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SYNTHESIS OF BENZOXANTHONE DERIVATIVES 

* 
Tetsuzo Kato , Jun Nakano, and Nobuya K a t a g i r i  

Pharmaceutical  I n s t i t u t e ,  Tohoku Univers i ty ,  Aobayama, Sendai 980, 

Japan 

Abs t rac t  - Benzoxanthone d e r i v a t i v e s  were prepared by photo- 

induced F r i e s  rearrangement of aroyloxynaphthalenes,  followed by 

a l k a l i  t r ea tmen t .  

A number o f  pharmacologically a c t i v e  compounds bea r ing  xanthone ske le ton  occurs  

The development i n  t h e  s y n t h e s i s  of xanthones and t h e  r e l a t e d  corn 

pounds p lays  an impor tant  r o l e  i n  t h e  s y n t h e t i c  chemistry o f  n a t u r a l  product .  

I n  t h e  previous  communication, we repor t ed  t h e  t o t a l  s y n t h e s i s  o f  b ikave r in ,  which 

is an a n t i b i o t i c  possess ing  benzoxanthone n u ~ l e u s . ~  The s y n t h e s i s  invo lves  photo- 

induced F r i e s  rearrangement o f  O-acy l (e s t e r )  i n t o  C-acyl compound(ketone), follow- 

e d  by c y c l i z a t i o n  t o  benzoxanthonebytreatment wi th  base.  I n  t h i s  paper ,  we wish 

t o  d e s c r i b e  a gene ra l  method f o r  t h e  p repa ra t ion  of benzoxanthones from naphthalene 

d e r i v a t i v e s .  

Dieckmann condensation of t h e  p ro tec ted  methyl c u r v u l i n a t e  (1) i n  t h e  presence  of 

sodium hydr ide  i n  t e t r ahydro fu ran  gave t h e  uns tab le  in t e rmed ia te  ( Z a ) ,  which was 

subsequent ly  t r e a t e d  wi th  t h e  p r o t e c t e d  e v e r n i n y l  c h l o r i d e  (3 )  t o  a f f o r d  t h e  d i -  

acyloxy (2b) and monoacyloxy naphthalene d e r i v a t i v e  (Zc) i n  25 and 16% y i e l d s ,  

r e s p e c t i v e l y .  Under i r r a d i a t i o n  (mercury lamp, 3000% i n  EtOH, Zb underwent F r i e s  

rearrangement t o  g i v e  Zd and i ts isomer ( Z e )  i n  19 and 27% y i e l d s ,  r e s p e c t i v e l y .  



Table 1 

* 
R1 R2 R3 Rq Formula mp ('C) 

H C24H2004 - 
X C56H48010 118 

H '40~34'7 130 

X H H X C56H48010 67-68 

X C56H48010 6 8 

H H H X C40H3407 190 

MeCO H X H C42H3608 137-138 

! MeCO H H X C42H3608 144 

* Satisfactory elemental analyses, IR, NMR, and 
MS spectral data were obtained (except 2a). 

Treatment of 2e with base (KOH/EtOH or Me4NOH/pyridine) gave the linear benzoxan- 

thone (4) and/or the angular isomer (5), both of which served as intermediates for 

the synthesis of bikaverin, as reported previously. 3 

The structure of 2d was established as 1.3-dibenzyloxy-5-(2-0-benzyleverniny1)-8- 

(2-0-benzyleverniny1oxy)-6-hydroxynaphthalene on the basis of the following spect- 

ral data; i 9 c :  3600-3200, 1740, 1615, 1590; nmr (CDC13) ppm: 2.21 (3H, s ,  

ring-CH3), 2.29 (3H. s ,  ring-CH3), 3.75 (3H, s, 0CH3), 3.80 (3H, s, 0CH3), 4.96 

(4H, 6 ,  PhCH20X2), 5.06 (ZH, s ,  Phg20), 5.18 (ZH, s, Phg20), 6.13 (lH, d, J=2.5 

Hz, ring-H), 6.29 (lH, d, J=2.5 Hz, ring-H), 6.41 12H. d, J=2.5 Hz, ring-HI, 6.72 

(2H, br, ring-HI, 6.86-7.57 (21H, m, ring-H), 14.12 (lH, s, OH). 

