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LLARGE number of glycosides, which were

earlier i1solated from natural sources and
studied, were O-linked glycosides; in these, the
sugar portion is linked to the aglycone through
the oxygen of a phenolic or an alcoholic
hydroxyl group. In the study of nucleic acids
and the derived nucleosides and subsequently
in the study of coenzymes, N-linked glycosides
came to be recognised gs of common occurrence.
Recently glycosides of a novel and stable type
have been discovered and these are distinguished
by a direct C-C link between the sugar and
non-sugar part. Some of these compounds
have been known for over a hundred years in
the crystalline condition, but it is only during
the past ten years that their special nature has
been understood. The new type of compounds
are called C-glycosyl compounds or C-glycosides.
They are rapidly increasing in number and
they seem to occur widely. The aglycones
involved belong to different types and so far
representatives have been found in the groups
of anthrones, anthraquinones, flavones, flavo-
nols, flavanones, dihydrochalkones, isoflavones,
xanthones and isocoumarins,

The earliest review on this subject was by
Borhammer! and a later one by Haynes® was
more comprehensive. In wview of the rapid
advances made in this field there is need for
frequent reviews. The present article deals
with the developments in this field after the
review of Haynes. C-Glycosides whose study
iz fairly complete are briefly described below.
¥They are grouped on the basis of their aglycones
for convenience of disCussion.

1. ANTHRONE DERIVATIVES

Barbaloin, isobarbaloin, homonataloin and
cascarosides A and B and related compounds
belong to this group. Barbaloin (Ic¢), one of
the earliest known C-glycosides, was isolated
in 1851 from the Cape aloes, A. ferox and
A. perryi and Curacao aloes, A. vera. 1t 1is
9-3-D-glucopyranoside of aloe-emodin anthrone
and is accompanied by the <a-isomer, iso-

barbaloin. It has recently been synthesised
by condensing aloe-emodin anthrone (Ia)
and tetra-Q-acetyl-a-D--glucopyranosyl bro-

mide (I%). Aloe speciosa contains homo-
nataloin, which is 9-D-glucopyranosyl-4, 6-
dihydroxy-5-methoxy-2-methyl anthrone. Four

aloin-like substances have heen isolated from
y i

Delhi-7

the purgative drug, cascara bark obtained from
Rhamnus purshiang, Qf these, cascarosides
A and B seem to be 4- or §-O-glycosides of
barbaloin.?

CHART 1

2. ANTHRAQUINONE DERIVATIVES

Carminic Acid is the only known anthra-
guinone C-glycoside and occurs in Ductylopins
coccus Costa. Itg structure has been recently
revised to (Id) after the synthesis of degradu-
tion products and the NMR speciral studies.3?

CHART II

3. FLAVONE AND FLAVONOL DERIVATIVES

(1) Vitexin (Orientoside) was the first
C-glycoside to be studied in detail. Recently
its isolation has been reported from Acer
paimatum’ and Tamarindus indica.b7 It was
originally considered to be apigenin-8-gluco-
furanoside.? The proof that formic acid is a
product of periodate oxidation of wvitexin by
two groups of workers®? has led to the
establishment of its correct structure as
apigenin-8-4-glucopyranoside (II). This has
been supported by NMR spectral studies.?
Vitexin-4'-rhamnoside ocecurs in Crategus
oxyacantha and Vitex lucens? The position of
linkage of the rhamnose moiety is unknown.

Isolation of Q-D-xylosyl vitexin from Vitex
lucens and Citrus sinensis and p-hydroxybenzoyl
vitexin from Vitex lucens has been reported.i?
On the basizs of NMR spectral studies they have
been assigned the congtitutions of 27-0-8-D-
xylopyranosyl vitexin (ITI) and 2"-(p-hydroxy
benzoyl) vitexin (IV), the new groups are
attached to the concerned alcobolic hydroxyl
group in the C-glycosyl part.
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(t1) Isoviterin (saponaretin, homovitexin)
(V) has also been lately isclated from
Tamarindus indica.%'7 It was originally con-

sidered to be apigenin-8-C-glucoside with sugar
in the open chain form.* On the basis of the
NMR spectral studies, Horawitz and Gentili®
have shown that in this compound the §-D-
glucopyranose is attached at the 6-position of
apigenin. It also occurs as its xyloside an.
rhamnoside.” the position of linkage of these
sugars being unknown. Isovitexin-7-methyl

ether has been isolated from Swertia japonica.it
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(#1) Saponarin and Isosaponarin.—Saponarin
which was earlier isolated from wvarious woods?
has been recently found to gecur in various
grasses also.1= It and i1sosaponarin are the 7-
and 4 -O-glucosides o©of 1sovilexin rvespectively.

