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ABSTRACT

STEREOSPECIFIC APPROACHES TO THE 

SYNTHESIS OF ALKALOIDS

by

WILLIAM L . MANCINI

The s y n t h e s i s  o f  a  c h i r a l  t r i c y c l i c  m o le c u le  i n c o r ­

p o r a t i n g  an  i s o q u i n o l i n - 4 - o n e  r i n g  s y s te m  i s  d e s c r i b e d .  The 

h e t e r o c y c l i c  f iv e -m e m b e re d  r i n g ,  w h i le  b e in g  in c o r p o r a t e d  

i n t o  t h e  r i n g  s y s te m  o f  t h e  p h t h a l i d e i s o q u i n o l i n e ,  a p o r p h in e ,  

o r  o t h e r  a l k a l o i d  s t r u c t u r e s ,  i s  d e s ig n e d  to  p r o t e c t  t h e  

s t e r e o c h e m is t r y  a t  th e  v i c i n a l  a sy m m e tr ic  c a rb o n  a to m s .

Ar

(9)

Ar

(9£) Z=H2 (13) 

Z= 0  (16)

0
II

Ar

(18)
X



S t a r t i n g  w i t h  th e  t h r e o - d i a r v l e th a n o la m in e  (9 )  o f  

known a b s o l u t e  c o n f i g u r a t i o n ,  t h e  f u n c t i o n a l  g ro u p s  w e re  

p r o t e c t e d  fro m  a d v e r s e  r e a c t i o n s  by  i n c o r p o r a t i o n  i n t o  a  

h e t e r o c y c l i c  f iv e -m e m b e re d  r i n g .  The o x a z o l id in e  r i n g  

s y s te m  (1 3 ) f a i l e d  t o  u n d e rg o  a l k y l a t i o n  a t  n i t r o g e n  u n d e r  

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

b e c a u s e  o f  r i n g - c h a i n  ta u to m e r is m . The o x a z o l id in o n e  r i n g  

s y s te m  ( 1 6 ) ,  h o w e v e r , g a v e  N - a l k y l a t i o n  w i th  e t h y l  b rom o- 

a c e t a t e .  P P A -C a ta ly z e d  c y c l i z a t i o n  y i e l d e d  a  t e t r a h y d r o i s o -  

q u i n o l i n - 4 - o n e  (1 8 )  h a v in g  t h e  c o r r e c t  s p e c t r a l  d a t a .

C o n v e rs io n  o f  th e  t h r e o -  t o  t h e  e r y t h r o - d i a r y l a m in o -  

a l c o h o l  (9E ) was a t t e m p te d  by  a  s e q u e n t i a l  o x i d a t i o n - r e d u c t i o n  

p r o c e d u r e .  The c o n v e r s io n  o f  th e  t h r e o  s t e r e o c h e m is t r y  to  

t h e  e r v t h r o  was a c c o m p lis h e d  w i th  t h e  N -b e n z o y l d e r i v a t i v e s  

o f  t h e s e  com pounds. The c h i r o p t i c a l  p r o p e r t i e s  o f  th e  

o p t i c a l  i s o m e r s  o f  t h e  t h r e o -oaaz  A id  in e s  (1 3 ) a n d  o x a z o l i d i -  

n o n e s  (1 6 ) a r e  d e s c r i b e d .  The h e t e r o c y c l e  (1 8 )  i s  a  u s e f u l  

i n t e r m e d i a t e  w h ic h  may be c o n v e r t e d  by  r e l a t i v e l y  s im p le  

r e a c t i o n s  t o  a  v a r i e t y  o f  a l k a l o i d s .

x i



I .  INTRODUCTION

F o r  many y e a r s  t h e  m ain  s o u rc e  o f  a l k a l o i d s ,  e s p e c ­

i a l l y  th e  p h t h a l i d e i s o q u i n o l i n e s , h a s  b e e n  i s o l a t i o n  fro m  

p l a n t  e x t r a c t s .  The am o u n ts  o f  s u b s ta n c e s  o b ta in e d  w ere  

s m a l l  a n d  s t r u c t u r a l  d e te r m in a t io n s  w e re  slow  a n d  t e d i o u s .  

T h ro u g h  s y n t h e s i s  an d  r e s o l u t i o n ,  some o p t i c a l  p r o p e r t i e s  o f  

t h e  a l k a l o i d s  h a v e  b een  g a th e r e d .  The a s s ig n m e n ts  o f  a b s o l u t e  

c o n f i g u r a t i o n  h a v e  b een  b a s e d  p r i m a r i l y  on c o m p a r iso n  o f  th e  

c h i r o p t i c a l  s p e c t r a  o f  t h e s e  com pounds w i th  s i m i l a r  s u b s ta n c e s .

A s s ig n m e n ts  o f  c o n f i g u r a t i o n  d one  in  t h e  above  

m a n n e r , h o w e v e r , c a n n o t  a lw a y s  be c o n s id e r e d  a b s o l u t e .  

S t e r e o s p e c i f i c  s y n th e s e s  a r e  now b e in g  e m p lo y ed , n o t  o n ly  

t o  o b t a i n  u n e q u iv o c a l  a s s ig n m e n ts  o f  c o n f i g u r a t i o n ,  b u t  

a l s o  t o  make a v a i l a b l e  l a r g e r  am o u n ts  o f  t h e s e  a l k a l o i d s .

T h e se  s y n th e s e s  g e n e r a l l y  s t a r t  w i th  a  compound o f  known 

c o n f i g u r a t i o n .  C a re  m ust th e n  be  e x e r c i s e d  t h a t  a t  no t im e  

d o e s  r e a c t i o n  o c c u r  a t  t h e  c h i r a l  c e n t e r s .

I t  i s  th e  p u rp o s e  o f  t h i s  t h e s i s  t o  e s t a b l i s h  a  

s t e r e o s p e c i f i c  r o u t e  t o  ( + ) - t h r e o - l “ (a -H y d ro x y -3 T. 4 ' - m e th y l-  

e n e d io x y b e n z y l) - N - m e th y l - 6 , 7 - m e th y le n e d io x y - l , 2 , 3 , 4 - t e t r a -  

h y d r o i s o q u i n o l i n e  ( 1 ) ,  a  p o s s i b l e  p r e c u r s o r ‘t o  t h e  s y n t h e s i s  

o f  p h t h a l i d e i s o q u i n o l i n e s ,  p a r t i c u l a r l y  one o f  t h e  is o m e rs  o f  

b i c u c u l l i n e  ( 2 ) .  In  t h i s  s y n t h e t i c  schem e p r o o f  o f  r e t e n t i o n  

o f  o p t i c a l  a c t i v i t y  m ust a l s o  be d e m o n s tr a te d .  I n t e r m e d ia t e  

(JL) m ig h t p o s s i b l y  be c o n v e r te d  t o  tw o p r e v i o u s ly  u n p re p a r e d  

a l k a l o i d s ,  N -m e th y lo v ig e r in e  Q ) , an d  n e o l i t s i n e  ( 4 ) .  I f  

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

a m o u n ts  a d e q u a te  f o r  e x t e n s i v e  p h a rm a c o lo g ic a l  t e s t i n g .



NCHO

o

1

I

o

NCH-

N -M e t h y l o v i g e r i n e (3.)

NCH

B i c u c u l l i n e ( 2 J

NCH

Neolitsine (4.)
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I I .  HISTORICAL

The te rm  p h t h a l i d e i s o q u i n o l i n e  i s  a p p l i e d  t o  a

g ro u p  o f  e le v e n  known a l k a l o i d s  w h ic h  a r e  a l l  d e r iv e d  from  

th e  p a r e n t  s u b s ta n c e  (5 )  by  s u b s t i t u t i o n  o f  a  h y d ro x y l  o r  

m e th o x y l g ro u p  a t  C -8 ,  a n d /o r  m eth o x y l a n d  m e th y le n e d io x y  

g ro u p s  a t  c a rb o n s  6 ,7 ,4 *  an d  5 * . A l l  t h e  com pounds i s o l a t e d  

fro m  p l a n t s  c o n ta in  a n  N -m e th y l g ro u p . T h ese  com pounds a r e  

i d e n t i f i e d  i n  T a b le  I  and  i n c l u d e  n a r c o t i n e ,  n a r c o t o l i n e ,  

h y d r a s t i n e ,  b i c u c u l l i n e ,  c a p n o id in e ,  a d lu m id in e ,  d -  an d  1 -  

a d lu m in e ,  c o r lu m in e ,  c o r lu m id in e  an d  c o r d r a s t i n e .  C o r lu m i-  

d in e  d i f f e r s  from  t h e  o t h e r  com pounds s i n c e  i t  c o n t a i n s  a  

h y d ro x y l  g ro u p  a t  C -7 . A l l  o f  th e  p h t h a l i d e i s o q u i n o l i n e s  

a r e  fo u n d  i n  p l a n t s  o f  th e  P a p a v e ra c e a e  f a m i ly ,  e x c e p t  f o r  

h y d r a s t i n e  w h ich  h a s  been  fo u n d  o n ly  i n  p l a n t s  o f  t h e  f a m i l i e s  

R a n u n c u la c e a e  an d  B e r b e r id a c e a e .

t h e s e  e a r l y  s y n t h e s e s ,  th e  com pounds w ere  fo rm ed  by  t h e  c o n ­

d e n s a t i o n  o f  two p a r t s  o f  t h e  t o t a l  m o le c u le ,  u s u a l l y  th e  

i s o q u i n o l i n e  an d  p h t h a l i d e  m o i e t i e s .  Any a t t e m p t  a t  t h e  

s y n t h e s i s  o f  a n y  o f  t h e s e  p h t h a l i d e i s o q u i n o l i n e s  e m p lo y in g

5 4

O n ly  f o u r  o f  th e s e  com pounds, a d lu m in e ,  b i c u c u l l i n e  ,
A t

h y d r a s t i n e  and  n a r c o t i n e  , h a v e  b een  s y n t h e s i z e d .  I n  a l l  o f
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t h i s  p ro c e d u re  w ou ld  be n o n s t e r e o s p e c i f i c  a n d  w ould  p r o b a b ly  

y i e l d  a  m ix tu r e  o f  d i a s t e r e o m e r s . To d a te  no  s t e r e o s p e c i f i c  

s y n t h e t i c  p r o c e d u r e s  hav e  b e e n  d e v e lo p e d  s t a r t i n g  w i th  com­

p o unds o f  known c o n f i g u r a t i o n .  I f  su c h  a  m ethod  w ere  d e v e l ­

o p e d , t h e  u n e q u iv o c a l  d e te r m in a t io n  o f  t h e  a b s o l u t e  c o n f i g ­

u r a t i o n  c o u ld  be  a c h ie v e d .  F o r  e x a m p le , t h e  a b s o l u t e  

c o n f i g u r a t i o n  o f  b i c u c u l l i n e ^  h a s  b e e n  a s s ig n e d  by c o m p a r iso n  

o f  i t s  o rd  a n d  cd  c u r v e s  w i th  th o s e  o f  h y d r a s t i n e  an d  

n a r c o t i n e  (T a b le  I ) .

The a p o rp h in e s ^  a r e  a n o th e r  f a m i ly  o f  a l k a l o i d s  w h ich  

c o n ta in  an  i s o q u i n o l i n e  r i n g .  A l l  o f  th e  a p o rp h in e  a l k a l o i d s  

a r e  b a s e d  on th e  4 H - d ib e n z o fd e . g ] i s o q u i n o l i n e  s t r u c t u r e  o r  

i t s  N -m e th y l d e r i v a t i v e  ( 6 ) .  M ost o f  t h e s e  a l k a l o i d s  h a v e  

b een  i s o l a t e d  fro m  p l a n t s .

3 4
2
1

11
10

9

<fi>
W ith in  t h e  l a s t  few  y e a r s ,  a p o r p h in e s  h av e  b e e n

s y n th e s i z e d  v i a  f o u r  m a jo r  p r o c e s s e s :  p h e n o l i c  o x i d a t i v e
7 8c o u p l in g  , a  P s c h o r r  c y c l i z a t i o n  , a  m o d if ie d  U llm an c o n d e n -

9 10s a t i o n  , an d  a  p h o to c h e m ic a l  c y c l i z a t i o n .  The P s c h o r r

c y c l i z a t i o n  r o u t e  i s  i l l u s t r a t e d  by  th e  s y n t h e s i s  o f  n u c i f e r -



TABLE

Compound"* C -6 C-7 C -8

A d lu m id in e -O -C I^ -O - H

A d lu m in e och3 OCH3 H

B i c u c u l l i n e - o - ch2 - o - H

C a p n o id in e - o - ch2 - o - H

C o r d i a s t i n e och3 OCH3 H

C o r lu m id in e och3 OH H

C o rlu m in e och3 OCH3 H

a - H y d r a s t i n e - o - ch2 - o- H

{3-Hydra s t i n e - o - ch2 - o - H

a - N a r c o t in e -0-C H 2 - 0 - OCH

{ 3 -N arco tin e - o - ch2 - o- OCH

N a r c o t in e - o - ch2 - o - OH

I

C o n f ig u r a t io n  
C-4*____________ C -5 1 C - l  C -9

- o - c h 2 - o - s S

- O - C ^ - O - s s

- o - c h 2 - o - s R

- o - c h 2 - o - R R

o c h 3 o c h 3 unknown

- o - c h 2 - o - S R

- o - c h 2 - o - s R

OCH3 OCH3 R R

o c h 3 o c h 3 R S

OCH3 o c h 3 R S

OCH3 OCH3 R R

OCH3 OCH3 R R

Ln
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1)P t02.H2 (0
2 ) HC* HCI-NH2

h
• HCl 

NCH3 1)NaN02,HCI 
2)H2NS03H,:‘ 

I n

o
o

NCH-

T h ere  e x i s t s  o n ly  one a p o r p h in e ,  u s h i n s u n i n e ,  w h ic h

c o n t a i n s  a n  a l c o h o l  f u n c t i o n  a t  C -7 . T h is  n o v e l  a p o rp h in e

b a s e  h a s  b e e n  fo u n d  in  M ic h e l ia  a l b a , M ic h e l ia  c h am p ac a . and

M ic h e l ia  c o m p r e s s a . T h is  com pound h a s  a  m e th y le n e d io x y
12f u n c t i o n  a t  C - 1 ,2 .  On th e  o t h e r  h a n d , n e o l i t s i n e  (3 )  an d

13 ~N - m e th y lo v ig e r in e  (4 )  a r e  t h e  o n ly  a p o rp h in e s  known t o

c o n ta in  tw o m e th y le n e d io x y  f u n c t i o n s .  H ow ever, b o th  o f

t h e s e  com pounds a r e  d e v o id  o f  a n y  oxygen  f u n c t i o n  a t  C -7 .

'CH-

(3) (4 )
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In  a l l  t h e  a p o rp h in e  s y n th e s e s  known a t  th e  p r e s e n t  

t im e ,  no  s t e r e o s p e c i f i c  s y n th e s e s  h a v e  b een  e m p lo y e d . M ost 

a p o r p h in e s  c o n ta in  o n ly  one a sy m m e tr ic  c e n t e r ;  h o w e v e r , 

u s h in s u n in e  h a s  tw o c h i r a l  c e n t e r s ,  one a t  C -6 a , an d  th e  

o t h e r  a t  C -7 .

A s t e r e o s p e c i f i c ,  s y n t h e t i c  p a th w ay  w h ic h  c o u ld  go 

th ro u g h  a  common i n t e r m e d i a t e  an d  y i e l d  n o t  o n ly  a p o r p h in e s ,  

b u t  a l s o  p h t h a l i d e i s o q u i n o l i n e s ,  w o u ld  be d e s i r a b l e .  From 

su c h  a  s y n t h e t i c  se q u e n c e  th e  s y n t h e s i s  o f  some a p o rp h in e s  

a n d  p h t h a l i d e i s o q u i n o l i n e s  a s  w e l l  a s  th e  d e t e r m i n a t i o n  o f  

t h e i r  a b s o l u t e  c o n f i g u r a t i o n  c o u ld  be r e a l i z e d .  The r e l a ­

t i v e l y  p o o r  y i e l d s  i n  a p o rp h in e  s y n th e s e s  a n d  th e  l a c k  o f  

a d e q u a te  q u a n t i t i e s  from  n a t u r a l  s o u r c e s  lave p r e c lu d e d  e x ­

t e n s i v e  p h a rm a c o lo g ic a l  t e s t i n g .  A c o m b in a t io n  o f  t h e s e  

l i m i t i n g  f a c t o r s  l e d  t o  t h e  s tu d y  o f  s t e r e o s p e c i f i c  a p p ro a c h e s  

t o  th e  s y n t h e s i s  o f  t h e s e  c l a s s e s  o f  a l k a l o i d s .
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I I I .  DISCUSSION AND RESULTS

A . The C l a s s i c a l  A p p ro ach

In  d e s ig n in g  a  s t e r e o s p e c i f i c  s y n t h e s i s  c a r e f u l

p la n n in g  an d  i n t e n s e  th o u g h t  m u st be e x e r c i s e d  a t  e v e r y  s t e p .

E ac h  r e a c t i o n  o f  t h e  p ro p o se d  r o u te  becom es a  m o st im p o r ta n t

v e n t u r e .  B e s id e s  r e t a i n i n g  o p t i c a l  a c t i v i t y  e a c h  s t e p  m ust

r e s u l t  i n  good y i e l d s .

