ANNIVERSARY ADDRESS

A USEFUL DEVELOPMENT IN THE CHEMISTRY OF
FLAVONOIDS AS NATURAL PRODUCTS

by T. R. Sesuapzri, F.R.8., F.N.1L., President, National Institute of
Sciences of India

(Delivered on 2 January 1969)

IMPORTANCE OF Glinkgo biloba (MAIDEN-HAIR TREE)

Ginkgo biloba (maiden-hair tree) is a tree of great botanical and chemical
interest (Fig. 1). It is the only surviving species among Ginkgoales which
were widespread in the very distant past between 60 and 250 million years
ago. It has apparently remained unchanged over geological ages and it
has therefore been called a ‘living fossil’. It has long been cultivated in
temple gardens of Japan where it is considered sacred. Not only is the tree
beautiful but the green fruits are eaten after frying. The flesh of the ripe
fruits is found to contain toxic phenols. The tree has been introduced into
European countries and the U.S.A.

The extract of the leaves of this tree (Fig. 2) has been reported to have
medicinal properties and it is now being marketed in West Germany in forms
suitable for oral administration and injection. It is considered to possess
blood flow increasing and vascular widening properties and is recommended for
use in hormonal, nervous, vascular, blood flow and nutritional disorders.

The special chemical components of these leaves have been studied
intensively during the past ten years and their structures have been established.
They are known as ‘biflavonoids’ in whose molecules two C,; units are linked
together. In view of the important medicinal properties attributed to the
leaves we have recently examined Indian plant sources for compounds of
this type and have obtained some useful results.

Before proceeding further, it may be useful to mention earlier discoveries
on the medicinal uses of flavonoids. These polyphenols were originally
valued as mordant dyestuff and this use has become obsolete after the intro-
duction of synthetic dyestuffs. But their importance has continued for other
reasons. One of these is their vitamin P property. This was discovered by
Professor Szent Georgyi more than 30 years ago. At the present time Rutin,
which is obtained on a large scale from buck-wheat and eucalyptus leaves, is
used in medicine. Similarly the bioflavonoids, hesperidin and naringin ob-
tained as by-products of the citrus industry are employed for the maintenance
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of capillary integrity, control of spontaneous abortion and to aid in surgery
and wound healing.

Ginkgetin und related compounds

The leaves of (7. biloba were first examined chemically by Furukawa in
1032, He proposed the structure of 5, 8-dihydroxy-4-methoxy flavone ({'-
methoxy primetin) for the chief component which he labelled as ‘Compound
B’. This was later on named ‘ginkgetin’ by Baker who also showed that it
was different from synthetic—4'-methoxy primetin. The study was progress-
ing for over 25 vears without conclusive results. The main difficulties were

e

I1a. 1. Ginkgo bilobu. Fia. 2. Ginkgo biloba—Leaves.

as follows: (i) the leaves yielded a mixture of three closely related compounds
and their separation was originally difficult; (ii) much of the earlier study
was carried out with mixtures; (iii) there was also difficulty of correctly deter-
mining the molecular size of these compounds. Eventually it was concluded
that they were biflavonoids containing two flavonyl units and their consti-
tutions were arrived at by the very extensive work of Japanese and British
workers.

The crude material contained at least three related natural products of
which two major ones were ginkgetin and isoginkgetin. It was later shown
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that these compounds could be comparatively easily isolated by taking ad-
vantage of Nakazawa’s observation that ginkgetin formed a rather insoluble
crystalline potassium salt. Treatment of the mixture with aqueous potas-
sium carbonate gave the sparingly soluble potassium salt of ginkgetin and
acidification of the mother liquor gave isoginkgetin. Later the surprising
observation was made that the mixture could be easily separated by fractional
crystallization from acetone. Since by the use of the Rast method for the
determination of molecular weight satisfactory results were not obtained,
the modified Menzies-Wright ebullioscopic method was used and the molecular
formula of ginkgetin was found to be C3,H,0,4 and it contained two methoxyl
and four hydroxyl groups.

The UV spectra of ginkgetin tetraacetate and tetramethyl ether indi-
cated that they are derivatives of apigenin. Moreover, the intensities of the
absorption bands were approximately double those of the monomeric apigenin
derivatives. This demonstrated the presence of two isolated flavonoid units
per molecule. Further studies of spectra particularly IR and colour reactions
gave more information about the location of groups. But definite informa-
tion was obtained by chemical degradations. The most important of these
are given in Chart 1.
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CHART 1. Chemical degradations of Ginkgetin.

