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INTRODUCTION 

I n  t h e  n i t r o u s  a c i d  deaminat ion and rearrangement  

of a-aminoalcohols ,  it h a s  been shown by C u r t i n  and C r e w  - 

t h a t  t h e  p roduc t s  are formed s t e r e o s p e c i f i c a l l y . '  Using 

- d l -d i a s t e reomers  of l-p-anisyl-l-phenyl-2-amino-l-propanol, - 

t hey  found t h a t  t h e  d l - e r y t h r o  compound y i e l d e d  a ke tone  

wi th  about  90 p e r  c e n t  phenyl  mig ra t ion ,  whereas t h e  d l -  

t h r e o  compound y i e l d e d  a ke tone  of co r re spond ing ly  predomi- 

nan t  p -an i sy l  mig ra t ion .  The amount of each ke tone  pro- 

- 

- 

- 
duced w a s  determined by u l t r a v i o l e t  a b s o r p t i o n  spec t roscopy .  

The e q u a t i o n s  shown on Char t s  1 and 2 i l l u s t r a t e  t h e  

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

demonst ra te  t h e  mechanism l e a d i n g  t o  t h e  observed p roduc t s .  

The a u t h o r s  proposed t h a t  t h e  observed mig ra t ion  

r a t i o  is due s o l e l y  t o  t h e  d i f f e r e n c e s  i n  f r e e  energy of 

two t r a n s i t i o n  s t a t e s  which they  d e s i g n a t e  as - c i s  and 

t r a n s .  These are also i l l u s t r a t e d  on C h a r t s  1 and 2 .  

Char t  1 i l l u s t r a t e s  p - a n i s y l  mig ra t ion  through t h e  - 
t r a n s - t r a n s i t i o n  s t a t e  ( I 1  -1V) and phenyl  m i g r a t i o n  

through a c i s - t r a n s i t i o n  s t a t e  (V - V I I > .  The c i s - t r a n -  

s i t i o n  s ta tes ,  accord ing  t o  C u r t i n ,  have t h e  bulky,  

- - 

nonmigrat ing groups e c l i p s i n g  each o t h e r  w i t h  l a r g e r  

a c t i v a t i o n  e n e r g i e s .  

I n  t h e  absence of t h e  s t e r i c  f a c t o r ,  t h e  e l e c t r o n i c  

1 
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f a c t o r  a l o n e  would have dec ided  t h e  m i g r a t i o n  r a t i o  of 

p -an i sy l  and phenyl  groups ,  The e l e c t r o n i c  e f f e c t  is n o t  

a l t o g e t h e r  mis s ing  i n  t h i s  case and is used t o  e x p l a i n  t h e  

somewhat b e t t e r  - p - a n i s y l  mig ra t ion  i n  t h e  t h r e o  compound 

( 9 4  p e r  c e n t )  compared t o  t h e  phenyl  m i g r a t i o n  i n  t h e  

e r y t h r o  compound (88 p e r  c e n t ) ,  I t  shou ld  be emphasized 

t h a t ,  acco rd ing  t o  C u r t i n ' s  e x p l a n a t i o n ,  t h e  r a t i o  of 

p r o d u c t s  formed is based on d i f f e r e n c e s  i n  f r e e  e n e r g i e s  of 

t h e  c is-  and t r a n s - t r a n s i t i o n  s ta tes ,  which are p o s t u l a t e d  

as  a l t e r n a t e  i n t e r m e d i a t e s ,  and t h a t  t h e  a c t u a l  mechanism 

of t r a n s f e r  is an i n t r a m o l e c u l a r  b r i d g i n g  of t h e  m i g r a t i n g  

group from its o r i g i n  t o  its te rminus .  Such b r i d g i n g  

groups  have been mentioned p r e v i o u s l y  as p o s s i b l e  

i n t e r m e d i a t e s ,  2'3 

m i g r a t i n g ,  such b r i d g i n g  i n  t h e  aminoalcohol  shou ld  cause  

i n v e r s i o n  a t  t h e  m i g r a t i o n  te rminus ,  S i n c e  C u r t i n  and C r e w  

employed racemic reactants however, t h e  c o n f i g u r a t i o n s  of 

p r o d u c t s  cou ld  n o t  be determined.  

- 

- 

With e i t h e r  - p-an i sy l  or phenyl  groups 

The mechanism of aminoalcohol  deaminat ion  w a s  

f u r t h e r  e l u c i d a t e d  by Benjamin, S c h a e f f e r  and C ~ l l i n s , ~  who 

p repa red  (+I- and (-)-l,l-diphenyl-2-amino-l-propanol 
1 , 5 - 7  s t e r e o s p e c i f i c a l l y  l a b e l e d  i n  one of t h e  phenyl  groups .  

R e s o l u t i o n  of t h e  o p t i c a l l y  a c t i v e  p r o d u c t s  and 

r ad iochemica l  examinat ion of t h e  chemica l ly  degraded 

- a-phenylpropiophenone produced by rearrangement  i n d i c a t e d :  

(1) t h a t  88 p e r  c e n t  of t h e  product  w a s  produced by 

. 

. 
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i n v e r s i o n  of c o n f i g u r a t i o n  and 1 2  p e r  c e n t  by r e t e n t i o n ,  

and (2) t h a t  t h e  i n v e r t e d  product  w a s  produced e n t i r e l y  by 

labe led-phenyl  m i g r a t i o n ,  whereas t h e  r e t a i n e d  product  

r e s u l t e d  e n t i r e l y  from nonlabeled-phenyl  mig ra t ion .  Thus 

bo th  enant iomers  of a-phenylpropiophenone had been formed - 
through i n t e r m e d i a t e s  which al lowed phenyl  m i g r a t i o n  

through t r a n s - t r a n s i t i o n  s t a t e s  (Char t  3 1 ,  I f  r o t a t i o n  

about  t h e  C-Cwbond  w a s  very  r a p i d  compared t o  t h e  ra te  of 

phenyl  mig ra t ion ,  as h a s  been sugges t ed  by C u r t i n , ’  t h e  

product  would have been a racemic ke tone  produced by an 

e q u a l  amount of l abe led -  and nonlabeled-phenyl  m i g r a t i o n ,  

both going  through an  i n t e r m e d i a t e  t r a n s - t r a n s i t i o n  s ta te .  

Chart  4 i l l u s t r a t e s  t h i s  w i th  Newman p r o j e c t i o n s  of t h e  

same r e a c t i o n s  shown on Char t  3 ,  

The r e s u l t s  of t h e  deaminat ion r e a c t i o n s  mentioned 

t h u s  f a r  i n  t h i s  d i s s e r t a t i o n  have shown t h a t  it would be 

e n l i g h t e n i n g  t o  s t u d y  f u r t h e r  how much c o n t r o l  t h e  ground 

s ta te  conformation does exer t .  A n  aminoalcohol c o n t a i n i n g  

an  o - t o l y l  group,  erythro-1-amino-1-phenyl-2-o-tolyl- 

2-propanoly XXI, w a s  chosen fo r  t h i s  s t u d y .  The o - t o l y l  

group has  a h igh  m i g r a t i o n  r a t i o 8  compared t o  -CH3 and -H. 

I n  a s y s t e m  i n  which t h e s e  t h r e e  groups are i n  a m i g r a t i n g  

- - 

- 

p o s i t i o n ,  t h e  o - t o l y l  group might be cons ide red  t h e  predomi- - 
nan t  one t o  migra te .  The o - t o l y l  group o c c a s i o n a l l y  

e x h i b i t s  anomalous behav io r ,  and i n  aminoalcohol  X X I  

because of its s ize ,  may decrease t h e  amount of f r e e  

- 
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l-amino-l-phenyl-2~o-tolyl-2-propanol. - 

I w 8 # 



9 
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. 

r o t a t i o n  about  t h e  C-C bond and a l te r  t h e  r a t i o  of p roduc t s  

which could  be expec ted ,  based on t h e  deaminat ions  of 

cor responding  phenyl  members of t h e  aminoalcohol  series,  4 

The deaminat ion  of one enantiomer of X X I  produced 

almost  e n t i r e l y  l-phenyl-l-o-tolylpropanone, X X I I I ,  a 

product  of o - t o l y l  mig ra t ion .  Examination of t h e  

enan t iomer i c  n a t u r e  of t h i s  ke tone  by i s o t o p e - d i l u t i o n  

a n a l y s i s  showed t h a t  i t  c o n s i s t e d  of 96.5 p e r  c e n t  of one 

enant iomer.  

- 

- 

One may t h e n  deduce t h a t  t h e  aminoalcohol  i n  its 

ground s t a t e  and carbonium ion  conformat ions  e x i s t s  l a r g e l y  

i n  t h e  s te r ic  p o s i t i o n s  i n d i c a t e d  by XXI and X X I I  on 

Char t  5. 

These r e s u l t s  i n d i c a t e  t h e  importance of t h e  ground 

s ta te  conformation i n  de te rmining  t h e  i d e n t i t y  and d i r e c t i o n  

of t h e  m i g r a t i n g  group i n  t h i s  aminoalcohol ,  



HISTORICAL BACKGROUND 

When a s u b s t i t u t e d  - a-aminoalcohol ,  as X X I V ,  is 

t r e a t e d  w i t h  n i t r o u s  a c i d ,  deaminat ion  is accompanied by 

rearrangement  wi th  fo rma t ion  of a ke tone  or an a ldehyde .  

I n  some cases, t h e  g l y c o l  cor responding  t o  t h e  aminoalcohol  

is produced i n  va ry ing  q u a n t i t y .  

9 

0 R 2  
HNO, II I OH NH2 

I I 

I I I 
R,- C - C - R 3  - R , - C - C - R 3  

R2 R 4  
X X I V  

R 4  
xxv  

R = H , a l k y l ,  a r y l ,  or p a r t  o f  satura ted  
cyclic system 

C l o s e l y  re la ted r e a c t i o n s  fo l lowed by s i m i l a r  

rear rangements  are d e s c r i b e d  i n  t h e  l i t e r a t u r e .  

P i n a c o l  Rearrangement. F i t t i g ,  lo i n  1860, d i s -  

covered  t h a t  p i n a c o l ,  X X V I ,  a g l y c o l ,  w a s  conve r t ed  t o  t h e  

ke tone ,  p inaco lone ,  X X V I I ,  on t r e a t m e n t  w i t h  c o n c e n t r a t e d  

s u l f u r i c  a c i d .  

Subsequent ly  t h i s  r e a c t i o n  has  been shown t o  be 

. 

q u i t e  wide ly  a p p l i c a b l e  t o  v a r i o u s  s u b s t i t u t e d  - cr-glycols. 

1 0  
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I 
1 -  

. 

. 

0 CH3 OH OH 
I I H2s04, II I 

CH,- C- C - CH, CH, - C - C - CH, 
I I I 
CH, CH, 

xxv  I X X V l l  

The p r o d u c t s  are a ldehydes  o r  k e t o n e s ,  depending on t h e  

r e a g e n t  or  s o l v e n t ,  and t h e  s t r u c t u r e  of t h e  g l y c o l .  9 9 1 1  A 

v a r i a t i o n  of t h i s  r e a c t i o n ,  t h e  Aldehyde-Ketone 

Rearrangement, t a k e s  p l a c e  under s imi l a r  c o n d i t i o n s  and 

produces k e t o n e s  from a ldehydes  i n  t h e  p re sence  of concen- 

t r a t e d  s u l f u r i c  a c i d .  9 , 1 2  

Wagner-Meerwein Rearrangement. The conve r s ion  of 

i s o b o r n e o l ,  XXVIII, t o  camphene, XXIX, w a s  t h e  f i r s t  i n  a 

ser ies  of i n t r a m o l e c u l a r  r ea r r angemen t s  d e s c r i b e d  by 

Wagner. l3 When a p p l i e d  t o  cyc l ic  compounds, t h e s e  rear- 

rangements produced changes i n  r i n g  s ize .  

CH3 

X X V l l l  X X I X  



1 2  

Subsequent ly  other  r e a c t i o n s  of t h i s  t y p e ,  l e a d i n g  

t o  r i n g  expans ion  or c o n t r a c t i o n ,  w e r e  observed .  l4 These 

rear rangements  cou ld  be i n i t i a t e d  by t h e  a c t i o n  of concen- 

t r a t e d  s u l f u r i c  a c i d  or phosphor ic  acid on a monohydric 

a l c o h o l  or by heavy me ta l  i o n s ,  as  Ag', on a h a l i d e .  13-15 

T h e  Nametkin Rearrangement is t h e  name g i v e n  t o  r e a c t i o n s  

of t h e  same k i n d  i n  which rearrangement  o c c u r s  

changes i n  r i n g  s ize .  15 

Demjanov Rearrangement. Rearrangement 

w i t h o u t  

which 

produces enlargement  of r i n g  s ize  as a r e s u l t  of n i t r o u s  

acid deaminat ion  of a cycl ic  a l i p h a t i c  pr imary amine, as  

XXX, w a s  f i r s t  d e s c r i b e d  by Demjanov. 16 

OH 

' b  CH2 - CH - CH2 - NH2 
I I HNO, 

CH, - CH, 

x x x  x x x  I 

S e m i p i n a c o l i n i c  Deamination. A t  t h e  beginning  of 

t h i s  s e c t i o n ,  there is mentioned t h e  r e a c t i o n  i n  which 

a-aminoalcohols ,  under the  i n f l u e n c e  of n i t r o u s  acid,  rear- - 
r ange  t o  form ca rbony l  compounds. The special  case i n  

which  deaminat ion  of an aminoalcohol ,  as XXXIV,  p roduces  a 
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I 

E 

carbonium i o n  i n t e r m e d i a t e  X X X I I I  s imi l a r  t o  t h a t  produced 

by removing t h e  secondary hydroxyl  of a t r i s u b s t i t u t e d  

p i n a c o l ,  as XXXII, h a s  been c a l l e d  t h e  Semip inaco l in i c  

Deamination by McKenzie 6 because of its analogy t o  t h e  

Semip inaco l in i c  Rearrangement. The l a t t e r  name, a s  a v a r i -  

a t i o n  of t h e  P i n a c o l  Rearrangement, w a s  f i r s t  used by 

T i f f  eneau. 1 7  

OH OH 
I I 

R A - C -  C - H  

X X X l l  ’ OH 
I 0 

R , - C -  C - H  
I I 

OH 
I I 

R , - C - C - H  
I I 

X X X I V  

X X X I I I  

Under t h e  t i t l e  of t t l , 2 - S h i f t s , t v  numerous rear- 

rangements of t h e  t y p e  j u s t  d i s c u s s e d  are d e s c r i b e d  and 
9 , 1 2  examined i n  t h e  l i t e r a t u r e .  I n  o f f e r i n g  t h e o r i e s  t o  
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e x p l a i n  t h e  " 1 , 2 - S h i f t s , "  most i n v e s t i g a t o r s  are i n  agree-  

ment w i th  t h e  f o l l o w i n g  b a s i c  s t a g e s :  9 

(1) A group or atom, a s  -OH, -NH2, or h a l i d e ,  

t o g e t h e r  w i t h  its e l e c t r o n s ,  is removed from its bond w i t h  

carbon and l e a v e s  w i t h i n  t h e  molecule  a p o s i t i v e l y  charged  

carbon atom XXXVI. 

I I I I 

.. .. .. 0 
R 8 R 

-c -G-  - - c - c -  + B :  

x x x v  X X X V I  

( 2 )  A neighbor ing  group,  a t t a c h e d  t o  an a d j a c e n t  

carbon atom, m i g r a t e s  w i t h  i ts s h a r e d  e l e c t r o n  p a i r  and 

becomes bonded t o  t h e  p o s i t i v e l y  charged carbon a t o m .  This 

n e u t r a l i z e s  t h e  charge  on t h e  e l e c t r o n - d e f i c i e n t  carbon 

atom bu t  l e a v e s  a n o t h e r  carbon atom, XXXVII, w i t h  a p o s i t i v e  

charge .  

I I I I 
- c - c -  - -c-  C -  

0 0 .. .. 
R - 2  R 

I 

x x x v  I X X X V I I  
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1 -  
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( 3 )  T h i s  p o s i t i v e  cha rge  is immediately removed 

e i t h e r  by bonding w i t h  a n e g a t i v e l y  charged  fragment  

p r e s e n t  i n  t h e  r e a c t i o n  medium o r  by l o s s  of a p o s i t i v e l y  

charged p a r t i c l e  such as a p ro ton .  

