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ON THE STRUCTURES OF MULBERRIN, MULBERROCHROMENE, CYCLOMULBERRIN, 

AND CYCLOMULBERROCHROMENE 
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Direct comparison of mulberrin with kuwanon C, and mulberrochromene 

with morusin were carried out. Mulberrin and mulberrochromene were 

proved to be identical with kuwanon C and morusin, respectively. 

The linear structures of mulberrin and mulberrochromene as well as 

cyclomulberrin and cyclomulberrochromene should be reversed to the 

angular structures, I, 1 111, and IV, respectively. 

A series of prenylflavonoids have been isolated from the root bark of Morus 

9 t., a plant of Moraceae family?-' In this paper, we report the identification 

of mulberrin with kuwanon C, that of mulberrochromene with morusin, and the 

revision of structures of four mutually interrelated prenylflavones, 

mulberrin 1 mulberrochromene 1 1  cyclomulberrin 1 1 1  and cyclomulberro- 

la chromene I v ' ,  isolated from the Morus alba root bark by Deshpande g &. 

The initial work on the flavones of the Morus alba stem and root bark led to 

the structure postulates 1'-IV' for mulberrin, mulberrochromene, cyclomulberrin, 

and cyclomulberrochromene, respectively. The relation of these flavones to 

each other and to artocarpin iV) was demonstrated by carring out the conversions 

outlined in Chart ifa 

In subsequent work on the same plant source, our group the isolation 

and the structure determination of five prenylflavones, kuwanon C, morusin, 

5 cyclomorusin, compound A ,  and oxydihydromorusin imorusinol , and the structures 

were shown to he I, 11, IV, VI, and VII, respectively. These five prenylflavones 

were correlated to each other as shown in Chart 2. Furthermore, the synthesis 

of tetrahydrokuwanon C tetramethyl ether (VIII) was achieved by Baker- 

Venkataraman method from 2-hydroxy-3-isopenty1-4,6-dimethoxyisoheptophenone (1x1 
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de r ived  from phloroglucinol  and 2.4-dimethoxybenzoyl ch lo r ide?  From t h i s  r e s u l t ,  

t h e s t r u c t u r e s  o f  f i v e  prenylf lavones  were confirmed. 

Recently,  Chari  al reported1' t h a t  r e a p p r a i s a l  of  t h e  13c nmr da ta  on 

mulberrin (1'1 and mulberrochromene (11') which had been presented by Wenkert 

and ~ o t t l i e b ? '  i n d i c a t e  a  r e v i s i o n  o f  s t r u c t u r e  f o r  t h e s e  two compounds a s  well 

a s  f o r  cyclomulberr in  (111'1 and cyclomulberrochromene (IV'). The s i g n a l s  a t  

98.0 ppm and 98.9 ppm i n  t h e  r e s p e c t i v e  13c nmr s p e c t r a  have been ass igned t o  

11 C-8 o f  mulberrin (1') and mulberrochromene 111') by Wenkert and G o t t l i e b .  

But, Chari  & ins is t1 '  t h a t  t h e s e  chemical s h i f t  va lues  a r e  4 .0  ppm 

downfleld o f  t h e  C-8 s i g n a l  i n  5,7-dihydroxyflavonoids and t h a t  they a r e  i n  t h e  

range expected f o r  t h e  corresponding unsubs t i tu t ed  C-6 by comparing wi th  t h e  

C-8 s i g n a l  o f  t h e  13c nmr s p e c t r a  of t h e  l i n e a r  chromeno-flavone and t h e  

C-4 s i g n a l  o f  t h e  chromeno-xanthone d e r i v a t i v e s .  From t h e s e  r e s u l t s ,  Char i  & al 

reported1' t h a t  t h e  four  mutually i n t e r r e l a t e d  p reny la t ed  Morus f l avones ,  

i s o l a t e d  by Deshpande & g, have t h e  8-C r a t h e r  than t h e  6-C-subst i tu t ion a s  
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i n i t i a l l y  proposed and they desc r lbed l0  t h a t  mulberrln (1 ' )  is  i d e n t i c a l  

with kuwanon C ( I ) ,  mulberrochromene (11' ) with  marusin (111. and cyclo- 

mulberrochromene ( I V ' )  wi th  cyclomorusin ( I V ) .  

In  o rde r  . to  c l e a r  these  p o m t s ,  we s t u d i e d  t h e  13c nmr s p e c t r a  of t h e  

d e r i v a t i v e s  o f  morusin (I11 and r e l a t e d  prenylf lavones .  The 13c nmr s p e c t r a  of 

kuwanon C I ,  tertahydrokuwanon C ( X I I )  , morusin ( I I ) ,  2 '  ,4 ' -d iacetylmorusin  ( I I a l  

Table 1. Carbon-13 NMR s p e c t r a  da ta  

Carbon 1') 1') ~111')  19) 1 1 ~ )  11.3 
1) VP xrl)  

COCH - 

1) 6 : ppm from TMS ( i n t e r n a l )  i n  pyridine-d5 

2 )  6 : ppm from TMS ( i n t e r n a l )  i n  D M S ~ ~ ~  

* Assignments may be reversed.  
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compound A ( V I ) ,  and morusinhydroperoxide ( X I )  were analyzed a s  shown i n  Table 1. 

