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STEVENS REARRANGEMENT OF BERBINE METHIODIDES BY SODIUM 

BIS-(2-METHOXYETH0XY)ALUMINIUM HYDRIDE 
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Stevens rearrangement of several berbine methiodides 

(1,2,6,9 and 11) to the spirobenzylisoquinolines (3.7. 

10 and 12) and the 8-methylberbines (4.8 and 13) with 

sodium b&-(2-methoxyethoxy)aluminium hydride is 

reported. The stereochemistry at the migrating carbon 

and the relation between the cornformation of the 

quinolizidinium salts and products are also described. 

Recently we found that sodlum b&-(2-methoxyethoxy)aluminium 

hydride effectively cleaved the C-0 bond of benzyl or allyl ethers 

and the C-N bond of quaternary benzyl or allyl amines.' When 

berbine methiodides were heated with aluminium complex in dioxane, 

several unexpected products due to Stevens rearrangement were formed. 

 ond do's^ and I(ano's3 groups had lately reported that treatment of 

quaternary berbine salts with strong bases or lithium aluminium 

hydride gave spirobenzylisoquinoline derivatives and the chirality 

position of the berbine was retained during the reaction. 
2 

at '13a 



However t h e  s tereochemis t ry  of t h e  migrat ing group and t h e  r e l a t i o n  

between t h e  conformation of t h e  qu ino l i z id in ium s a l t s  and t h e  pro- 

d u c t s  have n o t  y e t  been s t u d i e d .  We here  wish t o  r e p o r t  t h e  Stevens 

rearrangement of  be rb ine  methiodides w i t h  sodium bs-(2-methoxy- 

ethoxy)aluminium hydride which revea led  some s tereochemical  d e t a i l s  

of t h e  r e a c t i o n .  

Yoshioka and h i s  coworkers r e c e n t l y  determined t h e  conformation 

of quaternary  be rb ine  a l k a l o i d s  by 13c-n.m.r. spectroscopy. We 

furthermore found t h a t  5- (5) -canadine methiodide (1) , 5  having trans 

conformation a s  confirmed by 13c-n.m.r. spectrum, showed t h e  quater-  

nary N-methyl group a t  2.83 p.p.m. i n  t h e  proton n.m.r. spectrum 

(DMSO-d6) , whi le  a- (5) -canadine methiodide ( 2 )  having t h e  +-form 

e x h i b i t e d  t h e  methyl group a t  3.23 p.p.m. i n  t h e  n.m.r. spectrum 

(DMSO-d6). Therefore t h e  conformation of t h e  following qua te rna ry  

be rb ine  methiodides,  used f o r  t h e  r e a c t i o n s ,  were determined by t h e  

chemical s h i f t  of t h e  methyl group i n  t h e  n.m.r. s p e c t r a  (DMSO-d6). 

Refluxing 5- (?)-canadine methiodide (1) w i t h  sodium %- (2- 

methoxyethoxy)aluminium hydride i n  dioxane f o r  24 h r  gave t h e  sp i ro -  

benzy l i soqu ino l ine  ( 3 ) ,  m.p. 117 - l l a O ,  i n  45 % y i e l d  and t h e  8- 

methylberbine ( 4 ) ,  m.p. 152 - 153O, i n  33.3 % y i e l d .  a- ( ? ) - c a n a d h e  

methiodide ( 2 )  a f fo rded  t h e  sp i robenzy l i soqu ino l ine  ( 3 )  i n  28 % y i e l d  

and 3- (2-ethyl-4,5-methylenedioxyphenyl)-l,2,3,4-tetrahydro-7,8- 

dimethoxy-2-methylisoquinoline (5)  , 6  m.p. 99  - l o o 0 ,  i n  45.1 % y i e l d  

by t h e  r e a c t i o n  under t h e  same condi t ion.  The formation of t h e  8- 

methylberbine was n o t  de tec ted .  

The sp i robenzy l i soqu ino l ine  ( 7 ) ,  m.p. 135 - 137O ( a s  hydrocholo- 

r i d e )  and 8-methylberbine ( a ) ,  m.p. 182.5 - 184O, [a]:' - 235.5O 
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( c  = 0.08, MeOH) , were obta ined i n  39.5 and 20.2 % y i e l d ,  res- 

p e c t i v e l y ,  from 0- ( - )  - te t rahydropalmat ine  methiodide ( 6 )  having 

a  t r a n s  form. 

The s tereochemis t ry  of  t h e  methyl group of  t h e  above 8-methyl- 

be rb ines  ( 4  and 8 )  were confirmed t o  be  @-or ien ted  by spect ro-  

scop ic  a n a l y s i s .  The obse rva t ion  of  Bohlmann bands i n  t h e  i . r .  

s p e c t r a  (CHC13) and t h e  methyl group a t  1.50 p.p.m. i n  t h e  n.m.r. 

s p e c t r a  (CDC13) is analogous w i t h  f ind ings  f o r  cora lydine .  8,9 

+ (-)-g-Methylcorytenchirine methiodide ( 9 ) .  m.p. 212 - 215O (de- 

camp.), having t r a n s - q u i n o l i z i d i n e  form was re f luxed  wi th  the  alumi- 

nium complex i n  dioxane f o r  30 h r  t o  g ive  t h e  spi robenzyl isoquino-  

+ 
l i n e  ( l o ) ,  m/e  315 ( M  ) ,  i n  40 % y i e l d  and, i n  t h i s  r e a c t i o n ,  no 

b e r b i n e  type compound could  be i s o l a t e d .  On t h e  o t h e r  hand, ( * ) -  

c a r a l y d i n e  methiodide (11) , m.p. 253' (decomp.) , having --form 

+ 
yie lded  t h e  sp i robenzy l i soqu ino l ine  (121, m/e 351 (M ) ,  i n  30 % 

y i e l d  and t h e  8,8-dimethylberbine (131, m.p. 2 4 6  - 247O (decomp.) 

