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I n  1366 9 B aey e r and Xhop (1 )*  i n  t h e  c o u rs e  o f  a  study o f  th e  s tru c*  

t u r e  o f  in d ig o *  re d u c e d  i s a t i n  and o b ta in e d  tw o p r o d u c t s ,  C3H7NO2  end 

CgHEfyO (d io x in d o le  and o x in d o le ) * w h ich  th e y  re g a rd e d  a s  h y d ro x y  d e r iv a 

t i v e s  o f  CqS-tN; t h e y  named t h e  l a t t e r  ’ in d o le * * t o  show i t s  d e r i v a t i o n  

fro m  in d ig o .  The w ork  w as c o n tin u e d  b y  B aey er and  E ram erling (2 ) ,  who

p ro p o se d  i n  1869 th e  f o r o u la  w h ich  i s  g e n e r a l l y  a c c e p te d :
4

< ^ \ — s 3 (/®)

s  (Of)

T h is  s t r u c t u r e  was su g g e s te d  l a r g e l y  a s  a  r e s u l t  o f  s y n t h e t i c  m ethods o f  

p r e p a r a t i o n  o f  t h e  compound b y  f u s io n  o f  n i t r o e in n a m ie  a c id  w i th  i r o n  

f i l i n g s  and sod ium  h y d ro x id e*  and b y  th e  a c t i o n  o f  le a d  p e ro x id e  upon  

a zo c in n a m ic  a c i d .

A sy s te m  o f  n o m e n c la tu re  was d iv is e d  b y  B aey er (3 ) * and u se d  b y  

F i s c h e r  ( 4 ) ,  i n  o r d e r  t o  d i f f e r e n t i a t e  th e  d e r i v a t i v e s  o f  i n d o le .  T h is  

sy s te m  w as cumbersome* in v o lv in g  in d e p e n d e n t n u m e r ic a l  d e s ig n a t io n s  f o r  

e a c h  r i n g .  C u r re n t  p r a c t i c e  i s  t o  u s e  num bers , w i th  t h e  n i t r o g e n  atom  

a s  1 * a ss ig n m e n t o f  num bers t o  t h e  p o s i t i o n s  i n  th e  fo rm u la  a s  shown 

a b o v e . The 2 -  and 3 * * p o sitio n s  a r e  o c c a s io n a l ly  r e f e r r e d  t o  a s  th e  o ( -  

and  f t  - p o s i t i o n s ,  r e s p e c t i v e l y .

In d o le  d e r i v a t i v e s  o c c u r  w id e sp re a d  i n  many n a t u r a l  p r o d u c t s .

In d o le  i t s e l f  h a s  b e en  o b ta in e d ,  u s u a l l y  i n  s m a ll  am o u n ts , b y  e x t r a c t i o n

fro m  n a t u r a l l y  o c c u r r in g  m a t e r i a l s  by  m ethods w h ich  s u g g e s t  t h a t  t h e  i n -



z

d o le  so  o b ta in e d  i s  i n  many e a s e s  t b e  r e s u l t  o f  breakdow n o f  i t s  d e r i v 

a t i v e s ,  V a r io u s  p l a n t s  h ave  y ie ld e d  i n d o le ,  among them  t h e  fo l lo w in g :  

R o b in ia  p s e u d a c a e ia  ( 5 ) ,  t h e  ja s m in e s  (6 ,  7 f 8 ) ,  c e r t a i n  c i t r u s  p l a n t s  

( 9 ) ,  and  o ran g e  b lo sso m s (1 0 ) , The u s u a l  p ro c e d u re  i s  t o  e x t r a c t  t h e  

b lo sso m s r e p e a t e d l y  w ith  a  s u i t a b l e  s o l v e n t ,  fo l lo w e d  by  d i s t i l l a t i o n  o f  

t h e  e x t r a c t*  I n  t h i s  w ay, H esse  and Z e i t s c h e l  (10) o b ta in e d  a b o u t 0*1 

p e r  c e n t  o f  in d o le  fro m  o ra n g e -b lo sso m  o i l ,  w h i le  H esse  (7) i s o l a t e d  

2*5 p e r c e n t  from  jasm ine*  H e r te r  (11) a l s o  found  in d o le  i n  t h e  wood o f  

C e l t i s  r e t i c u l o s a .

I n d o le  h a s  b een  i s o l a t e d  from  t h e  l i v e r  and p a n c re a s  (1 2 ) ,  t h e  

b r a i n  (1 3 ) ,  and b i l e  (14)*

I t  i s  a l s o  found  f r e q u e n t ly  a f t e r  p u t r e f a c t i v e  p ro c e s s e s  have  

ta k e n  p l a c e .  I t  i s  found  i n  th e  a n im a l body  w h e rev e r p u s  fo rm a tio n  

o c c u r s  (1 5 ) ,  i n  t h e  p u t r e f a c t i o n  o f  m ilk  (1 6 ) ,  o f  b lo o d  f i b r i n  (1 7 , 1 8 , 

1 9 ) ,  o f  a lb u m in  (2 0 ) ,  and p o s s ib l y  o f  v e g e ta b le  p r o t e i n  (7)*  The form 

a t i o n  o f  in d o le  i s  p re su m a b ly  th e  r e s u l t  o f  t h e  d e c o m p o s itio n  o f  tryp to«*  

phan  i n  th e s e  c a s e s  o f  p u t r e f a c t i o n  o f  p r o t e i n  m a te r ia l*  ^form ation  o f  

in d o le  from  a lb u m in  may be s to p p e d  by  th e  a d d i t i o n  o f  l a c t o s e ,  b u t o th e r  

s u g a r s  have v a r y in g  e f f e c t s  upon  i t s  p ro d u c t io n  (2 1 , 2 2 )«

In d o le  h a s  a l s o  b een  i s o l a t e d  from  c o a l  t a r ,  a p p e a r in g  i n  t h e  

f r a c t i o n  b o i l i n g  be tw een  240° and  260° C, (2 3 ) ,  fro m  w hich  i t  may be 

i s o l a t e d  a s  i t s  s o l i d  sod ium  o r  p o ta s s iu m  d e r i v a t i v e  a f t e r  t r e a tm e n t  

w i th  sod ium  o r  p o ta s s iu m  h y d ro x id e , o r  sod ium  am ide. Hom ologues o f  in «  

d o le  can  a l s o  be o b ta in e d  fro m  c o a l  t a r  (2 4 ) , M o la sse s  t a r  h a s  a l s o  

y ie ld e d  some o f  t h e  b a se  (25)*

I n d o le  w as f i r s t  p re p a re d  s y n t h e t i c a l l y  by  B aeyer (2 6 ) ;  he  o x id iz e d

in d ig o  t o  o b ta in  I s a t i n ,  re d u c e d  t h e  i s a t i n  t o  d io x in d o le  u s in g  z in c  d u s t,
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and f u r th e r  reduced ox indo le to  indoXe by p a ss in g  i t s  v apo rs over ho t 

z in c  oxide*

C-OH

vc=o
Hr

ZnO

He a ls o  p rep ared  i t  by red u cin g  2 ,3 -d ic h lo ro in d o le  to  in d o le  (27)*

In d o x y l, reduced by sodium amalgam, by z in c  d u s t and a l k a l i  (2 8 ), 

o r  c a t a l y t i c a l l y  (2 9 ), y ie ld ed  in d o le . D ihydro indole was ob ta ined  by 

th e  e l e c t r o l y t i c  re d u c tio n  o f  th e  s u lfu r  analog  o f  o x in d o le ; t h i s  in  

tu r n  y ie ld e d  in d o le  upon being  dehydrogenated (3 0 ).

CH;

xylene
Pd

In  th e  p re p a ra t io n  o f  s y n th e tic  in d ig o  by th e  method in v o lv in g  th e  

fu s io n  o f p h en y lg ly c in e  o r i t s  o -ea rb o x y lic  ac id  w ith  sodium hydroxide, 

i f  th e  m elt was * over-m elted* a sm all amount o f in d o le  was ob ta ined  

(3 1 ). T his m elt a ls o  y ie ld ed  in d o le  when a m etal such as sodium o r
fti ro n  was added a t  300° C* (32). V orlander and A peIt (28) ob ta ined  a 

f a i r l y  good y ie ld  o f  in d o le  by adding sodium amalgam o r z in c  d u st to  

th e  a lk a l in e  m elt o f  in d o x y lic  ac id  a t  60-70° C.

