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ORGANIC PREPARATIONS AND PROCEDURES INT.  lh(1-2). 1-8 (1982) 

SYWIEESIS OF (f)-NIRANTHIN 

G a i l  E.  Schneiders  and Robert Stevenson" 

Department of  Chemistry, Brandeis U n i v e r s i t y  
Waltham, MA 02254, USA 

The p l a n t  Phy l l an thus  n i r u r i  Linn. (Euphorbiaceae) pro- 

v i d e s  an abundant sou rce  f o r  l i g n a n s ,  and s i x  members have 

been i s o l a t e d  by Ramachandra Row and co l l eagues .  Four of 

these (hypophyl lanthin,  n i r t e t r a l i n ,  p h y l t e t r a l i n  and l i n t e -  

t r a l i n )  are a r y l t e t r a l i n s ,  whose s t r u c t u r e s  have r e c e n t l y  been 

e s t a b l i s h e d  by t o t a l  s y n t h e s i s  ,4 and two ( p h y l l a n t h i n  and n i r -  

1-3 

a n t h i n )  are d i a r y l b u t a n e s .  The 

has been r i g o r o u s l y  e s t a b l i s h e d  

s t r u c t u r e  of (+ )  -phyllanthin 1,5 

as 2SY3S-bis(3',4'-dimethoxy- 

1 O O M e  
OM e - 

O J  
benzy l )  -butane-1,4-diol  dimethyl  ether (1) - by i n t e r r e l a t i n g  

w i t h  (-)-eudesmin, and ( + ) - n i r a n t h i n  i s  b e l i e v e d  t o  have the 

c o n s t i t u t i o n  - 2. 2 y 6  W e  now d e s c r i b e  a p r e p a r a t i o n  of ( * ) - n i r -  

1 
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SCHNEIDERS AND STEVENSON 

anthin, the sole remaining member for which no synthesis has 

been reported. 

The ready availability of 3- (3,4-dimethoxybenzyl)butyro- 

lactone (3) - 7y8 and 3-methoxy-4 , 5-methylenedioxybenzaldehyde 

(4)9J0 at hand from other projects, 

synthesis pathway. The lithium enolate of 3, prepared by 

8,lO governed the chosen 

- 

3 0 - 

+ 
M 

eO go- \ 

k 0-I  
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SYNTHESIS OF (*)-T\IIRANTHIN 

the a c t i o n  of l i t h i u m  di isopropylamide i n  t e t r ahydro fu ran ,  

r eac t ed  wi th  aldehyde - 4 to g i v e  i n  e x c e l l e n t  y i e l d ,  t h e  ex- 

pected mixture of epimeric a l c o h o l s  ( 5 ) ,  8911-13 c a t a l y t i c  

h y d r o g e n ~ l y s i s l ~  of which y i e lded  2- 3-methoxy-4 , 5-methylene- 

d~oxybenzyl)-3-~3,4-dimethoxybenzyl)butyrolactone ( 6 ) .  - R e -  

duct ion of 6 w i t h  l i t h i u m  aluminium hydr ide  gave t h e  d i o l  7 ,  

which without  p u r i f i c a t i o n ,  w a s  methylated ( M e I ,  N a H ,  DMSO) 

t o  y i e l d  ( + )  - n i r a n t h i n  ( 2  ) . 

_- 

- - 

- 

Since a specimen of n a t u r a l  ( + ) - n i r a n t h i n  was unava i l -  

a b l e  f o r  comparison, the s y n t h e t i c  product  was f u r t h e r  char-  

a c t e r i z e d  by bromination. The n a t u r a l  product  y i e l d e d  a t r i -  

bromo derivative, which was assigned s t r u c t u r e  8 on the b a s i s  

of the p m r  spectrum. W e  f i n d  t h a t  the s y n t h e t i c  n i r a n t h i n  

a l s o  y i e l d s  a t r ibromo product  whose s t r u c t u r e  8 i s  confirmed 

by the m a s s  spectrum, which i n  a d d i t i o n  t o  r e v e a l i n g  the M 

- 

- 
+ 

i so tope  c l u s t e r  ( C 2 4 H 2 g 0 7 B r 3 )  g i v e s  t h e  expected cleavage 

ions,  ion ' a '  ( C 9 H 7 0 3 B r 2 )  and i o n  'b '  I C g H l 0 O 2 B r ) .  

