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ABSTRACT

The kinos of four Eucalyptus species, viz., E. citriodora, E. robusta
E. pilularis and E. globulus, have been studied for their general physicai
and chemical characteristics as well as their antibacterial activity against
a few representative micro-organisms. Ellagic acid is present in all the
four species while glucose could be detected only in E. citriodora and
E. globulus kino. In combination, possibly as a glucoside of 7-methyi-
kempferol, glucose was found chromatographically in the former kino.
The kino from E. citriodora showed considerable activity against Gram-
positive organisms which warranted the isolation of the active principle.

During its purification four crystalline substances were isolated
besides a hydrocarbon, which were identified as aromadendrin-7-mono-
methyl ether, kampferol-7-monomethy! ether, ellagic acid and a dimethyl
ether of aromadendrin the constitution of which has not been rigorously
established. The latter was present only in the kino of a tree growing
in a private garden a point which may be of some philogenetic interest
in view of the classification of Eucalyptus spp. by Baker and Smith on

the basis of the constituents present.
Various procedures like adsorption, partition‘ and paper chromato-
graphy failed to yield the antibiotic in a crystalline state. However, a

very highly active chromatographically homogeneous sgbstancc dcsigimtte;;ti
‘Citriodorol’ has been isolated and preliminary studies suggest tha

might belong to the group of o-dihydroxy flavonols.

Citriodorolﬁand the other constituents of the kino sho
pharmacodynamic effects.

wed no marked
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Kinos of various trees and partic
been used empirically for medicinal purposes, but no
in any detail in this light. Among the Eucalyptus
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in this country four species (E. citriodora, E. robusta, E p:'l{:daris and E. globulu.:s)
from which kinos could be easily tapped have been 1m:'est1gated by us for their
antibacterial property. The kino from E. citriodora which appeared to be' more
promising has been studied in some detail and the resul.ts‘arf:a now reported in t?us
paper. Evidence for the presence of a fairly potent antibiotic substance for which
the name “citriodorol” is now suggested, has been adduced and methods for its
concentration described. Among the various other constituents present in the
kino. the following have been isolated in a pure state: aromadendrin-7-mono-
methyl ether (1), aromadendrin-dimethyl ether (II), kmpferol-?-m.onomethyl
ether (II1) and ellagic acid (IV). In addition, free glucose and a gluqosuie of (11I)
have been detected in the aqueous extracts of the kino. The identity of (I) has
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been rigorously established by its physico-chemical properties, its conversion to
the dimethyl ether, oxidation to (III) and comparison with authentic samples.
Howeve_r, clear-cut experimental evidence for the position of one of the methyl
groups in a:romadendrindimethyl ether (II) is lacking although it has been shown
to be identical with the one described by Hillis? who prepared it by methylation
of aromadendrin. That it is a 7-methyl derivative is clear from its formation from
(I) by methylation. In view of its formation from (1) by the action of diazomethane.
it 1 conceivable that the 4'-position is methylated. The mechanism of aerial oxida-
tion of (I) to (III) may then be envisaged as shown below:
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(III) has been identified by comparison with an authentic sample, The steam
volgti[e material of the kino, unlike that of the pines,® contributes very little to its
flct.lvity. As all these substances possess low antibacterial activity, whatever there
Is In the kino is to be ascribed to citriodorol. Further detailed examination of
this compound awaits obtaining it in a crystalline state.

P

It may be mentioned in passing that all these substances, except ellagic acid,
have not been previously reported in any kino. The unmethylated derivatives
were, however, isolated by Hillis? from the E. calophylla kino and katuranin®
(identical with aromadendrin) from Cercidiphyllum japanicum. That the mono-
methyl and the dimethyl derivatives should occur separately in two samples of the
kino of the same species, i.e., E. citriodora is a point of interest.

EXPERIMENTAL
Materials and Methods

(i) Collection of kinos.—The kino from E. pilularis was obtained from Fhe
State Sylviculturist, Ootacamund; the kino from E. globulus throygh the kind
courtesy of Dr. V. N. Patwardhan, Director, Nutrition Laboratories, Coonoor,
South India; while the kinos from E. citriodora and E. robusta were collected
locally by the Government Sylviculturist. Another specimen of the l:cino !‘rom
E. citriodora was obtained from a private garden in Bangalore. Interesting differ-
ences in the constituents of the two samples of the latter kino-have been found
and will be referred to inter alia. The samples were not subjected to any heat

treatment prior to ascertaining their antibacterial activity.