More g e n e ra lly  a p p lic a b le  methods o f s y n th e s is  o f  in d o le  and i t s
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d e r i v a t i v e s  in v o lv e  r i n g  c lo s u r e s  t o  fo rm  th e  p y r r o l e  s i d e  r i n g .  .Among 

t h e s e  v a r io u s  m e th o d s, th e  F i s c h e r  p ro c e d u re  i s  t h e  m ost v e r s a t i l e  f o r  

t h e  p r e p a r a t i o n  o f  d e r i v a t i v e s .  T h is  m ethod , d is c o v e re d  b y  F i s c h e r  and  

J o u rd a n  (33) i n  1883 , in v o lv e s  i n  g e n e r a l  t h e  l o s s  o f  ammonia fro m  

p h e n y lh y d ra z o n e s . T h u s, t h e  p h e n y lh y d ra zo n e  o f  p y ru v ic  a c id  y ie ld e d  

i n d o l e - 2 - c a r b o x y l ic  a c id  (34) and t h i s  upon  d e c a rb o x y la t io n  gave  in d o le :

The F i s c h e r  in d o le  r e a c t i o n  f a i l s ,  how ever, f o r  t h e  d i r e c t  p r e p a r a t i o n  

o f  in d o le  i t s e l f .  A cco rd in g  t o  th e  g e n e r a l  scheme o f  t h e  r e a c t i o n  i t  

sh o u ld  b e  form ed from  th e  p h e n y lh y d ra zo n e  o f  a c e ta ld e h y d e ,  b u t t h i s  i s  

n o t  r e a l i z e d .

O th e r s y n th e s e s ,  w h ich  l i k e  t h e  F i s c h e r  s y n th e s i s  in v o lv e  r i n g  

c lo s u r e  by  th e  r e a c t i o n  o f  a  ca rb o n  g ro u p  w ith  th e  o r th o  p o s i t io n ,  a r e  a s  

f o l lo w s :  B e r l in e r b la u  (35) enqaloyed a n i l i n e  and o k  , p  - d i c h l o r o e t h y l

e t h e r  a c c o rd in g  th e  fo l lo w in g  schem e:

A ls o , Prud'hom m e (36) u se d  a  somewhat a n a lo g o u s  p ro c e d u re  w i th  a n i l i n e  

and e th y le n e  d ib ro m id e  a s  t h e  i n i t i a l  r e a c t a n t s :

CH*CCOOH
1̂1
0

/COOH

‘CH3

(C1CH2CHC10C2H5 — C1CH2CH0)

2C6H5NHg H- CICHgOHO—► 06H^NB0H= CHNHC5H5 — ^ i n d o l e

CgHgNHCHgCHgNHCgHg —Cr-°5 C5H5KHCH CHNHC5H5  in d o le



P o l i k i e r  (37) h e a te d  t h e  d l a n i l i d e  o f  t a r t a r i c  a c id  w i th  z in c  c h lo r id e  

t o  o b t a in  i n d o le ;  d i a n i l i n o s u c e i n a n i l i d e  w as found  a s  t h e  f i r s t  i n t e r 

m ed ia te *  The c a lc iu m  s a l t  o f  p h e n y lg ly t in e  h e a te d  w i th  e x c e s s  o f  c a l 

cium  fo rm a te  gave  in d o le  i n  v e r y  s m a ll  y i e l d  (38) 9 t h e  p ro d u c t  b e in g  

i s o l a t e d  a s  th e  p i c r a t e .  D i s t i l l i n g  o - c h l o r o - ^ c h l o r a c e t a n i l i d e  w i th  

z in c  d u s t  y ie ld e d  s m a ll  am ounts o f  in d o le  (3 9 ) . B aey er found  t h a t  in** 

d o le  w as form ed when v a p o rs  o f  e t h y l a n i l i n e  w ere  le d  th ro u g h  h o t  tu b e s  

(40) •

A r a t h e r  l a r g e  num ber o f  m ethods have  been  d e s c r ib e d  i n  w h ich  r i n g  

c lo s u r e  i s  a cc o m p lish e d  b y  r e a c t i o n  o f  a n  a l k y l  group* a t t a c h e d  t o  th e  

ben zen e  r i n g  i n  t h e  o -  p o s i t i o n  t o  a  n i t r o  group* a n  am ino group* o r  a  

s u b s t i t u t e d  am ino g ro u p . G luud (41* 4 2 ) s y n th e s iz e d  o -a ld e h y d o p h e n y l-  

g ly c in e  and* b y  h e a t in g  th e  compound i n  a c e t i c  a n h y d r id e  c o n ta in in g  

sod ium  a c e ta te *  e f f e c t e d  r i n g  c lo s u r e  and d e c a rb o x y la t io n  o f  t h e  i n t e r 

m e d ia te  i n d o le - 2 - c a r b o x y l ic  a c id *  T e r  l e y  (43) t r e a t e d  E T -aldehydo-o- 

t o l n i d i n e  w i th  sod ium  am ide and o b ta in e d  in d o le .  The d i s t i l l a t i o n  o f  

o x a l - o - t o l u i c  a c id  w i th  z in c  d u s t ,  o r  d r y  d i s t i l l a t i o n  o f  t h e  b a riu m  

s a l t *  gave  in d o le  (4 4 ) . A lso* f f c m e th y l-o - to lu id in e *  d ropped  on r e 

duced  n i c k e l  a t  30 0 -3 3 0 ° C»* p ro d u ced  s m a ll  y i e l d s  o f  in d o le  (45* 46* 

4 7 ) ;  o t h e r  a l k y l t o l u i d i n e s  (48) a l s o  y ie ld e d  i n d o le s .

A s e r i e s  o f  m ethods in v o lv in g  s u b s t i t u t e d  c in n am ic  a c id s*  s ty r e n e s ,  

s t i l b e n e s ,  and a n a lo g o u s  compounds a s  s t a r t i n g  m a t e r i a l s  a r e  d e s c r ib e d  

i n  t h e  l i t e r a t u r e .  I d p p fs  in d o le  s y n th e s i s  in v o lv e s  th e  h e a t in g  o f  

o-amino*-* - c h lo r o s ty r e n e  w i th  sod ium  e th y l ^ t e  (49) * Weermann (50 , 51*

52) p re p a re d  in d o le  by  th e  u s e  o f  o -n i t r o - c in n a m id e  a s  f o l lo w s :
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o-N 02C6H4CH=CHCONHg —

o-N 02C6^CH=CHNHCOOCHg

o«HH2C6H4 0H=CHNHC0 0 CH3  in d o le

A q u a n t i t a t i v e  y i e l d  o f  in d o le  was r e p o r t e d  when o , o , - d ia m in o s t i lb e n e  

h y d ro c h lo r id e  w as h e a te d  u n d e r  re d u c e d  p r e s s u r e  (55 , 54)* B aeyer and 

Sumer l i n g  (2 ) and  B e i l s t e i n  and  B a h lb e rg  (5 5 ) ,  p re p a re d  in d o le  from  

o -n i t r o c in n a m ic  a c i d .  S e d u c tio n  o f  o - n i t r o p h e n y la c e ta ld e h y d e  y ie ld e d  

in d o le  (5 1 ) . A ls o , o « n i tro p h e n y lp y ru v ie  a c id  h a s  b een  c o n v e r te d  i n t o  

in d o le - 2 - c a r b o x y l i c  a c id  (5 6 , 5 7 , 5 8 ) ,  P s c h o r r  and Hoppe (59) p re p a re d  

