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BHUBANESWIN: A NEW BICOUMARIN 
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A b s t r a c t -  The new bicoumar in  bhubaileswin (3) has been  o b t a m e d  from Been- 

n m ~ h a u s e n i a  a l b i f l o r a  Reichb. ex MeLssner (Rutaceae). 

B o e n n i n ~ h a u s e n i a  a l b i f l o r a  Reichb. ex Melssner (Ruraceae)  i s  e s l e n d e r ,  e rec t ,  p e r e n n i a l  roo ted  

h e r b  found n o t a b l y  i n  the  temperate  r e g i o n s  of the Hlmslayss a t  en a l t i t u d e  o f  1 ,500  to 2 ,000  m. 

A v a r i e t y  of newend known coumarins have been o b t a i n e d  from t h i s  source ,  a l l  d e r i v e d  b i o g e n e c i c s l l y  

from 7-hydroxycoumarin ( u m b e l l i f e r o n e ) . '  These inc lude  r a n t h y l e t i n  , 2 ' 3  3 - ( 1 , l - d i m e t h y l a l l y 1 ) -  

n 8 n t h y l e c i t 1 , ~  b e r g a ~ c e n , ~ ' ~  i s o p i m p i n e l ~ i n , ~  ( - ) -nodakene t in  a c e t a t e , '  nan tho tox in , '  dsphne- 

6 t ln -8 -merhy l  e t h e r , '  a n g e n ~ m a l i n , ~  m ~ c r o p u b s c i n , ~   angelica^,^ suberenon ,  (E) and (2)-7-  

hydroxy-6-(3-hydroxy-3-methyl-l-buteoyl)-2H-l-benzopyrsn-2-0ne,~ r v t a m a r i n  ( c h a l e p i n  a c e t a t e ) ,  7  

and c h e l e ~ e n s i n . ~  Two d i m e r i c  coumrr ins  were a l s o  known t o  occur  i n  B. a l b i f l a r a .  These a r e  

d a p h n o r e r i n  @)6 and marsukaze- lac tone  (2); the  l a t t e r  not  known to be p r e s e n t  i n  any o t h e r  

p l a n t .  

P r e s e n t l y ,  a r e i n v e s t i g a t i o n  p a r t i c u l a r l y  focused on the  bicoumarins of g. a l b i f l o r a  s u p p l i e d  

a g a i n  matsukaze- lac rone  ( x ) ,  a s  w e l l  a s  t h e  new dimer bhubaneswin (2).  Bhubaneswin i s  p h e n o l i c ,  

g i v e s  a ye l low c o l o r  i n  a l k a l i ,  and f l u o r e s c e s  u n d e r  U V  l i g h t .  Its molecu l s r  compos i t ion ,  

C19H1206, a s  de te rmined  by mass s p e c t r o s c o p y ,  d i f f e r s  from t h a t  of t h e  "on-phenolic  marsuksze- 

l a c t o n e  C),  CZ0Hl4O6, by one ca rbon  and two hydrogens.  

The s i m i l a r i t y  between the  two d imers  was brought  t o  the  fore by the  f a c t  t h a t  they  had 

1 
n e a r l y  i d e n t i c a l  UV s p e c t r a  (Exper imenta l ) .  This  s i m i l a r i t y  was f u r t h e r  underscored  by t h e  H 

NMR s p e c t r a  o f  t h e  two compounds. The CDC13 'H NMR spectrum o f  marsukaze- lac tone  i s  summarized 

around e x p r e s s i o n  2. The s p e c t r a  for  bhubaneswin i n  acetone-d and i n  CDCl a r e  p r e s e n t e d  around -6 3 

e n p r e e s i o n s  1 end 2, r e s p e c t i v e l y .  