: ibacteri f a frac-
i ; .al and antifungal assays.—The antibacterial potency o
(ii) Antibacterial a ift | dilution method.? Ordinary nutrient broth

tion was assayed by the routine ser .
medium (pH y7*-4) 3:wuras used. Standard strains of (1) Micrococcus pyogenes Yar.

a8
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ichi ' wni: h originally obtained from the
ureus and (2) Escherichia coli var. communis (bo't ‘
‘I?‘{ing Institute. Guindy. Madras), (3) M ycobacterium phlei ATCC 3555 have been

used as standard strains for assay.

Bioautographic technique® was used to find out the position of the iactive
fraction on a circular paper chromatogram (vide infra). After developing a
chromatogram, rectangular strips (width 1 cm.) were cut off across the bands and
placed on seeded plates with a sterile forceps. After incubation, a clear zone of

inhibition could readily be seen.

For antifungal assays, Roff and Atkinson’s” method was used with slight
modification, in that potato dextrose agar® was used instead of the malt agar
medium. The potency was tested against standard strains of (1) Penicillium notatum
ATCC 9178, (2) Aspergillus niger ATCC 9142 (both originally obtained from
NURL. Illinois). and (3) Fusarium oxysporium No. 413 (originally obtained from

the Ministry of Agriculture. Argentina).
All the assays were carried out in duplicate.

(iii) Chromatography.—Both adsorption and paper partition chromatography
have been applied to separate and characterize various components present in the

E. citriodora kino.

Out of the adsorbents tried. calcium sulphate was found to give consistent
results. To resolve about | g. of the crude antibiotic. a column 18X 15" dia.
of the adsorbent was found suitable. A mixture of benzene and purified ligroin
(1:2) was used as a developing solvent. The bands after extrusion were eluted

with .warm ethanol.

Unidimensional ascending chromatograms (Whatman No. }. 9" x 127) were
developed according to Hillis.* Circular paper chromatograms!® (Whatman No. |
filter discs 24 cm. dia.) were developed with a mixture of 6% phenol in water
(v/v) and absolute ethanol (4:1). after saturation over the aqueous phase
for 2 hours {c¢f. Table V). In both cases, spots or bands were identified by
(1) examination under ultraviolet light; (2) spraying with Tollen’s reagent, and
(3) spraying with an ethereal solution of ferric chloride (19%).

" {A) Physico-chemical properties of the kinos.—The characteristics of the kinos

are given in Table I.
¢ '
.+ A preliminary examination of the four kinos showed absence of nitrogen

and sglphur-containing subs.ances. All of them secem to contain ellagic acid.
;.l:!lg ; k_Jn_os. frpm E. robusta and E. pilularis appeared, however, to be free from
polysaccharides, while the kinos from E. citriodora and E. globulus gave positive
tests for their presence. While the evidence for their presence, besides free glucose,
! . citriodora kino could be obtained chromatographically according to the

ﬁi:acedu_re of Giri and Nigam,*? only glucose could be detected after hydrolysis
with acid.

"
JJI
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TABLE |

Physical characteristics of the eucalyptus kinos

Kinos

E. citriodora E. pilularis E. robustq E. globulus

Group classification!! .. Turbid Ruby Gummy Ruby
Appearance - .. Pale yellow- Ruby red, hard and brittle Deep brown,
dark brown break with concoidal extremely
with an fracture brittle
empyreuma-
tic odour
Ash content (%) .. - 0-36 0-01 0-32 0-10
Moisture content (%) i 7-8 15-4 24-2 15-4
Fusion point (° C.) g 155 Decompose and char without fusion.
% Solubility at room tempera-
fure—
Ethyl alcohol - 24-2 3-7 0-1 17-3
Ether .. v 0-9 . 11-3 0-]
Benzene .. . * g 0-2 .
Chloroform .. * " : 4
Carbon-tetrachloride * % ) 0-2
Ethyl acetate . . : § | 43 0-2 . {.7
Acetone .. . 0;6 1;1 & e
Petrol (40-60° ..
Watcr( .). s 2-8 11-2 189 26

-

* Practically insoluble to sparingly soluble.