2 -e m in o in d o le  fro m  o - n i t r o p h e n y la c e t i c  a c i d ;  t h i s  w as c o n v e r te d  i n t o  

in d o le  b y  r e d u c t io n  w i th  sod ium  and a lc o h o l .  I n d o le  may a l s o  be ob

t a i n e d  fro m  o,u> - d i n i t r o s t y r e n e  (6 0 , 6 1 ) .  W a lte r  (62) p re p a re d  i t  b y  

t r e a t i n g  a c e ty l a t e d  o«ara inocinnam ic a c id  w ith  fum ing  h y d ro c h lo r ic  a c id  

a t  h ig h  t e m p e r a tu r e s . Some in d o le  i s  o b ta in e d  from  o -am in o p h e n y l-  

p r o p i o l i c  a c id  (6 5 )•

A v a r i e t y  o f  p y ro g e n ic  m ethods have a l s o  b een  r e p o r t e d .  I n  some 

o f  t h e s e  c a s e s  r a t h e r  s t r e n u o u s  t r e a tm e n t  i s  in v o lv e d ,  and  f o r  many th e  

y i e l d s  a r e  n o t  good . I n  summary, how ever, t h e  fo l lo w in g  exam ples a r e  

c i t e d :  M organ (64) p ro v id e d  one o f  th e  e a r l i e s t  s y n th e s e s  o f  in d o le  b y

h i s  f u s io n  o f  c a r b o s t y r i l  w i th  a l k a l i .  Hofmann and K onigs (65) ob 

t a i n e d  in d o le  and q u in o l in e  from  th e  h ig h - te m p e ra tu re  t r e a tm e n t  o f  

t e t r a h y d r o q u in o l in e  o r  m e th y l te t r a h y d r o q u in o l in e .  lU s io n  o f  a lb u m in  

w i th  p o ta s s iu m  h y d ro x id e  y ie ld e d  in d o le  (66 , 6 7 , 68)#  A lso , in d o le - 2 — 

c a r b o x y l ic  a c id  (6 9 ) ,  and  q u in o l in e —2 , 5 - d ic a r b o x y l ie  a c id  (7 0 ) ,  when 

h e a te d  w i th  c a lc iu m  c a rb o n a te  gave in d o le .  K e to d ih y d ro b e n z e n e -p -
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t h i a z i n e  (71)» w i th  a  r e d - h o t  m ix tu re  o f  z in c  and  c o p p e r  pow ders y ie ld e d

some i n d o le .  A c e ty le n e  and  a n i l i n e  (72) p a s s e d  o v e r  m e t a l l i c  o r  o x id e

c a t a l y s t s  form ed in d o le .  3 * i le t i  (73) o b ta in e d  in d o le  by  p a s s in g  th e

v a p o r  o f  cum id ine  o v e r  h o t  le a d  ox ide*  and  b y  d i s t i l l i n g  s k a t o le  o v e r

h o t  p o r c e l a i n  c h ip s .  Widmann (74) d i s t i l l e d  5 ~ n i t r o - 4 - i s o p r o p e n y lb e n -

z o ic  a c id  w i th  lim e  and o b ta in e d  a  s m a ll  y i e l d  o f  i n d o le .  T r ip y r r o l in e  

(75) and  p y r r o l e  (76) h ave  a l s o  b een  c o n v e r te d  i n t o  in d o le *

A lth o u g h  th e  T is c h e r  m ethod may b e  a p p l i e d  i n d i r e c t l y  t o  th e  prep** 

a r a t i o n  o f  in d o le *  i t  f i n d s  i t s  c h i e f  u s e f u ln e s s  i n  th e  s y n t h e s i s  o f  

many and v a r i e d  in d o le  d e r i v a t i v e s .  The m ethod i s  i n  i t s e l f  v e r y  v e r 

s a t i l e *  b u t  i t  i s  made ev en  more g e n e r a l  b y  th e  p r e p a r a t i o n  o f  o t h e r 

w ise  u n a t t a i n a b le  p h e n y lh y d ra z o n e s  from  d ia z o n iu m  s a l t s  by  th e  m ethod 

o f  Tapp and KU ngem ann (7 7 , 7 8 ) .  I n  g e n e r a l ,  T i s c h e r ’ s  s y n th e s i s  may 

be  d e s c r ib e d  a s  in v o lv in g  th e  e l im in a t io n  o f  ammonia fro m  p h e n y lh y d ra 

zones*  and may be a c c o m p lish e d  w i th  th e  p h e n y lh y d ra z o n e s  o f  m ost c a r 

b o n y l compounds t h e  s t r u c t u r e s  o f  w hich  a l lo w  r i n g  c lo s u r e s  t o  o c c u r :

a
I n  1883* H s c h e r  and Jo u rd a n  (33) found  t h a t  when th e y  b o i le d  t h e  

m e th y lp h e n y lh y d ra z o n e  o f  p y ru v ic  a c id  w i th  a lc o h o l i c  hyd rogen  c h lo r id e *  

t h e y  o b ta in e d  a  compound w h ich  a n a ly z e d  f o r  C^HgOgNT i n  a b o u t 5 p e r  

c e n t  y i e l d .  P i s c h e r  and H ess (79) i n v e s t i g a t e d  t h i s  compound f u r t h e r  

and  found  i t  t o  be  an  in d o le  d e r i v a t i v e ,  form ed a s  fo l lo w s :

jCOOH
COOH
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N=C

COOH

 COOH

CHg CHjJ dH3

T h is  w ork w as c o n tin u e d  by  F i s c h e r ,  who found  t h a t  z in c  c h lo r id e  w as a  

b e t t e r  c a t a l y s t  f o r  t h e  r e a c t i o n ,  a l lo w in g  a  w id e r  ra n g e  o f  a p p l i c a b i l i t y  

(8 0 ) .  The p ro c e d u re  em ployed b y  F is c h e r  may be d e s c r ib e d  by  c i t i n g  h i s  

p r e p a r a t i o n  o f  2 - m e th y l in d o le ; t h i s  he accom plished*  b y  m ix in g  a c e to n e  

p h e n y lh y d ra z o n e  w i th  f i v e  t im e s  i t s  w e ig h t o f  an h y d ro u s z in c  c h lo r id e *  

and b y  h e a t in g  t h e  m ix tu re  t o  a b o u t 200°. A y i e l d  o f  60 p e r  c e n t  o f  

S n n e th y lin d o le  w as o b ta in e d .  I n  an  a n a lo g o u s  manner* F i s c h e r  o b ta in e d  

a  35 p e r  c e n t  y i e l d  o f  s k a t  o le  from  p ro p io n a ld e h y d e  p h e n y lh y d ra z o n e  (4) •

S in c e  th e  t im e  o f  t h i s  e a r l y  w ork a  number o f  ch an g es have  b e en  

in tr o d u c e d  i n t o  t h e  m ethod , w i th  im provem ents i n  th e  y i e l d s .  Thus i t  

was found  (34) t h a t  by  th e  u s e  o f  an  i n e r t  s o lv e n t  su ch  a s  m eth y ln ap h th a®  

l e n e ,  and b y  k e e p in g  th e  te m p e ra tu re  below  1 5 0 ° , a c e to n e  p h e n y lh y d ra zo n e  

gave  a  75 p e r  c e n t  y i e l d  o f  2* * a e th y lin d o le , p ro p io n a ld e h y d e  p h e n y lh y d ra 

zone a n  80 p e r  c e n t  y i e ld  o f  s k a t o l e ,  and th e  p h e n y lh y d ra zo n e  o f  p y ru v ic  

a c id  gave  a  60 p e r  c e n t  y i e ld  o f  in d o le ~ 2 - c a r b o x y l ic  a c i d .

A lso* t h e  l a r g e  am ounts o f  z in c  c h lo r id e  u se d  by  F i s c h e r  w ere  shown 

t o  be u n n e c e s s a ry  (8 1 ) ,  and  o th e r  s a l t s  w ere  found  t o  be e f f e c t i v e .  The 

r e a c t i o n  was found  t o  p ro c e e d  i n  th e  p re s e n c e  o f  1  p e r  c e n t o f  z in c  

c h l o r i d e ;  cu p ro u s  c h l o r i d e ,  c u p ro u s  b ro m id e , o r  p la t in u m  c h lo r i d e ,  co

b a l t  c h lo r i d e ,  n i c k e l  c h lo r id e *  e t c .  (8 2 ) , may a l s o  be u s e d . B e s id e s  

th e s e *  a  num ber o f  o th e r  c a t a l y s t s  have been  em ployed: n i c k e l ,  c o b a l t ,

and  pow dered c o p p e r  (8 2 ) ,  c o n c e n tr a te d  s u l f u r i c  a c id  (83 , 8 4 , 5 6 ) ,  a l c o 

h o l i c  s u l f u r i c  a c id  (85) and a l c o h o l i c  z in c  c h lo r id e  (8 6 ) .  G rig n a rd
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r e a g e n t s  h av e  a l s o  b e en  u se d  (87)#

The e a s e  o f  in d o le  fo rm a tio n  fro m  t h e  v a r io u s  p h e n y lh y d ra z o n e s  

v a r i e d  i r r e g u l a r l y ;  w i th  some* th e  r e a c t i o n  o c c u r re d  e x tre m e ly  r e a d i l y .  