They led to the conclusion that the flavonyl units had C-C linkage and
were linked at 3' and 8"-positions. The position of the methoxyls was
not only indicated by the nature of the fission products but also confirmed by
the study of UV spectra in the presence of bases. The constitution proposed
by Baker and co-workers in the year 1959 was 4’, 7-O-dimethyl-3’, 8"-bi-
apigeniny! (Chart la).

Nakazawa effected a synthesis of ginkgetin tetramethyl ether in 1959 by a
mixed Ullmann reaction between 3’-iodo-5, 7, 4'-trimethoxyflavone and
8-iodo-5, 7, 4'-trimethoxyflavone using copper in dimethyl formamide medium.
One of the products was found to be identical with the tetramethyl ether of



ANNIVERSARY ADDRESS 441

of natural ginkgetin. In 1963, Nakazawa synthesized ginkgetin itself as follows:
He used for the protection of the free hydroxyl groups in the components
benzyl and benzoyl units and these were conveniently removed later on to
yield ginkgetin (Chart 2).

HO O

CrHART la. Ginkgetin.

As already mentioned two more related compounds (partial methyl
ethers) have been isolated from Q. biloba leaves. They are isoginkgetin
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CrarT 2. Synthesis of Ginkgetin and its methyl ether.

and bilobetin. The former is an isomeric dimethyl ether and the
latter a related monomethyl ether. Soon many other methyl ethers of this
group were isolated. The parent compound of all these ethers is called
‘amentoflavone’. Originally it was considered to be rare; now several sources
have been found. The trimethyl ether ‘sciadopitysin’ is of importance; it
was isolated by Kariyone and Kawano in 1956 and their extensive work on it
was complementary to the work of Baker ef al. (1959) on ginkgetin (Chart 3).
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Na Name Ry Rs Ry Ry

1. | AmentorLavone H H H H

2. | BuiogeTin H CHy H H

3. | PopocarpusrLavone A | H H H CHgq
4. | SorevsurLavone H H CHy H
5. | GinkeeTin CHy CHy H H
6. | IsosinkeeTin H CHy H CH,
7. | Pooocareusravore B | CH3 H H CHy
8. | SciaooriTysin CHy CHy H CHgq
9. | KavarLavone H CH3 CH3 CHg
10.{ AmentorLavone CHy CHy CH3 CHsg

TETRAMETHYL ETHER
CrART 3. Amentoflavone series.
Hinokiflavone

A different type of biflavonoid was isolated by Kariyone and Sawada in
1958 from Chamaecyparis obtusa. It was named ‘hinokiflavone’ based on the
Japanese name of the plant ‘hinoki’ (Chart 4). The constitution of this

/_\ 0
HOOH

OH O

CHART 4. Hinokiflavone.

0]

compound was arrived at by Kawano in 1960. It was also a dimer of api-
genin, the molecular formula being Cg,H,50,0; it had no methoxyl groups.
It formed a pentamethyl ether and pentaacetate. The UV pattern was
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different from that of the earlier known biflavonyls but the UV of the complete
methyl ether agreed with the UV of ginkgetin tetramethyl ether. By ferric
colour reaction and IR data two hydroxyls were inferred to be in 5 and 5°-
positions. From the degradations of hinokiflavone and its pentamethyl ether
a diphenyl ether constitution was arrived at (Chart 5).
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CrarT 5. Chemical degradation of Hinokiflavone methyl ether.
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OCHj
Crarr 6. Synthesis of 2, 4, 6-trimethoxy diphenyl ether.

Among the products of degradation compound (IIT) having a diphenyl
ether structure was important. It could be converted by methylation followed
by oxidation and decarboxylation into 2, 4, 6-trimethoxy diphenyl ether.
This could be synthesized by the Ullmann condensation of 2, 4, 6-trimethoxy-
bromobenzene and potassium phenoxide. Thus the diphenyl ether structure
was proved (Chart 6).
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Since compound (IIT) gave positive reaction with Gibbs’ reagent there
was indication that the diphenyl ether link was ortho to the hydroxyl and the
alternative possibility was eliminated. We attempted the synthesis of hinoki-
flavone pentamethyl ether through the Ullmann condensation of 8-iodoapigenin
trimethyl ether and potassium salt of 4’-hydroxy-5, 7-dimethoxyflavone,
There was partial demethylation in this reaction and remethylation was done
to obtain the pentamethyl ether. The resulting product was identical with
hinokiflavone pentamethyl ether. However, Nakazawa has recently claimed
that he has synthesized both 4, 8” and 4’, 6"-isomers by unequivocal methods
indicated in the formulae given below and only the 4’, 6”-compound agrees
with the natural sample. This is explicable if in the above Ullmann synthesis
the partial demethylation that takes place leads to isomeric change of the
biflavonoid system. This is supported by his observation that synthetic
4', 8"-biflavonyl compound gives natural hinokiflavone when boiled with
hydroiodic acid. On this basis, the structure of hinokiflavone and the partial
methyl ethers require revision (Chart 7).