' ' ' s been
(B) The antibacterial spectrum of the various fractions of the kinos has b

given in Table II. o
(C) The chromatographic behaviour of the four kmsos on unidimensiona
s. 1 to 9.

circular paper chromatograms is shown in Fig .
: e
(D) Constituents of the kino of E. citriodora.—The results of the g

chemical examination of the kino are described below :— .nended in distilled
l.  Steam volatile material —Powdered kino (400 g.) Wias-Susp “n llected
' (2 1. of the distillate was €0 :

water (800 c.c.) and distilled in steam till ca. ek Ky ale oily brown,
The distillate was extracted with ether (total 3 l.)‘Wthh Yl;’:idf:la: I;rcssed -
part’y crystalline residue (0-5g.). The crystallmc[tm:;:ayed 1:50,000 against
tolds of filter-paper when it melted at

M. aureus and lost its activity after 2 months. xide and filtered.

. o with barium hydro
p all;?)l::nt 250 c.c. acidified 1o Congo red and

The aqueous portion was ma
t yielded on evaporatioh a brown gummy

- The filtrate (12 1.) was concentrated to
extracted with ether. The ether extrac
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TABLE II

-

e S—

#  Antibacterial spectrum of the various fractions of the Eucalyptus kinos

Fraction
soluble in

Water

Ethyl alcohol
éther
Acetf)ne
Chloroform

Carbon tetra-
chloride

Benzene
Ethyl acetate

Petrol
(40-60°)

———

Comr;le't'e inhibition in pg./c.c.

—
o

E. citriodora

!

E. pilularis E. robusta E. globms
A}. E. —rMy. M. E. ] My. M. E, My. M. E. My.
aureus  coli pheli  aureus  coli phlei  aureus  coli phlei  aureus  coli phlei
150 1000-. 100 200 Nl; lg 100 ._;IT_ 200_*- 1;)(:0 : Nil ;T
100 Nil 50 100 Nil 100 1000 Nil 200 500 Nil Nil
100 Nii 50 100 Nil 200 Nil Nil Ni‘l; Nil Nil Nil.
looo Nl 500 200 Nl 500 1000 N  Ni Nl Nl N
100 Nil 500 500 Nil 1000 200 Nil Nil
500 Nl Nil 1000 Nil Nil 500 Nit  Nil
Nil Nil Nil 500 Nil Nil Nil Nil Nil
100 Nil Nil 500 Nil Nil 1000 Nil Nil 100 Nil Nil
Nil Nil Nil Nil Nil Nil

00¢

OvyY YHWISY¥VN "1 °'d aNV vidnn Y "L “4VITVALVS 'S 'S (SSIN)
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) (total 20 C.C.) gave
d antifungal activity,

neentration deposited
127-8-5°,

residue, which on trituration four times with petrol (40-60°
a brown insoluble material (0-06 g.). (The antibacterial an
vide Tables III and IV). The petroleum ether extract on ¢o
an inactive colourless crystalline substance (0-12 g), m.p.

These fractions were not examined further.

2. [Isolation of a hydrocarbon m.p. 61°.—On extraction

kino (100 g.) three times with hot petroleum ether (40-60°) (total 250 ¢.c.) and eva-
poration of the extract, an oily residue (10 mg.) was obtained. It crystallised from
95% ethanol (charcoal) in colourless, flat needles melting at 61°, [t was insoluble
in 807, phosphoric acid and in concentrated sulphuric acid.

It was devoid of any antibacterial or antifungal activity and was not examined
further.

of air-dfied, powdered

TABLE III

Antibacterial spectrum of the various constituents of the E. citriodora kino

Complete inhibition in ug./c.c.