F o r  ex am p le . P la n c h e r  (8 6 ) and  X e n isch  (8 8 ) found  t h a t  t h e  m e th y lp h e n y l-

h y d ra z o n e s  o f  i s o p r o p y l  m e th y l k e to n e  and  i s o p r o p y l  p h e n y l k e to n e  w ould 

u n d e rg o  r i n g  c lo s u r e  ev en  a t  room  te m p e ra tu re  i n  th e  p re s e n c e  o f  a lc o h o l 

i c  z in c  c h lo r i d e .  A c e ta ld e h y d e  p h e n y lh y d ra zo n e  w ould be e x p e c te d  t o  

y i e l d  i n d o le ,  b u t  t h i s  r e a c t i o n  d id  n o t  o c c u r .  P h e n y lh y d ra z o n e s  o f  

P  - k e t o e s t e r s  m ore commonly p ro d u ced  p y ra z o lo n e s*

I n d o le - 3 - a ld e h y d e s  can  be p re p a re d  fro m  in d o le s  h a v in g  a  r e p l a c e 

a b le  hyd ro g en  a t  th e  3 - p o s i t i o n ,  b y  r e a c t i o n  w i th  N -m e th y lfo rm a n ilid e  i n  

th e  p re s e n c e  o f  c o n d en sin g  a g e n ts  su ch  a s  p h o sp h o ro u s  o x y e h lo r id e  

(89) ;

C e r ta in  in d o le s  w i l l  a l s o  u n d e rg o  th e  G a tte rm an n  and H besch a ld e h y d e  

s y n t h e s i s  (9 0 )•

I n d o le -3 - a ld e h y d e  was f i r s t  o b ta in e d ,  a lo n g  w ith  harm an , b y  H opkins 

and C o le  (91) a s  a  r e s u l t  o f  t r e a tm e n t  o f  t ry p to p h a n  w i th  f e r r i c  c h lo r id e .  

L a t e r ,  E l l i n g e r  (9 2 , 93) p re p a re d  th e  a ld e h y d e  by  t r e a tm e n t  o f  in d o le  

w i th  c h lo ro fo rm  and p o ta s s iu m  h y d ro x id e ;  3 - c h lo r o q u in o l in e  was a l s o  ob

t a i n e d  i n  t h i s  r e a c t i o n .  Boyd and Robson (94) e f f e c te d  i t s  p r e p a r a t i o n  

th ro u g h  t h e  a c t i o n  o f  z in c  c y a n id e  upon  2 - c a r b e th o x y in d o le .

S k a t o le  may be s y n th e s iz e d ,  b y  th e  F i s c h e r  m ethod (9 5 , 9 6 , 83) from  

th e  p h e n y lh y d ra z o n e  o f  p ro p io n a ld e h y d e , from  3 -n i tro c u m ic  a c id  ( 9 7 ) ,  i n 

d ig o  (9 8 ) ,  a n i l i n e  and  g ly c e r o l  (9 9 ) ,  and o - a c e t y l a n i l i d o a c e t i c  a c id

CH3
CaH^N-CHQ

HH
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e t h y l  e s t e r  (1 0 0 ) 9 a s  w e l l  a s  from  o th e r  s o u r c e s .

The I l s c h e r  m ethod may be u se d  f o r  t h e  p r e p a r a t i o n  o f  2 - r a e th y l in -  

do le*  em p lo y in g  th e  p h e n y lh y d ra zo n e  o f  a c e to n e  (4)*  O th e r m ethods o f  

p r e p a r a t i o n  in v o lv e d  a n i l i n e  and  m o n o ch lo ro ae e to n e  (1 0 1 )* d ih y d ro m e th y l-  

k e to l e  (1 0 2 ) ,  o -am id o p h en y lac© to n e  (103)» and a c e ty l a t e d  o - t o l u i d i n e  

(1 0 4 )•
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PURPOSE OP THE WORK AND DISCUSSION OP RESULTS

In  view  o f  th e  f a e t  th a t  moat o f  th e  sy n th eses  re p o rte d  in  th e  

l i t e r a t u r e  fo r  in d o le  and i t s  d e r iv a t iv e s  s u f fe r  from being  te d io u s , 

com plicated  and, more o f te n  th an  n o t, p ro d u c tiv e  o f  sm all y ie ld s ,  an 

in v e s t ig a t io n  was undertaken  to  f in d  not on ly  more d i r e c t  in te rm e d ia te s  

f o r  th e  s y n th e s is  o f  in d o le , but such in te rm e d ia te s  whose d e r iv a t iv e s  

m ight le ad  to  p h y s io lo g ic a l ly  a c t iv e  and u s e fu l  in d o le  compounds; and i t  

was hoped th a t  g e n e ra l r e a c t io n s  might be explored  fo r  th e  s y n th e s is  o f  

a s e r i e s  o f  such compounds f o r  pharm acological s tu d y ,

A c a su a l rem ark suggested  th a t  benzyl cyanide may be hydrogenated to  

th e  im ine which in  tu rn  may be r e a d i ly  hydrolyzed to  p h en y lace ta ld eh y d e .

A s tu d y  o f  t h i s  r e a c t io n  showed th a t  i t  i s  sim ple to  perform , proceeds 

sm oothly, and th e  p ro d u c ts  may be e a s i ly  i s o la te d .  Once i t  had been e s 

ta b l is h e d  th a t  t h i s  red u c tio n  o f a cyanide to  th e  aldehyde i s  p o s s ib le ,  

i t  was f e l t  th a t  i f  o -n itro b e n z y l cyanide were hydrogenated in  a s im ila r  

manner, in d o le  would be o b ta in ed . The s te p s  o f th e  expected hydrogenation  

a re  shown:

CgHjjCHgCN - ES> CgBgCHgCH HH CgHgCHgCH—O



N ^ CH

In  a s im i la r  manner s u b s t i tu te d  o -n itro b e n z y l cyan ides would be ex

p ec ted  t o  form th e  correspond ing  s u b s t i tu te d  in d o le s :

With t h i s  in  mind, numerous sy n th e ses  were a ttem pted  w ith  an eye to  p r e 

p a r in g  o -n itro b e n z y l cyan ide . A ll methods o f  d i r e c t  n i t r a t i o n  o f  benzyl 

cyanide f a i le d  to  produce th e  o - n i t r o  d e r iv a t iv e  in  q u a n t i t ie s  s u f f i c ie n t  

f o r  f u r th e r  in v e s t ig a t io n .  T re a tin g  o -n itro b e n z y l c h lo r id e  w ith  po tassium  

cyanide gave no o -n itro b e n z y l cyanide, a lth o u g h  Bamberger (105) in d ic a te d  

th a t  sm all y ie ld s  may be expected ; th e  r e a c t io n  proceeded accord ing  to  

Bamberger to  g ive  m ainly  a  condensation  product w ith  e i th e r  one o f  th e  

s t r u c tu r e s  shown below:
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PH 2 o r

