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among the many naturally coccurring colouring
matters derived from vegetable and animal origin, hydroxy-
anthraquinone carboxylic acids form an important class of
pigments. These acidl have been isclated from plants,
lichen, fungl and insects. The natural durability of
teak to wood-destroying fungi and termites may be partly
attributed to the presence of anthraguinone-2-carboxylie
acid, The three importunt insect pigments (kermesic acid,
laccalic acid and carminic ucid) were at one time extensively
used for dyeing wool and silk. Carminic acic dyes wool
and'u.l'n a magnificient scarlet on a tin nordantl and
was especially favoured for ceremonial uniforms. Minor
uses included the colouring of food, cosmetics, water
colours and biclegical tissues. Xermesic acid was
extensively used for dyeing of shades of red on an
aluminium mordant. Laccaic acid, the colouring matter
of stick lac was used for dyeing wool a fine scarlet on
tin mordant, but with the advent of synthetic dyes, its
importance rapidly declined. These acids provide a
convenient illustration of the manner in which colour
is dependent not only on the number of anxochromes ()

n
presant, but also on their positt.o’ in the molecule.



A considerable amount of research has been carried out
during half a century on the elucidation of the strue-
ctures of these pigments, which provided a direct
impetus for lynthenia' in the laboratory and subseguent
introduction in the market of a large number of dyes
which could compete with and excel the natural subste
ances in colour, dyeing properties and fastness. A
well known example is furnished by synthetic alizarin,
which was made available in the market within years of
the isclation of alizarin from madder root, with the
result that madder cultivation declined in favour of
synthetic alizarin, for the latter was one fourth in
cost and of much more uniform and dependable guality.

Cathartic action is one of the important phye
siological properties of rhein. HRhein was identified
as the active principle of the extract of the leaves of

Cassia reticulats’ reported to be active (in yitre)

against Jacillus mycoldes, Bacillus subtilis, Staphy-
Jlocoeccus gureus, ete. An antibacterial substance Y,
1solated from the seeds of Kniphofia uvaria was found(v/

to be rhein.® Very recently Chinese workers have shown
&

-

that rhein inhibited melanoma growth by 73% in mice.



Although scme attempts have been made to
establish a relationship between the anthraquinone

content as measured by the mmtracor6'12

test and

the cathartic activity, no satisfactory correlaticn
has been found to exist. The activity depends tec a
great extent upon the oxidation stage. Fairbairn®

hus shown that anthracene derivatives are most effe-
ctive as anthrone glycosides, less as free anthrones,
and still less as free anthraquinones. ‘he free
hydroxyanthraquinones are susceptible to metabolic
destruction when orally administered. The glycosides
on the other hand are unaffected because of the prote-

ctive action of the sugar residue.

QCC URRENCE

S0 far eighteen anthraquinone carboxylic acids
have been isolated from natural sources. They occur
either in the free state or as glycosides. According
to T, Robimon7 "the problem of the form in which
these anthraquinones actually exist in plants remains
a knotty one, and there are apparently seusral possi.
bilities. OSince the native precursors generally break
down readily under the influence of enzymes or extracticn



(V)

procedures, reports of the appearance of free anthra-

quinones must be regarded cautiously".

Cut of the 18 acids, four have been isolated
from plants, five from fungi and lichens, and the
remaining nine from insects. hhein has been found to
cccur as a glycoside with a sugar residue linked through
one of the phenoclic hydroxyl groups. The fungal and
lichen acids are closely related in their chemical
constitution. The fungal and lichen acids (except
hohtol) contain two «-hydroxyl groups in the 1,8«
positions,a C-methyl and a earboxyl group, both in
d-positions.’ The acids [(kermesic (1) carminie(2)cerc=
albolinic (3)from three genera of the inseet {amily )
Coccidag Suow very close resemblance -n their structures.
The pattern of substitution in the A ring of the anthra-
quinone nucleus is the same for the three acidsj and ‘
carminic acid is merely the 2-C-glucoside of Kkermesic
acid.

Me 9 OH

HOOC
HO OH

OH

(1)
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a

In contrast to the fungal and. lichen acids
(endocrecin, clavorubin);the insect acids have a )
C-methyl group in the «-position. Four laccaic acids
show the same pattern of -substitutiocn.

JEQLATION

Chromatograrhy is a valuable addition to the
older methods for the isclation of plant constituents,
such as extraction with solvents of increasing polarity,
fractionation from different solvents and crystallisation.
Ihe water-soluble acids, carminic and laccaic acius, can
be extracted from cochineal and stick lac with water. The
nomogensity of the isolated acids can be followed Dy
chromatography on silica gel impregnated with oxalic acid.
The isolation o! closely related compounds can cnly be
effected by carefully chosen chromatographic techniques.
Pandhnnlo and Shaikh9 have successfully separated five
different laccaic acids by making use of different adsor
bents and sclvent systems. Thus from the crude mixture
of laccaic acids, laccaic acids A and B were separated
by column chromatography on polycaprolactam powder of a
solution of lac dye in p-butancl saturated with 0.3N
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hydrochloric acid solution. Laccailc acid 131‘1 was
isclated by chromato;raphy of an acetone solution of
lac dye on a column of silica gel. Chromatography
on a cellulese column and butaol -acetic acid-water

as solvent separated laccaic acids C and E.g

SULOUF_KEACTIONS

These acids being derivatives of hydroxyanthrae
quinones, give distinect colour reactions with alkali and
concentrated sulphuric acid, which can be used to get an
idea of the arrangement of substituents in the anthra-
quinone nucleus. The Borntrager te-te’m is a useful
test for detecting the hydroxy anthraguinones in plant
extracts. In this test the crude extract. is treated
with dilute mineral acid to hydrolyse the glycosides and
the liberateu aglycones are extracted with organic solvents _
such as benzene. The benzene extract is shaken with
aqueous alkali, when a beautiful rose pink to cherry red
colour is produced in the agqueous layer. Ferric colourae-
ucm’3 is not characteristic of hydroxyanthraquinone
carboxylic aclds. .ccording to shibata® hydroxyanthrae-
quinones having at least one «-hydroxyl groups give a
characteristic colouration with magnesium acetate in



aleoholic solution . The acids having two adjacent é”.>

hydroxyl groups (like alizarin) give a bluish viclet
colouration in acetone solution with zirconium nitrato%s
anthraquinones having hydroxyls in 134 positions chow a
fluoroscence in acetic acid.8 A solution of cero:lboe
linic acia”® (anthragallol type) in agueous sodium
hydroxide rapidly changes colour from green tc yellow
on exposure to air. These derivatives also give a
floceculent greenish precipitate with sodium amalgam
in ethanolic solution (Bargellini test) whieh showus
the presence of hydroxyl groups in 1,2,3-positions.*%
wit.k; the exception of purpurin derivatives all acids
having hydroxyl groups in the para positions are
oxidised by lead tetraacetate to coloured digquinonoid
compounds. In the case of purpurin derivatives, which
may be thus detected, the cclour disappears rapidly as

tne hydroxylated ring undergoes doaradation.15

CONSTITUTICN

«~inc dust distillation of hydroxyanthraguinone
carboxylic acids gives anthracene or the corresponding
alkyleanthracene. Hydroxyl groups in the «-position do
not undergo methylation easily with ethereal diazomethane



sclution, but can be methylated with dimethyl sulphate
and alkali, wvhereas methylation of f-hydroxyls can be
easily carried out. Acids containing a purpurin moiety
undergo,with sodium dithionite and sodium hydroxide | 5
reductien to xantho purpurin,an «-hydroxyl group P
being eliminated. By a careful study of these reactions,
together with the colour reactions menticned above and
infrared and ultraviolet spectra, the position of the
substituents in these anthraquinones can usually be
determined. The presence of the purpurin moiety in the
laccale acids was proved by Bhide gt n.l,b mainly by a
com;;;;rutivo study of the vat spectra in comparison with
those of a few hydroxyanthraquinones. Infrared spectroe
Scopy helps in finding out the nature (or environment)
of the quinone carbonyls, as also in determining the
presence of carboxyl groups. NMF spectra provided the
main evidence for the elucidation of the structures of

the lacecaic acidl,&n' and for modifying the earlier

structures of carminic ““34 and kermesic ncid.l7

The naturally occurring anthraquinone carboxyliec
acids, which have been isclated so far, are listed in
Table 1.



IABLE 21

Occurrence

No. Name Substitution in
anthraquinone
1. Anthraguinone 2-CO0H m
p=carboxylic
acid

2. Munjistin 1,3- (OH )g-2-
CCOH

3. Rhein - (OH )g=2-
coon

4. Pseudopurpurin 1,24« (0H)g=3~
cloft

6. Boletol . 1,2,4- (OH )3=8=
or 8«.CO0OH

6. Emodic acid 4,6,7-(0H)3-2~
COCH

7. Endocroein 1,6é - (OH )3=3«

-COCH

8. Ptilometric acid 1,6,8-(0H)g
3-(:3!!7-2-000!!
9. Laccaic acid D _; (03)3-8-
10. Clavorubin 1,6,6,8.(0H)3
3-&-5-00011
11‘ Rmdocl.donu 1,3,5,8-(03)‘-
acid 2«CH20H«7-C00Me

Rubis sp.

Rhenn
efficinale

thotform

Ioletus Sp.

Srelooiun

Be
L8

Frren

Ceccus laccee

Lladonia Sp.

References
Isola- Synthe
tion esis

18 19
1,38 20
1,3 21
b § 1
23 23
1 22
8 26
26 -
11 -
27 27
8 -
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Table I contd.

Ho. Name Substitution in Oceurrence References
anthraquinone Isola- Synthe

tion. esis.

12 Kermesic acid 1,3,4,6-(0H)4- Cocgus ilici 1 Part
8-Me -7 -COUH 11

13. Cercalboliniec 1,2,3,6-(0H)gq~ 386 -
acid BMe =7-COCH

14. Caraminic 1,3,4,6«(CH)gq- -
acid 2.CgH110g-8= foccus cagti o1

Me=7-CO0H

16. Laccaic acid 1,3,4,6-(0H)4g~ ¢
c 22 (5 20H-5" - T 9 -
Beamino-fe
carboxyethyl)
phenyl.?7,8.
(CUCH)g

l .3 4’6' (OH )4-

2a (2" <CHeB" =P~ nn 9 -
aminoethyl)

Pb‘ﬂ’l-”,so

(COOH) g

17 Laccaic acid 1,3,4,6-(0HY4- b 10 -
A 2e(2'(H-5"-f=
Ne-acetylamino-
ethyl) phenyle
7,8« (COCH) 2

18 TLaccaic acid 1,3,4,6-(0H) g~ o 10 -
B 2.(2 §

16, Laccaic acid
B.

' OH-B' =fi=
pydroxyethyl
phenyl<7,8-
(CoCH)g
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The simplest anthraguinone-~«carboxylic acld
wus iscolated by Rmm“s by the Craig countercurrent
separation of the extractives of teak (legctong grandis).
This was synthesised by the oxidation of 2emethyl
anthraguinone with potassium permanganate in conc.

sulphuric acid. s

The first unambiguous and practicable synthesis
of mmjuunoo was by the oxidation of lucidin with silver

oxide in aqueous caustic soda.

Khein, 1,8«dihydroxyanthraquinone-3-carboxylic
ucid; was assigned this structure since it could be
obtained by the oxidation of chrysophanol and alce~
emodin. S8tarting from the common dye intermediate
leamino~6-chlorcantiraquinone, the synthesis of rhein

has recently been roport‘.od.‘;!1

ihe structure of emodic acid was confirmed
to be 1,6,8«trihydroxyanthraquinone-i-carboxylic acid

1,72
by the oxidation of triacetyl-emodin and dcacotylation:

Pseudopurpurin gave purpurin on decarboxylation,
and munjistin on vatting and reoxidation , and was there-
fore 1,?2,4-trihydroxyanthraquinone-3-carboxylic acid. o



aoloto123 was found to be 1,2,4-trihydroxy-
anthraquinone -6 or B.carboxylic acid, since it gave
purpurin on decarboxylation, and hemiwmellitic acfid
on oxidation with alkaline hydrogen peroxide. Hogl
and Daijl?8 attempted the synthesis by two routes: (1)
Hemimellitic anhydride was condensed with 1,2,4-tria
methoxy benzene, from the products boletol was 1isolated.
(?) Condensation of hemimellitic anhydride with hydro-
quinone gave quinizarin.S-carboxylic acid. Cxidation
of this with lead tetraacetate ylelded the diquinone,
which on Thiele acetylation and hyirolysis gave a
mixture of 1,2,4-trihydroxyanthraquinone-6 and %
carboxylic acids. Ihe two were separated chromatograe
phically, and one of them was identical with the natural
pigment. Thus the structure of boletol is uncertain,

so far as the position of the hydroxyl group is concerned.

The rubyered rhodocladonic uoide was isolated
by Zopf from the lichen Cladonig fimbriata; *cller and
Hamburg showed that it wus probably an anthraguinone
containing four hydroxyl groups, a hydroxymethyl, and a
carbomethoxy group. Shibata consequently observed that
rhodocladonic acid was similar in its properties and
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absorption spectrum to 1,3,6,8-tetrahydroxyanthraquinone,
which he prepared from emodin by a series of reactions.
In view of the usual orientation of methyl, carbinol and
carboxyl groups in B-positicons in naturally occurring
anthraquinones the structure (4) was suggested for

rhodooladonic acid.>*®

(4)

Endocrocin, the copper-red pigment of the
Japanese lichen Nephromopsis endocrocea, was assigned
the structure (6) by Asahina and Fugikawa.® s Faistrick
has suggested, endocrocin may be synthesised on paper by
the condensation of 6-methylsalicyclic aeld (a metabolite
of Pepicillium griseo-fulvum) and 3 s-ﬁxydroxyphthano

acid (s metabolite of Penicil ium brevicompactum). Fndo-
crocin gave emodin on thermal decomposition, and the

altraviolet and visible spectra of both emodin and
endocrocin overlapped each other., Oxidation of the
fully methylated endocrocin yielded the methyl ether

2

o

4
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( ;) ef the monomethyl estert)of isocochenillic aeid. The *’:X
fact that in the carbonyl regiocn the IR spectrum of
endocrocin has & band at 1718 em™}, wiich is too high
a frequency for an aromatic carboxylic acid, led
Ramanathan gt ﬁ? to consider (7) as an alternate
structure. Hamanathan synthesised (7), but found that
its tetramethyl ether-ester was different from the
ether-ester of endocrocin., Ulgimately the ether-ester
of (6) was synthesised by two methods and found to be

identical with endocrocin ether-ester.>d

Powell and Sutherland™® recently isolated
| ptilometric acid from a cerinoid Ptilometra gustralis
and assigned to it structure (8) . homologue of endocrocin. .?
They compared the NMH spectra of the tetramethyl ether.
esters of ptilometric acid and of (6), and observed that
the agreement wus satisfactory.

Clavorubin, the red pigment from the lichen
Clavigeps purpures, was assigned the structure (9) by
Frank and Zimrz' on the basis of the following evidence.(a)
The ultraviolet and IR spectra showed that it was an
anthraguinone nucleus with three «-hydroxy groups, a
S-methyl group and a carboxyl group. (b) The decarboxy-

lated product was not identical with catenarin (1,4,56,7-



(
) A OH

COOH
HO Me
0
S5
@)
OH OH
HO “O CH, COOH
O
{8

OH

15

OMe
HOOC COOMe
HOOC Me
(6)

OH i OH

‘ COOH
HO CH,CH,CHy

O

8)

OH

COOH
HO Me

OH

(o8
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-2-methyl
tetrahydroxyfnthraquinone). (e¢) Clavorubin procuced an

acidestable lake with zirconyl chloride and hence
contains an Q-dihydroxy groups (d) Oxidation of endo-
crecin (6) with manganous diodde and sulphuric acid
gave a product which was found to be identical with

clavorubin in all renpocts.g?

Laccaic acid, the colouring matter of stick
lac, was first isolated by ."chnidtas and assigned the
molecular formula, C3gH1208, which was revised by
Dimroth and Goldsehmidt>® to CpoH14010. On the basis of
the chemical evidence recorded by these workers Mayer'
suggested structure (10) for laccaic acid. Fecently the
constitution of laccaic acid has been re-examined in our
laboratory and it was round%m’u that laccaic acid is
a complex mixture o! five cocmpounds which could be
separated by chromatography using various adsorbents
(polycaprolactam, cellulose and silica gel) and ap,.roe

riate solvent system. Colour reactions showed that
all these acids are purpurin derivatives (except LA-D)
and there was nd evidence for (eacetyl and Ceethyl
groups as in (10). Isolation of ©phenol-2,3,4,5-tetra-
carboxylic acid as an oxidation product of lac dye
showed the presence of a S-hydroxyanthraquinone-l,%
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dicarboxylic acid group. The presence of a phenyl ring
in the SGepositicn of the purpurin and a secondary amino
group was determined by NMR spectral data and mass
spectral analysis. Important features of the NMR spectra
of all the methylated laccalc aecids are the absence of
ethyl and C-acetyl groups, the presence of a group of

the type ArCHoCHoU~ and the presence of four aromatic
protons. Based on the mass spectrul molecular weights,

0
HOOC "OH
HO CoHs
OH
Laccaic acid A; R=CH,CH,NHCOCH;
o) m  » BjR=CH,CH,OH
Lo n :c . R-‘-CH'?H COOH
" NH2

m  » E;R=CHyCH,NH,

UV, IR anc NMK data and chemical evidence, Pandhare '°

and 8ha1khg assigned the structures (11) to laccaic acids
4y By C and E. Laccaic acid D (12) proved to be identiecal
with xanthokermesic m:!.d..:"7

Me || OH
HOOC
HO OH
0
KN
(12)

S477 6773 /(245
GED
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Ine red colouring matter of cochineal, carminic

< Based on the

colour reactions and oxidative degradation studies,

acid, was first isclated by Dimroth.