M. aureus E. coli My. phlei

Citriodorol (various preparations) .. 1-67-2-7 Nil 20
Aromadendrin-7-monomethyl ether (I) .. 1000 Nil Nil
Aromadendrin-dimethy! ether (II) . 500 Nil Nil
Kampferol-7-monomethyl ether (IfI) .. Nil Nil 1000
Ellagic acid (IV) . » - 50 200 1000
Steam volatile material - . 100 Nil 500
Glucoside (crude) . .. 20 1000 100

- —— ¥

. .
3. Extraction of the kino with chloroform.—Kino (50 g.) was extracted wi

Hisiiy -
three changes of boiling chloroform (total 2_50 c.c). On c]?il::;cgzcrla::tnc:;s:;ise.
the clear, colourless extract yielded an oily residue (60 mg.) W

ir-dri ' 100 g.) was
\ Air-dried powdered kino ( |
)l 500 c.c.) during 6 hours. The combined

refluxed with six changes of benzenc (tota crystalline substance (0-7 g.) which

extracts, on concentration in vacuo, qﬂpos'ted 35 0% cthanol.
melted at 176-77° after recrystallisation from U7z

i i nhydrous
magnesium sulphate (25 g.) was extracted (soxhlet) Wi



TABLE IV

Activity of the various fractions of E. citriodora kino against filamentous fungi

—_——— el -

Complete inhibition in pg./c.c.

4374

Aspergillus niger Penicillium notatum Fusarium oxysporium

3: days 8 days 3 days 8 days 8 days 12 days
Citriodorol 20 1000 500 Nil 500 Nil
Aromadendrin-7-monomethyl ether (1) 100 1000 20 500 100 1000
K&mpferol—?-monomethy] ether (111) 500 1000 100 1000 1000 Nil
Ellagic acid (IV) Nil Nil Nil Nil 200 Nil
Steam-volatile material 1000 1000 1000 1000 1000 Nil
Glucoside (Crude) 500 Nil 20 1000 1000 Nil

—_—— e — ——— — W ————

— — e, -

cqyATYALYS ‘S °S (SSIA)
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concentrati.on of the extract, a pale yellow crystalline matrix separated. On re.-
crystallisation from 50% ethanol, it melted at 178°. The yield was ca. 0-8%
. s

1 (111) The same substance was also isolated from the filtrates after treatment
with lead acetate (details given under D 8).

Aromadendrin-7-monomethyl ether (I).—The above substance crystallised from
507 ethanol in thin colourless, flat needles and melted at 177-78° (decomp.) in
pyrex capillaries. When soda glass capillaries were used, with the same rat.c of
heating, the m.p. was about 4-5° lower. (Found: C, 63-6; H, 4-6%: OCH
9-51. CygH,,04 requires C, 63-58: H 4-647,; OCH, 10-26); [a]nf:"' -- 20-';II
(c. 3-0 in ethanol). The ultra-violet absorption spectrum is given in Graph 1.
Amx = 290 mp; log € = 4-2534; Anin = 247-8 mip; log e = 3:2790. Tt is very
similar to that of aromadendrin, also shown in the graph.

It is readily soluble in ethyl alcohol, ethyl acetate, acetone, glacial acetic acid ;
fairly soluble in hot water, ether, boiling benzene; slightly soluble in cold water.
cold benzene and chloroform. |

The chromatographic behaviour of the substance is given in Table V. On
these chromatograms, a second band (with yellow fluorescence in the ultra-violet
light) 1s invariably present due to aerial oxidation of the substance and not as an
impurity which corresponds to that of kempferol-7-monomethyl ether (vide D 5).

The substance gave a transient purple to brown colour with ferric chloride; -
crimson with concentrated nitric acid; and a yellow colour when warmed with
sodium bicarbonate solution. It reduced hot Fehling’s solution and Tollen’s
reagent; Wilson’s boric acid test'® was negative. An alcoholic solution treated
with hydrochloric acid and zinc gave a deep red colour. The material reduced
with zinc and acid turned yellow when the solution was neutralised.’* When an
alcoholic solution was reduced with sodium amalgam and the supernatant liquor
neutralised with hydrochloric acid, a pink colour was obtained.”* The anlibac_terial
and antifungal activity of the substance is given in Tables III and 1V respectively.

The substance has been identified as aromadendrin-7-monomethyl ether on
the basis of the following reactions:—

(i) Oxidation to kaempferol-T-monomethyl ether

(@) Oxidation of (l) was carried out according to the conditiﬁons describlc[:j:!.by
Hillis® for the unmethylated aromadendrin. The prqduct .(60% yield) crystallizing
from alcohol and melting at 221° was found identical with (IH).