An e a r l i e r  a t t e m p t  a t  t h e  s t e r e o s p e c i f i c  s y n t h e s i s
14o f  b i c u c u l l i n e  (2 )  was made by D u ra n d . In  h i s  r o u t e  i t  

w as e s s e n t i a l  t h a t  a  compound o f  known c o n f i g u r a t i o n  be p r e ­

p a re d  fro m  w h ic h  th e  s y n t h e s i s  c o u ld  p r o c e e d .  The t h r e o -  

is o m e r  o f  a  d ia r y la m in o a lc o h o l  (9 )  w as p r e p a r e d  i n  good y i e l d  

a n d  r e s o l v e d .  P ip e r o n a l  (7 )  w as c o n d e n se d  w i th  g l y c i n e  in  

b a s i c  m ed ia  t o  y i e l d  t h e  S c h i f f  b a se  ( 8 ) .  H y d r o ly s i s  o f  8. 

w i t h  h y d r o c h l o r i c  a c i d  y i e l d e d  th e  d e s i r e d  t h r e o - a m in o a lc o h o l

(£ )  . From  th e  o rd  s p e c t r a  o f  t h e  e n a n t io m e rs  o f  t h i s  compound
14a n d  th o s e  o f  t h e  known 1 ,2 - d ip h e n y le th a n o la m in e  th e  a b s o l u t e  

c o n f i g u r a t i o n s  w e re  a s s i g n e d .  The e r y t h r o - i s o m e r  w h ich  

w as d i f f i c u l t  t o  p r e p a r e  w as n o t  em ployed  i n  t h i s  s e q u e n c e .

I t  w as f e l t  t h a t  a  s y n t h e t i c  se q u e n c e  c o u ld  be d e v is e d  em p lo y ­

in g  th e  ra c e m ic  t h r e o - is o m e r  (£ )  and  th e n  t h i s  r o u t e  c o u ld  be 

a p p l i e d  t o  th e  o p t i c a l l y  a c t i v e  e n a n t io m e rs  o f  t h e  t h r e o -  an d  

e r y t h r o - d i a s t e r e o m e r s .

*The d o t t e d  l i n e s  i n d i c a t e  r e l a t i v e  s t e r e o c h e m is t r y  b u t  do 
n o t  im p ly  an y  a b s o l u t e  c o n f i g u r a t i o n .  U n le s s  o th e r w is e  
s t a t e d  t h e  r a c e m ic  m ix tu r e  i s  e m p lo y ed .



0H h1C0 w , OOrn
OH JJ.

(7)

m o o
o

1) HCI
2) NH4OH

o

o

(9)

( 8)

A l k y l a t i o n  o f  t h e  am ino  f u n c t i o n  o f  £  f o l lo w e d  by 

c y c l i z a t i o n  w o u ld  l e a d  t o  th e  i s o q u i n o l i n e  r i n g  s y s te m  fo u n d  

in  b i c u c u l l i n e .  The am ine  w as a c y l a t e d  w i th  o x a ly l  c h l o r i d e  

(1 0 )  an d  c y c l i z e d  u n d e r  a  v a r i e t y  o f  c o n d i t i o n s .  L ew is a c i d  

c a t a l y s i s  p ro d u c e d  a  d io x o  compound (1 1 )  w h ic h  was a ssu m ed  

t o  be  th e  i s o q u i n o l i n - 3 ,4 - d i o n e  ( 1 2 ) . b u t  t h e  p o o r  y i e l d  

(3%) d e s t r o y e d  t h e  u s e f u l n e s s  o f  t h i s  c l a s s i c a l  a p p ro a c h .
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O

O

Cl-C-?-CI

(10)

(9 )

(13)

LEWIS ACID

0

y NH

(1 2 )
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B. The O x a z o l id in e  S ystem

In  e x a m in in g  t h e  s t e p s  o f  t h i s  s y n t h e s i s  one f a c t  

becom es im m e d ia te ly  o b v io u s .  The p o o r  y i e l d s  o f  t h e  c y c l i ­

z a t i o n  r e a c t i o n  p r o b a b ly  r e s u l t  from  t h e  i n t e r f e r e n c e  o f  th e  

h y d ro x y l  g r o u p . T h u s , i f  th e  a m in o a lc o h o l  (9 )  i s  t o  be em­

p lo y e d  and  u l t i m a t e l y  c y c l i z e d ,  th e  h y d ro x y l  g ro u p  m ust be 

p r o t e c t e d  s o  t h a t  no N -0 m ig r a t io n  w i l l  o c c u r  o n c e  th e  am ine  

h a s  b een  a l k y l a t e d  o r  a c y l a t e d .  Of e q u a l  c o n c e rn  i s  d e h y d ra ­

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

c y c l i z a t i o n  s t e p .  A t h i r d  r e a s o n  f o r  f u r t h e r  e x p l o r a t i o n  o f  

t h e s e  s y n th e s e s  was t h a t  th e  s t e r i c  f a c t o r s  w a r r a n te d  a d d i ­

t i o n a l  s t u d y .  I f ,  f o r  e x a m p le , th e  am ine  c o u ld  be h in d e r e d  

f ro m  f r e e  r o t a t i o n  o r  f i x e d  r i g i d l y ,  c y c l i z a t i o n  t o  th e  

i s o q u i n o l i n e  r i n g  s y s te m  w ou ld  p ro c e e d  p e rh a p s  i n  g r e a t e r  

y i e l d .

W ith  t h e s e  o b j e c t i v e s  i n  m ind , i n c o r p o r a t i o n  o f  th e  

tw o  f u n c t i o n a l  g ro u p s  i n  a s i n g l e ,  r e l a t i v e l y  r i g i d  o x a z o l i ­

d i n e  r i n g  s y s te m  w as e m p lo y ed . The o x a z o l id in e  sy s te m  

a f f o r d s  many a d v a n ta g e s .  B e s id e s  f u l f i l l i n g  a l l  o f  th e  ab o v e  

r e q u i r e m e n t s ,  t h i s  s y s te m  i s  s t a b l e  t o  b o th  a c i d  an d  b a s e .  

T h is  r i n g  c a n  be  o p en ed  by l i t h i u m  a lum inum  h y d r id e  , 

c a t a l y t i c  h y d r o g e n a t io n ,  and  G r ig n a r d  r e a g e n t s .  I n  e a c h  

c a s e  th e  bond  b e tw een  c a rb o n -2  an d  oxygen  i s  b ro k e n  r e s u l t i n g  

i n  t h e  N - s u b s t i t u t e d  a m in o a lc o h o l .

The p r e p a r a t i o n  o f  t h e  o x a z o l id in e  (1 3 ) w as c a r r i e d  

o u t  by c o n d e n s a t io n  o f  fo rm a ld e h y d e  w i th  th e  a m in o a lc o h o l  

(£ )  i n  t o lu e n e  u s in g  a  Dean S t a r k  s e p a r a t o r  t o  rem ove th e  

w a t e r  fo rm e d . The f iv e -m e m b e re d  r i n g  w as r e a d i l y  o b ta in e d  

i n  79% y i e l d  a s  p r e v i o u s ly  d e s c r i b e d . ^



To a c h ie v e  c y c l i z a t i o n  t o  an  i s o q u i n o l i n e  r i n g  sy s te m  

th e  o x a z o l id in e  n i t r o g e n  m ust be a l k y l a t e d  w i th  an  e th y l e n e  

o r  e t h y l  s u b s t i t u e n t .  V a r io u s  a l k y l  h a l i d e s  w ere  em p loyed  

f o r  t h i s  p u r p o s e ,  h o w e v e r , no s u c c e s s  w as o b ta in e d .  G ly c id o l  

w as c o n d e n se d  w i t h  t h i s  r i n g  s y s te m  a n d  w as u l t i m a t e l y  

c y c l i z e d  t o  a  d i h y d r o i s o q u i n o l i n e H o w e v e r ,  due t o  th e  

low  y i e l d  (270 » t h i s  r e a c t i o n  se q u e n c e  was n o t  u t i l i z e d
17f u r t h e r .  A l l  a t t e m p t s  a t  a l k y l a t i o n  w i th  e t h y l  b ro m o a c e ta te

18o r  a c e ta ld e h y d e  d i e t h y l a c e t a l  p ro v e d  f u t i l e .  The a l k y l a t i n g  
19c o n d i t i o n s  w e re  a l s o  v a r i e d  i n  b a s i c i t y ,  b u t  no s u c c e s s  was 

a c h ie v e d  (T a b le  I I ) . One i n t e r e s t i n g  a s p e c t  o f  th e s e  r e a c ­

t i o n s  i s  t h a t  s t a r t i n g  m a t e r i a l  w as n o t  r e c o v e r e d  i n  g r e a t e r  

th a n  f i f t y  p e r c e n t  y i e l d .  One o f  t h e  r e a s o n s  f o r  t h e  f a i l u r e

o f  t h e  o x a z o l id in e  t o  N - a lk y l a t e  w as p r o b a b ly  th e  f a c t  t h a t
20t h e  s y s te m  u n d e rg o e s  r i n g - c h a i n  ta u to m e r is m . The s p e c t r a l  

d a ta  b e lo w  s u b s t a n t i a t e d  t h i s  h y p o t h e s i s .

The nm r s p e c tru m  o f  th e  o x a z o l id in e  compound (1 3 )  

show ed o n e - h a l f  o f  a n  AB q u a r t e t  f o r  t h e  b e n z y l i c  p r o to n s  a t  

5 .2  t  ( J ^ g  = 4 H z ) .  The o t h e r  h a l f  o f  t h e  q u a r t e t ,  h o w e v e r , 

w as i n te r m i n g l e d  i n  a  com p lex  m u l t i p l e t  c e n t e r e d  a t  5 .6  t . 
T h e re  a l s o  a p p e a re d  t o  be  a n o th e r  h a l f  o f  a n  AB q u a r t e t  a t  

6 .9  t  ( J ^ B = 8 H z ) .  The m e th y le n e  c a rb o n  o f  an  o x a z o l id in e
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r i n g  sy s te m  w h ich  i s  p t o  a  c h i r a l  c e n t e r  s h o u ld  a p p e a r  a s  

a  s im p le  AB q u a r t e t .  The p r e s e n c e  o f  a  m u l t i p l e t  s u g g e s te d  

t h a t  a  s t r u c t u r e  o t h e r  th a n  th e  e x p e c te d  o x a z o l id in e  r i n g  

m ig h t h a v e  b e en  p r e s e n t .  The i n f r a r e d  s p e c tru m  o f  th e  o x a ­

z o l i d i n e  (1 3 )  ta k e n  a s  a  p o ta s s iu m  b ro m id e  p e l l e t  e x h i b i t e d
15t h e  e x p e c te d  a b s o r p t io n  b a n d s  o f  t h i s  r i n g  s y s te m . In

c h lo r o f o r m  th e  i n f r a r e d  s p e c tru m  show ed a  w eak a b s o r p t io n
-1  21 b an d  a t  1670 cm , c h a r a c t e r i s t i c  o f  an  im in e  ( 1 4 ) . An

a b s o r p t io n  band  a t  A 320 nm, c h a r a c t e r i s t i c  o f  a  S c h i f f
2 2  m331

b a s e  and  c o n s i s t e n t  w i th  (1 5 ). w as o b s e r v e d .

S in c e  th e  o x a z o l id in e  i s  u n d e rg o in g  t h i s  e q u i l i b r i u m  

t o  fo rm  th e  im in e  ( 1 4 ) , th e n  th e  b a s e  i s  p r e v e n te d  fro m  a b ­

s t r a c t i n g  th e  am ine p r o t o n .  T h u s , a n y  s u b s e q u e n t  r e a c t i o n  

w i l l  t a k e  p l a c e  b e tw ee n  th e  b a s e  a n d  th e  a l k y l  h a l i d e . The 

o v e r a l l  r e s u l t  i s  t h a t  no  r e a c t i o n  o c c u r s .

<

u

(13 )

Q

- O H

Q

<

=CH-

(15)
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C. The O x a z o lid in o n e  R in g  S y stem

The f a i l u r e  o f  th e  a l k y l a t i o n  r e a c t i o n  an d  p o s s i b l e  

l o s s  o f  s t e r e o c h e m ic a l  c o n t r o l  made i t  o b v io u s  t h a t  a  d i f f e r ­

e n t  sy s te m  h a d  t o  be e m p lo y e d . A sy s te m  w h ic h  w ould  g iv e

m o s t ,  i f  n o t  a l l ,  o f  t h e  a d v a n ta g e s  o f  th e  o x a z o l id in e  r i n g
23w as s o u g h t .  The 2 - o x a z o l id in o n e  r i n g  s y s te m  i s  u s e f u l  i n  

t h a t  i t  a l s o  p r e v e n t s  N -0 a l k y l  m i g r a t i o n s .  T h is  sy s te m  

a l s o  y i e l d s  t h e  N -m e th y l c a r b i n o l  upon  r e d u c t io n  w i th  l i t h i u m  

a lum inum  h y d r i d e .  The c r i t i c a l  d i s a d v a n ta g e s  o f  th e  o x a z o l i ­

d in o n e  r i n g  a r e  t h a t  i t  i s  v e r y  s e n s i t i v e  t o  h y d ro x y  b a s e s  

an d  m in e r a l  a c i d s .  In  b o th  c a s e s  th e  r i n g  i s  d e c a r b o n y l a te d . 

I t  i s  e a s y  t o  s e e  t h a t  i f  m in e r a l  a c i d  o r  an y  h y d ro x y  b a s e  

i s  em p loyed  d u r in g  a l k y l a t i o n  o r  in  th e  c y c l i z a t i o n ,  th e  

p o s s i b i l i t y  o f  r i n g  o p e n in g  a n d  N -0 a l k y l  m ig r a t io n  o c c u r r in g  

p r i o r  t o  c y c l i z a t i o n  becom es p r o m in e n t .

The 2 - o x a z o l id in o n e  r i n g  sy s te m  can  e a s i l y  be fo rm ed

by  c o n d e n s a t io n  o f  t h e  t h r e o - a m in o a lc o h o l  (j)) w i th  d i e t h y l -  
24c a r b o n a t e .  The i n f r a r e d  s p e c tru m  e x h i b i t s  t h e  e x p e c te d  

a b s o r p t io n  b a n d s ,  tw o c a r b o n y l  a b s o r p t io n  b a n d s  a t  1740 an d  

1780 cm ^ a n d  th e  lo n e  am ide a b s o r p t io n  band  a t  3350 cm 

I t  h a s  a l s o  b e e n  r e p o r t e d  t h a t  2 - o x a z o l id in o n e s  e x h i b i t  a  

c h a r a c t e r i s t i c  a b s o r p t io n  ban d  b e tw ee n  1029-1059  cm w h ic h  

i s  c o n s i s t e n t  w i th  th e  s p e c tru m  o f  1 6 .

(EtO)2CO
NaOMe

(9 ) (16 )
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The 2 - o x a z o l id in o n e  r i n g  s y s te m  c o m p r is e s  an  am ido

f u n c t i o n  w h ic h  i s  a l s o  a  u r e t h a n e ,  an d  a l l  a t t e m p t s  t o

a l k y l a t e  a  n i t r o g e n  in  t h i s  ty p e  o f  e n v iro n m e n t r e q u i r e  th e
19u s e  o f  s t r o n g  b a s e .  M arv e l an d  M oyer s u c c e s s f u l l y  a l k y l a t e d  

la c ta m s  by u s in g  sod ium  h y d r id e  a n d  a n  a l k y l  h a l i d e .  F o llo w ­

in g  t h i s  p r o c e d u r e ,  t h e  am ido  p r o to n  w as rem oved w i th  NaH and  

b ro m o a c e ta ld e h y d e  d i e t h y l  a c e t a l  w as ad d ed  a s  th e  a l k y l a t i n g  

a g e n t ,  b u t  no  p r o d u c t  w as o b t a i n e d .  In  f a c t ,  s t a r t i n g  

m a t e r i a l  w as n o t  r e c o v e r e d  an d  a  b e t t e r  a l k y l  h a l i d e  w as 

s o u g h t (T a b le  I I I ) .

E th y l  b ro m o a c e ta te  w as a g a in  em ployed  a s  i t  was f o r  

t h e  o x a z o l id in e  com pound. The r e s u l t s ,  h o w e v e r , w e re  q u i t e  

d i f f e r e n t .  A v i s c o u s  o i l  w as o b ta in e d  w hose s t r u c t u r e  (1 7 ) 

w as a s s ig n e d  on t h e  b a s i s  o f  i t s  s p e c t r a l  a n d  a n a l y t i c a l  

d a t a .  The p u r i f i c a t i o n  o f  t h i s  o i l  p ro v e d  t o  be a  m a jo r  

t a s k .  The o i l  w as s o l u b l e  i n  a  w id e  v a r i e t y  o f  o r g a n ic  

s o l v e n t s .  V a r io u s  m e th o d s su c h  a s  h e a t in g  a n d /o r  f r e e z i n g  

o f  t h e  o i l  ( n e a t )  f a i l e d  t o  r e s u l t  i n  e i t h e r  a  p u re  o i l  o r  

s o l i d .  One m ethod u l t i m a t e l y  p ro v e d  s u c c e s s f u l .  H ot 

p e t r o le u m  e t h e r  w as a d d e d  t o  t h e  o i l  an d  t h e  m ix tu r e  w as 

s t i r r e d  b e f o r e  im m ers io n  in  a  D ry I c e - a c e to n e  b a th .  R e p e a t ­

in g  t h i s  p r o c e d u re  s e v e r a l  t im e s  r e s u l t e d  i n  a  g l a s s - l i k e  

s o l i d ,  mp 5 1 -5 2 ° .  I n s p e c t i o n  o f  t h e  i n f r a r e d  s p e c tru m  r e ­

v e a l e d  no  am ide  p r o to n  a b s o r p t io n  an d  a  b ro a d e n in g  o f  t h e  

c a r b o n y l  a b s o r p t i o n  r e g i o n .  The h i g h  y i e l d  (80%) o f  a  s i n g l e  

p r o d u c t  w as e n c o u r a g in g .