I I - c -  c -  
A R 

x x x v  I I I 

- c - c -  I I 7 
\ 0 .. 

R 

X X X V I I  

I I =c---c- .. 
R 

X X X I X  

+ H : A  

I n  p o s t u l a t i n g  a mechanism which is c o n s i s t e n t  w i th  

t h e  q u a l i t a t i v e  and q u a n t i t a t i v e  n a t u r e  of t h e  p roduc t s  

which have been i s o l a t e d ,  many f a c t o r s  have been cons ide red  

by research workers  i n  t h i s  f i e l d .  9’12’18 Among t h e s e  are:  

(1)  Loca t ion  a t  which t h e  carbonium i o n  is formed. 

( 2 )  S t a b i l i t y  of t h e  carbonium i o n .  

( 3 )  

(4) Migratory a p t i t u d e s  of s u b s t i t u e n t s  on 

R o t a t i o n  about  t h e  C-C@ bond. 

a d j a c e n t  carbon atoms. 



1 6  

S t e r i c  p r o p e r t i e s  of t h e  molecule .  

Con t ro l  by t h e  ground s ta te  conformation of 

t h e  molecule  du r ing  deaminat ions ,  

R e v e r s i b i l i t y  of t h e  rear rangement  due t o  

open e q u i l i b r a t i n g  carbonium i o n s .  

Neighboring group p a r t i c i p a t i o n .  

Cis-ef f ect .  

F r e e  energy change i n  t h e  t r a n s i t i o n  s ta te .  

Bridged i o n s  and o t h e r  i n t e r m e d i a t e s  i n  t h e  

t r a n s i t i o n  s t a t e .  

E f f e c t  of s o l v e n t ,  t empera tu re  o r  r e a g e n t .  

- 

of t h e s e  f a c t o r s  have g r e a t e r  a p p l i c a t i o n  t o  a 

p a r t i c u l a r  r e a c t i o n  t h a n  t o  o t h e r s .  For example, t h e  

fo l lowing  t h r e e  p e r t a i n  m a i n l y  t o  t h e  mechanism of t h e  

P i n a c o l  Rearrangement: 

(1)  The s i t e  of i n i t i a l  fo rma t ion  of t h e  carbonium 

ion  is a f a c t o r  a p p l i c a b l e  t o  g l y c o l s  s i n c e  e i t h e r  of t h e  

two hydroxyl  groups  can be removed t o  s t a r t  t h e  r e a c t i o n .  

(2 )  The r e a g e n t  i n i t i a t i n g  t h e  r e a c t i o n  has  been 

shown t o  have an e f f e c t  on t h e  t y p e  of p roduc t  i s o l a t e d  o r  

t h e i r  r a t i o  i f  more t h a n  one is produced, 11 

( 3 )  The r e v e r s i b i l i t y  of t h e  r e a c t i o n s  which form 

i n t e r m e d i a t e s  h a s  exp la ined  t h e  v a r i e t y  of p r o d u c t s  i n  

s e v e r a l  rear rangements  and has  a l s o  been used t o  i n t e r p r e t  

1 9  anomalies  observed i n  t h e  Aldehyde-Ketone Rearrangement. 
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The remaining f a c t o r s  mentioned 

t o  proposed mechanisms of deaminat ions .  

have a p p l i c a t i o n s  

T h e i r  r o l e  i n  t h e  

deaminat ion of a-aminoalcohols ,  which is t h e  s p e c i f i c  

s u b j e c t  of t h i s  pape r ,  w i l l  be d i s c u s s e d  i n  t h i s  s e c t i o n .  

McKenzie, one of t h e  e a r l y  workers  i n  t h i s  f i e l d ,  

- 

s t u d i e d  t h e  Walden I n v e r s i o n  and expec ted  such  i n v e r s i o n  t o  

occur  d u r i n g  g l y c o l  fo rma t ion  i n  t h e  n i t r o u s  a c i d  deami- 

n a t i o n  of l-amino-1,2-diphenyl-2-propanol. 2 o  

g l y c o l ,  he i s o l a t e d  a ke tone  XLI. Af t e r  f u r t h e r  e x p e r i -  

I n s t e a d  of a 

OH 0 
I HNO, II 

Ph CH3 

NH2 I 
P h - C H -  C-CH,  > P h - C H - C - P h  

I I 

X L  X L I  

ments wi th  o t h e r  aminoalcohols ,  he became convinced of t h e  

g e n e r a l i t y  of t h i s  r e a c t i o n  and compiled a list of h i s  own 

work and t h a t  of o t h e r s  who r e p o r t e d  f i n d i n g  ke tones  a f t e r  

aminoalcohol deaminat ions .  21 

migra tory  a p t i t u d e  of phenyl and a l k y l  groups (XLII -XLIII), 

and recognized  t h a t  when a l k y l  groups are a t t a c h e d  t o  t h e  

carb inol -carbon atom, g l y c o l s  are formed predominant ly  

(XLIV -XLV). T h i s  accumulat ion of d a t a  on aminoalcohol 

McKenzie noted  d i f f e r e n c e s  i n  

I 

4 -  
i 
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OH NH, 0 Ph 
I I HNO, I I  I 

P h -  C - C - Ph E t - C - C - P h  
I I I 
E t  H H 

X L I  I XL l l l  

OH NH, OH OH 
I I HNO, I I 

E t  - C - C -  Ph > E t - C - C - P h  
I I I I 
E t  H E t  H 

X L l V  x L V  

deaminat ions  w a s  t h e  f i r s t  s t e p  towards t h e  p roposa l  of a 
2 1 , 2 2  s u i t a b l e  mechanism. 

I n  a d d i t i o n  t o  t h e  b a s i c  r e c o g n i t i o n  of t h e  rear- 

rangement and t h e  q u a l i t a t i v e  d i f f e r e n c e s  i n  mig ra to ry  

a p t i t u d e s ,  McKenzie found it  "remarkable  t h a t  o p t i c a l  

a c t i v i t y  ( w a s )  p r e se rved  i n  s p i t e  of t h e  molecular  rear- 

rangement which (was) involved."  H e  had p repa red  (-)-2- 

amino-1,l-diphenyl-1-propanol XLVII from ( + ) - a l a n i n e  e t h y l  

es te r  hydroch lo r ide  XLVI and phenyl  magnesium bromide, 

6 

t r e a t e d  i t  w i t h  n i t r o u s  a c i d  and i s o l a t e d  (+I-methyldesoxy- 

benzoin XLVIII. McKenzie noted  a s imi l a r  s t e r e o s p e c i f i c i t y  

wi th  t h e  same r e a c t i o n  sequence s t a r t i n g  w i t h  pheny la l an ine :  

( - ) -phenylalanine - ( - ) - l , l ,  3 - t r ipheny l -  - (+)-benzyldesoxy- 
e t h y l  ester 2-amino-1-propanol benzoin I 
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NH2 0 NH2 OH 0 
H, I II PhMgBr Hx I I /OPh HN02 H, , I I  

2Y-C-Ph 
CH, Ph 

\ 
CH3 cH3 2c-c’ Ph 

) C - C - O E t  

X L V l  X L V I I  X L V l l I  

There must a l s o  have been some racemiza t ion  i n  t h e s e  

r e a c t i o n s ,  s i n c e  t h e  observed r o t a t i o n  of t h e  t o t a l  k e t o n e s  

of t h e  deaminat ion  r e a c t i o n  w a s  n o t  as  h igh  as t h e  p u r i f i e d  

o p t i c a l l y  a c t i v e  ke tone  i s o l a t e d  f r o m  t h e  r e a c t i o n  mixture .  

Likewise,  McKenzie observed a d i f f e r e n c e  i n  t h e  mig ra to ry  

a p t i t u d e  of v a r i o u s  s u b s t i t u e n t  groups .  21 

o t h e r  i n v e s t i g a t o r s  have measured and expres sed  mig ra to ry  

a p t i t u d e s  a s  r a t i o s  r e f e r r e d  t o  phenyl .  23 

t u d e s  were r e a d i l y  determined i n  rear rangements  of 

compounds i n  which bo th  groups i n  q u e s t i o n  have an  e q u a l  

o p p o r t u n i t y  t o  m i g r a t e ,  so  t h a t  any d i f f e r e n c e s  i n  t h e  

q u a n t i t i e s  of r e a r r a n g e d  p roduc t s  would be t h e  r e s u l t  

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

moving group. Symmetr ical ly  a r y l - s u b s t i t u t e d  p i n a c o l s  

o r  2 , 2 - d i a r y l - s u b s t i t u t e d  e t h y l a m i n e ~ ~ ~  appear  t o  be 

examples of compounds of t h e  type  which permi t  d i r e c t  

measurement of mig ra to ry  a p t i t u d e ,  a t  l ea s t  when no o r t h o -  

s u b s t i t u e n t s  are p r e s e n t  i n  t h e  a r y l  m o i e t i e s .  

Subsequent ly  , 

Migratory a p t i -  

24-26 
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OH OH 
HN02 I I R2 I 

I I I 
H H H 

X L l X  L LI  

R,- C - CH, - NH2 > R,-C-CH2-R2 + R 2 - C - C H 2 - R ,  

O R, II I 
R,-C- C -  R, R , - C - C - R 2  + R 2 - C - C - R R ,  

1 I I I 

O R, OH OH 
I I H2S04 II I 

LI I L I I  I L I V  

Where s t e r i c  r equ i r emen t s  of t h e  molecule  predomi- 

n a t e , 2 5  or i f  some s u b s t i t u e n t  p a r t i c i p a t e s  so  as  t o  i n f l u -  

ence  t h e  s i t e  of fo rma t ion  of t h e  carbonium ion ,  2 3 , 2 8  t h e  

s i t u a t i o n  becomes more compl ica ted .  I n  t h e  Semip inaco l in i c  

Deamination, t h e  i n f l u e n c e  of t h e  e l e c t r o n i c  n a t u r e  of t h e  

m i g r a t i n g  group is o f t e n  completely overshadowed by t h e  

s t e r i c  r equ i r emen t s  of t h e  molecule .  I n  a 1 , l - d i a r y 1  

aminoalcohol ,  f o r  example, t h e  r a t i o  of p r o d u c t s  of deami- 

n a t i o n  is a consequence mainly of t h e  r e l a t i v e  p o s i t i o n s  of 

t h e  t w o  a r y l  groups ,  no t  of t h e i r  mig ra to ry  a p t i t u d e s .  

1 

L i s t i n g s  o f m i g r a t o r y  a p t i t u d e s  may be found i n  many 

t e x t s .  These v a l u e s  are approximate ly  i n  t h e  o r d e r  of t h e  

n u c l e o p h i l i c  n a t u r e  of each group.  2 9 ’ 3 0  

migra to ry  a p t i t u d e  v a l u e s  p e r m i t s  p r e d i c t i o n  of t h e  

A knowledge of 



2 1  

expec ted  r e l a t i v e  y i e l d s  of p r o d u c t s  where more t h a n  one  

group is i n  a p o s i t i o n  t o  m i g r a t e .  If t h e  r e l a t i v e  o r d e r  

is no t  q u a l i t a t i v e l y  adhered t o  i n  a g iven  r e a c t i o n  of t h i s  

t y p e ,  a n  a l t e r n a t e  mechanism may be s u s p e c t e d .  1 , 2 9 , 3 1  

I n  a d d i t i o n  t o  d e t e r m i n a t i o n s  of s t e r e o s p e c i f i c i t y  

and mig ra to ry  a p t i t u d e s  i n  deaminat ions ,  i n v e s t i g a t o r s  i n  

t h i s  f i e l d  have been i n t e r e s t e d  i n  t h e  e x a c t  mode of 

t r a n s f e r  of t h e  m i g r a t i n g  group t o  its m i g r a t i o n  t e rminus .  

I t  was proposed by a n  e a r l y  t h e o r y  t h a t  a n  e t h y l e n e  ox ide  

s t r u c t u r e  was an  i n t e r m e d i a t e  i n  t h e  rear rangement .  32  I n  

suppor t  of t h i s  t h e o r y  were exper iments  showing: (1) t h a t  

o x i d e s  are o c c a s i o n a l l y  i s o l a t e d  i n  t h e  P i n a c o l  Rearrange- 

m e n t ,  3 3  and ( 2 )  t h a t  some o x i d e s  a r e  known t o  r e a r r a n g e  

under c o n d i t i o n s  of t h e  P i n a c o l  Rearrangement t o  produce 

 ketone^.^ However, it has  been shown t h a t  o x i d e s  c a n  form 

t h e  g l y c o l  f i r s t  and t h e n  r e a r r a n g e .  34 

a g a i n s t  t h i s  t heo ry  is t h e  f a i l u r e  t o  i s o l a t e  an ox ide  

d u r i n g  r e a c t i o n s  when t h e  expec ted  ox ide  is s t a b l e  and 

could  have been i s o l a t e d  w e r e  it p r e s e n t .  35-37 Oxide f o r -  

mation does  n o t  e x p l a i n  t h e  m i g r a t i o n  i t s e l f ,  and its r o l e  

a s  a n  i n t e r m e d i a t e  is no t  f u l l y  unders tood  y e t .  Cyc lo -  

a lkane  s t r u c t u r e s  were once proposed as i n t e r m e d i a t e s  

du r ing  r11 ,2-Shi f t s"38  and t h e n  r e j e c t e d  by t h e  ev idence  

t h a t  t h e  p o i n t  of a t t a c h m e n t  of s u b s t i t u t e d  a r y l  g roups  w a s  

no t  changed d u r i n g  m i g r a t i o n . 3 9  

Rearrangement of i s o b o r n e o l  t o  camphene, t r i c y c l e n e  

1 2  

Also a rgu ing  

I n  t h e  Wagner-Meerwein 
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cor re sponds  t o  t h e  pos tu la ted  cyc lopropane  i n t e r m e d i a t e .  

Syn thes i zed  independen t ly ,  t r i c y c l e n e ,  under t h e  c o n d i t i o n s  

A 
4 1  

of t h e  exper iment ,  cou ld  no t  be conve r t ed  t o  camphene. 40 

f r e e  r a d i c a l  h y p o t h e s i s  advocated a t  one t i m e  by T i f f e n e a u  

and M c K e n ~ i e , ~  w a s  s i m i l a r l y  unsupported by t h e  f a c t s .  

e x i s t e n c e  of an  e l e c t r o n - d e f i c i e n t  carbon atom, now c a l l e d  

a carbonium i o n ,  was.proposed by Meerwein and van E m s t e r  a s  

a r e s u l t  of t h e i r  o b s e r v a t i o n s  on t h e  k i n e t i c s  of t h e  rear- 

rangement of camphene hydroch lo r ide  t o  i s o b o r n y l  c h l o r i d e .  

