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Abstract -- The ratlo of crythro and threo products from the sodlum 

borohydridc reduction o f  the hydrochlorides, and other acid salts, of 

a-aminoproplaphenone derivatives was determined. It was found that 

this procedure resulted in stereoielectlve formation of crythro-2- 

amino-1-phenylpropanols in contrast to sodium borohydride reduct~on 

of the corresponding free bases. The method was successfully applied 

to the synthesis of dl-erythro-2-(4-beniy1piperidino)-1-(4-hydroxy- 

pheny1)propanol which has been used as a vasodilator. 

We vlsh to report h e r s  the stereoselectlvc reduction of a-aminopropiophenane 

derivatives with sodium borohydride. Although there are already many reports 1 

concerning the sodium borohydride reduction of a-aminopropiophenone derlvatlves, 

the products have generally been rnlxtures of erythro and threo isomers with the 

predominant isomer being predictable to some extent from appl~catlon of Cram's 

modelZ or Karabatsos's m e t h ~ d . ~  The general method for the preparation of erythro- 

2-amino-1-phenylpropanols has therefore been catalytic hydrogenation of the corre- 

sponding a-aminopropiophenones. lc,4 

We were interested in the reduction of a-aminoprapiophenane hydrochlorides wlth 

sodium borohydride for the reason that amine salts with sodium borohydride produce 

am~noborines.~ Accordingly, sodlum borohydrlde reduction of the hydrochlorides of 

(la, b, and c) was carried out with the result that erythro isomers (2) were 



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

shown i n  T a b l e  I .  I t  was a l s o  o b s e r v e d  t h a t  r e a c t i o n  t e m p e r a t u r e  i n f l u e n c e d  t h e  

e r y t h r o l t h r e o  r a t i o  o f  p r o d u c t s .  The low y i e l d s  ( T a b l e  I )  o f  t h o s e  p r o d u c t s  a re  

due t o  l o s s e s  i n c u r r e d  on s l l i c a  g e l  column c h r o m a t o g r a p h y  

T& ( I ) .  R e d u c t i o n  o f  a-Aminopropiophenones(1) w i t h  NaBH4 

. . (1 )  (2 )  

S t a r t i n g  M a t e r i a l  R e d u c t i o n  Y i e l d  (%) 
C o n d i t i o n s  

R1 % t h r e o - ( 2 )  e r y t h r o -  (2 )  

1 a  E t  E  t f r e e  b a s e  be low 25' 27 .b  37 .9  

E t E t B:HC1 be low 25' t r a c e  8 5 . 3  

l b  - (CH2)s-  f r e e  b a s e  be low 25' 1 4 . 8  5 3 . 4  

- ( C H 2 I s -  B:HCl b e l o w  25' 4 . 1  6 4 . 8  

- (CH2)5-  B  :HC1 ref lux(Me0H) l o a )  goa) 

1 c Me ,By, f r e e  base be low 25' 27 .3  3 6 . 7  

Me BY B  :HC1 be low 25' 2 .0  6 5 . 8  

Me BY B:HCl re f lux(Me0H)  6oa)  4ua) 
- 

a )  A n a l y s i s  by NMR s p e c t r o s c o p y  ( r e l a t i v e  r a t i o ) .  By=benzy l  

From t h e s e  r e s u l t s  we s p e c u l a t e  t h a t  t h e  h i g h  d e g r e e  o f  s t e r e o s e l e c t l v i t y  o b s e r v e d  

1 s  due t o  t h e  i n l t l a l  f o r m q t i o n  o f  t h e  a m i n a b o r i n e  f o l l o w e d  by t h e  f o r m a t i o n  o f  

Cram's f ive -membered  c y c l i c  transition s t a t e .  2 

The method was t h e n  a p p l l e d  t o  t h e  r e d u c t l o "  o f  v a r i o u s  s a l t s  o f  a - p i p e r l d i n o -  

p r o p i o p h e n o n e  derivatives (3a )  and  ( 3 b ) .  A s  shown i n  T a b l e  11, e r y t h r o  (4a )  and  

e r y t h r o ( 4 b ) ,  which h a s  b e e n  u s e d  a s  a  v a s o d i l a t o r ,  were  o b t a i n e d  w l t h  h i g h  s e l e c t i v i t y  

I t  was o b s e r v e d  t h a t  t h e  e r y t h r o i t h r e a  p r o d u c t  r a t i o  was v i r t u a l l y  t h e  same f o r  

r e d u c t i o n  o f  t h e  f r e e  b a s e  (3b)  a s  f o r  r e d u c t i o n  o f  i t s  a c i d  s a l t s ,  i . e .  t h a t  

u t i l l s a t l o n  o f  an  a c i d  s a l t  i n  t h i s  r e a c t i o n  d l d  n o t  improve  on t h e  a l r e a d y  h i g h l y  

s t e r e o s e l e c t i v e  r e d u c t i o n  o f  t h e  f r e e  b a s c .  T h i s  anomalous  s t e r e o s e l e c t i v e  r e d u c t i o n  
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o f  t h e  f r e e  b a s e  (3b)  i s  a t t r i b u t e d  t o  f o r m a t i o n  o f  t h e  amine s a l t ,  by v i r t u e  o f '  

