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POLYHERIZATION AND/OR R E A R R A N G E I E N T  REACTIONS OP ACRONYCINE AND RELATED 
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A b s t r a c t  - B y  t r e a t i n g  a c r o n y e i n e  or n o r a c r o n ~ c i n e  with methanolic 

h y d r o c h l o r i c  a c i d ,  s e v e r a l  o l i g o a e r s  u e r e  o b t a i n e d ,  i n c l u d i n g  

c o m p o u n d s  possessing a rearranged partial structure. Ce have also 

s u c c e e d e d  in t h e  s e l e c t i v e  s y n t h e s e s  of mononers and/or a l i g o m e r s  o f  

n o r a c r o n y e i n e  a n d  r e l a t e d  e o n p o u n d s  by a l t e r i n g  t h e  r e a c t i o n  

condition(s). Further, polynerization and/or r e a r r a n g e m e n t  reaction 

m e c h a n i s m s  u e r e  e x a m i n e d  by t h e  c o m b i n a t i o n  of t h e  r e a c t i o n s  u s i n g  

D-substituted r e a g e n t s  and 'H-nor spectroscopic analysis. 

A c r o n y c i n e  (1). i s o l a t e d  f r o a  t h e  b a r k  o f  t h e  A u s t r a l i a n  s c r u b  a s h  B a u r e l l a  

s i m ~ l i e i f o l i a  (Endl.) Hartley (Rutaeeae) ( s u n  Aeranychia baueri Scott) in 1 9 4 8  was 

o n e  o f  t h e  f i r s t  a e r i d a n e  a l k a l o i d s  t o  b e  i s o l a t e d  f r o m  n a t u r a l  

S u b s e q u e n t l y ,  it was shown that 1 possessed t h e  broadest antitumor spectrum of any 

known a l k a l ~ i d ~ - ~ .  

L 
1 R = CHI - - 
6 R = H  - 

T h e  c h e m i c a l  s t r u c t u r e  o f  a c r o n y c i n e  (1) w a s  f i n a l l y  e s t a b l i s h e d  i n  1 9 6 6 .  

G n t i l  t h a t  t i m e  it had b e e n  u n c e r t a i n  w h e t h e r  t h e  p r e n y l  m o i e t y  attached to t h e  

C 2 - Q  p o s i t i o n  of t h e  a c r i d o n e  ( 2 )  s k e l e t o n  was eyclized t o  C I ,  a s  i n  structure 1 
( a n g u l a r  f o r o ) ,  o r  t o  C s  t o  h a v e  s t r u c t u r e  3 ( l i n e a r  form)7-'. T h r o u g h  
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a combination of chemical d e g r a d a t i o n b 8 ,  s p e e t r o s ~ o p i e ~ ~ ~ ' ~ ,  crystallographic" and 

s y n t h e t i c u  s t u d i e s  t h e  structure of a e r o n y e i n e  (1) was established as t h e  angular 
f o r m  a n d  c o m p o u n d  Q, w h i c h  p o s s e s s e s  t h e  l i n e a r  a r r a n g e m e n t  b e c a m e  k n o w n  as 

isoacronycine. 

T h o u g h  a b o u t  f i f t y  n a t u r a l l y  o c c u r r i n g  a c r i d o n e  a l k a l o i d s  h a v e  b e e n  r e p o r t e d ,  

a l l  o f  t h e m  f r o m  r u t a e e o u s  p l a n t s ,  v e r y  l i t t l e  i s  k n o w n  a b o u t  t h e  c h e m i c a l  

c h a r a c t e r i s t i c s  o f  t h i s  group o f  compounds. 

I t  w a s  r e p o r t e d  t h a t  w h e n  a e l i c o p i n e  ( 4 )  w a s  r e f l u x e d  in a  m i x t u r e  o f  1 0 C  H C 1 -  

EtOH 1 2 . 5 ,  normelicopine 5 was obtained in a v e r y  good y i e l d 1 $ .  O n  t h e  other 

hand. B r o u n  g d. re p o r t e d  t h a t  w h e n  a c r o n y c i n e  (1) was t r e a t e d  under t h e  s a m e  

r e a c t i o n  c o n d i t i o n s ,  n o r a e r o n y e i n e  ( 8 )  c o u l d  n o t  be i s o l a t e d  f r o m  t h e  r e a c t i o n  

mixture.' 

A s  a p a r t  o f  a l a r g e r  p r o g r a m  e x a m i n i n g  t h e  potential development of d e r i v a t i v e s  

o f  a e r o n y c i n e  a s  a n t i t u m o r  a g e n t s ,  we w e r e  interested in these r e p o r t s  and these 

e x p e r i m e n t s  were reexamined. As a result, i t  was s h o w n  that t h e  reaction product 

was a eompler mixture of more than t e n  c o m p o u n d s  including n o r a c r o n ~ c i n e  (5). 
T h r o u g h  t h e  i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  t h e s e  r e a c t i o n  products it became 

a p p a r e n t  t h a t  not only demethylatian, but also rearrangement and/or polynerization 

r e a c t i o n s ,  had occurred and that dimers, trimers, t e t r a m e r s  and pentamers had been 

s y n t h e s i ~ e d " ~ ~ . ~ ~ . ~ ~ .  T h e s e  w e r e  t h e  f i r s t  r e p o r t s  of s u c h  i n t e r m o l e c u l a r  

condensation r e a c t i o n s  ~ a  C - C  bond in the a c r i d a n e  alkaloids series. 

O n  t h e  o t h e r  h a n d ,  s e l e c t i v e  s y n t h e s e s  a n d  s t u d i e s  o f  t h e  m e c h a n i s m s  o f  

f o r m a t i o n  o f  v a r i o u s  d i m e r s ,  trimers and t e t r a m e r s  have been e ~ t a b l i s h e d ' ' ~ ~ ~ ~ ~ ' ~  

I n  addition, spectroscopic s t u d i e s  o f  aeronyeine (I) and related c o m ~ o u n d s  

'6, rrearrangenent of angular t y p e  a e r i d o n e  d e r i v a t i v e s  t o  linear t y p e  c o m v o u n d s  and 

t h e i r  r e a c t i o n  aeehanisrns21.2*.2'.2"~ sell a s  phytoehemical s t u d i e s  o n  Baurella 

s i ~ ~ l i c i f o l i a ' 8  h a v e  been conducted. 

I n  t h i s  r e v i e w  a r t i c l e .  t h e  c h e m i c a l  a n d  s p e c t r o s c o p i c  c h a r a c t e r i s t i c s  o f  t h e  

r e a c t i o n  p r o d u c t s  a r e  d i s c u s s e d ,  t o g e t h e r  w i t h  t h e  s e l e c t i v e  s y n t h e s e s  o f  t h e  

v a r i o u s  p o l y m e r s  o f  a c r a n y e i n e  and related c o m p o u n d s  and s t u d i e s  o n  t h e  m e c h a n i s m s  

o f  t h e  p o l y n e r i z a t i o n  a n d  r e a r r a n g e m e n t  r e a c t i o n s  t h r o u g h  t h e  c o m b i n a t i o n  o f  

deuterium labelling and nmr spectroscopy. 

