristic of thomax

carbonyl band of a 2-quinolone. The n.m.r. spectr~n (fig.5) of tho

hydrogona ted product showed signals at 6 1 .28 (triplot, J = 7 c/ s)

attributed to the -CH3 protons next to a methylone group and at

5 2.76 (quartet, J = 7 cis) attributed to the methylene group, being

split by tho methyl group. 'I'h.i.s indicated that the hydrogenatod

product ;',o..sa 2-quinolone wi.th an othy'L group as a side chain. The

n.m.:c. spoctr-um of the hydrogenatecl product also sho.red tho singlet

at 5 4.0 attributed to the rnothoxy protons. Lc Y.'CJ.S sucgL.Jsted from

tho above spectr-a.L evidences that the hyclrogenated product ,7as

probably a 3-ethyl-2-quinoloXlo compound.

By comparIn g tho physical properties, (molting point, moLocu Lar-

weight <..U1d the ultra violet spcctr um) of some known alkaloids of thu

family Rut acuae with compound ;§" it was found that Compound B was
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identical with dictamnine.

Die tanmine is an a'Lke.l.o i.d ex i.s tinS ill many pLarrts of the

Ru t.ac eue , It .:1..s a nlule:G'J.Lu:'Height of 199, th'~ sa.ue ;,8 t h« mo Lec u Lar'

wei€?lC of compound B and its meh;ing po i.nt 132°-133° is t~.13same as

the me L tille, point of COJJ1POun<lB, It was c oncLud ad , th01'elore, that

::;omp..:;unu B was the known alkaloid dLotamnLne (XIII),

jiydrogenation ruptured the f'uran ring to give 3-ethyl-4-rr,ethoxy-

2-quinolJw;), (LXXXII) ( 180° --11\20\),m.p. v

hydr-o genoLys i.s of' kckusa gane (XXXIX) to give; 6,7-d:li112thoxY-3-ethyl-4-

hydroxy-2-quinolone (XL)36,

Cx Ii I)

'l'h a't the product of hyilrogenaticn of d io truunino (cowp~lund !?)

B k .1 1 42b 1" '. 3 t it ' , I. h dr 2ae or snu CO-WOl~cers lao. maao a =suos l u'ceo.-'-j--y - oxy- -

quino Lone by the reaction of aniline; with a subst.lcu ted ma.Lon i,c aster,
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This method lias attempted. in order t.o make' the 3-ethyl-I~,-hydrJxy-2-

quinolone which, it was hoped, w::-ulCimethylate to th.3 required

4-mGtho:;cv d.3riv,,::,tivG.~ ,

Diethyl-ethyl-ma10~ate (Ly.xXIII) was prept\red ':Jy r-ef Luxin g

diethyl maLonace and ethyl br-omi.de with sodium methox i.de in

. 640, '0
mechanol, '. Condensation of to i s ester 'crith aniline gave

a substanc0 (LXXXIV), m.p. 2200 - 223°C, insoluble in chlo:coform

and its ;,l.m.:2. spec tr-uin in deuterochloroi'orm could not be taken. The

inr'ra-red -1spe ctz-uu showed a oar-o..ny.L band at 1724 om • fl'!1i~band
been

haveldue to the curoony L OUi1d.of the 2-quli101one which weO)U1.o. not

-1om This pr-oduc t was p~·esu.'iledto be a

d.i.ani.Li.do forme? pr-obab Ly by tile c )ml.<msat.i.on of two moles of' aniline

'i.-itr: one icoLe of the substituted ester as shown belo,:v:-

+ ' 6"(" CH1...CJt3

cH- c.o .
I

c\~ . (.Ii).3
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iuwthe:c' approach to the 3-ethyl-4-methoxy-2-quinclvne

(LXXXII) involved the I'riodel Cra.ft ' s metho« of .i.ntr-oducin g an acyl

group to an aromatic rj~1g. 'I.'lD L'eaction of 4-hyd:coxy-2-quir.lol,:me

(LXXXVIII) wi, th acetyl ahlul.'ide and E~luminiwi1Cll1ol.~ide g8..ve3-acetyl-

4-hyCiroxy-2-quinolone (LXXXIX)wh i.ch wa s reducecl:JY scd iuro bor-ohydr-i.de ,

to gi.vo 3-ethyl-4-hydr:-JxY-2-quinolone (XC). \~ethylation of this with

ethere al dLaaone the.ne gc.wo t:18 .ce qu.ir-ed 3-e thyl-L:.-r'lothoxy-2- c;uinolone

(LXXXII), m.p. 1820
• This was t'1e r,J8t~1cdeilrplcyeo. in :preparing

)-isoamyl-L:--metlioxy-2-:luinolonu using isovaleryl chlo:cil18 instead of

4-hydroxy-2-quinolona was pre par-ed by condcn sang methyl an thr-am.Le.te

(LYJCW)\vith diethyl ma.Lonat.e ao oor-di.ng tc th:J rl1et~lOcl of Lutz et

The anthraniliue (LXXXVI) thus obtainaCi Was oyclis~d using sodium

methoxide. 'I'h.: re sul tint; dster (LXX1VII) i'ias hydrolyseCl vi th 4Cf

sodi.um hyCiroxiJe and tn i.s "as f'o Ll.owe d ':Jy dec(U'ooxyla tion to gi V8 the

re(~uired l:.-hyCil'0:1.'Y-2-quinoLme.

Tile n.m.r. spectra of both the syrrthe t i.o 3-e'thyl-L~-ii1etho:~y-2-

qui.nc.Lon e and the material 0btainod when dic t.amnine was hyclrogena ted

.,'ere f -:;m'l0. t.o bo idcmtical in all r espoc t.s . The inrra-red spe etr a of

bo th ccmpcunds were f'ound t:;; be superimp ..)sa'018. Their melting points

were f'cund tv De the Sc.i'18 and mixed melting points '.,rere f'ound to be

undepressed. It was ccne.Luded, thore:'cre, that the pr-od.uct of the
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hydr-o gena t.Lo.i of' d.i.o t.amn i.ne with p.l a't i.num oxide C,Sa o a ta'Lys t :L'1

methanol wa s 3-ethyl-4--methoxy-2-quin·:.;Lme (L~;:""Q:II).

I-~ is f,.lUnd in Togo,

Dahomey, South crri Nigeria and in Baucha, plateau in Nor-ther-n Nigeria.

It ocours as a small tr;J8 up tJ 20 f't. high in SCilleD.reas.

Th , r-cots 'Jf the plant -;:-ero ext:C;;'-,l)tedand tne ex+r-ao t , e.fter

s tand i.ng • The cr-ys tu.Ls were separated f'r-om -~ho ..:;iloy wa.sh i.ng with

po tr'o Leum eth81~ and filtering. Re ot-ys tu.Ll.Lsa t.i.on f':)ommothanc.L gave

li&1'C ye TLov cr-ys to.Ls m.p. 980
- 100°C. 'I'ho infra-roo_ spc ctr-um was

found tc be identioal in all r-cspuc t s "ith the infra-red spe ctr-um of

spec tr-um of' the crystalline subst.ance was aLso ide:1tical wi.t h that of

imporatorin. 'l'he se facts shcv.ed thrLt the cr-ys taLl i.ne suos t.anc o from

C'Lausenu un.i sat.a Has .unper-ato:cin.

r'e s i.duo v.a s C~ll~GIilc':COgrc,-phed on ncucr' ~',l a.IumLna, Anoth-.Jl' crys t.::,lline

sub SLance C o 0m.p. 150 - 153 C.,la3 br;:;uGht down f'r-om the ooLumn

'I'he infra-:cc.:d speot.r-ua (fig.6) s:10wed a str,.ng )0=0 band at
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CEl This a)')8drea. -C0 08 tho carbcnyL band. of a coumarLn r".ther

'than of a quino Lone, Tho n az ;r-, spo ccr-um (fig. 7) shoved s i.gnn.Ls at

f> 1.67 (sint;let) and [) 1.83 (singlet) 2vttributed to th'") t'!O methyl

groups on a d..:mblo bond, [) 3.l1-5 (doublet, J ::: 6 o/s) as si.gncd to the

two pr otons of a methy.l one group and 0 5.22 as eompIcx tripl.:lt attri'Jutod

to tho vinyl pr-oton , 'l'h i.s por t i.on of 'the spectrum .indi.cu tcd tho pr-esence
/C1I3of' an isopcmtenyl group -CU2-C!i :::C'C~I3 in the comp.iund. The

nvm ;r . spec tr-un also showed signals at 6 3.93 as a s i.ng.l.e t ocunt i.ng for

6 pr-o tons and this .ras a ssi.gncd to tY10methoxy groups. There ',,3ro two

A3 dcub Let at 0 G. 13 ( J :::1C 0/ s) and 6 7.97 (J::: 10 0/s ).

':(,hese t\W doubL: ts;rere chcr aoter-Ls t i.o of 1'1-4and H-3 pr\..tons of a

ooumar-In and. a singlet at 0 6.32 attributed to a beriz enoi.d pr-o tcn ,

Sino'3 the n.rn.r. spcc t.rum shoved the pr-esoncc of.:mly one bonzenoLd

proton, tho benzencid ring of t.h , compoundwas likely to be highly

substituted. From the. nbov.. spectral prop;:;rties, t110 par ti.e.L structure

(XCI) ',Jas suggested for the coumar-Ln,

The ncx t pr-oo.Lemwas~0 find out t:1e positions c)f t h::; t r-o methcxy

groups ,':'.ndthe .isopcnteny L group :L1'1tho beriz enold l~ing. Six possible

structure s CZCla - xcrr) oouLd bo \,'2'itton down for tho oompound,

By' comparing the ultra violet absorption of var-Lous dime+hoxy

oounar-Lns revio'i18d by tz!. M. ~e8n in his book66 , it ':as f'ound tha,t t.he
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uLbr-av.LoLc b abs0Tf.)iJicm of "cho 11ev1 o r.mpcund C (?ig.8) "as much closer

to the. ultraviolet ab sor-pt i.cn of 5,7 dime thoxy ooumcr-i.n than any of

tho obhc r- d lmethoxy ooumar Lns ,

The ul tr,,,- vi.cLo't absor-p t.Lon s of some known dime thcxy ooumnr rns

and tho new ooumarin C ar o ShOWL'l in the tabla bo Lcu :

5>t~\~~~h-;i;'·'.,6,7-t~~~;-;Y'-~r~7'~-8-~i:~ti;o;;y---lii8-~;'c'(;~;~:;~c"-
--.-.'~ ...,.~-~,--'~~.-.--,.....--.-.,....--·'1--.-..·..-'.~---·---··"---r"-' -.--...~. --.- ..-

246 lIJu 235 mtJ. \ 250 IDIJ. \ 213 n1f.l

::: : \ :: : \ 318 ~ \ ::: :

~.-- -- --.---~~---"'--"'-,--- •• <.- -.- ••.•. ---.--.-- -- -~~-.---.l.----.-.~-~.---.-..
It sccmed , theref01'G, that the new coumar-In C was pr cbab Ly ei"\:;her

5,7-c.il!lOthoxy-6-isoj)ontenyl ooumaz-Ln (XC1a) or 5,7-d:iJnethoxy-B-

is:Jp,mtonyl coumar-In (XCIb) and not any of' the other structures

(.~CIu: - ~~CIf) .

Bub 5, 7-dimethoxy-6-isopontenyl coumur-i.n (~CCIa) is a knovrn

G:;mpound., Toclclaouline 62 whose melting po In t (950 ) diffors from the

meltil1[S point of the; 118W coumar-In C. 'I'h.: only struoture left for

c::msideration, t.her-ef'o r-e, was 5,7-dilncthoxy-B-isDpentcnyl ooumar i.n

(XCIb) .

A c:::m.firu12,tion of tho s tr-uc tur e of t!1<; coumar-in C by th,:,;

syn the sLs of (XCIb) "as than aimed. at.
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5,7-dimethoxy ccumar iri is D- phLor-og.Iuc i.no L bel-sed oompcund, Tho

startin.g material for t ho syrrtho sLs of 5, 7-d~i.m8ti1oxy-.,q-is():~)Gntonyl

-;l~S illi:.de a.t ma.lzi.ng 5, 7-di,1l8tb.0XY coumar-In before introe.\'w~Li1£ the

iS0pentenyl gJ.;'0UPac oord ing to ti10 pr-cpc sed SOh8flG

OH

1--10

)

lx c (I C)

----~
Ac2..0

~
IO/~

(X ell c\)

(XCf b)
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Ph.Lor'o g'Luo Lnc L (XCIIa) lias fo:r:mylated by a mo thod Modifiod by

I, Lk.i ~ ,,-. t . 67 rn)' ,J' 'd'.ia a.n ann lnerel1S e i.n 0 LllS W~S o.one oy pa s sarig ry hydr-ogon

o:110ride gp.s i:1t,;; a s':.,luti.:).l of ph.l.or-c g.l.uci.noL Ln dr-y other ocnt.a irri.ng

zinc oyana.dc ,

Ccndensa tL,l1 of tho phlorogluoinaldehyds \7ith acetic

anhydride 'oy t.ho method of Hcye S ;,:;'10..ctooJrtsc.!l163, g~1Va,ins coadof

thQ cxpe c ted 5, 7-dihydroxy eoumarin , a dirty br o..n oil wh Lc h did, not

so l i.dif'y 0 The .inf'va-z-ed SP]O tru di.d nc t show t.hc char-co teris tic

a ,e unsaLur-a ted car-conyL band of a coumar-In0

It wac thcugh t that tho dime thy.L e thcr vf ph Lor-c g.IucLna.Ldehyde

might eyo 1ise aa. s i.Iy ::U1S t",ad of the phloro glue ina1dohyde. ::>hloro-

gluoinol rra s di-mJthyl,:tGd 'by a r,l.:;th0dHodiI~id, 'OY Pr-a tt ai.ld:,Lbinson69 0

This inv;;lyed pa s s i.ng dry hydz-o ge n ch Lor-Ld e int0 th8 ::;olutio;,l .)i'

ph1ol'.)glue:iJ.1.:.,1in ana Ia r methano l.. 'rho dimothy.l oth rr of the

:lJhlOl'ogluoinol thus 0'.1taD10d .ras f'cr-my.La tcd us i.ng f'oruian iLi.de and

pho s phcr-y L cilL,ride 69 t ; give tn.. salt
~ v -

OR = CR - Ph ECI~ wh i.o h Has hvdr-c Lvs ed
) v 'v

r

{(CH30)2°C6':200H -

the

t:'18 so Lut i.on of dimethy'L eth(;;r ()f ph.Lcr-o g'Iuoi.no.L in dry ot:1er o::mtain-

iilg zinc cyan i.do as was (:"':;11-.) in bh.. f'crmy'Lab i.on of ph.Lor-o g'Luo Ino l •

A much imp!:.:.w.::;dy i.o.Ld 0: dime+hoxy ph.Lcr-o g.IuoLno.Ldchyde v.ras oo tc.i.nod 0
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Vigor·~us aee ty.Latd.on or' dnaethoxv·ohlorool'·luclll.aldehvde with~ ~ ~

ace ti o anhydride 8.11.0.. sod.Lun acetate gave a d.ar-k (;reen oil whose anf'r a-

red. spec tr-um did not S110\7 any trace of a ccumar-Ln,

synche s Ls --P
VJ. the coumar-i.n ·.ras still boang at tenpt.ed ,

D.L. Dreyer 70
reporte d the iS01.:.:ticn lmd syn the tic cord'n~I!L1.tic. 11 ot:

ccumar-z-cvtn (." ..) 1570 153°)_ j.'·'·l • -

we caLl.ad .9.. ',['.;10 n.Jll.:'~. speccr-a oz' tha tIT;')COj.qo1.:.m':'s were vez-y sini1.a.r.

