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A b s t r a c t : Cyclizat ion condit ions and reaction mechanism for t ransformat ion of laccaic acid A 

1 to an anthra[2,3-fc]-benzofuran 2 were studied preparing 3 -methoxy derivat ives of 1, such 

as 4 - 6 , and a new pathway for the cyclization was proposed , and several related compounds 

7 - 9 were synthes ized . 

Lac-dye is a red pigment isolated f rom sticklac produced by a tiny insect , Laccifer lacca, 

in India and Southeas t Asia, and has been used for over a thousand years . Lac-dye, the water-

soluble co lour ing matter, has been shown to be a mixture of at least f ive const i tuents (laccaic 

acid A , B , C , D and E), and laccaic acid A 1(1) is the major component . In the course of their 

chemical s tud ies , two g r o u p s ( l b , lc) have reported a unique cyclization reaction of laccaic 

acid A to an th ra [2 ,3 -6 ]benzofu ran derivative 2 , which occurs dur ing methylat ion of 1 with 
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(CH3)2SC>4 in the presence of potassium carbonate in boiling acetone. Their proposed reaction 

mechanism via (a) tautomerization in which the 1,4-hydroxyl groups and 9 ,10-quinone func-

tions are interchanged, (b) methylation of a hydroxyl group at 3-posi t ion of the anthraquinone 

ring and (c) displacement of a 3-methoxyl group of the anthraquinone ring by the phenolate 

ion of the adjacent phenyl ring, is similar to the one suggested by Barton and Scott(2) in the 

formation of xanthone from 2-hydroxy-2 ' -methoxybenzophenone .We studied this cyclization 

reaction using 3-methoxy derivatives as substrates , and wish to report that the step (a) is not 

essential for the cyclization. 

•CH3OH 
Methylation ~ 

Scheme 1 

Our studies started from preparation of 3- (0-methyl)anthraquinone derivatives of laccaic 

acid A. Laccaic acid A 1 was partially methylated under mild conditions (CH3I, K2CO3 I DMF 

at 55 °C for 12h), and the corresponding tetramethyl derivative 4 (3) and pentamethyl deriva-

tive 5 (4) were isolated from the reaction mixture by a combination of silica gel column, 

prep.TLC and HPLC (Namsil 9, 200x250mm) in 12.7% and 14.4% yields, respectively(5). 

Xantholaccaic acid A 3 , prepared by reduction of laccaic acid A l ( l d ) , was also partially 

methylated under the same reaction conditions to afford tetramethylxantholaccaic acid 6(6) in 

25% yield(5). In all of these three compounds (4 , 5 and 6) , two carboxyl groups at 7- and 8-

posit ions and two phenolic hydroxyl groups at 3- and 6-posi t ions were methylated, but phe-

nolic OH of a subst i tuent at 2-posit ion of the anthraquinone ring was not methylated. 

By the treatment of the compounds 4 , 5 and 6 with K2CO3 in DMF at 60°C for 6h, 

anthra[2,3-fc]benzofuran derivatives 7 (7 ) , 8 (8 ) and 9 (9) were obtained in good yield (74%, 

72% and 72%, respectively). The cyclization rates of 4 , 5 and 6 were almost the same in 

each case even if the compounds 5 and 6 could not tautomerize to the 1,4-anthraquinone 

form. Fur thermore , the cyclization was not observed when the hydroxyl groups at 3-position 

were not methylated such as in the case of 1, 3, and their dimethyl esters. Therefore, meth-
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ylat ion of the 3 - h y d r o x y l group is essent ia l for the cycl izat ion, which proceeds via d irect d is -

p lacement of a methoxyl group at 3 -pos i t ion of 9 , 10 -an th r aqu inone by the phenola te ion of the 

ad jacent phenyl r ing, as shown in Sheme 2. Thus we p ropose that the tautomeric i someriza-

tion is not an essent ia l factor in the format ion of an th ra [2 ,3 - fc ]benzofunan der ivat ives f rom 