The nmr s p e c tru m  o f  17. p ro v e d  t o  be  i n f o r m a t i v e .  The 

b e n z y l i c  p r o to n s  a p p e a re d  a s  t h e  e x p e c te d  AB q u a r t e t  ( J ^ g  -  8 

H z ) ,  c e n t e r e d  a t  5 .0  t . The e t h y l  e s t e r  p o r t i o n  o f  t h e  com­

pound  was r e v e a l e d  a s  a  t r i p l e t  8 .7  t ( J  ■ 7 Hz) a n d  a s  a  

q u a r t e t  a t  5 .8  t ( J  -  7 H z ) .  The p r o to n s  o f  t h e  m e th y le n e  

c a rb o n  o f  t h e  s i d e  c h a in  on n i t r o g e n  a p p e a re d  a s  an  AB q u a r t e t
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c e n t e r e d  a t  6 .1  t ( J ^  -  18 H z) w i th  a  c h e m ic a l  s h i f t  d i f ­

f e r e n c e  o f  5 7 .6  c y c l e s .  The f a c t  t h a t  a n  AB q u a r t e t  was 

o b s e rv e d  f o r  t h e s e  p r o to n s  i s  n o t  s u r p r i s i n g  s in c e  t h i s  

m e th y le n e  g ro u p  i s  s i t u a t e d  c l o s e  t o  a  c h i r a l  c e n t e r .

The l a r g e  c h e m ic a l  s h i f t  d i f f e r e n c e  c a n  b e s t  be

u n d e r s to o d  i f  a  m odel o f  t h i s  compound i s  e x a m in e d . One o f

t h e  m e th y le n e  p r o to n s  i s  s i t u a t e d  o v e r  th e  2 - o x a z o l id in o n e

r i n g  a n d  h e n c e  i s  i n  much d i f f e r e n t  m a g n e tic  e n v iro n m e n t th a n

t h e  o t h e r  p r o to n  w h ic h  seem s t o  be s i t u a t e d  o u t s i d e  o f  t h e

f iv e -m e m b e re d  r i n g  s y s te m . The l a r g e  c o u p l in g  c o n s t a n t  i s
25n o t  u n iq u e .  C a h i l l ,  C ookson an d  C rabb  s t u d i e d  g e m in a l  

c o u p l in g  c o n s t a n t s  o f  m e th y le n e  g ro u p s  a  t o  b o th  a  n i t r o g e n  

a n d  a  c a r b o n y l  f u n c t i o n  an d  g e n e r a l i z e d  t h a t  th e  c o u p l in g  

c o n s t a n t s  w e re  u s u a l l y  1 7 -1 8  H z. W e s tle y  a n d  W e in s te in  

fo u n d  t h a t  a  num ber o f  m e th y le n e  g ro u p s  i n  v a r i o u s  d i p e p t i d e s  

h a d  c h e m ic a l  s h i f t s  b e tw ee n  6 .1  an d  6 .4  t  a n d  t h a t  t h e i r  

g e m in a l  c o u p l in g  c o n s t a n t s  w e re  e i t h e r  17 o r  18 H z.

A l l  a t t e m p t s  a t  fo rm in g  d e r i v a t i v e s  o f  t h i s  s u b s t i t u -
26 27t e d  2 - o x a z o l id in o n e  w i th  a c i d ,  b a s e  , a n d  h y d r a z in e  h y d r a t e

w e re  i n  v a i n .  A q u a l i t a t i v e  u l t r a v i o l e t  a b s o r p t io n  s p e c tru m

o f  t h i s  o i l  w as a l s o  o b t a i n e d .  The v a lu e  o f  t h i s  s p e c tru m

w i l l  be  shown s h o r t l y .

S i n c e ,  a s  s t a t e d  e a r l i e r ,  t h e  m ethod  o f  p u r i f i c a t i o n  

a n d  c r y s t a l l i z a t i o n  o f  th e  N - a lk y la te d - 2 - o x a z o l id in o n e  was 

l a b o r i o u s  a n d  a t  t im e s  seem ed f u t i l e ,  i t  w as th o u g h t  t h a t  

one way t o  c ir c u m v e n t  t h i s  p ro b le m  w as t o  e f f e c t  c y c l i z a t i o n  

o f  t h i s  c ru d e  m a t e r i a l .  C a re  a n d  th o u g h t  h a d  t o  be  a p p l i e d  

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

c h l o r i c  a c i d  a n d  h y d ro x y  b a s e s .  D i e t h y l a c e t y l  d e r i v a t i v e s  

o f  a m in es  h a d  b e e n  c y c l i z e d  p r e v i o u s ly  t o  4 - i s o q u in o lo n e s  

u s i n g  s u l f u r i c  a c i d ^ ,  b u t  th e  p r e s e n c e  o f  t h e  m e th y le n e d io x y  

f u n c t i o n s  p r o h i b i t e d  t h e  u s e  o f  t h i s  a c i d .  T h ese  same
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a u th o r s  do  im p ly , h o w e v e r , t h a t  p o ly p h o s p h o r ic  a c i d  w o rk ed  

a s  w e l l  a s  s u l f u r i c  a c i d ,
28K am etan i a n d  Fukum oto in  t h e  p r e p a r a t i o n  o f  i s o ­

q u i n o l i n e s  em p loyed  t h i s  a c i d .  C are  m u s t be t a k e n  t h a t  t h i s  

r e a c t i o n  i s  ru n  u n d e r  th e  c o r r e c t  c o n d i t i o n s .  FPA c y c l i z a -  

t i o n s  c a n  b e  ru n  h o t ,  c o l d ,  o r  a t  room  t e m p e r a tu r e .  The 

f i r s t  a t t e m p t  t o  c y c l i z e  t h e  N - s u b s t i t u t e d  2 - o x a z o l id in o n e  

(1 7 )  w i th  t h i s  a c i d  by  w arm ing  i n  a  h o t  w a te r  b a th  r e s u l t e d  

i n  t a r s .  The r e a c t i o n  was a l s o  a t t e m p te d  c o l d ,  b u t  no  

r e s u l t s  w e re  o b t a i n e d .  The s i n g l e  s u c c e s s  i n  t h i s  c y c l i z a ­

t i o n  p r o c e d u r e  w as o b ta in e d  b y  s t a r t i n g  th e  r e a c t i o n  c o l d  and  

a l lo w in g  i t  t o  warm t o  room te m p e r a tu r e  s lo w ly .

0

PPA
CHnCOOEt

<

(1J) (18)

S in c e  im p u re  s t a r t i n g  m a t e r i a l  was u s e d  an d  in  v e r y  

s m a l l  q u a n t i t y ,  o n ly  a  s m a ll  am ount o f  o i l  was r e c o v e r e d  

fro m  t h e  l a s t  r e a c t i o n .  The b e s t  way t o  i d e n t i f y  t h i s  

r e s i d u e  w as w i th  nm r an d  q u a l i t a t i v e  u l t r a v i o l e t  s p e c t r o s ­

c o p y . The t im e  a v e ra g e d  nmr s p e c tru m  o f  an  e x t r e m e ly  d i l u t e  

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

h a d  o c c u r r e d .  A c h a n g e  in  t h e  a r o m a t ic  p r o to n  r e g i o n  b o th  

i n  sh a p e  an d  i n t e g r a t i o n  w as o b s e r v e d .  The i n t e g r a t i o n  o f  

f i v e  f o r  t h e  a r o m a t i c  p r o to n s  i s  one l e s s  th a n  t h a t  o f  

s t a r t i n g  m a t e r i a l .  The l a c k  o f  th e  e t h y l  e s t e r  p r o to n s  w as 

e n c o u r a g in g .  The b e n z y l ic  p r o to n s  a p p e a re d  a g a i n  a s  an  AB
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q u a r t e t  a t  5 .2  t  ( J ^ g  = 6 Hz) com pared  t o  5 .0  t  ( J ^ g  * 8 Hz)

f o r  t h e  s t a r t i n g  m a t e r i a l .  The l a r g e s t  c h a n g e  w as o b s e rv e d

f o r  t h e  g e m in a l  p r o to n s  o f  th e  m e th y le n e  g ro u p  a  t o  th e

a m in e . An AB q u a r t e t  w as a g a in  o b s e rv e d ,  t h i s  t im e  c e n te r e d

a t  6 .3  t  ( J A_ * 17 H z ) ,  and  th e  c h e m ic a l  s h i f t  d i f f e r e n c e  AB
d e c r e a s e d  from  5 7 .6  Hz t o  1 3 .6  H z . T h ese  f i g u r e s  become

s i g n i f i c a n t  w hen com pared  w i th  a  s i m i l a r  s tu d y  by Chow and  
29C o lo n . T h ese  a u th o r s  p r e p a r e d  a  num ber o f  a - p i p e r i d i n y l  

a c e to p h e n o n e s . W ith  t h e  a - ( 2 - m e t h y l ) p i p e r i d i n y l  a c e to p h e n o n e ,  

th e  m e th y le n e  p r o to n s  o f  th e  a c e to p h e n o n e  p o r t i o n  a p p e a re d  

a s  a n  AB q u a r t e t  c e n t e r e d  a t  6 .1  t ( J ^ g  = 17 Hz) w i th  a  

c h e m ic a l  s h i f t  d i f f e r e n c e  o f  26 H z . When th e  p i p e r i d i n e  was 

u n s u b s t i t u t e d  a t  th e  2 - p o s i t i o n ,  th e  m e th y le n e  p r o to n s  a p ­

p e a r e d  a s  a  s i n g l e t  a t  6 .3  t . From  th e  ab o v e  in f o r m a t io n  i t  

i s  a p p a r e n t  t h a t  th e  m e th y le n e  g ro u p  a t  C -3  o f  t h e  i s o q u i n o ­

l i n e  m o ie ty  c o u ld  q u i t e  p o s s i b l y  be  s i t u a t e d  b e tw ee n  an  

am in e  an d  a ro m a tic  k e to n e  a s  i n  1 8 .

A q u a l i t a t i v e  u v  s p e c tru m  o f  t h i s  o i l  r e v e a l e d  f o u r

b a n d s  a t  T\ 2 3 3 -2 3 4 , 2 6 1 , 2 8 5 , an d  315 nm. The u v  s p e c tru m  max
o f  t h e  s t a r t i n g  m a t e r i a l  r e v e a l e d  o n ly  tw o b an d s a t  ^max 

2 3 8 -2 3 9  an d  287 nm. E v en  th o u g h  no  c o r r e l a t i o n  c a n  be made 

on  t h e  b a s i s  o f  e x t i n c t i o n  c o e f f i c i e n t s  s i n c e  t h e  c o n c e n t r a ­

t i o n s  a r e  unknow n, one c a n  com pare  th e  r e s u l t s  w i th  th e  d a t a  

o f  G re th e  an d  c o w o rk e rs  who h a d  p r e p a r e d  a  num ber o f  4 -  

i s o q u i n o l o n e s . A c h e c k  o f  th e  u v  s p e c tru m  o f  one o f  th e  

com pounds t h a t  th e y  p r e p a r e d ,  2 ,3 - d ih y d r o - 6 ,7 - d im e th o x y - 4 ( lH ) -  

i s o q u i n o lo n e ,  w h ic h  w as c l o s e s t  t o  th e  p resu m ed  4 - i s o q u i n o -  

lo n e  ( 1 8 ) ,  r e v e a l e d  t h a t  i t  to o  h a d  f o u r  m a jo r  a b s o r p t io n

b a n d s ,  * 2 2 6 -2 2 7 , 2 6 4 , 2 7 7 -2 7 8 , and  318 nm. From  th e
* max

a b o v e  s i m i l a r i t i e s  i n  s p e c t r a l  d a t a ,  i t  i s  p ro p o s e d  t h a t  

c y c l i z a t i o n  h a s  r e s u l t e d  i n  th e  f o r m a t io n  o f  th e  k e to n e  1 8 . 

b u t  im p ro v em en ts  i n  t h e  r e a c t i o n  c o n d i t i o n s  a r e  n e c e s s a r y .
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210  250 290 330

F ig u re  1 . U l t r a v i o l e t  S p e c tr a  o f  ( - ) -N -E th o x y c a r b o n y lm e th y le n e -
( * ) - t r a n s - o x a z o lid in o n e  (1 7 )  and ( ----- ) 2 ,3 -D ih y d r o -
C i ) - t r a n s - o x a z o lo - 4 ( lH ) - i s o q u in o lo n e  ( 1 8 ) .
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S in c e  th e  way i s  a p p a r e n t l y  open t o  t h e  s y n t h e s i s  o f  t h e  

s u b s t i t u t e d  t r i c y c l i c  d e r i v a t i v e  (1 8 )  w h ic h  r e d u c t io n  w i l l  

r e a d i l y  c o n v e r t  t o  th e  d e s i r e d  t e t r a h y d r o i s o q u i n o l i n e  ( 1 J , 

a t t e n t i o n  w as d i r e c t e d  t o  t h e  o t h e r  is o m e rs  p o s s i b l e  i n  t h i s  

s e r i e s  o f  com pounds.
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D. The E rv th ro -A m in o a lc o h o l

I f  a  s t e r e o s p e c i f i c  s y n t h e t i c  r o u t e  l e a d in g  to  an 

i n t e r m e d i a t e  w h ic h  m ig h t b e  c a p a b le  o f  y i e l d i n g  a p o rp h in e s  

a n d  p h t h a l i d e i s o q u i n o l i n e s  i s  t o  be c o m p le te ,  a l l  iso m e rs  o f  

t h e  s t a r t i n g  m a t e r i a l  m u st be  i n c lu d e d .  S in c e  a l l  o f  th e  

p r e v io u s  w ork  h a d  b e e n  p e rfo rm e d  w i th  th e  t h r e o - a m in o a lc o h o l  

( 9 ) ,  i t  w ou ld  be n e c e s s a r y  t o  o b t a in  t h e  e r y t h r o - is o m e r  (1 9 )  

a n d  th e n  t o  s u b j e c t  i t  t o  th e  same r e a c t i o n s .  T he e r v t h r o -  

is o m e r  h a s  b een  show n t o  b e  t h e  m ore s i g n i f i c a n t  i n  a  v a r i e t y  

o f  e th a n o la m in e s  u s e d  i n  m e d ic in e .

E p h e d r in e  (2 0 ) and  p s e u d o e p h e d r in e  (2 1 )  a r e  s i g n i f i ­

c a n t  d r u g s ,  t h e  fo rm e r  h a v in g  th e  e r y t h r o  s t r u c t u r e  and 

e x t e n s i v e  u s e  a s  a  sy m p a th o m im e tic , v a s o c o n s t r i c t o r ,  and  

a n t i - a l l e r g i c  a g e n t .  I n  v e t e r i n a r y  m e d ic in e  i t  i s  u s e f u l  a s  

a n  a n t i d o t e  t o  m o rp h in e  an d  b a r b i t u r a t e  o v e rd o s e .  The t h r e o -  

i s o m e r ,  p s e u d o e p h e d r in e  (2 1 ) ,  h a s  l e s s  p h a rm a c o lo g ic a l  

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

s i m i l a r  d i f f e r e n c e  i n  p h y s i o l o g i c a l  a c t i v i t y  h a s  b e en  n o te d  

i n  many c a s e s  o f  d r u g s ,  e . g . ,  q u in in e  (2 2 )  w h ic h  h a s  a  

s i m i l a r  e th a n o la m in e  s t r u c t u r e  and  i s  u s e d  t o  f i g h t  m a l a r i a  

w h i le  e p iq u i n i n e  (2 3 )  h a s  n o  s i g n i f i c a n t ,  known p h a rm a c o lo g ­

i c a l  a c t i o n .  The t h r e o - i s o m e r  o f  a n  e th a n o la m in e ,  h o w e v e r , 

h a s  some v e ry  im p o r ta n t  a c t i v i t y  i n  a n o th e r  s e r i e s ,  D - ( - ) -  

c h lo r a m p h e n ic o l  ( 2 4 ) . h a v in g  e x c e l l e n t  a n t i m i c r o b i a l  a c t i v i t y .

I n  many c a s e s ,  th e  ty p e  o f  a c t i v i t y  v a r i e s  w i th  t h e  

a b s o l u t e  c o n f i g u r a t i o n ,  b o th  e r y t h r o  is o m e rs  b e in g  a c t i v e .  

Q u in in e  (2 2 )  c i t e d  ab o v e  f o r  a n t i m a l a r i a l  a c t i v i t y  h a s  a  

d i a s t e r e o m e r ,  q u i n i d i n e  ( 2 5 ) ,  w h ich  i s  e n a n t io m e r ic  a t  C -8 , 

C -9 . T h e se  two c h i r a l  c e n t e r s  a r e  t h e  s i t e  o f  enzym e a c t i o n ,  

an d  i n  c o n t r a s t  t o  2 2 , q u i n i d i n e  (2 5 ) i s  e x t e n s i v e l y  u s e d  a s  

a  c a r d i a c  d e p r e s s a n t  ( a n t i a r r h y t h m i c ) ,  b u t  a l l  is o m e rs  h a v e  

some am oun t o f  a n t i m a l a r i a l  a c t i v i t y .  T h is  s u g g e s t s  t h a t
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t h e  c o n f i g u r a t i o n s  may be a l t e r e d  in  t h e  b o d y , a  r e l a t i v e l y  

e a s y  c h e m ic a l  c h a n g e  t a k i n g  p l a c e .

P h

H O -C -H

CH3 N H-C-H

c h 3

(20)

Ph

H -C -O H
I

CH3 N H -C -H

CH3

(21)

H H

C H ,0

( 2 2 ) (23)

H O -C -H  „
| 0

H-C-NHCCHCI2

C H 2 O H

(2 4 )
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HO

OH

(25) (26)

I n  o r d e r  t o  u n d e r s t a n d  m ore f u l l y  th e  p h a rm a co lo g y  

o f  a l k a l o i d s  an d  s y n t h e t i c  d ru g s  m o d e led  on t h e s e  n a t u r a l  

p r o d u c t s ,  much m ore d e t a i l e d  c o m p a r is o n  o f  is o m e rs  i s  e s s e n ­

t i a l .  The l a c k  o f  s i g n i f i c a n t  q u a n t i t i e s  o f  p a r t i c u l a r  

is o m e r s  [ e . g . ,  e p iq u i n i n e  (2 3 )  an d  e p i q u i n i d i n e  ( 2 6 ) 1 h a s  

p r e v e n te d  su c h  s t u d i e s .  In  t h e  s y n t h e s i s  o f  th e  p h t h a l i d e -  

i s o q u i n o l i n e  a l k a l o i d s ,  i t  i s  n e c e s s a r y  t o  c o n s i d e r  r o u t e s  

t o  a l l  i s o m e r s ,  e s p e c i a l l y  t o  t h e  e r y t h r o  i s o m e r s .  The 

e r y t h r o - is o m e r  (9E ) o f  th e  a m in o a lc o h o l  s y s te m  may be  o b ­

t a i n e d  in  one  o f  tw o p o s s i b l e  w a y s , d i r e c t  s y n t h e s i s  o r  

th r o u g h  c o n v e r s io n  fro m  th e  t h r e o - i s o m e r .