'1.'11einI~i~a-red apeotr-un of coumarrayin kindly supplied by Dreyer ;1IDself

was found tc.. be super-Impo sab Le on the i:ni'ra-red spectrum of our

SD.:J18 C')I!1)0Undas coumar-r-aydn, 'I'he st::..~ucture of' ooumar-ruy in .ras

elucidated anu confirmed synthetically by Di~eyur70 as 5, 7-dilDetho:~y-

8-isypentenyl COUl1J.&'i'ini.e. (XCIb). This,las the struoture proposed

1,;,+'··.·'Cl'UCl· .. ' r: t1.1" l' s·penteavl !-!i~C.U1)tc Ule benzenoid rLng , but Dreyer_A~V ••• ,-, •...•.b -.......... .... (:J .J:

phloroglucinalde:lyd.e bef,)re cycLt s.rt.i.on to tho CJUL'lJ..rlllas shovrn

L~ the next page.
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Ac~0------.>

(><CI6)

ORICI1\.SUAVEOLENS(:8ngl.) Verdoon

Oricia suaveolons is a small under-storey plant locally

abund.arrt 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 ViaSextracted with light petroleum

ether (600 - 80°) to afford a large quantity of oily material.

CoIumn chromatography of the oil on neutral alumina gavo a

yellorr crystalline substance on eluting with 2a{o benzene in diethyl
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ether.l1ecrystallisati,Jn fr0111benzene gG,veLar-go, glassy prism-like

cr-ysce.Ls n.p. 1500 - 1550 wh i.oh was optically inactive. 'I'he

mcl.ecuLnr-weiGh.t f'rx.m t:l.e mass spec tr-cme ter- gave 301 and the froct that

the no LeouLar- weight rras odd suggested the presence of a n i tr-ogon a tou ,

The pre sence 01 a nitrogen atom "as conf i.rmod by Las saigne I s te st.

'1'he eLcnental. analysis (caro()ll. and hydr-ogen analyses) combined. -:,rith the

['10looulr.2 \:eigh-c det8rI11i:l,~tioil.suggested the empirical formula

to as oricine showed a shnr-p single t

ocunt in., fJi~ six pr.:.tons l,t 1) 1.53 and this vms attributed GO t'.7O

methyl grrups . 'I'he r e .\i).S 0. shar-p singlet at 6 3.70 courrtlrig for three

protons an; this singlet v/as thought to be attributablo to the protons

of a methoxy grcup , but later found' to be due to the Pi~_,tonsof a

methyliminc gr_up (~NCH3)' The singlets at 1):3 .98 and {).4.oz
counting f;)r three pr-otcns each ".70reas signed to two Dethoxy groups.

There Here tvlO doub Lets centred at abou t 6 5.48 ( J = 10 c/ s ) and

1) 6.75 ( J = 10 c/s ) wh i.ch wer-e not downfi.e Ld enough tv be attributed

t'J 'che H-l-j- and. H-3 of C'. o cumar-i.n , In fact, the infra-red spectrum of

or Lcine (fig. 10a) did not indicate the pre sencc of a coumcr-Ln, '>,Te

th:ught, that the doubLet s ':fere due to the e t.hyLeni,c pro tens of such

gr-oup.ing as := with no hydrogen atOLlSon the contiguous
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oar-bcn atoms , The signals at I) 6.73 and 0 7.31 vre ro attributed to

t\!~ benzenoid pr.rtons and S::L.'l.COthey did not couple ;"ith each other,

they wer-e, perhaps, para t:: each other.

Hydr.}genati{m of or-Loi.ne _lith plc.timm oxide as a cata.Iys t in

met.hancL gQve dihydro-oricino Jtl.p. 1500• In the n.m.r. spoc tr-uu of

the hydrogen(.~t8d produo t , (fig. 11) Le. dihyd:C'o-oricine, there '.7ere

t.-r:l tl~iplots centrecl at ab cut 6 1.83 ( J = 7 c/ s ) and 6 2.65

(J = 7 c/s ) 'which were not in tho n.T<'!.r. spe ctr-um of or i.carie , The

dcuoLet s cot 0 5.lj.8 and 0 6.75 in tho nvnr..r , spoc tr-un of' oricine Here

absent in the nvm ;r-, spec t.rura of the dihydro-derivative.

TvljlocuL",' wei.ght (from mass spectrometer) of the hydrogenated

pr .oduct r.-as 303, an addition of trro units to the molecular wci.ght of

oricino. 'I'hi.s indica. ted that t~1ere,;as only one reducible ethylenic

'oond in oricine. 'l'hc pr-eaencc of tha t\iO trip18ts in the n.m.r. of the

hydL'ogen&:tedproduct and the absence of the doubLot s at 0 5.48 and
H

o 6.75 indico.ted th[;t the -C = CH- group \TaShydrvgCll2.tcd. t:J a

Compar Lng the ultraviolet spcc tr-um of .)ricine (fig. 10b) ~7ith

tho ul travi.)let spectra of same knoi.n alkaloids of the Rut ac cae p.Ian t.s.,

it ..2.S f'ound thE1.tthe ultraviolet absorption c,:' or-i.ci.ne iECS very

sind.La;: tc the ultraviolet absor-p+i.on cf' fIinders:U1G, an a.Lka'LoLd f1':>11

the '.'1,)00. of :l!'Ii.n.dersia aus tralis 43. It appe ar-ed, t~lGrefore, that
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oricina had the S2rJG nucleus 2,S flindorsine and t:1.e structuros (~CGV)

and (XCVI) ·,:ero suggeste d f'.:)r the net: a.LkaLoi.d or-Lcino 8.n1 its

dL~ydro derivative.

The three-prot::m si.gnaL D.t 0 3.70 in the n.lll.r. spoc tr-um of

so, ~18 '.lcnd'o::red",l1y the pr-oton s of tho msthoxy gr-oup shcul.d resonate

at a higher fielc.l t:1.8.nthe pr-otcns of the other -Gw·,-, metnoxy gr0ups.

He a.ssumed, thcr-af'o .•'8} th<.:..tf'or- these pr:..tvns to give 0. signal ac such

a high field, it shouLd be substituted in tIle hoteocyclic ring and

very close to the hetero atom. '1'h:;methoxy grou: tilLS, therefore,

The quantity of or i ci.ne obt a'i.ne d fr,lIJ tho 0xtr2ct c:as so sraa.LL

that c.eGl~[~uC1tiv-0vror-k on it in ordor to ccnf'Lrm t:1is structure -Jas

iL1)(;ssi~le. It was deoided, thereL;:..~e, to ocnf'Lrui tho structure of the

ne~l aLka.Loi.d by synthesis.
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SYNTI-fr.;SIS OF tJRICINE
•• ~ • a- ~. •...•...•.•.• >< .0_"", _.•~ ••. '" .--4."_ ..•.•.-.

A pos s i.b Ls :L1.te:;'7,1.ecliatain the aynthe s i,s of or-Lc i.ne .ras thought

to be 6, 7-d:iJ:,}ethO},..'Y-l~-h:Tdroxy-2-quin)Lll1e (XCVII). Reaction of this

o.::rllp.:.,uncl'.Ii th :3~-diilethyl ao.ryLcyf. chloride (by "'v:1.8uo thod of Bro.n

4l!-. , )et [,,1. In tn:) synthesis of fl:L1.dorsine would give, it was hopcd , the

e ste r- (XCVIII) \,hiGh vrouLd than isomcrise and cyclise to give the

ketone (XCIX). Reduction of the ke tcne f'c Ll.owed by dehydration was

expecce d t c give tile compound (C) wh i.ch s hou Iu 08 ccnver ted to (XCV)

by ill .tihy.La't i.cn wi.th diazo ue thane ,

an arylamine \{i~.;hEHllc)l1icester in a h i gh 'o.:.iling s cLverrt , The

ar-y'Lami.nc r'e quf.rcd in the synche sis of the 6~.7-'dimet:b:ox.f~o~-nydroxy-2-

. 1 6' J. 1 and "1'11' s -,"'-'s '··l.'-J:", f'r'om oa+;">",,'·1··'171•qUln.) '..:newas ,-aro.lI1,Jvera,co e 'v ,~" -,,~~ _0 v~ ~ '-'

Cat.e ohcL .ras motiwlate0, ,;i t~1 a mi.xtur-e of o,iI.wthyl su l.phaco anc; caustic

-, - ,•. ,- - 11 ~. d',{ " " - 72\-,_~~ Cl·.. e~ cell ~ 00:G1S;'.hl . •.:.ttehlpt~(:~cc ta Lytd,e r-educt i cn of the nitro-

v8ra·crJle (CII) using 1O~~pa l Lad i.sed char-coa.L at 3 a traosphcr-e s was

unsuccessful. Reduo ti.on of tho ni tr.)veratr.)le t::; the am.incvor-a tr.)le

(CIII) .ra s effected cheu i.ca'l Ly by rofluxing 'the llitr..; c cmpcund Uitil
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tin in 50% bydro;:ilflorJc acid 73. ~'h8 ai..ri.nover-a+r-o Le '.KtS a low melting

solid (D.P. 760) wh.i.oh quickly d:::.:dwnodon exposure to ail~. 'l'he :Lli'ra-

r-ed spectrum showed tho char-ao ter-Ls t ic absor-ptaen for ·1.;[18 -NH group
2

as a d ublet ~t Vmax -1
3333 cn •

Attomptod condenaa t i.on of th::; m1ino-voratro18 ,·Iitb d.i.ethyL

ua Icnat o by r'af Lux.ing the oixture in diphonyl ethor gav0, Oi1cocling,

a greyish solio., m.p. 210°C.

I\I:)locular ·,[eight fr::.m the mass spectroueter vra s f'ound to be 360.

The fact that tho moLccu.Lar-'.Teigi1tHas even suggested th,:l,t oithGr there

was 110,)nitrogc)l1. atom in tho moLccuLo of tho product or that there were

"b,i0 nitr::>gon ;J.t_.E1Sin th(] pr-r.duct , Tho soLi.d ',JaS insoluble in chloro-

form and its 11.;:1.r. spoc brun in deutor.o-ohloroforn could not be taken.

Lassa i.gnc ' s test.

It \7aS, likely, that the solid formed ~/as a cli-anili0.8 (CIV)

f'ormed pr,J'oilbly by the condens atd.cn of -b',;) moles 01" d imethoxy-una.Line

(6-a.tllJ.1.0veratr:olo) and 01'10 malo of Balanic ester.

An0tlkr appr'o ach t::; tho 6,7-diuotl10xy-LI--hydroxy-2-qu:ll1.olcme by

Lutz et aL, 65 had madetho Ka2lof an an t:1.ranila te ··,;30s sought •

1+--hy0.r0~:y-2-quil1.o1onuoy heating uo thy.L anthranilate vzith malonic

ester and tho :co suLtll1g anthran.ilide was cyclised with sodium mothox.i.de ,
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Tho r-osul ting 3-carboxyl-4-hydroxy-2-quinuLn8, af'ter hydr-cLys Ls , rraa

decar-boxy'La'te d to the required LI--hydr'Jxy-2-quinoLme.

The synthesis of 6,7-dirJ.ethoxY-4-hydroxY-2-quinolone nas

attcupted by adc,pting tho above no thod 0 This involved making rae thy.l

veratrab (reethyl 3,4-d~etho:x:y anthranilate) (CX-I) fr0I!1vanillin

(ev) .

Vanillin \'Jas methylated with dincthyl sulphate Dnd caustic soda

tv give veratraldehyde (CVI). This vras converted Lnto ver-a tr-a'Idoxine

(CVII) which was dohydratod iJith acetic anhydrido to givo voratro-

nitriiLe (CYIII)74...1.. The nitrile ",7aShydr-cLyaed by 1O}1 caustic soda

74bsolution and the resulting ver-atzeLc acid was nethylated ;vith

-1-1 1 t.a.lrri f' .11 "1 . t ,.., 1 1" •d74c.L •metriano oon aarurig a ev: Ell l l res 01 su pnuru,c aca ('0 gi.vo

mothyl, veratrate (CIX). Natr-a td.on of' the ne thy'L ver-a'tr-at;e '.'lith a

. t f' t· .d d t· "d75 . t 1 6 ··"t t tEIL'C ure 0 na I'lC ac i. ano, ace lC aca, gave me .hy -nl ;):'0 ver-a r-aco

(CA) which was reduced chenically with stannous ehloridG and hydro-

G~loric acid75 to give methyl 6-um"incrveratratc (CXI) n.p. 127°C.

Condensation of the methyl 6-a.mino veratrato (methyl 3,4-

C:.i:!lGto.oxyanthr-am.Lato) (cxr) -,ciithmalonic estor gave a solid material,

ill. P • 750C, soLubLo in chlorof'orm. Tho infra-red spec trul:1 (fig. 12)

shoned a sharp ester band at vElax
-1

1721+- em and a carbonyl band of

probably an ami.de at -1
1667 CD • The n.ll.r. spec t.ruu (fig. 13) showed

the presence 0:2 W,1 othoxy group -OCH2CH3ltriplets at 6 1.32
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(J = 7 o/s) and quarto t at 0 4.29 (J = 7 o/s) three -OCR3
gr(..ups at 6 3.90, 5 3.93 and. C 3.97. Thoro -,;msa sharp singlet at

6 3.52 coun t ing for JGl70 protons. Tho moLccu.Ler- Iloight of tho compound

fr.)fJ. the ma s s speo tr-omo ter- was f'cund to be 335. Fron tl1.~se spectral

evidences, we arrivod at the c onc Lus.i.on th8.t tho pr'oduc t ,Tas tho nono-

na Lonozri.dc ( eXII) f'orrio d by the ccndens a tien of 1 molo of ~ethyl

6-a.rilinoveratrate with cne Dole of ma.Lon.i.c oster thus:

1
(H0'(.. coOCH z
3 .,):~ ~I-

I:\,O/~ N - CO . CH COO {t-: +
~\~ I ~

H ((l.ll)

CH CH OH- :, .2

AttOi::lptod oyc Li.sa ti.on of the lilonc-Icmlonamid.e '\)i th sod iuu methoxide

nas unsuccossful.