Dimroth assigned structure (2; COOH in the b position)

to carminic acid. The evidence in favour of the proposed
structure is extensive, but by no means conclusive.
Recently ali and Hamlaz have proved that carminic acid
is a Ceglycoside in which the sugar is Degluccose. The
recent synthesis of bemethoxyteluene-2,3,8-tricarboxylic
acid, by Van der Kerk® and Bhatia}® which is identical
witn the metnyl ether of the phenclic acid cbtained by
oxidation of carminiec acid,. has shown the josition of the
carboxyl group to bep(ss in ?). This is alsc confirmed
by the NMH spec:.,ruﬁ o carminie’ "gcidz 4111 dimethyl
sulphoxide; a single aromatic proton appears at 2.33
widch must therefore be an «- and not a Beproton in the

anthraguinons nucleuse.

The other two naturally occurring hydroxy-
anthirajuinone carboxylic acids, kermesic acid and cerce-

albolinic aeid, have been dealt in the thesis.
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P A R T II

EERMESIC ACID

(a) SYNTHESIS OF PHENCLe2,3,4,8-TETRACARBOXYLIC ACID
(b) STRUCTURE AND SYNTHESIS OF KERMESIC ACID.

ke



Synthesis of phenole2,3,4,B8--tetracarboxylic acid

ANIROD JCTION

In the course of a programme of work on the
anthraquinonoid insect pigments, a phenol tetracarboxylic
acid was obtained by the oxidation of laccaic acid with
alkaline hydrogen pnroxldo.l There are three possible
structures(1),(2)and(8)for this acid. The acid (2) was

OH OH OH
COOH HOOC COOH HOOC COOH
HOOC COOH COOH HOOC COOH

COOH COOH

~ () (2) (3)

synthesised by Grove2 from nitromesitylene and also by
Charlesworth g;g],.sfnom mesitylene. The acid (3) was -
synthesised by lioberts from p-b-xylenol by a series of
reactions 2 The methyl ether-ecster of the phenol
tetracarboxylic acid cobtalned from laccalc acid was

found to be different® from the ether-csters of the

aeids (2) and (3). 1In order to obtain an authentic
sample of tetramethyl anisole-2,3,4,B-tetracarboxylate
(pentamethyl ether-cster of 1), Bhatia® used the following
route. Chloromethyl: tion of 3,6edimethylanisole (4) by

22
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paraformaldenyde and hydrochloric acid in carbon tetrae
chloride gave the '2,4-Qig-ohloronethyl derivative (8),
wiiich was converted to the bis-acetoxymethyl derivative
(6). Oxidaticn of (6) with alkaline permanganate at
room temperature gave the dicarboxylic acid (7). Further
oxidation with potassium permanganate and aguecus sodium
carbonate at 100° gave the tricarboxylie aecid (8), the
sandwiched methyl group resisting oxidation under these
conditions. The methyl ester of (®) (m.p. 11(‘:-1110) was
found to be identical (mixed melting point and supere
posable IR émctra) with the product of methylation of

Y

OMe OMe OMe :

CHzc' HOAC; CH2°A° ©_NaOH; KMnOg
————->
Me KOAC Me

CH?_CI CHZOAc

(4) (5) (8)

OMe OMe OMe

COOH Na,cos; COOH NqoH,KMNQ4, COOH
—_— _"—Lb—> ———p
Me Me KMnO4;100° HOOC Me  100° HOOC COOH

COOH COOH COOH

(7) (8) (9)
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the phenolic acid obtained by oxidation of carminic
ecida by alkaline hydrogen peroxide. The Dimrot;ha
structure for carminic acid (10; COUH in the 5-positicn) =
was revised to (10) by Bhatia and Venkataramarz,6 and was
confirmed by the NMH spectrum of carminic acid in DMSO; -

a single arcomatic proton at ?..33')’/, indicating mn %~ and

not a f-proton in the anthraguincone nucleus,

Overcem and van der i’\ork,7 in connection with
the structure of mollusin, a naturally occurring chlorine.
containing quinone synthesised 4-methoxy-6-mothylhemi-
mellitic acid (11) and its isomers 3-methoxy-Semethyl-
trimellitic (1?) and S-methoxy-3-methyltrimellitic acid
”). 4-Methoxy-6methy1!nmn1])%.11uc acid (A1) was found /¢

OMe OMe

() COOH HOOC COOH
 Me COOH Me COOH

COOH

(1) (12)



to be identical with the degradation product of mollusin
methyl ether, while S-methoxy-3-methyltrimellitic acid
(8) and its trimethyl ester were found to be identical
with the methyl ether and methyl ether-ester of the

acid obtained by oxidation of carminic ac!.d.7 ¢n the
basis of these findings Overeem and van der Kerk indepene

dantly revised the structure for cochenillic acid.

Dimroth® assigned the structure (10; CCOH in the 5- g/

position) for carminic acid on the basis of the structure
(13) assigned for the cochenillic acid by Liebermann and
VOavipcml.g The structural proof for cochenillic acid
given by these :sml:hm'l9 is presented in the following

scheme .
COOH
{A) Sublime Me COOH
OH
(14)
COOH (a)
Me COOH (b) (B) H,0,200-210, Me COOH
COOH (¢) 2-3 hrs. -
OH OH
(13) (15)
COOH
(C) Hp0,170°, 1hr. Me
- COOH
OH

(16)
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The structures of products (14) and (16) were
rigidly established. The product of reaction (C),
fecoceinic aeid (16) was claimed to be identical with
\Y‘n-hyuroxyuvitic aeid’,’ first prepared from ethyl aceto-
acetate and chloroform by Cppenheim and Praffm and
later confirmed by Claiaen.n A close examination of
the paper of Liebermann and Voswinokelg revealed that
the identity of «-coccinic acid with Uppenhelim and
Pt‘atram “menyaroxyuvitic acid" was mainly based on
tne comparison of properties, and no mixed meiting
point was x;eported. Later Meldrum and co-workaram
repo;tod the synthesis of both (16) and (13) and stated
that tie synthetic compound of structure (13) was ldene
tical with cochenilliic acid in m.p. and mixed m.p., the
mixed melting point of the two methyl ethers was not
reforded, and it is difficult to explain Meldrum's
results. (versem and van der rerk’ thought that the
structure (17) (S-hydroxy-d-methyltrimel itic acid) was
more rational than (13) on the basis of the decarboxye-
lation of cochenillic aeid. In the reaction (B) the
decarboxylaticn of the groups (a) and (e¢) (ortho- and
parg to the CH group) takes place, while in the reaction
(C), under less stringent conditicns, only the carboxyl



COOH(a)

Me COOH (b)
(c)HOOC

OH
(17)

group (a) (para to the CH group) was eliminated.’

terephthalic acid (18) wus methylated and chloromethye

(A) Sublime

COOH
Me COOH

(B)H,0, 200-2107

\4

OH
(14)

2-3 hrs.

(C) Hy0,170", 1 hr.

\ 4

Me[:::]COOH

OH
(15)

Me COOH
" HooC

OH

(18)

2l ydroxy-t-mathyl-

lated to give the phthalide for which two structures

IS4
(19 and 20) had to be considered: the former was proved

HC— 0\

Me

HOOC
OMe

(19)

0
l

Me C\
HooC A
cH,

OMe

(20)

The
revised structure (17) for the acid was confirmed by

?
synthesis of its methyl ether.

27
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to be correct because (20) would have given on oxidation
isocochenillic acid methyl ether (12), which was prepared
for comparison according to thhunn.la

Further oxidation of S-methoxy-3.methyltrimellitic
acid (8) with potassium permanganate and aqueous sodium
hydroxide solution gave anisole-2,3,4,6-tetracarboxylic acid
(9) The product obtained by diazomethane methylation of
(9) had a m.p. 106°, while the anifoleketracarboxylic acid
tetramethyl ester, obtained from h.ec;ic acid A methyl
ether-ester by nitric acid oxidation, followed by diazo-
methiane methylation had the m.p. 130°.’%  Because of the
discrepancy in the m.p., the present work was undertaken.
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The objects were (a) to obtain yure samples of
anisole=-2,3,4,6«tetracarboxylic acid and its tetramethyl
ester for comparison with the product obtained from
methylated laccale acid 4;** and (b) to synthesise the
unimown phenol-2,3,4,6-tetracarboxylic acid (1).

Anisole=-2,3,4,6-tetracarboxylic acid (9) has
been synthesised by the proecedure of Btmtia.s When
6-methoxy-2,4-dime thylisophthalic acid (7) was oxidised,
under the conditions employed by Bhatia,® with potassium
permanganate in aqueous sodium carbonate (2N) at steame
bath temperature for 3 hri, and the product treated
with diazomethane, the resultant ester showed two spots
on TLC [silica gel and benzene-scetone (911) as solvent]..
The fast moving minor fraction was found to be identical
with the ester of the acid (7) (Rg 0.57), while the
slow moving major fraction (Rg 0.45) was characterised
as the trimethyl ester of p-nethoxyos-.othyltrimllitic
acid (8). However, the acid (8) could be obtained in
pure form by repeated crystallisation from water. The
acid (8) softens at 208° and melts at 224.226°. The
lower m.p. reported by shatia® (213°) is probably because
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of the presence of a trace of the isophthalic aeid (7).
Further oxidation of S-methoxy-3-methyltrimellitic acid
(8) (using Bhatia's procedure) with potassium permanganate
in aqueous sodium hydroxide at steame~bath temperature for
6 hr. gave an aeld, the methyl ester of which prepared

by diazomethane methylation, showed two spots, on TiC
(silica gel and benzene:acetone, M1). The fast moving
minor spot (Re 0.,48) corresponded to the ester of (8),
while the slow moving major spot (Rf 0.31) was characterised
as the ester of anisole-2,3,4,6-tetracarboxylic acid.
However, prolonged oxidation under identical conditions
for 12 hr. (instead of 6 hr) gave the acid (9), m.p.
232-234°, which ylelded an ester (m.p. 129-130°) free
from any impurity as shown by its chromatographic beha-
viour. The m.pe. of the ester of (9) remained undepressed
when mixed with the methylation product of the acid
obtained by oxidation of laccaic acid ; methyl ethere
egter with nitric acid. Demethylation of tetramethyl
anisole«2,3,4,b-tetracarboxylate in a melt of aluminium
chloride-sodium chloride gave phenol-2,3,4,5-tetracarboxylic
aeld (1), 1t gave a violet colour with alcoholic ferrie
chloride solution. 7The product, crystallised from water,
melted at 238.240°.,
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After completion of this work Maximovi® in ,
connection with work on the chromatographic behavioar
of benzene carboxylic acids and hydroxybenzene carboe
Xxylic acids, reported the synthesis of phenole=2,3,4,6«
tetracarboxylic acid, but details of the synthesis are
not available. A sample of phenol-z,a,fi,a-tatracarbo-
xvlic acid cobtained from Maximor wus found to be
identical with the synthetic sample obtained from anisclee
tetracarboxylic acid (m.p., mixed m.p. and chromatogra- [/
phic behaviour). Recently Tsuji,’® in connection witn
the structure of julimycin BelI isolated from the
mefabolite: of Streptomvces shilodaensis. synthesised
anisole-2,3,4,5-tetracarboxylic acid (m.p. of ester
128-128.6°), starting from 1,2,3,4-tetramethyl benzene.



STRUCTURE AND SYNTHESIS OF
KERMESIC ACID

¥ a%
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ARIRODUCTION
i

i Eaccordlns to I‘honson,(r’/"kems is a dyestuff

of very great antiquity and is probably the sarliest of
L 38

which we have records. It appears tc have been used
by Phoenicians and is mentiocned in the seriptures.
indeed the Hebrew words translated as scarlet in the
01d Testament probably signified a red colour dyed
with kermes." The colouring matter was obtained §

Qe lomgung b fa Ao }L I ¥
from the insect Kermococcus ilieis ninn. 'feamu?;onvtm
Coccidae, aA g, lae 2 Cockawial wle X
! «)/. The female
insects were ccllected, killed and sun dried. It was
cultivated in France, Spain, Portugal and Morececo, and
was used extonlh‘rely for dyeing shades of red on an

|
aluminium mrdantg 7

The colouring principle, kermesic acid (m.p.
2
260° decomp.) was first obtained by Boiseao'__gd was
later examined by Dimroth and co-workers, — — who
T . @9
assigned the structure (21’)., The red pigment was

obtained by extracting the insects (after removal of wax)
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with ethereal hydrochlorie acid. Based cn the ¢lemental
analysis, Dinrothgl agsigned the molecular fermula,
C1gH120p to kermesic acid. It formed a tetraacetate
(m.p. 248°) by refluxing with acetic anhydride and
sodium acetate, a trimethyl ether ester (m.p. 310°) on
methylation of its potassium salt with methyl sulphate
in toluene, and gave l-methyl anthracene on zinc dust
distillation. Presence of émrboxyl group was indicated
by the aqlubility of (21) in scdium bicarbonate and on
heating in water at 180° it lost carbon dioxide to form
decarboxy kermesic acid whieh was insoluble in aquecus
bicerbonate, while the abesence of methoxyl group was
indicated by Zeisel's method. Of these six substituents
[Me, (OH)4, CCCH] three were found to have the same
orientation as in the A ring of carminic acid (103 COCH

- in B position) on the basis of oxidative degradation

experiments. Alkaline permanganate oxidation of kermesic
acid methyl ester dimethyl ether yielded methyl cochine-
llate methyl ether. Saponification of the ether ester
followed by demetnylation with hydroidic acid gave
cochenillic acidgi "' which vas alsc obtained from
carminic acid (10, CLCH in 6 position) by treatment with
potassium persulphabe.9 Isolation of cochenillic acid

" led Dimroth to assign the pattern of substitution (|

3



of the three groups (Me, CH, CUCH) as in the ring A of
carminic aecid (10; COCH in the 5 position). Of the
remaining three hydroxyl groups, one hydroxyl group
was assigned to the P-position and the other two at
the 1 and 4 positions of the B ring of anthraquinone
nucleus, since it resembles purpurin rather than

anthragallol in its dyeing properties.

Bromination of kermesic acid in glacial
acetic acid gave mmbromooccm,zacmﬂgm-os,' whieh
like the pmnt compound formed a tetra-acetate and
yic];ded cochenillic acid, on oxidation with hydrogen
peroxide in presence of manganous salt. This confirmed
that the ring A is unaffected and that only the ring 3
undergoes bromination. In the conversion of kermesic
acid to monobromococcin, Dimroth®2 observed that the
group -CoHa0 was displaced by bromine, although there
was no specific reascn for its displucement. However,
the elimination of an acetyl group by bromine is not
without analogy. In the case of purpurin carboxylie
acid, the carboxyl group can be eliminated by boiling
with water. The group-CoHs0O could be either .cna-cfiﬁ
or -Cfcgs and since no aldehyde properties could be
detected Dimroth and fcheurer-c

=0

~CHg'

regarded the substitution
at 2-position as «C

"
| N h . " t g B
1 Ba Ry 02



The assignment of the three hydroxyl groups,
in kermesic acid, was further made by comparison with
hydroxyanthrapurpurin (22) and hydroxyflavopurpurin (23)
which could be distinguished in their dyeing properties
and absorption speectra in the visible region. These

o}

0
OH OH
HO O‘O OH
HO
OH OH
o) 0
(22) _ (23)

two isomeric compounds (22 and 23) were obtained by
cxidaticn of anthrapurpurin E,a,‘?*(ouJa'anthraquinonej
and flavopurpurin E;a,e—(03)3~anthraquinone] respectively.
Hydroxyanthrapurpurin is distinguished from its isomer
sharply by the absorption spectrum and the bluish shade
on mordanted substances. Dimroth and Fickaa noted also
that the absorption spectra of kermcsic aeid, decorboxy-
kermesic aeid, carminic aeid and hydroxyanthrapurpurin
in alkali and conc. sulphuric acid solution showed a
close similarity which confirmed their opinion that
kermesic acid has the structure (21). This coneclusion
wag also supported by the fact that the compound obtained
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by bromination of hydroxyanthrapurpurin and tribromo-
cocein had similar properties.

Kermesic acid on reduction with zinc and
acotic acid, gave a compound (24). pimroth®® noticed
that during reduction kermesie acid lost besides the
pehydroxyl group also the acetyl group in the purpurin
residue and the carboxyl group. The structure of this

0 (0]
Me OH Me g
N
0
HO - HO c//
OH i
0
(24) (25)

methyl trihydroxyanthraquincne (24) was confirmed by
synthesis. It was obtained by condensing jj-coccin
acid anhydride (26) and hydroquinone diacetate with
boric acid and benzoic acid at 220°, conditions which

will be regarded as abnormal at the present time.