N0 2

An a tte m p t w as made t o  p r e p a r e  2 ,4 - d i n i t r o b e n z y l  c y a n id e  b y  d i r e c t  

n i t r a t i o n ,  and  u s e  i t  i n  th e s e  r e a c t i o n s  t o  o b t a in  a n  a m in o in d o le • How— 

e v e r ,  v ig o ro u s  n i t r a t i o n  cau sed  h y d r o ly s i s  o f  t h e  cyano g ro u p  t o  c a r 

b o x y l ,  and 2 , 4 - d in i t r o p h e n y l  a c e t i c  a c id  was th e  o n ly  r e a c t i o n  p ro d u c t  

i s o la t e d *

S in c e  a l l  i n d i c a t i o n s  w ere t h a t  t h e  p r e p a r a t i o n  o f  o - n i t r o b e n z y l  

c y a n id e  i n  l a r g e  q u a n t i t i e s  w as so  d i f f i c u l t  a s  t o  be i m p r a c t i c a l ,  a  

d i f f e r e n t  a p p ro a c h  was in v e s t ig a te d *

The s y n th e s i s  o f  f t  -cy an o  k e to n e s ,  e s t e r s  and n i t r i l e s  th ro u g h  t h e  

a c t i o n  o f  p o ta s s iu m  is o c y a n id e  on t h e  c o r re s p o n d in g  - e t h y l e n i c  k e 

t o n e s ,  e s t e r s  and n i t r i l e s  i s  a  g e n e r a l  r e a c t io n *  I t  p ro c e e d s  th ro u g h  

t h e  fo rm a t io n  o f  e n o l a t e s ,  o r  im in o la te s ,  b y  1 ,4 - a d d i t i o n  o f  p o ta s s iu m  

is o c y a n id e  t o  t h e  c o n ju g a te d  sy s te m  o f  t h e  u n s a tu r a te d  com pounds, t h e  

m e ta l  u n i t i n g  w i th  c a rb o n y l  oxygen o r  cyano n i tro g e n *
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Z 0- 001^  ( ^ \  -  9H - c ^ o c h 3
V o C H 3  +  W C  "  1 1  ®  VC00CH3

y  COOH
tt a  ^ 9H-CH

2 ^  CN COOH
HC1

I n  1937 , M ic h a e l and W einer (106) r e p o r te d  t h e i r  i n v e s t i g a t i o n s  i n 

t o  t h e  m echanism  o f  t h i s  r e a c t i o n ,  u s in g  d im e th y l  b e n za lm a lo n a te *  By 

t r e a t i n g  t h i s  compound w i th  p o ta s s iu m  iso c y a n id e *  th e y  w ere a b le  t o  ob« 

t a i n  q u a n t i t a t i v e  y i e l d s  o f  t h e  p o ta s s iu m  e n o l  /^ -cy an o b en zy lraa lo n ic  e s 

t e r .  A c i d i f i c a t i o n  o f  t h e  l a t t e r  r e s u l t e d  i n  a  y i e l d  o f  100 p e r  c e n t  o f  

/?« cy an b en zy lm a lo n ic  e s te r *  M e th y l b e n z a lc y a n o a c e ta te  a l s o  was found  t o  

fo l lo w  t h e  above r e a c t i o n  q u a n t i t a t iv e ly *

B e n za lm a lo n ic  e s t e r  c o n ta in s  a m a lo n lc  e s t e r  g ro u p , w ith o u t  th e  e s 

s e n t i a l  <s(-hydrogen n e c e s s a r y  t o  y i e l d  an  e n o la te ;  t h e  c a rb o n y l oxygen o f  

a  carbom ethoxy  g ro u p  h a s ,  how ever, a  d e v e lo p ed  a f f i n i t y  f o r  th e  s l i g h t l y  

n e u t r a l i z e d  p o ta s s iu m  atom  o f  th e  is o c y a n id e  and a  s t r o n g  a t t r a c t i o n  e x 

i s t s  be tw een  i t  and t h e  r e s p e c t i v e ,  u n s a tu r a te d  oxygen* i U r t h e r ,  th e  

/2- u n s a tu r a t e d  c a rb o n  o f  th e  e s t e r  shows th e  n e c e s s a r y  f r e e  c h em ic a l e n 

e rg y  and  a f f i n i t y ,  i * e , ,  t h e  c h e m ic a l p o t e n t i a l ,  t o  u n i t e  w ith  th e  cyano 

group* The f i r s t  fo rm ed , c y c l i c ,  p o ly m o le c u le  p a s s e s  o v e r i n to  th e  

f >-cyano e n o la te :
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C-COOCH, ^ Y L /00CH3
| I \ - o c h 3

The P - u n s a tu r a te d  c a rb o n  h a s  a  f a r  m ore d e v e lo p ed  a f f i n i t y  f o r  t h e  ca rb o n

th a n  t h e  n i t r o g e n  o f  t h e  addendum and t h e  I n t r o d u c t io n  o f  t h e  d e c id e d ly  

n e g a t iv e  cyano  g ro u p  l e a d s  t o  a  f a r  b e t t e r  n e u t r a l i z e d  e n o la te  th a n  

w ould  t h e  b a s i c  iso e y a n o  group*

FUmaric e s t e r ,  c i t r a c o n i c  e s t e r  and b e n z a la c e to p h e n o n e  g a v e  th e  ex

p e c te d  a d d i t i o n  p ro d u c t  b u t  th e  r e a c t i o n  p ro c e e d e d  f u r t h e r ,  fo rm in g  com

p l i c a t e d  c o n d e n s a t io n  p ro d u c ts *

M ic h a e l’ s  a p p a re n t  s u c c e s s  w i th  t h i s  a d d i t i o n  r e a c t i o n  le d  t o  t h e  

th o u g h t o f  a  p ro c e d u re  f o r  p r e p a r in g  in d o le ~ a c e t i c  a c id  b y  c a t a l y t i c  r e 

d u c tio n *  The p la n  w as t o  p r e p a r e  th e  o— n i t r o  d e r i v a t i v e  o f  /^ -c y a n o - 

b e n z y lm a Io n ic  e s t e r  and  fo rm  t h e  in d o le  n u c le u s  by  s im u lta n e o u s  re d u c 

t i o n  and  c o n d e n s a t io n  o f  t h e  n i t r o  and cyano g ro u p s . H y d ro ly s is  and d e 

c a r b o x y la t io n  o f  t h i s  coit$>ound w ould g iv e  i n d o le ^ a c e t ic  a c i d .

C00CH3

HpG  (COOCELt; ) p 

p y rid in e
COOCH,

COCCH,C00CH3

COOCH.
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H/COOCH3 
QC

% o
/ \

GOGCH3  — Z g u

P
-C -C O O H

\ / \ k
H

I f  t h i s  c o u ld  be a c c o m p lish e d , I t  was f e l t  t h a t  th e  p o s s i b i l i t y  o f  

p r e p a r in g  t r y p to p h a n  In  l i k e  m anner was n o t  to o  re m o te . H ere i t  i s  nec«* 

e s s a r y  t o  condense  o -n i tro b e n z a ld e h y d e  w i th  m e th y l p y r u v a te ,  fo l lo w  t h i s  

w i th  th e  M ic h a e l c o n d e n s a t io n , p r o d u c t io n  o f  t h e  k e to x im e , h y d ro g e n a tio n  

t o  fo rm  t h e  in d o le  n u c le u s ,  and h y d r o ly s i s  t o  t r y p to p h a n .

-CHO
HpCC-COOCHa

CH=CH-C-COOCH.

NO
KNC

H I?
A  CH2 -C -C 00C H 3
'  " a s

p ro 2 HpNOH

¥
-C—CH2 -C —COOCHg 
CN NOH

-N O .

H
_c h 2 - c - c o o c h 3  

h h 2 h 2 o

?
CHp—C—COOH

Ah2

I n  o r d e r  t o  become f a m i l i a r  w i th  t h e s e  r e a c t i o n s  th e  w ork o f  M ic h a e l

w as r e p e a te d  i n  t h e  c o u rs e  o f  th e  p r e s e n t  i n v e s t i g a t i o n  and h i s  r e s u l t s

w ere  s u b s t a n t i a l l y  d u p l i c a t e d .  By a llo w in g  p o ta s s iu m  is o c y a n id e  t o  r e 

a c t  w i th  d im e th y l b e n z a lm a lo n a te , a s  d e s c r ib e d  by  M ic h a e l, a  q u a n t i t a t i v e

y i e l d  o f  p o ta s s iu m  e n o l  y3 -cy an o b en zy lm alo n ic  e s t e r  was i s o l a t e d .  U n fo r -
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t u n a t e l y ,  a s  d i s c u s s e d  l a t e r ,  i t  w as found  t h a t  th e  r e a c t i o n  i s  n o t  so  

g e n e r a l  a s  M ic h a e l* s  r e p o r t  w ould le a d  one t o  b e lie v e *

F o r  t h e  s y n t h e s i s  o f  d im e th y l  o - n  i  t  r  o b e n z a lm a lo n a te , o - n i t r o b e n z a l 

dehyde  w as d e s i r e d .