The r a t e  of rearrangement  i n c r e a s e d  when t h e  expe r imen ta l  

c o n d i t i o n s  w e r e  changed t o  i n c r e a s e  t h e  amount of i o n i -  

z a t i o n  of camphene hydroch lo r ide .  Coord ina t ing  metal 

h a l i d e s ,  as  HgCl,, FeC1, and SnCl,, known t o  form a d d i t i v e  

compounds wi th  t r i pheny lme thy l  c h l o r i d e ,  a l so  a c t e d  as  

s t r o n g  c a t a l y s t s  f o r  t h e  camphene hydroch lo r ide  rear- 

rangement.  The i d e a  of a n  e l e c t r o n - d e f i c i e n t  carbon atom 

The 

4 0  

L V  L V  I 
camphene 
hydrochloride 

L V  I I L V I I I  
isobornyl 
ch lor ide  
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r e c e i v e d  f u r t h e r  exper imenta l  suppor t  by Meerwein and 

o t h e r s 9  and w a s  developed as a g e n e r a l  t heo ry  by Whitmore. 4 2  

Whitmore7 used t h e  i d e a  of an e l ec t ron -de f  i c i e n t  carbon 

atom t o  e x p l a i n  a rearrangement  which had been performed 

ear l ier  by McKenzieO6 I n  t h i s  r e a c t i o n ,  t h e  s t a r t i n g  

J 
i ,  

i 

i 

1 
7 I -  d 

i -  

1 .  i 

compound w a s  t h e  aminoalcohol ,  (-)-l,l-diphenyl-2-amino- 

1-propanol X L V I I  s y n t h e s i z e d  from ( + ) - a l a n i n e  e t h y l  ester 

X L V I .  Using t h e  d a t a  of McKenzie f o r  t h e  deaminat ion of 

X L V I I ,  Whitmore c a l c u l a t e d  t h a t  t h e  r e a c t i o n  produced 

94 p e r  c e n t  of (+)-methyldesoxybenzoin, T h i s  c a l c u l a t i o n  

w a s  based on a crude  ke tone  y i e l d  of 1 . 9  gms, from 2 . 2  gms. 

of aminoalcohol .  The u n p u r i f i e d  ke tone  had a s p e c i f i c  

r o t a t i o n  of +158O i n  chloroform.  A f t e r  p u r i f i c a t i o n ,  t h e  

ke tone  w a s  found t o  have a s p e c i f i c  r o t a t i o n  of +207O i n  

chloroform which cor responds  t o  88 p e r  c e n t  i n v e r s i o n  and 

1 2  p e r  c e n t r e t e n t i o n ,  i n  good agreement wi th  t h e  r e s u l t s  

of deaminat ion of t h e  same phenyl - labe led  aminoalcohol 

r e p o r t e d  by Benjamin and C o l l i n s .  4 

By r e l a t i n g  t h e  c o n f i g u r a t i o n  of s t a r t i n g  amino- 

a l c o h o l  and k e t o n i c  p roduc t ,  Whitmore showed c l ea r ly  t h a t  

i n v e r s i o n  had t aken  p l a c e .  The argument i n  f a v o r  of a 

carbonium i o n  fo l lowed i n  h i s  d i s c u s s i o n ,  w i th  t h e  s t i p u -  

l a t i o n  t h a t  t h e  carbonium ion  d i d  not  e x i s t  independent ly ,  

7 

else " racemiza t ion  would s e e m  i n e v i t a b l e  o t t  The l a r g e  y i e l d  

of o p t i c a l l y  a c t i v e  ke tone  l e d  him t o  conclude t h a t  

m i g r a t i o n  had t aken  p l a c e  wi th  Walden Inve r s ion .  These 
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r e s u l t s  were a d d i t i o n a l  ev idence  f o r  a s imul t aneous  rear- 

ward a t t a c k  on t h e  m i g r a t i o n  t e rminus  by t h e  m i g r a t i n g  

group a t  t h e  moment of removal of t h e  l e a v i n g  group.  The 

mechanism f o r  t h i s  r e a c t i o n  d i d  no t  t a k e  i n t o  account  t h e  

1 2  p e r  c e n t  of ke tone  produced w i t h  r e t e n t i o n  of 

conf i g u r a t  i o n .  

The i d e a  of a c o n c e r t e d  rearward  a t t a c k  on t h e  

m i g r a t i o n  t e rminus  l e d  many i n v e s t i g a t o r s  t o  t h e  concept  

of a b r idged  i o n  as an i n t e r m e d i a t e  i n  t h e s e  rear- 

rangements.  3 0 y 4 3  

cyclopropane t h e o r y  once proposed3' and t o  which it  seems 

s i m i l a r .  I n  b r i d g i n g ,  no hydrogen atom is l o s t ,  and t h e  

cycl ic  i n t e r m e d i a t e  h a s  a p o s i t i v e l y  charged  fragment  

p a r t i a l l y  bonded between t h e  m i g r a t i o n  o r i g i n  and t e rminus .  

The br idged- ion  mechanism c l ea r ly  i n d i c a t e s  how t h e  

m i g r a t i n g  group p a r t i c i p a t e s  i n  t h e  rearrangement  t o  r e s u l t  

T h i s  br idged- ion  t h e o r y  d i f f e r s  from t h e  

- C .  
I / I I /' I / - - c -  c / -  - - c - c  

R J  \ @ !  
R 

8 I 
R 

L I X  L X  L X I  

I 
1 

- 1  

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

group. P a r t i c i p a t i o n  of t h e  ne ighbor ing  group,  l e a d i n g  t o  

b r i d g i n g ,  c o n t r o l s  t h e  s t e r i c  c o n f i g u r a t i o n  of t h e  molecule  
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d u r i n g  a subsequent  r eac t ion - -a s  e l i m i n a t i o n ,  s o l v o l y s i s ,  

ha logena t ion  o r  rearrangement--and i n c r e a s e s  t h e  r e a c t i o n  

r a t e  i f  t h e  p a r t i c i p a t i o n  o c c u r s  i n  t h e  r a t e -de te rmin ing  

s t e p ,  43 

"anchimeric  a s s i s t a n c e " 4 4  w a s  developed by Wins te in  and 

L ~ c a s ~ ~  and used very  admirably t o  e x p l a i n  t h e  observed 

c o n f i g u r a t i o n  of t h e  i n t e r m e d i a t e s  and f i n a l  p roduc t s  i n  

The i d e a  of "ne ighbor ing  group p a r t i c i p a t i o n "  o r  

t h e  t r a n s f o r m a t i o n  of meso- and racemic-2,3-acetoxybutane 

t o  t h e  racemic- and meso-dibromide, r e s p e c t i v e l y ,  w i th  

fuming hydrobromic ac id .45  The e x i s t e n c e  of a b r idged  

"bromonium" i o n  p r e v e n t s  a second i n v e r s i o n  which would 

have r e s t o r e d  t h e  o r i g i n a l  c o n f i g u r a t i o n .  The a b i l i t y  of 

bromine t o  engage i n  b r i d g i n g  is exp la ined  on t h e  b a s i s  of 

i ts unpa i r ed  e l e c t r o n s  i n  proximi ty  t o  an  e l e c t r o n - d e f i c i e n t  

carbon atom, The n u c l e o p h i l i c  c h a r a c t e r  of a r y l  groups had 

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

s imi l a r  manner. 43 

Evidence f o r  a b r idged  "phenonium" i o n  d e r i v e s  from 

its use  i n  e x p l a i n i n g  t h e  a c e t o l y s i s  of t h e  s t e r e o i s o m e r s  

of t h e  t o s y l a t e  of 3-phenyl-2-butanol. 46 A "phenonium" i o n  

i n t e r m e d i a t e  is c o n s i s t e n t  w i th  t h e  o b s e r v a t i o n  t h a t  t h e  

a c e t o l y s i s  of an  o p t i c a l l y  pu re  t h r e o - t o s y l a t e  produces 

- d l - t h r e o - a c e t a t e ,  whereas t h e  o p t i c a l l y  pu re  e r y t h r o -  

t o s y l a t e  is conve r t ed  t o  t h e  e r y t h r o - a c e t a t e  w i th  

r e t e n t i o n  of c o n f i g u r a t i o n .  I t  shou ld  be noted  t h a t  such  

b r i d g i n g  p r e c l u d e s  fo rma t ion  of t h e  c lass ica l  open carbonium 
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i o n  wi th  f r e e  r o t a t i o n  about  t h e  c e n t r a l  C-C bond, b u t  i t  

a l s o  c a u s e s ,  i f  it o c c u r s  i n  rear rangements ,  i n v e r s i o n  of 

c o n f i g u r a t i o n  a t  t h e  mig ra t ion  t e rminus ,  Although t h e s e  

i n t e r m e d i a t e  b r idged  forms are used i n  e x p l a i n i n g  s o l v o l y t i c  

s t e r e o s p e c i f i c i t y ,  they  cannot  be used t o  account  f o r  t h a t  

p o r t i o n  of aminoalcohol  rear rangements  which o c c u r s  w i t h  

r e t e n t i o n  of c o n f i g u r a t i o n ,  as  shown p r e v i o u s l y ,  4 y 6  and as 

w i l l  be mentioned subsequen t ly  i n  t h i s  d i s s e r t a t i o n .  

The Semip inaco l in i c  Deamination has  a l s o  been 

exp la ined  by u s i n g  ano the r  mechanism u t i l i z i n g  b r idged  

i n t e r m e d i a t e s .  I n  t h i s  t heo ry  t h e r e  is t h e  requi rement  

t h a t  i n t e r m e d i a t e  s t a g e s  have t h e  nonmigrat ing groups  t r a n s  

t o  each o t h e r .  1747-51 T h i s  t h e o r y  w a s  f i r s t  s t a t e d  by 

C u r t i n  i n  r e f e r e n c e  t o  a r e a c t i o n  i n  which t h e  fo rma t ion  of 

t r a n s - s t i l b e n e  is p r e f e r r e d  t o  t h a t  of c i s - s t i l b e n e ,  and 

w a s  named t h e  " c i s - e f f e c t "  because of t h e  t o t a l  d e s t a b i l i -  

- 

z a t i o n  of t h e  t r a n s i t i o n  s t a t e  l e a d i n g  t o  t h e  c i s  p roduc t  

compared t o  t h a t  l e a d i n g  t o  t h e  t r a n s  p roduc t .  The 

- 

t t  . . . c i s - e f f e c t  is . a composi te  . . ( r e s u l t )  . . . - 
of s t e r i c  s t r a i n ,  s t e r i c  i n h i b i t i o n  of resonance ,  d i p o l e  

i n t e r a c t i o n s  and s e l e c t i v e  r e s t r i c t i o n  of motion i n  one 

isomer.  ??52,53 

The r e a c t i o n s  which i l l u s t r a t e  t h e  c i s - e f f e c t  as  - 
a p p l i e d  t o  deaminat ions  are shown i n  C h a r t s  1 and 2 .  

According t o  t h e  t h e o r y ,  u n r e s t r i c t e d  r o t a t i o n  is p e r m i t t e d  

about  t h e  C-C bond, j u s t  p r i o r  t o  b r i d g i n g  and m i g r a t i o n ,  
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wi th  t h e  c h o i c e  of m i g r a t i n g  group be ing  a f u n c t i o n  of t h e  

t r a n s  placement of t h e  nonmigrat ing groups  and t h e  smaller 

d i f f e r e n c e  i n  f r e e  energy a s s o c i a t e d  wi th  t h a t  t r a n s i t i o n  

state. '  A s  mentioned i n  t h e  i n t r o d u c t i o n  t o  t h i s  d i s s e r -  

t a t i o n ,  C u r t i n ' s  u se  of racemic d i a s t e r e o i s o m e r s  obscured 

t h e  s t e r e o s p e c i f i c  n a t u r e  of t h e  rear rangements  t h a t  w e r e  

observed.  H i s  t h e o r y ,  t h e r e f o r e ,  d i d  no t  t a k e  i n t o  account  

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

S ince  1953, C o l l i n s  and co-workers have been exami- 

n ing  t h e  r e s u l t s  of P i n a c o l  Rearrangements,  deaminat ions  

and s o l v o l y s e s  of o p t i c a l l y  pu re  a l c o h o l s ,  amines and 

esters i n  t h e  1 , 2 , 2 - t r i p h e n y l e t h y l  s y s t e m .  8954-56 Using  

carbon-14-label ing and i s o t o p e - d i 3 u t i o n  t echn iques ,  t h e  

i d e n t i t i e s  of t h e  m i g r a t i n g  groups and t h e  amounts of 

i n v e r s i o n  and r e t e n t i o n  i n  t h e s e  rear rangements  were 

a c c u r a t e l y  determined.  The mechanism t h a t  w a s  p o s t u l a t e d  

t o  account  f o r  t h e s e  r e s u l t s  r e q u i r e d  open, e q u i l i b r a t i n g ,  

c lass ica l  carbonium i o n s .  I n  r e f e r e n c e  t o  t h e  deaminat ion 

r e a c t i o n ,  t h e  i d e n t i t y  and d i r e c t i o n  of a t t a c k  of t h e  

mig ra t ing  group w a s  exp res sed  as a dependence on t h e  s t e r i c  

conformation of t h e  ground s ta te ,  wi th  mig ra t ion  o c c u r r i n g  

q u i c k l y  compared t o  t h e  r o t a t i o n  about  t h e  C - C a b o n d .  

An open carbonium i o n ,  w i th  a p o s s i b l e  r o t a t i o n  of 

60° about  t h e  C-C@ bond, is p o s t u l a t e d  as an i n t e r m e d i a t e  

l e a d i n g  t o  fo rma t ion  of ke tone  of 88 p e r  c e n t  i n v e r t e d  and 

1 2  p e r  c e n t  r e t a i n e d  c o n f i g u r a t i o n  i n  t h e  deaminat ion4 of 
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l,l-diphenyl-2-amino-l-propanol (Char t  3 )  The carbonium 

ion  i n t e r m e d i a t e s  l e a d i n g  t o  rear rangement  w i t h  i n v e r s i o n  

and r e t e n t i o n  i n  t h e  deaminat ion of t h e  aminoalcohol  are 

shown i n  N e w m a n  p r o j e c t i o n s  on Char t  4. 

More r i g o r o u s  dependence on an open carbonium i o n  

is r e q u i r e d  by t h e  sequence of r e a c t i o n s  shown on Char t  6 ,  

i n  which L-(+)-1 ,2-d iphenyl - l -amino-2-propanol - l -phenyl -C~4,  

LXII, is deaminated and r e a r r a n g e d  t o  1 , l - d i p h e n y l -  

propanone-phenyl-Cl 4 .  57  Only t h e  nonlabeled-phenyl  group 

migra ted ,  b u t  t h e  amount m i g r a t i n g  w i t h  i n v e r s i o n ,  LXVII, 

or r e t e n t i o n ,  LXVIII, as shown on Chart  6 ,  had t o  be  

determined by t h e  subsequent  r e a c t i o n s  shown on C h a r t s  7 

and 8 .  The ke tone  LXVII + LXVIII is conve r t ed  t o  t h e  

oxime, and t h e  oxime is reduced t o  l , l -diphenyl-2-amino-  

propane,  LXIX + LXX, a molecule i n  which t h e  labe led-phenyl  

group is d i s t r i b u t e d  i n  accordance w i t h  t h e  p r o d u c t s  of 

deaminat ion shown on Char t  6 ,  By a r e s o l u t i o n  of t h e  amine 

LXIX + LXX, it is p o s s i b l e  t o  s e p a r a t e  t h e  d e x t r o r o t a t o r y  

molecules  of LXIX + LXX, from t h e  l e v o r o t a t o r y  molecules  of 

LXIX + LXX. Compounds LXIX + LXX are i n d i s t i n g u i s h a b l e  

chemica l ly ,  b u t  t h e i r  d i f f e r e n t  s t e r e o s e l e c t i v e  l a b e l  can  

be used t o  d i f f e r e n t i a t e  them. Deamination of each  of 

t h e s e  enant iomers ,  fo l lowed by d e g r a d a t i v e  s t u d y  of t h e  

labe led-phenyl  d i s t r i b u t i o n  (Char t  8 ) ,  y i e l d e d  t h e  r e s u l t s  

shown b e f o r e  on Char t  6 f o r  t h e  d i s t r i b u t i o n  of r a d i o -  

a c t i v i t y  i n  t h e  phenyl  groups ,  The c o n f i g u r a t i o n s  as shown 
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Chart 6.-Deamination of L-(+)-1,2-diphenyl- 
l-amino-2-propanol-l-phenyl-C~4. 
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NH20H 
L X V l l  + L X V l l l  ( L X V l l  + L X V l l l  ) OXIMES 
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27 % \ 
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Chart 7.-Synthesis of l,l-diphenyl-2-amino- 
propane-phenyl-Ci4 from benzhydryl-phenyl-Ci4 methyl ketone 
of Char t r  
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Ph*C-CH3 II 70% 

1 
Ph*COOH 27 % 

0 
Ph"C-CH3 II 73% 

Chart 8.-Deamination of l,l-diphenyl-2-amino- 
propane-~heny1-C:~ with analysis of radioactivity 
distribuE6ETy degradation study. 
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on Char t  8 f o r  t h e  compounds i n  t h i s  r e a c t i o n  are i n  

accordance w i t h  t h e i r  proven r e l a t i o n s h i p  t o  D-(-1- and 

L- (+) -phenylg lyc ine .  