D i r e c t  s y n t h e s i s  o f  t h e  e r y t h r o - a m in o a lc o h o l  was
30a t t e m p te d ;  h o w e v e r , t h i s  p r o c e d u r e  p ro v e d  t o  b e  b o th  

l e n g th y  an d  i m p r a c t i c a l .  P i p e r o n a l  (7 ) w as c o n d e n se d  w i th  

p o ta s s iu m  c y a n id e  a s  c a t a l y s t  t o  y i e l d  p i p e r o i n  ( 2 7 ) . The 

ox im e d e r i v a t i v e  (2 8 )  w as p r e p a r e d  (53%) a n d  r e d u c t i o n  was 

a t t e m p te d  i n  e t h a n o l  e m p lo y in g  Adams c a t a l y s t ;  h o w e v e r , n o  

s u c c e s s  was a c h ie v e d .



(7) NaCN

26

H

( 27)

H; N0HHC1

N OH

(28)

H2

P t O .

(9E)

31P in e s  a n d  c o w o rk e rs  h a d  shown t h a t  i t  w as p o s s i b l e  

t o  c o n v e r t  t h r e o - a m in o a lc o h o ls  t o  th e  e r y t h r o - is o m e r s  by an  

o x i d a t i o n - r e d u c t i o n  se q u e n c e  o f  r e a c t i o n s .  The N -b e n z o y l 

d e r i v a t i v e  (2 9 ) o f  t h e  t h r e o -a m in o a lc o h o l  was p r e p a r e d  in  

o r d e r  t o  p r o t e c t  t h e  p r im a ry  am ine  f u n c t i o n .  T h is  compound 

g a v e  s p e c t r a l  an d  a n a l y t i c a l  d a t a  c o n s i s t e n t  w i th  th e  e x ­

p e c te d  s t r u c t u r e  ( 2 9 ) .
32O x id a t io n  o f  29 w i th  Jo n e s  r e a g e n t  y i e l d e d  th e  

am ido  carbonyl ( 3 0 ) .  The i n f r a r e d  s p e c tru m  r e v e a l e d  an  a m id o - 

k e to n e  a b s o r p t io n  a t  1645 cm"*- an d  a n  a ro m a t ic  k e to n e  ab so rp *  

t i o n  b an d  a t  1680 cm . In  t h e  nmr s p e c tru m  th e  b e n z y l ic  

p r o to n  a p p e a re d  a s  a  d o u b le t  a t  3 .4  t ( J  =  7 H z) a n d  th e  

am ine  p r o to n  a l s o  a p p e a re d  a s  a  d o u b le t  a t  3 .3  t ( J  -  3 H z ) .
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Upon a d d i t i o n  o f  D£0 t o  t h e  nmr s a m p le , th e  tw o d o u b le t s  

c o l l a p s e d  i n t o  a  s i n g l e t  a t  3 .4  x . R e d u c tio n  o f  30 w as 

a c c o m p lis h e d  w i t h  sod ium  b o r o h y d r id e  w h i le  b u b b l in g  c a rb o n  

d io x id e  ( t o  a v o id  r e t r o a l d o l i z a t i o n )  th ro u g h  th e  r e a c t i o n  

m edium . A m ix tu r e  o f  t h e  t h r e o -  a n d  e r y t h r o -a m id e s  w as o b ­

t a i n e d  w h ich  w as s e p a r a t e d  by  d ry  co lum n c h ro m a to g ra p h y .

S p e c t r a l  and  a n a l y t i c a l  d a t a  w e re  c o n s i s t e n t  w i th  th e
30p ro p o s e d  s t r u c t u r e  and  l i t e r a t u r e  d a t a .

(29)

H h 9  
= /N C P h

= >N C P h
NaBHd

(30)

NaOH or

( S £ )
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The h y d r o l y s i s  o f  jy . p ro v e d  t o  be  q u i t e  a  d i f f i c u l t
14t a s k .  I t  h a d  b e e n  r e p o r t e d  t h a t  t h e  N -b e n z o y l- t h r e o -a m in o -  

a l c o h o l  (2 9 )  i n  t h e  p r e s e n c e  o f  h y d r o c h l o r i c  a c i d  r e s u l t e d  

i n  N -0 m ig r a t io n  o f  th e  b e n z o y l  g ro u p  y i e l d i n g  3 2 . T re a tm e n t  

o f  t h e  O -b e n z o y l compound (3 2 )  w i th  b a s e  y i e l d e d  th e  N - 

b e n z o y l  com pound (2 9 ) by th e  r e v e r s e  r e a c t i o n .

9

(32)

NaHCOj

( 2 9 )
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The N -b e n z o v l- e r y t h r o - is o m e r  ( 3 1 ) ,  h o w e v e r, upon

s i m i l a r  t r e a tm e n t  y i e l d e d  t h e  N - b e n z o y l- t h r e o -com pound (29 )

v i a  th e  O -b e n z o v l- t h r e o - a m in o e s te r  ( 3 2 ) . The h y d r o l y s i s  was
31a t t e m p te d  a c c o rd in g  t o  th e  p ro c e d u re  o f  P in e s  and  c o w o rk e r s .

E m p lo y in g  v a r i o u s  c o n c e n t r a t i o n s  o f  h y d r o c h lo r i c  a c i d  in

m e th a n o l ,  t h e  r e a c t i o n  c o n d i t i o n  y i e l d e d  e i t h e r  s t a r t i n g

m a t e r i a l  (2 9 )  o r  th e  O -b e n z o y l com pound (3 2 ) .  P r o b a b ly  an

i n t e r m e d i a t e  su c h  a s  p ro p o s e d  by  D u ran d  33 c o n v e r te d  th e

e r y t h r o  t o  t h r e o  p r o d u c t .  B ase h y d r o l y s i s  w i th  so d iu m
21h y d ro x id e  g a v e  n o  r e s u l t s . M cC asland  an d  S m ith  r e p o r t e d  

t h a t  h y d r o l y s i s  o f  e s t e r s  o f  2 -a m in o c y c lo p e n ta n o ls  c a n  be 

a c h ie v e d  b y  r e f l u x i n g  in  IN h y d r o c h l o r i c  a c i d .  T h is  m ethod  

d i d  n o t  p ro d u c e  th e  d e s i r e d  e r y t h r o -a m in o a lc o h o l  (9E ) . I t  

w as a p p a r e n t  t h a t  i f  a  t o t a l  s t e r e o s p e c i f i c  s y n t h e t i c  schem e 

w as t o  be  c o m p le te d ,  t h i s  o b s t a c l e  h a d  t o  b e  o v e rco m e.

Ph

O

( 33 )
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E . R e a c t io n s  w i th  O p t i c a l l y  A c t iv e  A m in o a lc o h o l ( £ ) .

I n  th e  d e s ig n  o f  a  s t e r e o s p e c i f i c  s y n t h e t i c  schem e 

th e  f i r s t  o b j e c t i v e  i s  t o  d e v is e  a  r e a s o n a b le  r o u t e  t o  th e  

d e s i r e d  com pound. The s e c o n d  an d  m o st im p o r ta n t  r e q u i r e m e n t  

i s  t o  m a in ta in  t h e  o p t i c a l  a c t i v i t y  w i th o u t  c h a n g e . The 

r e a c t i o n s  by w h ic h  th e  a m in o a lc o h o l  (9 )  w o u ld  u l t i m a t e l y  be 

c o n v e r te d  t o  th e  k e y  i n t e r m e d i a t e  (JL) s h o u ld  n o t  a l t e r  th e  

s t e r e o c h e m is t r y  a t  a n y  s t e p  i n  o r d e r  t o  m a in ta in  a  s t e r e o -  

s p e c i f i c  s y n t h e s i s .  F o rm a tio n  o f  t h e  f iv e -m e m b e re d  r i n g ,  

h o w e v e r , c o u ld  a f f e c t  t h e  c h i r a l  c e n t e r s  i f  a  m echan ism  

i n te r v e n e d  w i th  d e h y d r a t io n  a n d  ta u to m e r is m  (a )  p r  a n  i n t e r n a l  

Sjj2 (b )  r a t h e r  th a n  th e  d i r e c t  e l i m i n a t i o n  o f  w a te r  t o  m ain ­

t a i n  th e  s t e r e o c h e m is t r y  ( c ) .

H H
A r X N Y H  n* ,  ,

(9) + CH20 * — » 1 2 ‘ -> (1 3 )
2 h A q h - h 20 '  ■

Ar 1
■ *1  (b) -H20

A H H A h4 ^ 3
A r ^ N  n v v ^ IN\

H 'T 'O
L) A r X f J  h 4 V

- 'T 'c /

A r v ^ N

Ar I > Ar
Ar

H
( 1 J )

The r e s o l u t i o n  o f  9 was a c c o m p lis h e d  in  good  y i e l d
”  30

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

The a b s o l u t e  c o n f i g u r a t i o n  h a d  b e en  a s s ig n e d  t o  t h e  e n a n t i o -
30m ers o f  9 by  L y le  an d  D urand  on th e  b a s i s  o f  th e  o r d  c u r v e s .
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F ig u r e  2 .  The C ir c u la r  D ic h r o ism  and U l t r a v i o l e t  A b so r p tio n
C urves o f  ( - ) - t h r e o -2 -A m in o - l , 2 - b i s ( 3 ,4 -m e th y le n e -
d io x y p h e n y l)e th a n o l  ( 9 b ) .
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The c o m p a r is o n  o f  th e  c u r v e s  c o v e r e d  o n ly  t h e  s p e c t r a l  

r e g io n  ab o v e  290 nm, a n d  v e r i f i c a t i o n  was s o u g h t  by  t h e  u s e  

o f  c i r c u l a r  d ic h r o i s m  m e a s u re m e n ts . The c d  c u rv e  show ed tw o 

m a jo r  b an d s w i th  f i n e  s t r u c t u r e ,  t h e  lo n g  w ave l e n g t h  su b ­

s t i t u t e d  a ro m a tic  band  a t  2 9 2 -2 9 4  nm, [0] - 1 9 ,5 0 0 ° ,  an d  th e  

s e c o n d  band  a t  2 3 9 -2 4 0  nm, [0] - 2 6 ,0 0 0 .  T h ese  a r o m a t ic  

b an d s r e f l e c t e d  t h e  u v  a b s o r p t i o n  b an d s  a t  285 ( lo g  € 3 .9 0 )  

and  237 nm ( lo g  e 3 .9 4 ) .  The ( + ) -  and  ( - ) -  e n a n t io m e r s  o f  9, 

show ed m irror im age c u r v e s .

The c d  c u rv e  o f  ( - ) - £  a g r e e s  w i th  t h e  o rd  c u rv e  ob ­

t a i n e d  p r e v i o u s ly  in  t h a t  th e  lo n g  wave l e n g t h  C o t to n  e f f e c t  

h a s  t h e  n e g a t iv e  s i g n .  On c o m p a r is o n  o f  t h e  o rd  c u rv e s  o f  £  

w i th  t h o s e  o f  t h r e o - 2 - a m i n o - 1 ,2 - d i p h e n y le th a n o l  (3 4 ) o f  known 

c o n f i g u r a t i o n ,  t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  ( - ) - £  w as 

a s s ig n e d  (1 S :2 S )  an d  o f  (+ ) -9  a s  (1 R :2 R ).

OH rvlH2 OH NH2
HmcC     P h ^ C —    

Ph H A

( 3 4 a ) ( 34b)

I n  o r d e r  t o  v e r i f y  t h a t  t h e  r e a c t i o n s  d id  n o t  a l t e r

th e  s t e r e o c h e m i s t r y ,  t h e  c d  c u rv e s  o f  t h e  f iv e -m e m b e re d  r i n g

d e r i v a t i v e s  w e re  c o m p a re d . The l e v o r o t a t o r y  t r a n s - o x a z o l i -  
25d in e  ( 1 3 ) ,  [a ]D - 1 2 6 ° ,  was p r e p a r e d  an d  i t s  u v  an d  c d  

c u rv e s  w ere  o b t a i n e d .  The p o s s i b i l i t y  o f  an  e q u i l i b r i u m  

o c c u r r i n g  i n  t h i s  s y s te m  h a d  b e e n  d i s c u s s e d  e a r l i e r  ( s e e  

pag e  1 4 )  and  fro m  th e  c d  c u r v e s ,  one c o u ld  s e e  t h a t  a  d e c r e a s e  

in  t h e  num ber o f  d e g r e e s  o f  r o t a t i o n  h ad  o c c u r r e d .  T h is  was 

f u r t h e r  e v id e n c e  f o r  a n  e q u i l i b r i u m  w h ich  w as a f f e c t i n g  th e
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F ig u r e  3 . The C ir c u la r  D ic h r o ism  and U l t r a v i o l e t  A b so r p tio n
C urves o f  ( - ) - t r a n s - 4 . 5 - B i s ( 3 . 4 -m e th y le n e d io x y -
p h e n y l)o x a z o l id in e  ( 1 3 a ) .
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c h i r a l  c e n t e r  i n  v ie w  o f  t h e  f a c t  t h a t  i n c o r p o r a t i o n  o f  t h e

a sy m m e tr ic  c a r b o n s  i n t o  a  r i n g  u s u a l l y  r e s u l t s  i n  an  i n c r e a s e
34in  o p t i c a l  r o t a t o r y  p o w e r.

I n  o r d e r  t o  p r e p a r e  th e  o p t i c a l l y  a c t i v e  o x a z o l i d i ­

n o n e , t h e  d e x t r o r o t a t o r y  a m in o a lc o h o l  ( 9 a ) w as r e a c t e d  i n  

th e  m an n er d e s c r i b e d  ab o v e  f o r  th e  r a c e m a te  a n d  th e  r e s u l t a n t

o x a z o l id in o n e  (1 6 a )  was p u r i f i e d  by r e c r y s t a l l i z a t i o n .  M oni-
25

t o r i n g  t h e  r e a c t i o n  by t h e  o p t i c a l  r o t a t i o n ,  [ a ] ^  + 1 9 5 ° ,

show ed c l e a r l y  t h a t  th e  o p t i c a l  a c t i v i t y  a t  t h e  c h i r a l  c e n t e r s  

w as n o t  a f f e c t e d  by  th e  r e a c t i o n  c o n d i t i o n s .  From  th e  u v  

an d  c d  c u rv e s  i t  w as o b v io u s  t h a t  th e  o p t i c a l l y  a c t i v e  a m in o ­

a l c o h o l  (9 a )  an d  o x a z o l id in o n e  (1 6 a )  g a v e  v e r y  s i m i l a r  

c u r v e s  w i th  som ew hat g r e a t e r  a m p l i tu d e  f o r  t h e  l a t t e r .  E p i -  

m e r i z a t i o n  d id  n o t  a p p e a r  t o  r e s u l t  fro m  t h i s  r e a c t i o n .  The 

c d  d a t a  p r o v id e  s t r o n g  e v id e n c e  f o r  t h e  a s s ig n e d  a b s o l u t e

an d  r e l a t i v e  c o n f i g u r a t i o n a l  a s s ig n m e n ts .  The e a r l y  h y p o th -
35e s i s  o f  L y le  a n d  L a c r o ix  t h a t  o rd  c u r v e s  o f  t h e  d i a s t e r e o -

m ers w o u ld  be u s e f u l  d i a g n o s t i c  t o o l s  h a s  b e e n  s u p p o r te d  by
36t h e  m ore r e c e n t  s t u d i e s  o f  M i t s c h e r  e t  a l .  T he r e m a in d e r  

o f  t h e  r e a c t i o n s  i n  t h i s  s y n t h e t i c  schem e o c c u r r e d  away fro m  

th e  c h i r a l  c e n t e r s  a n d , t h e r e f o r e ,  t h e  d a n g e r  o f  l o s s  o f  

o p t i c a l  a c t i v i t y  o r  e p im e r i z a t io n  w as m in im a l .

The u l t i m a t e  r e p e t i t i o n  o f  e a c h  r e a c t i o n  w i th  t h e  

o p t i c a l l y  a c t i v e  a m in o a lc o h o l  w i l l  p ro d u c e  a  s t e r e o s p e c i f i c  

s y n t h e s i s  o f  one  o f  t h e  f o u r  p o s s i b l e  iso m e rs  o f  b i c u c u l l i n e  

( 2 ) .  A t p r e s e n t  a l l  t h e  d a t a  s u g g e s t  t h a t  th e  ( + ) - t h r e o -  

a m in o a lc o h o l  ( 9 a )  u s e d  a s  s t a r t i n g  m a t e r i a l  i n  t h i s  r e s e a r c h  

w i l l  p ro d u c e  t h e  r a r e  t h r e o - i s o m e r ,  e p i b i c u c u l l i n e ,  h a v in g  

th e  (1R :9R ) a b s o l u t e  c o n f i g u r a t i o n ,  a n d  th e  ( - ) - e n a n t i o m e r  

(9 b )  w i l l  p ro d u c e  th e  is o m e r  h a v in g  t h e  (1 S :9 S )  c o n f i g u r a t i o n .  