Anoth.sr attc::Tp-C at nak ing the 6,7-di.;"oth:lJ::y-4-}lYdrc>:;::y-2-
76

. 't' l\T t 1 J..' "'r; le 'I'hcr'pe '!""G.~ ro;:,v-rtodquinolono was soug.·.! Vla l'-8.CO y. vera vronl v -. _v ,,,,,,- lJ
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+h., f'o rua't i.on ~,:f 1-i.r'lin·:)-2-cYall.O-oyolo-pont.:me (CXIV) by the

cycLi.sat i.on of ad.i.poni.t.r-Ll.e (CX~II) ,;ith sodj.u.i ethcxt.dc •

It was hoped th:-..t a s irri.Lar- cyc Li.sa.t.i.c.n of 6-N-acGtyl veratro-

ni trile (C1."VII) would give 6, 7-diL.lGthoxy-Ll--inmo-2-quinolone

(CA"VIII) which shcuLd then hydrolyso to the required 6,7-dir£lethoxy-4-

hydr:;xy-2 -quano.Lono
\'-.\
III

/- r- 1',\[ I~L
'---

l,.LIZ \ I\)

(XCVII) as shovln below :

._-)

\,-\H
\1./'''1 C\'-.\

I !
I I, -

CH,Q /' CI'-\~~>/
. ,"./" • 1I I

~!Icl-\ 0/ ""'/
~

1/:4.(. (\
2. x.>

-------~/

,-ec.\ ',.\ce..
.----'--- ~

(c».'II\...:. )

1\\ 01, 0c ri :(
.--~
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The 6-N-aoetyl veratronitrile Has )repared frulD.veratronitrile

(C\JI). Ni.tr-a t i.on of veratr.:;.nitrile '.1it:l a m i.x tur-e oi' ace t i,c ao i.d

and nitric acid CD 1.42) at room te':i.lper3.ture G[:..ve (,1. quant.Lt.c ti.ve

yield of 6-nitrovera tr~ni trile (cxv) V1~1:;_Ghwas r-e duoed '.7ic:t stannous

yie Ld or:' 6-a':'JinoveratrO:1itrila (CAiTI) o
m.p. 90 C

t..:, t~18 cmino cera-

p.)und.,:as :[0U.i1&b ~Je mUC:1 m.J:~8 facile and cave dare quunt i tatd.ve

in the 6-ni·cr.::,verat:L~0nitrilo "as Le s i. sterically :lind'3rec. than the

anhydride and a ::e,{ di'OPS of' su.Lphur ic a ci.d D.t r com te:nper:ttu:ce gave

the N-.:wetyl ver-atr-crri tr-i l.e (CmII) as 8. white orystalline substcnce

Cyc.Li.sa ti.on 0:( N-e ..cetyl ver1.tr,::nitrilo was (;Lttem:.;rcedby

r-ef'Lux i.n.; the nitrile \rlt:1 scdi um echox.ide in D..bsolute et~1.:?n01. On

[lddinG '(;~13 :..'e.:.toti:)11m.i.xture tv 0010. water, fine, c}"ema-G01;:)U:'Od

.zas obta i.ned , 'I'he ini'rD.-red speocr-um did not show any onr').:.:nylband.
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presence of an eth~xy group -OCH2CH3 [triplet at 6 1.45 (J = 7 cis)

and a quar te t at 6 4.59 (J = 7 o/c)]. There was a singlet at

t 2.65 counting for three pr,)t:ms and this was attributed to a methyl

group. The singlet at [) 3.98 countd.ng for six pr~)t0ns was attributed

to two methoxy groups :md there Here trIO ar.:;m::~ticpro t on signals at

6 7.17 and 6 7.30. 'I'he moIecu Lar- wei.ght i"!8-S found to be 21:.8 from

mass spectrometer and this combined with the elemental analysis

From the n.m.r. spectrum, t\\iOpos si.oIe s br-uctuz-es could be written

down for this compound, the qu.i.ncLone structure (CXIX) or the

benz - pyrimidine (CX:x:)•

The quinolone structure (CXIX) cou.Ldnot have been the true structure

of the compound because infra-red spectrum did not show the presence

of a car-b.iny'l band. The n.m.r. spectrum indicated the pi-e sence of

-OCH
2

CH3 and not C-CH2 CH3 because of the dovmf'Le Ld chemical shift

of the quartet attributed tel the methylene group. The methyl sign.al
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at 0 2.65 in the n.m.r. speotrum of the pr oduct rras not acccunt ed f,::;r

in this s truc ture. '1'h8 structure of -V10 compound u.as , th:Jrefc.re,

likely tel be (CXX). The fact th<:.t the tl1.iee-pr,-,t.::.nsignals at 0 2.65

structure.

was 0. sharp singlet justified its :?0si tion in tho benz-pyrimidine

'I'he cycLa.sata.on of N-acetyl veratronitrile tv the dimethcxy benz-

pyrimidine (exx) took pLace pr-cbab Ly by the mechanism ceLow:
Ot.1:"

~) \ 0
Ot t 0.: (\.~/c::. N")
__ ~ 5 ~"l/ //'1

I I v/;6
O/~/,~\ ...C

C\\ I~" CH)

Q Et

The cycId sat.Lon reaction is very sirnilar to the mec.iam.sm of the
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hydrolysis of a nitrile to an amide thus:

-c _t---\ + ()H(-")

c H
/

--- c.
~I""IH

~
/::::-----

,yO-c
<, NH 2.

The accidental cyclisation of N-acetyl veratrJnitrile (CA~II) to

2-methyl-4-ethoxy-6,7-dimeth0xy ben~-pyrimidine (CXX) is similar to

the cyclisation of N-methyl-N-acetyl arrthr-an.i.Loni,trile (CXXI) to

1-methyl-2-methyl benz=pyr-inri.di.ne (CXXII) wi. th hydr-ogen chloride gas

in dry methanol recently reported by ::;. C. Taylor and Y. Shvo78•

-. \ • (c. _ \" •. ,')C ~\C. \\._" .'.' u ,

----------~------~.,-

lCl-\?,) 1-SOt
---~
~\c\ v\-\

o

al~L
I

I'3

In
/
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In search e,f a su'i.t.ab Le .irrbe rmed'Late ti1at wou Ld cyclise to the

required 6, 7-d:iJnethoxy-4--hydl1,:\xy-2-qullLlone, F-ethyl-ace-coveratr;,me

f'ormate (CXXVI) Has th.:)Ught ,A' as a pos s i.b i.Li. ty. 'l'his ',Ias nade f'r-om

ver atr-oLe thus: Ii'riedel-Crafts acy Lat icn of ver-a tz-oLe79 gave a good

yield of ac otovez-a t.r-oLo (cxxrrr) which -,ms nitrated vIith a mixture of

acetic acid ana. nitric acid (D.1 .L:-2). 'I'he n.i tr o ccmpound was reduced

by stannous chloride and me thano l i,c hydr-och'Lor-Lc ac i.d to give 6-amino

ace tovera trone (CXXV). Reac t.Lo.i of the 6-aminc sicc: 'covera tr one rri, 'th

ethyl formate gave the required N-ethyl acetover-a tr-one formate (CXyVr)

recognised by its n.m.r. spectrum. Attempted oycl i.sn t.i.on of the

N-ethyl ace cover-atz-cne formate 'with s.id.Lumethoxide vra.s unsuccessful;

the startinL material identified by the infra-red an d n.m.r. spectra

was r'e cover-ed,

c Ct' ,'HClIn '1 I

- \
/

r- l l \.1,,-,.0 COC \1,

) ",~\ /' -"---I~ 11 Cl co\: tt
~ -----)

()\c/ ~ "NHL..:,

cH 0 OC.OC\.\<3> " /' ...J

cli c:~ N/-l CoD Et
"

,./

UNIN
ERSITY

 O
F I

BADAN LI
BRARY



83

It was t.hought that, per-haps , methyl l'T-acotyl veratrate (CL\VIL)

might cyclise ~lith sodi.um hyd.rid.e t~. the l?equi:ced 6, 7-diraetlDXY

qu'i.noLone, metl1.Yl.6-ruilino voratrate (CZI);ias conver-t.ad t:; mcchyLN-

acetyl-Vera trn.te by acetic anhydride and a fe'~;r drops of sulphuric acid.

at r'com temperc.ture. 'I'ho methyl :;T-ace"tyl veratro:co.:as r-ef'Luxed ,"lith

sodium hydride in benzene and. the pr'oduct obtained after destrvying the

excess sodium hydride was a high raeLt i.ng sc Li.d, (m.p. ?' 30C,°) insoluble

in ch.Lor-of'orrn, l\1ethylat i.on of tIle soLi.d with ethereal dLaaomebhane

gave a crystallino substance whose n.m.r. spectrum in d.8uter·" oh.l.or-cf'crm

vvas found to be Ldent.Lca.L in al:Lrdsp0cts ',iith the nvm s r , spectrum

of methy I N-ace)c,:::!lver-a'tr-ate , t.he starting mate:.'ial. I'he high meI ting

solicl Has likely to 08 N-acetyl veratric acid. (CXXVIII). It seemed

that the hydz-cLysd.s of the es tor- gr oup of t~lGne thyl, N-acetyl veratrate

tv the carboxyl group took pLacc and this ccuLd have happened onLy if

there was any trace of Hater in the reac tLm mi.x'tur-e,

The cyclisation was repeated using metallic scd.Lumin toluene

instead of s.)diillil hydride in benzene. o 0A solid (m.p. 233 C - 236 C)

which was LnsoLubLo in chIor'of'orm was obt.aaried , The mass spec trum f!J3-ve

very shar-p peaks at M+ 239 and. it 221. It seemed fr -,za the mass

apec trum that the solid was a mixture of t.wo substances with the above

molecular weights. The required. 6,7-d.imethm,-,y-4-hyd.r·oxy-2-quinolone
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+homolocular wei.ght of' the N-acetyl vera tric acid (Cll'VIII)

( LI' )(\) II .)

2.2. {

The difficulty in Qyclising methyl.N-acetyl veratrate could be

explainod by th.~ fact that cycLi.sa'ti.on depcnds on 1;;.1eattack of'
(,-)

-CH2 on the car'b.m joined directly to tho benzene ring in the ester

group of tho voratrate. There are two eIcccr-on-dcnatdng methoxy g:rJu~s,
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supplying electr::.ns t.o the benzene ring, thus mak.inr; the methyl (-N-

ace:l;yi veratrate less r-oac ti.vo than methyl N-acetyl arrthr-cm.Labe (which

has none of' such eleotron dcnatririg grx.upa}, \"ith eIoc tr ;n dcmatiO.l:

to this carbon atom of the ester gr-oup of tho methyl_N-acetyl veratrate
(-l

as shown below, the at taok of t~lO -CH on it beccmes difficult2

and if there is any competing re' .•.ctzion suoh as hydr~.lysis, it w·:uld be

preferred. With any slight trace of \later either in the solvent of

the reaction or in the reactants, hydr::·lysis wouLd p:c-eforrentially take

place.

The experiment was, t.hcr-efore: r-opca ted using drie d t.:.luene.

A solid was obtained and this a:sain 3ave b-.:) peaks in bhe mass spectrum

at 221 and 239, but the 221 peak was much str-c.ngez- than the 239

peak, LndLcat in g a larger pr-opor-ti.on cf the required 6,7-dim8thoxy-L:--

hydroxy-2-quinolune In tho mixture. Since the mixture WQS insoluble in

most commonorganic solvents, separ-at icn of thod tw~~ suos tanc es either

by coLumnchromatography or pr-apar-atd.ve thin layer chromatogr ephy was

not attempted.
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Ashley, Perkin Jr. and Rcbi.nson81 usud sodLumgranule s instead of

chips in a high boiling solvent (t0luone) tv cyclise ~e-th2rl.N-a0Btyl-

anthranilate to 4-hydroxy-2-quiJl.clone. The use 0:1:'sod.ium granules

instead of chips provided a lc.rger r-eactii.on surface area tha.n the

sod.i.umchips. This mothod was ad('ptad in anoth cr effort t:.' oyclise

inethyl.N-acetyl-veratrate. Ref'Lux.ing the mcthyl.N-a.c6tyl-veratrate

wit.h sodium granule s in t,-luene gave a s"lid:;'hich vas believed to

be mainly N-methyl veratric acid (mass spcctr-un gave 2. str.mg peak

at 239, but the 221 was much I/eaker).

82Ge0rge Koller had pr-apar-ed Lf--hydroxy-2-quinil::inG by the

Claisen condensation of methyl anthranilate with diethyl malonate

us irig sodium .ethox.i.dc in a sealed tube at a. t.erapez-a tuz-o of above 14('uC•

The resul tiug 3-carb0xyl-2-quinolone was hydrc Iyscd and decarboxy.La'ted

t;) the required quinolone accc rdang tv tile scheme below:

1I) Ii'j ct",v~~ .,

\,?-) _ C0~

1\.1" oC H-. .1.)

-----------~---

01-\

.,./~~"). ./ 11 'II ~
I I

.. I
~ N/~O

\
H

o 1\.\ 0, c: t-
\ (co

~~/

! t I I
1~//"I~~O

~

+ CH3 D H -+
CJ...\-t~oH
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The f'oregoing method vas tried on 6-amino v:;:rutrD--ceus Ing sodium

amyloxide ° A yellow solid, .in aoLubLe in oh.Lor'of'orm '70..8 obta.ined , The

moleoular -,7ei&htf'r om the mass apoetr-um rras 239. l'ilethylD..tLmof the

solict with ethereal di.a aomethane gavc a crystalline substance r'ecogni.z ed

as the mHthyl N.-acetyl veratr::.to by the in:fra-red spectr-um azul the

melting point. This meant that the yellow so.li.d obtained as a pr~)duct

of' the oondenaa t i.cn was N-aootyl veratrio aci d , '1'118eondensa tf.on of

the amjno compound and malonic ester pr0bably resulted in the f.)rmation

of a ma.Lonan i.Li.de (CXXIX) which .ras thGn hydr.lysod t:)llio dLcar-boxy.li,c

acid (CXXX) ° Loss or" ona of' the carboxyl groups 0f chc Mid thon

af'f'ci-ded the N-acetyl veratric acid (CX1.'VIII) °
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Ano-ther- r-oute t:, the 6,7-dimeth:Jxy-4-hyd.r.:,xy-2-quin.:,L.Jile via

Hoesoh r-eac t.Lon83 'IIaS oxplored. 'rho Hoe soh r-eao tn.on consists of' the

condensa tLon vi:' :\ nitrile (;i th a phenol., a poIyhydr-i.c pherio L .)r a

phenolic ethcr to form a hydroxy aryl or an alkoxyaryl ke t.ine , for

.._---.\

The mechanism of this i'ot1ction was assumed by Hoesch as

involving three separate steps:

(i) Format~on of ~~D10chl.)rides
K - c, -c l

\1
/'-.1 H

(ii) Interaction of imino chLor Ldo s wi.th tho phenol or phenol

ether to g~ve Ketlilinu hydrochlorid8

IZ.-c --c-l
I!
N\--\

(iii) Hydr::lysis of t h..:Ket imi.ne hydrochloride t.) t~1\.;ket.me ,UNIN
ERSITY
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It Has UlJught th1:'.t by a sort oi' ''intrail1010culL'.r'' Hoe sch reaction

shown be Low, tho 6,7-di.mothoxy-!+-hydroxy-2-quin:Jl';';l1o scul.d be obtained.