2. REACTIOSS OP ACRONYCIkE (1) AND RELATED C O X P O U N D S  WITH HOT XETHANOLIC HCL 
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2 . 1 .  R e a c t i o n  o f  A c r o n y c i n e  (1) u i t h  H o t  H e t h a n o l i c  HC1 

A c r o n y c i n e  (1) w a s  d i s s o l v e d  i n  m e t h a n o l i e  H C 1  a n d  r e f l u x e d  f o r  6  h .  T h e  

r e d d i s h  r e a c t i o n  m i x t u r e  w a s  d i l u t e d  u i t h  w a t e r ,  a n d  work U P  o f  t h e  C H C l a  s o l u b l e  

f r a c t i o n  a f f o r d e d  a n  o r a n g e - r e d  p o w d e r : " .  T I C  a n a l y s i s  s h o w e d  t h e  p r e s e n c e  n o t  

o n l y  o f  n o r a e r o n y e i n e  ( 8 ) .  b u t  a l s o  many new p r o d u c t s  a n d  a c o n s i d e r a b l e  amount  o f  

s t a r t i n g  m a t e r i a l .  

2 . 2 .  R e a c t i o n  o f  N o r a c r o n y c i n e  ( 5 )  w i t h  H o t  j e t h a n o l i c  HCI 

l h e n  t h e  r e a c t i o n  w a s  r e p e a t e d  w i t h  n o r a e r o n y c i n e  ( 6 ) .  t h e  s a n e  r e a c t i o n  

m i x t u r e ,  e x c e p t  f a r  a e r o n y c i n e  ( I ) .  w a s  p r o d u c e d  i n  b e t t e r  y i e l d " .  I t  " a s  

c o n c l u d e d  t h a t  t h e  n e u  p r o d u c t s  were d e r i v e d  f r o m  5 w h i c h  h a d  b e e n  g e n e r a t e d  

t h r o u a h  d e a e t h y l a t i o n  o f  1. I n  s u b s e q u e n t  e x p e r i m e n t s ,  6 was  u s e d  a s  t h e  s t a r t i n g  

m a t e r i a l .  h o r a c r o n y e i n e  ( 5 )  was p r e p a r e d  i n  9 0 %  y i e l d  by t r e a t i n g  t h e  H C l  s a l t  o f  

1 ( r e d  n e e d l e s )  a t  1 4 0 T  f a r  1 h o u r 8 6 .  

2 . 3 .  T l c  A n a l y s i s  o f  t h e  R e a c t i o n  3 i r t u r e  

T h e  e o n ~ o u n d s  a p p e a r i n g  w h e n  t h e  c r u d e  r e a c t i o n  p r o d u c t  w a s  d e v e l o p e d  u i t h  

b e n z e n e - E t O A e  ( 9 : l )  o n  s i l i c a  g e l  ( P i g .  1 )  w e r e  named A B - I ,  AB-2. AB-3,  AB-4, A B -  

5 1 .  A B - 5 8 .  AB-6A a n d  6 6 - 6 0 ,  r e s p e c t i v e l y .  T h e  name AB d e r i v e d  f r o m  t h e  o r i g i n a l  

p l a n t  name ( A c r o n y c h i a  u) f r a a  w h i c h  a c r o n y c i n e  ( I )  h a d  b e e n  i s o l a t e d .  

F ig .  1. T l c  o f  t h e  r e a c t i o n  m i x t u r e  ( K i e s e l g e l  

60  F % 5 b ,  Merck, b e n z e n e - E t O A c  9 : l ) .  

3. P b R I P I C A T I 0 6  A N D  CHARACTERIZATION OP THE REACTION PRODUCTS 

3 . 1 .  I s o l a t i o n  a n d  C h a r a c t e r i z a t i o n  o f  A B - 1  a n d  AB-2 

T h e  r e a c t i o n  p r o d u c t  w a s  c h r o o a t o g r a p h e d  a v e r  s i l i c a  g e l  f o l l o w e d  b y  r e p e a t e d  

p r e p a r a t i v e  T l c  t o  a f f o r d  AB-1 a n d  AB-2 a s  y e l l o w  p o w d e r s " .  

U v  s p e c t r a  o f  t h e s e  c o m p o u n d s  w e r e  c h a r a c t e r i s t i c  o f  t h o s e  o f  a c r i d o n e  

a l k a l o i d s  a n d  a m o l e c u l a r  i o n  a t  !/z 6 1 4  u a s  o b s e r v e d  i n  b o t h  c o m p o u n d s ,  i n d i c a t i n g  



a mass t w i c e  t h a t  o f  5 (IY 307). O n  t h e  other hand, the ' H - n m r  s p e c t r a  o f  t h e s e  

c o m p o u n d s  u e r e  v e r y  s i m i l a r  t o  each other. Two 2 - m e t h y l  moieties, t w o  h y d r o g e n -  

b o n d e d  p h e n o l i c  O H  r r o u p s  a n d  t w o  p a i r s  o f  g e m i n a l  m e t h y l  g r o u p s  uere common in 

b o t h  c o m p o u n d s .  T h u s ,  it was c o n c l u d e d  t h a t  b o t h  A B - 1  a n d  A B - Z  uere d i m e r s  of 

noraeronycine ( 6 ) .  
I n  t h e  ' H - n o r  s p e c t r a  o f  t h e s e  c o m p o u n d s ,  s i g n a l s  a t t r i b u t e d  t o  t h r e e  

h y d r o g e n s  w h i c h  h a d  n o t  b e e n  o b s e r v e d  in t h e  ' H - n m r  spectrum of 6  uere observed. 

W h e r e a s  t w o  of t h e  s i g n a l s  a s s i g n e d  t o  C I - H ,  C r - H  a n d  C s - H  o f  noracronycine (6) 

d i s a p p e a r e d  in t h e  ' H - n m r  spectra of A B - 1  and AB-2. Therefore, it was considered 

t h a t  t h e  C I  position of one noracronycine (5) unit was attached t o  t h e  C5 position 

of t h e  s e c o n d  5 u n i t .  T h e  s i g n a l s  a t t r i b u t e d  t o  t h e  t h r e e  hydrogens described 

a b o v e  w e r e  e x p l a i n e d  as i n d i c a t e d  i n  Pig. 2". B u t  t h e  s t r u c t u r a l  d i f f e r e n c e  

between these t w o  e o n p o u n d s  was still unknown. 

An-1 AB-Z 

Ha d 5.165 (1".  dd, J= 7. 12 Hz1 6 4.904 O H ,  dd,  J= 8 ,  72 Hz)  

Hb lax) 1.861 I I H ,  dd, J- 12 ,  12 H Z )  2 . 235  I l H .  dd. J- 12. 12 Hz)  

H~ (eg) 2.177 l 1 H .  dd, J- 7. 12 Hz1 2.10a I l H ,  dd, J- 8. 12 Hz) 

Fig. 2. Newly appeared 'H  nmr signals of AB-1 and AB-2. 

