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CAAPTER IV

DISCUSSINA

1. Rutaceae and related familiies

Tie fomily Rutaceas comprises” about one hundred and fifty.
genera with sixteen hundred species (Pakrashi and Bhattacharyya,
1965). Engler and Prantl.divide the Rutaceae into seven subfami-
lies-the Rutoideae, Toddalioideae, Aurantioideae, Flindersioideae,
Dictyolomatoideae, Spatiielipideae and Rhabdodendroideae, 0f these,
thehlast three are monogeneric. ~The bulk of the aenera and species
in the family are found in the Rutopideae, Toddalioideae and “uran--
tioideae; Flindersioideae consists of two genera only (Engler and
Prantl, 1931).

rcenrding ta Willis, (fallowed the system of Ennler and Prantl)
the groups of whicth the family is made up differ considerably amona |
themselves and several of them were formerly-renarded as independant
families. They ane|consideredytocbenclosely allied to the Meliaceae,
. Burseraceae,4Simarubaceae, Zyaophyllaceae and Cheoraceae. These rela-

tionsHipsfare sot out)in Figl € o 39 A(Hillis; 1965) .
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Fiaure 9. Rutaceae and related families.

2. Chemotaxonomic sianificance of alkaloids in Rutaceae

From a purzly cacaical nrint of view the Putaceae is a
féscinating group and in respect of the alkaloids it produces is
probably the most versatile of all the families of higher plants.
Alkaloids of diverse'structural types, viz, quinoline, furanoqui-
noline, acridine, quinazeline, protoberberine, 1,2-benzophenanthri-
dine, aporphine, protopines canthinone, imidazela, nyrro]idine,'
oxazole and B-pnenylethylamine bases, have b&en encountered in Rutaceae.
Some 6f those types, viz, furanoquinoline and acridine, are restricted
only to and thus diagnostic of this family. Like lacridines,with a few
exceptions, quinolines and quinazolines_have also been found to be
associated with furahoquinolings thouagh the reverse is not true (Pakrashi
and Bhattacharyya, 1965).

fmenq thz subfamilies of Putaceae, nn information:'is available.
concerning the occurrence of alkaloids in Spathelioideae or Rhabdodeh-
droideae. Of the four imoortant subfamilies, Rutoideae and Toddalioi-
deae are almost equally versatile in producing alkaloids. Aurantioi-

deae is the only known source of simple quinazolines. Quinolines and

$
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furanoquinclines are found throughout four of the five subfamilies,
Dictyolomatoideae is the one exception. Acridines and benzylisoquino-
lines have been isolated from three of these subfamilies (Rutoideae,

Toddalioideae and Aurantioideae) (Price, 1963).

3. Chemotaxonomic siagnificance of coumarins in Rutaceae

In additicn to aikalrids and-essential cils, the Rutaceae
is particularly rich™in cbumarins which are distributed throughout
the four subfamilies Aurantioideaé, Putoideae, Toddalioideae and
Flindersioideae. There dis no significant variation in the overall
distribution of coumarin types between thie three major subfamilies.
The total number of isolation of all coumarins have been made in the
approximate ratio of 6:1:3 between Rutoideae, Todda]ioideae and
Aurantioideae. A breakdown of the isolations of linear, anqular and
dihydro furano- and pyrantcoumarins shows little deviation from thisA
ratio. Similarly among simplé coumarins thé overall ratio remains
about the same although it shouid be noted that if the C-8 prenyl and
C-3 prenyl subgroups are considered.separately it swings more toward
the Aurantioideae land Rutoideae (tribe' Ruteae) respectively (Gray and
Haterman, 1978).

Few rutacenus dendra That have beén thorouahly. investigated
have been found to lack coumarins. One aroup which may be atypical
in this respect are the African Toddalioideae, other than Toddalia

itself, which, despite considerable investigation, have yet to yield

coumarins. The chemically atypical Phellodendron Rupr. (Toddalioideae)

also appears to be devoid of coumarins (Gray and Waterman, 1978).

e
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) Sema2 trends do apnzar te exist in the substitution patterns
of coumarins., Oxyaenation at more than two positions in the coumarin
nucleus is relatively rare. Monosubstituted furanocoumarins occur
from relatively little prenylation in the Rutoideae (Zanthoxyleae)

to reaular prenylation in the Aurantioideae, with the Toddalioideae

and Rutoideae (Ruteae) in an intermediate position. Prenyl substitu-

tion at C-8 would appéar to occur much-tess frequently than at C-6 and
may reflect a relative rarity of the C-8 enzyme which could be taxono-

mically valuable (Gray and Waterman, 1978).