I n  t h e  deaminat ion  shown on Chart  8 ,  no t  m o r e  t h a n  

1 p e r  c e n t  racemic product  w a s  formed. The absence of 

racemic p roduc t  i n d i c a t e d  t h a t  rearrangement  o c c u r r e d  com- 

p l e t e l y  w i t h  i n v e r s i o n  and through a t r a n s - t r a n s i t i o n  

s ta te .  I f  t h e  m i g r a t i o n  had occur red  w i t h  b r i d g i n g ,  as 

might be i n f e r r e d  from t h e  observed  1 0 0  p e r  c e n t  i n v e r s i o n  

a t  t h e  m i g r a t i o n  te rminus ,  t h e  hydroxyl  group cou ld  come i n  

on ly  on t h e  s i d e  o p p o s i t e  t h e  m i g r a t i n g  group and no 

e r y t h r o  d i a s t e reomer  cou ld  f o r m .  The e r y t h r o  form LXII was 

found t o  t h e  e x t e n t  of 16 p e r  c e n t .  The e x i s t e n c e  of LXII 

and LXIII i n d i c a t e s  t h a t  a s h o r t - l i v e d  carbonium i o n  is 

formed a t  t h e  m i g r a t i o n  o r i g i n  a f t e r  t h e  m i g r a t i n g  group 

l e a v e s .  

L X X  L X X  I 

OH 
16% 

L X X I I  16% 
L X X l l l  8 4 %  
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The r e a c t i o n  sequence shown on Chart  8 w a s  

r e p e a t e d  wi th  t h e  l a b e l i n g  r e v e r s e d ,  t h a t  is, s t a r t i n g  wi th  

D-(-)-1,2-diphenyl- l -amino-2-propanol-2-phenyl-C~4.  

Ox ida t ive  d e g r a d a t i o n  of t h e  f i n a l  t h r e o  c a r b i n o l  of t h e  

series gave s u b s t a n t i a l l y  t h e  s a m e ,  bu t  i n v e r t e d ,  r a t i o  of 

d i s t r i b u t i o n  of t h e  phenyl  l a b e l  i n  t h e  benzoic  a c i d  and 

acetophenone f r a c t i o n s ,  74 :26 ,  as expec ted .  5 7  

Another r e a c t i o n  performed by C o l l i n s ,  e t  a l . ,  

involved  t h e  deaminat ion  of enant iomers  of e r y t h r o -  and 

threo-1-amino-1-phenyl-2-p-tolyl-2-propanolo The rear- 

rangement produced (+)- and (-)-1-phenyl-1-p-tolylpropanone 

- 

- 
i n  amounts which cannot  be j u s t i f i e d  by a br idged-ion 

theo ry .  57  

LXXIX have been r e l a t e d  t o  D-(-)-phenylglycine,  and t h e i r  

The t h r e o  and e r y t h r o  aminoalcohols  L X X I V  and 

a b s o l u t e  c o n f i g u r a t i o n s  are shown i n  t h e  deaminat ion 

sequences on Char t s  9 and 1 0 .  

Char t  1 0  i n d i c a t e s  c l ea r ly  t h a t  more r e t e n t i o n  t h a n  

i n v e r s i o n  of c o n f i g u r a t i o n  had t aken  p l a c e  on deaminat ion 

of t h e  t h r e o  compound. Examination of t h e  ground s t a t e  

conformation l e a d i n g  t o  i n v e r s i o n ,  LXXIXb, shows t h a t  a 

close s te r ic  p o s i t i o n  is r e q u i r e d  f o r  t h e  t h r e e  b u l k i e s t  

g roups  i n  t h e  molecule ,  and t h a t  m i g r a t i o n  would r e q u i r e  a 

c i s - t r a n s i t i o n  s t a t e .  These r e s u l t s ,  t h e r e f o r e ,  demand an  - 
open c lass ica l  carbonium ion  wi th  mig ra t ion  of groups i n  

t h e  o r d e r  and d i r e c t i o n  governed by t h e  most f a v o r a b l e  

ground s t a t e  conformat ions .  
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F u r t h e r  i n fo rma t ion  about  t h i s  t h e o r y  w i l l  be  

sought  by t h e  deaminat ion  and rear rangement  of t h e  

e n a n t i o m e r s  of t h e  s t e r i c a l l y  h inde red  erythro- l -amino-  

l-phenyl-2-o-tolyl-2-propanol - and by examinat ion  of t h e s e  

r e s u l t s  i n  r e l a t i o n  t o  deaminat ions  of s i m i l a r  compounds 

of t h i s  series.  

. 



METHODS AND RESULTS 

The s y n t h e s i s  of erythro-l-amino-l-phenyl-2- 

- o-tolyl-2-propanol  hydroch lo r ide  XXI w a s  accomplished 

acco rd ing  t o  t h e  sequence of r e a c t i o n s  shown on Char t  11, 

i n  which t h e  a d d i t i o n  of methyl magnesium bromide t o  t h e  

aminoketone LXXXVIII f o l l o w s  a w e l l - e s t a b l i s h e d  r u l e  of 

1,5-7 s t e r e o s p e c i f i c i t y  t o  produce t h e  e r y t h r o  compound. 

The nomenclature  d e s c r i b i n g  t h e  e r y t h r o  and t h r e o  

d i a s t e r e o m e r i c  p a i r s  c o n t a i n i n g  t w o  a d j a c e n t  asymmetric 

c e n t e r s  re la tes  these compounds a r b i t r a r i l y  t o  e r y t h r o s e  

and t h r e o s e .  Oxida t ion  of e r y t h r o s e  produces  meso-tartaric 

a c i d ,  whereas o x i d a t i o n  of t h r e o s e  produces  dl- tar tar ic  

acid. By ana logy ,  when t h e  same or  s i m i l a r  s u b s t i t u e n t  

groups  (-OH and -NH, i n  aminoalcohols)  a t t a c h e d  t o  each of 

_. 

t h e  t w o  asymmetric c e n t e r s  of d i a s t e r e o m e r s  are a l i g n e d  

i n  one p l a n e ,  t h e  e r y t h r o  d e s i g n a t i o n  refers  t o  t h e  

c o n f i g u r a t i o n  of t h e  molecule  i f  t h e  t w o  larger ,  or spe- 

c i f i c a l l y  d e s i g n a t e d  groups  of approximate ly  e q u a l  c o n s t i -  

t u t i o n ,  are on t h e  same s i d e  of t h e  p l a n e ;  t h r e o ,  i f  t h e y  

are on o p p o s i t e  s ides .  5 8  

The enant iomers  of t h e  e ry th ro  aminoalcohol  X X I  

were s e p a r a t e d  by r e s o l u t i o n  wi th  d - t a r t a r i c  acid and w i t h  

d-10-camphorsulfonic acid.  The d - ta r ta r ic  a c i d  s a l t  of 

[ a ] ,  250 = -37.5 (water )  y i e l d e d  t h e  aminoalcohol  

- 
- - 

0 

3 7  
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, 

Y *  

‘I 
d 

h y d r o c h l o r i d e  of [a]D 250 = - 8 3 O  ( e t h a n o l ) .  The o ther  

d - t a r t a r i c  a c i d  s a l t  was very  s o l u b l e  and cou ld  no t  be - 
c r y s t a l l i z e d .  Hydro lys i s  of t h e  mother l i q u o r s  d i d  no t  

produce o p t i c a l l y  pu re  aminoalcohol .  The d-10-camphor- 

s u l f o n i c  a c i d  s a l t s  of t h e  aminoalcohol  were s e p a r a t e d  by 

- 

f r a c t i o n a l  c r y s t a l l i z a t i o n  i n t o  diastereomers of [@ID 2 5 O  

-28.4O ( e t h a n o l )  and +72O ( e t h a n o l )  which y i e l d e d ,  upon 

h y d r o l y s i s ,  aminoalcohol  h y d r o c h l o r i d e s  of = -83 0 

( e t h a n o l )  and + 8 3 O  ( e t h a n o l )  r e s p e c t i v e l y .  

I n  a p r e l i m i n a r y  t es t ,  a s m a l l  sample of e r y t h r o -  

(-)-aminoalcohol h y d r o c h l o r i d e  was deaminated,  The o i l y  

extract ,  a f t e r  be ing  washed and d r i e d ,  had a s p e c i f i c  

r o t a t i o n  i n  e t h a n o l  of + 7 9 O .  

d i s s o l v e d  i n  hexane and passed  through a column of alumina. 

The i n f r a r e d  a b s o r p t i o n  cu rve  e x h i b i t e d  by t h e  c o n c e n t r a t e d  

T h i s  c rude  extract  was 

e l u a t e  was c h a r a c t e r i s t i c  of t h e  o - t o l y l  m i g r a t i o n  p roduc t ,  

1-phenyl-1-o-tolylpropanone XXIII. To ana lyze  e x a c t l y  f o r  

- 
- 

t h e  amount of t h i s  k e t o n e ,  as racemate and as excess of t h e  

(+)-enant iomer,  t h e  t e c h n i q u e s  of t h e  i s o t o p e - d i l u t i o n  

methods, as modif ied  by B e r ~ o n , ~ ~  have been employed. 

r e q u i r e d  t h e  s y n t h e s i s ,  shown on Char t  1 2 ,  of l-phenyl-l-  

- o-tolylpropanone-3-C14. S i n c e  t h e  p o s i t i o n  of t h e  r a d i o -  

a c t i v e  l a b e l  w a s  un impor tan t  f o r  i s o t o p e - d i l u t i o n  purposes ,  

t h e  carbon-14 w a s  i n c o r p o r a t e d  d u r i n g  t h e  l a s t  s t e p .  The 

s y n t h e s i s  of dimethyl-C\* cadmium XCIV is shown on 

Char t  13.  

T h i s  
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L X X X I V  xc L X X X I X  

SOCI, 
d 

X C I  

I .CuCN 
2. H2SO4 R C H -  COOH 

XCI I  

3 

X C l l l  6 xcv 

Char t  12.-Synthesis of l -phenyl- l -o- tolyl-  - 
propanone-3-~ '  4 .  



4i 

I2+ P 
CI4H30H C I 4 H 3 I  

X C V I  X C V I I  

x c v  I l l  X C l V  

C h a r t  1 3 . - S y n t h e s i s  of d i m e t h ~ 1 - C ; ~  cadmium. 
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A s y n t h e s i s  of o p t i c a l l y  a c t i v e  ke tone  w a s  f i r s t  

a t t empted  i n  order t h a t  t h e  i s o t o p e - d i l u t i o n  a n a l y s i s  cou ld  

be c a r r i e d  o u t  w i t h  t h e  more f a m i l i a r  and s i m p l e r  mathe- 

matical t r e a t m e n t  of r e s u l t s .  

t h e  r e s o l u t i o n  of pheny l -o - to ly l ace t i c  a c i d  XCII, one of 

t h e  i n t e r m e d i a t e s  i n  t h e  r e a c t i o n  sequence of  Char t  1 2 ,  and 

t h e n  a con t inuance  of  t h e  s y n t h e t i c  procedure  w i t h  t h e  

i n d i v i d u a l  enant iomers .  S i n c e  t h e  r e a c t i o n s  involved  i n  

c o n v e r t i n g  t h e  a c i d  t o  t h e  ke tone  do n o t  occur d i r e c t l y  o n  

t h e  asymmetric c e n t e r ,  it was thought  t h a t  t h i s  p rocedure  

would produce an  o p t i c a l l y  a c t i v e  k e t o n e ,  The a c i d  w a s  

r e s o l v e d  u s i n g  Cinchonid ine ,  which produced a s a l t  of 

T h i s  procedure  c a l l e d  f o r  60 

- 

250 = -46 5O (methanol) , y i e l d i n g  (+) -phenyl-o-tolyl-  I f f  ID I 

acetic a c i d  upon h y d r o l y s i s .  The mother  l i q u o r s  of t h e  

c i n c h o n i d i n e  s a l t  y i e l d e d  t h e  other enant iomer of t h e  a c i d  

upon h y d r o l y s i s .  

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

t h e  ke tone  produced almost comple te ly  racemic p roduc t .  It 

may be p o s s i b l e ,  by u s i n g  g e n t l e r  r e a c t i o n  c o n d i t i o n s ,  to 

p r e p a r e  t h e  enan t iomer i c  1-phenyl-1-o-tolylpropanone-3-C” 

T h i s  w a s  n o t  done because t h e  racemic, r a d i o a c t i v e  ke tone  

which was i s o l a t e d  w a s  s a t i s f a c t o r y  for t h e  i s o t o p e - d i l u t i o n  

a n a l y s i s .  

I 

As shown on t h e  accompanying T a b l e s  1 and 2 ,  t h e  

y i e l d  of  1-phenyl-1-o-tolylpropanone XXIII c o n s i s t e d  of 

96,5 p e r  c e n t  of t h e  (+)-enantiomer and 3 .5  p e r  c e n t  of t h e  

(-)-enantiomer 

- 
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i 
TABLE 1 

EXPERIMENTALLY MEASURED DATA OF THE 
DEAMINATION OF erythro-(-1-1-AMINO- 

1-PHENYL-2-0-TOLYL-2-PROPANOL - 

S p e c i f i c  r o t a t i o n  of 
sample 

Weight of sample of 
aminoalcohol 
hydrochlor ide 

T o t a l  y i e l d  of 
deaminat ion 

Amount of ho t  racemic 
ke tone  d i l u e n t  

Molar r a d i o a c t i v i t y  of 
racemic ketone 
d i l u e n t  

Molar r a d i o a c t i v i t y  
of racemic ke tone  
re isolated f r o m  
deamination 
experiment 

Molar r a d i o a c t i v i t y  
of racemic ke tone  
re isolated a f te r  
racemization 

E x p e r i m e n t  
I 

0 -82 .0  

3 .41  g m s .  

2 , 7 5  g m s .  

2 . 7 5 6 7 9  g m s .  

2 . 9 6 7 9  m c . / m o l e  

2 , 0 4 7 4  m c . / m o l e  

1 . 7 5 0 5  m c . / m o l e  

E x p e r i m e n t  
I1 

0 -80 .2  

3 . 5 3  g m s .  

2 . 8 7  g m s .  

2 . 9 8 4 3 3  g m s .  

2 . 9 6 4 9  m c . / m o l e  

2 . 0 4 2 5  m c . / m o l e  

1 . 7 5 2 4  m c . / m o l e  
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TABLE 2 

DETERMINATION OF THE RATIO OF ENANTIOMERS OF 1-PHENYL-1- 
- 0-TOLYLPROPANONE IN THE DEAMINATION OF erythro-(-1- 

l-AMINO-l-PHENYL-2-o-TOLYL-2-PROPANOL - 

Experiment Experiment 
I I1 

Theoretical yield 7 0% 7 2% 

Tot a1 ketones 1.9175 gms. 2.0649 gms. 

Yield of excess 
(+) -enantiomer of 
ketone 1.7803 gms. 1.9028 gms, 

Yield of racemic ketone 0,13720 gms. 0.16213 gms. 

Total (+)-enantiomer 1.8489 gms. 1.9838 gms. 

Total (-) -enantiomer 0.0686 gms. 0.0811 gms. 

Per cent of (+) -enantiomer 96.42% 96.07% 

Per cent of (-1 -enantiomer 3.58% 3.93% 
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I n  r e l a t i n g  t h e  a b s o l u t e  c o n f i g u r a t i o n  of t h e  

aminoalcohol X X I  t o  compounds of known c o n f i g u r a t i o n ,  

s e v e r a l  methods were t r i e d .  Most of them f a i l e d ,  p re-  

sumably because of t h e  s e v e r e  s t e r i c  c o n d i t i o n s  which were 

imposed by t h e s e  methods on t h e  hydroxy-carbon atom of t h e  

aminoalcohol .  The c o n f i g u r a t i o n  w a s  e s t a b l i s h e d  u l t i m a t e l y  

by r e l a t i n g  t h e  e r y t h r o  t o  t h e  t h r e o  aminoalcohol  th rough a 

common d e r i v a t i v e .  The a b s o l u t e  c o n f i g u r a t i o n  of t h e  t h r e o  

compound has  been e s t a b l i s h e d  by Benjamin" wi th  t h e  se r ies  

of r e a c t i o n s  shown on Chart  14. The c o n f i g u r a t i o n a l  

r e l a t i o n s h i p  of e r y t h r o  and t h r e o  aminoalcohols  is shown on 

Chart  15 and is based on t h e  i d e n t i t y  of t h e  dehydra ted  

p roduc t s .  