H c..~

hv\ J.""'-)~'j'!;'-'?--_...)-->

The reaction of' the aminc veratr·_.le ,rith thE: ethyl cyanoace tate

gs.ve the rec:uirod N-substi tutod. compound (CXXXI) as a ycllo-;;

amorphous scLi.d, Ill.p. 232°C - 233°C. It WClS insoluble; in ch.Lcr-cf'o rm

and hence its n.m.r. spectrum in deu'ter-och Lor-of'or-m VTaSnot taken.
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Its moleculor weight r"r,-.mraa s s s pe ctr-, me te ,- (220) agreed with

the molecular Height of the expecced pr~:duct. ,The lnfra-red speotz-um

showed the sharp -13226 em and the -eN band at

2222 -1om and the )c = 0 band at \lmax 1653
-1

em The

attempted Hoeseh reaotion on the solid was unsuccessful. 'I'he starting

material 'Tas r'e cover-ed ,

The oondensation of the 8.lnin;)compcund, amino veratr.;le with

malonic ester already attempted was repeated. This tille, a large

excess of maLorri.c ester Has ref'Luxed "ith t~.1eamino ver-e tr-oLe in

d.iphenyl ether us i.ng a short air condenser tc' givo a sol i.d m'1terial

mvp , above 300°C. The solid v.a s Lns oLub.Ie in ch Lor-of'or-m , but the mass

spectrum gave a strong peak at 221 and a relatively weaker peak at

289. Boiling the substance \'li'eh caustic po ta sh and reprecipitation

Hi th hydrochloric acid gave a sol i.d Villosemo.Lecu Lor' veight fr,.B mass

spectrum gave 221 , the mo'Lecu Lcr- we i.ght ·:~ft he expec .ced 6,7 -dimethoX'J-

4-hydroxY-2-quinolone. The infra-red spectrum (fig. 15) gave the

characteristic sha~~ ~~R bnnQ at ~max -1344-~ cm .ana. t:.'1.e car'oonyl

1639
-1

cm It seemed., therefore, that the

6 7-dimeth~xv-1..-hvdroxv-2-quin01one\,as ,)otained., '''' ~ .
Various attempts to react this with 6(3-dimethyl acryloyl ohLcr'Lde

Bro"i'lnet a1. 41+ Ln the synthe si s ofaOCJrd.ing to the method of

flindersine were unsuccessful.
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41In the syntheses of the LunasLa alkaloid s, CLar-keand Grund.:>n

made a number of 3-substi tuted 4-hydr.Jxy-2-quinoL.ne s by hea'ti.ng

arylamines \vi-lh appro:pri2,tely substituted malonic esters in high

boiling soLvent s , For ins t.ance, 8-methoxy-4-hydroX'J-3-( yy-dimethyl-

allyl)-2-quinolone (CXXXIII) Has synthe si.sed by refluxing o-anisidine

(CXXXII)with diethyl-(yy-dilliethyl allyl) ma.Lonace (XLVIII) in

diphenyl ether in a blanket of ni tr,")gen. 'l'hese 'Ilorkers suggested

that the l;,--hydroxy-3-( YY-dimethyl allyl) -2-quinc,10nes 'H~uld cyclise

easily to the flindersine-related oompounds.

-~OK I
I ,
\ I

~
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4-hydr.)X"J-3-isoamyl-2-quinolone (CXX1.'V)';1as ·prepared. This involved

the preparati::m of ii=;oamylbromide whi.ch was c..:,ndensed'iit~l diethyl

malonate t.o give diet~1yl-iscamyl-ma10nate (CXXXIV).

Isoamyl alcohol was bromana'ted by boi.Lirig with hydr-cbr-omd,cacid

oonta.ininG a fe';! millili tres of sulphurio aOid84• The r-esul.t in g

Lsoamyl, br'onri.de b s p , 117::>_1200 was ccndensed 'Iilith ma.Lorri.cester by

refluxing with sodium methoxd.de in dried methano.l for over six hours 64b•

The substituted malonic ester was refluxed with amino veratrc,le (crrr)

in diphenyl ether to give a gJod yield of' a greyish solid material m.p.

The in:fra-red spectrum showed bhe choracteristic Lminc band

(>NH) at Vmax 3509 em-1 and the carbonyl band of a 2-quinJLme at

vmax 1639 om-1 • 'I'he scLi,« materiC'..l was Lnsi.LubLe in ch.Lor-of'orm , but

methylation ~7ith ethereal d'i.aaomethane converted it .into a chloroform-

soluble deriva.tive (m.p. 1820C - 184°C). On Lnspectd.on of the n.m.r.

spectrum of the methylated p:':-"'duct, it was recvgnised as the 4,6,7-

trirJlethvxy- 3-i s:J8.Ji1yl-2-quinolone (CXXXVI). Therefore, the chloroi'0rm-

ins;:;luble material (m.p. 130° 1350) ,:ras the required

6,7-dimethoxy-4-hydroxy-3-isoUll1yl-2-quinolone (CXX1.'V).

It appear-ed very hopeful, fr_'ll1 t~1eabove reactions tho,t 6,7-

dimethoxy- 3-(3' -methyl but -2 i -enyl) -4-hydrc)xy-2-quinolone wouLd be
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obtained if diethyl-( YY-c,imethyl-allyl)- ma.Lona te (XLVIII) wer-eused

instead of diethyl-is0amyl-m[1lonate.

M. 1'. Grundon and his colleagues85 had already synthesised a

number-of flindersine-related alkaloids in their unpublished work.

In (me of such alkaloids, the 2-positLm was o-methy'Loted , Prom the

n.m.r. speotrum of this 2-metnoxy alkaloid kindly supplied by

Grundon, it VIasfound that the 2-0CII3 pr:/G0nS showed a sharp signal at

a position very similar to the positions ofche two };,\ethoxygr:ups

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

6 3.70 in the n.m.1'. speotrum of or-i.cin e (fig. 9) whioh was thought

to be due to the 2-0CH3 pretons was not in fact due t:) the 2-0CH3
pr-otons , If this si.gna.l was due to a methoxy gl";OU]?, it vas suggested

that it could be due to the methoxy gr.:mp in the 8-position of' the

alkaloid and th~'1t the 8-OCH3group beLnr very oLose t,:;.the nitrogen

atom at the i-position could have a different chemLcal, shift fr0111the

other mebhoxy e;rc,ups in the benzenoi.d ring. It was, therefore,

suggested that the a'Lkal.c i.d, vricine, ooul.d have the str-uc tur-e (CXXXVII)

rather than the structure (XCV)'which was earlier prcpcsed ,

( CXX>t. \11 ,)
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An attempt W2.S, theref.:.re, made t.:; synthesise the 6,7,8-

trimethoxy flindersine 0r its d.ihydr-o derivi'..tive and compar-e the

physical prvperties with the natural a.Lka'Lc id oricine, or di:WQc-:,,-

or-Lc Lne,

'I'hi.s anvoLved the prepaz-at.ion of 2,3,4-trimethoxy aniline.

Conden sa tLon of this rzi.th diethyl-(3-methyl but-2-enyl) me.Lono.ce

shou Ld give 6,7, 8-trimethoxy- 3-isopentenyl-4-hydroxY-2-quin:;lone

which woul.d then cye Li.se, perhaps, un<ier acid ccnd.i,ti",;l1.s, to give

6,7,8-trimethoxy dihydr0 flindersine.

The 2,3,1.1--trimeth·:Jxyaniline vas prepared from pyrcgc.Ll.oL,

86Pyrogallol -:;vasoarb:)xylated oy the methou ;:f Kolbe-Sohmidt • This

is a method of' introducing a carboxyl group directly .irrt.. a phenol

nucleus oy passing ear'bon dioxide intc a solution of' the sodi urn or

potassium salt of -ehe phenol at ab:Jve 100°C. The reaotivl1. is pB.rti-

eul.ar-Ly f'ac i.Le with di- and tri-hydric phenols.

The meebani.sm of tl1.e reao td.on appear-s tc, LnvcLve t~le att aok by

an aot i.vate d earbun dioxide moleoule at the activated cr-tno posi,t.Lon

in t118 phencxi.de ion.

+ /'

('1

~ltO
~H

( '0(:-)

J Io
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The pYl~ogallol-carboxylic acid (eY~IX) obt~in8d was

methylated87 by shalcirig uith [!. mixture of d.imethyL su.Lpha te and

caustic soda, Only two of the t11.reehydroxyl gro-u.ps,mre methylated

by this method to give 3,Lf--diBethoxy-2-hydroxy benzoic acLd (eXL)

o -(m.p. 160 e-164Ve). It gave c. very intense colour wi t.h ferric chIcr Lde

sho"Hingthat there was still D.. free phenolic -OH groull. It seemed

that the third. hydroxyl group next to the carboxy group couLd not

easily be methyLated becau se it was sterically h.inder-ed , One method

of overcoming sterical hindrance in Or0s.~lic r-eac td.ons is to increase

the ter:lpera ture of tile reac tion. L t a hi.gh temper<..•.tur-e , caustic soda

could deconpo so dimethyl sulphate before methy.la tion ccuLd take p'Lace,

Diruethyl sulphate - potassium carbonate combination in dry

acetone hcd been found to be useful for the ino thy Lat i.on 02 pLant

88phenols • 'I'he methylation of tho ster-Lc o.Ll.yhinder-ed phenolic -on
group in the 3,LI--dimethoxy-2-hyClroxy benzoic ac i.d (cxi.) was cf'f'e cte d

by boiling the acid wi, th dimethyl suLpha'te - pot.as sium c .n-bonabe

(anhydrous) in methyl ethyl ket one (hii;"~Gr joil:in::; solvent than acetone)

to give the llE7tl).yl2,3,4':'trimetho)Jy benaoa te (e:;':LI) as an oil, which

was .iyr-oLyaed to the rcqui.l:ed 2,3,4-triButhoxy banz o.i,c acid (eXLII)

o(m.p. 90 ). It gave no colour chcngo ~!ith i'drric chloride solution

showing that all the phenolic hydr-oxyl, gr:.lUps had been methylated.

The acid (eXLII) was converted to the amide (CXLIII) by re actin C:, the
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acid first, with phosphorus pentachloride to afford the acid chloride

which "vas then shaken wi t~l ammorri.asolution. Tho amide VlD.,S converted

to the aI"Jlo..mine (CXLIV) by Hof'mannI s dogr-ada't Ion method87•

The mechanism of HofmannI s degradation is explained as follows: 89

Hypobromite solution r-ca ct.s with the acid amide (eXLIII) to

give N-haloamide {CXLVII) which reacts with the alkali solution t.o

afford an unstable salt (eXINIII). In tho dry stato, 'the salt

undergoes deconrposition wherein the organic residue migrates from

the car-bon atom to tho nitrogen atom, tho produc t s being the

isocyanate (CXLIX) and an alkali metal halide. In the presence of

water and an excess alkali, the isocyanate is hydrolysed to the amine

(CXLIV)• In alcoholic soluticn, tile Lsocyana te v{Qu;tdbe converted to

a urethane.

( \-)o ri--

.----~
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It was decided to make the 6,7,8-trimethoxy-l~-hyQroxy-2-quinolonG

vlith a saturated side ohain ac the 3-positiol1 bet'or o pl18:paring

6,7, 8-tr:lll1Gtrl0XY-3-isopentenyl-4-hydroxy-2-quinolone.

The arylamine ( 2,3, l~-trime thoxy aniline) (CXLIV) was refluxed

wi th diethyl-isoamyl-n13.1ona te in diphenyl ether in t~_le-usua.L ;,my to

give 6,7, 8-trimethoxy- 3-isoamyl-1.I--hydroxy-2-quinolone (CXLV)as a

greyish substcncef mvp , 155°C - 157°C.) 'l'he infra-red spectrum showed

( )
-1 .

the usual imino )NH band at 'Jmux 3333 om and a characteristic

carbonyl band of a 2-quinolone at 'Jmax
,.. -1

1 D39 em • Me thyLctLon of

the subs tance ~{ith dLazometh ane afforded the 4,6,7 ,8-tetramethoxy-2-

quinolone (C:X..LVI)which was readily soluble in chloroform.
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The n.m.r. spectrum of' tho tetr<:unethoxy compound in daut.er-o-chlor-of'orm

showed, Hinter alia", f'our very olose peaks at 2)5 /c/ S, 236 cis,

237 cis and 241 cis f'or the 6,7,8-and L~-met:lox:ygroups. This shoved

tha t t.he 8-mGthoxy protons had a.Imost the same cuemic a.L shifts as the

other -[;\:0 methoxy groups in the 6, 7-positions in the bonzonoid ring.

There:fo.ce, the su.pposition ths,t tho s.i gna.L at 5 3.70 (223 cis)

(f'ig. 9) f'or three protons in the naturo.l c.lkaloid, lilight be f'or the
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On E1 close inspection of the infra-red spectrum (fig. 10) of

oricine, it was found that the char-ac ter-Ls tzi.c )NH band cxpec tcd at

-1
3333 cm ~as absent.Vmax This showed that, perhaps, the aLkal.o Ld

was N-methylated. Again, the cha.-ac ter-Ls td.c carbonyl band at vmax

-1
1639 crn for a 2-quinolone,iD.s very prominent, showi.ng that the

natural alkaloid couLd not hcvo been 2-0-methylated. 'I'he n.m.r.

spectrum of oricine showed tHO nr-oma.t i.o si.ng.Letc indicating that the

benzenoid ring of the; alkaloid. had t"IO free positions and not just

one as VlO had in the proposed structure (CXXA'VII).

It was suggested, therefore, tha~ the true: structure of oricine

\7aS 1-methyl-6,7-dimethoxy flindersine (CLVII) and the synthesis

discussed in tho rest of this woric confirmed this structure to be true.

The intermediate 6,7-dimethoxY-3-isopentenyl-4-hydroXY-2-

quinolone (CLIII) required for tho synthe:sis of th8 1-N-methyl

compound (CLVII) was pr-epared from runino-veratrole (CIII) and

diethyl-isopentenyl malonate (XLVIII). 'I'ho prepc,ration of the

substi tutecl malonate (x:nTIII) "as carried out by oxi.d.Lairig mesi tyl

oxiue (CL) rrith sodium hypobromite to p~-dimGthyl-acrylic acid90

(CLI). Lithium aluminium hydrido reduction of the acid gave the

yy-diJnethyl-allyl- alcoho191 (CLIa) which Has brominatecl vri.th

phosphorus tribromicle contu.irri.ng a fo,y drops of pyridine in a 10'1'1

boiling petroleum ether91• Tho resul tint; YY-dimethyl-allyl-
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bromide (eLII) was condensod with :t~edistilled malonic ester using

sodium meth ox.i.de in dried mcthanol64b to give th8 roquIr-ed diethyl-

Lsoperrteny'I-ma Lonate (XI~\TIII).

l~efluxing an excess amount of the substituted malonate with

amino veratrole under nitrogen for over six hours41 gave the QesireQ

intermediate 6,7-d:iJ:ue"thoxY-3-isopentenyl-4-hydroxY-2-quinolone (eLIII)

(m.p. 200°C - 201°C). Its infra-red spec t.rum gave the ohar-act.er-Lst i,c

( -1\carbonyl band of a 2-quinolono 1639 om ). Tho material was insoluble

in chloroform, hence its n.mr. spe ct.rum in deutero-chloroform suxe not

t.aken , Its moLecuLar- vrei.ght f'r-ora the mass spectrum was 289, the

mcLecuLar- weight of tho expected compound. The carbon, hydrogen .md

nitrogen analyses agreed vrith the moLecuLar formula of the expected

3-substituted quinolone (Cr,III).