( a s  hydrobromide) i n  10 % y i e l d .  The former sp i robenzy l i soqu ino l ine  

(10) d i sp layed  t h e  8-methyl group a t  0 .95  p.p.m., whereas t h e  8- 

methyl group of  t h e  l a t t e r  compound (12) was observed a t  1 .33 p.p.m. 

i n  t h e  n.m.r. spectrum ( C D C 1 3 ) .  Based upon cons ide ra t ion  of  t h e  

e f f e c t  on t h e  chemical s h i f t  due t o  r i n g  n and n i t rogen ,  t h e  methyl 

group of t h e  sp i robenzy l i soqu ino l ines  (10) and ( 1 2 )  a r e  anti and 

t o  t h e  n i t r o g e n ,  r e s p e c t i v e l y .  Although a  t r a c e  amount o f  epimer 

was formed i n  each r e a c t i o n ,  t h e  t r ans fo rmat ion  of  be rb ine  methio- 

d ides  ( 9  and 11) i n t o  sp i robenzy l i soqu ino l ines  (10 and 12,  respec- 

t i v e l y )  proceeded s t e r e o s e l e c t i v e l y .  Therefore t h e  s tereochemis t ry  

a t  t h e  migrat ing carbon atoms was predominantly r e t a i n e d .  I t  was 
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was expected t h a t  I1 ,Elanionic  s h i f t s  should proceed w i t h  invers ion .  

However r e t e n t i o n  o f  conf igura t ion  a t  t h e  migrat ing atom i n  s e v e r a l  

examples o f  Stevens rearrangement had been reported.' ' This i s  a  

f u r t h e r  example of r e t e n t i o n  of  conf igura t ion .  

The s t r u c t u r e  o f  t h e  8.8-dimethylberbine (13) was determined by 

an a l t e r n a t i v e  s y n t h e s i s .  Thus t h e  phenol ic  i soqu ino l ine  ( 1 4 )  hy- 

d roch lo r ide  was heated wi th  acetone i n  a c e t i c  a c i d  f o r  24 h r  t o  

a f f o r d  t h e  phenol ic  be rb ine  ( 1 5 ) ,  m.p. 160 - 161°, methylation of 

which w i t h  diazomethane gave 13, m.p. 246 - 247' (decamp.) ( a s  

hydrobromide) . 

I t  was presumed t h a t ,  i n  t h e  t r a n s - q u i n o l i z i d i n e  system, t h e  

anion f i r s t l y  formed a t  C13a p o s i t i o n  a b s t r a c t e d  t h e  a x i a l l y  o r i e n t e d  

hydrogen a t  C8 p o s i t i o n ,  followe' by t h e  invers ion  o f  t h e  anion a t  

C8 p o s i t i o n  and I1 .2 lanionic  s h i f t  t o  g ive  t h e  8 - s u b s t i t u t e d  berbines .  

The d e t a i l s  o f  t h e  above r e a c t i o n  mechanism should be resolved i n  t h e  

f u t u r e .  



1 T. Kametan i ,  S.-P.  Huang, M.  I h a r a ,  a n d  K. Fukumoto,  J .  Org.  Chem., 

i n  p r e s s .  

2 J. I m a i ,  Y.  Kondo, a n d  T. Takemoto,  H e t e r o c y c l e s ,  1 9 7 5 ,  ,3, 467.  

3 S .  Kano, T. Yokomatsu,  E .  Kamiyama, Y .  T a k a g i ,  a n d  S.  S h i b u y a ,  

Chem. a n d  Pharm. B u l l .  (Japan), 1 9 7 5 ,  Z,3, 1171 .  

4 K.  Yosh ioka ,  I .  M o r i s h i m a ,  J. Kuniotomo,  M .  J u - i c h i ,  a n d  Y. 

Y o s h i d a ,  C h e m i s t r y  L e t t e r s ,  1 9 7 5 ,  961.  

5 M. Tomi ta  a n d  M. Sugamoto,  J. Pharm. S o c .  J a p a n ,  1 9 6 2 ,  @,, 1141.  

6 I .  S a l l a y a  a n d  R. H .  A y e r s ,  T e t r a h e d r o n ,  1 9 6 3 ,  ;%, 1397 .  

7 M. T o m i t a  a n d  T. K i k u c h i ,  J .  Pharm. Soc .  J a p a n ,  1 9 5 7 ,  ,j',j', 73. 

8 S.-T. Lu, T.-L. S U ,  T. Kametan i ,  A .  U j i i e ,  M. I h a r a ,  and  K .  

Fukumoto,  J. C. S .  P e r k i n  I ,  1976 ,  63.  

9 T. K a m e t a n i ,  A. Uj i ie ,  M. I h a r a ,  K .  Fukumoto,  a n d  S.-T. Lu, Js 
S .  P e r k i n  I ,  i n  p r e s s .  

1 0  R. B .  Woodward a n d  R. Hoffmann, " T h e  C o n s e r v a t i o n  o f  O r b i t a l  

S y m m e t r y ' , V e r l a g  Chemie,  BmbH, W e i n h e i m / B e r g s t r ,  1 9 7 0 ,  p .  1 3 1 ,  a n d  

r e f s  c i t e d  t h e r e i n .  

R e c e i v e d ,  1 9 t h  March, 1976 