To re la te  t h e  c o n f i g u r a t i o n  of t h e  e r y t h r o  amino- 

a l c o h o l  t o  pheny lg lyc ine  by a method s imilar  t o  t h a t  shown 

on Char t  14 ,  i t  was necessa ry :  (1) t o  r e s o l v e  t h e  amino- 

ke tone ,  2-amino-2-phenyl-2'-methylacetophenone L X X X V I I I ,  and 

( 2 )  t o  p r e p a r e  t he  cor responding  d i - o - t o l y l  aminoalcohol ,  - 
C ,  from t h e  

NH, HC 
Ph I 

r e s o l v e d  ke tone  a s  w e l l  a s  from an  enantiomer 

0 NH,*HCI OH 
L 

II o-To1 Mg Br Ph I I 
> )c C - - O-To1 

I 
O-TO I 

)C C - O E t  - 
H H 

- 

X C l X  C 
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NH2 0 
I II 
C - C - 0  E t  

L - (t) - Phenyl g lycine 
Ethyl Ester 
103: = t 156" (ethanol ) 

\3Mg1 

NH, OH 
I I 

C CH3 
I 
CH 3 

H 

OH 
Ph .. I I 0 ,CH3 NH, 0 

II 0-To1 Mg Br 

o -TO I 

- 
3 

H H 
C I I  L X X X V I I I  a 

Cal i5  = +360° (e thanol )  L-(-)-Threo-I- Amino- I - Phenyl - 
2 - ~ - T o l y l - 2 - P r o p a n o l  

C(11025 = -64.5" (ethanol )  

Chart 14.-Relationship of configuration of 
L-(-)-threo-l-amino-l-phenyl-2-o-toly1-2-propano1 - to 
L-(+) -phenylglycine. 
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'\ 
Ph 

H i 
NH2 
I 

' G -  

C I I  

= - 64.5" (ethanol) 

conc HCI \ 

NH2 OH 
I ,g-Tol 

/ 
Ph '\ I 

CH3 
H ic--" i  

xx i 

conc HCI / 
Cali5 = -82.5O (e thanol )  

G l l l  

25 WID = +45.3O ( e t h a n o l )  

Chart 15.-Relationship of configuration of L-(-)- 
erythro-l-amino-l-phenyl-2-o-tolyl-2-propano~ to L-(-)- 
threo-l-amino-l-phenyl-2-o-~olyl-2-propanol. - 
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of pheny lg lyc ine  e t h y l  ester.  The r e a c t i o n  X C I X  - C  w a s  

performed s e v e r a l  t i m e s  f o l lowing  u s u a l  t e c h n i q u e s ,  b u t  no 

aminoalcohol  hydroch lo r ide  could  be i s o l a t e d .  The i n f r a r e d  

a b s o r p t i o n  spec t rum of t h e  product  was i n d i c a t i v e  of a 

k e t o n e  r a t h e r  t h a n  a c a r b i n o l .  T h e r e f o r e ,  i t  w a s  a t t empted  

t o  p r e p a r e  an enant iomer of t h e  e r y t h r o  aminoalcohol  X X I  

through a double  Gr ignard  a d d i t i o n ,  X C I X  - - X I .  T h i s  w a s  

a l s o  u n s u c c e s s f u l .  

NH,*HCi 0 NH,*HCI OH 

2.CH3MgI ’ 
o -TO I II 1.0-To1 MgBr Ph. I I N -  

C - 0  Et )C 
H 

X C I X  x x  I 

The r e s o l u t i o n  of t h e  aminoketone w a s  a t t empted  

w i t h  t h e  ( + ) - t a r t r a t e ,  (+)-10-camphorsulfonate and 

(-)-mandelate s a l t s .  A l l  of t h e  s a l t  s o l u t i o n s  underwent 

g r a d u a l  decomposi t ion t o  a brown, o i l y  l i q u i d .  Compounds 

r ecove red  from t h e s e  s a l t s  d i d  no t  resemble t h e  o r i g i n a l  

aminoketone i n  p h y s i c a l  p r o p e r t i e s .  The aminoketone 

L X X X V I I I  ha s  t h u s  f a r  been found s t a b l e  o n l y  as t h e  hydro- 

c h l o r i d e .  T h i s  d i f f i c u l t y  c o r r o b o r a t e s  t h e  o b s e r v a t i o n s  of 

o t h e r s  on  t h e  i n s t a b i l i t y  of c e r t a i n  - a-aminoketones62 and 

t h e  e a s e  w i t h  which t h e  o p t i c a l l y  a c t i v e  aminoketone 

undergoes r acemiza t ion .  



49 

I 

a 
I 

3 

I 

An unsuccessful attempt was also made to prepare an 

enantiomer of the aminoketone by the addition of di-o-tolyl 

cadmium to the acid chloride of known configuration 

(CIV -. LXXXVIIIa) . Finally, the attempt to prepare 

- 

C I V  cv 

(o-ToI) - C d  I 2 

L X X X V l l l a  

dl-l-amino-l-phenyl-2,2-di-o-tolyl-2-propanol, C, from the 

corresponding racemic aminoketone LXXXVIII with prolonged 

refluxing of the Grignard reaction was also unsuccessful. 

- - 
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OH 
I 

I 
o_-ToI 

NH, 0 NHZ I II o-Tol Mg Br I 
P h - C H - G - g o - T o l  Ph-CH-C-Q-Tol 

L X X X V l l  I C 

Methods f o r  e f f e c t i n g  t r a n s f o r m a t i o n s  of e r y t h r o  t o  

threo aminoalcohols ,  and v i c e  v e r s a ,  have been demonst ra ted  

r e c e n t l y  w i t h  racemic d i a s t e r e o m e r s  of l-amino-1,2-di- 63 

phenyl-2-propanol C V I .  A p a r t i a l  scheme of t h e  chemical  

r e l a t i o n s h i p s  between these diastereomers is shown on 

Char t  1 6 .  

The methods shown on C h a r t  16  were employed i n  

a t t e m p t i n g  t o  re la te  an enantiomer of t h e  e r y t h r o  - o - t o l y l  

aminoalcohol  X X I  of t h i s  research t o  a cor responding  

enant iomer C I I  of its t h r e o  series.  An enant iomer of t h e  

e r y t h r o  aminoalcohol  would have t h e  same c o n f i g u r a t i o n  

about  t h e  amino-carbon as t h e  th reo  d i d ,  i f  t h e  t r a n s -  

o x a z o l i n e s  d e r i v e d  from each of them had t h e  same o p t i c a l  

r o t a t i o n .  The  compounds i s o l a t e d  a f t e r  r i n g  c l o s u r e  

r e a c t i o n s  i n  t h e  1-phenyl-2-o-tolyl - series were n o t  

o x a z o l i n e s  as shown by e l emen ta l  a n a l y s i s .  

With t h e  e x c e p t i o n  of t h e  a d d i t i o n  of methyl 

magnesium bromide, a l l  a t t e m p t s  t o  i n c r e a s e  t h e  amounts of 

a r y l  s u b s t i t u t i o n  on t h e  carbonyl-carbon of t h e  - o - t o l y l  
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O = C - P h  

I 

J 

I 

cv I G V l l  
d l -Th reo -  bentamide 

- - a  
a - T h r e o -  Aminoalcohol 

ISOCI 2 

Two Products ; 
\Ph-!yO Et fh Configuration Retaine 

I O = C - P h  

N 0 NH GI 
I 

I 0  Ph H., I 1 0  0Ph H, . I  p -  cO' 
CH3 Ph i"- "i GH, Ph 
\ 

C V l l l  c I X  

-- d I -Trans - 2,4,5 -Trip hen y I - 
5-Methyl-1,3-Oxazoline 4,2-Diphenyl-2-Chloro- 

d I -Threo - 4 - Bema mi do - 

propane 

Two Products ; 

O = C - P h  
I 
NH OH 

,CH3 
0 
II - H,, I 1 ,  

NH2 OH 
H. I I,, 

iC--"' Ph Ph \Ph 
G X  c x  I 

a- Ervthro -Aminoaicohol - dl  - -- Erythro-Benzamide 

Ph 
Ph-C-0 Et I c I ['o 

Ph iC--"' \Ph 

H,, I I , A H 3  

C X l l  

-- dl-Cis- 2,4,5 - Triphenyl-  
5-Methyl  - (3 -0xazoIine 

C h a r t  1 6 . - T r a n s f o r m a t i o n s  of e r y t h r o -  t o  t h r e o -  
l-amino-1,2-diphenyl-2-propanol. 

I 
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ke tone  L X X X V I I I  have n o t  been s u c c e s s f u l .  The conf igu-  

r a t i o n a l  r e l a t i o n s h i p  of e r y t h r o  t o  t h r e o  i n  t h i s  series 

w a s  done, as shown on Char t  1 5 ,  by c o n v e r t i n g  a sample of 

each of t h e  e r y t h r o  and t h r e o  aminoalcohols  t o  t h e  same 

compound through a n  e l i m i n a t i o n  r e a c t i o n .  

I 

, 
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I 

I 

Examination of t h e  d a t a  from t h e  deaminat ion  of t h e  

e r y t h r o  aminoalcohol  X X I  i n d i c a t e s  t h a t  t h e  rearrangement  

s t e p  was 96 p e r  c e n t  s t e r e o s p e c i f i c .  With t h e  in fo rma t ion  

ga ined  from t h e  c o n f i g u r a t i o n a l  r e l a t i o n s h i p  t o  phenyl- 

g l y c i n e ,  C h a r t s  14 and 15 ,  and by analogy w i t h  t h e  known 

c o u r s e  of o t h e r  r e a c t i o n s  of e r y t h r o  and t h r e o  amino- 

a l c o h o l s ,  1’4’48-53 it is c o n s i s t e n t  t o  deduce t h a t  t h i s  

reac t ion  h a s  proceeded w i t h  predominant i n v e r s i o n  of 

c o n f i g u r a t i o n  about  t h e  m i g r a t i o n  t e rminus .  C h a r t  1 7  shows 

t h e  conformat ions  and p o s s i b l e  pathways of t h i s  r e a r r a n g e -  

ment, w i t h  t h e  i n t e r m e d i a t e  s t a g e s  r e p r e s e n t e d  by open 

carbonium i o n s ,  as X X I I .  The almost  complete  absence of 

ke tone  p roduc t  w i t h  r e t a i n e d  c o n f i g u r a t i o n  must t h e n  be a 

consequence of t h e  l a r g e  p o p u l a t i o n  of molecules  i n  confor-  

mat ion XXIa and of t h e  n e g l i g i b l e  amount of r o t a t i o n  about  

t h e  C-C@ bond of i o n  X X I I a .  T h e  s m a l l  amount of such 

r o t a t i o n  is a r e s u l t  of t h e  s t e r i c  r equ i r emen t s  of t h e  

h i g h l y  h inde red  o - t o l y l  s y s t e m .  Because of t h e  almost  

complete  i n v e r s i o n  t h a t  o c c u r s ,  these r e s u l t s  are no t  incon- 

s i s t e n t  w i th  br idged- ion  i n t e r m e d i a t e s .  I n  a d d i t i o n ,  rear- 

rangement o c c u r s  w i t h  t h e  nonmigrat ing m e t h y l  and phenyl  

groups i n  a t r a n s - t r a n s i t i o n  s t a t e .  T h e  deaminat ion  of t h e  

e r y t h r o  aminoalcohol  is, t h e r e f o r e ,  e q u a l l y  c o n s i s t e n t  w i th  

- 

53 



X X I  X X l a  X X l b  XXI c 

X X l l  X X l l a  

I-. 
0 Ph 

Ph '. I I  G H 3 v H  0 
2 Y - c - c H 3  

Q-ToI - 0-ToI 

x x  I l l  X X l l l  
Inversion 96.5 % 

X X l l b  X X l l C  

CH3 Q 0  
Ph H 

CXll l  
Retent ion 3.5% 

Chart 17.-Proposed pathways f o r  the deamination and rearrangement of 
L-(-)-erythro-l-amino-l-phenyl-2-o-tolyl-2-propanol. - 
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br idged  o r  open carbonium ion  i n t e r m e d i a t e s .  
57  p - t o l y l  member of t h i s  aminoalcohol series - 

However, t h e  

undergoes 

deaminat ion w i t h  r e s u l t s  which are not  c o n s i s t e n t  w i th  

br idged- ion  i n t e r m e d i a t e s  (Char t  9 ) .  A much s imple r  expla-  

n a t i o n  is provided  by t h e  open carbonium i o n  i n t e r m e d i a t e s  

LXXV and LXXVI,  w i th  r e s t r i c t e d  r o t a t i o n  about  t h e  C-C@ 

bond, A conce r t ed  r e a c t i o n  wi th  b r idged  i o n s  and p a r t i c i -  

p a t i o n  would no t  permi t  t h e  fo rma t ion  of product  LXXVIII 

w i t h  r e t a i n e d  c o n f i g u r a t i o n ,  

The deaminat ion of t h e  e r y t h r o  o - t o l y l  aminoalcohol - 
X X I  (Char t  17) can be exp la ined  wi th  t h e  added cons ide r -  

a t i o n  of g r e a t e r  l i m i t a t i o n  of r o t a t i o n  about  t h e  C-C@ 

bond. The ground s t a t e  conformat ion  possessed  by t h e  

l a r g e s t  number of molecules  would be  one i n  which no more 

t h a n  t w o  l a r g e  groups (phenyl ,  o - t o l y l  or  methyl) are i n  

a d j a c e n t  o r  e c l i p s i n g  p o s i t i o n s  and would have two l a r g e  

groups  t r a n s  t o  each o t h e r ,  Two such conformations are 

X X I a  and X X I c .  Deamination of molecules  i n  any of t h e  

t h r e e  p o s s i b l e  ground s ta te  conformat ions  of X X I  should  

cause  rear rangement ;  i n v e r s i o n  r e s u l t s  from XXIa, account ing  

f o r  t h e  bulk of t h e  p r o d u c t ;  t h e  o t h e r  two, XXIb and X X I c ,  

r e q u i r e  60° r o t a t i o n  f o r  t h e  o - t o l y l  group t o  mig ra t e  wi th  

r e t e n t i o n ,  account ing  f o r  t h e  s m a l l  amount of ke tone  of 

r e t a i n e d  c o n f i g u r a t i o n .  Emphasis must t h e n  be p l aced  on 

t h e  ground s ta te  conformation of XXI as c o n t r o l l i n g  i n  l a r g e  

p a r t  t h e  i d e n t i t y  and d i r e c t i o n  of t h e  mig ra t ing  group. 

- 

- 
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Also i l l u m i n a t i n g  t h i s  r e a c t i o n  mechanism are t h e  

I. 

4 '  

r e s u l t s  of deaminat ion  of t h e  o t h e r  d i a s t e reomer  of  t h i s  

- o - t o l y l  series,  threo-1-amino-1-phenyl-2-o-tolyl- - 

Z - p r ~ p a n o l , ~ ~  shown on Char t  18.  Examination of t h e  ground 

s t a t e  conformat ions  of t h i s  molecule shows t h a t  t h e r e  is a 

conformation of l eas t  s t r a i n  C X I V a  comparable t o  t h e  one of 

t h e  e r y t h r o  aminoalcohol  X X I  from which t h e  bulk  of t h e  

rearrangement  took p l a c e .  The s t e r e o s e l e c t i v e  s y n t h e s i s  of 

t h e  t h r e o  aminoalcohol  from t h e  cor responding  ke tone  

LXXXVIIIb p l a c e s  t h e  group p r e v i o u s l y  a t t a c h e d  t o  t h e  

carbonyl-carbon of t h e  ke tone  i n  a p o s i t i o n  t o  m i g r a t e  w i t h  

i n v e r s i o n .  From conformation C X I V a ,  a methyl group is i n  

p o s i t i o n  t o  m i g r a t e  wi th  i n v e r s i o n ;  t h e  - o - t o l y l  group is 

n o t  i n  a p o s i t i o n  t o  m i g r a t e  a t  a l l .  Here it must be 

a rgued ,  t h e  carbonium i o n  CXVa must e x i s t  f o r  a s u f f i c i e n t  

l e n g t h  of t i m e  t o  a l low r o t a t i o n  about  t h e  C-C@bond s o  

t h a t  t h e  - o - t o l y l  group can move i n t o  p o s i t i o n  CXVb o r  CXVc 

t o  m i g r a t e  t o  t h e  t o p s i d e  o r  bo t tomside  of t h e  carbonium 

ion .  From t h e  a n a l y t i c a l  data,  it may be deduced t h a t  t h e  

- o - t o l y l  group has  undergone r o t a t i o n  t o  produce a ke tone  of 

i n v e r t e d  c o n f i g u r a t i o n  C X I I I  i n  a s l i g h t l y  l a r g e r  amount 

t h a n  ke tone  of r e t a i n e d  c o n f i g u r a t i o n  X X I I I .  