The substance (CLIII) was cyclised to the 6,7-dimethoxy dihydro ...

flindersine (demethyl-dihydro-oricine) (CLIV) m.p. 2200
- 221°C

by refluxing with hydrochloric acid in accordance with the method of

~shiet and ~'aylor92 in tho conversion o:~·atan.i.nato ·dihydro

flindersine. Ne-me thyLab.ion of the demothyL dihydro oric ine with

methyl Lod.i.doand potassium car-bonate in D.cetone43 gave the dihydro-

oricine (CLV) whose n.m.r. spectr-um v.a s similar to the n.m.r.

spec tr-um of the ·subste.nce obta.i.ned by hydr-ogena-t.i.ng th", na tur-c.L orioine.
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Oricine was obtained directly by the cycLohydr-o genatdon of'

6,7-diro.othoxy-3-isopentenyl-4-hydroxy-2-quinolono using DDQ, followed

by N-methyla tion.

Refluxing the 3-isop~mtonyl-2-quinolono c ompound (ClhIII) with

2,3-dicyano-5,6-dichloro benzoquinone (DDQ) in dry benzone accordlllg

t t' th d f Po i , t 1 ' ~, t' D f'l" , 44o 113me ° o. OlZZl ea. In 'cno pr'epar-u aon 01 anuor-s me

gave a cr-ys taLl.Ine sub s'tunco , mvp , 210°c - 212°C, readily soluble in

chloroform. The infra-red. spectrum (fig.16) gave Q, shar-p characteris-

tic carbonyl band of a 2-quinolonG Qt about Vmax
-1

1650 em • The

n.m.r. spe ctz-ura (fig. 17) differed f'r-ora the n sm s r-, spoctrum at: tho

natural or-i.c ine (f'ig. 9) only in the absence of the thr80-proton

singlet at C 3.70 and. t~1e slight downf'Le Ld shift of one of t..he

benzenoid protons. It "G.S obvious from tho nanvr , spectrum that tho

product of the cyclohydrogenation was t:1e cxpe ct.ed deme thy.Lor-i.cine

(CLVI). Elemental analysis was also in agreeB8i1'Gwith the moLccuLar-

f'ormuLa C16H170L:!J expeotad for tho demethy-loric 1.110 •

DDQ is an excol.Lent reagf:.mt for dehydrogenation. It ha s f'ound

'I'ho choice of benz cne as the solvent in the dehydrogenation reaction

of' DDQ has the advantage that while DDC:! dissolves r-ead.i.Ly in

benzene (solubility ,-.J 68g/li tre a.t 25°C), the;;:2, 3-dicYCl.l1.o-5,6-

dichlorohydroquinone produced after the dehydrogenation reaction is
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reasonably insoluble (solubility ,....,0.6g/1itre at 2SoC) and may be

filtered off93.

N-methyle.tion of demethyJ,.oricine (CIVI) with methyl iodide and

potassium. carbonate (anhydrous) in dry acetone gr:weoricine (CLVII)

whose melting point and i.l1fra-red spectrum were found to be identical

in all respects with the na tur-aL oricine. Both the na'tur-e.L or-LcIne

and the synthetic compound had tho same H
f

ve.Iucs on the t .1.c.

plate. The 11.m.r. spectra of both compounds were superimposable.

This proved that thd natural a'Lkc.Lo i.d from Or~ci3. stm,.,Yeolonshas the

structure 1-methyl-6,7-dimethoxy-flindersine (CLVII) r-e Latad to

f'Li.nder-s i.ne and atunjJ)§isolated from other Generu of the Ilutaceae

f'ami.Ly ,

CONCLUSIONS .AND COMMENTS

From the ;:Jest African plants of the Rut.aceae so f.r examined,

no limonoid has been isolated, but it is .irrtcre stang to note thu.t in

these plants, coumarins w~d alkaloids whose structure~ are slllilar to

coumarins and alkaloids of other i,lants of the same f'ami.Ly were

isola-ced.

For inst.::mce, i£rL:2..A:Le;eanicula-Ga which is believed to be

native to "i7est M'ricaa..."ld India. was found to contain dictumnine which

has earlier been isolated from Dt2..:tam ..l1us ill..,us~, an AustraliD.l1
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Ru'bac eous pLan t , The coumar-In imp8ratorin which ex i.s t s in

ILl~ratori~ 9Stl:..~hiUtll was f'ound in two genera of ~:-;-estAfrican

Rutaceae, lirraegle and Clausena. From tho root of Clausena

anisatu. VH:1S isolated 3. coumar-i.nwhich was isolD.ted at the same time

Oricia suaveoLcns was shown to be a

sourc~ of ~~e alkaloid orioine which is closoly related structurally

to flindersine, obtn ine d from the Australian .i:tutcweaepLant

Flindersia australis.-~-~~ -

Most of the limonoids obtained from the family Rut.accao exist

in the se~ds. UsuQ.lly, in ca~es where dictamnino is extracted in

tho pLant s of the Rut.aceae, it is usually accompan.ied by a. limonoid.

It is not unlikoly, therefore, that the Citrus-like plunt, Afr~2~~e
< ••

~}~ which has buen shown to contain dictumnino may contain

limonoid.s which would, porhaps, be siLlilar ii.1 structure to limonin

in its seeds.
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EXP:8Rlf'I2HTAL

All melting points (m.p.) were taken on a Kofler hot-stage

microscope and.Here not corrected. The infra-red. (Lr.J 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 Perlcin-Elmer model 137 u.v. instrument. Nuclear

Magnetic Resonance (n.m.r.) were taken on a Variu.n A.56/60 l1c/sec

spectrophotometer, in deutero-chloroform solution ag~inst tetramethyl-

silane as internal standard. The units quoted for n.D.r. are 5 values.

Mass spectra: were obtained with a Perkin-Elmer Hitachi B..M.U. 6E

instrwnent.

Silica gel refers to Merck, mesh 0.05 mm- 0.2 mm. Ahunina

refers to the activated type, Peter Spence H-type. Tl1in plate

chroma'tograms for thin-layer chz-omatography (t .l.c.) ·.~Jererun on plates

made by spreading an aqueous slurry of llerck si.l.Lca gel G-on glass

plates and drying at 130° in an oven for about one hour , The

chromatop.La te s ",--reredeveloped 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 iodirie vapour inside an iodine tank for a fe~, minutes.

Light petrolewn refers to the fraction b.p. 600
- 80°.
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'I'he powdered wood was continuously extracted nith boiling light

petroleum ether for 24- hours. The solvent was evaporated off and on

keeping the residue overnight, crystals mixed with oil 1;lereobtained.

The crystals were washed ruth LLgh t petr-o Leume th.rr and filtered.

Recrystallisation from methanol gave light yeLLowcrystals (m.p. 92°)

as a mixture (shown on t.l.c.).

Chromatog.caphy of the mixture on activated alumina gave, on

elution Hith pure benzene, a crystalline substance identified <.1,S

imperatorin msp , 1000_102° (from methanol) (fowld C, 71.86;

H, 5.06; C16li1LI-°L!- r-e qu.i.r-c s C, 71 .11 ; H, 5.2) y+ 270. v\! , max

1695
-1 ( carbonyl) A. 217 (E == 2.71 6 x 1eft) , 2L!-6cm 111\-1 JIl\.l

max

( E 4 263 111\-1 (~ == 1.234- x 104-), 300 m~== 2.234-5 x 10 ),

(" 1 •1'11 x 104-).t: ==

Imperatorin (0.L!-5 s.) in methy'La ted spirit (5 mI.) and hydro-

chloric acid (5 m'l ,') wer-e refluxed for half an hour. "1ater 'iiG.S added

and tho or-ganio portion oxtr-ac ted with diethyl ethor , 'I'ho ethered

layer r.as extr-ac te d again with caustic soda and the aqueous layer was

acidified wi, bh hydrochloric acid and re-extracted with ether.

EvaporCt.tion of tho ether gave a dark to.r as a residue. Tho in:f'ra-red

spectrum was uninte:cesting.
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Hydro~~vsis or Imperatorin to Xanthotoxol- ~ ..--;....;.;;,;;.~

Lmper-atorin (1 .0089 g.) was dissolvcd in acetic ac id (10 c.c.)

and one dr09 or concentrated sulphuric acid uas added. The mixture

was allowed to stand at room temperature for over 40 hrs. The

product (white crystalline substQllce) was washed TIithwater and dried

on the filter paper.
2L,00ill. p. r-

Methy~ation of Xan~hotoxol

Xarrtho toxo L (0.8g.) was d.Lsso Iv ed in a mixture or methanol (5 ml.)

and diethyl ether (20 c.c.) in a 100 ml. rOUl1.Qbottomed flask.

Diazomethm1.e was bubbled llltothe solution until the solution attained

a permanent yellow colour. The mixture was left in the f'ume cupboard

overnight until iA"l8 excess diazomethane escaped (when the solution

becQffiecolourless) Evaporation or the solvent g~ve a solid,

recrystallisod from methanol

1450m.p.

Isolation of Dictamnine

T,;)tho oil obtained f'r'on anothar extract of the wood of Afraegle

p.:miculata, light pe tr-c Leum ethcr- (50 c i c ,') was added. thon extracted

vri.th 10% watcr- in methanol (150 c.c.). To the moth anoLi.c ex tr-ac t ,

some quantity of water YfilS added and then re-extracted with ch.Ior-of'orm ,
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Evaporation of the chloroform gave a gummy Iilaterialwhich was

chromatographod on alumina.

A f'r-ac ti.oneluted with 20;""B char in benzene gave 0. light yellow

"1"' t 1 ~ th 1 1300 - 1320C (F d C 72 46prn.sm- lKO crys 0. s I rom ne anc m, p , oun , • ;

H, 4.54 ;

( c = 4.4

C12H902N requires

x 104), 310 ill\l

C, 72.35; H, 4.55)

(e = 6.5 x 103).

199 235 IJJ!.l

~ttemztGd_JIydrolysis of,~to.mnine with l~~hloric acid

Dic t.amrrine (0.63 g.) was refluxed with hydrochloric acid (6 illl.)

for one hour. The mixture was diluted 17ithwuter, thon extractGd with

ether. The ether solution Has dridd with· anhydrous sodiUL1 sulphate

and evapor-a ted to gi.v e 0. solicl,identified as the starting material by

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

Hydro ~na ~n of Dictamnine

Dactamrrlne (0.3025 g.) was dissolvod in methunoL (50 c.c.) and

pLatinum oxide (0.1 g) vms added. The mixture was shaken up with

hydrogen at 1 atmospheric pressure until no more hydrogen uptako. Then

the cat.c.Lys t rras filterod off end the solvent evapor-a.tod from the filtrate

to give white crystals 1·+11 203.

(Found C, 69.24; H) 6.04 C12H1302N requires
-1 )1653 cm (carbonyl of a 2-quinolone •

C, 70.94; H,6.40)

\Jmax
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~hi'~is .of tho, h'ydro~~atod .. :pr~juc:t:.....ofDictamnino

(Le. . 3-etb.Y1-4-l:.z~oxy-2-CJ2:lil1olorlG)

Sodium (9g.) was dissolved in mobhano.L (150 c vc ,') and cooled.

To the sodiurJ methoxide solution was added diethyl malonate (57.5 ml.)

and ethyl brcmide (45 ml.). The mixture "as ref'Luxed for over 24 hours.

After addi..rlGHator, the product was extracted ;vith ether and the

ethereal layer ·,Jaswell washed wi, th wat::;r, and dried over anhydr-ous

sodium sulphate. Evapor ctd.on of the ether and re-distillation of the
, 0

residue gave the substituted mal.ona'te collected at above 180 C

Yield 20g.

Atte.!,l1ptoo.con~(3nsation of diethyl-()t}1¥l-E1alonQ~"G"4th .•c.miline

The diethyl-ethyl-malonQte (10 rul.) -"ras added to ani.Li.ne (10 ml.)

in diphenyl other (50 ml.) and the mixture -;{QSrefluxed for one hour.

On cooling, a solid appear-c d , and this was col Loet.ed aIld;Iashed w i.th

hexane to give an ashy crystalline substance. msp , 2200 - 2250

insolubL in chlorof'oTIil. \I
max

-1
1724 cm •

Attempted methylation of tho solid »txe unsuccessful.
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~hYdroxy-2-~uli10lon~

( a) Condensation of mcthvL arrthr-am.Late with mc.Loni,c ester.
-d? -

A solution of ~ethyl Qnthranildte (40 mI.) in diethyl

mo.Lonatc (250 ml.) WQSheated in an oil bath rapidly at 165°C and then

gradually up to 195°C over' a period of 90 minutes and kept at

195° - 1980 fl· fre UXlllg or one hour longer. During this time, some

quantity of ethanol distilled through a partial reflux condenser. The
v.-~

excess diethyl malonQte was distilled ~ a reduced pressure Qnd

mechanical stirring. On cooling, a solid precipitated which dissolved

on addition of about one litre of sodium-dried ether. The resulting

solution of the anthranilide Has used di:cectly in the cyclisc.tion below:

(b) Cyclisati~

A solution of metallic sodium (8g.) in dried ruethyl alcohol

(150 ml.) was added dropwise to the stirred and refluxing ethor solution

of crude ruono-anthranilide over Q period of 2~ hours. The re sul ting

thick suspension was allowed to cool by stand:ing overnight. 'l'he ether

(c) HyClrolysis rras carried out without isolating the ester by adding

40;:. caustic potash (140g.) to the nixture and hcatd.ng at 600 - 700

for one hour.
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( d) Decarboxvlation
"

The acid, without being isolated HD,S -

decarboxylated thus:

The 'temper-a ture of' the warmalkaline solution f'r-om tho preceeding

step was raised from 700 to 95°c over a period of throe and a half

hours; alcohol distilled out slowly. After cooling to 700C, the

alkali-insolublG matorial was filtered, slurried in 400 m.l, of 10%

caustic soda at 700C and rofiltered: then washed with water.

The 4-hydroxy carbostyril was precipitated froEl the combined

cLka.LLfiltrates by acidifying wi.th hydrochloric ac i.d, 'I'he resulting

geLatinous precipitate was filtered, washed by stirring in about 10

litros of 5%sod.Lum bi-carbonato. It was th •.•n filtered ClL'1.dclriod

in .J.noven

yield ,....7.5g.

To a suspension of 4-hydroxy-2-quiu.)lono (6 g.) in carbon

disulphide (90 u1.) was added acetyl chloride ( 6.25 1:11.). The nrixture

was hc.a tod undor reflux for thirty minutes, cooled to below 0° in

ice-salt mixture end treated vTith aLunrlrri.urachloride (16.5g) "with

mechanical stirring. The mixt.ure was poured over ice-RCI and loft in

the fume cupboard for anothcr- day to o.Ll.owthe carbon disulphide escape.
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The crude product was collected and recrysti111ised frvm acetic

acid-water

Yield '" 5g.

254°C - 255°C (r,it44 2550C - 256°c).m.p.