(b) By fusion.—(1) (100 mg.) was heated in a pyrex tube at 260° for | minute.

: : illis conversion to aromadendrin to kempferol.
in a manner described by Hillis* for the o yellow erystals (m.p. 220-21°)

ickly cooled in cold water, W
l::e LU;L:;? f‘?;m tlfc tar and had the same R, value as kempferol-7-monomethyl

¢ther,



TABLE V

Chromatographic behaviour of the crystalline constituents of the E. citriodora kino with different solvent mixtures
under various conditions of saturation

Solvent

mixture

Saturation

Kampferol-7-mono-
methyl ether

——

Aromadendrin-7-
monomethyl ether

Aromadendrin-di-
methyl ether

Ellagic
acid

Day U.V. Tollen’s Day U.V. Tollen’s Day U.V. Tollen’s U.V. Tollen’s

Citrio-
dorol®

light light reagent light light reagent light light reagent light reagent
1 6 hours (aq. phase) P.Y. Y.fi. D.B. C YA DB M.fi. D.B. 0-92
0-95 0-94 0-95 0:95 0-41 0-41
V.g. B
0-83 0-83
2 2 hours (aq. phase) P.Y. YAlt. DBt C. Y.fit. D.B. Mfl. D.B. 094
096 0-96 0-95 0-96 04 04
V.gt. B.t.
0-8 0-8
3 do. PY. YA D.B C YAfl. D.B. MA. D.B. 0-42
0-33 0-39 0-383 04 Did not move
V.a. B.
0-44 0-44
4 do. PY. Yfi. D.B. C Yfi. D.B. do. 0-8
0-75 075 0-76 0-75
V.a. B.
0-8 0-8
5 do. P.Y. Yfit. D.Bt. C YAt D.B.t. do. 0-58
0-46 0-45 0:45 0-45
V.a.t. B.t.
0-6 06

4174
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(c) With iodine—The oxidation was carried out as described by’ Seshadri.!®
The crude flavono! so obtained was dissolved in 1% sodium hydroxide z}nd_ re-
precipitated by acidification. It melted at 220-21° after repeated crysta_lllsatlons
from ethanol and was identified as kempferol-7-monomethyl ether by mixed m.p.

method.

(i1) Acetylation | ' ' i |
An acetyl derivative, m.p. 133-34°, probably identical with that describea by

Uoda ef al4 was obtained by pyridine-acetic anhydride method.

(iii) Methylation '

(@) With diazomethane.—(I1) m.p. [86-87° (confirmed by mixed me.lting
point and absorption curves) was formed by keeping (1) in large excess of aiazo-
methane solution!? in ether for 4 days.

(b) With methyl iodide.—Methvlation with methyl iodide and anhydrous potas-
sium carbonate in acetone solution for 36 hours yielded mostly (IT). The progress
of methylation could be readily followed by circular paper chromatography.

Isolation of aromadendrin dimethyl ether (II') from the kino.—Apart from obtain-
ing the dimethyl ether by methylation of aromadendrin-7-monomethyl ether as
described above, it was isolated from certain samples of the kino of E. citriodora
collected from a private garden at Bangalore. In these samples the monomethyl
ether was practically absent, and was alsomost replaced by the dimethyl ether.
The yield of the purified substance after six crystallisations. however, was about
0-05%.

The substance was isolated from the kino much in the same way as (I). It
crystallises from ethanol in thin, glistening colourless needles, melting at 186-87°
(decomp.) (Found: C, 64:2, H, 5:0%: C,,H,,0, requires C, 64-5, H, 5-1%). The
properties agreed very closely to those given by Hillis.? The chromatographic
behaviour of the substance is given in Table V. The antibacterial activity of the
compound has been given in Table III.