(iv) Bayin occurs in the mature heart-wood
of Cuastgnospermum australe. 1is structure as
S-deoxyvitexin wasg earlier established hy the
conversion of 7, 4'-di-O-methylvitexin tetra-
acefale 1nto 7, 4-di-O-methylbayin by the
removal of the 5-hydroxyl group.s Because of
the recent revision of the structure of vitexin,
the revised structure of bayin, should be (VI).
This has also been supported by the laler
degradation studies of Fade and co-workers®’
and NMR speciral studies.l?

(v) QOrientin  (lutexin) seems to be very
widely distributed and has also been 1solated
from the leaves of Acer palmatum,” Helichrysum
bracteatumd® and Tamarindus indica.b7 It was
earlier considered 1o be luteolin-g-gluco-
furanoside.? Koeppen'®1T found that 1t con-
sumed 2 moles of periodic acid with the forma-
tion of 1 mole of formic acld. The nature of
the sugar moiety as glucose was shown by
ferric chloride oxidation. On the basis of the
above data and NMR spectral studies,!$ orientin
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has been shown to be luteolin-ﬂ-ﬁ-glucu-
pyrancside (ViI).

Recently Seshadri and co-workersit-2l have
reported the isolation of an epimer of orientin
from the leaves of Parkinsonia gculeate. This
compound ({epi-orientin} resembles orientin in
chemical composition and reactions, chromato-
graphic behaviour, UV and IR spectra. Periodate
oxidation of epi-orientin tetramethyl ether
lcads to the formation of 8-formyl-5,7,3 4'-
tetramethoxy flavone. Since orientin is luteolin-
B-{j"-glucopyranoside, ep1-orientin should Dbe
Iuteolin-8-a-glucopyranoside.

(vi) Iso-orientin (Homo-orientin, Lutonare-
tin) has been found to occur in a number
of new sources also, e.g., Helichrysm bract-
teatum,lo Tamarindus indica®? and Swertia
japoniea.tl’ It was earlier considered to be
luteolin-8-C-glucoside with the sugar in open
chain form. Periodate and ferric chloride
oxildations and NMR spectral studies have led
to 1ts structure as luteolin 6-glucopyranoside
(VII1), In view of its isomeric relationship,
Seshadri and co-workers have suggested that the
name homo-orientin may be dropped and iso-
orientin? used instead.

It also otcurs as its xyleoside called adoni-
vernoside in Adonis vernalis. Igo-orientin 7-O-
glucoside (lutonarin) has been isolated from
barley leaves along with its 3’-methyl ether.=
1so-orientin-7-methyl ether has been found to
occur in Swertia japonica.li

(vii) Scoparin (Scoparoside) —Only a few
methyl ethers of C-glycosides have been found
to occur In nature and they usually accompany
the parent hydroxy compounds. Scoparin, one
of the earliest methyl ethers of this type to be
1soiated. oceurs in Sarothamnus scoparius and
is considered to be orientin-3’-methyl ether
based on degradalive studies.? Because of the
recent revision of the structure of orientin, it
should have the revised structure (IX).

(viit}y Parkinsomwmn-A and Pgrkinsonin-B.—
The two compounds have been isolated along
with epi-orientin from Parkinsonia aculeata by
Seshadri and co-workers.19-21 Both were found
to be stable to acidic and enzymatic hydrolysis
and on fission with hyvdriodic acid gave luteolin,
Sodium horohydride reduction of the pericdate
oxidised products of their methyl ethers
followed by hydrolysis with acid vielded
glycerol. This reaction is given not only by
O-glycosides but also by commonly occurring
C-glycosides. These methyl ethers consumed
2 moles of periodate with the liberation of
1 mole of formic acid and oxidation with ferric
chloride yilelded glucose. The above data and
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spectral studies lead to the conclusion that
parkinsonin-A and parkinsonin-B are 3-5-glucm
pyranosyl tuteolin-5-methyl ether (X) and 8-a-
glucopyranosyl luteolin-5, 7-dimethyl ether (XI)
respectively.

(ix) Lucenin-1 and Violanthin,~—Recently the
existence of di-C-glycosides has been noted.
Lucenin-1 was isolated from Vitex lucens by
Seikel and Mabry.?2 Based on its properties,
stability to acidic hydrolysis, its chromatographic
behaviour UV and NMR spectral studies it 1is
considered to Dbe luteolin 6, 8-diglucosyl deri-
vative. This source seems 10 contain mahny
more members of this group.28 The isolation
of another di-C-glycoside, viclanthin (6,8~
diglycoside of apigenin) has been reporfed by
Horhamer and co-workers?t from Violg tricolor
(garden variety). One of the sugars involved
might be rhamnose.