Cn the basis of the above observation, Dimroth
assigned the structure (21) to kermesic acid closely
related to carminic acid (103 CGCH in & position) and
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in fact differing only in the nature of the substituent
at C«2., The acetate hypothesiszq also favoured the

structure (21).

fince both carminic and kermesic acids yield

cochenillic acid (17) by oxidation, Overeem and van der

Ksrk? concluded that kermesic acid is constituted as (28).

0
Me OH
HOOC COCHz
HO OH
, ' , OH
. 0

(26)
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PRGSENT WORK

{

The nym;hesn of kermesic acid (26) was under-
takon\with the object of proving its structure. This
normally involves the Friedel-Crafts acylation reaction
of the corresponding substituted phthalic anhydride with
tne appropriate phenol. E&any condensing agents for
Friede!-Crafts acylation have been doscribed% and of
all aluminium chloride is by far the most frequently
used condensing agent, except perhaps when an acid is
used as an acylating agent. The condensation can be

 step-wise in which the first step is the formation of
an -aroylbsnzoic acid, which can be cyclized under
suitable conditions to the corresponding ami:tu'aqumonom
~or under vigorous conditions such as condensing the two
predacts in a melt of aluminium chloride and sodium
chloride mixture resulting in the formation of anthrae
quinone deuvauvufj The gppropriate phthalic anhydride -
required for the ;;nthesu of kermesic acid will be 3
methyl-d-carboxy-6-me thoxy phthalie anhydride (27). @
Erhis was prepared by refluxing the acid ‘&/) with acetic
anhydride for 30 niﬂ Overeem and van der verk’! converted

] \

cochenillic acid methyl ether to (,87) by sublimation at
20n=210° and 0.1 mm.



39

(0]
Me . Il Y
C P
HOOC LY WO 0C ~ 1
/0 T B YO 14
MeO ﬁ TtQO/
O / /«-‘./
\WV_
w7y

Next step in the synthesis of karnqaic acid
involves tie condensation of the anhydrido_(27) with a
sultable phenol which ultimately can give the desired
product. 1In order to achieve this the acetyl group, .,
either has to be introduced after building the anthra-
'quiﬁono or condensation has to be carried cut under
forcible conditions enyloying the appropriate aceto-
vhenone. It is well known that acylation of an aromatic
ring by dibasic acid derivative is hindered by a carbonyl
group directly attached to the ring. Sometimes the effect
is so powerful that either one or more activating groups,
or in some cases forcing conditions one required to make
acylation possible. In order to arrive for a sun\:ablo '
method, the synthesis of 2-acetylxanthopurpurin (28) was
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undertaken., Introduction of nmlear acetyl group by ‘
prolonged refluxing xanthopurpurin with bomn fluoride
acetic acid complex met with failure. However, phthalic
anhydride and monomethyl ether of 2e-ucetylresorcinol on
condensation in a melt of aluminium chloride-scdium
chloride mixture at 180° for 15 minutes ylelded
2.acetylxanthopurpurin along with certain amount of
corresponding phthaleins. 2-Acetylxanthopurpurin (aé)
was obtained by chromatography of the crude reaction
product over silica gel column using benzene for develop=-
ment and elution. Methylation of (28) with dimethyl
su{phato, potassium carbonate in boiling acetone gave
dimethyl ether. The NMR ,(E&g‘.”iﬁ)ﬂ and mass spectrum are

in complete agreement with the structure.

Encouraged by tne formation ¢f 2eacetylxanthoe-
purpurin in reasonable yulds, first attempt was directod
in condensing the anhydride 12?’} with 4~chloro-2«acetyl=
resorcincl.s 710 obtain this product 2-acetylresorcinol
was treated with sulphuryl chloride in dry ether at room
temperature and the resulting produect was found to be a
dlchloro-derivative (20), However, monomethyl ether of
2-acetylresorecinol under similar conditions gave the

WY -\

monochlore derivative (30). Condensation of (30) with
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the anhydride (27) in a melt of aluminium chloride-sodium

chloride at 180° resulted in the formation of black mass
not responded to colour reactions characteristic for

hydroxyanthraquinones. A similar fate was met with when
boric acid-sulphuric acid reaction was employed in place
of aluminium chloride sodium chloride as the condensing

agent.

\ ? It was coneceivable: that a trihydroxyacetoe
phenone (31) may react under similar conditions with
the anhydride (27) resulting in the direct formation of
kermesic ac’id.(..?'é,a,s-rrihydroxyacocophanone (31) was
obtained by Baker>! by treatment of 2-acetylresoreinol
with potassium persulphate. Nakazavaaa obtained this
product by Dakin oxidation of 3-acetyl-p=-resorcylaldehyde. :
3,6-Dihydroxy-2-me thoxyace tophenone (32) was obtained by
treatment of Zeacetylresoreinol monomethyl ether with
potassium persulphate sod hydroxide nolution. This
produet (32) on condematio:ﬁ ith the anhydride (9'7 ) in
a melt of scdium chloride-oluminium chloride mixture at
180° &g;wa a dark brown product. [on pouring the reaction
mixture over ice-cold hydrochlorie aeid aolntlon._ Chromae
tography over silica gel, impregnated with oxau& acld
and developing with benzene:alcohol mixture (4:1), it
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showed one major spot along with two to-three minor
fractions. 7The major product was collected by chroe
matography over preparative layer oxalated silica gel
plates and developing with the same solvent system.
It erystallized from acetic acid in red needles (6%).

‘Use of phosphoryl chloride and phosphorous pentoxide

in Fricdel-Crafts condensation of dibasic aeid and
phenols, resulting into quinonoid structure has been
recently reported by Core and Kirch.29 Using these
conditions the condensation of phenol (32) and the
anhydride (27) resulted in the formation of resinous
pro&ucts;.:j Using 2,3,6-trimethoxyacetophenone (33),
obtaineé by methylation of (32) with dimethyl sulphate,
potassium carbonate in boiling acetone, has also not
resulted in improving the yield of the final product.

The Qealkyl linkage is known te readily cleave under

<D

such drastic conditions and as such two products (28 |

¥
and ,54”) are expected to form during the reaction. The
resultant product gave an orange-red colour in sodium

bicarbonate, reddish violet in sodium hydroxide, which

e O‘O
HO COCHz



changed to reddish brown colour after addition of
sodium dithionite, cherry red in conc. sulphuric acdd
and gave a brown colouration with alcoholic ferric
chloride solution. All the above reacticns were
similar to those desoribed by DimrothZl for kermesic

acid.

JW
Kn(g:;;:gh;.cid Synthetic product
Colowr Red Red
Water oolubn:lty Gparingly scluble S8paringly scluble
AQe } NaCH Red-violet Violet red
Conc. HpSU4 Red-violet Violet red
Fecly (ale.) ‘ Dark brown Dark brown

The FMR spectrum of the condensation product

in dimethyl sulphoxide shows a singlet sbsorption at
2,67 (chemical shifts on the 7 scale) which can be
assigned to the 65-H of the ring A. The spectrum in
Na0D-Dg0 (three singlets of intensity 133:3, the 3-proton
singlets appearing at 4.46 and 4.65 ppm higher tk;an the
aromatic proton signal) confirmed the structure 1285 or

' ?‘(%),. As the tetra.acetate and trimethyl ether described



by Dimrothzl were found to be difficult to prepare, it é
was clear that the direct comparison with the natural
kermesic acid was necessary before any conclusion could
be drawn. After an extensive search, we were fortunate
in obtaining an authentic sample from Professor Karl
Dimroth., a sample of C. Dimroth's kermesic acid. zxeopt
fer a minor impurity readily removed by Mwéraphy
on _oxalated silica gel, the product more than fifty years
old was remarkably pure. The synthetic sample showed

a different behaviouwr on oxalated silica gel plate,

using benzene;alcohol (431) as a solvent. (Rg for
natural product = 0.33 and synthetic sample = 0.47).

The electronic spectrum of the kermesic acid
(Pig+ 2)‘ in inlphuric acid shows bands at 2956 mu (log € 4.77),
340 (4.27), 390 (3.74), 470 (3.98), 600 (4.18) and 540(4.08)
and is in complete agreement with the reported spectral ggy i
data by Dimroth.23 "
The NMK spectrum of Dimroth's kermesic acid in
dimethyl sulphoxide (Pig. 3) shows two single proton
signals at 2.34 and 3.40. The former corresponds to the
L-proton in the A ring, but the signal at 3.4 can be only
assigned to a feproton in an anthraguinone flanked by
hydroxyl groups as in purpurin (1,2,4-trihydroxyanthraquincne).
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A signal at -3.62 and a broad signal at—2,90 exchange —
with Do, can be assigned to chelated hydroxyl groups.
The NMR spectrum in pyridine shows only one signal at
6.75 assignable to an «-methyl group in anthraquinone

ad jacent to a carboxyl group. The corresponding methyl
group in carminic aoid/(lﬁi appears at 6.7.

Methylation of kermesiec acid with ethereal
diazomethane gave a trimethyl ether ester (37) indica-
ting two of the B-hydroxyl groups and one ca!fboxyl
group have methylated. Prolonged methylation (for 3 days)
of ‘br-enc acid with excess of dimethyl sulphate and
rvotassium carbonate in aootono gave a product not free
from ferric chloride colour and on chromatography over
silica gel plates with benzene acetone mixture (4:1)
it showed two spots, one minor fast moving fraction and
a major fraction. This chromatographic behaviour of

\ 3

the «~hydroxyanthraquinones. coving faster as conpa’u'od
to their methyl ethers, has been obnrved::in \;; number
cf compounds. l-Hydroxy-4-methoxyanthraquinone, chrysc=-
phanol monomethyl ether and l-hydroxy-2,4-dimethoxy-
anthraguinone move faster than their respective fully

methylated compounds on TIC.



The methylated product was separated into two
rracﬁom by preparative chromatography over silica gel
plates using the same sclvent. The minor fraction (m.p.
243.244°) gave a dark brown colour with alcoholig ferrie
chloride solution while the other major product Em.p.l%";
mass spectral molecular vaight 400 (P1g+4)] 1n its NMR
spectrum (Fig.8) in CIClg shows two single proton singe
lets at 2.45 and 3.19 corresponding to the «- and f#e
protons in the pentamethyl ether ester (38). The latter
being comparable to the P-proton in purpurin molety. Two
singlets at 6.01 and 6,04 integrating for 6 and © protons
reé.pectivoly, correspond to five methoxyl groups and a
three proton singlet at 7.36 to an «-methyl group. The
NMR spectrum of the aminor product (m.p. 244°) compared
with the major product .(38)‘ contained one methoxyl group
less, but instead it shows the presence of a sharp singlet
at -3.70 indicating the presence of a strongly bonded '
hydroxyl group anéd is probably the tetramethyl ether
ester (39) of kermesic acid. From this it is clear that
kermesic acid has the constitution as éﬁ) or (36), but
the former is preferred on the basis of biogenesis from ,
acetate units. | fonch

=]

1

-P1a23
A careful study of Dimroth's papers shows

that no positive evidence for C-acetyl group in the
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structure gai*) was obtained. Its presence was surmised
from elemental analysis of kermesic acid and some of its

derivatives,

“) ] 1t is well known that purpurin (40) when
heated with alkaline dithionite, eliminates the l-hydroxyl
group and 3ivn xXanthopurpurin 42). Thomson™’ suggests
that in the process, the l,3.diketo tautomer (41) is
probably involved, the ‘benzyl' hydroxyl group at Cel
being removed during thé reaction. These findings have

been confirmed recently in this Laboratory by KMR spectral
da‘t‘a.aov,]

O o HO hOH
OH _0
H
OH H
0 HO O
(40) (41) (42)

Ireatment of keruaic acid with aquecus sodium
hydroxide and dithionite (or absorption of two mole of
hydrogen in presence of palladium-charcoal) gave Xantho-
kermeg:/gc e;pid (;:;), wiich proved identical with laccaie

Aoy

acid D,’r obtained from Rangini stick lac. Methylaticn
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of xanthokermesic acid by dimethyl sulphate and potassium
carbonate in boiling acetone gave tetramethyl ether ester
(44), m.p. 226°, The NMR spectrum in CDClg shows three
aromatic protons, four methoxyl groups (at 6.0) and a
C-methyl group. Twe doublets at 2,68 and 3.83 with the
same coupling constant (U= 3 9ps) correspond: to two
aromatic protons in one rmngnthraqumm, ‘the two
positions being occupled by m mo thoxyl groups. The
singlet at 2.37 can be assigned to the «-proton of the

A ring.

‘ Decarboxylation of xanthokermesic acid (43) 5,
by refluxing with diethylaniline for 2 hry,. followed
by methylation with dimethyl sulphate, pot?._s»sliuu carbonate :
and acetone, zave a product, proved to be }ﬂ)b}’ its '
NMH spectrum in CDClg | (Fig« 6) shows three methoxyl
groups at 6.03, 6.08 and 6.09 and an «-methyl group at
7.23. In the aromatic region there are four protons,
wwo doublets (J= 3 cps) at 3.26 and 2.68 showing that
two methoxy groups are in 1l,3-positions in one ring,
two other doublets (J = 3 cps) at 2.47 and 3.0 correspond
to «- and B~ protons of the second ring of anthraquinone,
the latter signal being in the right position if 1t 1s

flanked by a methyl and a methoxyl group.| This product

o



Me OH
HOOC
HO OH
0]
(43)
o)
Me OMe Me OH
MeOOC
Me O OMe HO OH
¢ O 0
(44) (45)
@) 0 :
Me Me OMe :
XNOH ;
HO = MeO OMe
@) b O
(46) (a7)

@)
Me OH

(48)
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is identical with desoxyerythrolaccin trimethyl ot;hex'.1
Although two possible structures (Zg and 421 can be
written for duoxyorythrolaco}p, the colouring matter
of seed lac, the structure (;6) was shown unambiguously -
by Mehandale“Z in this Laboratory by the following
reaction. Desoxyerythrolacein (46) was reduced with
stannous chloride and hydrochloric acid to the anthrone
(48). The NMH spectrum clearly shows the presence of
a bonded hydroxyl and the two «X-protons shifted high
field as a result of the unchelated carbonyl undergoing
reduction. From this it u clear that the substitmntc

in kermesic acid are as :Ln (36) and not (36).

X
In order to confirm the above strueture (36)

for kermesic acid, its synthesis was attempted. Conden-
sation of 3-methyle4-carboxy-S-methoxyphthalic anhydride

3(«87 ) with 1,2,4-triacetoxybengene, obtained by Thiele

acetylation of p-benzequinone,in an aluminium chloride
and sodium chloride melt gave a produet, which on methyla~

 tion with acetone, potassium carbonate and dimethyl sulphe

ate led to an ether-ester not identical with the penta-
methyl ether-ester (38) of kermesic acid on TIC (silica
gel and benzenesacetone, 4:l).
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It has been found in the course of this work
that hydroquinones or substituted hydroquinones condense
smoothly with phthalic anhydride in presence of boron
fRuworide etherate at steam-bath temperature to form
hydroxyanthraguinones. although a large number of
condensing agents have been used in the synthesis of
hydroxyantiraquinones, the use of boren fluoride is
rare in acylation of di. and polycarboxylic acid
derivatives. Its use in the condensation of phenol
and resorcinol with phthauc anhydride resulted in the
formation of phtnaloim‘sa in quantitative yield. However,
when hydroquinone was condensed with phthalic anhydride
in presence of boron fluoride etherate at 100° for 4 hrs.
it gave quinizarn in 40§ yield. Similarly 2.m-thoxy-
hydroquinone under identical conditicn gave Z2e-methyl
ether of purpurin in 503 yield (Table 1). This method
has no definite advantage particularly when phthalie ;
anhydride is condensed with various phenols. yuinizarin
is obtained in 74% yleld by condensing phtnalic anhydride
with E-chloropheml using a mixture of sulphuric acid and
borie an:ﬂ.d.a‘t But when substituted phthalic anhydrides
are employed, the products are obtained either in very
poor yleld or gave tarry products. The use of boron
trifluworide etherate as a condensing agent has definite
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advantage because the products though obtained in poor
yield are not accompanied by undesirable tarry by-

p'!’Odlth.
IABLE 1
No. Anhydride Phenol Product— (vield 17
1 Phthalie Hydroquinone guinizarin (40)
2. Phthalie 2«Methoxy= Purpurine2e
hydroquinone methyl ether (80)
3. < Phthalie d=-Mothyl- lelydroxy-2-methoxy=
catechol mono~ 4emethylanthraquie-
methyl ether. none (10)
4. 3Chloroph- Hydroquinone 6-Chloroquinizarin (10)
thalie
5. Selethyleda 2Methoxyhydroe 1,4-Dihydroxy-2,6=-
carboxXy«be- quinone d thoxy-S-methyle
me thoxyphthalic anthraguinone«7«

carboxylic acid (18) + -

negligible amcunt of
its isomer.