The p r o t o n  s p e c t r a  of the  new dimer 2 d i f f e r  f rom r h a r  of 2 mainly by t h e  absence  o f  one of t h e  



methoxyl s i n g l e t s .  A l l  t h e  s p e c t r a  inc lude  two a r o m a t i c  p r o t o n s ,  e a c h  as d o u b l e t s ,  r e p r e s e n t -  

ing H-5 and  H-6, as w e l l  ae two one-proton a r o m a t i c  s i n g l e t s  due t o  H-5' and H-8'. I t  i s  t h u s  

evident  t h a t  bhubsneswin i s  a monophenolic a n a l o g  of m a t s u k s r e - l a c t o n e  g ) ;  and indeed O-methyl- 

a t i o n  o f  bhubaneswin (L) w i n g  d imethy l  s u l f a t e  gave r i s e  t o  2. 

order to d i f f e r e n t i a t e  between s t r u c t u r e  2 and a l t e r n a t e  e x p r e s s i o n  fi f o r  bhubaneswin, t h e  

d i m r  was s u b j e c t e d  t o  a s p e c i f i c  n u c l e a r  magne t ic  resonance nuclear  Overhauser  enhancement 

d i f f e r e n c e  s t u d y  (NMR N O E D S ) ~  i n  t h e  s o l v e n t  ace tone-c6 ,  t h e  r e s u l t  o f  which i s  i n d i c a t e d  i n  

express ion  2. I r r a d i a t i o n  of t h e  methoxyl s i n g l e t  s t  S 3.87 l e d  t o  a 33% i n c r e a s e  i n  t h e  area 

of the 6 7.07 s i n g l e t ,  w h i l e  i r r a d i a t i o n  of t h e  6 7.07 a b s o r p t i o n  gave a 3.1% i n c r e a s e  i n  t h e  

a rea  of t h e  6 3.87 s i n g l e t .  I t  shou ld  be noted h e r e  t h a t  r e c i p r o c a l  NOE's f o r  two n e i g h b o r i n g  

protons or sets  of p r o t o n s  a r e  n o t  n e c e s s a r i l y  e q u a l ,  b u t  depend on t h e  magnitude o f  t h e  r e l a x a -  

t i o n  t i m e s  TI. Thus, i r r a d i a t i o n  o f  a f a s t  r e l a x i n g  p ro ton  c l o a e  t o  a s low r e l a x i n g  one w i l l  

r e s u l t  i n  a l a r g e r  NOE f o r  t h e  s low r e l a x i n g  p r o t o n  than when t h e  reverse o p e r a t i o n  is c a r r i e d  

out? S t r u c t u r e  3 mus t ,  t h e r e f o r e ,  r e p r e s e n t  bhubaneswin. 

Fur the r  s u p p o r t  f o r  s t r u c t u r e  3 was o b t a i n e d  by a c e r y l a t i a n  of bhubaneswin t o  p rov ide  monoacetare 

5 .  The most  s a l i e n t  feature of t h e  CDCl NMR spec t rum of t h i s  d e r i v a t i v e  was t h a t  t h e  two-proton - 3  

aromatic  d o u b l e t  o f  d o u b l e t s  due t o  X - 5  and H-6 had now moved a p p r e c i a b l y  downf ie ld  t o  6 7.56 

and 7.15, r e s p e c t i v e l y .  Th is  r e f l e c t s  t h e  f a c t  t h a t  0 - a c e t y l a t i o n  occurred a t  a p h e n o l i c  func-  

t i o n  o r i g i n a l l y  p r e s e n t  i n  r i n g  A ,  r a t h e r  than  i n  r i n g  A ' ,  a s  r e q u i r e d  by e x p r e s s i o n  2 for 

bhubaneswin. 

nhvbaneswin @) and rnatsukaze-lactone (2) should be juxtaposed by t h e  known dimer 6 ,  named 

bieoumol, and found i n  l s d i n o  The b i o g e n e t i c  sequence t h u s  appears  t o  s t a r t  w i t h  t h e  

o x i d a t i v e  d i m e r i ~ a t i o n  of 7-hydronycoumarin t o  y i e l d  bicoumol (5),8'10 whose & 0-methy la t ion  

us ing  S-adenoeylmethionine l e a d s  to bhubaneswin (1). F u r t h e r  0 -methy la t ion  then  f u r n i s h e s  

matsukare- lacrone g ) .  