laccaic ac ids . Fur the r s tudy of laccaic acids is now in p rogress . 
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(3) 4 : » H - N M R C C D C b ) ö p p m 1 . 9 6 ( 3 H , s ) , 2 . 7 8 ( 2 H , t, J = 7 . 0 ) , 3 . 5 0 ( 2 H , m), 3 . 8 7 ( 3 H , 

s ) , 3 . 9 3 ( 3 H , s ) , 3 . 9 5 ( 3 H , s ) , 4 . 0 9 ( 3 H , s ) , 7 . 0 1 ( 1 H , d , J = 8 . 3 ) , 7 . 0 8 ( 1 H , d, J = 2 . 0 ) , 

7 . 1 7 ( 1 H , d d , J = 8 . 3 , 2 . 0 ) , 7 . 9 6 ( 1 H , s ) ; U V ( C H 3 O H ) Xmax n m ( e ) 2 2 0 ( 2 9 , 7 0 0 ) , 241 

( 2 4 , 5 0 0 ) , 2 8 2 ( 2 5 , 0 0 0 ) , 3 2 7 ( 1 2 , 2 0 0 ) . 4 9 6 ( 1 1 , 4 0 0 ) . I R ( K B r ) v c m - ' 3 , 3 7 7 , 1 , 7 4 3 , 

1 , 7 2 4 , 1 , 6 5 6 , 1 , 5 7 8 , 1 , 4 4 0 . 

(4) 5 : 1 H - N M R ( C D C 1 3 ) ö p p m 1 . 9 6 ( 3 H , s ) , 2 . 8 0 ( 2 H , t, J = 7 . 1), 3 . 5 0 ( 2 H , m), 3 . 7 7 ( 3 H , 

s ) , 3 . 9 3 ( 3 H , s ) , 3 . 9 4 ( 3 H , s ) , 3 . 9 9 ( 3 H , s ) , 4 . 0 8 ( 3 H , s ) , 7 . 0 3 ( 1 H , d , J = 8 . 2 ), 7 . 0 9 

( 1 H , d , J = 2 . 0 ) , 7 . 1 7 ( 1 H , dd , J = 8 . 2 , 2 . 0 ) , 7 . 8 6 ( 1 H , s ) ; U V ( C H 3 O H ) Xmax nm(e) 

2 2 5 ( 3 4 , 1 0 0 ) , 2 7 7 ( 2 9 , 8 0 0 ) , 4 4 1 ( 7 , 4 0 0 ) ; I R ( K B r ) vcm- · 3 , 4 0 0 , 1 , 7 3 0 , 1 , 6 2 0 , 1 , 5 8 0 , 

1 , 4 4 0 , 1 , 3 8 0 . 

(5) Ove r ten k i n d s of me thy la t ed c o m p o u n d s were o b t a i n e d f r o m the r eac t ion mix tu re 

and all s t r u c t u r e s w e r e de t e rmined . T h e methy la ted p o s i t i o n s w e r e de t e rmined by 

c o m p a r i s o n of their Ή and 1 3C NMR spec t r a . 

(6) 6 : i H - N M R ( C D C l 3 ) ö p p m 1 . 9 2 ( 3 H , s ) , 2 . 8 5 ( 2 H , t, J = 7 . 0 ) , 3 . 5 0 ( 2 H , m) , 3 . 9 0 ( 3 H , 

s ) , 3 . 9 1 ( 3 H , s ) , 3 . 9 2 ( 3 H , s ) , 4 . 0 5 ( 3 H , s ) , 6 . 9 8 ( 1 H , d , J = 8 . 3 ) , 7 . 0 ( l H , d , J = 2 . 1 ) , 

7 . 1 1 ( 1H, dd , J = 8 . 3 , 2 . 1 ) , 7 . 3 8 ( 1 H , s ) , 7 . 7 4 ( 1 H , s ) ; U V ( C H 3 O H ) nm(e) 2 2 0 

( 2 1 , 2 0 0 ) , 2 8 7 ( 1 9 , 0 0 0 ) , 3 3 5 s h ( 3 , 5 0 0 ) , 4 2 1 ( 3 , 6 0 0 ) ; I R ( C H 2 C 1 2 ) v c m 1 3 , 4 0 0 , 1 ,745, 

1 , 6 7 0 , 1 , 6 3 5 , 1 , 5 8 5 , 1 , 3 2 5 . 