D 0 O G O G O RO G G S S e O D S G S G G G O G D G W G S A S U G D an G0 U ab 6 5 we S0 S5 Gh S ov &
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N

2-Methoxyhydroquinone (BI)J mohtalned by Dakin
oxidation of vanillin with hydrogon peroxide in sodium
hydroxide, and the anhydride {75 wers condensed in
presence of boron fluworide etherate at 100° for 4 hrs.
The resultant red product on methylation with dimethyl
sulphate and potassium carbonate in acetone gave yellow
ether-ester, which showed on silica gel TLC and benzene:
acetone (4:1) two spots having very close Rf values,
the minor spot corresponding to the pentamethyl ethere
ester /(38)' of kermesic acid. The major product crystae
1lised from methanol to yleld a pure chromatographically
homogeneous compound (m.p. 211°). The NMR spectrum of
this compound in CDCly showed five methoxyl: groups
(6.00 and 6.06), a nuclear C-methyl group (/.36), and
two uncoupled aromatic protons (2.40 and 3.27); and
closely resembles the spectrum of methyl tetramethyl
kermesate ;‘(38); but the IR spectra of the synthetic

~(Fig. 7) and natural products in chloroform are not

\ v

superposable, particularly in the finger-print region.
The synthetic ether-ester therefore has the structure
~ (64), and is isomeric with methyl Q-tatranethyl kerme -
sate (38). The same ether-ester (84) was obtained by
condensation of 2-methoxyhydroquinone with the anhydride

(27) in an aluminium chloride and sodium chloride melt
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Me Me
)
HOOC@C\O HOOC@iC D
0
MeO c® MeO c” o
Il I
0 0

(49) (550)

)
Me OH Me

0
HOOC OMe HOOC
0 0

(i523)

Me 0 OMe

MeOOC OMe
MeO

OMe

(54)

(51)

OH

OH

(S53)
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at 180° for 20 min., followed by methylation. The
formation of isomeric products is in accordance with

86596
the known behaviour of 3-methylphthalic anhydride. '

 ‘Tha effect of substituents in phthalic anhydride

on the formation of keto-acids has been discussed in
detail by Peto®® and also by Newman.”® The reaction
products 6btainad from substituted phthalic anhydrides
have often been given incorrect structures,because the
methods used for their determination were later found
to be ambiguous. Cgpelization to an anthraguinone and
dof.grmination of its structurs was frequently used
previously. Hayuhiw has shown that the rearrangement
of keto acids obtained from 3-methylphtihaliec anhydride
can ocecur during the process of cyclizatidn; and the

rearrangement has been reviewed by Hayashi hinself.38

According to Groggins and Ha;olag one mole
of catalyst brings about the fission of the anhydride
with the formation of aluminium chloride salt of one
carbonyl group and the formation of acid chleride from
the second ecarbonyl group.

Neller and Admm have shown that in Friedele
Crafts reaction, maximum yield can be cbtained when two
moles of aluminium chloride are used per mole of anhydride.



The reaction proceeds through a complex (65), which
attacks the aromatic ring by virtue of the electroe
philic centre on the acyl ion.

@ AlCi; R
C-OAICI,

0 , 0

O=0
(@]

+

S
o

T X

(@) (@)

\ 8

> I
>

(55) (TYPE A) (TYPE B)
» R= CHy,Cl, NO,, Br

A large number of Friedel-Crafts condensations
of 3-substituted phthalic anhydrides (substitution by |
nitro,‘u bronm:,"a and acetamido®®) with various reactants
are reported to yleld exclusively or predominantly the
corresponding 3-substituted 2e-aroylbenzoic acids (Type 4\5.
But if the 3-position is substituted by a methyl group,
the normal tendancy is for the G.methyl-2-aroylbenszoic
aci1da®~46 o pe obtained preferentially (Iype B).

46

Newman — compared the reactions of Zemethyl and 3-chloroe

phthalic anhydride and his results are summarised in
Tabld 2.
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IABLE 2

- - . 0 W S O o W 00 S G W G G D SO G G € S O

Phthalic anhydride
Hydrocarbon 3=Methyl 3-Chloro=

Unhindered Hindered Unhindered Hindered
Type B % Type o % Type B 3% Type A $

Rt R P ———

Benzene a8 37 0 6
m-Xylene 42 32 0 89
Mesitylene 68 16 i8 81

O . G S . -~ - TP G S S S G e B S -

When G-chlorophthalic anhydride reacts with
benzene or m-xylene the product formed is z-nq(érl-a-chloro-; o4
benzoic acid involving the condensation of (Type C) and
explicable by assuming that either (Type &) is formed
exclusively or that (Types C & D) are in mobile equilibrium

<
=0
<

e
AIClg COOAICI,

+ O

-
COOAICI, calc
0

(Type C) (Type D)
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and (Iype C) is more reactive. The former explanation
seems unlikely because an 18% yield of product, resulting
from (Type D) was obtained when mesitylene was employed
as the reactant. If the second alternative is correct,
there should be some explanation as to why the reaction
proceeds from (Iype C) when Y=chlorinej; and yet, when
¥=CHy there is little preference in the case of benzene
and m-xylene. These reasons are not clear, but a
combination of steric and electronic effects is probably
involved. The reactions of Semethylphthalic anhydride°®
are exceptional in the formation of less hindered ketones
as ‘tho major product, but accompanied by substantial

(and with benzene very nearly equal) amounts of the

46

isomer. Acecording to lewman and Scheurer "the none

specificity of 3-methylphthalic anhydride in the Friedel-

)

Crafts reaction seems unusual“,
N In the case of the anhydride (27) and 2-methoxye
hydroquinone (/61), it appears that the tendency to form
the acylium ion (49) in preference to (80) results in tho
formation of ?;2) in larger amount as compared to (53).
The carbonyl group adjacent to the methyl in (‘27) may
have some significant effect in the formaticn of (82)

in large amounts.
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"X
Finally the synthesis of kermesic acid 96/)

was achieved by the touowing method. Hydrogulinone
dimethyl ether 556/) and 3emethyled-carboxy-5S-ne thoxy
phthalic anhydride (2’7) were condensed in a melt of
aluminium chloride and sodium chloride at 180° for

16 min. The resultant red product ~('5'}.)g"_dias*oll.vmd in
agqueous sodium bicarbonate with a pink colour, and in
sodium hydroxide with a violet-red colour, turning to
yellow on the addition of dithionite. It gave a purple
solution in conc. sulphurie aeid and a brown colour with
alcoholic ferric chloride.j On methylation with ethereal
d1izome thane Lm gan (68). The same product was
obtained by treating kermesic acid trimethyl ether-
ester (37) in aqueous sodium hydroxide with sodium
dithionite. Ayyangar gt 5180 have shown that purpurin
2-methylether can be converted to quinizarin in quanti-
tative yield by treating with sodium dithionite in
alkaline solution. Ths?/txf..gélot the synthetic and natural
produets remained undepressed and the IF spectr® also were

SR

superpesable. Methylation of «€67) with dimethyl sulphate

a.nd potassium carbonate in boiling acetone gave a product
| “"45!), which erystallised from methanol in yellow needles.
o L‘ghe HME spectrum of (69) in CDClg (Fig. 8) showed three
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7 Me I OMe
HOOC C\o
MeO C/
. 1l - OMe
0 ‘
(27) (56)
Me . OH
HOOC
HO
: OH
4
G57)
Me o OH Me i OMe
MeOOC MeOOC 5
MeO MeO
OMe
OH o

(58) (£590)
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methoxyl groups at 6.06 and a Cemethyl group at 7.36.

In the aromatic regicn there are three protons. A

) signal at 248 corresponds to twe PBeprotons and a

singlet at 245 t.o an «=proton in anthragquinene.
Uxidation of (5&) vith lead tetraacetate in agetic acid
gave a diquinone (60’, which on treatment with acetic
anhydride and parehloric acid yvielded a mixture of
triacetyl derivatives (81 A&B). The separation of two
acetyl derivatives was not successful, and the mixture
was hydrolysed with ethanolic hydrochlorie acid. The
hydrolynd product showed two spots on TIC (oxalated
silica gels bonzonouthaml 9:1). " Separation of the
two isomeric products . (62 and 63) bvas achieved by PIC.
Methylation of compound (62) vith dimethyl sulphate and
potassium carbonate in boiling acetone gave a compound
(w.p. 196°), which was found to be identical with the
pentamethyl ether ester (38) of kermesic aecid, from the
undepressed mixed melting point and the superposable IR

spectra (Fig. 9) of the two products. The product (€3),

on methylation gave a methylether-ester (m.p. 211° )y

L\’\

ether-cster (w from the mixed melting point and the
superposable IR speetra. Lemethylation of .(?il;’)l using
aluminium chloride sodium chloride melt at 160°, gave a
compound, which proved to be identical in all respects

with the natural kermesic acid. ){
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IABLE 3
No. Compound Solvent Value Multi- No. of Assigne
77’ppm. plicity. protons ment
1. SeMethyledecarboe CCly + g, 8 1 6
nethoxy-5-methoxy- cnc]‘ i .
phthalie anhydride. °Clzg 6.7 s 3 ¥(ocHg)g groupe
6.04 s N |
7.42 8 38 «CHg group
2. 2ejcetylxanthoe CDClg 1.79 n 2 6 and 8.H
purpurin dimethyl 2.24 m 2 6 and 7-H
ether. g.% 8 1 i 4.H
. s 3
6.09 s 3 § (0CHg)a groups
7.49 s 3  -COCHg group
3. Kermesic acid DMSO «3.62 8 1X om
-2.” ' 1 I
2.34 8 1 bBeH
3.40 8 1 2.H
Pyridine 6.756 s 3 «CHg
4, Pentamethyl ether.
ester of kermesic ChC1lg 2.46 s 1  6-H
acid : 2'%]9, -] é 2.H
. 8 .
6.04 . 9 { (OCHg)g groups
7.36 s 38 «CHg group
6. Tetramethyl ether=
ester of kermesic CD013 «3.70 8 1l COH
acid 2.28 8 1 5H
6.06 ¢ 12 Tooia)
- By 2 (OCHg)q groups
- 7.29 s 3 -cnaagroup.



Table 3 contd.

No. Compound Solvent Value Multi- No. of Assigne ¢,
7’ ppm. plicity. protons. ment v

6. Pentamethyl ether- CDClg 2.40 s 1 S5-H
ut:r ofmuolnr- 3.87 8 1 S-H
mesic ac
6,00 s 6 I
6.06 s g | (Clig)g sroups
7.36 s 3 CHg group
7. Tetramethyl ether- GD013 2.37 8 p { 6-H
ester of xantho- 2.69 d;J=3 eps 1 4-H
kermesic acid 3.23 d3J=3 cps 1 2-H
6.00 s 12 (0CHg)q groups
7.30 8 3 «CHg group
8. Desoxyerythrolaccin CDClg 2047 d;J=3 cps 1 S«H
trimethyl ether 2.68 d3J=3 cps 1 4K
3,00 d3J=3 cps 1 7-H
3.26 d3J=3 cps 1 2.H
6.03 s 3 :
¢08 = : ; (0CH3)3 groups
6.09 8 3
7.23 8 3  «CHg group
9. ;,4,6’T’1’£m 3 chls 2.‘6 s 1 5-3
-c‘!‘ t v - -,
bl ymlmthr;qni- 2.73 8 2 2 and 3-H
none 6.08 s 12 (OCHg)q groups
7.36 s 3 «CHgz group
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{\ Bio‘!nuu

Anthraquinones and some of the related anthrones
are common metabolic products of higher plants, lichens,
micro-organisms and insects. The acetate theory of bio-
synthesis which postulates that the head to tail union
of acetic acid molecules is involved in the blogenesis
of many phenols, was originally formulated in a simple
manner by Collie®” in 1907. Robinson®® had shown that
many naturally occurring quinones owe their origin to
polyacetic acid precursors. For example, eight acetic
acid units can build the heptaketopalmitic acid (64),
which further cyclizes to anthrone (66) from which
endoerocin (66), a component from lichen Nephromopsis
W‘g and emodin (67) can be obtained.

Some structural alterations by oxidation of
the side chains and removal of nuclear hydroxyl groups
probably before cyclisation might have involved in the
formation of compounds such as chrysophanol (68) and [/
rhein (69).

The acetate hypothesis was further extended
by Birchao by making suitable allowances for nuclear
oxidation and reducticn reactions and introduction of
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substituents such as methyl and isopentenyl or related
groups. Based on the acetate hypothesis, Bi.rchm
predicted the correct structure for nalgiovensin to be
(70). Further, he has used the acetate hypothesis to
distinguish between the two structures of kermesic acid
(21 and its dsomer) and favoured (21) for the lano.g4

The proof for the formation of anthraguinone nucleus
(from fungal metabolites) from head to tail linkage

of acetate units and appropriate cyclisation was obtained
from the 14C labelled acetate units.">’°>  In addition
to establishing the origin of the carbon skeleton ,
Gatenbeck™ showed by feeding Pepicillium islandicum
with (14(:-130)-«0:“0, that three oxygen functions in
islandiein (71) and four in emodin (67) were labelled
with mo and hence were derived from the carbonyl group
of acetic acid as required by the theory, although the
exact posicvicn of the labelled oxygen was not determined.

It is known that the actual chain building unit
in fatty acid biosynthesis is malonyl coenzyme-A, and
recent work with micro-orgunisms has established that
(2-1%)-malonate 1s incorporated into several "acetate-
derived" phenolic colpt.'mnds.55 This blosynthetic
modification requires that the first unit in a p-polyketide



Al

chain is supplied by acetic acid; for example orsenillic

;.wi.dtte and S-methylsalicyvelic acid57

are formed by condene
sation of one acetate and three malonate units with loss
of earbon dioxide. A further consequence is that in
labelling exporiments using acetate, higher incorporation
of ¥ 1s to be expected at the first unit (in anthra-
quinones the pfe-methyl group and the neighbouring carbon
atom). Shibata and Ikekawa®® have shown that rugulosin

(72) is biosynthesised by this route.

Some of the anthragquinones such as alizarin (73)
and.rubladin (74) cannot be so simply explained from a
polyketo methylene acid. But leister and Zenk ® have
shown that in higher plants or at least Rubjaceae have
developed an entirely different pathway for the bice-
synthesis of anthraquinones than fungi and acetate was
incorporated via shikimiec acid as in the case of auzarin..

The occurrence of anthraquinones and naphtha-
quinones together in the teak and in some species of
Bublaceag provide an evidence for the formation of anthrae
quinones in these plants from naphtinlonic precursors. The
experiments of Burnett and Thonuoneo provide evidence for
formation of cne benzenoid ring in the anthraguinone

molecule from mevalonic acid.
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The structural relationship in different anthrae
quinonoid insect pigments so far isolated reveals that
they are probably formed by the head to tail linkage
of acetate units and appropriate cyclisation as in the
case of mould metabolites. The only significant differ-
ence is that in the mould metabolites the alkyl group
is at Peposition of the anthraguinone molecule; while
in most of the insect pigments it is at «-positicn.

From this it appears that the anthraquinonoid insect
pigments are biosynthesised by head to tail condensation
of seven malonate units with the release of carton dioxide
and one unit of acetate wiich forms the terminal C2 unit
to form (75) from which (43) (laccaic acid D931 can be
obtained. 1In fact laccaic acld D (xanthokermesic acid)
appears to play a crucial role in the biosynthesis of
other insect pigments. The introduction of hydroxyl
group by parg-oxidation will result in the formation of
kermesic acid (36). Carminic aecid (10) can be obtained
from kermesic acid by C-glycosidation at Z2eposition.

The oxidation of the methyl into carboxyl group

and oxidative coupling of (36) with tyrosine results in

the forrcaticn of laceaic acid C.61 Decarboxylation
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(from tyrosine part) of laccaic acid C gives laccaic

acid ¥, which on li-acetylation or replacement of the

amino group by hydroxyl results in the formation of s H
laccale acid 4 and B respectively. The other colouring
matters of seed lac, recently isolated in this Laboratery,
can be pictured as shown in the biogenesis chart. Isce
erythrolacein was obtained very recently as a minor
constituent of seed lac and its constitution was proved

by its syntheuu.sg

Ceroalbolinic acid, a pigment produced by the
Geroplastes albolineatus was isolated by Rios.®? grino-
oxidation at C-2 in laccaic acid D results in the
formation of cercalbolinic acid and therefore the

structure of cercalbolinie acid has been revised (see
Part III)-



&4

EXPERIMERNRTAL

6-Mot -2,4-dimethylisophthalic acid (7)

It was prepared according to the mesthod

deseribed by Bhatia and v.nkataram.6

To the above acid (1.7 g) in sodium carbonate
(2 N3 15 ml) was added a warm solution of potassium
permanganate (4.8 g) in water (100 ml) and the mixture
heated on a steam bath for 3 hr., EXcess permanganate
was destroyed by the addition of ethanol, the solution
wae filtered and washed with hot water. The filtrate
was concentrated to 26 ml., acidified with cone. hydroe
chloric acid and left in a refrigerator overnight, when
colourless crystals separated. Repeated crystallisation
from acidulated water gave colourless needles (0.8 g),
which softened at 3000, and melted at 274.226° (Cvereem
and van der Kerk'. The acid softened at 200 and sublimed,
finally melting at 228.280°, Bhatia and Venkataraman®
213%°) (Found:s C, 52.2; H, 4.2. C13H1007 requires:
Cy 82,05 Hy 4.0%).