By ana logy ,  t h e  e r y t h r o  - p - t o l y l  member of t h i s  

ser ies  r e a r r a n g e d  w i t h  an  i n v e r s i o n  t o  r e t e n t i o n  r a t i o  of 

74:26, as  shown on Char t  9 .  The t h r e o  d i a s t e reomer  is 

rea r r anged57  w i t h  r e t e n t i o n  f avored  over  i n v e r s i o n  by a 

r a t i o  of 58:42, as shown on Chart  1 0 .  
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I n  t h e  Semip inaco l in i c  Deamination, t h e  i d e n t i t y  

and d i r e c t i o n  of  t h e  m i g r a t i n g  group s e e m  t o  be very  

l a r g e l y  dependent on t h e  conformation of t h e  molecule .  

D e s p i t e  t h e  f a c t  t h a t  one can  w r i t e  fo rmulas  f o r  t h r e e  

ground s t a t e  conformat ions  i n  equi l ibr ium-for  example, f o r  

l,l-diphenyl-2-amino-l-propanol, s t e r e o s p e c i f i c a l l y  l a b e l e d  

wi th  carbon-14 i n  one of t h e  phenyl  groups ,  XVa, XVb and X V c  

XVa X V b  x vc  

can  be wr i t ten-not  more t h a n  1 p e r  c e n t  of t h e  p roduc t  w a s  

i d e n t i f i e d  which could  have o r i g i n a t e d  from conformat ion  

XVb. A l l  of t h e  product  r e s u l t i n g  fom nonlabeled-phenyl 

m i g r a t i o n  had r e t a i n e d  c o n f i g u r a t i o n  ( C h a r t s  3 and 4 ) .  

However, where t h e  migra tory  a p t i t u d e s  of t h e  

s u b s t i t u e n t s  on t h e  m i g r a t i o n  o r i g i n  d i f f e r  g r e a t l y ,  t h e r e  

are n o t i c e a b l e  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  of rear- 

rangement p roduc t s  from t h e  e r y t h r o  and t h r e o  aminoalcohols .  

Belonging t o  t h i s  ser ies  are t h e  phenyl- and - p - t o l y l -  

s u b s t i t u t e d  aminoalcohols  r e f  e r r e d  t o  p r e v i o u s l y 5 7  on 

f ! 
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Char t s  6 ,  9 and 1 0  and t h e  o - t o l y l - s u b s t i t u t e d  amino- 

a l c o h o l  X X I ,  which is t h e  s u b j e c t  of t h i s  d i s s e r t a t i o n .  I n  

t h e  t h r e o  compound C X V I ,  t h e  methyl m i g r a t i o n  is r e p o r t e d  6 4  

t o  compete w i t h  phenyl m i g r a t i o n  i n  t h e  r a t i o  3:2. I n  

erythro-3-phenyl-Z-butylamine, wi th  phenyl  i n  t h e  f avored  

- 

c x v  I 

Ph H 

*pJCH3 

CH 

H 

H &GI-$ 

Ph CH3 

CXV la cxv I b C X V l C  

Methy I Phenyl Hydrogen 
Migration Migration Migrat ion 
3 Parts 2 Parts 

p o s i t i o n  t o  mig ra t e  w i t h  i n v e r s i o n ,  phenyl  m i g r a t i o n  is 

r e p o r t e d  t o  predominate over  m e t h y l  m i g r a t i o n  i n  t h e  r a t i o  

of 8:l. Evidence here s e e m s  t o  i n d i c a t e  t h a t  t h e  p re sence  

of a hydroxyl  group i n  t h e  aminoalcohol  has  a s t a b i l i z i n g  

e f f e c t  on one conformat,ion of t h e  ground s t a t e ,  p o s s i b l e  

through hydrogen bonding. 
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H -N-H, 

C X V l l  

H ** 'N-H: O 
I 

'\ 

ic 
R, 

I 
C 

C X V l l  

- H  

In the deaminations of erythro- and threo- 

l,l-diaryl-2-aminopropanol and erythro-l,Z-diaryl-2-amino- 

propanol, migration occurred almost unilaterally from the 

carbonium ion formed from a particular ground state confor- 

mation. If the deamination of the threo diastereomer of 

1,2-diaryl-2-amino-2-propanol also has a carbonium ion 

intermediate formed from a similar ground state confor- 

mation, it is necessary to assume that rotation about the 

C-C + bond of the carbonium ion places the aryl group in 
the migrating positions for topside or bottomside attack 

with the frequency indicated by the percentage of each 

ketone enantiomer formed. 



EXPERIMENTAL 

erythro-l-Amino-l-phenyl-2-o-tolyl-2-propanol - hydroch lo r ide  

( a )  Benzyl 0 - t o l y l  ke tone .  Approximately 1 mole - 
of t h e  Gr ignard  r e a g e n t ,  o - t o l y l  magnesium bromide, w a s  

p repa red  from 1 7 1  gms, ( 1  mole) of o-bromotoluene and 

24.3 gms. ( 1  mole) of magnesium i n  d ry  e t h e r .  The e t h e r  

w a s  t h e n  cooled  i n  an ice b a t h  and 98 gms. (0.535 moles) of 

anhydrous cadmium c h l o r i d e  added wi th  a g i t a t i o n .  The 

- 

- 

mix tu re  w a s  a l lowed t o  w a r m  up t o  room t empera tu re ,  t h e n  

hea ted  under r e f l u x  f o r  one hour ,  E the r  w a s  r a p i d l y  

d i s t i l l e d  from t h e  r e a c t i o n  mixture ,  which t h e n  became very  

dark and v i scous .  Benzene w a s  added and d i s t i l l a t i o n  

con t inued  t o  i n s u r e  removal of a l l  t h e  e t h e r .  More benzene 

w a s  added t o  permi t  e a s y  d i s p e r s a l  of t h e  s o l i d s  i n  t h e  

r e a c t i o n  mixture .  

T o  t h e  d i - o - t o l y l  - cadmium t h u s  p repa red  and cooled  

i n  an ice b a t h ,  t h e r e  w a s  added as r a p i d l y  as p o s s i b l e  a 

s o l u t i o n  of 123,7 gms. ( 0 , 8  moles) of pheny lace ty l  c h l o r i d e  

i n  benzene. The ensuing  v igorous  r e a c t i o n  w a s  c o n t r o l l e d  

by c o o l i n g  and s l o w  a g i t a t i o n .  When t h e  r e a c t i o n  subs ided ,  

v igorous  a g i t a t i o n  w a s  s t a r t e d  and t h e  c o n t e n t s  r e f l u x e d  on 

a steam b a t h  f o r  one hour .  

The r e a c t i o n  mix tu re  w a s  hydrolyzed w i t h  4 N hydro- 

c h l o r i c  a c i d ,  e x t r a c t e d  twice wi th  benzene, and t h e  

6 1  
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i n d i v i d u a l  benzene extracts  were washed s u c c e s s i v e l y  w i t h  

water, 5 p e r  c e n t  sodium c a r b o n a t e  s o l u t i o n ,  water and 

s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n ,  The benzene e x t r a c t s  

were d r i e d  w i t h  anhydrous sodium s u l f a t e  and f i l t e r e d  

through C e l i t e ,  The benzene w a s  evapora t ed  i n  an a i r  

stream, l e a v i n g  a dark-brown l i q u i d ,  65 

Vacuum d i s t i l l a t i o n  of t h i s  brown l i q u i d  y i e l d e d  a 

l i g h t - y e l l o w  l i q u i d  ke tone ,  b o i l i n g  p o i n t  150-155°, a t  

0 .5  mm. Its r e f r a c t i v e  index a t  24O w a s  1.5780 2 .0015, 

Y ie ld  (based on - o-bromotoluene) w a s  46 p e r  c e n t .  

A 2,4-dinitrophenylhydrazone d e r i v a t i v e "  had a 

me l t ing  p o i n t  of 146-147O when c rude  b u t  reached  a m e l t i n g  

p o i n t  of 190° a f t e r  r e c r y s t a l l i z a t i o n  from chloroform and 

e t h a n o l .  

as having a me l t ing  p o i n t  of 146-147O and 191-192O.  

T h i s  d e r i v a t i v e  is l i s t e d  i n  t h e  l i t e r a t u r e  67 ,68  

A 

mixed me l t ing  p o i n t  w i th  known 2,4-dinitrophenylhydrazone 

of benzyl  - o - t o l y l  ke tone  o b t a i n e d  from Raaen" showed no 

depres s ion .  

(b) 2-Methyl b e n z i l  monoxime. T o  a t w o - l i t e r  

f l a s k ,  f i t t e d  w i t h  a mechanical stirrer and a d d i t i o n  

f u n n e l ,  t h e r e  were added 52.5 gms. (0.25 moles) of benzyl  

o - t o l y l  ke tone ,  1 l i t e r  of anhydrous methanol and 13.5 gms. 

(0.25 moles) of sodium methoxide,  A f t e r  c o o l i n g  t h e  

mixture  t o  Oo i n  an  ice ba th ,  29.25 gms. (0.25 moles) of 

f r e s h l y  p repa redb9  o r  d i s t i l l e d  (43-46O a t  1 1 0  mm.) isoamyl  

- 

n i t r i t e  w a s  added s lowly  wi th  a g i t a t i o n  and t h e  mix tu re  w a s  

l e f t  s t a n d i n g  1 2  hour s .  
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Most of t h e  methanol was removed under reduced 

p r e s s u r e  w i t h  s l i g h t  warming (40  0 ) .  The r e s i d u e  s o l i d i f i e d  

on c o o l i n g .  One l i t e r  of water and 40 cc.  of 2 N sodium 

hydroxide s o l u t i o n  were added t o  ex t rac t  t h e  sodium s a l t  of 

t h e  oxime. The aqueous layer  w a s  e x t r a c t e d  t w i c e  w i t h  

e t h e r  t o  remove un reac ted  isoamyl n i t r i t e ,  amyl  a l c o h o l  and 

un reac ted  ke tone .  

The s e p a r a t e d  aqueous layer  w a s  cooled  i n  an ice 

ba th  and a c i d i f i e d  s lowly  wi th  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 .  The s o l i d s  which formed, as w e l l  as t h e  mother 

l i q u o r s ,  were e x t r a c t e d  wi th  e t h e r ,  and t h e  combined e t h e r  

s o l u t i o n s  reduced i n  volume. The r e s i d u e  was d i s s o l v e d  i n  

h o t  carbon d i s u l f i d e ,  d e c o l o r i z e d  w i t h  c h a r c o a l  and al lowed 

t o  c r y s t a l l i z e  by c o o l i n g .  E t h e r ,  carbon d i s u l f i d e ,  

benzene and e t h a n o l  a r e  e x c e l l e n t  s o l v e n t s  f o r  t h e  oxime, 

and t h e  l a t t e r  may be c r y s t a l l i z e d  e f f e c t i v e l y  from a con- 
* 

c e n t r a t e d  s o l u t i o n  w i t h  any of t h e s e  h o t  s o l v e n t s .  The 

a d d i t i o n  of hexane c a u s e s  more complete p r e c i p i t a t i o n .  7 0 , 7 1  

. 

The c r y s t a l s  were c o l l e c t e d  on a f i l t e r ,  washed 
o 72 A wi th  hexane and d r i e d  under vacuum, m.p. 1 2 1  . 

2,4-dinitrophenylhydrazone d e r i v a t i v e 6 6  had a me l t ing  p o i n t  

of 2 3 3 O .  

( c )  2-Amino-2-phenyl-2'-methylacetophenone hydro- 

c h l o r i d e .  T h i s  compound w a s  p repa red  by c a t a l y t i c  

r e d u c t i o n  w i t h  hydrogen, u s i n g  3 p e r  c e n t  pa l l ad ium on 

carbon a s  c a t a l y s t .  The pa l lad ium on carbon was p repa red  
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f o l l o w i n g  t h e  method f o r  5 p e r  c e n t  pa l l ad ium on carbon 

d e s c r i b e d  i n  Organic  Syn theses ,  C o l l .  V o l .  111, p.  686, 

Procedure  B ,  scaled up t o  3 0  p e r  c e n t .  F i v e  gms. (0 .021  

moles) of 2-methyl b e n z i l  monoxime, 50 cc. a b s o l u t e  

e t h a n o l ,  6 cc. 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  and 1 gm. of 

30 p e r  c e n t  pa l l ad ium on carbon c a t a l y s t  were a g i t a t e d  very  

r a p i d l y  wh i l e  a d m i t t i n g  hydrogen from a s u i t a b l e  atmos- 

p h e r i c  p r e s s u r e  a p p a r a t u s .  A f t e r  three hour s ,  a s t o c h i o -  

met r ic  amount of hydrogen had been absorbed.  

The f i l t e r e d  alcoholic s o l u t i o n  w a s  evapora t ed  i n  

an a i r  stream and t h e  p r e c i p i t a t e d  w h i t e  s o l i d ,  collected 

on a f i l t e r ,  w a s  washed w i t h  hexane and d r i e d  under  vacuum. 

Yie ld  of t h e  arninoketone hydrochlor ide  w a s  85 p e r  c e n t ,  

m.p. 246O. 

Anal. Calcd. f o r  C1 ,H16NOCl :  C,  68.83;  H ,  6.16. 

Found: C ,  69.41; H ,  6.22. 

(d) l-Amino-l-phenyl-2-o-tolyl-2-propanol hydro- 

ch lo r ide .  T h i s  aminoalcohol hydroch lo r ide  was p repa red  

from 7 1 . 5  gms. ( 0 . 2 7  moles) of 2-amino-2-phenyl-Z'-methyl- 

acetophenone hydroch lo r ide  by adding  t h e  aminoketone t o  

e x c e s s  m e t h y l  magnesium iodide (2 moles) and r e f l u x i n g  f o r  

three hour s .  T h e  Gr ignard  a d d i t i o n  product  w a s  hydrolyzed 

w i t h  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n  and e x t r a c t e d  

twice w i t h  e ther .  T h e  ether e x t r a c t s  were mixed w i t h  

d i l u t e  hydrochlor ic  acid and t h e  acidic s o l u t i o n  deco lo r -  

i z e d  w i t h  c h a r c o a l .  The c lear ,  c h i l l e d  a c i d i c  s o l u t i o n  w a s  
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made s l i g h t l y  a l k a l i n e  w i t h  1 0  p e r  c e n t  sodium hydroxide 

s o l u t i o n  and t h e  l i b e r a t e d  aminoalcohol  w a s  e x t r a c t e d  w i t h  

e t h e r .  The e t h e r  w a s  evapora t ed  i n  an a i r  stream and t h e  

r e s i d u e  d i s s o l v e d  i n  a b s o l u t e  e t h a n o l .  Concent ra ted  hydro- 

c h l o r i c  a c i d  w a s  added and t h e  p r e c i p i t a t e d  aminoalcohol 

hydroch lo r ide  was c o l l e c t e d  on  a f i l t e r ,  washed wi th  hexane 

and d r i e d  under vacuum. The y i e l d  w a s  48 p e r  c e n t .  

Anal. Calcd.  f o r  C 1 6 H z o C l N O :  C ,  69.18; H, 7 . 2 6 ;  

C 1 ,  12.8;  N ,  5.04. Found: C ,  69.90;  H,  7.20; C 1 ,  12 .5 ;  

N ,  5.25. 