The acetyl derivative on crystallisations successiuvely from ethanol and ether
melted at 135-36° which should be identical with that of dimethylkaturanin.*

(II) unlike (I) and aromadendrin (Hillis, /oc. cit.) was found to be very resistant
to aerial oxidation under conditions described from the monomethyl ether (vide
supjra). It gives only one band on a chromatogram. However, the optically
active isomer was racemised when (II) (100 mg.) was refluxed for 6 hours in 5%
dilute sulphuric acid (200 c.c.). The racemised form crystallized readily- from
dilute alcohol, m.p. 186°. |

| 3. Isolation of kempferol-T-monomethyl ether (I11I).—It was isolated as an
u}salub]e lead complex from an aqueous or alcoholic solution of the kino by addi-
tion of a saturated alcoholic solution of lead acetate. On decomposition of the
complex by hydrogen sulphide in the usual way it was obtained as yellow amor-
phous powder in an yield of 0-5% (vide D 8).
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It readily : .
(Foundr.e ?116}; cgy s;_z; ll;se;i yfro(rzn ethanol in bright yellow needles melting at 220-21
+ s 0370, 1, 4014, CigH 1,04 requi ; ' -21°
(! 161112V TCQUITCS C, 640’ H 4-0° . .
?]j kzexggferol-:?-monomet!lyl ether as described above (the uﬁ?;-it' Tds o
¢ anubacterial and antifungal activity, vide Graph I1 and Tablf.:s? glspetzjtr;::/l;,
0 an :

[t gave a colourless, crystalline acetyl derivative, melting at 201° (H.llis?)

. hf:;?y(l;t;ond?f (III) with diazomethane yielded the dimethyl derivative
Dim.eth . und: C, 65-3: H: 4-6%. CI,HI_403 requires C, 64-97; H 4-467),

yl kempferol thus obtained was sparingly soluble in alcohol éth nd
ethyl acetate. It gave a purple brown colouration with ferric chloridf; ' il‘ ith
magnestum and hydrochloric acid. It had an R, 0-23-0-24 on 3 cir:; Il)ln et
chromatogram with a violet absorption in the ultra-violet light i

_However, methylation of (III) with methyl iodide as described under (I)
a'dunethyl (‘{ompound, m.p. 143-44°, which apparently differed from the fa\’c
dx'methyl derivative 1n that it possessed R, 0-48 on a circular paper chromat oo
with a sky blue fluorescence under ultra-violet light. Both the derivates w 6 mot
further examined due to limited quantities available. e

6: Glucoside of kempferol-T-monomethyl ether—By circular paper chromato-
graphlc technique (Gir1 and Nigam, Joc. cit.) the presence of glucoside was detected
in the aqueous extracts of the kino left after the removal of the lead complex
After hydrolysis of the aqueous solution in the usual manner, the presence .:)i:
kempferol-7-monomethyl ether as well as of free glucose (vide Fig. 5) could be
detected on paper chromatogram. Further glucose was identificd by the pre-
paration of its osazone, m.p. 205°. However, the glucoside as well as the flavonol

could not be obtained in a pure state.

7. Ellagic acid which forms a sparingly soluble lead salt was isolated from
the mother liquors after the rem oval of kzmpferol-7-monomethyl ether (vide D 8).

It crystallises from pyridine in thin, prismatic, fawn coloured needles and does
not melt up to 360° (Found: C, 55-2; H, 2-4%. C,HsO, requires C.55-6; H. 2-0%,).
It was identified as ellagic acid oy its properties and also by the formation of the
acetyl deiivative, m.p. 344-45° (decomp.), which was undepressed when admixed
with an authentic sample prepared according to Perkin and Nierrenstein.!®

The chromatographic behaviour, the antibacterial and antifungal activity.

vide Tables I1I, IV and V.
8 Citriodorol.”—A number of procedures were tried to evolve a conventent

method of isolation of this compound: (1) Preliminary extraction of the kino
ted as described below for

with ether. The ether soluble material was fractiona

the alcohol-soluble material; (2) by preliminary extraction wi_th water and rem:-:wal
of the water-soluble impurities (ellagic acid. glucose, glugqs:de. etc.) bef:orc frac-
tionation ;. and (3) by preliminary removal of small quantities of alcohol-insoluble

material. It was found that although the alcoholic extract carricd. practically all
the constituents except cell debris and a little inorganic material, 1t was the best
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starting material as it extracted completely the active substance; while with ether
part of the active material was not completely dissolved. Thus only the procedure
adopted for fractionation of the alcohol-soluble constituents of the kino is described
below. As the amount of steam-volatile material is negligible, it is convenient to
omit steam-distillation of the kino prior to its extraction with alcohol.