S i m i l a r l y  th e  e r y t h r o  is o m e rs  (9E ) w i l l  l e a d  t o  t h e  (1 R :9 S ) 

an d  (1 S :9 R ) c o n f i g u r a t i o n s  o f  b i c u c u l l i n e  ( 2 ) .
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F ig u r e  4 .  The C ir c u la r  D ich ro ism  and U l t r a v i o l e t  A b so rp tio n
C urves o f  th e  ( - ) - t r a n s - 4 . 5 - flftts( 3 . 4 -m e th y le n e -
d io x y p h e n y l)o x a z o lid in o n e  ( 1 6 b ) .
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IV . EXPERIMENTAL

G e n e r a l

M e l t in g  P o i n t s . M e lt in g  p o i n t s  w e re  d e te rm in e d  

u s i n g  a  H oover c a p i l l a r y  m e l t in g  p o i n t  a p p a r a tu s  a n d  a r e  

c o r r e c t e d .  In  a  num ber o f  i n s t a n c e s  th e  m e l t in g  p o i n t s  h e r e  

a r e  s l i g h t l y  h i g h e r  th a n  l i t e r a t u r e  v a l u e s .  T h is  may be due 

t o  th e  f a c t  t h a t  t h e  v a lu e s  r e p o r t e d  h e r e  a r e  c o r r e c t e d .

I n f r a r e d  A b s o r p t io n  S p e c t r a . The i n f r a r e d  a b s o r p ­

t i o n  s p e c t r a  w ere  d e te rm in e d  u s in g  P e r k in -E lm e r  M odels 337 

a n d  700 s p e c t r o p h o to m e te r s .  The p o s i t i o n s  o f  th e  a b s o r p t io n  

b a n d s  a r e  g iv e n  i n  cm U n le ss  o th e r w is e  i n d i c a t e d ,  th e  

s p e c t r a  o f  s o l i d s  w e re  d e te rm in e d  a s  p o ta s s iu m  b ro m id e  

p e l l e t s .

N u c le a r  M a g n e tic  R eso n an ce  S p e c t r a . The n u c l e a r  

m a g n e tic  r e s o n a n c e  s p e c t r a  w ere  d e te r m in e d  u s in g  a  V a r ia n  

M odel A -60 p r o to n  r e s o n a n c e  s p e c t r o m e t e r .  U n le s s  o th e r w is e  

i n d i c a t e d ,  t h e  s p e c t r a  w ere  o b ta in e d  in  d e u te r io c h lo r o f o r m ,  

a n d  th e  c h e m ic a l  s h i f t s  a r e  g iv e n  in  ppm r e l a t i v e  t o  t e t r a -  

m e t h y l s i l a n e ,  an  i n t e r n a l  s t a n d a r d .

A n a l y t i c a l  D a ta . M ic ro a n a ly s e s  w e re  o b ta in e d  w i th  

a n  F and  M M odel 180 c a r b o n ,  h y d ro g e n , an d  n i t r o g e n  a n a l y z e r .

O p t i c a l  R o ta t i o n  D a ta . O p t i c a l  r o t a t i o n s  w ere  

d e te rm in e d  on a  C a r l  Z e i s s  P h o t o e l e c t r i c  P r e c i s i o n  P o l a r i -  

m e te r  u s in g  a  m e rc u ry  v a p o r  lamp a s  a  l i g h t  s o u r c e .  The 

s p e c i f i c  r o t a t i o n s ,  [a] (g /1 0 0  m l,  s o l v e n t ) ,  a r e  g iv e n  f o r  

e a c h  m e a su re m e n t.
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C i r c u l a r  D ic h ro is tn  S p e c t r a . C i r c u l a r  d ic h r o i s m  

s p e c t r a  w ere  o b ta in e d  on  a  C a ry  M odel 6001 C i r c u l a r  D ic h ro is m  

a c c e s s o r y  f o r  th e  C a ry  M odel 60 R e c o rd in g  S p e c t r o p o l a r i m e t e r . 

The s p e c t r a  w e re  d e te rm in e d  in  1 .0  and  ,2  cm c e l l s ,  an d  th e  

i n i t i a l  c o n c e n t r a t i o n  a n d  s o l v e n t  ( g / c c ,  s o l v e n t )  a r e  i n d i ­

c a t e d  f o r  e a c h  s p e c tru m . D a ta  a r e  g iv e n  a s  th e  m o le c u la r  

e l l i p t i c i t i e s , [0 ] .
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A. S tu d ie s  i n  th e  t h r e o - 1 ,2 - D i a r y l e th a n o l a m in e  S e r i e s .

( j^  - th r e o - 2 - A m in o - 1 , 2 - b i s ( 3 .4 -m e th y le n e d io x y p h e n y l) -

e th a n o l  ( 9 ) .  The s y n t h e s i s  o f  th e  ( + ) - th r e o - a m in o a lc o h o l

(9.) was a c c o m p lis h e d  a c c o r d in g  t o  th e  p ro c e d u re  o f  L y le  and  
30

D u ra n d . S t a r t i n g  w i t h  p i p e r o n a l  (7 ,  150 g ,  1 m o l) ,  48 g 

(34%) o f  t h e  i n t e r m e d i a t e  S c h i f f  b a s e  (8 )  w as o b t a i n e d ,  mp 

1 8 2 -1 8 3 ° , l i t .  rap 1 8 1 -1 8 2 ° . H y d r o ly s is  o f  th e  i n t e r m e d i a t e  

w i th  0 .5  N h y d r o c h l o r i c  a c id  y i e l d e d  12 g (85%) o f  th e  a m in o - 

a l c o h o l  ( 9 ) ,  mp 1 6 1 -1 6 2 ° , l i t . ^ ®  mp 1 6 1 -1 6 2 ° . The nmr 

s p e c tru m  i n  fo rm ic  a c i d  d i s p l a y e d  th e  b e n z y l i c  p r o to n s  a s  

a n  AB q u a r t e t  a t  5 .0  t  ( J ^ g  * 9 .3  H z, 1H) an d  a t  5 .6  t  ( J ^ g  =  

9 .3  H z, 1 H ). The m e th y le n e d io x y  p r o to n s  a p p e a re d  a t  4 s. l  t  

( s , 2H) an d  4 .2  t  ( s ,  2H) and th e  a ro m a tic  p r o to n s  a t  3 .3  t  

(m, 6 H ).

A n a l .  C a lc d  f o r  C ^ H ^ N O ,.:  C, 6 3 .7 6 ;  H, 5 .0 2 ;  N,

4 . 6 5 .  F ound : C , 6 3 .7 0 ;  H, 5 .0 0 ;  N, 4 .6 1 .

IR  S p e c tru m : 3 4 2 0 , 3 4 00 , 3 2 5 0 , 3 0 3 0 , 2 9 0 0 ,

1 5 9 0 , 1 5 0 0 ( s ) , 1480 ( s ) ,  1420 , 1 3 6 0 , 1300 , 1 2 5 0 (b ) ,  1 1 90 ,

1 1 2 0 , 1 0 4 5 (b ) ,  9 8 0 , 9 4 5 ,  9 2 0 , 8 7 0 , 8 1 0 , 7 9 0 , 7 6 0 , 740 cm "1 .

UV: F ig u r e  2 .

R e s o lu t io n  o f  ( + ) - th r e o - 2 - A m in o - 1 .2 - b i s ( 3 .4 - m e th y l -

e n e d io x y p h e n y l ) e th a n o l  ( 9 ) .  The (+ ) - th r e o - a m in o a lc o h o l  ( £ ,

5 .0 0  g ,  0 .0 1 6 6  m ole) w h ic h  was p r e p a r e d  a c c o r d in g  t o  th e
30m ethod  o f  L y le  and  D u ran d  was d i s s o l v e d  in  300 ml o f  h o t  

m e th y la te d  s p i r i t s  (907. e t h a n o l : 10% m e th a n o l ) .  I n  a  s e p a r a t e  

c o n t a i n e r  ( + ) - t a r t a r i c  a c i d  (2 .4 9  g ,  0 .0 1 6 6  m ol) w as d i s s o l v e d  

i n  h o t  m e th y la te d  s p i r i t s .  The tw o h o t  s o l u t i o n s  w e re  m ixed 

t o g e t h e r  w i t h  im m e d ia te  f o r m a t io n  o f  w h i te  c r y s t a l s .  A f t e r  

a l l  p r e c i p i t a t i o n  c e a s e d ,  th e  f i r s t  f r a c t i o n  was s e p a r a t e d  

by  f i l t r a t i o n  and  d r i e d .  The f i l t r a t e  w as l e f t  s t a n d in g  

o v e r n i g h t ,  d u r in g  w h ic h  a  s e c o n d  f r a c t i o n  p r e c i p i t a t e d .
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The f i r s t  f r a c t i o n  was r e c r y s t a l l i z e d  fro m  w a te r
30

s e v e r a l  t im e s  y i e l d i n g  a  w h i te  s o l i d ,  mp 2 0 3 -2 0 5 °  ( l i t ,  

mp 2 0 3 .5 -2 0 5 ° )  [ a ] ^  + 1 0 2 .9 °  (c  0 .8 4 ,  w a t e r ) .  ( - ) - t h r e o - 2 -  

A m in o -1 ,2 -b i s - ( 3 , 4 - m e th y le n e d io x y p h e n y l) e th a n o l  h y d ro g e n -  

( + ) - t a r t r a t e  ( 4 .0  g ) was d i s s o l v e d  i n  250 m l o f  h o t  w a t e r ,  

an d  ammonium h y d ro x id e  w as ad d ed  u n t i l  th e  s o l u t i o n  becam e 

b a s i c  y i e l d i n g  a  w h i te  p r o d u c t  ( 2 .7  g ) w h ic h  w as f i l t e r e d

h o t .  A f t e r  s e v e r a l  r e c r y s t a l l i z a t i o n s ,  t h e  w h i te  c r y s t a l s
30 23

m e l te d  a t  1 6 1 -1 6 2 °  ( l i t .  mp 1 6 1 .5 - 1 6 2 .5 ° ) ,  [ a ] ^  -1 95°
30

(c  0 .4 8 ,  e t h a n o l )  ( l i t .  [a ]D - 2 0 0 .1 ° ,  c  0 .4 8 ,  e t h a n o l ) .

(+ ) - t h r e o -2 -A m in o -1 ,2 - b i s - ( 3 , 4 -m e th y le n e d io x y p h e n y l) -  

e th a n o l  (9 a )  was a n a lo g o u s ly  p r e p a r e d  fro m  i t s  h y d ro g e n  ( + ) -  

t a r t r a t e  s a l t .  The ( + ) - s a l t  ( 2 .1  g )  w as made b a s i c  w i th  

ammonium h y d r o x id e .  A f t e r  c o o l i n g ,  th e  s o l i d  w as rem oved

by f i l t r a t i o n ,  w ashed  w i th  w a t e r ,  and  d r i e d ,  y i e l d i n g  1 .2  g
30 2 3

o f  m a t e r i a l ,  mp 1 5 9 -1 6 2 ° ( l i t .  mp 1 6 2 -1 6 3 ° )  [ a ] t ~  + 1 8 0 .2 “
30

(c  0 .4 1 ,  e th a n o l )  [ l i t .  +192“ ( £ 0 . 4 1 ,  e t h a n o l ) ] .

The c d  sp e c tru m  in  95% e t h a n o l  (c  0 .0 6 )  w as [0 1 3 3 0 - 3 1 0  

° ° ,  [0 ] 291 + 1 7 ,1 0 0 ° ,  [0 ]2?5  + 6 ,0 0 0 ° ( s h ) ,  [0 ]255 + 3 ,9 0 0 ° ,

[ e ] 238  + 2 6 >0 0 0 °» [01225 + 1 7 »800°» t0 ] 215 + 2 1 »600°* ^  c u rv e
i s  a lm o s t  th e  m i r r o r  im age o f  t h a t  o f  th e  ( - ) - e n a n t io m e r

( F ig u r e  2 ) .

( + ) - t r a n s - 4 ,5 - B i s ( 3 .4 - m e th y l e n e d i o x y p h e n y l ) o x a z o l i -  

d in e  ( 1 3 ) . To th e  (+ ) - th r e o - a m in o a lc o h o l  ( 9 ,  4 .5  g ,  0 .0 1 5  

m ol) w as ad d ed  fo rm a ld e h y d e  (10  ml o f  a  377. s o l u t i o n )  i n  a  

100 m l ro u n d -b o tto m e d  f l a s k .  A D e a n -S ta rk  t r a p  u s in g  b e n z e n e  

w as em p loyed  t o  rem ove e x c e s s  fo rm a ld e h y d e  an d  w a te r  by  a z e o -  

t r o p i c  d i s t i l l a t i o n .  The s o l u t i o n  was h e a te d  u n d e r  r e f l u x  

f o r  6 h r  d u r in g  w h ic h  t im e  a  t o t a l  o f  10 ml o f  a q u eo u s  

s o l u t i o n  w as c o l l e c t e d .  The b e n z e n e  s o l u t i o n  w as c o n c e n ­

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

t a l l i z e d  from  e t h a n o l .  R e c r y s t a l l i z a t i o n  y i e l d e d  3 .7 6  g
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(80%) o f  a  w h i te  c r y s t a l l i n e  s o l i d ,  mp 1 3 7 - 1 3 8 .5 ° ,  l i t . ^  

mp 1 3 7 - 1 3 8 .5 ° .

( - ) - t r a n s - 4 , 5 - B i s ( 3 , 4 -m e th y le n e d io x y p h e n y 1 ) o x a z o l i -  

d in e  ( 1 3 a ) .  The ( - ) - e n a n t i o m e r  was p r e p a r e d  fro m  ( - ) - t h r e o -  

a m in o a lc o h o l  ( 9 b ) ,  1 ° ] ^  - 1 2 6 .3 °  ( £ 0 . 9 5 ,  w a t e r ) ,  [Q] ^

-1 2 5 .5 °  ( £  0 .4 7  e t h a n o l ) .  The c d  s p e c tru m  ( F ig u r e  3) i n  95% 

e th a n o l  (c  0 .0 9 )  w as [©]3 3 Q 0 ° ,  [0 ] 33^5 -4 0 0 °  ( s h )  , I0 ] 2 9 8  

- 1 1 2 0 ° ,  [9 ] 2 9 4  - 1 0 2 0 ° ,  [ 9 } 2 Q 5  - 5 4 0 ° ( s h ) ,  [0 ] 2 80 -2 6 5  ° ° »

[0 ]248 “ 1360° ’ [01246 " 1440° J [01243 " 1060° <sh ) » ^ 2 3 0  ’ 80° ’ 
[0 ] 2 1 8  “ 1 0 6 0 ° . The s p e c t r a l  d a t a  w e re  i d e n t i c a l  w i th  th e

ra c e m a te  ( 1 3 ) .

The nmr s p e c tru m  in  d e u te r io c h lo r o f o r m  show ed a ro m a tic

p r o to n s  a t  3 .6 0  t  (m, 6 H ) , m e th y le n e d io x y  p r o to n s  a t  4 .4 7  t

( s ,  2H) an d  4 .5  t ( s , 2 H ). The b e n z y l i c  an d  C-2 p r o to n s  o f

t h e  o x a z o l id in e  r i n g  a p p e a re d  a t  5 .2 - t ( d ,  J  = 4 .0  H z, 1H ),

5 .6  x  (m, 2 H ), an d  6 ,9  t  ( d ,  J  = 8 .0  H z , 1 H ). The am ine

p r o to n  a p p e a re d  a s  an  u n r e s o lv e d  b ro a d  b a n d  a t  6 . 6  t  (1 H ).

A n a l . C a lc d  f o r  C1 7 H1 5 N05 : C , 6 5 .1 7 ;  H, 4 .8 3 ;  N,

4 .4 7 .  F ound : C , 6 5 .0 8 ;  H, 4 .5 8 ;  N, 4 .2 1 .

IR  S p e c tru m : A 2 9 0 0 , 1 490 , 1 4 4 0 , 1 3 8 0 (w ),
IQctX 1

1 2 5 0 ( s ) ,  1 1 9 0 , 1 0 4 0 , 9 8 0 , 9 4 0 , 8 7 5 , 8 4 0 , 8 2 5 , 800 cm .

UV S p e c tru m : F ig u r e  3 .

A tte m p te d  A l k v l a t i o n  w i th  B ro m o a c e ta ld e h v d e  D i e t h v l -  

a c e t a l  o f  t h e  ( + ) - t r a n s - 4 , 5 - B i s ( 3 , 4 -m e th y le n e d io x y p h e n y l) -  

o x a z o l id i n e  ( 1 3 ) . A m o d i f i c a t i o n  o f  t h e  p ro c e d u r e  o f

B o b b i t t  an d  Sih^-S w as e m p lo y e d . The (+ ) - 1 r a n s - o x a z o 1 i d in e  

( 1 3 . 6 .3 0  g ,  0 .0 2  m ol) was d i s s o l v e d  i n  135 ml o f  b e n z e n e . 

B ro m o a c e ta ld e h y d e  d i e t h y l a c e t a l  ( 3 .9 0  g ,  0 .0 2  m ol) w as ad d ed  

a n d  th e  r e s u l t a n t  s o l u t i o n  w as s t i r r e d  ( m a g n e t i c a l ly )  o v e r ­

n i g h t .  The s o l u t i o n  was th e n  h e a te d  t o  r e f l u x  f o r  5 .5  h r .

The b e n z e n e  was rem oved  u n d e r  r e d u c e d  p r e s s u r e  y i e l d i n g  a
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v i s c o u s  o i l  w h ic h  s o l i d i f i e d  u p o n  s t a n d i n g .  R e c r y s t a l l i z a ­

t i o n  fro m  e th a n o l  y i e l d e d  a  w h i te  s o l i d ,  mp 1 2 6 -1 3 1 ° . The 

i n f r a r e d  s p e c tru m  show ed no  c a r b o n y l  a b s o r p t io n  and  th e  nm r 

show ed th e  am ine  p r o to n  a t  6 . 6  t  (1 H ). A t o t a l  r e c o v e r y  o f  

3 .1  g (50%) was o b ta in e d  w h ic h  g a v e  an  a n a l y s i s  i d e n t i c a l  

w i th  s t a r t i n g  m a t e r i a l  ( 1 3 ) .