I
c:HaoOCH3 .\ CH3O 5¢*

ULimann o Methvearion

HINOKIFLA\IONE PENTAMETHYL ETHER

Dimerive Tsuupuoxme/l’ZC03
CH,0 0 O I CH30 0
O L O
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CH0 O CHO o

[X: NOZ 5 AFTER conpesaTion —NOz—) ‘“NHZ—) “'H]
CuaxnT 7. Synthesis of Hinokiflavone methyl ether.

Hinokiflavone is now found to occur fairly widely in nature; several of its
mono- and dimethyl ethers are also found (Chart 8).

Cupressuflavone

While looking for Indian sources of biflavonoids, we isolated from the
leaves of Cupressus torulosa and Cupressus sempervirens (Figs. 3, 4) a new
biflavone which belonged to a C—C type and called it cupressuflavone. 1In 1964,
it was assigned the constitution of 8, 8"-biapigeninyl. Its UV spectrum
was similar to that of apigenin (peaks at 226, 274 and 330 mu). The intensity
of the UV maxima suggested that cupressuflavone was a biflavone. IR
spectrum indicated the presence of chelated hydroxyl (s). Its molecular
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formula was found to be C3;Hy30,,. It did not contain any methoxyl or
C-methyl groups. It gave a hexamethyl ether and hexaacetate. On oxi-
dation cupressuflavone hexamethyl ether yielded anisic acid as the only

0

OH
Ne N ame R, Ry Ry
1. | Crvrromenin A H H  CH
2. | Tsocrveromenn H CHy H
3. | Neocaveromenin CHy H H
4 | Cramaecyramn CHy CHy H
5. | Crwromenn B H CHy CHy

CmArT 8. Hinokiflavone series,

IFic. 3. Cupressus forulosr. Fig., 4. Cupressus sempervirens.
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isolable entity. The NMR spectrum of the complete methyl ether of cupressu-
flavone was symmetrical. From the coupling pattern and the chemical
shifts of the aromatic protons, it was inferred that oxygenation was at 5, 7,
and 4'-positions. On these considerations the following constitution was
proposed (Chart 9).

Cuart 9. Cupressuflavone.

The decision between these two structures was sought to be made by the
synthesis starting from 8-iodeapigenin trimethyl ether and subjecting this
to Ullmann condensation. The synthetic hexamethyl ether was identical
with the natural sample and from it cupressuflavone itself and its hexaacetate
were obtained. But the possibility of rearrangement during these reactions
has not been fully eliminated (Chart 10).

I
CH300 CHy

CHy0 O

Urmann (Cv) CH3O
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Ac,0
z AlCt3 / CgHg
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CuarT 10, Synthesis of Cupressuflavone.

Recently cupressuflavone tetramethyl ether (7, 77, 4’, 4’”-) and dimethy!
ether (4', 4""'-) were isolated by Rahman et al. (1968) from the leaves of
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Araucaria cunnighamii and A. cookis (Fig. 5). These compounds are im-
portant because they exhibit optical activity arising from restricted rotation.

3
Fia. 5. Araucaria columnaris (Syn. A. cooki).

DBiogenesis

The biogenesis of the biflavonoids seems to involve oxidative coupling of
polyphenols. It has been well known for a very long time that phenols are
readily oxidized by many different reagents. The products are complicated
mixtures of dimeric, polymeric and quinonoid types of compounds. This
method is useful for the synthesis of simple and complex compounds when
coupled with efficient methods for the separation of the complex mixtures.
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Phenol coupling has been suggested as an important step in the biogenesis of
different classes of natural products and has stimulated intensive research.
In general, the dimeric and polvmeric oxidation products can be formulated
by abstracting one hydrogen atom from the starting phenol and coupling
together these intermediates by C-C and C-O bonds at active nuclear positions
o- and p- to the hydroxyl. We owe mainly to Barton (1956) the development
of these ideas leading to the synthesis of usnic acid and many others by oxi-
dative phenol coupling.

The above considerations make it probable that the biflavonyl structure
could arise by oxidative coupling of the monoflavonoid precursor apigenin.
The oxygenation pattern of the precursor restricts the interflavonyl linkage to
6, 8 and 3'-nuclear positions (Chart 11). In the formation of ethers, each of
these positions may be linked with any of the three oxvgens of the hydroxyl
groups. However, anmong the large munber of possibilities only a few are
so far known and this may be due to some factor of preferential activation. A
later stage of methylation can yield the known methyl ethers. Support for
this scheme is provided by the fact that in a number of plants apigenin is
also present along with the biflavonyl pigments. Some experiments in our
laboratory using one electron transfer reagents confirm the scheme.