To 3-G.cetyl-L:--hydroxy-2-qumolone (2 .18g.) in isopropyl alcohol

(75 m.l,') vias added sod.i.unborohydride (NaBH
4
) (J+.Og.) • The nixt or-e

was refluxed for seven hours; then carefully trea.ted -,7ith hydrochloric

acid to decompose tho oxcess sodium borohydride, diluted with water and

exbr-ac tod three times with dLchLor-omethane (3 x 100 c.c.). The

organic extracts were evapor atcd to dryness and th e crude product was

recrystallised fr.)ill netha.nol-water

Yield "'1.15g.

2L~Oo - 245°C.m , p ,

£.-9.uinolone

To .: mixture of 3-ethyl-4-hydr·)xy-2-quin.olone (1 .Og.) in

soclium-dried ether (20 ml.) containing methano'L (5 ml.) was bubbled

diazomethane. The material dissolved as methylation took place. The

solution Vlas al Lowod to stand overnight in the fume cupboar-d , The

solvent was evapor-c.ted to clr:mess and the residue was recrystallised
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f 'h 1 1820•rom aqueous msc ano m.p.

Yield 0.452 g.

The Lr. spe ctr-ua and n.m.r. spe ctr-ura Here identical vri t.h the

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

~~;.91:T OF THE ROOT OF CLAUS.I3;i.'JA ANISATA

The root of Clausena anisata (6.75 kg.) was continously extracted

with light petroleum ether overnight. The solvent ,as evaporated to

give some crystals embedded in oil.

The crystals were separ~ted from the oil, recrystallised from

methanol to give a solid m.p. 950
- 98°. The i.r. and n.m.r. spectra

of the solid were identical in all r-ospoct s y/iththe rr.ra..r , end Lr. of

imperatorin.

Chromatog!aphy of the oily portion

The oil (17.7425 g.) was chromatographed on alumina (800 g.)

The fraction eluted vlith 10% ether in benzene g~ve white crystals

(coumarin C). m.p. 1500 - 155°C yield 1.3 g. (Found C, 71.34
-1

H, 6.83, C16H1(P~_ requires C, 70.01+; H, 6.60) 'Jmax 1709 em

104), 260 ~ (e = 9.12 x 103) andA. 213 n\J. (e: = 2.219 xmax
325 ~ (e = 1.109 x 104). Tho Il.f..1.r. spectrum showed signals at

& 1.67 (Singlet) and 0 1.83 (SL~glet,

(doublet, J = 6 cis methylene), 5 5.22

= C~CH3 ) ; C 3.45
CH3(tripht, vinyl proton),
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o 3.39 (Singlet, 2-0CH3) 5 6.13 (doublet J = 10 cis), 0 7.97

(doublet J = 10 c/s) , 5 6.32 (Singlet).

AtteI£Pte{L~thesis of Coumarin C (Coumarrayin2..

Fon:t1yltit{ori, o[l'~1~or<:?3_1.:~~l~-..ol~:.

Into a solution of anhydrous phloroglucinol (20 g.) ll1 dry ether

(250 c.c.) containing zinc cyanide (12 g.), a stream of dry hydrogen

chloride was passed. [The dry hydrogen chloride gas W8-S gener-a te d in

Kipp's appar-a tus fron ammorri.unchLor-Ldo and sulphuric acid and dried

by passing through a wash bottle containing sulphuric acid]. The

bubbling of hydrogen chloride gas continued until tho oil formod

solidifiod. After standing ovornight, the solid W0.S collected, washed

with ether and the imido salt f'orrse d was di.sscLved in 'I7ater (400 c.c.)

and hydrolysed "bywarming on the water bath. The solid obtained on

cooling was dissolved in ether, filtered f'r-om traces of red-coloured

by-product and th0 ether was evaporated. PhJ.:oroglucinaldehyde thus

obtained was recrystallised nany tines frOElwater saturated with

sulphur dioxide to give orange-coloured noedlo-like crystals. No

definite mol.t i.ng point67• Yield 10.5 g.

Att8~c0d condensation of PhlorogJ-ucinaldehydo with acetic D±.1hy,dric-:;:,

A mixture of phloroglucinaldehyde (8 g.), sodium acetate (8 g.)

and acetic anhydride (40c.c.) was heatcd on an oil bath for ovor
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15 hours. The mixture was added to water Lo give a dirty br-ownoil.

This oil '.JaS taken up in ether and evaporation of the ether gave a clark

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

Methy:l.atI.~2£ _:t~_9.!.q~g]..tlcin()l

Into a solution of anhydrous phloroglucinol (25 g.) in analar

methanol (150 c i c ,") was passed a stream of dry hydrogen chloride Gas

for one hour at such a rate as to raise the temperature of the solvent

to its boiling point. 'I'he solution was boiled for one hour under

reI'lux and, aI'ter saturating with hydrogen chloride once more for

another hour, was allowed to stand overnight.

The greater part of the alcohol was removed by distillation and

the heavy oil which precipitated on the add.lt i.on of' water was taken

up in ether. The ethereal solution was washed with water, dried with

anhydrous sodium sulphate ana. evaporated. Hedistillation gave a yellow

oil at above 300°C.
Yield 20 g.

Formvl.at i.on of Dimethoxv phloroo'lucinol
~~~"'""""~.~ '~__'_~"_~~~_'-~-""'-_~""'~·_F~. __ g~--- -~--~,.

The mixture of JJhJ.oroglucinol d.ime bhy.l ether (20 g.),

formanilide (17 .z, g.) and phosphoryl chloride (7 .~L g.) in sodium-

dry ether (150 c.c.) was heated gently on a steam bath and after half

an hour, a heavy oil began to separate from the dark Li.qu i.d , J'..fter a
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total of one and a half hours from the commencementof the reac td.on ,

heating was discontinued and the containing vessel was stoppered and

allowed to stand for 24 hours. The ether was decanted from the hard

solid mass and the latter was broken up and washed thoroughly with fresh

ether. The product (a salt of the composition Me02C6H20H• ~{=CHPh)

was hydrolysed by repeated and prolonged stirring (mechanical) with a

large quantity of' water and a large volume of ether. After a few

hours, the ethereo..l layer was separated and fresh ether was added.

The combi.ned ethereal layer was washed with dilute hydrochloric acid,

dried yiit.h sodium sulphate and after the removal of the sol vent, the

residue was distilled under reduced pressure. The yellow oil obtained

gave crystals and recrystallisation from methan o'L gave pure crystals.

m.p.

Yield

Alterna ti ve method of J?ol"In,;:[Lqj;ion_of .dimeth()JCY-:J2.1?-.1()1~9...€;'~~!101£'Ying

~~itative yield

Drimethoxy phloroglucinol (1Og.) was dissolved in dry ether

250 c s c , ) and zinc cyanide (12g.) was added. A stream of hydrogen

chloride was pa ssed into the mixture and after sometime, an oil was

formed. The oil solidified on allowing to stand overnight. The ether

remaining was decant ed from the solid, water w~s :'>ddedand tho mixture

was warmed on a water bath for 30 minutes. The oil which separated
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wa3 collected in e-bher and the ethereal layer was dried with

anhydrous sodiwn sulphate and evaporated. The residue (a solid) was

recrystallised from methanol :

m , p.

Yield.

Dimethoxy phloroglucinaldehyde (3g.), sodiwn acetate (3g.)

and acetic anhydride (15 c.c.) in a 100 ml. flask \vere refluxed for

about 20 hours. On add.i.n g the mixture to water, a green oil was

obtained. This again did. not give the infra-red absorption expected c:v

about v
max 1700

-1
cm for the Y-lactone of a co~unarin.

EXTR4.CTION Q]' ORICIA SUAVEOIENS

The wood (1h.75 kg.) was pulverisec1 and. extracted continuously

for over two days yii th light petroleum ether. Evaporation of the

solvont ai'forcied an oily material (,...,300g.) as the residue.

The oil was chromatographed on alQmina and. a fraction eluted

with 20;~{,benzene in d.Let.hyL ether gave a yellow crystalline

substance, oricine.

Recrystallisation from benzene gave large prism-like crystalS
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C',.....1.5g.) m;p , 150°C - 155°C, optically inactive (Found C, 67.05

test for nitrogen was positive. U+ (from mass spectrum) 301 ; \J
max

-1
1639 cm (carbonyl of a 2-quinolone). The n.n~r. spectrum showed

signals at 6 1.55 (singlet, 6H for 2 methyl gro~ps» 6 3.70

(singlet, 3H for ~NCH7:),6 3.98 (singlet) and () 4.02 (singlet)
J

[both for 6H of 2-0Cu
3
groups]; 6 5.48 (doublet, J = 10 cis) and

o 6.75 (doublet J = 10 cis), 6 6.73 (singlet Ar~) and 0 7.31

(singlet .Ar.m •

Oricine (0.135g.) was dissolved in methanol (a~out 50 ml.)

and platinum oxide (""' 0.1 g.) WQ:.s added. The mixture was shaken up

with hydrogen at atmospheric pressure. until there "Nasno more uptake
and evaporated

of hydrogen. The catalyst VIaSfiltered off/the filtrate/to {"ive a
- v L L J

white crystalline substaDce, dihydrooriclllo. m.p. 1500e. (Pound

C, 67.02; II, 6.81 ; C17H2104N requires C, 67.32, H, 6.93) M+

(mass spec t.rum) 303. The n.m.r. spectrum showed ai.gna.Ls ~\t 0 1.54

(singlet 6;i fOl~ 2 methyl groups) 6.3.70 (singlet 3H for ~NCH)..- - -3
6 3.98 (slllglet) mld 6 4.02 (singlet) [both for 6H of 2-0CH3 groups],

6 1.83 (doublet,J = 7 cis) and 5 2.65 (doublet,J = 7 cis) each for

the methylene group.
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Methvlation of Catechol to Veratrole~ -.-'

A solution of catechol (75 g.) in methanol (150 c,c.) was mixed

with dimethyl sulphate (188 ml.). After cooling 'co _5°C, 3. solution

of' potassium hydroxide (113g.) in water (263 ml.) Has added all at

once. A vigorous reaction took place and 'tho reaction subsided after

about three minutes. On allowing to cool, tho mixture was diluted with

water and extracted with ether. The ether solution vras dried w i.t.h

anhydrous sodium sulphate and evaporated. The residue was re-distllled

to give a colourless oil at 2000C - 206°c (760mm.)

Yield 65 g.

Nitration of Ver~trole-~-
Veratrole (30g.) "Hasgradually added wi.th careful cooling (in

iced water) to a mixture of nitric acid D.1.42 (35 c v c , ) and water

(35 c.c.). A solid appeared immediately. 'l'h i.s was filtered and

recrystallised from methylated spir-lt to give needle-like bright

yellow crystals

m , p.

Yield 28 g.

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

adding a trace of animal charcoal, 50,%hydrochloric acid (200 c.c.)
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was added and the mixture was heated on a water bath for three hours.
\iJcJ:i.,

The mixture was cooled, and diluted with a.tb.er. Sodium hydroxide

solution was added until the white precipitnte of tin chloride formed

redissol ved , and then extracted Hith ether. 'I'he ethereal layer was

dried with anhydrous magnesium suLphate and evaporated to give a low

melting substance, 4.-aminoveratrole.

m.p. 800 (darkens on exposure to light)

Yield 12 g.

Aminoveratrole (10g.) and diethyl malonate (10g.) were

dissolved in diphenyl ether (100 c vc , ) and the solution wa s refluxed

for about 1~ hours. On cooling, a solid appeared. This was filtered

and 'washed with hexane to give a gre:y-ish powder- of the malonanilide

m.p. u+j~l (from mass spectrum) 360. The solid was insoluble

-1 )1724 cm (carbonyl group of an amide.in chloroform. V
max

Vanillin (76g.) was p.l.aced in a three-necked 500 m.l, flask

equipped "i th a reflux condenser and t,iQ separating funnels. The

vanillin was melted by warmdrigon a water bath and stirred vigorously.

potassium hydroxide solution (41 g. in 60 ml. of water) was run in
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from one of the dr-oppirig funnels and after about 40 drops had been run

in, a.ime~hyl sulphate (60 mI ,') ',ms r un in through, the other dropping

funnel at thG same rate as the potassium hydroxide solution. The

external heating was stopped after a fev; minutes and the mixture VlaS

a Ll.oved to reflux gently from the heat' of the real: tion. As soon as all
/'

the reaeents had been run in, the reaction mixture (yellow) vias poured

into a large porcelain basin and a LLowed to cool overnight. 'I'he hard

crystallin.e mass of the aldehyde ~as filtered and grotLn.din £l mortar

with 150 c ;c • of ice cold water. It 'was filtered and dried in a

vacuumdesiccator.

Yield

m.p.

Veratronitrile:-----"" -

Veratraldehyue (60 g.) was dissolved in warmmethylated spirit

(150 ml.) in a beaker and a warm solution of hydr-oxy Lazrine hydro-

chloride (31 g.) in wate r (35 ml,) was added , A solution of sodium

hydroxide (22.5g.) in wa.te r (30 ml., ) was run into the nixture and the

mixture was e.LLorred to stand for about 2 hours. Crushed ice was

add 'JQ ['21d then sa tura te d rri, th carbon dioxide. The m.ix ture was a LLovred

to sta~d in the refrigerator overnight. The crystalline aldoxime was

filtered and washed with cold water and dried in air

Yielct 54 g., m.p.
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The aldoxime Has placed in a 500 m1. roundbot-Gomed flask

equipped with a reflux condenser. Red.Ls t i.LLed acetic anhydride (56 mL)

was added and the mixture was heated cautiously. Immediately the

r'eac tzlorr-oac ame vigorous, the external heating was stopped. When the

vigorous reaction subsided, the solution ViasboiJ ed for 20 minutes

more and then carefully poured into ice-cold water (150 01.). The

vera troni trile crystals formed were filtered and dried in the air

Yield 50 g.

om.p. 60 c.

Veratric acid

The veratronitrile (50 g.) was boiled ~th about one litre of

1~ sodium hydroxide solution under reflux until the condensed liquid

contained no oily drops. (about 1 hour). Tho co.ndenservwas removed

and the solution was boiled in the open flask in order to allow off the

free ammon i.a , The boiling 'liaS sbopped when no more amraon i.a 1,7aSbeing

evolved. 'I'he solution Vias poured into a large beaker, cooled, arid

enough concentratod hydrochloric acid ViaSadded to precipitate the

acid. The ac i.d W[),Sfil tezed and dried ill the air

Yield 40 g., m.p.

'l'he veratric acid (30 g.) was placed in a 500 m1. round bottomed
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flask. Methyl alcohol (100 ml.) and concentrated sulphuric (3 ml.)

were added. and the mixture ",as refluxod for over 6 hours. On cooling,

the mixture TIasadded 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.

!£it:.;:ai?ion of m~etl\l~veratra ~e

Methyl veratrate (15 g.) was dissolved in glacial acetic acid

(20 ml.) and the solution was added gently to nitric acid D 1.42

(about 20 ml.) in the fume cupboard with shaking. The mixture was left

f'or- a ooupLe of minutes and the crystals of the methyl 6-nitro veratrate

appeared. This Has oollected and washed with water and a.Ll.owedto dry

on the f'ilter paper.

Yield 10 g. m.p.

~J;1.~~_c?!~J:. 6_-.Ili~. ver<:1.l~at~to _the""amino_comj2oun<l-_

Methyl 6-nitro veratrate (10g.) was added to a solution of

staQnous chloride (16 g.) in 5~! methanolic hydrochloric acid (100 ml)

and the solution ~fas refluxed for one hour on the steam bath. The

reaction mixture was d.iluted 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.
-1

V '" 3333 cmmax as doublet for the -Nfl
2

group.

Condensation of aminoveratrate wi.th diethvl malonate. . .... - .... -= -- ~ .
Methyl 6-amil:lo.-veratrate (3g.) and diethyl malonate (5g.) were

heated together in an oil - bath at 190°C - 200°C for one hour. On

distilling off the excess diethyl malonate, a solid, 6,7-dlinethoxy-

malon-anthranilide m.p. 750 was obtained.

Yie1d less them -I g.

(Found C, 55.32 ; H, 6.21 ; C15H210iJ r-e qu iz-e s C, 55.05 ;

H, 6.42) N+ ( f'r'om spectrum) 327 1724 em
-1 (ester band)mass Vmax

1669 em
-1-

( ester ) 1658 em
-1 (carbonyl of an amide).

Nitration of Veratronitrile to 6-nitroveratr0nitrile
~~~-~'-~~~ .~. ~''''''''.'~-=-=-~''''~

The veratronitrile (10g.) was dissolved in glacial acetic acid

(20 c i c ,').. Nitric acid. D -1.42 ('\<J~ •• ) ilas aJ~~e ,;ith careful

shaking. 011.alloy,j..ll.E:;to stand at room temperature for about 30 minutes,

bright yello'ilcrystals appeared. The crystals were collected and dashed

well with water. The crude nitro compound was recrystallised from

methylated spirit to give fine ye Ll.owneedle-like crystals.