3.2. S t r u c t u r e s  of A B - 1  ( I )  a n d  1 8 - 2  ( 9 )  

T h r o u g h  t h e  X - r a y  c r y s t a l l o g r a p h i c  a n a l y s i s  o f  A B - 1  (Pig. 31, t h e  s t r u c t u r e  of 

t h i s  e o a p o u n d  w a s  d e f i n e d  I ,  i.e. p o s s e s s i n g  t h e  a n g u l a r - a n g u l a r  t y p e  ( A - A  t y pe) 

skeleton. On t h e  o t h e r  hand, we were surprised t o  find that t h e  s t r u c t u r e  of A B - 2  

w a s  d e f i n e d  a s  8, i.e.. a dimer composed of a l i n e a r  (1 type) isonoracronyeine ( 8 )  
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u n i t  a n d  a n  a n g u l a r  n o r a e r o n y e i n e  ( 6 )  u n i t  t o  form a n  L - A  s k e l e t o n  ( F i g .  5). 
~ h ~ o ~ ~ h  t h e  X - r a y  a n a l y s i s  o f  A B - 1  (1) .  it was shown that a n  a c e t o n e  molecule lay 
b e t w e e n  t w o  A B - 1  m o l e c u l e s  ( P i g .  4 )  a n d  t h a t  b B - l  (2 )  possessed a bent or curled 

( = a  90' ) s t r u c t u r e  w h e r e a s  A B - 2  (9) p o s s e s s e d  a  s t r e t c h e d  s h a p e  (Fig. 61" .  

Physieochemical properties of t h e s e  c o a p o u n d s  have b e e n  d e f i n e d e 3 .  

Fig. 3 .  Atomic d i s t a n c e s  and angles  of AB-1. Standard 

dev ia t ions  of atomic d i s t ances  a r e  l e s s  than 

0.01 i, and of t h e  angles  l e s s  than 0 .9" .  

Fig.  4.  C r y s t a l  s t r u c t u r e  and molecular packing i n  t h e  

u n i t  c e l l  of AB-1. Acetone molecules a r e  v i s i b l e  

i n  t h e  channel between t h e  two l a y e r s  of s t ack ing .  



F i g .  5. Atomic d i s t a n c e s  and a n g l e s  of  AB-2. 

Fig .  6 .  C r y s t a l  s t r u c t u r e  and m o l e c u l a r  p a c k i n g  i n  t h e  

u n i t  c e l l  of AB-2. 

3 . 3 .   lation ti on and s t r u c t u r e  E l u c i d a t i o n  of  AB-3 (10). AB-4 ( U ) ,  AB- jA  ( 1 2 ) s  A B - 5 B  

(13). AB-6A (14) and AB-8B (15) 

B e c a u s e  t h e  s t r u c t u r e s  o f  A B - 1  (1)  a n d  A B - 2  ( 9 )  were  e s t a b l i s h e d  a n d  t h e  

p h y s i e o e h e m i e a l  p r o p e r t i e s  o f  t h e s e  compounds d e f i n e d " . 2 3 ,  s t r u c t u r e s  o f  A B - 3  

, AB-4  , A B - 5 6  ( 1 2 ) 2 5 ,  110.58 ( 1 3 ) 2 e r  AB-6A (14)2' and AB-6B (GIe7  
c o u l d  b e  e s t a b l i s h e d  t h r o u g h  t h e  p h y s i c o c h e m i c a l  a n a l y s i s  o f  t h e s e  compounds.  

l a n e l y ,  s t r u c t u r e s  o f  t h e s e  compounds were concluded t o  be canposed af 8 and 5 and 

p o s s e s s e d  t h e  A (lJ)'8. A - A - A - A  , A - A - A - A - A  ( 1 2 ) 2 s ,  L - A - A - A  (13)26. 
L - A - A - A - A  (u)27 a n d  A - A - A - A - A  (lj)21 s k e l e t o n s ,  r e s p e c t i v e l y .  S i n c e  both AB-5A 
(12) and A B - 6 8  (15) a r e  p e n t a m e r s  c a n p o s e d  of a l l  a n g u l a r  u n i t s ,  i t  was deduced 

t h a t  t h e r e  a r e  d i f f e r e n c e s  i n  t h e  t h r e e  d imens iona l  s t r u c t u r e s  of t h e s e  compounds. 



HETEROCYCLES. Vol. 29, No. 

CHI 

4 .  SELECTIVE SYNTHESIS OP A B . 1  ( T ) ,  d B - 2  (9). A B - 3  (10). A B - 4  (11) AKD R E L A T E D  

COKPOUNDS 

4 . 1 .  S e l e c t i v e  S y n t h e s i s  o f  V a r i o u s  P o l y m e r s  t h r o u g h  P o l y m e r i z a t i o n  

S t r a t e g i c a l l y ,  i t  w a s  c o n s i d e r e d  t h a t  t h e  p o l y m e r i z a t i o n  r e a c t i o n  c o u l d  b e  

c a r r i e d  o u t  b e t w e e n  a s n a l l  a n o u n t  o f  n o r a c r o n y e i n e  ( 8 )  a n d  a n  e x c e s s  o f  d i h y d r o -  

n o r a c r o n y e i n e  (16). B e c a u s e  18 l a c k s  t h e  C I - C 2  d o u b l e  b o n d  a n d  p o l y m e r i z a t i o n  
b e t w e e n  t w o  m o l e c u l e s  o f  is is  i a p o s s i b l e ,  i t  was c o n s i d e r e d  t h a t  d i h y d r o  AB-1 (17) 
l a c k s  t h e  c o u p l i n g  s i t e  t o  p o l y m e r i s e  w i t h  fi a n d  g i v e n  t h e  low c o n c e n t r a t i o n  o f  6, 
t h e  c o u p l i n g  r e a c t i o n  s h o u l d  s t o p  when  @ was t h o r o u g h l y  u s e d .  I t  was i n i t i a l l y  

e s t a b l i s h e d  t h a t  n o  r e a c t i o n  o c c u r r e d  " h e n  d i h y d r o n o r a e r o n y c i n e  (16) was r e f l u x e d  

a l o n e  w i t h  m e t h a n o l i c  HCI". 

20 Rl = R2= CHI 



4.1.1. D i m e r i z a t i o n  R e a c t i o n  b e t w e e n  Y o r a e r o n y e i n e  ( 6 )  a n d  D i h y d r o n a r a e r o n y c i n e  

(16) 

. Y o r a e r o n y c i n e  ( 6 )  a n d  d i h y d r o n o r a e r a n y c i n e  (16) w e r e  m i x e d  i n  t h e  r a t i o  1:10 

a n d  r e f l u x e d  in nethanolie HC1 f o r  6 h .  By mixing 6 and u in t h e  ratio 1:10, it 

w a s  a n t i c i p a t e d  that a molecule of 6 would react preferentially with a d i h y d r o n o r -  

a e r o n y c i n e  molecule (18) as described above. I n  t h e  e v e n t ,  a diner of HW 6 1 8  was 

o b t a i n e d  in 86% yield". B e c a u s e  t h e  p r o d u c t  was e s t i m a t e d  t o  be d i h y d r o  A B - 1  

(17). a d i h y d r o  d e r i v a t i v e  of A B - 1  was prepared by c a t a l y t i c  hydrogenation o f  A B - l  

( 1 ) .  C o m p a r i s o n  o f  t h e  t w o  products indicated that t h e  product obtained t h r o u g h  

t h e  c o u p l i n g  r e a c t i o n  w a s  n o t  i d e n t i c a l  w i t h  d i h y d r o  A B - 1  (17) p r e p a r e d  by 

c a t a l y t i c  h y d r o g e n a t i o n  of ?. Therefore, e i t h e r  t h e  postulated s t r u c t u r e  of t h e  

s y n t h e t i c  d i m e r  a n d / o r  t h e  s t r u c t u r e  o f  d i h y d r o  A B - 1  ( 1 7 1  p r e p a r e d  by t h e  

hydrogenation of A B - 1  (1) was incorrect. 

i n t e r e s t i n g l y ,  t h e  c o u p l i n g  r e a c t i o n  p r o d u c t  was f o u n d  t o  b e  i d e n t i c a l  w i t h  

dihydro A B - 2  (18) prepared by catalytic hydrogenation of A B - 2  (9)''. Consequently, 

i n  t h e  c o u p l i n g  r e a c t i o n  b e t w e e n  6 a n d  18. b o t h  a c o u p l i n g  r e a c t i o n  a n d  a  

r e a r r a n g e m e n t  o f  t h e  a n g u l a r  s y s t e m  o f  t h e  u p p e r  u n i t  t o  t h e  l i n e a r  s y s t e m  had 

occurred. 