A lth o u g h  t h e r e  a r e ,  i n  t h e  l i t e r a t u r e ,  a  v a r i e t y  o f  m ethods f o r  t h e  

p r e p a r a t i o n  o f  o -n i t r o b e n z a ld e h y d e ,  a l l  r e p o r t  s m a ll  y i e l d s .  The a ld eh y d e , 

b e s id e s  b e in g  e x tre m e ly  s e n s i t i v e  t o  h e a t ,  l i g h t  and  a i r ,  a l s o  u n d e rg o e s  

a u to o x id a t io n .  T h is  i n s t a b i l i t y  m akes i t s  i s o l a t i o n  m ost d i f f i c u l t .  Of 

a l l  t h e  s y n th e s e s  c a r r i e d  o u t d u r in g  th e s e  i n v e s t i g a t i o n s ,  none y ie ld e d  

o -n i tro b e n z a ld e h y d e  i n  s i g n i f i c a n t  am o u n ts .

T h e r e fo r e ,  i n  t h e  hope t h a t  a  more s t a b l e  compound w ould be fo rm ed , 

m -b ro m o -o -n itro b e n z a ld e h y d e  w as p r e p a r e d .  The p re s e n c e  o f  b rom ine  i n  th e  

m o le c u le  w as f e l t  t o  be  o f  no d is a d v a n ta g e ,  a s  i t  would be e x p e c te d  t o  

s p l i t  o f f  d u r in g  t h e  c a t a l y t i c  h y d ro g e n a tio n  (C f. 1 0 7 ) . No d i f f i c u l t i e s  

w ere  e n c o u n te re d  i n  t h e  s y n th e s i s  o f  t h i s  compound. H ow ever, a l l  a t te m p ts  

t o  fo rm  th e  E h o ev en ag e l c o n d e n s a tio n  p ro d u c t w i th  m a lo n ic  e s t e r  p ro v e d  t o  

be  u n s u c c e s s f u l .

I n  p r e l im in a r y  e x p e r im e n ts  t o  t e s t  t h e  a p p l i c a t i o n  o f  th e  M ic h a e l 

c o n d e n s a t io n  t o  t h e  co n fo u n d s co n ce rn ed  h e r e ,  i t  was found  t h a t  a p p a r e n t 

l y  t h e  r e a c t i o n  i s  n o t  so  g e n e r a l  a s  i s  i n d ic a t e d  i n  M ic h a e l* s  r e p o r t  

(1 0 6 ) . M eth y l c in n a m a te  and m e th y l o -n i tro c in n a m a te  a p p a r e n t ly  r e a c te d  

a s  w as t o  be  e x p e c te d  when th e  u s u a l  c o n d i t io n s  w ere o b se rv e d . A lth o u g h  

i t  a p p e a re d  t h a t  i n  e ac h  c a se  t h e  p o ta s s iu m  e n o la te  c o u ld  be o b ta in e d ,  

th e  su b se q u e n t a c i d i f i c a t i o n  i n v a r i a b l y  le d  t o  th e  i s o l a t i o n  o f  t h e  o r i 

g i n a l  m a t e r i a l ,  w i th  t h e  l i b e r a t i o n  o f  h y d ro c y a n ic  a c id .  I t  a p p e a rs  

t h a t  t h e  cyano  com pounds, i f  form ed in  th e s e  c a s e s ,  a r e  q u i t e  u n s t a b l e ,  

i n  t h e  p re s e n c e  o f  a c i d s .  T hus, i t  would seem  t h a t  t h e r e  a r e  l i m i t a t i o n s
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t o  t h e  r e a c t i o n  w hioh a r e  n o t  a t  f i r s t  o b v io u s  t o  t h e  i n v e s t i g a t o r .

I n  a  s tu d y  o f  t h e  a c t i o n  o f  q u a te r n a r y  ammonium s a l t s  c o n ta in in g  a  

b e n z y l  g ro u p  on sod ium  d e r i v a t i v e s  o f  a c e to a c e t i c  e s t e r  and m a lo n ic  e s 

t e r ,  S n y d e r e t  a l  (108) fo u n d , c o n t r a r y  t o  th e  p r e v io u s  l i t e r a t u r e ,  

t h a t  c a r b o n - a lk y la t i o n  o c c u r s ,  S o d io a c e to a c e t ic  e s t e r  r e a c t e d  w i th  

b e n z y ld im e th y lp h e n y l ammonium c h lo r id e  i n  b o i l i n g  e th a n o l  t o  p ro d u ce  

a b o u t 60 p e r  c e n t  y i e l d s  o f  c ru d e  e t h y l  © M > e n z y la c e to a e e ta te , U nder t h e  

same c o n d i t io n s  t h e  sod ium  d e r i v a t i v e  o f  m a lo n ic  e s t e r  r e a c te d  w i th  t h e  

s a l t  t o  g iv e  a  y i e l d  o f  a b o u t 40  p e r  c e n t  o f  d i e t h y l  b e n z y lm a lo n a te .

The r e a c t i o n s  p ro b a b ly  p ro c e e d  b y  a n  i o n i c  p a th .

G ram ine, 5 -d im e th y la m in o m e th y lin d o le , can  be p re p a re d  r e a d i l y  from  

i n d o le ,  (1 0 9 ) , and i t  i s  c o n v e r te d  e a s i l y  t o  q u a te rn a ry  ammonium s a l t s ,  

su c h  a s  th e  m e th io d id e .  By c o n d e n s in g  g ram ine  m e th io d id e  w ith  s o d io -  

m a lo n ic  e s t e r ,  su b se q u e n t h y d r o ly s i s  and d e c a rb o x y la t io n  S n y d er was a b le

■h (ch3 ) 2

CH2CH(C00C2H5)2
c h {cooc2h 5 ) 2

t o  o b t a in  ^ - ( 5 - i n d o le ) - p r o p io n i c  a c id  i n  good y i e l d s .
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S im u lta n e o u s ly  A lb e r ts o n  e t  a l  (111) , r e p o r te d  t h e  u se  o f  acetaxnido- 

and ben zam id o m alo n ic  e s t e r s ,  o b ta in in g  an  o v e r - a l l  y i e l d  o f  3 5  p e r  c e n t  

b aaed  on i n d o le .

D u rin g  an  e x te n d e d  i n v e s t i g a t i o n  o f  c a rb o n  a l k y l a t i o n  w i th  g ram ine  

m e th io d id e ,  Howe e t  a l  (112) o b se rv e d  t h a t  g ram ine  co n d en se s  w i th  m alon

i c  e s t e r  t o  y i e l d  e t h y l  o l-c a rb e th o x y -  p - (3—in d o le ) - p r o p io n a te  i n  much 

t h e  same way a s  t h e  m e th io d id e  c o n d en ses  w i th  so d io m a lo n ic  e s t e r .  T h is  

o b s e r v a t io n  p rom pted  t h e  s tu d y  o f  th e  c o n d e n s a t io n  o f  g ram in e  w i th  a e e t -  

ami n o m alo n ic  e s t e r .  A lth o u g h  M annich b a s e s  ( f3 -d ia lk y la m in o  k e to n e s )  

have  b een  co n d en sed  w i th  (3 -k e to  e s t e r s  i n  th e  p re s e n c e  o f  sod ium  e th o x -  

id e  i n  e th a n o l  (113) u n s a t i s f a c t o r y  y i e l d s  o f  e t h y l  o(«*acetamido-^( -  

c a r b e th o x y - (3- ( 3 - i n d o l y l ) - p r o p i o n a t e  w ere  o b ta in e d  from  g ram ine  and  

a c e ta m in o m a lo n ic  e s t e r  w i th  th e  same co n d en sin g  a g e n t .  B e t t e r  y i e l d s  

w ere  o b ta in e d  when th e  r e a c t a n t s  w ere  h e a te d  t o  165° o r  when s o l u t io n s  

o f  t h e  r e a c t a n t s  i n  p y r id in e  o r  d io x a n e  w ere  h e a te d  t o  b o i l i n g .  The 

p re s e n c e  o f  a  s m a ll  amount o f  a  b a s i c  c a t a l y s t  su c h  a s  sod ium  m e th y la te ,  

sod ium  c a rb o n a te  o r  sod ium  h y d ro x id e  was b e n e f i c i a l .  The b e s t  r e s u l t s ,

90 p e r  c e n t ,  w ere  o b ta in e d  when th e  r e a c t a n t s  w ere r e f lu x e d  i n  an  i n e r t  

s o lv e n t  su ch  a s  t o lu e n e ,  d io x a n e  o r  x y le n e  i n  th e  p re s e n c e  o f  a  s m a ll  

amount o f  pow dered sod ium  h y d ro x id e . W ith  th e s e  m o d if ic a t io n s  t h e  o v e r 

a l l  y i e l d  o f  d l - t r y p to p h a n  from  in d o le  w as 66  p e r  c e n t .