3 
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S C H N E I D E R S  AND STEVENSON 

EXPERIMENTAL 

trans-2-(3-Methoxy-4,5-methylened~oxy-~-hydroxybenzyl)-3- 

(3,4-dimethoxybenzyl) -Y-butyrolactones ( - 5). - - n-Butyllithium 

(2.55 M, 1.17 ml) was added to a stirred solution of tetra- 

hydrofuran (3 ml) at 0" under nitrogen, followed by diisopro- 

pylamine (0.42 ml) added dropwise over 5 min. The mixture 

was then cooled to -78", with stirring for 10 min. and a solu- 

tion of the lactone (2)(472 mg) in tetrahydrofuran (5 ml) 

added dropwise over 5 min., with stirring €or a further 15 

min. The aldehyde'' ( 5 )  (350 mg) in tetrahydrofuran (5 ml) 

was then added over 5 min., with stirring for an additional 

8 

30 min. at -78", after which hydrochloric acid (1 N, 5 ml) 

was added, and the mixture allowed to warm to room temp. The 

layers were separated, and the aqueous phase extracted with 

ethyl acetate. The combined organic extracts were washed and 

dried in the usual way, and on evaporation yielded the epi- 

meric hydroxybenzyl lactones (5) - as a pale yellow oil (790 

mg), 6 (CDC1,) 4.75 (d, J = 10 Hz) and 5.18 (d, J = 3 Hz) cor- 

responding to the ArCHOH - protons in approximately equal in- 

tegrated intensity, and used without attempted separation or 

further purification. 

oxybenzy1)-butyrolactone (6). - - A solution of the lactones (5) - 

(780 mg) in ethyl acetate (60 ml) was stirred under hydrogen 
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SYNTHESIS OF (f)-NIRANTHIN 

w i t h  palladium-carbon (lo”/,, 800 m g )  ove rn igh t .  A f u r t h e r  1 . 3  

g of  c a t a l y s t  w a s  then added and r e a c t i o n  cont inued f o r  36 hr .  

Removal of c a t a l y s t  and s o l v e n t  gave a r e s i d u a l  o i l  (480 mg), 

and e x t r a c t i o n  of the f i l t e r e d  c a t a l y s t  ( S o x h l e t )  w i t h  chloro-  

form y ie lded  a f u r t h e r  250 m g  of o i l  product .  Chromatography 

of these r e s i d u e s  on s i l i c a  gel (40  g )  w i t h  d-iloroform (500 m l )  

y i e lded  a s  the i n i t i a l  e lua t e14  the l a c t o n e  ( 6 )  as  an o i l  

(250 m g ) ,  6 ( C D C 1 , )  2.2-3.2 ( m y  6H, H-2 and 3 ,  t w o  A r C H 2 ) ,  

3.84 (s, 9H, three O M e ) ,  3.9-4.4 ( m y  2H,  - C H 2 0 ) ,  5.89 ( s ,  2 H ,  

- O C H 2 0 - ) ,  6.28 (s, 2H,  H - 2 ’  and 6 ’ )  and 6.42-6.84 ( m ,  3H, 

H-2“,5“ and 6 ” ) .  

Anal. Calcd. f o r  C 2 2 H 2 4 0 7 :  m/e  400.15220. Found: m / e  400.15307. 

- 

- 

( f ) - N i r a n t h i n  ( 2 ) .  - - A s o l u t i o n  of t h e  l a c t o n e  ( 6 ) ( 1 7 5  - mg) i n  

t e t r ahydro fu ran  (20  m l )  w a s  added dropwise t o  a suspension of 

l i thium aluminium hydr ide  (100 mg) i n  the s a m e  s o l v e n t  (10  m l )  

and the mixture  s t i r r e d  a t  room t e m p .  f o r  3 hr. Excess re- 

agent  was decomposed by a d d i t i o n  of e t h y l  a c e t a t e ,  and t h e  

decanted o rgan ic  l a y e r  washed, d r i e d  and evaporated t o  y i e l d  

the d i o l  ( 7 )  - as a c o l o r l e s s  oil (111 mg), d ( C D C 1 , )  1 .7 -2 .0  

( m y  C H ) ,  2.4-2.8 im, two A r C H 2 ) ,  3.3-3.9 ( m ,  C H 2 0 H ) ,  - 3.82 

( s ,  t h r e e  O M e ) ,  5.86 i s ,  - O C H 2 0 - ) ,  6.28 ( b r . s ,  H - 2 ‘  and 6 ’ )  

and 6.60-6.76 ( m ,  H-2”,5” and 6 ” ) .  

