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AN EFFICIENT ROUTE TO 3-CHLOROJUGLONES 

James L. Bloomer* and Joseph A. Gazzillo 

Department of Chemistry, Temple University, Philadelphia PA 19122 USA 

Summary: The novel 4-chloro-2,5-dimethoxybenzaldehyde 1 has been prepared and converted 
in only three steps to 5-acetoxy-7-carboethoxy-3-chloro-l,4-naphthaquinone 4. Subsequent 
Diels-Alder reaction affords a tetracyclic enol ether 2 in a regiospecific manner. 

Failure of simple juglones to undergo regiospecific reaction in the Diels-Alder 

synthesis of anthracyclines and other natural products has led to the development of 

3-halojuglones for that purpose'. The present communication describes the preparation of 

the novel chloroaldehyde 1 and its conversion in only three steps to the chlorojuglone 

derivative 4. 
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Treatment of the aldehyde 1 with diethyl succinate, sodium hydride. and a catalytic 

amount of ethanol in benzene afforded the aralkenoic acid 2 as an oil (64X), which could - 

be taken directly for cyclization with acetic anhydride and sodium acetate2 to provide 

the bicyclic naphthoate ester 2 
3 
m.p. 155.0-155.5 'C (68X). The concomitant demethylation 

and oxidation of the bicyclic ester 2 was achieved using ceric ammonium nitrate in 90% 

acetic acid ( conditions previously applied to the oxidation of aromatic methyl groups to 

the aldehyde function ) 
4 

to give 57% of the chlorojuglone acetate 4 
5 

m.p. 125-135'C. (dec.) 
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The aldehyde synthon 1 was prepared as follows: Commercially available 2-methylhydro- 

quinone was treated with dimethyl sulfate in alkaline solution containing sodium hydro- 

sulfite to afford the known dimethyl ether 5 
6 
, which was subsequently chlorinated with 

sulfuryl chloride to yield the known chloro derivative 5 
7 . Treatment of the latter 

with N-bromosuccinimide in refluxing carbon tetrachloride containing dibenzoyl peroxide 
8 

afforded the benzylic bromide 1 m.p. 99.5-100.5°C ( in 68% yield after recrystallization 

from high boiling petroleum ether ) which exhibited 'H NMR 4.50 ( s,ZH )'. The benzylic 

bromide 1 was converted to the key aldehyde synthon 1 m.p. 112-114°C (63%) which 

exhibited 1H NMR 10.39 ( s,lH)'* and IR 1690 cm 
-1 

via unexceptional Sommelet 

conditions". 
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The chlorojuglone 4 reacts regiospecifically in the Diels-Alder reaction with the - 

diene 8. The diene 8 was prepared by the method of Gesson and reacted under conditions _ 

reported by that author for the bromojuglone series 
12 

to provide a Ring D-functionalized 

tetracyclic enol ether 2 m.p. 236-237'C (46%) as a brick-red powder with UV-VIS 214 (5.11) 

263sh, 313 (4.71), 448 (4.58), IR 1772 (acetoxy), 1724 ( ArCOOR), 1676 cm-'(quinone) 

'H NMR 12.85 ( s,lH ), 8.79 ( d,lH J-1.5 Hz ), 7.99 ( d,lH J=1.5Hz ), 7.39 ( s,lH ) 

5.61 ( s,lH ), 5.61 ( s,lH ), 4.46 ( q,2H J=7Hz ), 3.78 ( s,3H ), 2.99 ( t,2H J=2Hz ) 

2.47 ( t,2H J=2Hz ), 1.45 ( t,3H J=7Hz ). 

4 + 

The tetracyclic enol ether 2 is potentially useful for the synthesis 

13 
modified anthracyclines . 

In summary, the Stobbe condensation-acetic anhydride cyclization-CAN 

of Ring D- 

oxidation 

sequence represents a short and efficient route from aromatic aldehydes to juglone 

derivatives. Moreover, modifications of the carbonyl and succinate synthons in the 

Stobbe condensation should allow the preparation of bicyclic materials capable of 

regiospecific elaboration into further rings at both ends of the molecule to provide 

either linear or nonlinear tetracyclic arrays. 14 
Model studies are currently in progress . 
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