R -C H pV CH3  - CH3 C 0N HCH (C O O C gH g) g  ^ 3

n h 0 0 c h s  c h 3

I t  h a s  b een  found  by  A lb e r ts o n  e t  a l  (114) t h a t  i t  i s  u n n e c e s s a ry  

nwfl u n d e s i r a b l e  t o  u s e  g ram ine  m e th io d id e  i n  t h e  c o n d e n s a t io n . When
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e t h y l  Io d id e  w as added  s lo w ly  t o  a  warm s o l u t io n  o f  g ram ine  and e t h y l  

so d io a c e ta m id o m a lo n a te  i n  a b s o lu te  e th a n o l ,  th e  d e s i r e d  p ro d u c t was 

i s o l a t e d  i n  a  y i e l d  o f  7 3 $ . S in c e  i t  was p o s s ib l e  t o  r e c o v e r  16$ o f  

t h e  g ram in e  in  a  s t a t e  o f  p u r i t y  s u i t a b l e  f o r  r e - u s e ,  t h e  y i e l d  b a se d  

on t h e  consumed M annich b a se  w as a c t u a l l y  8 6  p e r  c e n t ,  f u r th e r m o r e ,  

th e  r e a c t i o n  i n  d r y  e t h y l  a lc o h o l  was o v e r  i n  a b o u t se v e n  t o  e ig h t  h o u rs  

w h e re a s  th e  d io x a n e  p ro c e d u re  r e q u i r e d  a b o u t t h i r t y - s i x  h o u rs  f o r  com

p l e t i o n .  S a p o n i f i c a t i o n  o f  t h e  e t h y l  —a c e ta iu id o -  c^—c a rb e th o x y —

p  — ( 3 - i n d o ly l ) - p r o p io n a t e  t o  t h e  f r e e  d ic a r b o x y l i c  a c id  was q u a n t i t a 

t i v e .  S im u lta n e o u s  d e c a rb o x y la t io n  and d e a c e t y l a t i o n  gave  a  y i e l d  o f  

d l - t r y p to p h a n  o f  61 p e r  c e n t  w h ich  i s  n o t  a s  good a s  was r e a l i z e d  b y  th e  

a l k a l i n e  d e g r a d a t io n  o f  t h e  e s t e r  a s  r e p o r te d  by  S n y d e r ,

When t h e  l e s s  e x p e n s iv e  m e th y l s u l f a t e  was s u b s t i t u t e d  f o r  e t h y l  

io d id e  i n  t h e  above c o n d e n s a t io n , th e  y i e l d  was 72 p e r  c e n t w i th  a  10 

p e r  c e n t  r e c o v e r y  o f  g ra m in e .

S in c e  d im e th y la lk y la m in e , a  p ro d u c t o f  th e  r e a c t i o n ,  fo rm s q u a te r 

n a ry  s a l t s  w i th  t h e  a l k y l a t i n g  a g e n ts ,  t h e  g ram ine  i s  in c o m p le te ly  con

v e r t e d  t o  t h e  m e th o s u l f a te  o r  e th io d id e .  When tw o m o les  o f  m e th y l s u l 

f a t e  a r e  u s e d ,  t h e  demands o f  b o th  t h e  v o l a t i l e  and M annich b a se  a r e  

s a t i s f i e d  and th e  l a t t e r  th e n  r e a c t s  c o m p le te ly . When t h i s  te c h n iq u e  

was fo llo w e d  th e  r e a c t i o n  was o v e r  i n  f o u r  h o u rs  a t  room  te m p e ra tu re

and th e  y i e l d  o f  e t h y l  ©< - a c e t a m i d o - ^ - c a r b e t h o x y - p - { 3 - i n d o l y l ) - p r o p i -
\

o n a te  in c r e a s e d  t o  95 p e r  c e n t .

The a t te m p t a l s o  w as made t o  c a r r y  o u t th e  s y n th e s i s  o f  th e  am ino 

a c id  w i th  e t h y l  benzam idom alonate  b u t th e  y i e l d s  i n  some o f  th e  s t e p s  

w ere  so  low a s  t o  r e n d e r  t h e  p ro c e d u re  i m p r a c t i c a l .

T h is  w ork prom pted  t h e  id e a  o f  u s in g ,  i n s t e a d  o f  an  acy lam inom alon ic
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e s t e r ,  t h e  b e n z y l -  o r  d ib en z y la m in o m alo n ic  e s t e r ,  t h u s  o b v ia t in g  th e  

h y d r o ly s i s  o f  t h e  a c y l  g ro u p . I n  o rd e r  t o  a l k y l a t e  am inom alon ic  e s t e r ,  

i t  i s  n e c e s s a r y  t o  b lo c k  th e  am ino g roup  t o  p re v e n t  a n y  p o s s ib l e  r e a c 

t i o n  b e tw een  i t  and sod ium . T h e re fo r e ,  d ib e n z y l  am ine m ust be u s e d , a s  

t h e  m onobenzylam ino d e r i v a t i v e  w ould n o t  s a t i s f y  t h i s  c o n d i t io n .  A l

th o u g h  t h e r e  i s  e v e ry  i n d i c a t i o n  t h e  r e a c t i o n  b e tw een  brom om alonic e s 

t e r  and d ib e n z y l  am ine sh o u ld  y i e l d  d lb e n z y la m in o m a lo n ic  e s t e r ,  i t  w as 

fo u n d  t h a t  t h e  r e a c t i o n  d o es n o t  p ro c e e d  a s  e x p e c te d ,  b u t t h a t  a p p a r e n t 

l y  u n s a t u r a t i o n  o c cu rs*  Even th o u g h  a  q u a n t i t a t i v e  y i e l d  o f  d ib e n z y l  

am ine hyd ro b ro m id e  i s  o b ta in e d  when tw ic e  th e  t h e o r e t i c a l  amount o f  d i -  

b e n zy lam in e  i s  u se d  no d ib en z y la m in o m a lo n ic  e s t e r  can  be i s o l a t e d ,  and 

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

T h is  i n t e r e s t i n g  o b s e r v a t io n  w as n o t  f u r t h e r  in v e s t ig a te d *

H ow ever, i f  m a lo n ic  e s t e r  i s  f i r s t  a lk y l a t e d  and th e n  b ro m in a te d , 

a  compound i s  o b ta in e d  w h ich  can  be t r e a t e d  w i th  m onobenzyl am ine t o  

p ro d u e e  t h e  a l k y l  d e r i v a t i v e  o f  ben zy lam in o  m a lo n ic  e s t e r .  I n  t h i s  

c a s e ,  t h e  s u b s ta n c e  i n  q u e s t io n  does n o t  u n d e rg o  u n s a t u r a t i o n ,  and  one 

o f  t h e  am ino hyd rogen  atom s re m a in s  f r e e .  B en zy l-b en z y la m in o -m a lo n ic  

e s t e r  w as p re p a re d  a c c o rd in g  t o  t h i s  m ethod , and  th e  b e n z y l g ro u p  th e n  

was rem oved b y  c a t a l y t i c  h y d ro g e n a tio n  (C f. 1 1 5 ) . S a p o n i f ic a t io n  o f  t h e  

r e d u c t io n  p ro d u c t gave  b en zy lam in o m alo n ic  a c id .  M a tto c k s  (116) p re p a re d  

p -m itro b e n z y la m in o m a lo n ic  a c id  by  t h i s  m ethod . Erom th e  e a se  w i th  w h ich  

t h e s e  r e a c t i o n s  o c c u r ,  i t  a p p e a rs  t h a t  t h i s  may w e l l  be a  g e n e r a l  m ethod 

o f  p r e p a r a t i o n  o f  th o s e  am ino a c id s  w hose c a rb o n  n u c le u s  i s  u n a f f e c te d  

b y  b ro m in a tio n *
COOH

The a l k y l a t e d  am inom alon ic  a c id s  o f  g e n e r a l  s t r u c t u r e ,  R-C-COOH,
^iHS

sh o u ld  p ro v e  o f  c o n s id e r a b le  i n t e r e s t  t o  th e  c h e m is t i n t e r e s t e d  i n  p r o -
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t e i n s  and am ino a c i d s ,  f o r  on s e l e c t i v e  o r  a sy m m etric  d e c a rb o x y la t io n  

t h e y  sh o u ld  open up  a  m eans t o  t h e  s y n th e s i s  o f  e i t h e r  th e  d -  o r  t h e  