C-glycosyl flavones (6- or 8-C-glycosyl deri-
vatives of apigenin and luteolin) form ihe
dominant flavonoids of the vegetative paris of
a wide variety of plants; their occurrence Is
therefore considered to be useful for taxonomy.2

(x) Keyekinin and Keyakinol.—Keyakinin js
considered to be rhamnocifrin-6-C-arabinoside
and if correct will be the only flavonol-C-
glycoside known.? However, according to
Harborne,26 the structural evidence is not con-
clusive : it is more in favour of its being a
flavone than a flavonol. Keyakinol is dihydro-

keyakinin.

4, FLAVANONES

Hemiphloin and Isohemiphloin.—These two
compounds were isolated from the kino gum
of Eucalyptus hemiphloig and the former was
originally assigned the structure of naringenin-
8-C-glucoside with sugar in the open chain
form. Based on its colour reactions, speciral
studies and conversion into isovitexin by iodine-

oxidation (dehydrogenation), its structure
should be revised to naringenin-~6-3-gluco-
pyranoside. Isochemiphloin is very similar to

hemiphloin and can be obtained from it by
prolonged acid treatment and consequently 1Is
the position isomer, i.e., 8-C-glucopyranoside.

5  Draypro CHALKONES

Asphalathin.—This compound, isolated from
Asphalathus acuminatus was earlier considered
to be a C-glycosyl derivative of eriodictyol.
Detailed study of UV, IR andi NMR. speetra and
periodic acid oxidation lead to the conclusion
that it is 3’-C—ﬂ-D-—g1ycopyranﬂsyl derivative of
3-hydroxy phloretin and should be represented
by (XI1).279» 1t is the only representative of

this group.
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6. ISOFLAVONE DERIVATIVES

Puerarin——Puerarin, daidzein-8-glucopyrano-
side, 1s the only known member of this group.
It occurs along with its monoxyloside in
Pueraria thumbergiana,? an important Chinese
medicament.

7. XANTHONE DERIVATIVES

Mangiferin is the only representative of this
group and has been known for a long time in
the amorphous state but recently has been iso-
lated in the crystalline condition from the leaves,
unripe fruits, heart-wood and stem-bark of
Mangiferg indica,2 2829 Anemarrhenge rhizoma,’©
and Hedysarum obscurum.! On the analogy of
the structure of euxanthic acid, mangiferin was
originally considered to be 7-O-glucoside of
1, 3, 6, 7-tetrahydroxy xanthone. However, since
it 1s resistant to hydrolytic agents it appeared
that it belongs to the new class of C~glycosides,
That the sugar was D-glucopyranose was shown
as follows. Aqueous ferric chloride oxidation
of mangiferin gave D-glucose. Mangiferin
trimethyl ether consumed 2-2 moles of periodic
acid and 1liberated formic acid and when sub-
jected to periodate oxidation (2 moles) and
the resulting dialdehvde freated with sodinm
borohydride followed by -acid hydrolysis gave
glycerol.

The position of linkage as 2 was frst
surmised based on the activity of nuclear
positions 1n tetrahydroxy xanthones and possible
biogenesis of C-glycosides and was established
by periodate oxidation of the ftri-and teira-
methyl ethers when the a-hydroxy acetaldehyde
of xanthone methyl ethers were obtained as the
major fission product. That it was the 2-a-
hydroxy acetaldehyde was confirmed by un-
ambiguous synthesis. OQsmium tetraoxide oxida-
tion of 1-hydroxy-3, 6, T-trimocthoxyv-2-allyl
xanthone yiclded a diol which underwent perio-
date fission to yicld a xanthone acctaldehydo
and further oxidation with one mole of perio-
date formed the hydroxy acctaldehyde.  Quite
parallel results have been  oblained usinge
mangiferin  tetramethyl cther, the resulting
hydroxy acetaldehyde synthetically prepared
starting from 1,3, 6, 7-tetramethoxy-2-ally!
xanthone. Further evidence has been provided
biv subjecting the glveoside tetramethyl ether
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to oxidation with neutral potassium permanga-
nate whereby the tetramethoxy xanthone-2-
carboxvlic acid has been obtained.31:32  Gtudies
of the NMR specira of mangiferin (XIII) and
its derivatives fully support this formulation 3}
In the conversion of mangiferin into euxanthic
acid in the animal system, the 3- and §-phenolic
hydroxyls as also the C-C linked glucose unit
are obviocusly removed by a process of reduc-
tion 1nvolving specific enzymes.