4, The taxonomic paSition of Flindersioideae

Ar~na those familizs usually censiderzd to mrka un tha
natural order Rutales (Rutacea:, Simarubaceae, 'leliaceae, Bursera-
ceae, Cneoraceag and, perhapss Anacardiaceae) coumarins have been
found only in the Rutaceae and fleliaceae. .In the latter, coumarins
appear largely restricted in distribution to ©enera of the subfami-
ly Cedreloideae which Hartley (quoted by Gray and Waterman) has
sugaested may have Significant morphiological similarities to the
Flindersioideaes lihi¥st/ the.cooccurrence of coumarins in these
subfamilies may well be pertinent to_am“understandifig’ of the phylo-
geny of Rutaceae and Meljaceae," it mustive observed that the secondary
metabolism of the Flindersioideae is typically rutacecus (Gray and
Waterman, 1978), for exampie, several Flindensia species have yielded
the flavanone glycoside hesperidin, a characteristic metabolite of
Citnus species, also reported from Zanthoxylum but not from outside

the Rutaceae. HMoreover, the one ChLonoxylon species and thirteen of

g



40

a total of fourteen Flindersia species Contain furanoguinoline alkaloids.
It will be recalled that no: only have furanoguinolines not been iso-
lated from any sourceé other than the Rutaceae, but there is as yet not
one definite identification of an alkaloid from the Meliaceae. Price
censidered that the Flindersioideae, Aurantioideae, Toddalioideae and
Rutoideae, represented a homogeneousS group distinct from the Meliaceae
and other associated families (Price, 1963). However, Hutchinson placed
the Flindersioideae in_the family Meliaceae (Hutchinson, 1959). Other
authoritiés agreed that it was out of piace in the Meliaceae but Dadswell
(quoted by HMetcalfe and Chalk) suagested that it was not typical of
either the Rutaceae or Ghe Melijaceae and favoured é separate fomily,

the Flindorsiaceae (Matcalfa and Chalk; 1950).

The alkaloid flindersine has preyicusly been r2norted from
Flindensia (Flindersioideae) (*atthes and Schreiber, 1915; Brown et af.,
1954) , Haplophyllum (Rutoideae) (Lavie ef al., 1968) , Gedjena (Rutoideae)
(Dreyer and Lee, 1972) and Ataiantia (Aurantioideae) (Bowen and Lewis,
1978). The present work is the second report of the occurfence of a
pyranoquinolone.in_the Rurantioideag.., It is.of chemotaxonpmic interest
because Waterman (auoted by Bowen and Lewis) ‘has suqaested a possible
biochemicaly relationship-between, Rutoideaesand, Aurantioideae. Both
subfamilies may nave evolved from an ancestral Rutoideae/Toddalioideae
complex, and Flindersioideae may also have evolved from this same com-
p]ex (Bowen and Lewis, 1978). In addition, the presence of flindersine
in Flindersioidéae and at least twn cencra of "urantinideae has sarved
to maintain a link between these two subfamilies. It is one of the
significant means for supporting the proposal that the subfamily flin-

dersioideae had better be placed in the family Rutaceae,

e
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5. Biogenetic relatjonsiip between {licromelum coumarins and alkaloid(s)

feenrding tn the nravious reports, coumarin crmn-unds ﬁame]y
micromelin (m}cromelumin) (Lamberton et af,, 1967; Chatterjee et af.,
1968), micropubescin (Chatterjee et ae.,V1968), microminutin (Ruangrungsi,
interview 1980), 6-(2,3-dihydroxy-3-methylbutyl)-7-methoxycoumarin
(Joshi et af., 1975) and ostiol (Price,1963) were isolated from Micro-
melum minutum Seem, (M,pubescens Blume). - Inspection of their structures
(Fig. 10, p 42 ) all.ef these compounds are 7-methoxycoumarin deriva -
tives. Consideration of /their biogenetic nathways, C-prenylation was
involved in each route, follawed by further modification that might
then take place on the ppenyl side chain such as epoxidation, hydroxy-
lation and intramolecular condensation (Gray and Waterman, 1978).
Prenylation has been demonstrated to occur at the umbelliferone stage,
other substituents beine introduced later tFloss and Paikert, 1969).
Consequently, the precursor of such coumarin compounds would rather be
the 7-hydroxycoumarin (umbelliferone) than the 7-methoxycoumarin (hir-
niarin) itself. The failure of hirniarin to be prenylated indicated
that a free hydroxy group is necessary on €-7 of the coumarin (Ellis
and Brown, 1974).

| The'mzenanism of prenylation of umballifercniis visualized

as involving the formation of the stable anion (XIVa-c Fig. 11 p43 )
which will permit the electrophilic attack of a prenyl carbonium ion
at either C-6 or C-8 to yield C-prenyl coumarins or on the phenoxide
to give O-prenyl combounds; Perhaps the role 6f the prenylating enzyme(s)
is to localize the charge on the anion and thereby direct the attack

of the prenyl unit (Gray and Waterman, 1978). The participating enzyme,

™



i . CH
_ Y/
C C *ld c-/
l' '.\
Y " NcH,,
2

\*\W
\\\O//l§0
[ji ] Py N o

3

ATemiweng
AMaNNIRIMINI e

H_CO
2

Osthol Microminutin

Figure 10, Structures of coumarins from M{cromelum minutum Seem.

(M. pubescens Rlume) '
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a particulate dimethylallyl (prenyl) transferase, was demonstrated in
extracts of Ruta graveofens Linn. cell cultures (E1lis and Brown, 1974),
as well as in fresh leaves of the same species. It converted umbelli-
ferone to 6-dimethylallylumbelliferone, but not to 8-dimethylallylum-
belliferone (Brown, 1979). The work of Grundon and co-workers has pro-
vided experimental evidence for indicating that 2,4-dihydroxyquinoline
is the analogue of umbellifercne (Steck and Brown, 1970). It is possi-
ble that one or more of the same enzyme(s) could be responsible for

the build up of isoprenyl/side chains of both Mieromelum coumarins and
alkaloid(s).
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Figure 11, (The meChanism of prénylation)of) umbel1ifertnel
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