(7) 7 : 1 H - N M R ( C D C 1 3 ) ö p p m 1 . 9 5 ( 3 H , s ) , 3 . 0 0 ( 2 H , t, J = 7 ) , 3 . 6 0 ( 2 H , m) , 3 . 9 5 ( 3 H , s ) , 

4 . 0 3 ( 3 H , s ) , 4. 10 (3H, s ) , 7 . 4 2 ( 1 H , dd , J = 8 . 2 , 2 . 1 ) , 7 . 6 1 ( 1 H , d, J = 8 . 2 ) , 7 . 9 4 

( 1 H , s ) , 8 . 0 7 ( 1H, d, J = 2 . 1); U V ( C H 3 O H ) Xmax nm 2 1 7 , 2 8 2 , 3 4 0 , 4 3 4 ; 1 R ( C H 2 C 1 2 ) 

vcm- 1 3 , 3 1 3 , 1 , 7 3 8 , 1 , 6 5 5 , 1 , 5 7 8 , 1 , 4 3 1 , 1 ,344 . 

(8) 8: > H - N M R ( C D C 1 3 ) ö p p m 1 . 9 5 ( 3 H , s ) , 2 . 9 2 ( 2 H , t, J = 7 . 0 ) , 3 . 5 7 ( 2 H , m), 3 . 9 4 ( 3 H , 

s ) , 4 . 0 2 ( 3 H , s ) , 4 . 0 6 ( 3 H , s) , 4 . 2 7 ( 3 H , s ) , 7 . 4 2 ( 1 H , dd , J = 8 . 5 , 2 . 1 ) , 7 . 6 2 ( 1 H , d , 

J = 8 . 5 ) , 7 . 8 0 ( 1 H , s ) , 8 . 1 0 ( 1 H , d, J = 2 . 1); U V ( C H 3 O H ) Xmax n m ( e ) 2 2 1 ( 9 , 8 0 0 ) , 281 

( 4 , 1 0 0 ) , 4 4 9 ( 3 , 6 0 0 ) ; I R ( K B r ) vcm- 1 3 , 4 0 0 , 1 , 7 4 0 , 1 , 6 5 0 , 1 , 5 8 0 , 1 , 4 1 5 , 1 , 3 4 0 . 

(9 ) 9 : 1 H - N M R ( C D C 1 3 ) ö p p m 1 . 9 7 ( 3 H , s ) , 3 . 0 0 ( 2 H , t, J = 7 . 0 ) , 3 . 5 4 ( 2 H , t, J = 7 . 0 ) , 

3 . 9 5 ( 3 H , s ) , 4 . 0 4 ( 3 H , s ) , 4. 10 (3H, s ) , 7 . 4 2 ( 1 H , dd , J = 8 . 5 , 2 . 1 ) , 7 . 8 5 ( 1 H , d , J= 

8 . 5 ) , 7 . 9 2 ( 1H, s) , 8 . 1 0 ( 1 H , s ) , 8 . 4 0 ( 1 H , d, J = 2 . 1 ) ; U V ( C H 3 O H ) Xmax nm(e) 221 

( 3 2 , 2 0 0 ) , 2 7 9 ( 4 7 , 2 0 0 ) , 3 4 0 ( 5 , 0 0 0 ) , 4 3 3 ( 9 , 8 1 0 ) ; I R ( C H 2 C 1 2 ) v c m - · 1 , 7 4 2 , 1 ,675 , 

1 , 6 4 0 , 1 , 5 8 5 , 1 , 3 4 0 . 
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