T h e  f a c i l e  n a t u r e  o f  t h i s  r e a r r a n g e m e n t  l e d  u s  t o  a r e a c t i o n  i n  u h i e h  A B - l  (2 )  
was refluxed in oethanalic HC1: the products were the l i n e a r - a n g u l a r  dimer 1 8 - 2  ( 9 )  

a n d  n o r a c r o n y e i n e  ( 6 ) " .  B y  t r e a t i n g  A B - 2  ( 9 1  u n d e r  t h e  s a m e  c o n d i t i o n s .  

n o r a c r o n y c i n e  ($1 and i s o n o r a e r o n y c i n e  (B) w e r e  produced". T h e s e  e x p e r i m e n t s  

s u g g e s t  t h a t  A B - 1 ,  p o s s e s s i n g  t h e  structure 1, i s  probably an intermediate in t h e  

formation of A B - 2  ( 3 )  and is constructed from two naraeronycine units. 

I n t e r e s t i n g l y .  w h e n  a  c o u p l i n g  r e a c t i o n  b e t w e e n  a n d  16 was c o n d u c t e d  a t  r o o m  

temperature f o r  3 days, a 1:l mixture of dihydro A B - 1  ( 2 )  and dihydro A B - 2  (18) was 
producedz3. 

4.1.2. Coupling Reactions between Acronycine (1) or D e s - h - m e t h y l a c r o n s c i n e  (19) and 
Dihydronoracronycine (16) 

W i t h  t h e s e  r e s u t s  i n  h a n d ,  u e  b e g a n  t o  e x a m i n e  f u r t h e r  t h e  s e l e c t i v e  s y n t h e s i s  
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o f  o t h e r  d i n e r s  o f  n o r a c r o n y c i n e  ( B )  a n d  r e l a t e d  c o n ~ a u n d s ~ ~ .  T h u s ,  vhen 

a e r o n y e i n e  ( )  was u s e d  i n s t e a d  of 6, and a 1:10 mixture of ! and 16 was refluxed 

in m e t h a n o l i c  HCl o n  a s t e a m  bath for 6h, Q - m e t h y l  dihydro A B - 1  (20)  was obtained. 

S i g n i f i c a n t l y ,  n o  r e a r r a n c e m e n t  o f  t h e  u p p e r  u n i t  was o b s e r v e d  in t h i s  couplinc 

r e a c t i o n .  The angular-angular s k e l e t o n  o f  t h i s  conuound was demonstrated through 

n O e  d i f f e r e n c e  e x p e r i m e n t s .  On t h e  o t h e r  hand, when des-fi-methylacronycine (19) 
wa s  u s e d  in place of acronycine (1) in t h e  coupling reaction described above. d e s -  

2 - m e t h y l - O - m e t h y l d i h y d r o  A B - 1  (21) was obtained. A 6 - h y d r o x y  group and a chromene 

u n i t  m u s t  t h e r e f o r e  be e s s e n t i a l  for t h e  angular t o  linear r e a r r a n g e m e n t  reaction 

t o  be observed. 

A n  i m p r o v e d  y i e l d  o f  20 w a s  o b t a i n e d  v h e n  a 1:2 m i x t u r e  o f  a n d  16 w a s  

t r e a t e d  i n  t h e  s a m e  v a y .  T h e  a n g u l a r - a n g u l a r  a r r a y  o f  t h i s  c o m p o u n d  w a s  

d e m o n s t r a t e d  w h e n  t h e  i d e n t i c a l  c o m p o u n d  was o b t a i n e d  t h r o u g h  t h e  e o u p l i n r  o f  

a c r a n y e i n e ( l )  and dihydronoraeranyeine (18) in nethanolie HCI at r o o m  temperature, 

and t h r o u g h  t h e  observation of a n  upfieid s h i f t  of a doublet assigned t o  the proton 

peri- t o  t h e  N - m e t h y l  g r o u p .  Such an uufield shift of the s i g n a l  attributed t o  

t h e  l o w e r  u n i t  p r o t o n s  peri- t o  th,e !-methyl n r o u p  w a s  c o n s i s t e n t l y  observed in 

t h e  ' H - n m r  s p e c t r a  o f  o l i g a m e r s  possessing a n g u l a r - a n g u l a r  moieties and was useful 

in elucidating t h e  skeleton of t h e  oliganers. 

4.1.3. C o u p l i n g  Reaction between A B - 1  ( I )  o r  A B - 2  (9) and Dihydranoraeronyeine (16) 

D u r i n g  a s t u d y  o f  t h e  t r i m e r i z a t i o n  o f  n o r a c r o n y c i n e  (5). a n  a t t e m p t  w a s  made 

t o  s y n t h e s i z e  d i h y d r o  A B - 3  ( 2 2 )  in order t o  demonstrate that A B - 3  (10) posssessed 
t h e  a n g u l a r - a n g u l a r - a n g u l a r  s t r u c t u r e .  T h e  s y n t h e s i s  of 22 was a t t e m p t e d  by 

c o u p l i n g  A (2) v i t h  d i h y d r o n o r a e r o n y c i n e  (16) i n  a e t h a n o l i c  H C 1  i n  t h e  s a m e  

manner as described a b o v e  (4.1.1, 4.1.2)28. 

0 HO 

22 - 



A (2) a n d  d i h y d r o n o r a c r o n y c i n e  ( 1 6 )  w e r e  m i x e d  i n  t h e  r a t i o  1:10 a n d  

r e f l u x e d  i n  m e t h a n o l i e  H C 1  f a r  6 h .  By m i x i n g  I a n d  16 in t h i s  r a t i o ,  it was 

a n t i c i p a t e d  that a  molecule of 1 8 - 1  (1) vould preferentially react uith a d i h y d r o -  

noracronycine (18) molecule. T u o  reaction products uere  detected by tic. One of 

t h e  t w o  c o m p o u n d s  w a s  r e a d i l y  i d e n t i f i e d  as unreacted d i h ~ d r o n o r a c r o n ~ c i n e  (16). 
and it was thought that the other compound uas a trimer, namely dihydro A B - 3  ( 2 2 ) .  
H o w e v e r ,  d i r e c t  c o a p a r i s o n  of t h e  p r o d u c t  w i t h  a u t h e n t i c  d i h y d r o  A B - 3  ( 7 _ 2 ) .  

p r e p a r e d  by t h e  c a t a l y t i c  h y d r o g e n a t i o n  o f  A B - 3  (u), i n d i c a t e d  t h a t  t h e s e  

c o m p o u n d s  w e r e  n o t  i d e n t i c a l e 8 .  

