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Synthesis of the Insect Dyestuff Kermesic Acid and Related Anthraquinones

By DonaLp W. CAMERON,* GEOFFREY I. FEUTRILL, PETER G. GrIFrFITHS, and D. JEANNE HODDER
(Department of Organic Chemistry, University of Melbourne, Parkville 3052, Austvalia)

Summary The structurally related anthraquinones ker- THIs communication reports syntheses of some natural
mesic acid, laccaic acid D, and aloesaponarin-I and -II  anthraquinones incorporating the carbon-substituent pat-
have been synthesised efficiently, key steps involving tern typified by kermesic acid (1), Such compounds, which
Diels-Alder additions and addition of 1,1-dimethoxy- include the ancient insect dyestuffs,! generally do not lend
ethene. themselves to synthesis by conventional procedures.?



J.C.S. CueMm. Comm., 1978

Diels—-Alder addition of the diene (2) to 2,6-dichloro-1,4-
benzoquinctc in benzene gave the naphthoquinone (3) (809;)
after thermal aromatization of the intermediate adduct.
The diene system (2), a mixture of isomers, was obtained
efficiently by treatment of ethyl 2-(1-methoxyethylidene)-3-
oxobutanoate? with NO-bistrimethylsilylacetamide in ether.

The n.m.r. spectrum (CDCly) of compound (3), m.p. 174—
175 °C, contained singlet benzenoid and quinonoid reson-
ances at 6 7-34 and 7-16 along with signals characteristic of
an ethyl and two methyl groups. Its formation invclved
regiospecific addition, the more nucleophilic terminus of the
diene system attacking an unsubstituted quinonoid carbon.
This is consistent with the behaviour of nucleophilic dienes
towards chloro-quinones.? The isomeric quinone (4), m.p.
146—145 °C, was equally specifically obtained by reaction
between (2) and 2,5-dichloro-1,4-benzoquinone.

1:2-Addition of 1,i-dimethoxyethene to the maphtho-
quinone (3) in NN-dimethylformamide gave the anthra-
quinone (5) (65%,), the direction of addition once again being
controlied by the disposition of the halogeno-substituent.?,
The n.m.r. spectrum of the product, m.p. 189-5—190-5 °C,
contained a singlet benzenoid resonance at 6 7-61 and meta-
coupled doublets at$ 6:75 and 7-31. Conventional bromina-
tion” followed by displacement with sodinm inethoxide in
methancl® gave the pentamethoxy-anthraquinone (6),° with
singlet benzenoid resonances at § 6:77 and 7-52. Dealkyla-
tion in an aluminium chloride-sodium chloride melt then
gave kermesic acid (1),® identical with natural material. It
was obtained in overall yield of 259, from 2,6-dichloro-
1,4-benzoquinone.

Dealkylation of (5) gave the lac pigment laccaic acid D
(7),1% identical with material obtained from the reduction of
kermesic acid.® Treatment with methanol-boron trifluoride
gave the methyl ester (8), itself a natural product.!

Addition of the diene system (2) to 3-chloro-5-hydroxy-
1,4-naphthoquinone!? proceeded as in the benzoquinone
series to give the anthraquinone (9) (69%,). Dealkylation to
the acid (10) followed by conversion into the methyl ester as
above gave the plant product aloesaponarin-I (11). De-
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carboxylation of (10) in boiling NN-diethylaniline gave
aloesaponarin-II (12). Compounds (11) and (12) were each
identical with authentic material. 1!
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We acknowledge an Australian Post Graduate Research
Award (to P.G.G.) and financial support from the Australian
Research Grants Committee.

(Received, 18th May 1978; Com. 540.)

! R. H. Thomson, ‘Naturally Occurring Quinones,” Academic Press, London and New York, 1971, 2nd edn., p. 457; K. S. Brown,

Chem. Soc. Rev., 1975, 4, 263.

# For report of a non-regiospecific synthesis of kermesic acid, see K. Venkataraman and A. V. Rama Rao in ‘Some Recent Develop-
ments in the Chemistry of Natural Products’, eds. S. Rangaswami and N. V. Subba Rao, Prentice-Hall of India, New Delhi, 1972,

p. 341

3 For ethoxy-analogue, see H. M. Barnes, D. Kundiger, and S. M. McElvain, J. Amer. Chem. Soc., 1940, 62, 1281.

4 J. Banville and P. Brassard, J. Org. Chem., 1976, 41, 3018.

5 J. Banville, J. Grandmaison, G. Lang, and P. Brassard, Canad. J. Chem., 1974, 52, 80.
¢ D. W. Cameron, M. J. Crossley, G. I. Feutrill, and P. G. Griffiths, J.C.S. Chem. Comm., 1971, 297.

7 0O. Tanaka and C. Kaneko, Pharm. Bull. (Japan), 1955, 3, 284.

8T. F. Low, R. J. Park, M. D. Sutherland, and 1. Vessey, Austral. J. Chem., 1965, 18, 182.

8 D. D. Gadgil, A. V. Rama Rao, and K. Venkataraman, Tetrahedron Letters, 1968, 2223,

10 A, R. Mehandale, A. V. Rama Rao, I. N. Shaikh, and K. Venkataraman, Tetrahedron Letters, 1968, 2231.
11 A, Yagi, K. Makino, and I. Nishioka, Chem. and Pharm. Bull. (Japan), 1974, 22, 1159,

12 R. H. Thomson, J. Org. Chem., 1948, 13, 3717.