Reso lu t ion  of erythro-l-amino-l-phenyl-2-o-tolyl-2-prop~no~ - 

( a )  Monobasic t a r t r a t e  of erythro-1-amino-1-phenyl- 

2-0-tolyl-2-propanol.  - A sample of 1 0 . 0  g m s .  of  e r y t h r o -  

l-amino-l-phenyl-2-o-tolyl-2-propanol - hydroch lo r ide  w a s  

d i s s o l v e d  i n  h o t  water, cooled  i n  an  i ce  ba th  and made 

a l k a l i n e  w i t h  1 0  p e r  c e n t  sodium hydroxide s o l u t i o n .  The 

l i b e r a t e d  aminoalcohol  w a s  e x t r a c t e d  i n  e t h e r  and t h e  

ether removed i n  an a i r  s t r e a m .  The r e s i d u e  w a s  d i s s o l v e d  

i n  a minimum amount of e t h a n o l ,  f i l t e r e d  and added t o  a 

c l e a r  s o l u t i o n  of 5.4 gms. of - d - t a r t a r i c  a c i d  i n  1 0  cc. of 

water. 

F r a c t i o n a l  c r y s t a l l i z a t i o n  of t h e  p r e c i p i t a t e  w a s  

e f f e c t e d  i n  50-75 p e r  c e n t  e t h a n o l  and t h e  s p e c i f i c  

r o t a t i o n  reached  a c o n s t a n t  v a l u e  of -37.5 . 0 

Anal .  Calcd.  f o r  C z o H Z 5 N O 7  : C ,  61.37;  H,  6 .44 .  

Found: C ,  59.67;  H ,  6 .56 .  
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Hydro lys i s  of t h i s  s a l t  w a s  accomplished by d i s -  

s o l v i n g  a sample of i t  i n  water and making t h e  s o l u t i o n  

a l k a l i n e  w i t h  1 0  pe r  c e n t  sodium hydroxide.  The l i b e r a t e d  

aminoalcohol  w a s  e x t r a c t e d  w i t h  e t h e r ,  and t h e  e t h e r  w a s  

evapora ted  i n  an a i r  stream. The r e s i d u e  w a s  d i s s o l v e d  i n  

a s m a l l  amount of a b s o l u t e  e t h a n o l  w i th  enough 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  t o  cause  p r e c i p i t a t i o n  of t h e  amino- 

a l c o h o l  hydroch lo r ide ,  [@]E5 = -83 0 ( e t h a n o l ) .  

(b) - d-10-Camphorsulfonate of erythro-l-amino- 

1-phenyl-2-o-tolyl-2-propanol. - A sample of t h e  amino- 

a l c o h o l  hydroch lo r ide ,  and an equimolar  q u a n t i t y  of 

d-10-camphorsulfonic a c i d ,  each d i s s o l v e d  i n  a minimum 

amount of ho t  e t h a n o l ,  were mixed and t h e  r e s u l t i n g  

s o l u t i o n  al lowed t o  c o o l .  F r a c t i o n a l  c r y s t a l l i z a t i o n  w a s  

- 

e f f e c t e d  w i t h  80-90 p e r  c e n t  e t h a n o l .  There  w a s  f i r s t  

o b t a i n e d  t h e  less s o l u b l e  d i a s t e reomer  of [@]g5 = -28.4 

( e t h a n o l ) ,  m.p. 256O. 

0 

Anal. Calcd. f o r  C26H35N05S; C ,  65.93; H, 7.45. 

Found: C ,  65.98; H ,  7.50. 

When t h i s  s a l t  w a s  s u b s t a n t i a l l y  d e p l e t e d  from t h e  

mother l i q u o r s ,  t h e r e  p r e c i p i t a t e d  t h e  o t h e r  d i a s t e reomer  

of [@ID = +72 ( e t h a n o l ) ,  m.p. 240 . 25 0 0 

Anal .  Calcd.  f o r  Cz6H35N05S: C ,  65.93; H, 7.45; 

N ,  2.96. Found: C ,  65.89; H, 7.40; N ,  2.78. 
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( c )  Enantiomers of erythro-l-amino-l-phenyl- 

2-0-tolyl-2-propanol.  - Hydro lys i s  of  t h e s e  d i a s t e r e o m e r i c  

s a l t s  w a s  e f f e c t e d  i n  t h e  i d e n t i c a l  manner d e s c r i b e d  f o r  

t h e  t a r t r a t e ,  p .  6 6 .  
0 The d ia s t e reomer  of  [a ]25  = + 7 2  y i e l d e d  e r y t h r o -  D 

(+)-l-amino-l-phenyl-2-o-tolyl-2-propanol - hydroch lo r ide ,  

[,u]i5 = +83 ( e t h a n o l ) .  0 

Anal. Calcd.  f o r  C l 6 H Z o C 1 N O :  C ,  69 .18;  H ,  7 . 2 6 ;  

C 1 ,  1 2 . 7 6 ,  N ,  5 .04.  Found: C y  69.10; H,  7 .19;  C 1 ,  1 2 . 7 6 ;  

N ,  5 . 3 0 .  
0 The d ia s t e reomer  of = -28.4 produced t h e  
0 aminoalcohol  h y d r o c h l o r i d e  of  = -83 ( e t h a n o l ) .  The 

N-benzamide d e r i v a t i v e  of t h e  (-)-aminoalcohol hydro- 

c h l o r i d e  w a s  p repa red ,  

( e t h a n o l ) .  

66 0 m.p. 157O, [,u]g5 = -66.3 

Anal.  Calcd.  f o r  C Z 3 H , , N O , :  C ,  7 9 . 9 7 ;  H ,  6 . 7 1 ;  

N ,  4.06. Found: C ,  79.80; H ,  6 . 9 6 ;  N ,  3.80. 

1-Phenyl-1-o-tolylpropanone - 

(a) Phenyl  2 - t o l y l  c a r b i n o l .  The Gr ignard  r e a g e n t  

o - t o l y l  magnesium bromide w a s  p repa red  f r o m  1 7 1  g m s .  

( 1  mole) of  o-bromotoluene and 24.3 gms. ( 1  mole) of  mag- 

nesium i n  e t h e r .  To t h i s  was added w i t h  a g i t a t i o n  106 gms. 

- 

- 

( 1  mole) of  benzaldehyde i n  e t h e r .  The Gr ignard  complex 

was decomposed w i t h  4 N h y d r o c h l o r i c  a c i d  and t h e  e t h e r  

ex t rac t  washed s u c c e s s i v e l y  w i t h  water, 5 p e r  c e n t  sodium 

. b i c a r b o n a t e  s o l u t i o n  and water. The c a r b i n o l  p r e c i p i t a t e d  
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from t h e  e t h e r  s o l u t i o n  a f t e r  it w a s  reduced i n  volume. 

The c r y s t a l s  w e r e  c o l l e c t e d  on a f i l t e r ,  washed w i t h  a 

s m a l l  amount of c o l d  hexane and d r i e d  under vacuum. The 
0 mel t ing  p o i n t  w a s  9 2  . T h e  y i e l d  w a s  6 7  p e r  c e n t .  

(b) Phenyl-2-tolylchloromethane. Thionyl  c h l o r i d e ,  

80 gms. (0.67 moles) ,  w a s  added dropwise t o  a suspens ion  of 

phenyl  o - t o l y l  c a r b i n o l  i n  hexane wh i l e  it w a s  be ing  v igo r -  - 
o u s l y  a g i t a t e d .  When t h e  r e a c t i o n  subs ided ,  t h e  v o l a t i l e  

r e s i d u e  w a s  removed on a water pump. The c h l o r i d e  w a s  t h e n  

d i s t i l l e d  under vacuum, b.p.  143-144O, a t  0.5 mm. The 

condenser  w a s  warmed w i t h  a h e a t  lamp because t h e  c h l o r i d e  

s o l i d i f i e s  a t  about  40-45O. The y i e l d  w a s  91.6 p e r  c e n t .  

( c )  Phenyl-o-tolylacetonitrile. - I n  a 500-cc.  

f l a s k ,  133.5 gms. (0 .61  moles) of phenyl -o- to ly lch loro-  - 

methane and 6 0  gms. (0.67 moles) of cuprous  cyanide  were 

h e a t e d  t o g e t h e r  a t  180-185O i n  an o i l  b a t h  f o r  t h r e e  hour s  

w i t h  a g i t a t i o n .  A t  t h e  end of t h i s  t i m e  t h e  c o n t e n t s  of 

t h e  f l a s k  became dark  and v i scous .  T h i s  material  w a s  

e x t r a c t e d  w i t h  500 cc. of h o t  e t h e r  and t h e  e t h e r  e x t r a c t  

k e p t  a s i d e .  The remaining r e s i d u e  w a s  t h e n  e x t r a c t e d  w i t h  

a ce tone .  The ace tone  w a s  evapora ted  on a stream of a i r  and 

e t h e r  w a s  added. Resinous matter p r e c i p i t a t e d ,  and t h e  

f i l t e r e d  e t h e r  s o l u t i o n  w a s  combined w i t h  t h e  f i r s t  e t h e r  

e x t r a c t .  The e t h e r  w a s  evapora t ed  i n  an a i r  s t r eam.  I t  

. '  

I 

t 

w a s  n o t  necessa ry  t o  p u r i f y  t h e  n i t r i l e  f o r  t h e  nex t  s t e p .  
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(d)  P h e n y l - o - t o l y l a c e t i c  - a c i d .  The e t h e r - s o l u b l e  

r e s i d u e ,  c o n t a i n i n g  phenyl-o-tolylacetonitrile - was r e f l u x e d  

f o r  f o u r  hour s  w i t h  500 cc. of 50 pe r  c e n t  s u l f u r i c  a c i d  

and 5 cc. of t o luene  i n  a three-necked,  one - l i t e r  f l a s k  

f i t t e d  wi th  a mechanical  stirrer and a wa te r - j acke ted  

condenser .  The cooled  r e a c t i o n  mixture  c o n t a i n i n g  t h e  

hydrolyzed n i t r i l e  was n e u t r a l i z e d  w i t h  c o n c e n t r a t e d  sodium 

c a r b o n a t e  s o l u t i o n .  The a l k a l i n e  s o l u t i o n  w a s  t hen  

e x t r a c t e d  w i t h  e t h e r  t o  remove n e u t r a l  i m p u r i t i e s .  The 

a l k a l i n e  s o l u t i o n  w a s  c h i l l e d  and c a u t i o u s l y  ( t o  con t ro l  

f r o t h i n g )  a c i d i f i e d  and t h e  l i b e r a t e d  a c i d  e x t r a c t e d  w i t h  

e ther .  The e t h e r  s o l u t i o n  was reduced i n  volume and t h e  

a c i d  p e r m i t t e d  t o  c r y s t a l l i z e  from e ther -hexane  a f t e r  

d e c o l o r i z i n g  
0 73 of 97 . 

ace t ic  a c i d ,  

w i t h  c h a r c o a l .  The a c i d  had a 

Pheny l -0 - to ly l ace ty l  - c h l o r i d e .  

me l t ing  p o i n t  

Phenyl-o- tolyl-  

22.5 gm. ( 0 . 1  moles) ,  was d i s s o l v e d  i n  28 gms. 

(0 .2  moles) of t h i o n y l  c h l o r i d e ,  and t h e  s o l u t i o n  r e f l u x e d  

f o r  two hour s  on a steam b a t h  wi th  a g i t a t i o n .  The excess  

t h i o n y l  c h l o r i d e  w a s  removed on a water pump. Benzene 

(50 cc . )  w a s  added and d i s t i l l e d  under vacuum t o  remove t h e  

remaining traces of t h i o n y l  c h l o r i d e .  

The a c i d  c h l o r i d e  c r y s t a l l i z e d  from t h e  benzene 

s o l u t i o n  a f t e r  it was reduced i n  volume. The a c i d  had a 

me l t ing  p o i n t  of 85 . 0 

Anal. Calcd.  f o r  C l , H 1 , C 1 O :  C ,  7 3 . 6 2 ;  H ,  5 .36 ;  

C 1 ,  14.49. Found: C ,  73.93; H ,  5 .36;  C 1 ,  14.14. 
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( f )  1-Phenyl-1-o-tolylpropanone. - The ke tone  w a s  

p repa red  by t h e  a d d i t i o n  of 44 gms. (0 .18  moles) of phenyl- 

ace ty l  c h l o r i d e  t o  d imethyl  cadmium, made f r o m  28.8 gms. 

(0.18 moles) of methyl i o d i d e ,  i n  a manner s imi l a r  t o  t h a t  

used i n  t h e  p r e p a r a t i o n  of benzyl  - o - t o l y l  ke tone ,  p.  61. 

An equimolar  q u a n t i t y  of t h e  r e a g e n t  w a s  used i n  t h i s  case 

t o  avoid  double  a d d i t i o n .  The p roduc t  w a s  r ecove red  t h e  

same way b u t ,  i n  a d d i t i o n ,  w a s  washed w i t h  sodium t h i o -  

s u l f a t e  s o l u t i o n  t o  remove i o d i n e .  The benzene ex t rac t  w a s  

reduced  i n  volume, and t h e  ke tone  p r e c i p i t a t e d  when hexane 

w a s  added. The ke tone  w a s  r e c r y s t a l l i z e d  w i t h  benzene- 

hexane and had a mel t ing  p o i n t  of 76-77O and b o i l i n g  p o i n t  

of 157-158O a t  0 . 5  mm. 

Anal .  Calcd.  f o r  C 1 6 H 1 6 O :  C ,  85.68; H ,  7 .19 .  

Found: C,  85.92; H ,  7.16 .  

A 2,4-dinitrophenylhydrazone d e r i v a t i v e ,  66 had a 

m e l t i n g  p o i n t  of 150°. 

Anal. Calcd.  f o r  C 2 2 H , o N 2 0 , :  C ,  65.33; H ,  4 .99 ;  

N ,  13.85. Found: C,  65.22; H ,  4 .96;  N ,  13 .69 .  

A th iosemicarbazone  d e r i v a t i v e 7 4  had a m e l t i n g  
0 p o i n t  of 207-208 . 

Anal. Calcd.  f o r  C 1 , H I 9 N , S :  C ,  68.64;  H ,  6.44;  

N ,  14.12. Found: C ,  68.57; H ,  6 .57;  N ,  13.91. 
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( a )  Methyl-@ i o d i d e .  Methyl-C1 i o d i d e  was 

p repa red  from 2 0  cc. ( 0 . 5  moles) of methanol-C14 ( 2  m i l l i -  

c u r i e s ) ,  2 0  gms. (0.1575 gm.-atoms) of i o d i n e ,  1 gm. O f  

whi te  and 1 gm. of r e d  (0.064 gm.-atoms t o t a l )  phosphorus,  

f o l l o w i n g  t h e  method d e s c r i b e d  i n  Organic  Syn theses ,  

C o l l .  V O l .  11, p.  399 .  

Excess i o d i n e  w a s  removed from t h e  methyl-C14 

. 
I 

i o d i d e  w i t h  sodium t h i o s u l f a t e  s o l u t i o n .  The m e t h ~ 1 - C ’ ~  

i o d i d e  was s t o r e d  ove r  anhydrous ca lc ium c h l o r i d e  and used 

i n  t h e  p r e p a r a t i o n  of t h e  nex t  compound. 

(b) l-Phenyl-l-o-tolylpropanone-3-C14. The 

m e t h ~ 1 - C ’ ~  i o d i d e  w a s  used t o  make l -phenyl - l -o- to ly l -  - 

propanone-3-C14 i n  t h e  same manner d e s c r i b e d  f o r  t h e  

n o n r a d i o a c t i v e  ke tone  on page 7 0 .  

R e s o l u t i o n  of p h e n y l - 2 - t o l y l a c e t i c  a c i d  

( a )  P h e n y l - o - t o l y l a c e t a t e  - of c inchon id ine .  

One-fourth mole of each of p h e n y l - o - t o l y l a c e t i c  - a c i d  

(56 gms.) and c i n c h o n i d i n e  (73.6 gms.) w e r e  d i s s o l v e d  i n  

h o t  methanol.  Cinchonid ine  d i d  n o t  d i s s o l v e  w e l l ,  b u t  t h e  

s a l t  t h a t  formed went i n t o  s o l u t i o n  r a p i d l y .  