Assignments o f  t h e  carbon atoms i n  t h e s e  compounds were c a r r i e d  o u t  on t h e  b a s i s  

of e x i s t i n g  l i t e r a t u r e s  5'11'12 and off - resonance decoupling.  I n  t h e s e  s p e c t r a ,  

t h e  C-6 s i g n a l  appeared i n  t h e  range o f  97.9-100.2 ppm. These r e s u l t s  a r e  good 

10,13 agreement wi th  t h e  l i t e r a t u r e s .  

D i r e c t  comparison o f  mulberr in  (1') wi th  kuwanon C I ,  and mulberrochromene 

(11') wi th  morusin (11) were c a r r i e d  o u t  a s  fo l lows.  Mulberrin (1 ')  which 

was send from D r .  Deshpande was proved t o  be i d e n t i c a l  w i th  kuwanon C ( I )  by 

mixed mel t ing  point14 and comparison of i r  and pmr s p e c t r a  and mulberro- 

chromene (11') was i d e n t i c a l  wi th  morusin (11) by mixed me l t ing  p o i n t f 5  

Furthermore,  we a t tempted t h e  photooxidat ive  c y c l i z a t i o n  o f  mulberrochromene (11') 

which occurred i n  t h e  case  o f  morusin (11)!~ A s o l u t i o n  o f  mulberrochromene 

(0 .3  mg) i n  chloroform w a s  e x t e r n a l l y  i r r a d i a t e d  i n  t h e  g l a s s  vesse l  w i th  

a  100 W h igh-pressure  mercury lamp f o r  6  h r .  The p r e c i p i t a t e  was f i l t e r e d  

o f f  and r e c r y s t a l l i z e d  from methanol t o  g ive  yellow need les ,  mp 204-206O 

This product  was nega t ive  to Gibbs t e s t  and was i d e n t i f i e d  wi th  a u t h e n t i c  

specimen o f  morusinhydroperoxide (x1 )16  by mixed me l t ing  point!' These r e s u l t s  

i n d i c a t e  t h a t  t h e  l i n e a r  s t r u c t u r e s  o f  t h e  four  p reny la t ed  morus f l avones ,  

mulberrin ( I s ) ,  mulberrochromene (11'). cyclomulberr in  (111'). and cyclo- 

mulberrochromene 1 should  he reversed t o  t h e  angu la r  s t r u c t u r e s ,  I ,  11, 

111. and I V ,  r e s p e c t i v e l y .  Chari  i n s i s t l o  t h a t ,  i n  t h e  convers ion o f  

a r t o c a r p i n  t o  te t rahydromulberr in  (Char t  1 1 ,  an  i somer iza t ion  must have taken 

p lace  and t h e  o n l y  conceivable  p o s s i b i l i t y  i s  t h a t  of a  Wessely-Moser 

rearrangement i n  t h e  demethyla t ion.  I n  o r d e r  t o  examine t h e  p o s s i b i l i t y  of 

t h e  i somer iza t ion ,  t h e  demethyla t ion o f  tetrahydrokuwanon C t e t r amethy l  

e t h e r  ( V I I I )  by hydr iod ic  a c i d  was c a r r i e d  o u t .  A mixture o f  V I I I  (110 mg). 

hydr iod ic  a c i d  (1 ml, 57 % H I ) ,  and g l a c i a l  a c e t i c  a c i d  (1 m l )  was hea ted  

i n  a  s e a l e d  tube a t  170' f o r  90 min. The products  were p u r i f i e d  by p r e p a r a t i v e  

TLC t o  g ive  demethylated product  ( X I 1 1  i n  55 % y i e l d .  The product  ( X I I )  was 

i d e n t i f i e d  wi th  a u t h e n t i c  specimen o f  tetrahydrokuwanon C ( X I I ) '  by mixed 

mel t ing  p o i n t  and i r  spect roscopy.  But i someric  product  ( X I I I ) ,  3 ,6-di iso-  

pentyl-5,7,2',4'-tetrahydroxyflavone, could  no t  be ob ta ined .  On t h e  r i n g  

isomeric  change o f  2'-hydroxyflavone d e r i v a t i v e s ,  it was reported1' t h a t  

t h e r e  was no isomeric  change under o r d i n a r y  c o n d i t i o n s  o f  demethyla t ion wi th  

hydr iod ic  a c i d .  I f  t h e  Wessely-Moser rearangement w a s  occurred i n  t h e  



demethylation of tetrahydroartocarpin, as Chari g insisted onlo it seems to 

be interesting example, so we are now in progress to elucidate the possibility of 

isomerization of the prenylflavones obtained from the Morus root bark. 
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