Refluxing of a solution of 2d and Me4NOH in pyridine for 2.5 hr gave the angular 

benzoxanthone (6) of mp 254-255' in 48% yield. [ r v c :  3500-3200, -1640. 

+ 
1620, 1590; mass (We) : 518 IM ) , 427 (M+-P~cH?) 1. When this reaction was carried 

Out using 10% ethanolic KOH instead of Me4NOH, the deacylated product (2f) was ob- 

tained together with 6. Treatment of 6 with acetic anhydride in pyridine afforded 

the acetylated product (7) of mp 200-201' in almost quantitative yield. The nmr 

spectrum of 7 represents the signal due to the proton of 11-position of D-ring at 

9.66 ppm (lH, d, J=2.5 Hz). This abnormally lower shift is attributable to the 
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a n i s o t r o p y  e f f e c t  o f  c a rbony l  group o f  B-ring.  The re fo re ,  t h e  s t r u c t u r e  o f  7 is  

c o n s i s t e n t  w i t h  t h e  a n g u l a r  sys tem,  7-acetoxy-8,lO-dibenzyloxy-3-methoxy-1-methyl- 

KBr -1 benzo[alxanthen-12-one.  lir Smax cm : 1750,  1640,  1610,  1585; nmr (CDC13) ppm: 

1 .61  (3H, s ,  0COCH3), 2.95 (3H. s ,  ring-CH3), 3.87 (3H. s, O m 3 ) ,  5.08 ( Z H ,  s ,  

P h g 2 0 ) ,  5.34 (2H, s ,  PhCH20), 6.75 ( Z H ,  s ,  r i ng - t i ) ,  6.83 ( l H ,  d ,  J=2 .5  Hz, r i ng -  

H ) ,  6 .91 ( l H ,  s, r ing-HI ,  7.40-7.73 ( lo t i ,  m ,  r i ng -H) ,  9.66 ( l H ,  d ,  J=2 .5  Hz, r i n g -  

+ H) ; mass (m/e) : 550 (M+) , 518 ( M  -cH~=c=o) , 427 ( M + - c H ~ = c = o - P ~ c H ~ ~ )  1. 

Although pho to -F r i e s  rear rangement  o f  compound 2 c  gave t h e  compl ica ted  r e a c t i o n  

mix tu re ,  t h e  a c e t a t e  (29) was i r r a d i a t e d  t o  a f f o r d  a 40% y i e l d  o f  ye l l ow  c r y s t a -  

l l i n e  subs t ance  ( 2 h ) .  [ i r  3;:: cm-l: 3600-3400, 1765,  1610,  1580;  nmr (CDC13) ppm: 

1.62 (3H, s ,  0COCH3), 2.22 (3H, s ,  ring-CH3), 3.76 (3H, s ,  O m 3 ) ,  5.03 (4H, s ,  Ph- 

+ CH20X 21,  5.19 ( Z H .  s ,  P h g 2 0 ) ;  mass (We) : 668 ( M + ) ,  626 (M -CH2=C=0)1. - 
Treatment o f  2h w i t h  anrmonium hydroxide  i n  e t h a n o l  a f f o r d e d  compound 2f i n  q u a n t i -  

t a t i v e  y i e l d .  On h e a t i n g  w i t h  Me4NOH i n  p y r i d i n e ,  compound 2h was t r ans fo rmed  i n t o  

t h e  benzoxanthone d e r i v a t i v e  (6 )  i n  35% y i e l d .  

H \ / or KOHl \ \ A 
0 C H 2 P h  E~OH M O C H P h  M 

2 e  4 - - 

Acplpyri dine 

3 



These two reactions prove the structure of Zh to be 1-acetoxy-6,8-dibenzyloxy-4- 

(2-0-benzyleverniny1)-3-hydroxynaphthalene, which is formed by the rearrangement of 

everninyl group of compound 2g into 4-position. 

It is concluded that xanthone ring can be readily formed by photo-Fries rearrange- 

ment, followed by alkali treatment. This method is versatile for the preparation of 

relatively complicated natural products involving xanthone or benzoxanthone 

skeleton. 

Recently, a similar method has been reported by Graham and ~ e w i s . ~ ' ~  
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