Known monomeric coumarins r e i s o l a t e d  i n  t h e  course of t h e  p r e s e n t  s t u d y  i n c l u d e  3 - ( l , l - d ~ & y l a l l y l >  

x s n t h y l e r i n ,  r u t a m a r i n  and bergap ten .  
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EXPERIMENTAI 

'H NHR s p e c t r a  were recorded  on a Bruker  200 or 360 KHz s p e c t r o m e t e r ,  and I3c s p e c t r a  were c o l -  

l ec ted  on a Bruker 50.32 MHz ins t rument .  NOE's were determined by use of FT NOE d i f f e r e n c e  spec-  

troscopy. Four r e a d i n g s  were a c q u i r e d  w i r h  t h e  decouple r  s e t  e x a c t l y  on a g i v e n  resonance, and 

four =ead ings  w i t h  t h e  decouple r  o f f - r e s o n a n c e  were then  s u b t r a c t e d .  Th is  p rocedure  was r e p e a t e d  

u n t i l  adequa te  s i g n a l  t o  n o i s e  r a t i o s  were ach ieved .  
9  

Isolation Procedure:  The whole p l a n t  (4.7 kg ,  d r y )  was c o l l e c t e d  i n  t h e  w e s t e r n  Himalayas d u r i n g  

june-July, 1981. The m i l l e d ,  a i r  d r i e d ,  p l a n t  was e x t r a c t e d  w i r h  h o t  hexane.  The s o l v e n t  was 

evaporated and t h e  r e s i d u e  kep t  i n  a r e f r i g e r a t o r  o v e r n i g h t .  The o i l y  mass t h a t  s e p a r a t e d  was 

filtered and  washed w i t h  hexane. The f i l t r a t e  was c o n c e n t r a t e d  (27 g ) ,  and p laced  on a s i l i c a  

g e l  column (300 g ) .  E l u r l o n  was f i r s t  w i t h  hexane ,  and then  w i t h  hexane mixed w i t h  i n c r e a s i n g  

amounts of e t h y l  a c e t a t e  

The t r a c t i o n  e l u t e d  wi rh  hexane f u r n i s h e d  a s o l i d  which on f u r t h e r  r e c r y s t a l l i z a t i o n  from hexane 

4 
supplied c o l o r l e s s  c r y s t a l s  of 3-(1,l-dimethylallyl)xanthyletin, 93 mg, mp 97-98- C ;  l i t .  mp 

98-99' C (acetone-petroleum e t h e r )  

E lu t ion  w i t h  hexane-e thy l  a c e t a t e  (94:6)  f u r n i s h e d  r u t a m a r i n ,  4 1  mg, mp 105-106' C.' Th i s  com- 

pound was fol lowed by b e r g a p t e n ,  83 mg, mp 188' C (MeOH); lit.' mp 188-191-C ( p e t .  etherCHC13). 

Following t h e  hexane e x t r a c t i o n ,  t h e  powdered p l a n t  m a t e r i a l  was e x t r a c t e d  w i t h  c o l d  chloroform. 

The e x t r a c t  (96 g )  was p laced  on a s i l i c a  g e l  column (600 g ) .  E l u t i o n  was f i r s t  w i t h  hexane ,  

Followed by hexane-benzene m i x t u r e s ,  benzene,  and f i n a l l y  benzene-e thy l  a c e t a t e .  Benzene e l u t i o n  

supplied a d d i t i o n a l  amounts o f  be rgap ten .  From t h e  benzene-e thy l  a c e t a t e  ( 9 : l )  e l u t i o n ,  c o l o r -  

l e s s  cubes of matsukaze- lac tone  @) were o b t a i n e d ,  85 mg, mp 266.267- C (CHC13); lit.' mp 267- 

268'C (acetone); which showed a b l u e  f l u o r e s c e n c e  under  U V  l i g h t .  F i n a l l y ,  t h e  p o l a r  f r a c t i o n ,  

e lu ted  w l t h  benzene-e thy l  a c e t a t e  (9 :2 )  f u r n i s h e d  c o l o r l e s s  n e e d l e s  of bhubaneswin (3) 0 4  mg) ,  

mp 320°C (acetone-CHC13 1 : 1 ) .  