Yield '" 9.5 g. m.p.
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Reduc't i.on of the nitro cOill.J?0unctto 6-amino-vera troni trile~- ~-~ ~~- ==-. .- --- - .. . . - .- - .'.-'--~~-~' -- ~ ..•_ . _. _ -=-

'I'he nitro compound (10.5g.) was added to a solution of stannous

chloride (32g.) in 50:50 methanolic hydrochloric acid (200ml) and

refluxed f'o r over L~ hours. The solution was diluted with water and

basified rrith aod.i.umhydroxide solution until the gelatinrms

precipitate of tin chloride fonned rerlissolved. 'I'he product was taken

up in chloroform. The chloroform solution was dried with anhydrous

magnesium sulphate and evaporated to give a deep yellow oil which

solit.'.ified on cooling. M.P. 90oC-

-1 -1V 3333 cm and 3175 cmmax

92°C, yield (9.5g.)

-1
(amino group), 2410 cm (-eN group)

Acetvlation of 6-aminoveratronitrile~=~-.;...-=~. ~. - ....~- .•... _. - -

6-aminoveratronitrile (5g.) was dissolved in acetic anhydride

(100 c.c.) and about 10 drops of concentrated sulphuric acid '.'iere added

and the mixture was allowed to stand for about 20 minutes. The ••hite

crystals of the N-acetyl-veratronitrile appeared. This ',ms collected,

washed with water and allowed to dry on the filter paper. ~

m.p.

Yield 3g.
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6-n-acetyl-veratroni trile (3g.) "ms di.s.soLvod in absolute

ethanol (30 mL,') and a small piece of metallic sod.i.un ("'"1g.) was

dropped. '\7henall the sodium had dd.s soLved, the mixture was refluxed

for over it hours. A dark solution "Hasobtained. 'I'h.i.s solution,

on pouring into 150 ml. or cold rrate r , gave white crystals. mvp ,

138°C. Yield 2.2.g. (Found C, 60.82; H, 6.72; C13H1603N2

requires C, 62.90 ; H, 6.45 ;) M+ (mass spectrum) 248. The

n.ll.r. spectrwn showed signals at (5 1.45 (triplet J = 7 cis) and

04.59 (quartet, J =·7 cis) both for the ethoxy protons; 02.65

(singlet, methyl pr-otons ) ; 0 3.98 (singlet, 6§. of the two methoxy

groups) ; 0 7.17 (Singlet) ana. 0 7.30 (Singlet) for tHO aromatic

protons.

Friedel - Craft's acecv Latdon of Veratrole~.. -

Finely ponder-ed a.Iumdn.iumchloride (25g.) vras added to em

ice-cooled mixture of veratrole (25g.) and acetyl chloride (i7g.)

ll1 carbon disulphide (63 c.c.). A vigorous reaction occurred and the

purple rrix'turc obtained ';7.:1S warmed for about 10 minutes on a w'ater

bath and a.LLowed -Costand overnight. The reaction mixture YI!:lS

treated with much ice-cold wate r and the 101'Terorganic Layer' .ras

separated, washed witl1 sodium hydroxide solution, t hon tlu~ee time s
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with water. The organac layer was dried with anhydrous magnesi.um

sulphate and tho solvent was evaporated on the water bath in the

fume cupboard. The residue Vlasdistilled and the product (yellow

oil) was collected at 184°0 under reduced pressure. On a.Ll.ow-

ing to s tand at room temperature, the ye l.Low oil solidified to

shirming prism-like crystals of' acetoveratrone

Yield 18 g.

47°C (Lit.79 48°C).m.p.

Nitration or' Acetoveratrone
r:~_ --

Acetoveratrone (3.67g.) was dissolved in Slacial acetic acid

(2 ml.) and cooled. To the cooled solution, concentrated nitric

acid D, 1.42 (2 mI , ) was added dropwise with shaking. On allowing

the mixture to stand f0r a couple of minutes, a. solid appeared.

This was collected and recrystallised from methylated spirit to gi.ve

needle-like crystals of the 6-nitro-acetovarat:cone. YielCi 2 g.

m.p. vmax
-11667 em (ketone) •

Reduction ('1' Nitroacetovera trone to aminoacetovera trone-=-=--.....,c.>: .•.-__ ,,~~.""" ..,......,~~.~. -_..,, ~_-. """,-:.,..,...~~~~~ __ ~"~

The nitroacetoveratrone (8g.) was added to stannous chloride

(24g.) in 50:50 methanolic hydrochloric acid (160 ml.). The

mixture was r'ef'Luxed for 4- hours, cooled and diluted wit.h water.

It was made alkaline with sodium hydroxide solution and extracted
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Hith chloroform. Tho chlo::coformwas evaporated to gLve an oil as a

residue. Yield \)max 1616 -1cm -1
3333 cm and

-1
3279 cm (doublet, -Wrl2 ~'oup).

Reaction of kninoacetoveratrone with ethvl chloroformate.....,..",...,~.~-~-~...•..- . ~-~""--=--~~~-.~~~-=-,,-,,.., ..-:;.--.~.~

6-aminoacetoveratrone (1 g.) was added to ethyl chLor-of'o rmate

(1 ml.) in 100 ml. round bottomed flask. 'I'o the mixture, sodium

hydro xi do (5g.) in Lc e-co Ld water (20 ml.) was added. '1'here was a

vigorous reaction and a deep brown oil floated on the aqueous layer.

After sometime, the oil solidified to give dark crystals. The

crystals were collected and recrystalli,sed from methanol to give light

brown crystals of the urethane 95°c.m.p. Yield ( 1 g.)

vmax
-1

1695 em (ester), c -11039 em (ketone) •

Attempted Cvclisation of the Urethane
~~ '" __ -..11 _. -•. -~.:...-;~-'-~

Metallic sodium cut into small pieces (0.529g.) Vias dissolved

in absolute ethanul (99%) (20 ml.). vVhenall 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 Lr.

vlith the starting material.

/
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Methyl 6-arninoveratrate (2g.) Vias added to acetic anhydride

(10 rul.). After a while, when all the ester had dissolved, a white

solid appeared. The solid was washed well wi.t h water and dried on the

filter paper giving fine needle-like crystals of N-acetyl methyl

veratrate. Yield ("" 2g.) mvp , 1630C.

Methyl l\T-acetyl veratrate (1g.) vras dissolved in benzene (10 ml.)

and sodium hydride (1g.) was added and the mixture was refluxed for

2 hours on a water bath. It was cooled and methanol was added to

0. t'h h 0. • It was diluted with water and onrnaki.ngecompose ne excess _y rlde.

slightly acidic with hydrochloric acid, a soLid appeared. This was

filtered and dried in the oven. The solid was insoluble ~L chloroform.

m.p. above 300°C. Yield of material C""0.5g.).

Methylation of the solid material was done by suspending it in

a mixture of' methanol (5 ml.) anddiethyl ether (15 ml.) and

diazorue-chG_newas bubbled into the mixture. As methylation occurred,

the ma.terial gradually dissolved until a permanent yellow clear 501u-

tion was obtained. The yello~-l soLutd.on was kept in the fume cupboard

overnight. The solventvvas evaporated to give a solid m.p. 1600 -161.I?C.
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identified as the methyl N-acetyl veratrate by the i.r. spectrum.

('rhis showed that the reaction of sodium hydride va th methyl

N-acetyl veratrate resulted in the hydrolysis of the ester group to

the carboxyl group).

Methyl 6-am:ino veratrate (0.5g.) Vias added to toluene (10 mL)

in which metallic sodium (0.01 g.) had been suspended , The mixture was

z-ef'Luxed for about four hour-s on an oil-bath. The toluene was

decanted from the solid and it was dissolved in water. The aqueous

solution was made just acidic with hydrochloric. acid and the solid

precipitated was filtered. m.p. 2400, insoluble in chloroform.

Mass 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.

usin~eodium and dried toluene
~~-~ .••. ~ - - .••..~ ..•..•.--~~

Toluene (100 mI.) was shaken with fused calcium chloride

(20g.) for about one hour and then filtered Lnto dry clean flask
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into which sodium wire was pressed. The solution was a.LLowe d to stand

over the sodium ,-,ire overnight and then distilled into another dry

flask.

",'ith the toluene thus dried (20 mle) methyl lIT-acetyl verntrate

(1g.) was dissolved. The solution "as 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 (0.58.) VTaSadded

into the remaining solution and the mixture was ref1uxed for over four

hours. 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 v;itr1 mass peaks at 221 and 239, again indicating that th8

solid was a mixture of N-acetyl veratric acid and t118required

6,7-dimethoxy-~.-hydroxy-2-quinolone •

.f:.t ten~ted eyclis ation oi'~111:..1! -a~E3ra trc.~~ wi tl~<.~i1.lil!

~nu~~~.JMe~~<L0f i~._~~':1:ES! ~ 81).

Sodium (3g.) VIaSp'Lac ed in about 100 role of high boiling

petroleum ether (1000_120° ) in a rO'-lndbottomed flask. The sodium

was meltecl under this liquid by heating gently on a f'Lame 081m7 the

boiling point of the liquid. As soon as all the sodium melted, it was

shaken vigorouGly until it had broken .irrto fine granules. The
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pet. ether was then carefully decanted and the sodium washed with dry

toluene. Then dry toluene C100ml.) was added.. To this ~ methyl

N-acetyl-veratrate (25g.) 1iTaSadded. Reaction occurred immediately

and the yellow mixture boiled spontaneously. The mixture was refluxed

on an oil-bath for 6 hours and after si,x hours, a solid vraa formed.

The solid was collected and then redissolved in warm water(about 400 ml.)

On ac idifyin g the aqueous solu tion with hydro chloric acid, a light

ye Ll.ov solid appeared. This was filtered and. dried .in the oven.

m.p. Yield 17g.

The solid dissolved m sodium bicarbonate with effervescence,

showing tha t it nas a carboxylic acid •

Mass peak 239
..,.

( stong)
to 221 (\leak).

Attempted Condensation of methvl N-acetvl vor-atr-a te "IIith diethvl~~_~ __ ~-.. - . u_. ~ =--~~<.' , . ¥=-

ma.Lona te and. sodium amvl.ox.ide in accordance wi, tit the method or___~_-=-~ __ .-t.~.~~.~_'_"'-1'''''-'''''''~ ._. -

II 82
Georg Koll.~

Methyl N-acetyl veratrn.te (16g.) vras placed in a Clarius tube

and cliethyl ruaLonat.e (15g.) Vias added. A solution of sodium (0.7g.)

Ln n-cnyL alcohol (20 ml.) was added and the tube was sealed. The

tu-oe ',ras heated in a furnace at 1400 - 1500 for over 15 hours.

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

form. The solid gave a mass peak 0;: 239. Yield 12 g.
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'I'he solid vias mo thyIa ted by suspending it in' ether (100 mL)

and. saturated. with d.i.az orne t.hane as usual. On al.Low ing the

dia.zomethane to escs-po and. evapora.ting the solvent, a solid was

ob tad.ne d m.p. Yield 10 g.

The solid. was iclentified as the methyl N-acetyl vera trate by the

i.r. spectrum.

Reaction of amino veratrole with ethyl cvanoacetate--..-.-:~ .-~~. --="- ~~-~, ...~=

Amino veratrole (15g.) was added to excess ethyl cyanoacetate

(100 mI.) and the pink solution obtained ~as boiled on a heating

marrtLe for 3 hours. The excess ethyl cyanoacetate was distilled off

under pz-es sure and the residue was allowed to cool. A solicl was

formed. This was collected and washed with ether to give a deep

yellow powdery substance m.p. 232°C - 233°C. Yield 10 g.

(Found C, 54.81 II, 5.56 ; C11H1203N r-equ.i.re s " 55.00,v,
) lvI+ 1750

-I
(carbonyl band ofH, 5.45 220. Vmax em an

amide) , 2225
-1 (- CH group).cm

All.atte;;lpteo. Hoesch reaction on the solid .za.s abortive •

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

(40g.) in diphenyl ether (100 c vc , ) in a 250 1111. round bottomed flask
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equipped with a short air c:mdenser and the mixture was refluxed for

about 2 hours. On cooling, a solid appeared. This was filtered

and the solid was washed with petroleum ether to give a powdery

substance m i p , above 3000C. Yield 12.5 g. 1:1asspeak at 221 and

a very weak peak at 289.

The solid was boiled wi.th 1o;{ caus t ic soda (20 ml ,') and on

reprecipitation with hydrochloric acid gave light yellow crystals,

which was collected and dried in the oven.

Yield f"'J 5g. mass peak 221 (very sharp) (Found C, 60.11 ;

-13448 emH, 1+.72 C11H110I!~ requires C, 59.73, H, 1+.99) vmax
(imino band), 1639 em-'I (carbonyl band of a 2-quinolone).

Attempted esterification of the 6,7-dimethoxY-4--hYdroxY-2-

quinolone wi t.h ~~ -dimethyl acryloyl ~ chloride accord.ing to the

method of Broivu et al. was wlsuccessful.