A tte m p te d  A l le v ia t io n  w i th  B ro m o a c e ta ld e h y d e  D i e t h v l -  

a c e t a l  o f  th e  ( + ) - t r a n s - 4 , 5 - B i s ( 3 .4 - m e th y le n e d io x y p h e n y l) -  

o x a z o l id in e  (1 3 )  i n  Weak B a se . The ( + ) - t r a n s - o x a z o l id in e  

( 1 3 . 6 .3 0  g ,  0 .0 2  m ol) was d i s s o l v e d  i n  135 ml o f  b e n ze n e  

c o n ta in i n g  c r u s h e d  p o ta s s iu m  h y d ro x id e  (1 .3 0  g ,  0 .0 2  m o l) .  

B ro m o a c e ta ld e h y d e  d i e t h y l a c e t a l  (3 .9 0  g ,  0 .0 2  m ol) was a d d e d  

a n d  th e  r e s u l t a n t  m ix tu r e  w as h e a t e d  t o  r e f l u x  f o r  5 .5  h r .

The c o o le d  m ix tu r e  was s e p a r a t e d  by f i l t r a t i o n  a n d  th e  f i l ­

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

v i s c o u s  o i l .  C r y s t a l l i z a t i o n  fro m  e th a n o l  y i e l d e d  a  w h i te  

s o l i d ,  mp 1 3 3 -135° . From  a l l  s p e c t r a l  an d  a n a l y t i c a l  d a t a  

i t  w as d e te rm in e d  t h a t  n o  r e a c t i o n  h a d  o c c u r r e d  an d  3 .2  g 

(50%) o f  s t a r t i n g  m a t e r i a l  (1 3 ) w as o b ta in e d .

A tte m p te d  A l k v l a t i o n  w i t h  B ro m o a c e ta ld e h y d e  D i e t h v l -  

a c e t a l  o f  th e  ( + ) - t r a n s - 4 ,5 - B i s ( 3 .4 - m e th y le n e d io x y p h e n y l ) -  

o x a z o l id in e  ( 1 3 ) . A m o d i f i c a t i o n  o f  th e  p ro c e d u re  o f  

S c h l i t t l e r  an d  M tf lle r  w as e m p lo y e d . The ( + ) - t r a n s - o x a z o l ­

i d i n e  (1 3 , 3 .0 0  g ,  0 .0 1  m ol) w as d i s s o l v e d  i n  40 ml o f  f r e s h l y  

d i s t i l l e d  to lu e n e  an d  f o u r  d ro p s  o f  p i p e r i d i n e  w e re  a d d e d .

The b ro m o a c e ta ld e h y d e  d i e t h y l a c e t a l  ( 2 .8 0  g ,  0 .0 1  m ol) w as 

ad d ed  an d  th e  s o l u t i o n  was h e a t e d  t o  r e f l u x  f o r  8  h r .  The 

c o o le d  o ra n g e  m ix tu r e  was s e p a r a t e d  by f i l t r a t i o n  and  th e  

f i l t r a t e  w as c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  a 
v i s c o u s  o i l .  A g a in  c r y s t a l l i z a t i o n  from  e th a n o l  y i e l d e d  1 .5 0  

g (507.) o f  a  w h i t e  s o l i d ,  mp 1 3 5 -1 3 7 ° . The i n f r a r e d  s p e c tru m
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f a i l e d  t o  show a n y  c a r b o n y l  a b s o r p t io n  an d  t h e  nmr w as 

i d e n t i c a l  w i t h  s t a r t i n g  m a t e r i a l  ( 1 3 ) ,

A tte m p te d  A l k y l a t i o n  w i th  E th y l  B ro m o a c e ta te  o f  th e  

(+ )  - t h r e  o -2 -A m in o -1 , 2 - B i s ( 3 . 4 -m e th y le n e d io x y p h e n y l) e th a n o l  

( 1 3 ) .  A m o d i f i c a t i o n  o f  t h e  m ethod  o f  G r e th e ,  L e e , U sk o k o v ic  

a n d  B ro s s i* ^  was e m p lo y e d . The ( + ) - th r e o - a m in o a lc o h o l  ( 1 3 .

6 .9  g ,  0 .0 2 3  m ol) w as p la c e d  i n t o  40  ml o f  b e n z e n e  ( s t o r e d  

o v e r  so d iu m  m e t a l ) .  Sodium  c a r b o n a te  ( a n h y d ro u s , 4 .0  g ,

0 .0 3 8  m ol) an d  e t h y l  b ro m o a c e ta te  ( 3 .8  g ,  0 .0 2 3  m ol) w ere  

a d d e d  and  t h e  m ix tu r e  was s t i r r e d  a n d  h e a te d  t o  r e f l u x  o v e r ­

n i g h t .  The m ix tu re  w as s e p a r a t e d  by  f i l t r a t i o n  an d  th e  

c l e a r  y e l lo w  s o l u t i o n  was c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  

a n d  w i th  s te a m  h e a t .  The o ra n g e  o i l  o b ta in e d  w as d i s s o l v e d  

i n  c h lo r o f o r m - d  an d  a n  nmr o b t a i n e d .  The s p e c tru m  showed 

p e a k s  a t  5 .7 8  t  (m ), 5 .8 7  t  (m ), 6 .1 8  r  ( s ) ,  8 .7 4  t  ( t ) , and  

8 .8 0  t  ( t ) .  From  t h e  i n t e g r a t i o n  d a t a ,  i t  a p p e a r s  t h a t  a  

m ix tu r e  o f  mono- a n d  d i - a l k y l a t e d  p r o d u c t s  h a s  r e s u l t e d .

A tte m p te d  A l k y l a t i o n  w i th  B ro m o a c e ta ld e h y d e  D ie th y l  

a c e t a l  o f  t h e  Sodium  S a l t  o f  ( j ^ - t r a n s - 4 . 5 - B is ( 3 .4 - m e th y le n e -  

d io x y p h e n y l ) o x a z o l id in e  ( 1 3 ) . A m o d i f i c a t i o n  o f  th e  p r o c e ­

d u r e  o f  Fones®® an d  B obbitt^-®  was e m p lo y e d . The ( + ) -  t r a n s  -  

o x a z o l id in e  (1 3 . 3 .0 0  g ,  0 .0 1 0  m o l) w as p l a c e d  i n  120 ml o f  

to lu e n e  d r i e d  o v e r  so d iu m  m e ta l .  To th e  s t i r r e d  m ix tu r e  was 

a d d e d  so d iu m  h y d r id e  (0 .5 0  g ,  0 .0 1 0  m ol) i n  120 ml o f  t o l u e n e .  

A f t e r  s t i r r i n g  f o r  1 h r ,  t h e  m ix tu r e  w as h e a t e d  to  r e f l u x  

f o r  3 .5  h r .  The m ix tu r e  w as s t i r r e d  o v e r n ig h t  w h i le  c o o l i n g .  

B ro m o a c e ta l  (3 .2 0  g ,  0 .0 1 6  m ol) w as ad d ed  d ro p w is e  t o  th e  

m ix tu r e  w h ic h  was th e n  h e a t e d  t o  r e f l u x  f o r  5 h r .  The m ix ­

t u r e  was s e p a r a t e d  b y  f i l t r a t i o n  an d  a  y e llo w  s o l i d  was 

o b ta in e d  ( i n o r g a n i c ) .  The y e l lo w  s o l u t i o n  w as c o n c e n t r a t e d  

u n d e r  r e d u c e d  p r e s s u r e  and  w i t h  s te a m  h e a t .  A y e l lo w  o i l  

w as o b ta in e d  w h ich  w as d i s s o l v e d  i n  c h lo r o f o r m - d .  The nmr
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o f  th e  o i l  r e v e a l e d  s t a r t i n g  m a t e r i a l  ( 1 3 ) .

A tte m p te d  A l k y l a t i o n  w i th  B ro m o a c e ta l o f  t h e  L ith iu m  

S a l t  o f  th e  ( + ) - t r a n s - 4 . 5 - B i s ( 3 . 4 -m e th y le n e d io x y p h e n y l)o x a ­

z o l i d i n e  ( 1 3 ) . The (+ ) - t r a n s - o x a z o l id i n e  (1 3 . 3 .0 0  g ,  0 .0 1 0  

m o l) w as p la c e d  i n  1 0 0  ml o f  f r e s h l y  d i s t i l l e d  b e n z e n e  

( s t o r e d  o v e r  so d iu m  m e t a l ) .  A c o n s t a n t  s t r e a m  o f  n i t r o g e n  

g a s  was k e p t  f lo w in g  o v e r  t h e  s t i r r e d  s o l u t i o n .  To t h i s  

s t i r r e d  s o l u t i o n  w as a d d e d  7 .4  ml o f  a  1 .3 5  M n - b u t y l l i t h i u m  

s o l u t i o n  (0 .0 1 0  m ol) v i a  a  s y r i n g e .  The p r e v i o u s ly  c lo u d y  

s o l u t i o n  c l e a r e d  on a d d i t i o n  o f  th e  b a se  a n d  a f t e r  a  few  

m in u te s  r e c lo u d e d .  The c lo u d y  s o l u t i o n  was s t i r r e d  f o r  0 .5  

h r  a f t e r  w h ich  b ro m o a c e ta l  ( 2 . 0 0  g ,  0 . 0 1 0  m ol) was a d d e d .

The s o l u t i o n  tu r n e d  o ra n g e  i n  c o lo r  an d  w as a llo w e d  t o  s t i r  

w i th  h e a t  f o r  5 h r .  A f t e r  s t i r r i n g  a t  room  te m p e r a tu r e  

o v e r n i g h t ,  th e  c lo u d y  s o l u t i o n  was s e p a r a t e d  by f i l t r a t i o n  

y i e l d i n g  a  g e l a t i n o u s ,  brow n s u b s ta n c e  ( i n o r g a n i c ) .  The 

s o l u t i o n  was c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  and  w i th  

s te a m  h e a t .  A y e l lo w  o i l  w as o b ta in e d  w h ic h  c r y s t a l l i z e d  

u p o n  s t a n d i n g .  The s o l i d ,  mp 1 1 5 -1 2 7 ° , upon  s p e c t r a l  

a n a l y s i s ,  was shown t o  be  s t a r t i n g  m a t e r i a l  ( 1 3 ) .

A tte m p te d  A l k y l a t i o n  w i th  B ro m o a c e ta ld e h y d e  D i e t h y l ­

a c e t a l  o f  th e  P o ta s s iu m  S a l t  o f  th e  (+ ) - t r a n g - 4 . 5 - B i s ( 3 . 4 -  

m e th y le n e d io x y p h e n y l) o x a z o l id in e  (1 3 ) a t  Room T e m p e ra tu re .

The ( + ) - t r a n s - o x a z o l i d i n e  ( 1 3 . 4 ,0 0  g ,  0 .0 1  m ol) w as d i s ­

s o lv e d  i n  100 ml o f  b e n z e n e  ( s t o r e d  o v e r  so d iu m  m e t a l ) .  A 

c o n s t a n t  s t r e a m  o f  n i t r o g e n  g a s  was k e p t  f lo w in g  o v e r  t h i s  

s t i r r e d  (m e c h a n ic a l)  s o l u t i o n .  P o ta s s iu m  m e ta l  ( 0 .5 0  g ,

0 . 0 1  m ol) was a d d e d  s lo w ly  a n d  th e  m ix tu r e  w as s t i r r e d  

u n t i l  a l l  th e  m e ta l  h ad  d i s s o l v e d .  A f t e r  s t i r r i n g  f o r  25 

h r  an d  w i th  t h e  a i d  o f  a  warm w a te r  b a t h ,  m o st o f  th e  m e ta l  

h a d  d i s s o l v e d .  B ro m o a c e ta ld e h y d e  d i e t h y l a c e t a l  (2 .8 0  g ,

0 .0 1  m o l) was a d d e d  s lo w ly  a n d  d ro p w is e .  A brow n s o l u t i o n
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r e s u l t e d  w h ic h  w as s t i r r e d  f o r  an  a d d i t i o n a l  5 h r .  The 

c o o le d  d a rk  m ix tu r e  w as s e p a r a t e d  by f i l t r a t i o n  an d  th e  

f i l t r a t e  w as c o n c e n t r a t e d  u n d e r  re d u c e d  p r e s s u r e  y i e l d i n g  

an  o ra n g e  o i l  w h ic h  s o l i d i f i e d  upon  s t a n d i n g .  R e c r y s t a l l i ­

z a t i o n  fro m  e th a n o l  y i e l d e d  1 .9 0  g (48%) o f  a  w h i te  s o l i d ,  

mp 1 3 7 -1 3 8 ° . A l l  s p e c t r a l  an d  a n a l y t i c a l  d a t a  w ere  i d e n t i ­

c a l  w i th  s t a r t i n g  m a t e r i a l  ( 1 3 ) .

A tte m p te d  A l k y l a t i o n  w i th  B ro m o a c e ta ld e h y d e  D i e t h v l -  

a c e t a l  o f  t h e  P o ta s s iu m  S a l t  o f  th e  ( + ) - t r a n s - 4 , 5 - B i s ( 3 . 4 -  

m e th y le n e d io x y p h e n y l) o x a z o l id in e  (1 3 )  a t  E le v a te d  T e m p e ra tu re . 

The ( + ) - t r a n s - o x a z o l i d i n e  ( 1 3 . 3 .2 0  g ,  0 .0 1  m ol) was d i s ­

s o lv e d  in  1 0 0  ml o f  f r e s h l y  d i s t i l l e d  to lu e n e  an d  a  c a t a l y t i c  

am ount o f  f e r r i c  c h l o r i d e  w as a d d e d . A c o n s t a n t  s t r e a m  o f  

n i t r o g e n  g a s  w as k e p t  f lo w in g  o v e r  t h i s  s t i r r e d  ( m a g n e t i c a l ly )  

m ix tu r e .  P o ta s s iu m  m e ta l  ( 0 .4 0  g , 0 .0 1  m ol) w as ad d ed  

s lo w ly  an d  th e  m ix tu r e  was s t i r r e d  an d  h e a t e d  t o  r e f l u x  

u n t i l  a l l  t h e  m e ta l  h a d  d i s s o l v e d .  The m ix tu r e  was c o o le d  

a f t e r  5 h r  a n d  b ro m o a c e ta ld e h y d e  d i e t h y l a c e t a l  (1 .4 0  g ,  0 .0 1  

m o l) w as ad d ed  s lo w ly .  The m ix tu r e  w as h e a t e d  t o  r e f l u x  

a g a in  f o r  an  a d d i t i o n a l  3 h r .  The c o o le d  m ix tu r e  w as s e p a r ­

a t e d  b y  f i l t r a t i o n  and  th e  f i l t r a t e  was c o n c e n t r a te d  u n d e r  

r e d u c e d  p r e s s u r e  y i e l d i n g  a  t a n  s o l i d .  R e c r y s t a l l i z a t i o n  

fro m  e th a n o l  y i e l d e d  1 .0 0  g (31%) o f  a  w h i te  s o l i d ,  mp 1 3 8 - 

1 3 9 .5 ° ,  w hose s p e c t r a l  d a t a  w e re  i d e n t i c a l  w i t h  s t a r t i n g  

m a t e r i a l  (1 3 ) .

(+ ) - t r a n s - 4 , 5 - M s  ( 3 , 4 - m e th y le n e d io x y p h e n y l ) o x a z o l id i -

n one  ( 1 6 ) . I n  t h i s  p r e p a r a t i o n  a  m o d i f i c a t i o n  o f  t h e  m ethod  
-----------------  24o f  M. S . Newman and  A. K u tn e r  was f o l lo w e d .  A s o l u t i o n  o f  

t h e  ( + ) - t h r e o - a m in o a lc o h o l  (9_, 6 .0 0  g ,  0 .0 2  m o l) i n  80 m l o f  

d i e t h y l  c a r b o n a te  an d  10 ml o f  t o lu e n e  was p la c e d  in  a  250 

m l ro u n d -b o t to m  f l a s k  e q u ip p e d  w i th  a  m a g n e tic  s t i r r e r  a n d  a  

d i s t i l l i n g  c o lu m n . A f t e r  d i s t i l l i n g  t h e  to lu e n e  t o  i n s u r e
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d r y n e s s ,  sod ium  m e th o x id e  (0 .5 0  g ,  0 .0 9  m o l) w as a d d e d . The 

m ix tu r e  w as s t i r r e d  a n d  h e a t e d  f o r  75 m in . A c l e a r  l i q u i d

d i s t i l l e d  b e tw e e n  7 5 -8 0 °  when a  w h i te  s o l i d  began  t o  a p p e a r .

The te m p e r a tu r e  th e n  r o s e  q u i c k l y  t o  1 0 2 ° . D i s t i l l a t i o n  w as

s to p p e d  when th e  te m p e r a tu r e  r o s e  t o  1 2 0 ° . The m ix tu r e  w as

s e p a r a t e d  by  f i l t r a t i o n  y i e l d i n g  a  t a n  s o l i d  and  a  y e llo w  

f i l t r a t e .  R e c r y s t a l l i z a t i o n  fro m  m e th a n o l y i e l d e d  1 .7  g o f  

a  t a n  s o l i d  w h ic h  w as a l s o  r e c r y s t a l l i z e d .  A t o t a l  o f  5 .7  g 

(87%) o f  t h e  ra c e m ic  o x a z o l id in o n e  (1 6 )  w as o b t a i n e d .  The 

i n f r a r e d  s p e c tru m  show ed th e  am ide  p r o to n  a t  3350 cm ^ and  

tw o c a r b o n y l  a b s o r p t io n s  a t  1780  cm ^ ( s h ) ,  and  1740 cm’ ^

( s ) . T h e re  was no  e v id e n c e  o f  h y d ro x y l  a b s o r p t i o n .  The 

u l t r a v i o l e t  s p e c tru m  i n  m e th a n o l  gave  t h e  f o l lo w in g  c u r v e :

\ n a x  2 8 7  nm 7 »30° )»  2 3 8  ( e 7 ,7 0 0 ) .
A n a l . C a lc d  f o r  c, 6 2 .3 8 ;  H, 4 .0 0 ;  N,

4 . 2 8 .  F ound : C , 6 1 .9 3 ;  H, 3 .9 4 ;  N, 4 .1 6 .