F r a c t i o n a l  c r y s t a l l i z a t i o n  y i e l d e d  a s a l t  of 
0 

= -46.5 (methanol ) ,  m.p. 185O. 

Anal .  Calcd.  f o r  C,4B,6N,0 , :  C ,  78.43;  H ,  6 . 9 7 ;  

N,  5.38. Found: C,  77.87; H ,  6 .77 ;  Nj 4.94. 
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(b)  (+)-Phenyl-o-tolylacetic a c i d .  A sample of - 
33.9 gms. of t h e  p h e n y l - o - t o l y l a c e t a t e  of c i n c h o n i d i n e ,  - 

0 [ a ] g 5  = -46.5 

water c o n t a i n i n g  25 cc. of 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 .  

(methanol ) ,  w a s  suspended i n  150 cc. of 

A f t e r  some a g i t a t i o n ,  t h e  l i b e r a t e d  a c i d  w a s  e x t r a c t e d  i n  

e t h e r .  The e t h e r  w a s  removed i n  an  a i r  stream and t h e  

r e s i d u e  d i s s o l v e d  i n  a minimum amount of h o t  hexane. The 

a c i d  c r y s t a l l i z e d  on c o o l i n g ,  m.p. 97O, = +53.5 

( e t h a n o l ) .  

0 

Anal. Calcd.  f o r  C l 5 H l 4 O 2 :  C ,  79.62; H ,  6.24. 

Found: C,  79.92; H ,  6.17. 

( c )  (-) -Pheny l -o - to ly l ace t i c  - a c i d .  S i m i l a r  t r ea t -  

ment as  i n  (b)  above u s i n g  t h e  mother l i q u o r s  from t h e  

r e s o l u t i o n  of t h e  d i a s t e r e o m e r s  of t h e  phenyl -0- to ly l  

acetate of c i n c h o n i d i n e  y i e l d e d  (-)-phenyl-o-tolylacetic 

a c i d ,  = -53.5 ( e t h a n o l ) .  

- 

- 
0 

threo-(-)-l-Benzamido-l-phenyl-2-o-tolyl-2-propanol - 

T h i s  d e r i v a t i v e  of t h e  threo-(-)-aminoalcohol  w a s  

p repa red  i n  connec t ion  wi th  t h e  c o n f i g u r a t i o n a l  r e l a t i o n -  

s h i p  t o  t h e  cor responding  e ry th ro - ( - ) -minoa lcoho l .  I t  w a s  

made i n  t h e  same manner ( s e e  page 6 7 ) .  I n  o r d e r  t o  66 

o b t a i n  a s o l i d  d e r i v a t i v e ,  i t  w a s  necessa ry  t o  e v a p o r a t e  

t h e  l a s t  traces of s o l v e n t  under vacuum. T h e  s o l i d  t h a t  
0 0 w a s  i s o l a t e d  had a m e l t i n g  p o i n t  of 70 and [a];5 = +37 

( e t h a n o l ) .  

Anal. Calcd. f o r  C Z 3 H 2 3 N 0 2 :  C,  79.97; H,  6 .71 ;  

N ,  4.06. Found: C ,  7 9 . 0 6 ;  H,  6 .62 ;  N,  3 . 7 6 .  

c 
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i 

c 

, 

(+)-l-Amino-l-phenyl-2-o-tolylpropene-2 - hydroch lo r ide  

( a )  Method 1: A sample of 2 gms. of e r y t h r o -  

(-)-l-amino-l-phenyl-2-o-tolyl-2-propanol hydroch lo r ide  w a s  

d i s s o l v e d  i n  1 0  cc. of water, hea t ed  t o  t h e  b o i l i n g  p o i n t ,  

and 1 0  cc. of c o n c e n t r a t e d  h y d r o c h l o r i c  acid w a s  added. The 

mixture  w a s  r e f l u x e d  f o r  24 hours  and t h e  p r e c i p i t a t e d  s o l i d  

- 

w a s  c o l l e c t e d  on a f i l t e r  and d r i e d  under vacuum. T h e  

product  w a s  f r a c t i o n a l l y  c rys t a l l i zed  from aqueous hydro- 

c h l o r i c  a c i d  t o  a c o n s t a n t  s p e c i f i c  r o t a t i o n  of +45O 

( e t h a n o l ) .  

(b)  Method 2. A sample  of 5 g m s .  of threo-(-)-1-  

amino-1-phenyl-2-o-tolyl-2-propanol hydroch lo r ide  was 

d i s s o l v e d  i n  1 0  cc. of water and t h e  s o l u t i o n  hea ted  t o  t h e  

b o i l i n g  tempera ture .  Ten cc. of c o n c e n t r a t e d  h y d r o c h l o r i c  

- 

acid w a s  added and t h e  c o n t e n t s  b o i l e d  f o r  a few minutes .  

The c r y s t a l s  which p r e c i p i t a t e d  were collected on a f i l t e r ,  

m.p. 279O dec., [ Q ] ~  = +45 ( e t h a n o l ) .  A mix tu re  w i t h  t h e  

p roduc t  of Method 1 d i d  not e x h i b i t  a m e l t i n g  p o i n t  

25 0 

d e p r e s s i o n .  The i n f r a r e d  a b s o r p t i o n  cu rve  for t h i s  

compound showed a maximum a t  900 cm", a c h a r a c t e r i s t i c  

of a t e r m i n a l  v i n y l  group. 

A sample of t h e  amine base  w a s  o x i d i z e d  by a 

s o l u t i o n  of potass ium permanganate i n  ace tone .  Under t h e  

same c o n d i t i o n s ,  e thy lene imine  is no t  o x i d i z e d .  75 The 

amine base  d e c o l o r i z e s  bromine i n  carbon t e t r a c h l o r i d e ;  its 

hydroch lo r ide  d e c o l o r i z e s  bromine water. 6 6 .  
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Anal. Calcd.  f o r  C 1 6 H 1 8 C 1 N :  C,  73.97;  H ,  6.98. 

Found: C ,  73.68; H ,  7.08. 

The - p-bromobenzenesulfonamide d e r i v a t i v e  of 

p roduc t s  from each method had an i n d i v i d u a l  and mixed 

me l t ing  p o i n t  of 248 (no d e p r e s s i o n )  and = +27.2 

( e t h a n o l ) .  

0 0 

Anal.  Calcd.  f o r  C,,H,,BrNO,S: C ,  59.80; H,  4 .55 ,  

Found: C ,  56.95, 57.08, 57.28; H ,  4.88, 4.77, 4.75. T h i s  

is c o r r e c t  f o r  one molecule  of water of c r y s t a l l i z a t i o n .  

R a d i o a c t i v i t y  d e t e r m i n a t i o n s  and t h e  r a d i o a c t i v i t y  d i l u t i o n  
method of y i e l d  d e t e r m i n a t i o n  

( a )  Apparatus .  The r a d i o a c t i v i t y  a s s a y s  r e p o r t e d  

i n  t h i s  d i s s e r t a t i o n  w e r e  determined on  a v i b r a t i n g  r e e d  

electrometer. The dry-combustion a p p a r a t u s ,  t h e  i o n i z a t i o n  

chamber f o r  t h e  c o l l e c t i o n  of carbon d i o x i d e  and t h e  e x p e r i -  

mental  p rocedure  used i n  p r e p a r i n g  t h e  sample f o r  measure- 

ment have been described by T o l b e r t .  76 T h e  c a l c u l a t i o n  of 

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

fo l lowing  e q u a t i o n s  adapted  from t h e  work of Berson and 

Ben-Ef r a i ~ n ~ ~  and Mayor and C o l l i n s .  6 0  

(b)  Determina t ion  of t o t a l  ke tone  y i e l d .  

D o A o  = (Do + % > A 1  

5 = t o t a l  weight of n o n r a d i o a c t i v e  ke tone  
produced i n  t h e  deaminat ion  r e a c t i o n  

Do = weight of r a d i o a c t i v e  racemic k e t o n e  added 

A, = molar r a d i o a c t i v i t y  of Do 

AI = molar r a d i o a c t i v i t y  of t h e  ke tone  a f t e r  
r acem i z a  t ion .  

c 
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( c )  Determina t ion  of y i e l d  of racemic ke tone  and 

y i e l d  of e x c e s s  enant iomer .  

E =  - 2 A ( D o 2  + D K > ]  1 / 2  
A2 O T  

% = t o t a l  weight of n o n r a d i o a c t i v e  ke tone  
produced i n  t h e  deaminat ion  r e a c t i o n  

R = weight  of racemic ke tone  

E = weight  of e x c e s s  of one enantiomer 

... 5 = R + E 

Do = weight  of r a d i o a c t i v e  racemic ke tone  added 

A, = molar r a d i o a c t i v i t y  of Do 

A,  = molar r a d i o a c t i v i t y  of d i l u t e d ,  r e i s o l a t e d  
and p u r i f i e d  racemic ke tone .  

The deaminat ions  and t h e  r a d i o a c t i v i t y  d i l u t i o n s  

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

Deamination of erythro-l-amino-l-phenyl-2-o-tolyl-2-propanol 
h y d r o c h l o r i d e  

- 

I n  a t y p i c a l  exper iment ,  3 .408  gms. of one 

enant iomer of t h e  e r y t h r o  aminoalcohol hydroch lo r ide  was 

d i s s o l v e d  i n  140 cc.  of 25 p e r  c e n t  a c e t i c  a c i d .  To t h i s  

was added a s o l u t i o n  of 1 . 8  gms. of sodium n i t r i t e  i n  

14 cc. of water. 

The mix tu re  w a s  a g i t a t e d  f o r  two hour s  a t  room 

t empera tu re  and then  e x t r a c t e d  wi th  t h r e e  1 0 0  cc.  p o r t i o n s  

of e t h e r .  The e t h e r  so lu t ions  were s u c c e s s i v e l y  washed wi th  

water, 5 p e r  c e n t  sodium c a r b o n a t e  s o l u t i o n  ( 3 0 0  c c . )  and 

water. The e t h e r  s o l u t i o n s  were combined, t h e  e t h e r  
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evapora t ed  i n  a n  a i r  stream and w a s  f i n a l l y  d r i e d  under 
6i!3 = vacuum. T h e  remaining l i q u i d  weighed 2.754 gms., [aID 

+79O.  A 2,4-dinitrophenylhydrazone d e r i v a t i v e d  showed no 

me l t ing -po in t  d e p r e s s i o n  when mixed w i t h  t h e  same d e r i v a -  

t i v e  p repa red  from 1-phenyl-1-o-tolylpropanone, - p .  7 0 .  
* 

T o  t h i s  l i q u i d  w a s  added exac t ly  2.7568 gms. (Do) 

of - dl-l-phenyl-l-o-tolylpropanone-3-~~4, - r a d i o a c t i v i t y  of 

2 . 9 6 7 9  m i l l i c u r i e s / m o l e  ( A o ) ,  The mix tu re  w a s  brought  t o  a 

volume of approximate ly  1 0 0  cc. by d i s s o l v i n g  it i n  50 cc. 

of benzene and adding 50  cc. of hexane. 

A 50-cc. a l i q u o t  was removed and t h e  s o l v e n t  w a s  

evapora t ed .  F r a c t i o n a l  c r y s t a l l i z a t i o n  of t h e  ke tone  from 

hexane produced racemic ke tone ,  m.p. 77 .2O,  r a d i o a c t i v i t y  of 

2.0474 m i l l i c u r i e s / m o l e  ( A z ) .  

A 25-cc. a l i q u o t  from t h e  d i l u t e d  ke tone  w a s  

comple te ly  racemized by passage  through a column of alumina 

e l u t e d  w i t h  5 0  pe r  c e n t  benzene-hexane. The s o l v e n t  w a s  

evapora t ed  from t h e  e l u a t e  and t h e  r e s i d u e  was d i s s o l v e d  i n  

a s m a l l  amount of ho t  hexane. The ke tone  t h a t  c r y s t a l l i z e d  

from t h i s  s o l u t i o n  was racemic ,  m.p. 77.4O, r a d i o a c t i v i t y  of 

1.7504 m i l l i c u r i e s / m o l e  ( A l ) .  

S o l u t i o n  of t h e  a l g e b r a i c  e q u a t i o n s  of t h e  p r e v i o u s  

s ec t ion  f o r  t h e  v a l u e s  of R ,  t h e  amount of racemic  k e t o n e ,  

* 
These l e t te rs  r e f e r  t o  t h e  q u a n t i t i e s  t o  be 

i n s e r t e d  i n  t h e  a l g e b r a i c  e q u a t i o n s  of t h e  p r e v i o u s  s e c t i o n ,  
pp. 74-75, f o r  t h e  d e t e r m i n a t i o n  of y i e l d .  

. 
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and E, t h e  amount of e x c e s s  enant iomer ,  formed i n  t h e  

deaminat ion ,  is p o s s i b l e  w i t h  t h e  data  g i v e n  i n  t h i s  

s e c t i o n .  The  r e s u l t s  form t h e  b a s i s  f o r  t h e  f i n a l  ca l cu -  

l a t i o n  of t h e  amounts of i n v e r t e d  and r e t a i n e d  conf igu-  

r a t i o n  g i v e n  under Methods and R e s u l t s  of t h i s  

d i s s e r t a t i o n ,  p .  4 2 .  

. 



SUMMARY 

T h i s  i n v e s t i g a t i o n  w a s  under taken  t o  de te rmine  t h e  

i d e n t i t y  and r a t i o  of p roduc t s  i n  t h e  deaminat ion  of an  

aminoalcohol  c o n t a i n i n g  an  - o - t o l y l  group i n  a m i g r a t i n g  

p o s i t i o n .  erythro-l-Amino-l-phenyl-2-o-tolyl-2-propanol - 
w a s  p repa red  f o r  t h i s  purpose.  The (-)-enantiomer is 

r e l a t e d  t o  L-(+)-phenylglycine w i t h  r e s p e c t  t o  t h e  amino- 

carbon a t o m .  

N i t r o u s  a c i d  deaminat ion of one enant iomer of t h e  

aminoalcohol produced t h e  expec ted  k e t o n e ,  1-phenyl-1- 

- o- to ly lpropanone .  

t h a t  t h e  product  c o n s i s t e d  of 9 6 . 5  p e r  c e n t  of one 

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

proceeded almost  comple te ly  w i t h  i n v e r s i o n  about  t h e  

m i g r a t i o n  t e rminus .  

A r a d i o a c t i v i t y  d i l u t i o n  a n a l y s i s  showed 

NH2 OH +\ 0 I1  q c *  3 O I1 

+-YG - c- CH3 
> H A C - C - C H 3  + +.. I 1 0  0 HN02 

H 
i C  - C \  C H 3  

CH 3 H 

96.5 'X, 3.5 % 
I nver t ed Retained 
Configuration Configuration 

78 
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The r e s u l t s  of t h i s  r e a c t i o n  are compared w i t h  

those f o r  t h e  co r re spond ing  t h r e o  aminoalcohol ,  f o r  t h e  

cor responding  e r y t h r o  and t h r e o  p - t o l y l  aminoalcohols  and 

f o r  t h e  1 , l - d i p h e n y l  and 1 ,2-d iphenyl  aminoalcohols .  A 

- 

r e a c t i o n  mechanism s a t i s f y i n g  t h e  i d e n t i t i e s  and conf igu-  

r a t i o n s  of t h e  p r o d u c t s  of deaminat ion  of t h e  aminoalcohols  

is p o s t u l a t e d  on t h e  b a s i s  of an open carbonium ion ,  w i th  a 

minimum of r o t a t i o n  about  t h e  C-C + bond. I n  t h i s  

mechanism, t h e  c o n t r o l l i n g  f a c t o r  i n  de t e rmin ing  t h e  

i d e n t i t y  and d i r e c t i o n  of t h e  m i g r a t i n g  group is t h e  ground 

s t a t e  conformat ion  of t h e  molecule .  

T h i s  mechanism i m p l i e s  t h a t  t h e r e  a r e  n e g l i g i b l e  

c o n t r i b u t i o n s  from o t h e r  conformat ions  which could  be 

produced by r o t a t i o n  about  t h e  C-C bond i n  t h e  ground 

s t a t e .  Bonding between amino and hydroxyl  groups  is 

proposed as a cause  of t h i s  ground s t a t e  c o n t r o l .  
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