C o n s e q u e n t l y .  u e  i n i t i a l l y  e n v i s a g e d  t h i s  n e w  c o m p o u n d  t o  p o s s e s s  t h e  l i n e a r -  

a n g u l a r - a n g u l a r  structure =, s i n c e  it u a s  known that AB-l ( 2 )  could be rearranged 

t o  A B - 2  ( 8 )  under t h e s e  reaction conditions. I n  order t o  confirm t h i s  structure. 

a s y n t h e t i c  r o u t e  involving t h e  c o u p l i n g  of A B - 2  (9) and dihydronoraeronycine 116) 
was studied. 

118-2 (9) a n d  d i h y d r o n o r a c r o n y c i n e  (16) w e r e  m i x e d  i n  t h e  r a t i o  1:10 a n d  

refluxed in n e t h a n o l i e  HC1. A  compound identical with the product o f  t h e  coupling 

o f  A B - 1  (1) and d i h y d r o n o r a c r o n y c i n e  (16) u n d e r  r e f l u r  w a s  isolated, a s  well a s  

unreacted B 2 0 .  

H o w e v e r ,  d i h y d r o  A B - 3  ( 2 2 )  u a s  s y n t h e s i z e d  by c o u p l i n g  A B - 1  (1) a n d  d i h y d r o -  

n o r a c r o n y c i n e  (16) at  r o a m  t e m p e r a t u r e  f o r  2 4 h .  A s  e x p e c t e d ,  no rearrangement 

occurred under t h e s e  reaction conditions. P r o m  t h i s  reaction mixture, i n  addition 

t o  d i h y d r o  A B - 3  ( 2 2 )  a n d  unreacted d i h ~ d r o n o r a c r o n ~ c i n e  (16). a compound with m/z 
6 1 6  (it*) was a l s o  isolated. Closer exanination o f  this compound indicated that it 

w a s  a d i n e r  c o m p r i s e d  o f  o n e  m o l e c u l e  o f  n o r a c r o n y c i n e  (5) and o n e  m o l e c u l e  of 

dihydronoracronycine (18). namely d i h y d r o  A B - 1  (c)28. 
W e  w e r e  c o n s e q u e n t l y  s t i m u l a t e d  t o  r e e x a m i n e  t h e  n a t u r e  o f  t h e  p r o d u c t s  f r o m  

t h e  e a u ~ l i n n  o f  A B - 1  (2) a n d  d i h y d r o n o r a c r o n y c i n e  (a), and of 8 8 - 2  9 )  and d i -  
h ~ d r o n o r a c r o n y c i n e  (16) u n d e r  r e f l u x .  I n  t h e  c o u r s e  o f  t h i s  a n a l y s i s  i t  w a s  

e s t a b l i s h e d  t h a t  t h e  p r o d u c t s  were identical and exhibited a molecular ion at I/Z 

6 1 6 .  C l e a r l y ,  o u r  e v a l u a t i o n  t h a t  t h i s  c o m p o u n d  was a t r i a e r  P o s s e s s i n g  t h e  

l i n e a r - a n g u l a r - a n g u l a r  s y s t e m  23 was erroneous. Through direct comparison with a n  

authentic sample, t h e s e  products uere identified a s  dihydro 118-2 (18)20. 

P r o m  t h e s e  r e s u l t s ,  i t  was e v i d e n t  t h a t  d u r i n g  t h e  r e a c t i o n  u n d e r  t h e  r e f l u x ,  

t h e  C I - C s .  bond o f  A B - 1 ,  a n d  C n - C s .  band of A B - 2  had been cleaved, and t h a t  a n e w  

bond u i t h  Cs o f  d i h y d r o n o r a c r o n y c i n e  (16) and, a s  necessary, a rearrangement had 

o c c u r r e d .  Pig. 7 i n d i c a t e s  a  plausible mechanism for this process in t h e  c a s e  o f  

I a n d  16. A s i m i l a r  s c h e m e  can be written f o r  t h e  reaction of A B - 2  (9) and 16. 
Additionally, in the couplinr reaction at r o o n  temperature, partial c l e a v e g e  (about 

5 0 % )  o f  t h e  C I - C s .  j u n c t i o n  o f  A B - 1  w a s  e s t i m a t e d  b e c a u s e  d i h y d r o  A B - 1  (17) and 
dihydro A B - 2  (18) were each obtained in about 40% yield, r e s p e c t i v e l ~ ~ ~ .  

B e c a u s e ,  w h e n  A B - 1  (1) o r  A B - 2  ( 9 )  was r e f l u a e d  u i t h  m e t h a n o l i c  H C l  f o r  Bh, 

t h e s e  c o m p o u n d s  w e r e  o n l y  p a r t i a l l y  d e s t r o y e d  t o  give noracronycine (B), or 6 and 

i s o n a r a c r o n y c i n e  ( 8 ) .  r e s p e c t i v e l y .  D i h ~ d r o n o r a c r o n y e i n e  (16) m u s t  t h e r e f o r e  

p e r f o r m  a v e r y  i m p o r t a n t  r o l e  i n  t h e  c l e a v a g e  r e a c t i o n  o f  A B - 1  ( I )  and A B - 2  ( 9 )  
described above. 
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Fig. 7. Formation of dihydro AB-2 (18) from AB-1 ( 2 ) .  

D i h y d r o  A B - 1  (17) c o u l d  b e  s y n t h e s i z e d  b y  t h e  c a t a l y t i c  h y d r o g e n a t i o n  o f  A B - l  

( 2 )  o r  t h r o u g h  t h e  c o u p l i n g  o f  n o r a e r o n y c i n e  (8) a n d  d i h y d r o n o r a c r a n y c i n e  (16) a t  

r o o n  t e m p e r a t u r e .  T h r o u g h  t h e  e x p e r i m e n t s  d e s c r i b e d  i t  was  f o u n d ,  u n e x p e c t e d l y .  

t h a t  d i h y d r o  AB-1 (17) c o u l d  a l s o  b e  s y n t h e s i z e d  by c o u p l i n g  AB- l  (2) a n d  d i h y d r o -  

n o r a c r o n y e i n e  (16) a t  r o o o  t e m p e r a t u r e .  

T h r e e  p r o c e d u r e s  h a d  a l r e a d y  b e e n  d e s c r i b e d  (4.1.1) f o r  t h e  f o r m a t i o n  o f  d i h y d r o  

A B - 2  ( 1 8 1 ,  n a m e l y ,  c a t a l y t i c  h y d r o g e n a t i o n  a f  AB-2 , c o u p l i n g  o f  n o r a c r o n y e i n e  

( 6 _ )  a n d  d i h y d r o n o r a c r o n y c i n e  (18) a t  r e f l u x ,  a n d  c o u p l i n g  o f  5 a n d  16 a t  r o o o  

t e m p e r a t u r e .  S u b s e q u e n t l y ,  i t  was s h o w n  t h a t  d i h y d r o  6 8 - 2  (18) c o u l d  be  p r o d u c e d  

b y  c o u p l i n g  A B - l  ( 2 )  o r  6 8 - 2  (9) w i t h  d i h y d r o n o r a c r o n y c i n e  (18) u n d e r  r e f l u x  v i t h  

m e t h a n o l i e  H C 1 .  