( + ) - t r a n s - 4 , 5 - B i s ( 3 . 4 - m e th y le n e d io x y p h e n y l) o x a z o l i ­

d in o n e  ( 1 6 a ) . The (+ ) - e n a n t io m e r  was p r e p a r e d  i n  th e  ab o v e

m a n n e r , mp 1 9 8 .5 - 1 9 9 .5 ° ,  +195° (c  0 .4 9 ,  m e th a n o l)
25

s t a r t i n g  w i th  th e  ( + ) - th r e o - a m in o a lc o h o l  ( 9 a ) ,  + 1 9 2 ° .

The cd  s p e c tru m  ( F ig u r e  4) i n  m e th a n o l (c  0 .1 0  w as

[ 9 >330-310 0 0 • [912 9 4  + 1 8 ,3 0 0 " ,  [0 ] 2 9 2  + 1 8 ,4 0 0 ° ,  [ e i 2 7 0 _ 2 6 0  

0 ° ,  [8 ] 2 4 3  + 3 1 ,5 0 0 ° ,  [9 ] 2 4 1  + 3 0 ,9 0 0 ° ,  [0 ) 2 2 5  + 1 2 ,7 0 0 ° ,  [0 ] 2 1 5  

+ 1 3 ,8 0 0 ° .  S p e c t r a l  d a ta  w e re  i d e n t i c a l  w i th  th e  ra c e m a te  ( 1 6 ) .

P r e p a r a t i o n  o f  ( + ) - t r a n s - 3 - E th o x y c a r b o n y lm e th y le n e - 4 .5 -  

b i s ( 3 , 4 - m e th y le n e d io x y p h e n y l) o x a z o l id in o n e  ( 1 7 ) .  I n  t h i s  p r e p ­

a r a t i o n  a  m o d i f i c a t i o n  o f  t h e  p ro c e d u r e  o f  C. S . M a rv e l an d
19W. W. M oyer, J r .  , w as f o l lo w e d .  The t r a n s - ( + ) - o x a z o l id in o n e  

(1 6 ,  1 .8  g ,  0 .0 0 6  m o l) an d  0 .0 8 0  g o f  a  56.2%  e m u ls io n  o f  so d iu m  

h y d r id e  ( 0 .0 1 8  m o l) i n  m in e r a l  o i l  was h e a te d  t o  r e f l u x  in  t o lu e n e  

( d r i e d  o v e r  so d iu m  m e ta l )  f o r  10 h r .  An i n e r t  a tm o sp h e re  (N ^) was
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m a in ta in e d  o v e r  th e  m a g n e t i c a l ly  s t i r r e d  m ix t u r e .  E th y l  

b ro m o a c e ta te  ( 2 .4  g ,  0 .0 1 4  m o l) i n  t o lu e n e  was a d d ed  d r o p -  

w is e  an d  th e  m ix tu r e  was h e a te d  t o  r e f l u x  f o r  4  h r .  The 

c o o le d  m ix tu r e  w as s e p a r a t e d  by  f i l t r a t i o n  an d  th e  f i l t r a t e  

w as c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  y i e l d i n g  a  y e llo w

o i l .  The o i l  was p u r i f i e d  by s t i r r i n g  i n  h o t  p e tro le u m  

e t h e r  an d  th e n  f r e e z i n g  t h i s  m ix tu r e  in  a  D ry I c e - a c e to n e  

b a th  f i v e  t im e s .  E ach  tim e  f r e s h  p e tro le u m  e t h e r  was em­

p lo y e d .  A f t e r  d r y in g  2 g (807o) o f  an  o ra n g e  s o l i d ,  mp 5 1 -  

5 2 ° ,  w as o b t a i n e d .

The i n f r a r e d  s p e c tru m  show ed tw o d i s t i n c t  c a r b o n y l
-1  -1a b s o r p t i o n s  a t  1780 cm an d  1740 cm f o r  th e  o x a z o l id in o n e

r i n g  c a r b o n y l  an d  a n o th e r  c a r b o n y l  a b s o r p t io n  a t  1720 cm ^ 

( s h ) . T h e re  w as no  am ide  p r o to n  a b s o r p t io n  a t  3350 cm 

The nmr s p e c tru m  show ed a ro m a t ic  p r o to n s  a t  3 .2  t  (m, 6 H ) , 

m e th y le n e d io x y  p r o to n s  a t  3 .9  r  ( s ,  4H) an d  th e  b e n z y l ic  

p r o to n s  a s  an  AB q u a r t e t  c e n t e r e d  a t  5 .0  t  ( J ^ g  = 8  H z, 2 H ) . 

The e th o x y  g ro u p  a p p e a re d  a t  8 .7  t  ( J  = 7 H z, 3H) and 5 .8  r  

( J  = 7 H z, 2 H ) . The g e m in a l  m e th y le n e  p r o to n s  a  t o  th e  

am ine  a p p e a re d  a s  an  AB q u a r t e t  a t  5 .5  t  ( J ^ g  = 18 H z, 1H) 

a n d  6 .5  t  ( J ^ g  = 18 H z, 1H ). The u l t r a v i o l e t  s p e c tru m  i n  

m e th a n o l g a v e  th e  f o l lo w in g  c u r v e :  7vmax 287 nm (e  8 5 ,0 0 0 ) ,

237 (e  8 7 ,0 0 0 ) .

A n a l . C a lc d  f o r  C ^ H ^ N O g : C, 6 1 .0 1 ;  H, 4 .6 3 ;  N,

3 .3 9 .  F ound : C, 6 1 .1 0 ;  H, 4 .7 6 ;  N, 3 .1 8 .

A tte m p te d  C y c l i z a t i o n  o f  ( + ) - t r a n s - 3 -E th o x y c a r b o n y l-

m e t h y l e n e - 4 .5 - b i s ( 3 ,4 - m e th y le n e d io x y p h e n y l) o x a z o l id in o n e

(1 7 ) a t  E le v a te d  T e m p e ra tu re .  In  t h i s  p r e p a r a t i o n  a  m o d i f i -
28

c a t i o n  o f  t h e  p ro c e d u re  o f  T . K am etan i a n d  K. Fukum oto w as 

e m p lo y e d . To th e  ( + ) - t r a n s - 3 - e th o x y c a r b o n y lm e th y le n e - 4 , 5 -  

b i s ( 3 .4 - m e th v le n e d io x y p h e n v l) o x a z o l id in o n e  (1 7 , 1 .0 0  g ,  0 .0 0 3  

m o l) was a d d e d  45 m l o f  warm p o ly p h o s p h o r ic  a c i d .  The r e s u l ­
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t a n t  d a rk  s o l u t i o n  was s t i r r e d  ( m a g n e t i c a l ly )  and  h e a t e d  t o  

100° f o r  5 h r .  The d a r k  s o l u t i o n  w as p o u re d  o n to  c ru s h e d  

i c e  an d  s t i r r e d .  The a q u e o u s  l a y e r  was e x t r a c t e d  w i th  

c h lo r o f o r m  an d  d r i e d  o v e r  m agnesium  s u l f a t e .  The c h l o r o ­

fo rm  w as rem oved u n d e r  re d u c e d  p r e s s u r e  y i e l d i n g  an  o i l y  

t a r .  The i n f r a r e d  s p e c tru m  r e v e a l e d  no c a r b o n y l  a b s o r p t io n  

a n d  no e v id e n c e  o f  a ro m a t ic  a b s o r p t i o n .

A tte m p te d  C y c l i z a t i o n  o f  (+ ) - t r a n s -  3 -E th o x y c a rb o n y l-

m e t h y l e n e - b i s ( 4 ,5 - m e th y le n e d io x y p h e n y l) o x a z o l id in o n e  (1 7 ) a t

C o ld  T e m p e r a tu r e . A m o d i f i c a t i o n  o f  th e  p ro c e d u re  o f
28K am atan i and  Fukum oto was e m p lo y e d . The (+ ) - t r a n s - 3 - 

e th o x y c a rb o n y lm e th y le n e  o x a z o l id in o n e  ( 1 7 , 1 .0 0  g ,  0 .0 0 3  

m ol) was ad d ed  t o  45 ml o f  i c e - c o l d  (5 ° )  p o ly p h o s p h o r ic  a c i d .  

The r e s u l t a n t  s o l u t i o n  tu r n e d  g r e e n .  A t t h e  end  o f  t h e  p r e ­

s c r i b e d  r e a c t i o n  p e r io d  a  d a rk  s o l u t i o n  r e s u l t e d  w h ic h  was 

p o u re d  o n to  c ru s h e d  i c e  an d  s t i r r e d .  The a q u eo u s  o ra n g e  

s o l u t i o n  was e x t r a c t e d  w i th  c h lo r o f o r m  an d  th e  o r g a n ic  l a y e r  

w as d r i e d  o v e r  m agnesium  s u l f a t e .  Rem oval o f  th e  c h lo ro fo rm  

l a y e r  u n d e r  r e d u c e d  p r e s s u r e  r e s u l t e d  i n  a n  o ra n g e  o i l :  ?vmax

315 nm (e  1 8 ,6 0 0 ) ,  285 (e  4 3 ,0 0 0 ) ,  261  (e  2 8 ,0 0 0 ) ,  2 3 3 -2 3 4  

(e  6 3 ,0 0 0 ) ,  The nmr s p e c tru m  show ed an  AB q u a r t e t  f o r  th e  

b e n z y l i c  p r o to n s  a t  5 .2  t  ( J ^ g  = 6  H z, 2H) and  a n o t h e r  

q u a r t e t  f o r  t h e  g e m in a l  p r o to n s  o f  th e  m e th y le n e  g ro u p  a  

t o  t h e  am ine  a t  6 .3  t  ( J ^ g  = 17 H z, 2 H ). The m e th y le n e  d io x y  

p r o to n s  a p p e a re d  a t  4 .0  t  ( s ,  4H) an d  th e  a ro m a tic  p r o to n s  a t  

3 .3  t  (m, 5 H ). Too l i t t l e  m a t e r i a l  re m a in e d  f o r  f u r t h e r  

e x p e r i m e n t a t i o n .
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B. A tte m p ts  t o  P r e p a r e  t h e  E r y th r o - 1 .2 - D i a r y l e th a n o l  Amine

2 -B e n z a m id o -1 ,2 - b i s ( 3 .  4 -m e th y le n e d io x y p h e n y l) -  

e th a n o l  (2 9 ) .  A m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  o f  M. L . 

D u r a n d ^  w as e m p lo y e d . To th e  ( + ) - th r e o - a m in o a lc o h o l  ( 9 ,

2 . 0 0  g ,  0 .0 0 6  m ol) i n  b e n z e n e  was a d d e d  3 .0  ml o f  b e n z o y l 

c h l o r i d e  s o l u t i o n .  T h is  m ix tu r e  w as h e a te d  t o  r e f l u x  w i th  

m a g n e tic  s t i r r i n g  f o r  0 .5  h r .  The h o t  m ix tu re  w as s e p a r a t e d  

by  f i l t r a t i o n  an d  th e  f i l t r a t e  w as e x t r a c t e d  w i th  30 ml p o r ­

t i o n s  o f  2 % so d iu m  c a r b o n a t e ,  2 % h y d ro g e n  c h l o r i d e  a n d  w a te r .  

The b e n z e n e  s o l u t i o n  w as l e f t  o v e r n i g h t .  S e p a r a t io n  by 

f i l t r a t i o n  y i e l d e d  1 .6  g (65%) o f  a  w h i te  s o l i d ,  mp 1 5 7 -1 5 9 ° , 

( l i t . 14mp 1 5 8 - 1 5 9 ° ) .

The i n f r a r e d  s p e c tru m  show ed a n  am ide  p r o to n  a b s o r p -
-1 -1t i o n  a t  3350 cm an d  th e  am ide  c a r b o n y l  a t  1650 cm . The

nm r s p e c tru m  show ed am ide  p r o to n  a t  5 .4  t  ( d ,  J  = 6  H z, 1H ), 

w h ic h  d i s a p p e a r e d  a f t e r  a d d i t i o n  o f  0 ^ 0 , an d  th e  b e n z y l i c  

p r o to n s  a s  an  AB q u a r t e t  a t  4 .9  t  ( J ^ g  * 9 H z, 1H) an d  5 .2  t  

( J AB * 9 .0  H z, 1H ).

A n a l . C a lc d  f o r  ^ 2 3 ^ 1 9 ^ 6 : 6 7 .9 7 ;  H , 4 .7 1 ;  N,

3 .4 4 .  F ound : C, 6 8 .0 6 ;  H , 4 .6 3 ;  N, 3 .2 2 .

T re a tm e n t  o f  N -B e n z o v l- ( + ) - t h r e o - A m in o a lc o h o l (2 9 )

w i th  H y d r o c h lo r ic  A c id  i n  C h lo ro fo rm . The N - b e n z o y l - ( + ) -  

t h r e o - a m in o a lc o h o l  (2 9 , 2 .0 0  g ,  0 .0 0 6  m ol) was s t i r r e d  f o r

5 h r  a t  room  te m p e r a tu r e  i n  75 ml o f  c h lo r o f o r m  c o n ta in i n g

a  l a r g e  m o la r  e x c e s s  o f  a n h y d ro u s  h y d ro g e n  c h l o r i d e .  The

r e s u l t i n g  am ine  h y d r o c h lo r id e  ( 3 2 ) ,  1 .0 0  g (50% ), m e l te d  a t

2 1 4 -2 1 5 °  ( l i t ."*- 4  2 1 4 - 2 1 5 ° ) ,  show ed a n  i n f r a r e d  c a r b o n y l  a b ­

s o r p t i o n  b and  a t  1720 cm’ \  an d  th e  l a c k  o f  a n y  p r o to n  o r

a m id o c a rb o n y l a b s o r p t i o n  i n d i c a t i n g  t h a t  a  m ig r a t i o n  o f  th e

b e n z o y l  g ro u p  fro m  n i t r o g e n  t o  oxygen  h a d  ta k e n  p l a c e .
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O x id a t io n  o f  N -B e n z o y l- (+ ) - th r e o -A m in o a lc o h o l  ( 2 9 ) .

I n  t h i s  p r e p a r a t i o n  a  m o d i f i c a t i o n  o f  th e  p ro c e d u re  o f  S . H.
31P i n e s ,  S . K a ra d y , M. A . K o z lo w sk i an d  M. S l e t z i n g e r  was 

e m p lo y e d . To a n  i c e  c o l d ,  s t i r r e d  s o l u t i o n  o f  th e  N -b e n z o y l-  

( + ) " t h r e o - a m in o a lc o h o l  ( 2 9 . 1 .0 0  g ,  0 .0 0 3  m ol) i n  p u r i f i e d  

a c e to n e  ( s t o r e d  o v e r  m o le c u la r  s i e v e s )  was ad d ed  d ro p w ise

3 .0  ml o f  J o n e s  r e a g e n t  ( 0 .0 2 4  m ol e q u i v a l e n t ) .  A f t e r  com­

p l e t i o n  o f  th e  a d d i t i o n ,  t h e  s o l u t i o n  w as a l lo w e d  t o  s t i r  

f o r  one h o u r  w h i le  w arm ing t o  room  t e m p e r a tu r e .  Upon rem o v a l 

o f  m o st o f  th e  a c e to n e  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  r e s i d u e  

w as d i s s o l v e d  in  e t h e r .  E x t r a c t i o n  w i th  w a t e r ,  s a t u r a t e d  

so d iu m  b i c a r b o n a t e ,  and  a g a in  w a te r  y i e l d e d  a  c l e a r  e t h e r  

s o l u t i o n  w h ic h  w as d r i e d  o v e r  m agnesium  s u l f a t e .  The e t h e r  

was rem oved u n d e r  re d u c e d  p r e s s u r e  y i e l d i n g  a  y e l lo w  o i l  

w h ic h  s o l i d i f i e d .  R e c r y s t a l l i z a t i o n  from  e t h e r  g a v e  1 .0 0  g 

(85%) o f  th e  k e to n e  30 a s  a  y e l lo w i s h  s o l i d ,  mp 1 4 2 -1 4 3 ° .

The i n f r a r e d  s p e c tru m  show ed th e  am ide c a r b o n y l  

a b s o r p t i o n  a t  1650 cm ^ an d  th e  a ro m a t ic  c a r b o n y l  a b s o r p t io n  

a t  1685 cm

A n a l . C a lc d  f o r  C ^ H ^ N O g : C, 6 8 .4 7 ;  H, 4 .2 4 ;  N,

3 .4 7 .  F ound: C, 6 8 .0 0 ;  H, 4 .2 6 ;  N, 3 .2 0 .

R e d u c tio n  o f  a -B e n z a m id o - (+ ) -d e o x y p ip e ro in  ( 3 0 ) . In

t h i s  p r e p a r a t i o n  a  m o d i f i c a t i o n  o f  t h e  p ro c e d u re  o f  S . H.
31P i n e s ,  S . K a re d y , M. A . K o z lo w sk i, an d  M. S l e t z i n g e r  w as 

e m p lo y e d . To a n  i c e  c o ld  s t i r r e d  s o l u t i o n  o f  t h e  b e n zam id o - 

( + ) - d e o x y p ip e r o in  (30 . 0 .3 0  g ,  0 .0 0 1  m o l) i n  d io x a n e  was 

a d d ed  s lo w ly  an d  d ro p w is e  107o a q u e o u s  sod ium  b o ro h y d r id e  (3 

m l ) . The r e s u l t a n t  m ix tu r e  w as s t i r r e d  f o r  1 h r .  D i l u t e  

h y d r o c h l o r i c  a c i d  (5%) w as a d d e d  t o  c e a s e  t h e  r e a c t i o n .