The methyl ester, prepared by §reatment with

ethereal diazomethane, crystallised from bensene~hexane



in colourless needla.’ Moo 110-1110 (litoﬁ’v MePo 1100)
(Found: C, 66.5; Hy B.5. C34H1607 requiress C, 56.8j
H, 8.“)0

Anuon-s.ag“&t.trtcﬁrmg110 acid (9)

To the above acid (6 g) in sodium hydroxide
solution (2 N; 40 ml) was added potassium permanganate
(10 g) in water (100 ml) and heated on a water bath for
12 hr. Bxcess of permapgganate was degtroyed by the
addition of ethanol; the solution was filtered and
washed with hot water. The filtrate, after concen-
trating to 40 ml. and acidification with ccnc. hydro-
chloric acid, was extracted with methyl ethyl ketone.
Concentration of the solvent gave a solid (3.6 g),
which was crystullised from acidulated water in coloure
less needles (1.6 g), m.p. 232-234° (Founds C, 46.23
Hy 2.9, ©11HgOg requiress C, 46.5; Hy, 2.8%).

The methyl ester, prepared by treatment with
ethereal diazomethane, crystallised from methanol in
colourless needles, m.p. 120-130° (rsuya’® 128.128.8%)
(Found:s C, 53.1; H, 4.7. CygH1609 requires: C, 52.9;

Hy 4.7%). The mixed m.p. with methylation product of the
acid obtained by the oxidation of laccaic acid A methyl
ether-ester remained undepressed.
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Phenol=2,3.4,6=tetracarboxylic acid (1)

To a melt prepared from anhydrous aluminium
chloride (2.5 g) and dry sodium chloride (0.6 g), tetra-
methyl anisole=2,3,4,5-tetracarboxylate (0.6 g) was
added and the mixture stirred at 180° for 10 min. It
was cooled and poured over ice cold hydrochleric acid
(26)+ The solution was extracted with methyl ethyl
ketone which on concentratiocn gave a dark brown compound
(0.16 g). Repeated crystallisation from acidulated water
gave colourless needles, m.p. 238.240° ('.ut;.:"5 241.243°%)
(Foynds: C, 44.6; Hy 2.8. CjoHgOg requires: C, 44.43
Hy 2.2%4)s It gave a violet colouration with alcoholiec
ferric chloride solution. Mixed m.p. with the sample,
obtained from Professor Maximov remained undepressed,

3=Methyledwcarboxy-S-methoxyphthalic anhydride (27)

A mixture of Se-methoxye-S-methyltrimellitic
aseid (8) (1.5 g) and freshly distilled acetic anhiydride
(3 ml), was refluxed t'or‘/é-hr. On cooling, colourless
needles separated which \naro filtered, washed with water
and dried (0.753). grystallisation from dry benzene gave

colourless neédles, m.p. 233-234° (Overeem and van der Kerk'
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234.236°) (Found: Cy 65,863 Hy 3.6. (13lig0g requires:
C. 5509; H’ 3.4‘).

The methyl ester, prepared by treatment
with ethereal diazomethane, crystallised from benzenew
hexane in colourless needles, m.p. 148-14¢° (Dimroth”*
14%°; 1108%2 149-181°) (Found: C, 57.8; H, 4.2.
CyoH100g requires: C, 87.6; H, 4.0%).
Action of borontrifiuvoride-acetic acid complex on
1,3-dihvdroxyanthraguinone (Xanthopurpurin

. A mixture of l,3-dihydroxyanthraquinone (0.4 g)

and<boron trifluoride-acetic acid complex (6 ml) wus
refluxed for 4 hr. It was ‘poured into a saturated
solution of sodium acetate (100 ml). The separated
solid was filtered and dried (0.3 g). It was identi-
fied as the starting material from the mixed melting
point and chromatographic behaviour.

2eacetylxanthopurpurin (28)

To a melt prepared from anhydrous aluminium
chloride (16 g) and dry sodium chloride (3 g) at 150-1600,
a mixture of phthalic anhydride (1.5 g) and 2e-acetyle
resorcinol monomethyl ether (1 g) was added and the
mixture stirred at 180° for 15 min. It was cooled and
poured in 2% hydrochloric acid (26 ml), and the separated
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brown product filtered, washed free of acid and dried). It

was taken in benzene and passed through a short silica gel
column. The benzene extract on concentration gave yellow
needles (0.5 g), M.p.200-202° (Found: C, 68.8; H, 3.6,
CigHi100g requiress C, 68.1; H, 3.58). It gives viclet

colour in sodiun hydroxide sclution, orange in conc. sulphurie
acid, and deep orange with alcoholic ferric chloride.

Methylation of 2-agetylxanthopurpurin

A mixture of 2-acetylxanthopurpurin (0,08 g),
acetons (16 ml), anhydrous potassium carbonate (0.6 g) amd
dimethyl sulphate (0.2 ml) was refluxed on water bath for
24 hrs After removal of the solvent and dilution of the
mlxtur; with water, a yellow product was obtained, which
crystallised from methanol in yellow needles (C.06 g),
mep. 162,3° (Found:s C, 70.1j H, 4.7. C1gH140§ requiress
C, 69.73 H, 4.80).

4,6-Dichlom~2-mtzlruorcino1 (29

A mixture of 2eacetylresorcincl (0.7 8), and
sulphuryl. chloride (0,45 ml) in dry ether (15 ml) was
allowed to stand at room temperature for 24 hr. Removal
of the solvent and erystallisation of the solid from ethanol
gave yellow needles (0.25 g), m.p. 176-178° (Found; Cy 43.63
Hy, 2.83 Cl, 31.2 CgHgllo03 requires: C, 43.4; H, 2,7;C1,32 1),

- Ely Ly 4

v !
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4 or 6-Chloro«2-acetylresorcinolelemethylether (30)

A mixture of 2eacetylresoreinol monomethyl
ether (5 g) and sulphuryl chloride (2.8 ml) in dry
ether (60 ml) was allowed to stand at room tempera-
ture for 24 hr. Ether was distilled off and the
yellow oil obtained was taken in ether, washed with
sodium bicarbonate solution and water. Ethereal
Solution was dried over anhydrous scdium sulphate.
Concentration of ether gave a yellow oil (4 g),
which was distilled uncer reduced pressure, b.p.160°/
© 5 mhe. (Pounds C, 563.8; H, 4.43 C1, 18.0. CgHgll0g
| requires: C, 53.9; H, 4.5; Cl, 1p.8%). It gave a /
positive halogen test. ‘ &

zoamtz lreaoroino l-l-no thyl ether (30).

To a melt prepared {rom abhydrous aluminium
chleride (8) and dry sodium chloride (1.5 g) at 150-168°,
a mixture of C-methyledecarboxy-Semethoxyphthalic anhydride
(06 g) and mono-chloroe2e-acetylresorcinolelemethyl ether
(0% g) was added and the mixture stirred at 180° for
16 min. The melt was cooled and poured in 2% hydrochlorie
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acld. The dark black product was filtered, washed
with water and dried (0.3 g). It did not show any
test for hydroxyanthraguinones.

Condensation of the &
dihydroxy-2-me thoxvace tophienone

A mixture of the anhydride (0.3 g), 3,6
dihydroxy-2-methoxyacetophenone (0.25 g), phosphorous
oxyehloride (6 ml) and phosphorous pentoxide (1 g)
was boiled for 12 hr. It was cooled and poured on
ice, a dark brown resinous procuct wus obtained,
which was filtered and dried (0.1 g). It did not

show any test for anthraquinones.

To a melt prepared from anhydrous aluminium
chloride (20 g) and dry sodium chloride (4 g) at
160+160°, a mixture of 3,6-dihydroxy-Z-methoxyaceto=
phenone (1.1 g) and 3-methyledecarboxy-S-methoXy-
phthalic anhydride (1 g) was added and the mixture
stirred at 180° for 16 min. The melt was cooled
and poured in 2 hydrochloric acid. The bricke-red
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precipitate thus obtained was filtered, washed with water
and dried (0.5 g)e The product was purified by chromatoe
graphy on oxalated silica gel plates @onzene-alcohol(ﬂa _lj.
It was collected, washed with water to remove oxalic ébid
and dried. The silica gel was extracted with acotone,
which on concentration gave a red crystalline compound
(n.08 g). It was crystallised from acetic acid in red
needles, m.p. dec. above 260°% (Found: C, 57.8; H, 3.1,
C1g8H1209 requiress C,88.1; H, 3.2%). The Rf values of
this product and the sample of kermesic acid, obtailned
from Professor K. Dimroth, on TIC over oxalated silica
gel ‘using benzene-alcohol (431), were found to be
‘different. Rf:synthetic produet 0.47; kermesic acid 0.33.

Condensation of the anhydride (27) with 2,3,6

To a melt prepared from znhydrous aluminium ‘
chloride (10 g) and dry sodium chloride (2 g) at 150-155°,;
a mixture of 7, 3,6.trimethoxyacetophenocne (0.5 g) and the
anhydride (0.6 g) was added and the mixture stirred at
180° for 16 min. The melt was cooled and poured in 2%
hydrochloric acid. The brick red precipitate thus cobtained
was filtered, washed with water and dried (0.3 g).
Chromatography over oxalated silica gel and benzene
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alcohol (911) gave a red product (0.04 g). It erystae
llised from acetic acid in red needles, m.p. dec. above
260°, 1t was found to}:donucal with the product (34)
by chromatographic behaviour on oxalated TIC plate.

Kermesic acid

i sample of the nmatwral product was obtained
from Professor K. Dimroth. The slight impurity which
was observed on oxalated silica gel plate was removed
by erystallisation. It crystallised {rom acetic acid
in red needles, m.p. sinters at 284.286° and dec.
200.201°,

Methylation of kermesic agld

A mixture of kermesic aeid (0.16 g), anhydrous
potassium carbonate (3 g), dimethyl sulphate (1 ml), and
acetone (6C ml) was refluxed on a water bath for 72 hr,
The reaction mixture was tested for ferric chloride
colouration occasionally., After removal of the solvent
and dilution of the mixture with water, & yellow procuct
was obtained. It was taken in chloroform. The chloroform
solution was chromatographed on silica gel plates

(benzenesacetone 43l1l). The major fraction was collected
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extracted with acetone and crystallised from methanol
in yellow needles, m.p. 196° (0.11 g) (Pound: C, 62.8;
H, 4¢9. CgyHgo0g requires:s C, 63.0; H, 6.0%). The
IR spectrum of this compound in KBr shows bands at
1680 (quinone C=0), 1736 cm™* (ester C=0). The minor
fraction which gave a colour with ferric chloride was
erystallised from methanol (0.02 g), m.p. 244°,

irimethyl sther-ester of kermesic acid_(37)

Hethod At A mixture of kermesic and
pentamethyl ether-ester (0.6 g) in dry methylene
chloride (3 ml) and hydrobromic acid in acetic acid
(B0%3 4 ml) was left at room temperature for 24 hr,
and then poured over ice cold water. The orange.red
compound was filtered, washed with water and dried
(0«4 g)o It crystallised from acetic acid in long
orange needles, m.p. 316° (Dimroth™ 310%) (Found:

Cy 6led; Hy 4.5. Cygiizg0g requires: C, 61.2; H, 4.3%),

Method Bs A mixture of kermesic acid (0.5 g)
and a solution of diazomethane in dry ether was ullowed
te stand at o-s" for 24 hr. The excess of diazomethane

was destroyed by addition of a few drops of acetic acid.
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and the ether was distilled off. The orange compound

(04 g) was bicarbonate insoluble. It was crystallised
from acetic acid, m.p. 316°, |

A mixture of kermesic acid trimethyl ether-
ester (0.5 g), sodium hydroxide solution (2%; 80 ml)
and sodium hydrosulphite (0.8 g) was stirred on water
bath for 2 hr. The original violet red colour changed
to brown. It was ccoled and air-oxidised for 1 hr.
Acidification with hydrochlorie scid gave an orange
p;wacipitato which was filtered, washed with water and
dried (0.3 g). It erystallised from methanol in shining
plates; m.p. 23%° (Found: C, 63.4; H, 4.2. CygH;407
requires: C, 63.2; H, 4.1%). The compound showed all
characteristic properties of quiniszarin. The IR spectrum
of this compound in chloreform shows bands at 1740 (ester
¢=0) and 1630 c¢m™} (bonded C=0).

A mixture of the above compound (0.26 g),
dimethyl sulphate (2 ml), anhydrous potassium carbonate
(2 g) and dry acetone (80 ml) was refluxed on water bath



for 24 hr. After removal of the solvent and dilution

of the mixture with water, a yellow product was obtained,
which crystallised from methanol as yellow needles (0.2 g),
mep. 260-262° (Found: C, 64.6; H, 4.6. CgoH1807 requiress
Cy 64.8; H, 4.8%).

Xan 8 43

Kermesic acid (1 g), in aqueous sodium hydroxide
solution (283 50 ml), wss hydrogenated in presence of
Raney-nickel, After absorption of two moles of hydrogen,
the cclour of the sclution turned from violet to yellow.
I§ was then air oxidised for 1 hr. Acidification with
conc. hydrochlorie acid gave a yellow precipitate, which
was filtered, washed with water and dried (0.8 g). It
was erystallised from methanol, m.p.»300°. The Rf value
was identical with that of laccaic acid p on TIC plate
(oxalated silica gel, benzene:salcohol 8:2),

Methylation of xanthokermesic acid (44)

A mixture of the above product (0.8 g), dimethyl
sulphate (2 ml), potassium carbonate (5 g), and
acetone (60 ml), was refluxed on a water bath for
€ hr. After removal of the solvent and dilution of the
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mixture with water, a yellow product was obtained, which
erystallised from methanol (0.7 g), m.p. 226°, undepressed
when mized with the methylated laccalc acid D' and thedr
Ik spectra were superposable.

Deca.rboglation of xanthokermesic acid 5462

i mixture of xanthokermesic acid (0.6 g) and
freshly distilled diethylaniline (2 ml) was refluxed

) wr. for 2 hr. The solution was cooled ard diluted with

hydrochlori:l acid. The mixture was extracted with

ether (3:990 and shaken thrice with dilute hydrochlorie
aeid and then with water. Removel of ether gave a solid
(0.3 g); its chromatographic behaviour was identical with
the desoxyerythrolacein ®! on oxalated silica gel plate : . -
(benzenes alcohol 4§ i). )

Methylation of the above product (47)

A mixture of the above product (0.25 g), dime=-
thyl sulphate (1 ml), anhydrous potassium carbonate (3 g)
and acetone (80 ml) was refluxed for 12 hr., After
removal of the solvent and diluticn of the mixture with
water, a yellow product was cbtained, which erystallised
from methanol in yellow needles, m.p. m4°; undepressed
with a sample of desoxyerythrolacedin: trimethyl ether.°t
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To a melt prepared from anhydrous aluminium
chloride (10 g) and dry sodium chloride (3 g) at 150-155°,
a mixture of 1,2,4-triacetoxybenzene (0.5 g) and 3-methyle
4ecarboxy-S-methoxyphthalie anhydride {0.f g) was added
and the mixture stirred at 180° for 16 min. It was
cooled and poured over 2% hydrcchloric aecid. The semi-
80114 separated was filtered and dried (0.2 g).

Methylatiop of the above product

‘* A mixture of the above product (0.1 8), dimethyl-
sulphate (0.5 ml), potassium carbonate (2 g), and acetone
(25 ml) was refluxed on water bath for 12 hr. after
removal of ti:e solvent and dilution with water, a dark
brown gummy product separated which was taken in chloro-
form. Concentration of chloroform gave a brown resinous
product, which failed to crystallise. Its chronatographic
behaviour on TIC silica gel plates (benzene:acetone 4sl)
was found to be different from the methyl tetramethyl

kermesate.

A mixture of phthalic anhydride (0.2 g),
hydroguinone (0.16 g) and boron trifluoride etherate (2 ml)



was heated on water-bath for 4 hr. The colour of the

mixture turned red at the end of the reaction. It was

cooled and poured on water, The solid obtained was
filterdd, washed with bicarbonate, water and dried

| (0.14 g). It crystallised from acetic acid in red

plates, m.p. 198-199° (11t.°% 199-200°). It was

jdentified as quinizarin frocm m.pe. and chromatographice

pehaviour.

. A mixture of phthalic anhydride (0.2 g),
2.methoxyhydroquinone (0,18 g) and boron trifluoride
etherate (2 ml) was heated on water bath fer 4 hr.

The colour of the mixture turned red at the end of

the reaction. It was cocled and poured on ice cold
wvater. The solid obtained was filtered, washed with
bicarbonate, water and dried (0.19 g). It crystaniué
from acetic acid, m.p. 237° (11t.5° 238°). 1t was

identified as purpurine-2-methylether from melting point

and chromatographic behaviour.