Prep'ara~i~ Isoamyl br2mide

48/S hydrobromic acid. (121-2ml.) VJaS put in a 500 ml. flask ana

concentrated suLphurLc acid (33 mle) vms added in portions with

shakm g, '.7hen coLdj i soamy.Lalcohol (-109 ml.) was added and the

apparatus Vias as sembLed for distillation with a dropping funnel for

adding more sulphuric acid. 'I'he end of the condenser was conneoted

to an adapter d.i.pp Lng Lnto water contained in a 500 ml. flask
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sur-r-oundedby ice. More concentrated sulphuric acid (5.5 .m.I) was

added slowly from the tap of the funnel 3...11.clthe mixture was distilled

slowly. The distillate, a heavy liquid beLowthe water level in the

flask was washed well vTi th viatel' , then with an equal voLumeof con-

centrated hydrochloric acid (volul11eequaL to the volume of the

distillate), with water, then with a small quantity of sodium

b.i= ce.rbonate and finally w i t h water. It was dried w i.th fused calcium

chloride and the dried bromide was distilled between 1170
- 1200

Yield 65 g.

gondensation 9:f IS,<2,amylyromidewith die~h'yl ,malonate

Iiletallic sodium (3.8g) was dissolved in dried methanol (100 ml.)

and the sodium methoxide solution was allowed to cool. Diethyl malonate

(25 mf, ,') and isoamyl bromide (20 g.) ",.lereadded 3...11.dthe mix tur'e was

refluxed for over six hours. .After about one hour, a wlri, te solid of

sodium bromide started to appear causing muchbUllying. The excess

methanol was distilled off and to trle residue, wate r (100 m'L,') was

added and the ester f'orraed as oily drops was extracted w i th ether

(100 mls x 3). The combined ether extracts were washed well with

watel' and dried witli sodium sulphate (anhydrous). ~~vapo:cation of the

ether and distillation of the residue gave the diethyl-isoamyl-malonate

as a colourless oil, collected above 2000 at atmospheric pressure.

Yield 15 g.
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~ -t;i2E of' .~~7.:·diP..~tll0JSY:4:-J:1ydr6:lS.V-3-is6~'!.,1-2-:.9.uinolone

j\ solution of' diethyl-isoamyl-malonate (1og.) and aminoveratrole

(5g.) in diphenyl ether (50 c.c.) was ref'l~~ed lic a blanket of' nitrogen

f'or 3 hours in 100 rol. f'lask f'i tted with a short air condenser to allow

off the ethanol formed.

On allowing to cool, the 2-quinolone crystallised out. This was

collected. and washed weLL \-vith n-hexane to remove the diphenyl ether.

The cream-coloured solid "Hasinsoluble in chloroform but soluble in

methanol. (lJ'ound C, 62.76

II, 8.07; C16H2204N requires
-1

\Jmax 3448 em (imino band),

2-quinolone) •

C, 65.75

-1
1639 em ' ( "c = oof a/"

6, 7-diJnethoxy-4-hydroxy- 3-isoamyl-2-quinolone (0 .5g.) "Nas

dissolved in methanol (10 rol.) and diethyl ether (20 ml.) was added.

The solution was s~turatGd with diazomethane until the solution attained

a permanent yello'N colouration. The solution was then allowed to stand

in the fume cupboard overnight until the excess diazomethane had

escaped (when the solution bec aue caLour-Less). 'I'he solution was

evaporated and the residue crystallised to give the 6,7 ,l+-trimethoxy-

3 . 1 2 . 1 1820 - 1840• y' ld 0 3-1soamy - -qU1l1.0one m.p. 1e. g.

The methylated product was identified by its n.m.r. speotrum.
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!1;:r~2.a~·}1-ol_carboxx..!ic.~~l.Cio..

A solution containing pyrogallol (40g.) and potassium

bi-carbonate (200g.) in water (400 ml.) Viasplltce'd ina 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 ~hile a rapid stream of carbon dioxide was being passed. The

solution was acidified while still hot with hycl1'ochloric acid, the

acid being delivered to the bottom of' the flask trith a long tube

connected to the tap of the sepat'ating funnel. The solution Vias

allowed to cool and the acid. crystals appeared on cooling. The

crystals were collected by f'ilteration and recrystallised. by boiling

with 200 mI. of water containing a little decolourising charcoal to

give Li.ght yellow need.Le-d.Lke crystals. Yield 35~.

m.p. 2240 ~ 2250•

3z4-dimethoxy-2-.k[droxy-benz~l-c acid

Pyrogallol carboxylic acid (30g.) was dissolved in sodium

hydroxide solution (}5 g. of NaOHin 250 m.l, of >later) and d.imethyL

sulphate (60 mle) was added and the mixture was s.'haken up while

coolin~ und.er ta£ wa.ter for- 3{) minu.tes.. The <i.a:tk.-brc1ID. mixt.ure ~as

then ref'luxed for 2"hours while more sodium hydroxide solution

(5 g. of NaOH:in about 15 rol. of' watel:'): was beifig added. through the
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aondenser, to hydrolyse any ester that might be formed. On allowing

to cool, the 3,4-dimethoxy-2-hydroxy benzoic ·aoid was precipitated

with concentrated hydrochloric acid.

( L.;t.87 1 640C). Y - III (' t 16 )~ a.erc aoou g••

An attempt at shaking the 3,4-dJ.Illethoxy-2-hydroxybenzoic acid

with more sodium hydroxide and dimethyl sulphate to give the

trimethoxy benzoic acid was unsuCcessful.

~3dL4-trimet~oxy~enzoic acid

3,4-dimethoxy-2-hydroxy benzoic acid (38g.) -l{aSdissolved in

methyl ethyl ketone (300 ml.) and anhydrous potassium carbonate

(30g.) was ada.ed.88 To the mixture, dimethy'l 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 2,3,4-trimethoxy

methyl benzoate was boiled vnth 20,1caustic soda (100 mI.) on a

flame for 2 hours to hydrolyse the ester. The solution Has alloned

to cool and a.cidification with hydrochloric acid gave the

2,3,4-trimethoxy benzoic acid as white needle-like crystals (after

rec~ystallisation from hot water containing a little charcoal).

Yield

m.p.
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2 3 4-trimethoxV benzamide~~t.J. __ ~"_.~.. ~~-=,,---._._..~._._.

2,3,4-trimethoxy benzoic acid (25g.) vras dissolved in benzene

(375 ml.) and to the solution, phosphor-us pentachloride (25g. )'ims

added. The solution was refluxed for over one hour until there was

no more evolution of hydrogen chloride gas. The undissolved material

was filtered off and the filtrate was cooled well in ice-salt mixture.

Concentrated ammcrri.asolution (250 ml.) was added gently. The benzene

was then steam distilled and the aqueous solution left as residue gave

cream-coloured prism-like crystals on cooling. This was filtered and

dried in the desiccator. m.p. 1340 - 1360 (Lit87 1300 - 1310)•

.90Il"y:e£~:h.'?.;~.2.LthE>bJ.J It·:-_~r:i,met~9.~.~~=!:de_~~0..J~~im~ th2JSZ

~~_.~_LI}of!~t s degadC1 ~~iol1.~~~~~
2,3,4-trimethoxy benzamide (14g, ~ 0.06 mole) was dissolved in

methanol, then reprecipitated with water-and filtered as fine granules;

it vra s washed well with water to remove all traoes of alcohol. This

was suspended in sodium hypobromite solution. The hypobromite solution

was prepared c..toOe by adding bromine (4 o s c,, ""'0.08 mole) to a

solution of sodium hydroxide (16 g., 0.4 mole) in 133 ml. of water.

The mixture was stirred (meohanical stirring) for over two hours. Then

it was diluted with water and the pink oil f'ormed vcas taken up in ether.

The ethereal solution was dried with anhydrous magnesium sulphate and
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evaporated. 'I'he residue.Tas a thick pinkish' oil. Yielcl: 8g. The

i.r. spectrum showed the doublet of the aoino group at

-1 -1
3333 cm and 341j-Bcm •

Vmax

6J7)8-trime~hoxY-3~~so~Xl-4~hz~r02~2-~uin?lone

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 coo Li.n g, the 3-substituted-2-

quinolone compound wa s precipitated when titurated vr.i th petroleum

ether (4-00 - 60°). This was filtered and washed we Ll, with petroleum

ether (1+00- 600) until all the diphenyl ether had been washed off.

It was dried on the filter paper. Yield (1.2g.) m sp , 155°C - 1570
•

Vmax 1639 cm-1 (carbonyl of a 2-quL~~10ne) and

C, 63.54 ; H, 7.1 6) •

-1
3333 cm

(imino band).

6,7, 8-trimethoxy- 3-isoamyl-4--hydroxy-2-quinolone (0. 2g.) was

suspended in dry diethyl ether (20 ml) and diazomethane was 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 obtained. The n.m.r. of the oil showed the presence of the four
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methoxy groups of 4,6,7,8-tetramethoxY-3-isoamyl-2-quinolone.

In a 51. round bottomed f'Lask f'i tted with a stirrer f re-

distilled mesityl oxide (100g.) dissolved in dioxan (200 ml) was

oadded. A oold solution of s0dimn hypobromite was prepared at 0 by

adding bromine (100 m.l.) gently from a dropping funnel into a solution

of sodium hydroxide (200 g. of NaOHin 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 yeLLovr 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

wi+h acidified potassium iodide solution and no iodine 'was lib era ted

showing that all the hypobromite had decomposed. The solution Has

then acidified vri th 5afc sulphuric acid (250 ml ) until it was acLd to

Congo red. The whitish mixture formed was then extracted with ether

in bits (100 ml of the aqueous mixture to 500 m1. of ether) with

vigorous shaking dur i.ng each extrac tion. The ether extrac ts wer-e

combined and dried i7ith anhydrous magnes.i.umsulphate 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 needle s of the acid which Viasdried in

air. Yield 25 g. m.p.

YY-dimethvl-allvl alcohol
••••••• H "

~~-dimethylacrylic acid (18g.) dissolved ll1 dry ether (50 ml)

was added slowly for about one hour to a stirred slurry of Lithium

aluminium hydride (1Og.) in dry ether (-j 00 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 oOe. The complex

formed after all the hydride had been destroyed was decomposedw i,th

dilute sulphuric acid (75 ml. of sulphuric acid in 225 ml. of water).

The liberated alcohol was extracted with ether and t.ho ethereal solu-

tion was dried with anhydrous magnesium sulphate and evaporated. The

residue vms re-distilled under reduced pressure to give a colourless

liquid.

Yield 12 g.

YY~~etl1Ylal~1:1 bromide:

YY-diroethylallyl alcohol (12g.) was dissolved in low boiling
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pet.r-oLe um ether (11-0°- 60°) (40 rnl) and added sLow.Iy to a stirred

mixture of phosphorus tribromide (13g.) and py.cidine (1.9g.) in

000pe tr'o.leum ether (40 - 60) (35 ml.) at a temperatuL'e below -10 C.

f'or about half an hour. Themixture was Btirreil Dvernigl'l.tana. it~-

oold water was added. 'I'he oil formed was well extraoted with

( 0 0)petroleum ether 40 - 60 ; the pet. ether extraet was dried with

anhydrous sodium sulphate and evaporated. The residue lias distilled

to give the yy-dimethylallyl bromide as a Li.gh t ye LLow fuming

liquid. Yield 10 g.

Dime~thyl_-iY'y'-(j..~etEylallxlL.::-ma}onate, :

Freshly cut sodium (2g.) was added to dried methanol (100 m'l)

[dried by refluxing with oaloium hydpide and distilling over it into

another olean dry flaskJ. Redistilled diethyl malonate (9g.), and

yy-dimethylallyl 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 ·llie substituted malonio ester was collected above

200°C. as a colourless liquid.

Yield 6g.
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6)7-dimetho~'y-':.3-i_~jLenten'yl-_~_-hXdro~7-~-~~=!~E~..?Jone.

A mixture of aminoveratrole (3g.) and diethyl-(¥Y-dimethylallyl)

-rnaLoriate ( 6g. ) in diphenyl ether (50c •c.) was refluxed in a

blanket of nitrogen for five hours. ~1.fhencool, the solid 2-quinolone

was precipitated with petroleum ether (~Do _600), collected and waahed

with petroleum ether. The solid wa a shaken well with ohloroform and

filtered to give an ash-co loured powder. Yield 1.8g.

m.p. (Found C, 66.51 ; H, 6.84

requires C, 66.42; H, 6.58) I\I+ (mass spectrum) 289. vmax
-1

1639 cm (carbonyl of a 2-quinolone).

6,7 -d.ime thoxy- 3-isopen tenyl-4-hydroxy":-2-quinolone (50 mg.)

was refluxed with coneentrated hydrochloric acid (2 ml.) for about

2 hours. It was diluted with Ylater and. extracted with chloroform.

The chloroform extr-ac t was dried vri th anhydrous sodium sulphate 9...YJ.d

evaporated to give a solid residue of the demethyl dihydro-oricine.

Yield 10 mg. m.p.

Methvlation of demethvl dihvdro-oricine to dihvdr-o-cor-i.sine
-......:.~_ •..•t;~_. _. __ ~~~~. v_ _~. ¥ __.~~. ~~.. . . _¥ . ~.,.

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

(5 ml.) and anhydrous potassium carbonate (10g.) in analar acetone
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(80 m.L)"HaSrefluxed overnight (over 12 hOUTS) and then filtered.

The solvent (acetone) was evaporated off the filtrate and the residue

was extracted nith chloroform. On evaporation of the chloroform, a

gummymate:JCialwas obtaane d , The n.m.r. spectrum of the gummy

@aterial indicated that methylation took plaoe but there were lots

of impurities. 'I'he gummymaterial 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 gummymaterial was too small for coLumn chromato gr-aphy,

Preparative thin layer chromo.tcgr-aphywas done and a slightly purer

material, still uncrystalline, vias obta i.ned , The n.m.r. of the

last gummymaterial was very similar to the n.m.r. of the dihydro-

oricine "

l'T-demethvl-oricine~~ •.. ~

6,7-dimethoxY-3-isopentenyl-4-hydroxy-2-quinolone (0.1042g.)

and 2,3-dicyano-5,6-dichloro benzoqu~,none (DDQ) (0.1056g.) in

dry benzene (100 ml) was refluxed for about 4 hours. 'I'he mixture

V"TascooLed and filtered. The benzene was evaporated and the residue

was extracted with chloroform, then washed with 10% sodium

bicarbonate solution (about 500 ml.), then VIith vra te r , The chloro-

form extract was dried wi.th anhydrous sodiwn sulphate and evaporated
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to i.ve art 11" b t 2100 - 2·120C. Yi.eLd -" 0.1 g.gl C ys a ln8 su s ance. m.p. .-

(Found C, 68.01 ; H, 6.01 ; C16I-i1704N requires C, 67.20 ;

H, 5.92.) r;r+ (mass spectrum) 287.

A mixture of' N-demethyloricine (0 .05g.) methyl iod.ide (2 ml)

and anhydrous potassium carbonate (5g.) in ana.Lar acetone (40 ml.)

was refluxed :for 6 hours on a steam bath. The mixture was :filtered

and the :filtrate was evaporated to give a residue which Nas taken up

in chloro:form. The chloroform extrac t was washed wi, th water, then

dried with anhydrous sodium sulphate and evaporated to give the

orystalline substance, oricine, recrystallised :from benzene.

m.p. Yield 0.03 g. (Found C, 67.51 ; H, 6.30

The i.r. and n.m.r.

spectra wer-e identical with the Lr. and n.m.r. speotr-a of 'tho

natural oricine.
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