8. ISOCOUMARIN DERIVATIVES

Bergemin (XIV) has been recently found to
occur in Bergenia cilliate, B. strechi 4 Connarus
monocarpus,3d Corylopsis spicata and Vateria
indica.®¥  Synthesis of bergenin was achieved
by condensing tetra-0O-acetyl-a-D—glucopyranosyl
bromide with 4-O-methyl gallic acid in methanol
in the presence of sodium methoxide, the O-gluco~-
sides formed being subsequently hydrolysed by
acid.© A possible mode of its biosynthesis from
2-O=-gailoylarbutin (XV) has been suggested.
involving oxidation and methylation as shown
In (XV) and (XIV),
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3. PyYyriMIDINE DERIVATIVES

Pseudouridine is a C-glycoside of wuracil
present in  transfer ribonuclele acid and is
represented as 5-5~D—ribofuranosyl uracil (XVI).
3, 9-Diribosyl-uracil  (5-3-D-Tibosyl uridine),
occurring 1n small quantities in certain straing
of E. ¢coli and of Penicillium, is considered to
be the intermediate in the formation of
pseudouridine, If{s synthesis in wvery low
vields was reported by Shapiro and Chambers3s
involving the coupling of 5-lithio-2, 4-dimethoxy-
pyrimidine (XVII) with 2,3, 5-tri-O-benzoyl
ribosylchloride (XVIII) fcollowed by hydrolysis
with dichloroacetic acid to remove the protecting
groups. A modification of this synthesis was 1o
condense 5-lithio-2, 6-ditertiary butoxy pyrimi-
dine with 2, 3,4, 5-di-O-henzylidine-D-ribose.
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The removal of the protecting groups and ring
closure of the sugar residue was carried out
with agueous methanolic hydrochloric acid.
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Biopenesis.—The formation of C-glyecosyl
compounds seems to involve a C-glycosylation
process analogous to C-alkvlation and ¢an oecur
either before or after the synthesis of the
aglycone ; the former route would involve sub-
stitution in  a  poly-f-ketonic  precursor.
Although no strong argument in favour of one
or the other route is available at present, the
latter route, i.e., C~glycosylation of the aglvcone
seems more probable and is supported by the
recent synthesis of barbaloin and bergenin.
The sugar residues of these substances are
attached to highly anionoid centres in the
aglycones, most probably as an ultimate step
in the biosynthesis. The agnion (XIX) of the
phenolic aglycone by interaction with a deriva-
tive of a l-phosphorylated sugar would furnish
the O- and C-glycoside respectively in a manner
exactly analogous to O- and C-alkylation.

CHART VIII

On analogy with other C-C bond forming
reactions 1n organic synthesis, it is conceivable
that the glycosylation might, under physiologi-
cal conditions, be directed towards an anionoid
carbon atom as much as towards an oxygen
atom. In this connection it is of biogenetic
interest to note the co-cccurtence in plants of
many C-glycosyl derivatives with their O-glyco-
sides.

The old type O~ and N-glycosides undergo
rapid hydrolysis in the digestive systermn of
animals and their medicinal properties are
thereby considerably affected. They have
therefore to be administered by injection. This
disability does not exist in the case of C-glycao-
sides. They are generally stable to the action
of digestive juices and can function as such in
the system. However as mentioned in the case
of mangiferin they can be made to undergo
reductive cleavage in the animal body but at

what site this happens and how, are points to
be still investigated.
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A NUMERICAL TAXONOMICAL STUDY OF ARTHRCBACTER
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NCREASED interest in the use of the com-

puters has led us to process the properties
recorded of a large collection of freshly isolated
cultures of Asrthrobacter (170 sirains) on a
IBM 1620 computer. It may be poilnted out
here that the present-day trend in bacterial
systematics is in the direction of recording as
many properties of bacteria as possible on their
morphology, physiology, nutrition and metabo-
lism. In computing the similarity between two
taxonomic entities, numerical taxonomy treats
all the taxonomic characters as of equal valua
and importance. This approach to bacterial
systematics has indeed yielded encouraging
resulis in the hands of many investigators.

Among the recently reporied investigations
on fhe numerical taxonomy may be mentioned
those ©f Liston,? Klinge,” Colwell and Liston?
and Lysenko* on the Gram-negative psedoomo-
nads and related forms and those of Focht and

R

L.ockhart® on the acterial taxa of both Gram-
positive and negative organisms, and of Hill,"

Pohja and Gyllenberg” Cheeseman  and
Berridge® and Sneath” on the Gram-positive
genera, The taxonomy of even Streptomycetes

has been examined by Silvestri c¢f al.l* and
Hill and Silvestri.!!  Numerical taxonomy of
the more difficult species as those represented
by coryneform bacteria hag also been carricd
cut more recently by da Silva and Holt'= and
Harrington.!3

The present report describes thoe procedule
craployed for compuler analysis of data recorded
for 170 strains of bacteria isolated from glycine
enrichments in this Inbovatory.  All the strawus
were  ddentilied  as belonging  to the  ecenus
Arthrobacter. A foew  strains,  estabhshed by
others  as those of Arthrobactor, were also
included  in this  study.  Various  charactors
employed in numerical taxonomy are recordedd