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

a b s o r p t i o n  bands a t  2300 - 2 7 0 0  cm-I i n  i t s  i n f r a r e d  s p e c t r u m .  T h i s  was r e a d i l y  

p r o v e n  by two s l m p l e  e x p e r i m e n t s  a s  f o l l o w s .  When (3b)  was r e d u c e d  w i t h  sodium' 

h o r o h y d r i d e  i n  t h e  p r e s e n c e  o f  sodium h y d r o x i d e  t h e  a f o r e m e n t i o n e d  s t e r e o s e l e c t i v i t y  

was l o s t ,  a n d ,  when t h e  n o n - p h e n o l i c  f r e e  b a s e  ( 3 a )  was r e d u c e d  i n  t h e  p r e s e n c e  o f  

p h e n o l ,  e r y t h r o  (4a)  was p r o d u c e d  s e l e c t i v e l y .  

T W  ( 1 1 ) .  R e d u c t i o n  of  a -P ipe r id inop rop iophenones  ( 3 a  and  b)  - 

(31 ( 4 )  

S t a r t i n g  Reducing S o l v e n t  T e m p e r a t u r e  Y i e l d  (%)  
M a t e r i a l  Agent  t h r e o - ( 4 )  e r y t h r o -  ( 4 )  

3a(R-By) f r e e  b a s e  NaBH4 Me OH 

B:HCl NaBH4 Me OH 

o x a l a t e  NaBH4 MeOH 

B:H2S04 NaBH4 MeOH 

f r e e  b a s e  
+ p h e n o l  ( x l .  I) NaBH4 MeOH 

B :HC1 NaBH4 MeOH 

f r e e  b a s e  RDB benzene  

B:HC1 RDB benzene  

be low 25' 

be low 25' 

below 25' 

be low 25' 

be low 25' 

r e f l u x  

room temp. 

room temp. 

27.4 52.2 

0 . 2  96 .6  

t r a c e  9 2 . 8  

0 . 9  8 3 . 3  

5 . 5  8 8 . 3  

l z a )  8 s a )  

46.2 24 .3  

55 .4  2 4 . 1  

3 b ( ~ = ~ ) ~ )  f r e e  b a s e  NaBH,, Me OH be low 25' 6 9 4  
B :HC1 NaBH4 MeOH be low 2SD 5  9  5  

B:H2S04 NaBH4 MeOH below 25' 6  9  4  

o x a l a t e  NaBH4 Me OH be low 25' 7  9  3  

+NaOH f ree  base NaBH4 Me OH below 25' 18  82 

B:HCl RDB benzene  room temp.  57 4  3  

a) A n a l y s i s  by N M R  s p e c t r o s c o p y  ( r e l a t i v e  r a t i o ) .  

b )  The y i e l d  was d e t e r m i n e d  u s i n g  a Chromatoscanner  ( r e l a t i v e  r a t i o ) .  

RDB=NaAl(OCH2CH20CH3)2H2 By=benzyl  

Thus i t  h a s  been  shown t h a t  sodium b o r o h y d r i d e  r e d u c t i o n  of  t h e  s a l t s  o f  a - a m i n o -  

p r o p i o p h e n o n e  d e r i v a t i v e s ,  o r  o f  t h e  f r e e  b a s e s  i n  t h e  p r e s e n c e  o f  a c i d ,  p r o c e e d s  

s t e r e o s e l e c t l v e l y  t o  g i v e  t h e  c o r r e s p o n d i n g  erythro-2-amino-1-phenylpropanols. 



REFERENCES 

1. a )  H .  K .  M u l l e r  and  E .  h l i i l l e r ,  Ann. Chem., 1 9 6 5 ,  &@,, 1 3 4 .  

b )  S .  Yarnada a n d  K .  Kaga, T e t r a h e d r o n  L e t t e r s ,  1 9 6 7 ,  1711 .  

c )  H .  Takamatsu ,  J .  Pharm. S o c .  J a p a n ,  1 9 5 6 ,  I t ,  1227 .  

2.  D. J. Cram and  K .  R .  Kopecky, J. Am. Chem. Soc. ,  1 9 5 9 ,  &, 2748. 

3. G .  J .  K a r a b a t s o s ,  J .  A m .  Chem. S o c . ,  19b7 ,  ( 2 ,  1 3 6 7 .  

4. a )  H .  K .  M u l l e r ,  Ann. Chem., 1950 ,  @,#,, 70. 

b )  S .  Sugasawa,  T .  Yarnazakl,  M .  K a w a n i s h i ,  a n d  J. Iwao ,  J .  Pharm. S a c .  J a p a n ,  

1 9 5 1 ,  , 5 3 0 .  

5 .  a )  G .  W .  S h a e f f e r  a n d  E. K .  A n d e r s o n ,  J. Am. Chem. S a c . ,  1 9 4 9 ,  x&,, 2143 

b )  H .  Nath  a n d  H .  Beyer ,  Chem. Ber . ,  1 9 6 0 ,  2 2 ,  928 .  

c )  T.  Matsumato ,  T. N l s h l d a ,  and  H .  S h l r a h a m a ,  J. O r y .  Chem., 1 9 6 2 ,  $1, 79. 

Received,  1 4 t h  March, 1980 