~ a r s u k s z e - l a c r o n e  (2): max (MeoH) 209, 324 nm ( l o g  c 3 .94 ,  3 .80) .  13c NMR ( C D C I ~ )  i n  ppm 

56.2 (0CH3), 56.3 (OC%), 99.6 ( C - 8 ' ) ,  107 .7  (C-6) ,  112.3 (c-8)*, 113 .0  (c -4a8)* ,  113.1 

C* $1 
(c-3')**, 113.4 (C-3) , 113.8 (c-4a)*, 117 .9  (C-6 ' ) ,  128.6 ( C - 5 ' ) ,  130.8 (C-5). 143.5 (C-4) , 

143.6 (c-4 ' )" .  152 .8  ( ~ - 8 ~ ) " ' ,  156.0 (c-8a')B", 160.2 (c-2)i'1111, 160 .7  ( C - Z ' ) ' ~ ,  160.8 

Mi1 ( ~ - 7 ) ' ~ ,  161.2 (C-7 ' )  . 
Bhubsneswin (L); vmax K B ~  3250,  1725,  1680,  1600,  1205,  1145,  1100,  1005,  910, 825 

h max (MeOH) 211,  326 nrn ( log  E 4 .08 ,  3 .95) ;  ). max (M~OH-OH-) 213, 356,  375 nm ( l o g  € 4 .15 ,  

3.80, 3 .81) .  IJC NMR (DMSO-d6) i n  ppm 56.2 (C-7' 0CH3), 99.4 (C-a ' ) ,  111.0 (C-61, 111.2 ( c -6 ) * ,  

** C* 
111.4 (c-&.')*, 111 .9  (c-4a)*, 112.5 ( c - 3 ' )  , 112.7 (C-3) , 118.2 (c -6 ' ) .  128.6 ( c - 5 ' ) ,  131.1 
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*** 
(C-5) ,  144.1 (C-4 ' )  , 144.7 (c-4)***, 152.9 ( F a s ) + ,  155.3 ( c - B ~ ' ) ' ,  159.0 ( ~ - 7 ) ~ ' ~ ' ,  160.1 

Bii 
(c-z)~",  160.2 (c-2 ' )"#,  1 6 0 . 6  (C-7 ' )  ; rns mi? 336 (M') ( l o o ) ,  319 (12) ,  305 ( 3 5 ) ,  291 ( I S ) ,  

277 ( 1 3 ) ,  265 ( 1 7 ) ,  249 ( l l ) ,  163 ( 7 ) ,  152 (11) .  

0 -Methy la t ion  of 2: Bhubaneswin (40 mg), anhydrous potassium c a r b o n a t e  (80 mg) and dimethy l  

s u l f a t e  (0.2 mL) i n  d r y  acetone (15 mL). were r e f l u x e d  fo r  3 h.  Removal of t h e  s o l v e n t  gave 

a r e s i d u e  which was poured i n t o  w a t e r .  R e c r y s t a l l i z a t m n  of t h e  c o l o r l e s s  c r y s t a l s  provided 2 

0 3  mp) s p e c t r a l l y  i d e n t i c a l  w i t h  macsukaze-lactone,  mp 266.267' C (CHC13). 

0 - A c e t y l a t i o n  of 2: Bhubaneswin (25 mg) was d i s s o l v e d  in p y r i d i n e  (2 d r o p s )  and a c e t i c  anhydride 

(2 mL) was added.  The s o l u t i o n  was l e f t  a t  room temp overn igh t .  Work-up l e d  t o  monoacerate  I, 

C21H1407, 12 mg, mp 275' C (CH2C12). 
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