I t  w a s  e s t i n a t e d  t h a t  i n  t h e  c o u p l i n g  r e a c t i o n  d e s c r i b e d  a b o v e  ( 4 . 1 . 1 ) .  

d i h y d r o  A B - 2  (18) w a s  s y n t h e s i z e d  i n  g o o d  y i e l d  (86%) o w i n g  t o  t h e  r e a c t i o n  

m e c h a n i s m  d e s c r i b e d  h e r e i n ,  n a m e l y  t h a t  A B - 1  ( 2 )  a n d / o r  AB-2  (2). p a r t i a l l y  

o b t a i n e d  t h r o u g h  t h e  r e a c t i o n  w e r e  a l s o  t r a n s f o r m e d  i n t o  d i h y d r o  AB-2 (161 by t h e  

c o u p l i n g  o f  1 o r  2 w i t h  d i h y d r o n o r a c r o n y c i n e  (16). 



4.2. Selective S y n t h e s i s  of Various O l i g o m e r s  through the Polymerization of 

horaeranycine (B) 

4.2.1. Selective Synthesis of AB-1 (1) 

For the purpose of improving the yields of the ali angular compounds such as 

A B - 1  ( 1 ) .  A B - 3  (10).  6 8 - 4  (11) etc., 98% HtSOd was used on noracronycine (6) 

instead of methanolie HC1 at room t e ~ p e r a t u r e .  Surprisingly, only AB-1 (1) was 
formed under these conditions, albeit in very low (4%) yieldz" No reaction was 

observed and only unreacted aeranycine (1) was recovered when I was treated with 
98% HPSOI at room temperature. 

An improved yield of AB-l (I) was obtained when noraeronycine (8) was treated 

uith methanolic HzSOn ( 9 8 %  HnSOa-MeOH, 2:5, v l v )  instead of 98% HeS04 a t  room 

temperature under a X e  atnosphere. This prompted us to studv the reaction of 

noracronycine ( 5 )  in methanolie HzSOa using ten different solvent ratios. Yields 

of AB-l (11 w e r e  optimized uhen 98% HpSOm-KeOH in the ratio 1:l or 2:3 was used. 

Uhen noracronycine ( 8 )  was treated uith a mixture of 98% HeSO. and YeOH in the 

ratio 1:1, the yield of AB-1 ( 2 )  was about 39%. a tenfold increase compared with 

98% HeSOa2J. 

4.2.2. Preparation of AB-3 (10) and AB-4 (111 

During these studies, it was found that A B - 3  ( N ) ,  the angular-angular-angular 
trimer of noracronycine ( P ) ,  was formed in fairly good yield (20%). together uith 

AB-1 (yield 19%) and A B - 4  (yield 9%). by successively treating 6 vith a 9:l and a 

1:9 mixture of 98% H?S04 and neOH at roam temperature25,". 

4.2.3. Preparation of AB-1 (I1 and AB-2 (2) 

I n t e r e s t i n g l y ,  w h e n  n o r a c r o n y c i n e  (6) w a s  r e f l u n e d  o n  a steam bath uith 

e-toluenesulfonic acid in CHzC12 for 6h, AB-1 ( 1 )  and AB-2 ( 8 )  were obtained in 
fairly good yields (10% and 458, respe~tively)~3. 

5. STbDIES Oh THE REACT106 HECHAhISMS USI6G OEUTERIEM-LABELED REAGEKTS 

5.1. Studies o n  the reaction mechanisms using deuterium-labeled reagents. 

As d e s c r i b e d  above, i t  u a s  found t h a t  A B - 1  (11, a n  a n g u l a r - a n g u l a r  dimer. 
could be selectively synthesized (39% yield) by treating noracranycine (8) uith a 
mixture (1:l) of XeOH and 98% HeSOd at r o o 0  temperature under a N 2  atornosphere 

2 . 1  On the other hand, uhen a 1:10 mixture of noracronycine (6) and di- 
hydronoracronycine (18) vas refluxed a n  a steam bath uith a mixture of NeOH-12 h 
aqueous HC1 (5:2), dihydro AB-2 (18). a linear-angular dimer. was obtained in 86% 
yield (4.1.1). In order to clarify the mechanism involved in these two dimeri- 
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z a t i o n  r e a c t i o n s ,  t h e y  w e r e  p e r f o r m e d  u s i n g  a  m i x t u r e  o f  CHzOD a n d  9 8 8  a q u e o u s  

( 0 2 0 )  DeSOl a n d  a  m i x t u r e  o f  CHsOH-12 _Y a q u e o u s  ( 0 2 0 )  DC1. r e s p e c t i v e l y * %  I t  was 

e s t i a a t e d  t h a t  u n d e r  t h e s e  r e a c t i o n s ,  p r o t o n a t i o n  a t  t h e  C2 a n d  C 6  p o s i t o n s  would  

o c c u r  ( P i g .  8 ) .  a n d  t h e  Cz-H a n d  Cs-H w o u l d  b e  e x c h a n g e d  t o  b e c o m e  C e - 0  a n d  Cs-D.  

Fig. 8. Protonation of noracronycine ( 6 )  in acidic 
- 

condition. 

5 . 1 1  P o r m a t i o n  o f  A B - 1  (1) :  D i n e r z a t i o n  o f  N o r a c r o n y e i n e  ( 5 )  w i t h  9 8 8  D2SOn-CO300 

( 1 : l )  

N o r a c r o n y c i n e  ( 5 )  w a s  d i s s o l v e d  i n  a m i x t u r e  ( 1 : l )  o f  C O a O D  a n d  9 8 8  a q u e o u s  

( D z 0 )  DnSOd a n d  t h e  s o l u t i o n  was s t i r r e d  u n d e r  N 2  a t  r o o m  t e a p e r a t u r e  A f t e r  t w o  

d a y s ,  t h e  r e a c t i o n  m i x t u r e  w a s  d i l u t e d  v i t h  8 2 0  a n d  e x t r a c t e d  t w i c e  w i t h  CHCls.  

T h e  c o n b i n e d  C H C l o  l a y e r s  w e r e  s u c c e s s i v e l y  w a s h e d  w i t h  H20, 5 8  a q u e o u s  laHCOs a n d  

H20.  T h e  t w o  p r o d u c t s  w e r e  s h o u n  by c o o p a r i s o n  w i t h  a u t h e n t i c  s a m p l e s  t o  h a v e  t h e  

sane c h r o m a t o g r a p h i c  m o b i l i t y  a s  n o r a c r a n y c i n e  (5) a n d  1 8 - 1  ( z ) 2 4 .  
T h e  u n r e a c t e d  n a r a c r a n y e i n e  was e v a l u a t e d  by ms a n d  I H - n m r  T h e  I* a t  a / ?  
3 0 9  w a s  2  m a s s  u n i t s  h i g h e r  t h a n  t h a t  o f  n a r a e r a n y c i n e  (6, 1' 3 0 7 ) .  I n  t h e  ' H -  

n m r  s p e c t r u m .  no  C z - ~ e t h i n e  s i g n a l  was o b s e r v e d ,  a n d  t h e  Cs-H s i n g l e t  was r e d u c e d  

t o  a b o u t  a  q u a r t e r  o f  i t s  o r i g i n a l  i n t e n s i t y .  I n  a s r e e m e n t  v i t h  t h e s e  c h a n g e s .  

t h e  C j  - H  d o u b l e t  ( 6  6 . 5 6 5 .  J = 9 . 6  H z ) % =  was s i m p l i f i e d  t o  a  s i n g l e t .  Prom t h e  

a c c u m u l a t e d  d a t a ,  n o r a c r o n y c i n e - d z  u a s  d e m o n s t r a t e d  t o  h a v e  t h e  s t r u c t u r e  E2'. 
On t h e  o t h e r  h a n d ,  t h e  m a s s  s p e c t r u m  o f  1 0 - 1  i n d i c a t e d  a n  I* a t  g/z  6 1 8 ,  4 mass 

u n i t s  h i g h e r  t h a n  t h a t  o f  A B - 1  ( 2 ,  ./z 6 1 4 )  o b t a i n e d  u s i n g  a m i x t u r e  ( 1 : l )  o f  C H a O H  

a n d  9 8 8  a q u e o u s  ( H 2 0 )  H z S O m Z 3 .  L o c a t i o n  o f  t h e  d e u t e r i u m  l a b e l  w a s  d e t e r m i n e d  

t h r o u g h  nmr s p e c t r o s c o p y .  I n  t h e  'H-nmr  s p e c t r u m ,  t h e  CZ-Hz  a n d  t h e  C21-H s i g n a l  

w e r e  n o t  o b s e r v e d ,  a n d  t h e  C 5 - H  w a s  s u b s t a n t i a l l y  ( e a .  8 0 % )  r e d u c e d  i n  i n t e n s i t y .  