5 e
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A mixture ol 3-chlorophthalie anhydride (0.2 g),

hydroquinone (0,12 g) and boron trifluoride etherate

(2 ml) was heated on water bath for 4 hr, It was cooled
and poured on ice cold water., The semi solid product

was extracted with chloroform and passed thrcugh short
column of silica gel and benzene. Concentration of the
solvent gave a red product (0.03 g), which erystallised
from methanol in red needles, m.p. 242° (11t.%¢ 243°),

A mixture of phthalic anhydride (0.2 g),
4-methylecatechol monomethyl ether (0,28 g) and boron
trifluoride etherate (3 ml) was heated on water bath
for 4 hr. 1t was cooled and poured on ice cold water.:
The semisclid product was taken in chloroform and
passed through a short column of silica gel, a yellow
band was eluted with benzene. The benzene fraction on
concentration gave a product (0.06 g), which crysta-
llised from methanol as yellow ne~dles, m.p. 202-204°,
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Its chromatographic behaviour on TLC silica gel plate
{benzene) was identical with l.hydroxy-2emethoxyed-
methylanthraquinone.

A mixture of 2emethoxyhydroquinone (0.1 8),
Semethyled-carboxy-6emethoxyphthalic anhydride (0.18B g),
and boron trifluoride etherate (6 ml) was heated on
water bath for 4 hr. The prewn-red solution was cocled |
and poured on watir. The s0lid separated was taken in
l&themol and warmed for 10-16 minutes on water bath.
Removal of the solvent gave a red compound (0.04 g).
Chromatography over oxalated silica gel TIC plate,
using benzene-alcohol mixture (931) showed two spots;

one major and a minor fraction.

Methylation of the above product (54)

A mixture of the above produet (0.04 g),
dimethyl sulphate (0.5 ml), potassium carbonate (1 g)
and acetone (26 ml) was refluxed on a water bath for
24 hr. After removal of the solvent and dilution of
the mixture with water gave a product, which in its
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chromatographic behaviour on TIC siliea gel plates,
using benzene-acetone mixture (4sl) showed two spois
(R 0,32 and 0.38). The major fraction (Rf 0.32)
was separated by PIC over silica gel plates, us ing
the same solvent system. It crystallised from
methanol as yellow needles, m.p. 2119 (0.03 g). [ «
(Founds C, 62.63 H, B.l. Cglagoeg rumix'os:

y 63,03 Hy 6.0%4). The IR spectrum in chloroform
shows band at 1740 (ester C=0), 1680 (quinone C=0)
and #490 em~} (C=C). The minor fraction (Rf = 0.38)

(negligible amount) jn its chromatographic behavicur ;i /

on TIC silica gel plate, using benzenesacetone mixture
(411) was found to be identical with pentamethyl ether-

ester of kermesic acid.

(:ondonsation of z-nethox hydroquinone with Z.methylede
To a welt prepared from anhydrous aluminium.

chloride (6 g) and dry sodium chloride X0.5 g) at

160-166%, a mixture of S-methoxyhydroquinone (0.2 g)

and B-uathyl-Q-oarboxy-ﬁ-mthoxyphthalic anhydride

(0.26 g) was added and the mizture stirred at 190°

for 20 min. It was cooled and poured over 2% hydro=-

chloric acid. The product obtained was filtered, washed
with water and dried (0.1 g).

/
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Methylation of the above product

A mixture of the above produect (0.1 g),
dimethyl sulphate (0.5 ml), potassium carbonate (2 g)
and acetone (26 ml) was refluxed on water bath for
12 hr. After removal of the solvent, and dilution of
the mixture with water, a yellow product was obtained.
The product showed two spots on its chromatographiec
behaviour over I.C using bengenesacetone (4311). The
major fraction (Rf 0.32), m.p. 210-211°, was found to
be identical with the iscokermesic acid pentamethyl
e‘?her-aster from ite m.p. and chromatographic behaviour
over TIC plates. The minor fraction (Rf (@38) was found
to be identical with the pentamethyl ether-cster ol the !»
kermesic acid by its chromatographic behaviour on TIC .
silica gel using bongzenesacetone (4:1l1) mizture as a
solvent.
W:‘MWW:?:SMMQ acdd

1o a melt prepared from aphydirous aluminium
chloride (6 g) and dry soéium chloride (2 g) at 160-1886°,
a mixture of J-methyled-corboxy-Semethoxyphtnalic anhydride
(0.8 &) and hydrcquinone dimethyl ether (0.0 g) was added
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and the mixture stirred at 180° for 15 min. The melt was
poured in 2% hydrochloric zcid. The brickered precipie
tate was filtered, washed with water and dried (0.3 g).
It crystallised from acetic acid in red needles, m.p.
darkens at 202° and does not melt§<§00° (rounds €, 61.4}
Hy 3.8¢ C36H1007 requires: ¢, 61.7§ Hy, 3.8%).

ly4eDihydroxy-6-methoXy-7-carbomne tho Xy-8-nethyl-

A mixture of the above product (0.6 g) in
@thereal diasemethane solution (excess) was left overe
‘piaht at 0-8°. Hxcess of c¢iazomethane was destroyed
by the addition of few drops of acetic aq_.td-.“ Removal <
of ether gave an orange product, which was cissolved
in chleroform and passed through a short column of
8ilica gel and eluted with benzene. The benzene eluate
on concentration gave a compound which erystallised
from chloroform-methanol in orange ncedles, m.p. o3P,
Mixed B.pes With lydedihydroxy-6-methoxy-7=carbomethoxye
8-mathylanthraquinon.,obtaxned from the trimethyl ethere

ester of kermesic acid,romained undepressed.

<\
~

¥
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A mixture of 1,4,6-trihydroxy-8-methylanthra=-
quinone «7-carboxylic acid (0.1 g), dimethyl sulphate
(0.6 ml), potassium carbonate (1 g) megcewno(:za ml) ,
was refluxed on water bath for 24 hr./ removal of the //‘
Vs

solvent and dilution of the mixture with water, a-

yellovw product was obtained, which crystallised {rom
methanol in yellow needles, m.p. 2560-262° (Founds
Cy 64,53 Hy 4.7. CpgH)1g07 requires: C, 64.8; H, 4.8%).
6-Methoxy-7-carbome thoxy-8-me thyle1,4, 9, 1&¥nzhrgu incm (60)
A mixture of 1,4~dihydroxy«6-methoXy«7-
carbomethoxy-8-methyl anthraquinone (0.8 g),lead tetrae
acetate (1.6 g) and glaclal acetic acid (3 ml) was
triturated in a pestal and mortar for B min. The
colour slowly changed from red to brown. It was diluted
with water and the yellow product filtered and dried
{(0.66 g). It crystallised from benzeneshexane mixture in
brown needles, m.p. 186-188° (Found: C, 63.2; H, 3.7.
CqgH1207 requires: c, 63.53 H, 3.5%).
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Acetylation of the diguinone (61 & 61B)

A mixture of the above produet (0.6 g), acetic
e'mhydrido (6 ml) and perchloric acid (0.1 ml) was left
overnight at room temperature. It was poured on water,
the vellow precipitate was filtered and dried (0.3 g).
The product without any purification was used for
further reaction.

Hydrolysis of the acotntg (62 and 63)

A mixture of the above acetate (0.4 g),
_ethanol (26 ml) and eonc. hydrochloric acid (2.5 ml)
was pefluxed on water bath for 3 hr. ifter removal of
the solvent and dilution of the mixture with water, a
dark red product was obtained. Chromatographic behaviour
on oxalated silica gel plate using benzene-alcohol
mixture (9:1), the product showed two spots. Separation
of the two fractions was achieved by PIC over oxalated |
silica gel using the same solvent system. |

Fragtion I (0.07 g) erystallised from methanol
as red needles, m.p. 240-241° (Foumd; C, 60.7; H, 4.1,
C1gH1408 requires: C, 60.4; Hy 3.8%8). The I’ spectrum
in nujol shows bands at 1738 (C=0 ester) and 1626 cm=-l
(bonded carbonyl).
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Fraction 1I (0.06 g) erystallised from methanol
in red needles, m.p. 266-267°. The IR spectrum in nujol
shows bands at 1730 (C=0 ester) and 1626 (bonded carbenyl).
Both the fractions I and II were characterised as their

methyl ether-esters.
Methylation of fraction 1

A mixture of the above fraction I (0.07 g),
dimethyl sulphate (0.5 ml), potassium carbonate (1 g)
and acetons (2?6 ml) was refluxed on water bath for 24 hr.
«fter removal of the solvent and dilution of the mixture
Q,itn water, a yellow product was obtained, which crystae
11ised from methanol as yellow needies (0.05 g), m.p.196°.
Mixed m.p. with the pentamethyl ether-ester of kermesic .
acid shows no depression. The IR spectra of thie

product and the pentamethyl ether-ester of kermesic acid

are superposable.

Methylation of the Fraction II

A mixture of the fraction II (0.04 g), dimethyl
sulphate (0.5 ml), potassium carbonate (1 g) and acetone
(26 m1) was refiuxed on water bath for 24 hr. Aafter
removal of the solvent and dilution of the mixture with
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water, a yellow product was obtained, which crystallised
from methanol in yellow needles (0.03 g), m.p. 211°,
Mixed melting point with the pentamethyl ether-ester of
isokermesic acid shows no depression.

1,3,4,6-Tetrahydroxy-8-nethylanthraquinone 7=
Sarboxylic acid

o a melt, prepared from anhydrous aluminium
chloride (0.25 g) and éry sodium chloride (0.06 g),
1,34 6-totrametioxy«7-carbomethoxy~B-methylanthra=
quinone (0.028 g) was added and the mixture stirred
pt 160° for 6 min. The melt was poured in 2§ hydro=-
chloric aeid. The red product was filtered, washed
with water and dried (0,01 g). It crystallised from
acetic acid in red meedles, m.p. sinters at 284..288"
and dee, 290.291%. Mixed m.p. with the kermesic acid
showed no depression in melting point, Chromatographic
behaviour of the two products on oxalated silica gel ‘
plates using benzene-alcohol (81l) mixture was
identical.
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introduction

Cercalbolinic acid, an anthraquinone pigment

related to carminic acld, was isclated by Rm:l from

the insects Ceroplastes albolineatus. Ceroplastes
albolineatus is a Coccidae, the females of which infest
during the rainy season the shrub popularly known as
"Palo loco™ (Genecic praecox, Cav.). The females were
extracted with chloroform to remove the waxes and from
the ethanclic extract of wax-free insects a red substance
was iscolated, wniech was named as ceroalbolinic acid and

" assigned the structure (1).

<

(1Y

The aecid, CigHi1008, is optically inactive and
begins to decompose at 290° and carbonizes without melting.
It gave a positive ferric colour and showed in its Ik
spectrum bands at 3500 (hydroxyl), 1728 (carboxyl), 1643
(bonded C=0) and 1680 em™} (C=C bond). Acetylation with
perchloric acid and acetic anhydride gave a bicarbonate
soluble tetraacetate. Methylation with dimethyl sulphate,
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potassium carbonate and acetone yielded pentamethyl
ether-ester (2), m.p. 201-204°, Treatment of the acid
with diazomethane gave a tetramethyl ether-ester (3),

m.p. 246-248°., The reductive acetylation product
obtained by treating the acetate of the tetramethyl
ether-ester with zinc and sodium acetate in acetic
anhydride, showed Mmax. at 277, 349, 368 and 407 mu,

which are characteristic values for substituted anthracene
derivatives. This was supported by the additional evidence
that the tetramethyl ether-ester of the acid (1) gave
lemethylanthracene when distilled over zine. Decarboxy~
intion of cercalbolinic acid with copper chromite in
quinoline gave 3,86,6,7«-tetrahydroxyel-methylanthraquinone,
which was characterised by its tetraacetate and tx‘lmcthyél
ether (4), m.p. 221.223°. Oxidation of (3) with potassium
permanganate yielded a tricarboxylic acid monomethyl
ester monomethyl ether (6), the trimethyl ester of which
was found to be identical with that of cochenillic aecid
methyl ether trimethyl ester. Isolation of cochenillie
acid derivative fixed the positions of the methyl at Cel,
a hydroxyl at C«3 and a carboxyl group at C-2 in the

& ring of the anthraguinone nucleus. 7The three hydroxyl
groups have to be located on the B ring of the anthrae
quinone, either at 6,6,7 or 6,7,8.positions; the other
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sequences 5,6,8 or 5,7,8 are excluded on the basis of
the IR spectra of cercalbolinic acid derivatives, which
show only one bonded guinone easily and the colour
reactions of the cerocalbolinie acid, whieh show close
resemblance to those of anthragaliol. Further, methye-
lation of (1) with diazomethane left only one free
hydroxyl group intact.

The location of hydroxyl groups, at 65,6 and 7
positions in the B ring of (1), was established on the
basis of the NMR spectra of some derivatives of cero=
alpolinic aeid (Eable 1) (chemical shifts on7 scale).

fable 1
Compound  ~CH OMe  -COOMe H(4) H(2) H®) ©OH
(1 (3) 2)

in CDClg

P 8 0 s - - . e v -

@) 7.81 6.086 65.99 2.67 - 2.34 2,09

(4) 7.28 6.08 - 2.69 3.06 2.43 =3.06
6.00

D G 0N D eSO e A G0 G S OE R G SRS OR OF 0D 40 B On e o

According to Rios® "if the trimethyl ether ester
(3) is represented by structure (6), the C-4 and C-86 protons

due to a similar chemical envircnment should exhibit in the
NMR spectrum only one signal for the two protons". Therefore
structure (1) was proposed for ceroalbolinge acid.
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The reason given by Rios in favour of structure
(1) in preference to (7) for ceroalbolinic acid on the
basis of the NMR spectral data is not valid, because
the two aromatic protons in structures (1) and (7)
are in different environments, and are expected to
have different chemical shifts in either case. Biloge-
nesis by the acetate route (Part II) ::’11 u%gﬁ;ggg. gavour

(7). The synthesis of ceroalbolinic aci®/with the
object of removing this ambiguity regarding its structure.

¢ Me | OH Me g
HOOC OH HOOC \0
HO OH MeO c/
: ;
(7) (8)

Condensatiocn of 3-methyle-d-carboxy-S-methoxy-
phthalic anhydride (8) with pyrouilol trimethyl ether
in aluminium chloride-sodium chloride melt at 180° for
20 minutes gave a product which in its chromatographic
behaviour on oxalated silica gel plates using benzene



118

aleohol (931) showed a single product. It darkened at
290-296° and did not melt below 320 . Structure (1) was
assigned to this compound on the analogy of the reaction
of the arhydride (8) with 2.methoxyhydroquinone, when it
gave under similar conditions isckermesic acid and not
kermesic acid (Part II).

Methylation of the above product with ethereal
diazomethane gave a compound, m.p. 220.22°, which in its
IR spectrum showed bands at 1729 (ester C=0), 1664 (c=0)
and 1630 cm=} (bonded C=0). The NMR spectrum of this
. tetramethyl ether-ester in CDCly shows four methoxyl
s:roup. at 6.00, a methyl at 7.37, two aromatic protons
at 2.38 and 2.67 as singlets, assignable to 4 and 8 protons
respectively and a bonded hydroxyl at «2,6, and is in
agreement with the structure (3).

Methylation of the synthetic product with i
dimethyl sulphate, potassium carbonate in boiling acetone
yielded (2), which in its chromatographic behaviour on
TIC showed a majer fraction (Re 0.68) and a minor
fraction (Rf C.7). The major fraction crystallised
from methanol in yellow needles, m.p. 228-230°. The
other fraction which was insignificant was not examined.
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The NMR spectrum of the pentamethyl ethere-ester in
CiClg (Fig. 1) shows five methoxyls (between 5.95 and
6.,06), a methyl (7.30) and two aromatic proton signals
at 2,26 and 2.37 assignable to 4 and 8 protons respect-
ively. In the NMR spectrum of anthragallol trimethyl
ether the 4-proton appears at 2.32,

Unambiguous evidence in support of structure

(1) for the condensation product was cbtained by subje-
cting it to decarboxylation by refluxing the product in
diethylaniline for 4 hr. Methylation of the decarboxy-
< lated compound with ethereal diazomethane gave an
‘oranao compound | (4), in.p. 193.194°, The noneidentity
of this compound (4) with the trimethyl ether (9) of
uoerythmhccin% tue colouring matter of seed lae,
was showed by deﬁreuion in the mixed melting point

and also by chromatography on silica gel using benzenes
acetone (9.5:10.8). (Rf iscerythrolacein trimethyl ether,
0.56 and tne synthetic product, 0.47). The structure
(10) for isomrythrolacciny, was confirmed by its

unambiguous synthesis. 3

0 0
Me OH Me OH
OMe OH
MeO OMe HO OH
0 0

(9) (10)
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The trimethyl ether of ceroalbolinée acid methyl
ester obtained from Dr. Rios was found to be different
in its chromatographic behaviour from (3). Further,
the pentamethyl ether ester of Rios's cercalbolinge
acid is also different tfon (2). However, the nf value
of the minor fraction, cbtained. by methylation of the
condensation product, was found to be ldentical with the
pentamethyl ether-ester of ce¢roalbolinic acid.

In a different method tne synthesis of ceroe
albolinic acid (7) was attempted by direct condensation
of *3,4,6-trimethoxyphthalic anhydride (11) and 6.methyle
salieyelic acid (12), 'In‘the present work 3,4,5-trimethoxy-
phthalie anhydride (11) was prepared according to .
Alimehandani and Meldrum® starting from syringic acid(13).