Fractionation of the kino.—The various steps of the procedure adopted are
shown below in the flow sheet.

The crude citriodorol obtained above, gave rise to three different bands on a

circular paper chromatogram (Table V) corresponding to (I) (impurity), (II) [due
to aerial oxidation of (I)) and the active fraction, identified by its characteristic

pale chocolate brown to violet absorption in the ultraviolet (R, 0-66) and bioauto-
graphic technique.

Further purification of crude citriodorol

(i) Fractional extraction with warm water.—Crude citriodorol (1 g.) was shaken
5 times with warm water (total 25 c.c.) and the aqueous extract evaporated to a pale
brown oil (0-6g.). It was recrystallised from 75% ethanol and identified as (I)
(0-25 g.) by a mixed m.p. and its chromatographic behaviour.

Though the activity of the water-insoluble fraction was raised to 1: 300,000
(I) was still detectable on chromatograms. When the extraction was followed up
a 10 mg. quantity of a brownish-yellow residue (1: 500,000) was obtained. Even
this was heterogen€ous on a chromatogram. Fractional extraction with chloro-
form or 50% ethanol did not yield any fraction with increased activity.

(i) Purification by chromatography.—Crude citriodorol (1 g.) was chromato-
graphed on a calcium sulphate column (vide supra). About 700 c.c. of the solvent
was required for complete development. Two distinct bands (middle M and
lower L) were formed apart from some material that was strongly adsorbed at
the top (band T). The fractions after extrusion and elution with warm alcohol
were evaporated and assayed. Results are presented in Table VI.

| fraction (M) on rechromatography again resolved into three bands, but the
activity of the rechromatographed fractions was much lower (1 : 80,000-1 : 160,000).

On rechromatography of Fraction (T), however, a large portion of the material
was strongly adsorbed at the top of the column (T,: yield 82%; acttvity: 1:
400,000-450,000; ultra-violet spectrum vide Graph III) while lower below a thir;
band (Ty: yield 10%, activity: 1:200,000) was obtained.

| (i) Purification by paper chromatography.—As crude citriodorol gave on a
cllrcular paper chromatogram only one active band (bioautography), the prepara-
tive technique'® was applied to obtain a chromatographically homogeneous product.

A pale cream coloured amorphous mass (30 mg. from 45 chromatograms)

melting between 112-18° (decomp.) active 1 : 500,000 agai
' : : ; gainst M. aureus (u.v. -
tion spectrum vide Graph 11I) was obtained. L
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TABLE VI

Chromatographic purification of crude citriodorol

% Yield Activity
Chromatogram No. (M. aureus)
Fraction Substance — g . -
1 2 3 | in
Top T .. Brown olil,
partially
crystalline 322 363 426 400,000
Middle M .. Brown gum 45-8 44-0 30-0 400,000
Lower L .. Pale yellow
amorphous
powder 186 16-8 15~5 200,000

e — r———

-y ————— . e - - —

(iv) Adsorption on norit—About 209, of the material (u.v. curve Graph' III),
active 1 in 600.000 could be recovered (by 40% ethanol) from the charcoal after
adsorption from a 19 alcoholic solution for 10 minutes.

Properties of citriodorol.—Fraction T, was dried in a desiccator (calcium
chloride) under vacuum for a week and the following physical properties were

determined.

It was a pale yellowish brown coloured amorphous substance melting at 115-17°
with a previous softening at 90°; [a]»*®° 4 12-5 (¢, 2-0 in methanol). It did not
give tests for nitrogen and halogens. It is readily soluble in ethanol, methanol.
ethyl acetate, acetone, glacial acetic acid, ether, fairly soluble in hot water and very
sparingly soluble in hot benzene and cold water. The absorption spectra of frac-
tions T; and products obtained from charcoal adsorbates and paper chromatograms
(cf. Table V) are given in Graph III.