As e x p e c t e d  f r o n  t h e s e  c h a n g e s ,  t h e  d i b e n z y l i c  p r o t o n  ( C I - H ) ,  o r i g i n a l l y  o b s e r v e d  

a s  a d o u b l e t  o f  d o u b l e t s  ( J  = 7 . 3  a n d  1 1 . 7  H z ) ,  a n d  t h e  C I I - H  o r i g i n a l l y  o b s e r v e d  



a s  a doublet ( J  = 9.6 were reduced in complexity to singlets at 65.153 

and 6.170, respectively. Hence, the structure of AB-l-dl was established to be 

25, in which the increase of four mass units is readily explained. 

B e c a u s e  t h e  d e u t e r i u m  i n c o r p o r a t i o n  a t  C z - H  o f  n o r a c r o n y c i n e  ( 6 )  w a s  

essentially 1008, it was estimated that equilibrium reaction g (Pig. 8) developed 

rapidly. At the same time, exchange at C s  was also occurring (reaction b ) .  If 

the second noracronycine unit is trapped instead of H* (D'), dimerization o c c u r r s  

to afford AB-I. Prom these observations, the reaction mechanism for the formation 

24 and 25 was elucidated as shown in P i s  9. - 

Fig. 9. Mechanism of formation of noracronycine-de (26) 
and AB-l-dls (27) . 
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S u r p r i s i n g l y ,  n o r a c r o n y e i n e - d s  ( 2 6 )  a n d  A B - l - d t s  (27)  w e r e  o b t a i n e d ,  i n s t e a d  

o f  24 a n d  25,  w h e n  D 2 0  w a s  u s e d  t h r o u g h o u t  t h e  d i l u t i a n - e x t r a c t i o n  w o r k - u p  

p r o c e d u r e  T h e r e f o r e ,  i t  w a s  e s t i m a t e d  t h a t  a  r i n g - o p e n i n g  r e c t i o n  o f  t h e  

c h r o n a n e  r i n g  m u s t  o c c u r  a n d  t h a t  a l l  o f  t h e  g e m i n a l  m e t h y l  h y d r o g e n s  h a d  been 

exchanged by d e u t e r i u n  (Pig. 9 ) 2 4 .  

' H - N m r  s p e c t r a  of n o r a c r o n y c i n e  a n d  n o r a c r o n y c i n e - d s  (26) a r e  c o m p a r e d  

i n  Fig. l o z 8 .  I n  t h e  ' H - n m r  s p e c t r u m  of t h e  l a t t e r  conpound, s i g n a l s  attributed 

Fig. 10. Comparison of 'H nmr spectra of noracronycine ( $ 1  
and noracronycine-dB (26) in CDC13. 



t o  s e m i n a l  methyls. C e - H  a n d  C s - H  h a v e  d i s a p p e a r e d  o r  d e c r e a s e d  significalntly. 

B e c a u s e  e x c h a n g e  was o b s e r v e d  n o t  o n l y  a t  t h e  C2 a n d  Cz' P o s i t i o n s ,  but a l s o  

a t  C s - H  a n d  t h e  g e n i n a l  n e t h y l  c r o u p s .  i t  w a s  thought t h a t  when t h e  reaction was 

c o m p l e t e ,  a l l  of t h e s e  p o s t i a n s  "ere exchanged by D, but t h r o u g h  d i l u t i o n  with H z 0  

( r a t h e r  t h a n  DeO), t h e  s e m i n a l  C D I  a n d  p a r t  of t h e  C s - D  w e r e  r e - e x c h a n g e d  t o  CHI 

and and Cs-H, respectively. 

5 . 1 2  F o r m a t i o n  o f  D i h y d r o  110-2 (18): D i m e r i z a t i o n  o f  X o r a c r a n y e i n e  ( )  a n d  

Dihydronoraeronyeine (18) with 1 2 8  Aqueous (D20) DC1 and C H a O D  (1:2.5) 

V h e n  a 1:10 m i x t u r e  o f  n o r a c r o n y c i n e  ( 6 )  a n d  d i h y d r o n o r a c r o n y c i n e  (18) w a s  
r e f l u x e d  w i t h  m e t h a n o l i e  HC1, a  l i n e a r - a n c u l a r  t y p e  diner, d i h y d r o  A B - 2  (18). was 

obtained i n  86% yield'?,*" T o  clarify t h i s  reaction mechanism, t h e  s a m e  reaction 

w a s  c o n d u c t e d  u s i n z  a  1:Z.j m i x t u r e  o f  1 2 3  a q u e o u s  (Dell) D C 1  and CH30D2% T h e  

r e a c t i o n  m i x t u r e  w a s  d i l u t e d  w i t h  8 2 0  and extracted with CHCI,. Two compounds, 

chromatographically identical with dihydronoracronycine (18) and dihydro A B - 2  (18). 
were isolated by preparative tle. As expected, t h e  N' o f  t h e  dihydronoracronycine 

o b t a i n e d  a p p e a r e d  a t  g / c  3 1 0 ,  o n e  m a s s  u n i t  h i t h e r  t h a n  16. I n  i t s  ' 8 - n n r  
s p e c t r u m ,  t h e  a r o m a t i c  s i n g l e t  a t  8 6 . 1 7  was r e d u c e d  in i n t e n s i t y  by a b o u t  80%. 

N o  o t h e r  c h a n g e s  w e r e  o b s e r v e d .  C o n s e q u e n t l y .  t h e  s t r u c t u r e  o f  d i h y d r o n o r -  

acronycine-dl was 28 where deuterium was incorporated a t  C 5 .  

O n  t h e  o t h e r  h a n d ,  d i h y d r o  A B - 2  (18) w a s  r e g a r d e d  as b e i n g  f o r m e d  by t h e  r e -  

a r r a n g e m e n t  of d i h y d r o  A B - 1  (17). As a result, d u r i n g  t h e  f o r m a t i o n  of d e u t e r o d i -  

h y d r o  A B - 1 ,  i t  was a n t i c i p a t e d  t h a t  t h r e e  d e u t e r i u n s  would be introduced, a t  the 

C z - n e t h y l e n e  and at Cs-H. I n  t h e  process of the rearrangement, deuterodihydro AB- 

1  would l o s e  t h e  C s - D  a n d  rain a  d e u t e r i u m  a t  C,? t o  afford a  d i h y d r o  A B - 2 - d b  

S u c h  a c o m p o u n d  w o u l d  h a v e  a n  estimated I' at @/g 619. However, t h e  observed H' 

o f  d e u t e r o d i h y d r o  A B - 2  w a s  a t  624, a n  increase of 8 mass units. Examination 
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t o  d i s p r o p o r t i o n a t i o n  a n d  t h e  f o r m a t i o n  of d i h y d r o i s o n o r a c r o n ~ c i n e  (30).  1.3-di- 
h y d r o x y - 1 0 - m e t h y l a c r i d - 9 - o n e  ( 2 1 ,  32 a n d  33 ( P i s  1 2 ) ? B  

Fig. 12. Formation of compounds 30 - 33. 