0
OMe (l:l Me
MeO \ COOH
0
MeO C/ OH

(11) (12)
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Syringic acid (13) on condensaticn with chloral hydrate
gave the trichlorcmethylphthalide (id), which on hyédro-
lysis with aqueous sodium hydroxide gave 4-hydroxye3,6e
dimethoxyphtihalide-2«carboxylic acid (16). Decarboxye
lation of (18) by heating with naphthalene at 200-210°
gave the phthalide (16). Methylation of (16) followed
by oxidation with potassium permanganate in agueous
potassium hydroxide solution gave the trimethoxy
phthalic acid (18) which readily gave the anhydride
(11) on heating with acetic anhydride.

€-Methylsalicyelic acid (12) or its methyl-

ether has been prepared by various mthods."s The

A3

methyl ether of the acid (12) was synthesised earlier :
by Gibson® by a series of reactions from gecrescl(Chart 1).
Anslow and Ruiltricks prepared 6-methylsalicyclic acid,

for a comparison with the produet of metabolism of
glucose by Penicillium gresep-fulvum Dierckxstarting /-
from g-nitrotoluidine (Chart 2). A more cénVeniont

method for the preparation of (12) was reported by Eliel
st a1’
by direct bromination of pecresol in fuming sulphuric
acid . Conversion of the bromo-compound to G-methyl.
salicyclic acid (12) was effected by a halogen metal

from 2«bromo-m-crescl €19), which was cbtained
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Me Me Me
HpS04(6-7% S05) NO2  NaOH, Meso, NO2
OH  HNO3(d;1:5) OH ’ OMe
Me Me
Iron,dil-AcOH, boil NH2 giazotisation,NaCucN CN
> ————ly
OMe OMe
: Me Me
NaOH,E1OH, reflux CONHz  nitrous acid COOH
OMe % OMe ;
CHART-2
Me Me Me

NHz  diazotisation KCuCN CN  dil-H,S0,4,110, 1%, hr. CONH,,
NO, NO, NO,

Me Me
dil-H,S0, (warm) COOH Fes0,,Ammonia @COOH diazotisation,

Y

> (12)

NaNO, NOZ 55 NH» hydrolysis, 5%
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interchange followed by carbonation. ESeshadri gt 51.7
synthesised the acid (12) by partial tosylation of

methyl orsellinate followed by reductive cleavage of

the tosyl ester with Raney nickel. Very recently

“hirley gt 51.8 reported the metalation of ge-cresol
methyl ether and subsequent carbonation to yield a mixture
of the isomeric acids (20 & 21).

In the present work, the acid (2) was prepared
according to Elfel gt al.° The acid (1) on treatment
vitp diaszomethane in ether gave S.methylsalicyclic acid
| methyl ether-ester (22). Condensation of (22) with the
' 3,4,B-trimethoxyphthalic aﬁhydrlde (11) in a melt of
aluminium chloride-scdium chloride mixture at 180° for
20 minutes gave a dark product, which did not give the
characteristic colour reactions for hydroxyanthraquinones.
However, phthalic anhydride on condensation with (22)
under similar conditions gave a product, which after
purification by chromatography over oxalated silica gel plates
gave l-hydroxy-3-methylanthraguincne-Z-carboxylic acid
(23). The same acid was earlier prepared by Rmnamtnang
from l-nitro-2,3-dimethylanthraquinone (24). Treatment
of (24) with aluminium chloride in tetrachlorcethane

gave Semethylanthraguinone-l,Z2.isoxazole (25), which on
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Me I Me Me Me
[:::]Br COOH COOMe
OH OMe OMe OMe

COOH
(19) (20) (21) (22)
OH o NO2
COOH Me
Me Me
0 0
(23°) (24 )

(26)
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hydrolysis with methanclic baryta gave the amino carboe
xylic acid (96), which on diazotization and hydrolysis
gave (33).
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EXPERIMENTAL

To a melt prepared from anhydrous aluminium
chloride (10 g) and dry sodium chloride (2 g) at 1£0°.
a mixture of 3-methyl-d-carboxy-bB-methoxyphthalic

anhydride (0.6 g) and pyrogallol trimethyl ether (0.3 g)
was added and stirred at 180° for 20 minutes. It was
cocled and poured over 2% hydrochloric acid. The
product was filtered, washed with water and dried.

It ;al taken in acetone and on concentration of the
solvent, it gave brown needles (0.2 g)s It darkens

at 200-208° and did not melt above 320° (Found:

Cy 68.63 Hy 3.8. C;3gH100g requires: C, 68.2; H, 3.0%).
It gave a brown colour with aleoholic ferriec chloride

scolution and green in aqueous sodium hydroxide solution.

Hethylation of the above product

A mixture of the above product (0.1 g), dimethyl
sulphate (0.6 ml), potassium carbonate (2 g), and
acetone (26 ml) was refluxed over water bath for 24 hr.
After removal of the solvent and dilution of the mixture

with water, a yellow product was obtained. The product
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showed two spots (one major and a minor) on its

chromatographic behaviour, on TiC silica gel plate
using benzene-acetone mixture (4sl). BSeparation of
the two fractions was achieved over PIL silica gel

plates using the same solvent system.

The major fraction crystallised from methanol
in yellow needles (0.07 g), m.p. 228-230° (Founds

Cy 63.43 H, 4.9, Cmﬂg)(’a requiress C, 63.0; H, 65.0%). &q

The minor fragtion on its chromatographie behae
viour over TLC silica gel plate was found to be identie
<
cal with the pentamethyl ether-ester of cercalbolinie
aeid.

Diazome thane methylation of the condensation product

A mixture of the condemnsation product (0.1 g) -
and ethereal diazomethane solution was left overnight
at 0¢8°., The excess of dlazomethane was destroyed by
addition of a few drops of acetic acid and ether was
distilled off. The compound crystallised {rom benzenee
hexane mixture in yellow needles (0.06 g), m.p. 2°0-22°
(Found: ¢, 62.8; H, 4.9, Cgol1g08 requiress C, 62.,2;
H, 4.7%). It gave a brown colour with alecholic ferric
chloride solution.
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Decarboxylation of the condensation product

A mixture of the condensation product (0.1 g) and
freshly distilled diethylaniline (2 ml), was refluxed
for 4 hr, The mixture was cooled and diluted with 2%
hydrochloric acid. The brown solid cbtazined was
filtered, washed twice with bicarbonate and then with
water and dried. It crystallised from dilute alcohol

in brown needles (0.04 g), m.p. above 300°, It was
characterised as its trimethyl ether,

4 mixture of the above compounc (0,04 g), and
ethereal diazomethans solution was left overnight at
0w8®. Excess of diszomethane was destroyed by addition
of few drops of acetic acid, and ether was distilled
off« The chloroform solution of this compound was
passed through a short column of silieca gel and eluted
with benzene-acctone mixture (4:11). Concentration of
the solvent gave orange crystals (0,015 g), m.p. 193.94°
(Founds C, 66.43 Hy B.1. C;gH)g0¢ requiress C, &65.9;
Hy 4.9%). Mixed m.p. cepressed by 20° with the saumple
of iscerythrolaccin trimethyl ether. Rf values for
this compound and trimethyl ether of iscerythrolaccin



131

were found to be different on TILC sillica gel plate
using benzene-acetone mixture (9.8:10,8).

3y4,6«-Irimethoxyphthalic anhydride

It was prepared according te the method of

alimchandani and neldrm.a

6-Methylsalicyelic acid methyl ether

It was prepared according to the method of
Eliel % aly" from 2-bromo-g-crescl methyl sther.,

To a melt prepared from anhydrous aluminium
chioride (6 g) and dry scdium chloride (0.5 g) at 1850°
a mixture of 8,4,5«trimethoxyphthalic anhydride (0.2 g)
and 6e-methylsalicylic acid methyl ether methyl ester
(0.2 g) was added and stirred at 180° for 20 minutes.
It was cooled and poured over 2: hydrochloric scid.
ihe dark gray product was filtered, washed with water
and dried (0.1 g). The product did not show any
reactions characteristic of hydroxyanthraquinones.



de and 6-methyl-

C nsatdon of thalic
' ner ester

To a melt prepared from anhydrous aluminium
chloride (6 g) and dry sodium chloride (0.5 g) at
150°, a mixture of phthalic anhydride (0.2 g), and
6-methylsalicyclic acid methyl ether methyl ester
(0.2 g) was added and stirred at 180° for 20 minutes.
It was cooled and poured over 2% hydrochloric acid.
The yellow product was filtered, washed with water
and dried (0.1 g). It was crystallised from benzene
in yellow needles, m.p. 275.276° (lit.9 276°). It
gave brown colour witn aleoholic ferric chloride
solution.

1

3

2
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Synthesis 1,3,6=tri ne

Introductions

0f the fourteen possible trihydroxyanthraguinones
thirteen are known. Synthesis of 1,3,6-trihydroxyanthraquie
none has not so far been reported. Synthesis of 1,3,5;
1,3,7- and 2,3,6-trihydroxyanthraquinones and a new improved
synthesis of 1,3,8-trihydroxyanthraquinone has been reported
from this laboratory. — |

1,3,6-Trihydroxyanthraquinone has been synthesised
by the fcllowing route. Chlorination of leamino-5-benzamido-
anthraquinone, followed by deamination, yielded l-benzamido-
6,8-dichloroanthraquinone. Further chlorination of this
compound, followed by hydrolysis and deamination vielded
1,3,6-trichloroanthraquinone, which was converted into the
trimethoxy derivative. The latter on demethylation with
aluminium bromide in benzene gave 1,3,56«trihydroxyanthrae-
quinom.l '

1,3,7-Trihydroxyanthraquinone was synthesised
from le-amino-6,8-dichloroanthraquinone. Bromination of
l-amino-6,8-dichloroanthraquinone, followed by deamination,
yielded 7-bromo-l,3-dichloroanthraquinone, which was
converted into the corresponding trimethoxyanthraquinone.
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Demethylation with aluminium bromide in boiling benzene
yielded 1,3,7-trihydroxyanthraquinone.> 1,3-Dichloro-8-
hydroxyanthraquinone, prepared from leamino-6,8-dichloro-
anthragquinone was convoi'tod to the corresponding trime-
thoxyanthraquinone. Demethylation by the above method
yielded 1,3,8-trihydro r}yﬁathraquinone . 2

Condensation of 4-bromophthalic anhydride
with pyrocatechol gave 2,3-dihydroxy-8-bromoanthraquinone,
which was converted to the corresponding trimethoxyanthra-
quinone. Demethylation with aluminium chloride-sodium
chloride gave 2,3,6-tr1hydroxyanthraquinom.3 The
preparative methods of the other known trihydroxyanthraquie-

nones are described by Coffey and van Alphan‘ and in the

Elsevier's Encyclopaedia of Organic chenutry.s

Jayarmans attempted to synthesise 1,3,6«
trihydroxyanthraquinone by brominating l,8~diamincanthra-
quinone (1) in acetic acid at 90-100°, which gave a dibromo
derivative (2); on deamination, it gave a dibromoanthra-
quinone; identified as the 2,7-dibromoanthraguinone(3).
The bromine atoms in (2) were assigned to the ortho
positions with reference to the amino groups because of
the ortho directing influence of the amino groups. Hence

.
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(2) was constituted as 1,8-diamino-2,7-dibromoanthra-
guinone. On further bromination of (2), with calculated
quantities of bromine in nitrobenzene at 160-160°, it

gave a diaminotribromoanthraquinone (4), the third bromine
atom entering one of the two para positions. Hence (4)

was constituted as 1,B.diamino-2,4,7-tribromoanthraquinone.
Deamination of (4) gave 1,3,6-tribromoanthraquinone (&).
Conversion of 1,3,6-tribromoanthraquinone to the obrreapon-
ding trimethoxy derivative proved difficult. Heating (5)

with sodium and methanol under pressure at 120° for 4 hr. /

gave a - bromo-dimethoxyanthraquimno,e,»(ﬂ;bg 920.221" Yo - i
The present work was undertaken to find out

a suitable method for the substitution of bromine atoms

by methoxyl or phenoxyl groups and subsequent conversion

to the hydroxy derivative. Treatment of (5) with sodium

methoxide in dry methanol and silver nitrate (as a catalyst)

gave a product not free from bromine. Falilure in obtaining

the trimethoxy derivative can be attributed to the poor

solubility of (6) even in boiling methanol. It has been

reported that phenoxyanthraquinones can be prepared by

heating halogeno derivatives with phenol and potassium

carbonat.o,7 and the corresponding methoxy derivatives
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can be obtained by treating the phenoxy compounds with

potassium hydroxide and me!;hanol.8 1,3,6«Iribromoanthra«

quinone (6) on hesating with phenol and potassium carbonate

0 ' 0
OPh OMe
l
0 0
(6) 0 (7)
OH
0
(8)

gave 1,3,6-triphenoxyanthraquinone (6), which on prolonged
refluxing with potassium hydroxide and pyridine in methanol
gave 1,3,6-trimethcxyanthraquinone (7). The same compound
could be obtained by the method of Bacon and Hill) by iy
refluxing 1,3,6«tribromoanthraquinone with sodium methoxide,
copper oxide and dimethyl”formamide. The NMR spectrum of
(7) in CDClg shows methoxyls at 5.95 and 5.99, and five
aromatic protons| 3.22 (2-H, d; J=3 cps); 2.74 (7-H, q), |
2.61 (4-H, d; J=3 cps), 2.26 (5-H, d; J=3 ¢ps) and 1.8

(8-, d; J=9 cps)). | Demethylation of (7) with aluminium
chloride-sodium chi:oride yielded 1,3,6-trihydroxyanthra-
quinone (8).
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Synthesis of 3-hydroxyanthraguinone-l,2-dicarboxylic acid

"Laccaic acid", the colouring matter of stick
1a¢,2° vas found to be a mixture of hydroxyanthraquinone
derivatives. Further, colour reactions showed that the
major constituents of laccaic acid were purpuwrin deri-
vativnu and there was no evidence for a C-acetyl or
Ce-ethyl group as in the structure (9) suggested by
Mayer'2 based on the results of Dimroth and Goldschmidt,'d
Laccaic acid 4°C on oxidation with alkaline hydrogen

0
HOOC OH

HOOC O‘O COCH3z
HO C2H5
0

OH
(9)

peroxide yielded a phenolic acid which on methylation proved

to be the tetramethyl ester of anisole-2,3,4,6-tetracarboxylic
acid, the structure of which was proved by synthesis. The

above evidence confirmed that one of the benzene rings of

the anthraquinone is substituted by two carboxylic acid

groups and a hydroxyl group. This will lead to the three possible
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orientations (10, 11, 12) of the two carboxylic groups
and a hydroxyl group on an anthraquinone ring of laccaic
acid A. The structure (12) was ruled out on the basis

of the anhydride obtained from the dibasic aciq’obtained}
from the alkaline hydrolysis of MXLA III (methylatiocn
product of xantholaccaic acid A).lo To differentiate

0 0 0
HOOC Icl HOOC é' HOOC g
HOOC \} HOOC \} N
HO c” C’/ HO c”

i HO ] HOOC ~ ||
« 0 0 0
(10) (1) (12)

between the other two alternate structures (10 and 11),
it was considered desirable at an early stage of this
work on lac pigments in this laboratory, to synthesise
3-hydroxyanthraquinone-l,2«dicarboxylic acid (13) and
to obtain exact chemical shifts of the proton at 4 and
to compare them with the laccaic acid A derivatives.

0
HOOC |

HOOC ‘@
HO

0

(13)
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Anthraquinone-l,2«dicarboxylic acid was
prepared in 78f yield by oxidising l,2-benzanthraquinone
with potassium permanganate in dilute sulphuric acid and
in a small yleld (22%) with nitric acid (d, 1.15) at 190°, %
It was also obtained in €0% yield by oxidising 2-methyle
anthraquinone-l-carboxylic acid with nitric aeid (d, 1.1)
at 190".]'6 In the present work 3-hydroxyanthraguinone-
1,2=dicarboxylic acid was prepared from 3.chloro-l,Z.
16 Condensation of phthalic anhydride

and lechloronaphthalene in tetrachlorcethane and aluminium

benzanthraquinone.

chloride gave the corresponding keto acid (14). Cyclisation
of (14) with conc. sulphuric acid at 60-70° gave 3-chloro=
1,2-benzanthraquinone (16). Oxidation of (16) with potassium
permangﬁnato in dilute sulphuric acid at water-bath temperae-
ture for 6 hr. gave 3-chloroanthraquinone 1,2-dicarboxylic
acid (16) in 41f yield. 4acid (16), when refluxed for 6 hr.
with sodium methoxide in absolute methanol gave S-mothoxy;
anthraquinone-l,2~.dicarboxylic acid (17). The KMR spectrum
of the dimethyl ester of (17) in CDClz shows three methoxyl
groups at 5.94, 6,00 and 6.09; a singlet at 2.17 (4-H) and
two multiplets at 2.24 (6 and 7-H) and 1.8 (5 and 8«H). The
corresponding proton in methylated laccaic acidslo appears )
around 2,2, The dimethyl ester of (17) on heating with
aluminium chloride and sodium chloride gave 3-hydroxyanthra.
quinone~l,2.dicarboxylic acid (13).