The antibiotic is not destroyed by heating at 80-90° in aqueous or alcoholic
solution between pH 6-8-7-2 nor by long exposure to air. The purest material
(from the charcoal adsorbates) assayed 1: 600,000 against M. aureus; 1: 50,000
against My. phlei; but was inactive against E. coli even in concentrations of
l‘: 10,000. It inhibited mycelial growth (fungistatic) of Aspergillus niger in dilu-
tions of 1:50,000 but was not so effective against Penicillium notatum and
Fusarium oxysporium (vide Tables III and IV).

The colour reactions mentioned below were carried out with the sample sepa-
rated by preparative chromatograms.
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Reagent o B ' .
Reaction Formation of colour

1. ConFentrated sulphuric Bright orange-red colour at Immediat |
acid the interface. e

2. Concentrated hy dro- Colour brightens a little

chloric acid 5 minutes

3. Concentrated nitric acid Develops a brownish tinge 2 minute
4. Alc. ferric chloride .. Dark green colour S
5. Alc. ferric chloride +

ammonium hydroxide Changed to cherry red.
6. Ammonium molybdate

solution (1%) .. Reddish brown colour
7. Tollen’s reagent .. Silver deposited 15-20 minutes
8. Fehling’s solution .. Reddish brown precipitate
9. Wilson’s boric acid

citric acid reagent .. Yellow colour Immediate

10. Sodium amalgam (fol-
lowed by hydrochloric

acid) i s .. No change in colour
1. Magnesium amalgam
and hydrochloric acid  Pink colour 2-5 minutes

12. Ware’s test .. Pale purple to green colour .

- - A m el e e A —— e ——————— — Jp—

The positive magnesium amalgam and the negative sodium amalgam tests

suggest that the antibiotic might belong to the group of flavonols. Its reactions
to ammonium molybdate and to ferric chloride-ammonium hydroxide indicate the

presence of ortho-dihydroxy groups.

(E) Pharmacodynamic studies.—None of the constituents showed any sig-
nificant pharmacodynamic reaction. Figures 6 and 7 show the effect of citriodorol,
aromadendrin-7-monomethyl ether, ellagic acid and the steam volatile material
on the blood pressure, intestines and respiration in dogs. Keampferol-7-mono-

methyl ether (2 mg./kg.) and the glucoside (5 mg./kg.} did not have any effect (not
On the other hand, citriodorol, aromadendrin-7-monomethyl ether and

-7-monomethyl ether (13 pg./c.c. each) inhibited the acetyl-choline con-
tractions by more than 50% but did not exhibit any antihistaminic property. Ellagic
acid and the steam-volatile material had slight stimulatory effect in dilutions of

160 ng./c.c. Glucose produced no effect in this dilution.

shown).
kempferol
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3. Seen after spraying with Tollen's reagent.

E. pilularis; C= E. globulus; D - F. robusta; E - Aromadendrin-7-monomethyl ether;

FiG.
; A= fluorescence; g= green; i= intense: /

Figs. 1-3. Solvent system No. 1 (ascending technique).

Chromatographic behaviour of the constituents of the kinos.
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FiG: 5
Chromatographic behaviour of the constituents of the kinos
FiGs. 4 and 5. Solvent System No. 9 (Circular).
A = E. citriodora: B— E. pilularis; C= E. globulus; D = E. robusta.
- Fic. 4. Seen after spraying with Tollen’s reagent.
r B=brown; pB= dark brown 5 Bl=black; yp= yellowish brown.
FIiG. 5. Seen in ultra-violet light.

B= blﬂﬁ?;: _"EBI-=. light bl:ue--;_ﬂ va = violet absorption; vf

= vellow fluorescence.
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(8) alcohol 05 c.c.: () citriodorol 2 mg./kg. ; (&) citriodorol 10 mg./Kg.
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- ——— Kaempferol 7-Monomethyl Ether
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Inst. Sct Vol. 39, No. 2, Sec. 4, PL. V1
Jour. Ind. Inst. SCL.

Intestine

A, YT P g iy, | ; I S e, ot e ks =

Blood pressure

FI1G. T
Effect on blood pressure, intestines and respiration of (a) adrenaline 3 pg./kg. ; (4) steam volatile
material 4 mg./kg. ; (¢) gum acacia 1-6c.c.; (4) ellagic acid 1-2 mg./kg. ; (¢) avomadendrin o

monomethyl ether 3 meg,/ ke,