It i s  i n t e r e s t i n g  t h a t  a e r o n y c i n e  (I), n o r a c r o n y c i n e  (6) and d i h ~ d r o n o r a c r o n ~ c i n e  

(16) e x h i b i t  q u i t e  d i s t i n c t  r e a c t i o n s  v i t h  98% H2S01. W h e n  1 w a s  t r e a t e d  

w i t h  9 8 8  HeSO., n o  r e a c t i o n  w a s  o b s e r v e d 2 2 .  O n  t h e  o t h e r  h a n d ,  a d i n e r  

s a s  o b t a i n e d  by t r e a t i n g  n o r a e r o n y e i n e  ( 8 )  v i t h  98% H2S0dZ3. a n d  d i h y d r o i s o n o r -  

a c r o n y e i n e  (301, 1 . 3 - d i h y d r o n y - 1 0 - n e t h y l a c r i d - 9 - o n e  3 ,  32, and 33 were obtained 

by treating dihydranoracronycine (16) with 98% H 2 S 0 a Z 6 .  

B e c a u s e  t h e  c a n p o u n d s  30. 32 a n d  3 3  p o s s e s s  t h e  s a n e  s k e l e t o n  a s  t h e  k n o w n  

n a t u r a l l y  o c c u r r i n $  a c r i d o n e s  ~ l y c o f o l i n e  (u)za, a t a l a p h y l l i n e  ( @ ) 3 8 ,  g3 ' ,  
s e v e r i f o l i n e  (u )32  a n d  B3' ,  t h e  r e a c t i o n s  described herein a r e  i n t e r e s t i n g  from 

t h e  v i e w  p o i n t  of t h e  t o t a l  s y n t h e s e s  o f  t h e s e  n a t u r a l l y  o c c u r r i n g  a e r i d o n e  

alkaloids. 

35 R, = OH, R2= CH3 

37 R , = R 2 = H  
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7. NATURALLY OCCURRING ACRIDONE DIRERS 

D i n e r s  o f  a c r i d o n e  a l k a l o i d s ,  a t a l a n i n e  (39) a n d  a t a l i n e  (40). w h i c h  a r e  t h e  

d i n e r s  a a n  e t h e r  l i n k a r e ,  h a v e  b e e n  i s o l a t e d  f r o m  d t a l a n t i a  c e y l a n i c a  

(Rutaceae)3'. W h e r e a s  t h e  f i r s t  a c r i d o n e  d i n e r s  a  C - C  l i n k a g e  a r e  t h e  

c o m p o u n d s  d e s c r i b e d  h e r e i n .  A f t e r  r e p o r t i n s  o n  t h e s e  a c r i d o n e  d i n e r s ,  

s l y c o b i s n i n e  A (41) w a s  r e p o r t e d  a s  a  C - C  d i n e r  o b t a i n e d  f r o m  t h e  r o o t  bark o f  

G l v c o s n i s  eitrifolia (R~taceae)'~. 



8 .  CYTOCIDAL ACTIVITIES OF ACR06YCINE (1) AkD RELATED COHPOCRDS 

B e c a u s e  i t  w a s  d e m o n s t r a t e d  t h a t  a e r o n y c i n e  (1) p o s s e s s e d  t h e  w i d e s t  s p e c t r u m  

o f  a n t i t u m o r  a c t i v i t i e s  a g a i s t  v a r i o u s  k i n d s  o f  m u r i n e  we u e r e  

c o n s e q u e n t l y  i n t e r e s t e d  i n  t h e  a n t i t u m o r  a c t i v i t i e s  o f  t h e  a c r i d a n e  d e r i v a t i v e s  

o b t a i n e d  t h r o u g h  t h e s e  e x p e r i m e n t s  C y t o e i d a l  a c t i v i t i e s  a g a i n s t  P - 3 8 8  c e l l s  

( E D s 8 )  o f  s o m e  o f  t h e  a c r i d a n e  d e r i v a t i v e s  d e s c r i b e d  h e r e i n  a r e  a s  f o l l o w s :  1, 2 . 4  

p g / a l :  3 ,  4 . 2 p g / m l :  6, 5 0 . 0 p g / m l :  7 ,  3 6 . 4 p g / m l :  5 ,  > 5 0 . 0 p g / m l :  9 .  7 2 . 0 p g / m l :  

10, > 5 0 . 0 p g / n l ;  16, 2 . 8 p g / m l :  17. B I . O p g / m l :  16, 1 3  19. 5 . 3 e g / m l :  20. 
4 . 2 p g / m l :  21, 4 7 . 0 p g l m l ;  22. > 5 0 , 0 p g / a l  a n d  30, 1 0 . 8 p g 1 m l .  I n t e r e s t i n g l y  some 

o f  t h e s e  c o m p o u n d s  e x h i b i t e d  s t r o n g e r  c y t o c i d a l  a c t i v i t i e s  t h a n  t h a t  o f  1 a n d  

i n  v i v o  e v a l u a t i o n  o f  some o f  t h e s e  c o m p o u n d s  will b e  c o n d u c t e d  s u b s e q u e n t l y .  - -  

B y  t r e a t i n s  a c r o n y c i n e  o r  n o r a c r a n y c i n e  w i t h  m e t h a n o l i c  h y d r a c h l o r i c  a c i d ,  

v a r i o u s  k i n d s  o f  o l i g a n e r s  u e r e  o b t a i n e d ,  i n c l u d i n g  s e v e r a i  c o m p o u n d s  ~ o s s e s s i n g  a 

r e a r r a n g e d  p a r t i a l  s t r u c t u r e .  We h a v e  a l s o  s u c c e e d e d  i n  t h e  s e l e c t i v e  s y n t h e s e s  

o f  monomers  a n d / o r  o l i g o m e r s  o f  n o r a c r o n y c i n e  a n d  r e l a t e d  c o m p o u n d s  by a l t e r i n g  t h e  

r e a c t i o n  e o n d i t i a n ( s ) .  F u r t h e r ,  p a l y m e r i z a t i o n  a n d / o r  r e a r r a n g e m e n t  r e a c t i o n  

a e e h a n i s m s  w e r e  d e f i n e d  b y  t h e  c o n b i n a t i o o  o f  t h e  r e a c t i o n s  u s i n g  D - s u b s t i t u t e d  

r e a g e n t s  a n d  n n r  s p e c t r o s c o p i c  a n a l y s i s .  B e c a u s e  very l i t t l e  i s  known a b o u t  

t h e  c h e m i c a l  c h a r a c t e r i s t i c s  o f  a c r i d o n e  a l k a l o i d s  t h e s e  e x p e r i m e n t a l  r e s u l t s  

s h o u l d  p r o v e  u s e f u l  i n  f u r t h e r  s t u d i e s  on t h i s  g r o u p  o f  c o m p o u n d s .  
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