.
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LXPERIMENT AL

153,6-Tribromoanthraguinone

It was prepared according to the method described

by Jayaraman,e m.p. 262°,.

1,3,6-Tribromoanthraquinone (0.3 g) was refluxed
for 12 hr. with sodium methoxide prepared by reacting socdium
(0.3 g) with absolute methanol (50 ml). Silver nitrate (0.1 g)
was added in small lots at an interval of one hr. (n removal
of the solvent and dilution of the mixture with water, a
yellow product was cbtained. It was filtered, washed with
water and dried. 1t erystallised from benzene in yellow
needles (0.1 g), m.p. 220-221° (Founds C, 585.03 H, 3.6.
C16H11Br04 requires: C, 55.3; H, 3.2%). It gave a positive
halogen test.

1,3,6-Triphenoxyanthraquinone (6)

A mixture of 1,3,6-tribromoanthraguinone (0.5 g),
phenol (6 ml) and anhydrd4ds potassium carbonate (0.5 g)
was refluxed for 6 hr. It was diluted with ethanol, and
then poured over 2% sodium hydroxide. The yellow precipitate
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was filtered, washed with water and dried. Crystallisation
from methanol gave yellow necdles (0.3 g), m.p. 174-178°
(Founds C, 79.0; H, 4.3. Cg3gHp00s requires: C, 79.3;

Hy 4.1%).

1,3,6-Trimethoxyanthraguinone (7)

Method As

A mixture of 1,3,6«triphenoxyanthraquinone (0.4 g),
absolute methanol (40 ml), potassium hydroxide (2 g) and
pyridine (2 ml) was refluxed on a water bath for 72 hr. After
remgval of the solvent and dilution of the mixture with
water, a yellow product was obtained, which was filtered,
washed with water and dried. It was dissolved in benzene
and passed through a short column of alumina. Benzene |
extract on concentration gave yellow needles (0.1 g), m.p.
224-226° (Found: C, 68.4; H, 4.9. C17H340g requiress
Cy 68.5; H, 4.8%). L%

C

Method B

A mixture of 1,3,6«tribromoanthraquinone (0.4 g),
sodium methoxide (prepared by dissolving sodium (1.5 g) in
absolute methanol (26 ml) and distilling the excess solvent),

and copper oxide (1 g) in dry dimethyl formamide (40 ml)
was refluxed for 48 hr. 7The mixture was filtered and
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washeé with hot d:.nethyif!‘omanido. The solvent was v
completely removed and ciilutod with water. The precipie-
tate was filtered, washed with water and dried. It cry-
stallised from benzene 4n yellow needles (0.1 g), mep.
224.226°. It was identical with the above compound by
m?lxad m.p. and chromatographic behaviour on TIC silica
gel plate, using benzene-acetone (9:1).

1,3,6=Lrihyd 8

To a melt prepared from anhydrous aluminium
chloride (0.5 g) and dry sodium chloride (0.1 g), 1,3,6«
trimethoxyanthraquinone (0.06 g) was added, and the
mixture stirred at 160° for 1C m&n. It was cooled and
poured cn ice cold 2§ hydrochloric acid. The precipitate
was filtered, washed with water and dried (0.01 g). It
crystallised from Q-dichlorobenzene in brown needles,
mep. 316-317° (Found: C, 66.4; H, 3.4. C1gHBOH requiress
C, 66.63 Hy 3.1%).

The IR spectrum in (Nujol) shows bands at
1667 (C=0) and 1634 cm™> (bonded carbonyl). It gave
brown colour with alecoholic ferrie chloride.



3-Chloreo«l,2«benzanthraguinone (16)

It was prepared according to the method described

by Hel).er.16

S-Chloroanthraquinone-l,2-dicarboxylic acid (16)

A solution of 3-chloro-l,2-benzanthraquinone (6 g)
in conc. sulphuric acid (80 ml), was added slowly to water
(400 ml). Finely powdered potassium permangamate (20 g)
was added in small lots for a period of 1 hr. and the
mixture heated on a steam bath for € hr. undor surring.

It was then decolourised by the addition of a/-oxutzon of
oxalic acid. The precipitate was filtered and extracted
with hot dilute ammonia solution. The inscluble residue
from this treatment was unchanged 3-chloro-l,2.benzanthrae
quinone (1.2 g). The ammonical solution was acidified with
‘hydrochloric acid and the precipitate filtered off, washed -
with water and dried. It crystallised from methanol in
yellow needles (1.8 g), m.p. 320-321° (Found: C, 57.9;

Hy 2.3. C3gH7C10g requiress C, 58.2; H, 2.1%). The
methyl ester, preparsd by treatment with diazomethane,
crystallised from ethanol in yellew plates, m.p. 180.182°
(Found: C, 60.8; H, 2.8. C3gH1:C10g requires: C, 60.2;

Hy, 3.08). '
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A mixture of 3-chlorocanthraquinone-l,2-dicare-
boxylic aeid (1 g) and sodium (0.4 g) in absolute methanol
(256 ml) was refluxed for 12 hr. Finely powdered silver
nitrate was added in small lots at an interval of one hr.
Methanol was distilled off and the reaction mixture
diluted with water. On acidification, &t gave a precie
pitate which was filtered, washed with water and dried.

It crystallised from ethanol in lemon yellow needles
(0.6 g), mep. 280° (Pound: C, 62,63 H, 3.3. C17H1007
re‘qtlu.res: Cy, 62,63 Hy 3.1%).

The methyl ester prepared by ireaiment with
ethereal dlazomethane crystaliised from methanol in

vellow plates, mepe. 180-191° (Founds Cy 84.1. Hy 3.7.
C19H1407 requiress C, 64.4; H, 3.%%).

10 a melt prepared from anhydrous aluminium
chloride (1 g) and dry scdium chloride (0.2 g), 3-methoxye
anthraquinone=l1,2«dicarboxylic acid dimethyl ester (0Jd g)
was added and the mixture stirred at 160° for 10 minutes,



it was cooled and poured on ice cold 2§ hydrochloric acid.
The yellow precipitate was filtered, washed with water
and dried (0.06 g). It crystallised from acetic acid in
yellow needles, m.p. 832-334° (Founds C, 61.1; H, 2.2.
C16H807 réquiress C, 61.6; H, 2.§). It gave an orange
colour in sodium hydroxide, yellow in conc. sulphuric
acid and red with aleoholic ferric chloride scolution.
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PART J: Naturally ogcurring anthraguinone
, carboxylic acids

A brief review is made of the hydroxyanthra-
quinone carboxylic acids occurring in nature with
special reference to their physiological properties,
occurrence, isolation, colour reactions, constitution
and classification. Since the present work deals mainly
with anthraquinone carboxylic acids, a separate table
of the naturally occurring hydroxyanthraquinone carboe-
xylic acids is included, followed by a brief account
of the facts on which their structures are based and
the routes adopted for their syntheses wherever reported.

PART 11; Kermesic acild

Synthesis of phenol-2,3,4,6-tetracarboxylic

acid

In the course of a programme of work on the
anthraquinoncid insect pigments, a phenol tetracarboxylic
acid was obtained by the oxidation of laccaic acid with
alkaline hydrogen peroxide. It was found necessary to
synthesise the ether-ester of the above phenolic acid
for direct comparison with the methylated product of



the acid obtained by oxidation of laccaic acid. This

was synthesised starting from § -methoxytoluene-2,3,6«-
tricarboxylic acid, which was reported earlier, by
Bhatia and Venkataraman 3by a series of reactions starting
from 3,56-dimethylanisole. Oxidation of §-methoxytoluene-
2,3,6-tricarboxylic acid gave anisole-2,3,4,b6-tetracar-
boxylic acid, the tetramethyl ester on treatment with
aluminium chloride-sodium chloride melt gave phenole
2,3,4,6-tetracarboxylic acid. The trimethyl ester of
g-methoxytoluene-2,3,6-tricarboxylic acid was shown to

be identical, by Bhatia and venkataraman, with the tri-
methyl ester of cochenillic acid methyl ether, obtained
by oxidation of carminic acid, w alkaline hydrogen
peroxido followed by methylation with ethereal diazomthano

Structure and synthesis of kermesic acid

Extensive work on kermesic acid, the colouring
matter of kermes was carried out by Dimroth, who assigned
to it the structure (la). It was shown by Overeem and
van der Kerk and by Bhatia and Venkataraman independantly
that in carminic acid, the colouring matter of cochineal,



the carboxyl group in the A-ring, is in the p-position.
Since both carminic acid and kermesic acid yield coche-
nillic acid by oxidation, Overeem and van der Kerk
concluded that kermesic acid is constituted as (1b).

An attempt was made, in the present work to synthesise
(1b) by condensing Semethyl-4-carboxy-S-methoxy-
phthalic anhydride (2) with 3,6-dihydroxy-2-methoxy-

o 0
Me OH Me g
R’ COCHx HOOC \o
HO OH MeO C/
« R 5 OH [
0
(1a; R=COOH; R'=H) (2)

(1b; R=H, R'= COOH)

acetophenone in an aluminium chloride~sodium chloride
melt at 180°, After chromatography on oxalated silica
gel plates and benzene-alcohol (4:1) as the sclvent, a
product was isolated in 6 per cent yleld, which ulti.
mately proved to be the isomer of (1b) with the hydroxyl
and acetyl groups in the B-ring interchanged. It crystae
1lised in red needles (deg. above 260°) from acetic acid
and the colour reactiocns were similar to those described
by Dimroth. The NMR spectrum in NaOD-D20 (three singlets



of intensity 1:3:3, the 3-proton singlets appearing
at 4.46 and 4.65 ppm higher than the aromatic proton
signal) confirmed the structure (1b) or its isomer.
Since we had difficulty in preparing the tetraacetate
and trimethyl ether described by pimroth, it was clear
that a direct comparison with natural kermesic acid
was necessary before any conclusion could be drawn.
After an extensive search, a sample of kermesic acid, ,
isolated by Dimroth was obtained from Professor Karl
Dimroth. The NMR spectrum of kermesic acid in dimethyl
sulXphoxide shows two single-proton signals at 2,34

and 3.,40. The former corresponds to the «-proton in
the A-ring of (1b), but the signal at 3.4 can only be
assigned to a feproton in anthraquinone flanked by
hydroxyl groups as in purpurin. A signal at -3.62

and a broad signal at 2,90 exchange with D20, and

can be assigned to chelated hydroxyl groups. The NMR
spectrum in pyridine shows only one signal at 6.75,
assignable to an «-methyl greup in anthraquinone

ad jacent to a carboxyl group as in (ib). The absence
of the C~acetyl group thus indicated was confirmed by
the NMR spectrum of the ether-ester (yellow necdles



from methanol, m.p. 196°) of kermesic acid prepared by

the usual dimethyl sulphate-potassium carbonate method. -
The mass spectral noleculai'"ﬂwight of the pentamethyl
ether-ester of kermesic acid is 400, showing conclusively
that kermesic acid is constituted as (3).

0
Me | OH
HOOC
HO OH
OH
0
(3)

A careful study of Dimroth's papers shows that
no positive evidence for the C~acetyl group in the
structure (la) was obtained. Its presence was surmised
from elemental analysis of kermesic acid and some of its

derivatives.

Treatment of kermesic acid with aqueous sodium
hydroxide and dithionite (or absorption of two moles of
hydrogen in presence of palladium on carbon) gave xanthoe
kermesic acid, which proved to be identical with laccaic
acid D. Methylation by the usual method gave the tetrae
methyl ether-ester, m.p. 226° » ldentical with the ethere



ester of laccaic acid p (mepe., mixed m.p. and supers
imposable IR spectra). Decarboxylation of xantho
kermesic acid by refluxing with disthylaniline for 2 hr.,
followed by methylation with dimethyl sulphate, potassium
carbonate and acetone, gave a product, identical with
desoxyerythrolaccin trimethyl ether. The structure of
desoxyerythrolacein, the colouring matter of seed lac,
was shown unambiguously as 1,3,6«trihydroxy-8.methyle.
anthraquinone.

l< Condensation of the anhydride (2) with 2
methoxyhydroquinone in prosinco of boron trifluwride-
etherate at 100° for 4 hr. gave a product, which on
methylation yielded a pentamethyl ether-ester, m.p. 211°,
different from methyl tetramethyl kermesate, m.p. 106°,

The synthesis of kermesic acid was ultimately
achieved by the following route. Condensation of
hydroquinone dimethyl ether with the anhydride (2), in
aluminium chloride-sodium chloride melt at 180° gave
1,4,6-trihydroxy-8-methylanthraquinone-7-carboxylic acid,
which cn treatment with ethereal diazomethane gave l,4-
dihydroxy -6 -me thoxy«7-carbome thoxy-8-me thylanthraquincne,



which was converted m%oi 6-nethoxy-7«carbomethoXy«8«
methylel,4,9,10-anthraquinone, by treatment with laad
tetraacetate in acetic acid. Thiele acetylation of the
diquinone gave a mixture of two compounds, which on
acid hydrolysis folliowed by chromatcgraphic separation
gave two products (a major and a minor fracticn).
Methylation of the major fruction gave a product
identical in all respects with the pentamethyl ethere
ester of kermesic acid. While the product of methye
lation of the miner fraction was identified as the
ponta:nethyl ether-ester of isokermesic acid. Demethy=-
lation of the former with aluminium chloride-sodium
chloride melt at 180° gave kermesic acid identical in
all respects with the natural preduct.

The biogenesis of kermesic acid and related
insect pigments is discussed.
EART_ILI: Ceroalbolinic acid

Structure (4) was assigned by Rivs to cero-
albolinic acid, a pigment produced by the insect
Ceroplastes albolineatus. The isomeric structure (5)



was considered less probable for a reason which does
not appear to be valids the two aromatic protons cf the
cetramothyl ether-ester showed up in the NMR spectrum
as two separate signals at 2,34 and 2.67, and they
should have appeared as a single signal for the
structure (6). The two aromatic protons in (4) or (8)
are in different environments and may be expected to
have different chemical shifts in either case. Biloge-
nesis by the acetate route will in faect favour (§).

(4) (5)

Condensation of pyrogallol trimethyl ether with the
3-methyl-4«carboxy-6-methoxyphthalic anhydride (2)

in an aluminium chloride-sodium chloride melt at 180°
for 20 minutes gave (4) which darkened at 290-208°,

and did not melt below 320°. The tetramethyl ether-
ester, m.p. 220-222°, obtained by treatment with
ethereal diazomethane, and the pontametl;yl ether-ester,

) |



mep. 228-230°%.cbtained by the dimethyl sulphate-potassium
carbonate method, differed in their m.ps from the corres-
ponding derivatives of ceroalbolinic aeid (245-248° and
201.204° respectively). The Rf values (TLC on silica
gely benzene-agetone) of the two sets of ether-esters
were also different. The NMR spectrum of the penta-
methyl ether-ester of (4) in CDClz shows five methoxyls
(between 5.96 and 6.06), a methyl (7.30) and two singlet
aromatic proton signals (2.26 and 2.37), assignable to
the g4~ andgv‘: protons. Ceroalbolinic acid consequently
has ‘r.hi structure (6). Unambiguous evidence in support
of structure (4) for the condensation product was obtained
by subjecting it to decarboxylation by refluxing in
diethylaniline for 4 hr. Methylaticn of the decarboxye
lated compound with ethereal diazomethane gave an orange
compound, different from the trimethyl ether of iscery-
throlaccin, the coléuring matter of seed lac, as shown

by depression in mixed melting point and their different
chromatographic behaviour (silica gel benzene-acetone,
9.6:0.5). The structure of iscerythrolaccin was confirmed
by its unambiguous synthesis in this Laboratory. An _
attempt to synthesise cercalbolinic acid by condensing



3,4,5-trimethoxyphthalic anhydride with 6-methylsalicylic
acid dimethyl ether-ewter, was unsuccessful.

0f the fourteen possible trihydroxyanthraqguinones
only one, i.e. 1,3,6-trihydroxyanthraquinone is unknown. b
1j8«Diamincanthraquinone on bromination in two steps gave )
1,8«diamino«2,4,7-tribromoanthraquinone which on deamina-
tion‘gavo 1,3,6-tribromoanthraquinone. 1,3,6-Iribromo=-
anthraquinone was converted to 1,3,6«trimethoxyanthraqui-
none. Demethylation with aluminium chloride and sodium
chloride gave 1,3,6-trihydroxyanthraquinone.

In eonnection with the work on lac pigments

in this laboratory, it was necessary to prepare 3-hydroxye
anthraquinone-l,2«dicarboxylic acid. Condensation of
phthalic anhydride and l-chloronaphthalene gave the
corresponding keto acid, which was cyclised to 3e-chloroe-
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1,2<benzenthraquinones Oxidation of 3echloro-l,2
benzanthraquinone gave 3d-chloroanthraquinone -1,2-
dicarboxylic acid. Replacement of chlorine by methoxyl
group and subsequent methylation gave dimethyl ester of
S-methoxyanthraquinone -1,2-dicarboxylic acid, which on
demethylaticn gave 3-hydroxyanthraquinone-l,2.dicarboxylic
acid,
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