A sodium h y d r i d e - o i l  suspension (57%, 0 .9  g )  was washed 

f o u r  t i m e s  w i th  pentane,  covered w i t h  dimethylsulphoxide and 

added po r t ionwise  t o  a s o l u t i o n  of the d i o l  ( 7 ) ( 1 1 0  mg) and - 
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SCHNEIDERS AND STEVENSON 

methyl iodide (0.27 m l )  i n  dimethylsulphoxide 1 0  m l ) .  More 

methyl i od ide  (0 .25  m l )  was added, the mixture s t i r r e d  a t  

room t e m p  f o r  1 hr. and the p rocess  repeated.  Water ( 1 5  m l )  

w a s  t hen  c a r e f u l l y  added, and the r e a c t i o n  worked up  

ether e x t r a c t i o n .  The r e s i d u a l  o i l  obtained from the washed 

and d r i e d  e x t r a c t  w a s  d i s so lved  i n  l i g h t  petroleum and 

chromatographed on alumina (11 x 1 cm. d i a .  ) .  A f t e r  e l u t i o n  

w i t h  the same s o l v e n t  (200 m l ) ,  l i g h t  petroleum-methylene 

c h l o r i d e  ( 2 0 0  m l )  e l u t e d  2-(3',4'-dimethoxybenzyl)-3-(3''- 

methoxy-4 " , 5" -methylened ioxybenzyl ) -butane- 1 , 4 -d iol dimethyl 

ether [ ( * ) - n i r a n t h i n l  (2) - a s  f i n e  need le s ,  m p  89.5-90' (from 

hexane ) ,  h ( C D C 1 3 )  1.84-2.16 ( m y  C H ) ,  2.60 ( d ,  J = 8 Hz, ArCH2), 

3.30 ( s ,  C H 2 0 M e ) ,  - 3.34 (br .s ,  C H 2 0 M e ) ,  - 3.80 ( s ,  A r O M e ) ,  3.83 

(s, A r O M e ) ,  3.84 f s ,  A r O M e ) ,  5.89 ( s ,  -OCH20-), 6.24 and 6.29 

( each  d ,  J = 1 H z ,  H - 2 '  and 6 ' )  and 6.56-6.76 ( m y  H - 2 " ,  5" 

and 6 " ) .  

- Anal. Calcd. f o r  C 2 4 H 3 2 0 7 :  C ,  66.65; H,  7.46 

Found: C ,  66.63; H,  7.49% 

(+)Tribromoniranthin.  - A s o l u t i o n  of bromine (64 mg) i n  

chloroform ( 5  m l )  was added t o  a s o l u t i o n  of ( * ) - n i r a n t h i n  

(40 mg) i n  chloroform ( 5  m l )  over  10 min, and s t i r r e d  a t  room 

temp, f o r  1 hr.  The mixture  w a s  washed w i t h  d i l u t e  sodium 

s u l p h i t e ,  w a t e r ,  d r i e d  and evaporated t o  g i v e  a r e s i d u a l  o i l ,  

p u r i f i e d  by p r e p a r a t i v e  t . 1 . c .  (Whatman, s i l i ca  g e l ,  chloro-  

form, Rf 0 . 4 ) .  c r y s t a l l i z a t i o n  from methanol gave 2 - ( 2 / -  
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SYNTHESIS OF (+)-NIRANTHIN 

b r o m o - 4  ’ , 5 - d i m e t h o x y b e n z y l  ) -3 - ( 2 , 6’ - d i b r o m o - 3  - m e t h o x y - 4  ’ , 
5”-methylenedioxyhenzyl) - b u t a n e - l Y 4 - d i o l  d i m e t h y l  - -  ether ( 8 )  

as need le s ,  m p  119.5-120”,  6 ( C D C 1 , ) 1 . 9 - 2 . 4  (my C H ) ,  2 . 8 2  

( d ,  J = 7 H z ,  A r C H 2 ) ,  3.06 ( d ,  J = 7 H z ,  A r C H 2 ) ,  3 . 2 8  ( s ,  

C H 2 0 M e ) ,  - 3.33 ( s ,  C H 2 0 M e ) ,  - 3 . 2 - 3 . 6  ( m y  C H 2 0 M e ) ,  - 3 . 7 8  ( s ,  

A r O M e ) ,  3 .82  ( s ,  A r O M e ) ,  3 .98 ( s ,  A r O M e ) ,  6.00 ( s ,  - O C H 2 0 - ) ,  

6.68 ( s ,  H - 6 ‘ )  and 6.92 ( s ,  H - 3 ’ ) .  

670,668 and 666 (M , C 2 4 H 2 9 0 7 B r 3 ) ,  3 2 5 , 3 2 3 , 3 2 1  ( i o n  ‘ a ‘ ,  

C g H 7 0 3 B r 2 )  and 2 3 1 , 2 2 9  ( i o n  ‘ b ’ ,  C 9 H 1 o 0 2 B r ) .  

- Anal. C a l c d .  fo r  C 2 4 H 2 g 0 7 B r 3 :  C ,  43.07; H,  4 .37  

Mass s p e c t r u m :  m/e  6 7 2 ,  

+ 

Found: C ,  4 3 . 2 6 ;  H, 4 . 4 1 %  
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