Upon a d d i t i o n  o f  t h e  a c i d ,  a  c l e a r  s o l u t i o n  r e s u l t e d  w h ich  

w as c o n c e n t r a t e d  u n d e r  re d u c e d  p r e s s u r e .  The r e s u l t a n t  

y e llo w  o i l  s o l i d i f i e d  upon  s t a n d i n g .  A n a ly s is  by  t h i n  l a y e r
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c h ro m a to g ra p h y  r e v e a l e d  t h a t  two p r o d u c t s  w e re  fo rm e d . T h is  

m ix tu r e  w as s e p a r a t e d  by  d r y  colum n c h ro m a to g ra p h y  on s i l i c a  

g e l  H a n d  e l u t i o n  w i th  c h lo r o f o r m - a c e to n e  ( 2 0 : 1 ) .  The m ore 

m o b ile  f r a c t i o n  w as c o n c e n t r a t e d  y i e l d i n g  350 mg (85% ), o f  

t h e  e r y t h r o  b enzam ido  a l c o h o l  ( 3 1 ) ,  mp 2 0 0 .5 -2 0 2 °  ( l i t . ^  

mp 2 0 1 - 2 0 2 ° ) .

A tte m p te d  H y d r o ly s i s  o f  th e  N -B e n z o y l- ( + ) - t h r e o -

a m in o a lc o h o l  (2 9 ) w i th  A c id .  A m o d i f i c a t io n  o f  th e  p r o c e -
31

d u re  o f  P i n e s ,  K a ra d y , K o z lo w sk i, a n d  S l e t z i n g e r  was em­

p lo y e d .  The N -b e n z o y l - ( + ) - t h r e o - a m in o a lc o h o l  ( 2 9 . 1 .0 0  g ,  

0 .0 0 3  m ol) was p u t  i n t o  50 ml o f  m e th a n o l c o n ta in in g  c o n c e n ­

t r a t e d  h y d r o c h l o r i c  a c i d  (5  m l ) . The m ix tu re  w as s t i r r e d  

( m a g n e t i c a l ly )  an d  h e a te d  t o  r e f l u x  f o r  3 h r .  The c o o le d ,  

a c i d i c  s o l u t i o n  w as c o n c e n t r a t e d  u n d e r  re d u c e d  p r e s s u r e  

y i e l d i n g  0 .5 0  g (50%) o f  a  s o l i d ,  mp 2 1 4 -2 1 5 ° , i n d i c a t i o n  

o f  th e  b e n z o a te  e s t e r  (3 2 )  o f  th e  t h r e o - a m in o a lc o h o l .

The i n f r a r e d  s p e c tru m  show ed a  c a r b o n y l  a b s o r p t io n  

band  a t  1720 cm ^ an d  l o s s  o f  b o th  t h e  am ide  p r o to n  b and  an d  

am id e  c a r b o n y l  b a n d .

Upon t r e a tm e n t  o f  t h i s  com pound in  e t h e r  w i th  so d iu m  

b i c a r b o n a t e ,  th e  N - b e n z o y l - ( + ) - t h r e o -a m in o a lc o h o l  (2 9 ) was 

o b t a i r e d ,  i d e n t i c a l  i n  s p e c t r a l  d a t a  w i th  t h e  a m id o a lc o h o l  

29 p r e p a r e d  from  9,.

A tte m p te d  H y d r o ly s i s  o f  th e  N -B e n z o y l“ ( + ) - e r v t h r o -

a m in o a lc o h o l  (3 1 ) w i th  A c id .  A m o d i f i c a t i o n  o f  th e  p r o c e -    ------------------------
d u re  o f  P i n e s ,  K a ra d y , K o z lo w sk i an d  S l e t z i n g e r  was 

e m p lo y e d . The N - b e n z o v l - ( + ) - e r y t h r o -a m in o a lc o h o l  ( 3 1 . 1 .0 0  

g ,  0 ,0 0 3  m ol) was r e a c t e d  i n  th e  a b o v e  m an n e r. Upon c o m p le ­

t i o n  o f  r e a c t i o n  0 .7 5  g (75%) o f  a  s o l i d ,  mp 2 1 4 -215° w as 

o b t a i n e d .  The s p e c t r a l  d a t a  w ere  c o n s i s t e n t  w i th  th e  0 -  

b e n z o y l - (-*-)- t h r e o - a m in o a lc o h o l  (3 2 )  s t r u c t u r e .
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A tte m p te d  H y d r o ly s i s  o f  th e  N - B e n z o y l - ( + ) - th r e o -  

a m in o a lc o h o l  (2 9 ) w i t h  B a se . The N - b e n z o y l - ( + ) - t h r e o -  

a m in o a lc o h o l  (2 9 . 0 .5 0  g ,  0 .0 0 1  m ol) was p u t  i n t o  40 ml o f  

m e th a n o l a n d  2N so d iu m  h y d ro x id e  (2 m l) w as a d d e d . The 

m ix tu r e  w as r e f l u x e d  f o r  1  h r  a n d  an  a l i q u o t  w as t e s t e d  w i t h  

a c i d  t o  c h e c k  th e  p r o g r e s s  o f  t h e  r e a c t i o n .  The b a s i c i t y  

o f  s o l u t i o n  was i n c r e a s e d  fro m  2N t o  10N s lo w ly .  W ith  10N 

so d iu m  h y d ro x id e  t h e  s o l u t i o n  w as h e a t e d  t o  r e f l u x  f o r  3  h r .  

The c o o le d ,  b a s i c  s o l u t i o n  w as t r e a t e d  w i th  d i l u t e  h y d ro ­

c h l o r i c  a c i d  y i e l d i n g  0 .3 0  g (60%) o f  a  w h i te  s o l i d ,  mp 1 5 8 -  

1 5 9 ° . The i n f r a r e d  s p e c tru m  o f  th e  s o l i d  show ed th e  am ide  

p r o to n  a b s o r p t io n  b a n d  a t  3350 cm ^ an d  th e  am ide  c a r b o n y l  

a b s o r p t io n  band  a t  1650 cm w h ic h  i s  i d e n t i c a l  w i th  s t a r t ­

in g  m a t e r i a l  ( 2 9 ) .

P r e p a r a t i o n  o f  P i p e r o i n  ( 2 7 ) . A m o d i f i c a t io n  o f-------------- --------------------------------  3 Q
th e  m ethod  o f  G. G . L y le  an d  M* L . D urand  was e m p lo y ed . A 

s o l u t i o n  o f  e th a n o l  (2 1 0  m l) ,  w a te r  (167  m l) ,  p i p e r o n a l  (7,, 

159 g ,  1 .0 6  m ol) an d  sod ium  c y a n id e  (17 g )  was h e a t e d  to  

r e f l u x  f o r  5 h r .  A f t e r  c o o l in g  o v e r n i g h t ,  th e  y e l lo w  s o l i d  

w as rem oved by f i l t r a t i o n  an d  d r i e d ,  y i e l d i n g  125 g (80%) o f  

m a t e r i a l ,  w h ic h  a f t e r  r e c r y s t a l l i z a t i o n  m e l te d  a t  1 1 7 -1 1 9 ° 

( l i t . 3 0  1 1 4 .5 - 1 1 8 .5 ° ) .

P r e p a r a t i o n  o f  P i p e r o i n  Oxime ( 2 8 ) . I n  t h i s  p r e p a -

t i o n ,  a  m o d i f i c a t i o n  o f  th e  m ethod  o f  S h r i n e r ,  F u s o n , an d  
39C u r t in  w as e m p lo y e d . To a  m ix tu r e  o f  p i p e r o i n  ( 2 7 . 1 0 .0  g ,

0 .0 3 0  m ol) i n  1 0 % so d iu m  h y d ro x id e  ( 1 0 0  m l) was ad d ed  a l c o h o l  

i n  an  e f f o r t  t o  i n c r e a s e  th e  s o l u b i l i t y  o f  p i p e r o i n .  To t h i s  

s t i r r e d  m ix tu r e  w as a d d e d  a  s o l u t i o n  o f  h y d ro x y la m in e  h y d r o ­

c h l o r i d e  (25  g )  i n  w a te r  (150  m l) .  The c lo u d y  y e l lo w  m ix tu r e  

w as s t i r r e d  f o r  5 m in . A f t e r  re m o v a l by  f i l t r a t i o n  o f  a l l  

i n s o l u b l e  m a t e r i a l s , t h e  c lo u d y  s o l u t i o n  was h e a t e d  f o r  15
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m in on a  s te a m  b a th .  The c l e a r  h o t  s o l u t i o n  w as c o o le d  i n  

an  i c e - w a t e r  b a t h .  The c o o le d  s o l u t i o n  c lo u d e d  a n d  was 

c o n c e n t r a t e d  o v e r  a  p e r i o d  o f  f i v e  d a y s  w i th  o c c a s i o n a l  

s c r a t c h i n g  by  a  g l a s s  r o d .  The y e llo w  s o l i d  was r e c r y s t a l ­

l i z e d  fro m  b e n z e n e  y i e l d i n g  5 g (53%) o f  p r o d u c t  m e l t in g

a t  138-139° ( l i t . 1^  1 3 8 .5 - 1 3 9 ° ) .  The i n f r a r e d  s p e c tru m
- 1  - 1

show ed a  ban d  a t  3250 cm (OH) an d  a  s h o u ld e r  a t  1625 cm

(C=N) b u t  i n d i c a t e d  th e  l a c k  o f  an y  c a r b o n y l  f u n c t i o n .  A l l  

a t t e m p t s  a t  c a t a l y t i c  h y d r o g e n a t io n  o f  t h e  oxim e g a v e  m ix­

t u r e s  o f  is o m e rs  w h ic h  f a i l e d  t o  be s e p a r a t e d  in  s a t i s f a c -
14t o r y  q u a n t i t y  a s  was a l s o  r e p o r t e d  p r e v i o u s ly  by D urand  

an d  M a n e i n i . ^
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Figure 10. NMR spectrum of (+ )- trans-N -E thoxycarbonylm ethylene-4 ,5-bis(3 ,4-m ethylenedioxy­
phenyl) oxazolidinone (17) in  deuteriochloroform . tn
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Figure 11. NMR spectrum of 2 ,3-D ihydro-(+ )-trans-oxazolo-4(lH )-isoquinolone (18) in
deuteriochloroform . ui



Figure 12. NMR s p e c tru m  of N - B e n z o y l - ( + ) - t ih r e o - l ,2 - t i i s ( 3 ,4 - m e th y le n e d io x y p h e n y l ) e th a n o l  (29 ) 
in  dim ethyl su lfox ide d^.
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Figure 13. NMR spectrum of a-Benzamido-(+)-deoxypiperoin (30) in  deuteriochloroform .



62

BIBLIOGRAPHY

1 . R . H. F , M anske, "The A l k a lo i d s " ,  A cadem ic P r e s s ,  I n c . ,  
New Y o rk , 1 9 5 4 , v .  4 ,  c h a p t e r  3 2 .

2 .  P .  W. G. G roenew oud an d  R. R o b in so n , J .  Chem. S o c . .
199 (1 9 3 6 ) .

3 . E . H ope, F . L . Pym an, F . G. P .  R em fry  and  R. R o b in so n ,
J .  Chem. S o c . . 236 (1 9 3 1 ) .

4 .  M. A. M a r s h a l l ,  F . L . Pyman an d  R. R o b in so n , J .  Chem.
S o c . . 1315 (1 9 3 4 ) .

5 .  G. S n a tz k e ,  G. W o lle n b e rg , J .  H rb e k , J r . ,  F . S a n ta v y ,
K. B la h a , W. K lyne and  R. J .  Swan, T e t r a h e d r o n . %5.
5059 (1 9 6 9 ) .

6 . M. Shamma an d  W. A. S lu s a r c h y k ,  Chem. R e v . . 6 4 ,  59 
(1 9 6 4 ) .

7 .  G. F ra n c k ,  G. B la s c h k e  a n d  G. S c h l i n g l o f f ,  T e t r a h e d r o n  
L e t t . . 439 (1 9 6 2 ) .

8 . W. I .  T a y lo r ,  T e t r a h e d r o n . 1 4 , 42 (1 9 6 1 ) .

9 .  S . M, K upchan an d  N. Yokoyam a, J .  A m er. Chem. S o c . . 8 5 , 
1361 (1 9 6 3 ) .

1 0 . S . M. K upchan , J .  L . M o n io t , R. H. K a n o j ia  a n d  J .  B.
0 * B r ie n ,  J .  O re . C hem .. 1 7 , 2413 ( 1 9 7 1 ) .

1 1 . M. P . C av a , S . C. H a v l ic e k ,  A . L i n d e r t  and  R. J .  
S p a n g le r ,  T e t r a h e d r o n  L e t t . . 2937 (1 9 6 6 ) .

1 2 . W. H. H u i ,  S . N. L o o , a n d  H. R . A r t h u r ,  J .  Chem. S o c . . 
2285 (1 9 6 5 ) .

1 3 . M. P .  C a v a , K. B e sa h c , B. D o u g la s ,  S . M arkey , R. F . 
R a f f a u f  a n d  J .  A . W e isb a c h , T e t r a h e d r o n  L e t t . . 4279
(1 9 6 6 ) .

1 4 . M. L . D u ra n d , P h .D . T h e s i s ,  U n i v e r s i t y  o f  New H a m p sh ire , 
1 9 6 6 .



63

1 5 . E . D. B ergm ann. Chem. R e v . .  5 3 . 309 (1 9 5 3 ) .

1 6 . W. L . M a n c in i , M .S . T h e s i s ,  U n i v e r s i t y  o f  New H a m p sh ire , 
1 9 69 .

1 7 . G. G r e th e ,  H. L . L e e ,  M. U sk o k o v ic  a n d  A . B r o s s i ,  J .
O rg . C hem .. 3 3 , 491  (1 9 6 8 ) .

1 8 . J .  M. B o b b i t t  a n d  J .  C. S ih ,  J .  O rg . C hem .. 33 , 856 
(1 9 6 8 ) .  ^

1 9 . C. S . M a rv e l an d  W. W. M oyer, J r . ,  J .  O rg . C hem .. 2 2 , 
1065 (1 9 5 7 ) .

2 0 . J .  V . P a u k s t e l i s  a n d  R. M. H am m aker, T e t r a h e d ro n  L e t t . . 
3 2 , 3557 ( 1 9 6 8 ) j H . P fa n z  an d  G. K i r c h n e r ,  J u s tu s  
L ie b ig s  A nn . C hem .. 6 1 4 , 149 ( 1 9 5 8 ) .

2 1 .  H. P fa n z  a n d  G. K i r c h n e r ,  J u s t u s  L ie b ig s  A nn. C h em ..
6 1 4 , 149 (1 9 5 8 ) .

2 2 .  L . H. G oodson a n d  H . C h r i s t o p h e r ,  J .  A m er. Chem. S o c . .
71,, 1117 (1 9 4 9 ) .

2 3 .  M. E . Dyen an d  D. S w em , Chem. R e v . . 6J . ,  197 ( 1 9 6 7 ) .

2 4 .  M. S . Newman an d  A. K u tn e r ,  J .  A m er. Chem. S o c . . 7 3 ,
4199 (1 9 5 1 ) .

2 5 .  R . C a h i l l ,  R. C . C ookson and  T . A . C ra b b , T e t r a h e d r o n .
2 £ ,  4681 (1 9 6 9 ) ;  R. C a h i l l ,  R. C . C ookson  an d  T . A .
C ra b b , i b i d . . 2 5 . 4711  (1 9 6 9 ) .

2 6 . J .  W ein , A c ta  C him . A c a d . S c i .  H u n g .. 189 ( 1 9 5 8 ) ;  
Chem. A b s t r . . 5 5 , 5407 (1 9 6 1 ) .

2 7 . P .  Z h a ly a z k o  a n d  S v . Z ik o lo v a ,  F a r m a ts iv a  ( S o f i a ) .  1 3 ,
24 (1 9 6 3 ) ;  Chem. A b s t r . . 6 (>, 2816 ( 1 9 6 4 ) .

2 8 . T . K am etan i an d  K. F ukum oto , J .  Chem. S o c . . 4289 (1 9 6 3 ) .

2 9 . Y. L . Chow an d  C . J .  C o lo n , C an . J .  C h em .. 4 £ , 2559 
(1 9 6 7 ) .

3 0 . G. G. L y le  an d  M. L . D u ra n d , J .  O rg . C hem .. 3 2 , 3295
(1 9 6 7 ) .



64

3 1 . S . H. F i n e s ,  S . K a ra d y , M. A . K o z lo w sk i and  M.
S l e t z i n g e r ,  J .  O rg . C hem .. 3 3 , 1762 (1 9 6 8 ) .

3 2 . A . B ow ers, T . G. H a l s a l l ,  E . R . H. J o n e s ,  and  A . J .
L em in , J .  Chem. S o c . . 2548 (1 9 5 3 ) .

3 3 . G. E . M cC asland  a n d  D, A. S m ith ,  J .  A m er. Chem. S o c . .
7 2 , 2190 (1 9 5 0 ) .

3 4 . W. J .  Kauzm ann, J .  E .  W a l te r  a n d  H. E y r in g ,  Chem. R e v . .
26., 339 (1 9 4 0 ) .

3 5 . G. G. L y le  an d  W. L a c r o ix ,  J .  O rg . C h em .. 2 8 , 900  (1 9 6 3 ) .

3 6 . L . A. M i t s c h e r ,  F .  K au tz  a n d  J .  L a P id u s ,  C an . J .  C hem ..
47., 1957 (1 9 6 8 ) .

3 7 . E . S c h l i t t e r  and  J .  M u l le r ,  H e lv .  C him . A c ta . J Q ,  914 
(1 9 4 8 ) .

3 8 . W. S . F o n e s , J .  O re . C hem .. 1A, 1099 (1 9 4 9 ) .

3 9 . R . L . S h r i n e r ,  R. C . F uson  a n d  D. Y. C u r t i n ,  "The
S y s te m a t ic  I d e n t i f i c a t i o n  o f  O rg a n ic  C om pounds", Jo h n  
W ile y  & S o n s , I n c . ,  New Y o rk , 5 th  e d . , 1964 , p 2 0 2 .


	STEREOSPECIFIC APPROACHES TO THE SYNTHESIS OF ALKALOIDS
	Recommended Citation

	00001.tif