HOO]OH HOO[ OH OOI OH
‘0 O HO , O HOI o]
|

1 !

.~H
;

o 0 HO O HO O

Cuart 11. Free radical intermediates of oxidative coupling.

Study of Casuarinaceae

The study of the chemical components of the gymnosperms, particularly
the conifers, will be useful for their possible application as drugs. There is
also interest in regard to the taxonomy of the plants since they contain bifla-
vonoids as special components. 1 may mention the study of Casuarina as a
typical example. This genus has about 40 species chiefly found in Australia
and in Indo-Malayan region. Of these, Casuarina equisetifolia is commonly
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cultivated in India (Fig. 6). There is some difference of opinion regarding
the taxonomic position of the genus. Sawada examined the leaves of Cusuarina
stricte and found that hinokiflavone is present in them. Earlier investigations
had shown that the leaf-wax of this plant gives on hydrolysis juniperic acid
(16-hydroxy palmitic acid) another typical gymmnosperm constituent. The

¥i16. 6. Cusuarina equisetifolia,

occurrence of these two gymnosperm compounds in the leaves of C. siricta
lent support to the view that Casuarinaceae is close to the gymmnosperms.
However, Batesmith (1962) reported that C. cunnighamii contains only
kaempferol and quercetin. Our re-examination of the leaves of Indian trees
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revealed the presence of cupressuflavone. We also examined Casuarina
suberosa and it contained hinokiflavone. These results may help to settle the
taxonomic position of the genus (Chart 12).

No Source BirLavones IoenTiFien
Cupressaceae
1. C.Funesris cC, H, A, H—7/’OCH3.
2. C.seMPERVIRENS cC, A.
3. C.toruLosa C, A, H.
4. Biota orieNTaLIS H.

CASUARINACEAE

1. C.cuUNNINGHAMIANA C.
2. C-suserosa H.
77
C—CupressurLavone H_7OCH3—ISOCRYPTOMERIN
A— AMeNTOFLAVONE H—HiNnokiFLavoNE

CHART 12. Chemical components of some species of Cupressaceae and Casuarinaceac.

Study of mass-spectral fragmenlalion

During our study of the biflavonyl pigments of Cupressaceae we have
found the presence of partial methyl ethers of the three known types of bi-
flavones and also new types of biflavones. They are present in very minor
amounts and chemical degradation cannot be carried out for arriving at
their structures. Mass spectra can be utilized in these cases and we have
therefore made a critical study of the three types of biflavones known. Since
the hydroxy compounds are very high melting the spectra of their complete
methyl ethers have been recorded. From such a study, we can distinguish
diphenyl and diphenyl ether type of biflavones and the position of the me-
thoxyls can also be fixed.

Other biflavonyl compounds

Other modes of biflavonyl linking has been shown to be possible. Re-
cently Jackson et al. (1967) isolated three compounds of a new dimer that
could be called flavanonyl flavanone (biflavanone) from the heartwood of
Garcinia buchanit. This involves the linking of two flavanone units at 3 and
8 positions, Their constitutions were arrived at by UV, IR, NMR and mass
spectra. In these compounds both the units consist of flavanone units.
Morelloflavone, a flavonyl-flavanone, isolated by Venkataraman et al. (1967)
from the pericarp of the seeds of Garcinia morella contains a linking between
a flavanone and flavone. Xanthorrhone and 14-hydroxy xanthorrhone which



ANNIVERSARY ADDRESS 451

were isolated by Pelter et al. (1967) from Australian xanthorrhea contain a
flavanone and flavan units (Chart 13).

XanTHoRRHONE R=H

16 — HroroxvyxantworrHone , R=0H

GB-—1, R1=OH; R2= H

GB—1A, Ry=Ry=H

GB-2, R] =R2:OH

MORELLOFLAVONE
Cuart 13. Recent biflavonyl compounds.

More widespread and important is another group of this type which has
also been studied with some clarity during the past ten years. They are the
proanthocyanidins (Chart 14). Under the name leucoanthocyanidins, they

OH  OH

TRi-PROFISETNOIN HO ] 0 O OH

Tri-PROCYANIDIN

CHART 14. Proanthocyanidins.

had earlier attracted considerable attention as components of tanning ma-
terials and as astringent principles in foods and drugs. They are also capable
of readily forming polymeric resins and a number of them have been isolated
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in recent years. They are made up of either two leucoanthoanthocyanidin
units or of leucoanthocyanidin and catechin. But the linking is easily
broken by mineral acids, yielding eventually the corresponding anthocyanidin
and catechin. Some typical examples are given in Chart 14. TFrequently
we obtain trimers and higher polymers.
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