1 - s e r i e s .  E . g . ,

COOH

£ 0 0H

R
1 - s e r i e s

COOH

Such a sy m m etric  d e c a rb o x y la t io n s  have been  t r i e d  w ith o u t much s u c c e s s  

i n  t h e  l a b o r a to r y ,  b u t enzym ic d e c a rb o x y la s e s  a p p e a r  more e n c o u ra g in g . 

F e e d in g  e x p e r im e n ts  w i th  m a lo n ic  a c i d s ,  a n a lo g o u s  t o  t h e  e s s e n t i a l  am ino 

a c i d s ,  o u g h t t o  g iv e  a  c lu e  t o  t h e i r  b i o l o g i c a l  a v a i l a b i l i t y  and v a lu e .  

I n d o le  and compounds c o n ta in in g  th e  in d o le  n u c le u s  a r e  e x tre m e ly  

s e n s i t i v e  t o  th e  a c t i o n  o f  m in e ra l  a c i d s ,  p o ly m e r iz in g  t o  t a r s  a lm o st 

im m e d ia te ly . T h is  s e n s i t i v i t y  i s  b o rn e  o u t b y  th e  a t te m p t o f  S m ith  and 

Sogn (117) t o  p r e p a re  t r y p to p h a n  from  e t h y l  e C -k e to -c y c lo p e n ta n o n e  

c a r b o x y la te .  T h is  wets c o u p led  w ith  d ia z o t i z e d  a n i l i n e .  The azo  com

pound o b ta in e d  was s u b je c te d  t o  h y d r o ly t i c  c le a v a g e  w hereby  th e  p h e n y l-  

h y d raz o n e  o f  e t h y l  hyd ro g en  <?(- k e to - a d ip a te  r e s u l t e d  and a c t io n  o f  a c id  

on  th e  l a t t e r  c a u se d  a  F i s c h e r  in d o le  s y n th e s i s  t o  o c c u r  w i th  p ro d u c t io n  

o f  e t h y l  f J - ( 2 - c a rb e th o x y - in d  o l e - 5 ) - p r o p io n a t e .  T h is  d i e s t e r  was h y d ro !  

y zed  by  a c t i o n  o f  a l k a l i  t o  th e  d i a c i d ,  w hich  was d e c a rb o x y la te d  and th e
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p ro d u c t  e s t e r  i f  l e d  t o  e t h y l  f t - ( 5 - i n d o l y l )  - p r o p io n a te .  The e s t e r  was 

r e a d ! l y  c a r b e th o x y la te d  t  o e t h y l  a t - c a r b e th o x y -  (3 -  (3 - i n d o l y l ) - p r o p io n a t e ,

Q l x -  C L .

/ C H 2 ch2 nCOOH
I HC1

C00C2H5  LN=W-CgH5  CHg--- y=IT-NH-C6H5
C00C2H5 COOO2H5

y \

v v
H

CHgOHgC 00C
. c o o c ^

NaOH
CHgCHgCOOH
COOH

■CO,

C2I%OH
h 2so4

CHgCHgCOOCgH^

NaOCgHs 
(CgHg) 2C0 3

H
B ro m in a tio n  o f  t h i s  compound, i n  v a r io u s  s o l v e n t s , and i n  th e  p r e s 

en ce  o f  p o ta s s iu m  a c e t a t e  a s  a  b u f fe r*  le d  t o  no d e f i n i t e  bromo compound. 

The b rom ine  r e a c te d  r e a d i ly *  and hyd ro b ro m ic  a c id  was e v o lv e d , b u t th e  

rem o v a l o f  th e  s o lv e n t  l e f t  a  r e s id u e  o f  an  o i l  w hich  c o u ld  n o t  be  c r y s 

t a l l i z e d ,  n o r  c o u ld  t h i s  c ru d e  bromo compound be am in a ted  by  a c t io n  o f  

amm onia. The p ro d u c t  w as an  o i l y  s u b s ta n c e ,  o f t e n  c o lo r e d ,  from  w h ich  no 

s o l i d  m a t e r i a l  c o u ld  be o b ta in e d .  A tte m p ts  t o  h y d ro ly z e  th e  b ro m in a tio n  

p ro d u c t  b y  a c t io n  o f  a c id s  le d  t o  n o th in g  b u t  b lg c k ,  t a r r y  m a te r ia l®
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A tte m p ts  w ere  made b y  S m ith  and Sogn t o  a l k y l a t e  p h th a lim id o m a lo n ie  

e s t e r  w i th  ^ « » c h lo ro p ro p io n ie  a ld e h y d e  a c e ta l*  I t  was hoped t h a t  t h e  

p h e n y lh y d ra z o n e  o f  th e  r e s u l t i n g  a ld e h y d e  compound would* by  a  F i s c h e r  

In d o le  s y n t h e s i s ,  l e a d  d i r e c t l y  t o  d 1 - try p to p h a n *  However* no a l k y l a -  

t i o n  c o u ld  be a c h ie v e d ;  e i t h e r  no r e a c t i o n  a t  a l l  o ccu rred *  o r  e l s e  th e  

r e a c t i o n  m ix tu re  d e v e lo p e d  d a rk  s p o ts  w h ich  r a p i d l y  s p re a d  th ro u g h o u t 

t h e  m ass and  o n ly  t a r r y  d e c o m p o s itio n  p ro d u c ts  r e s u l te d *

I n  v iew  o f  t h e  s u c c e s s f u l  m ethod o f  a lk y l a t i o n  o f  acy lam id o m a lo n ic  

e s t e r  d e v e lo p e d  b y  th e  i n v e s t i g a t i o n s  o f  Snyder* A lb e rtso n *  and t h e i r  

cow orkers*  a s  d e s c r ib e d ,  t h e  q u e s t io n  a ro s e  w h e th e r  d u r in g  th e  a l k y l a 

t i o n  o f  am inom alon ic  e s t e r  t h e  am ino g ro u p  may n o t  be e q u a l ly  w e l l  

p r o t e c t e d  b y  fo rm a tio n  o f  a  S c h i f f f s  base*  3 b r  t h i s  p u rp o se  t h e  b e n z a l -  

am ino in te r m e d ia te  sh o u ld  p ro v e  m ost v a lu a b le ,  s in c e  one w ould e x p e c t t o  

rem ove i t  b y  c a t a l y t i c  h y d ro g e n o ly s is  (Cf* 115) u n d e r  c o n d i t io n s  w h ich  

s h o u ld  n o t  a f f e c t  t h e  s t a b i l i t y  o f  th e  in d o le  n u c le u s*

I n  o r d e r  t o  t e s t  t h e  p r a c t i c a b i l i t y  o f  t h i s  r o u t e ,  m a lo n ic  e s t e r  

w as t r e a t e d  w i th  b e n z a ld e h y d e  i n  b enzene  s o lu t io n  t o  fo rm  th e  S c h i f f  

b a s e .  T h is  was i s o l a t e d  a s  an  o i l ,  and w ith o u t  f u r t h e r  p u r i f i c a t i o n *  was 

a l k y l a t e d  w i th  b e n z y l  c h lo r id e *  The b e n z y l-b e n z a la m in o m a lo n ic  e s t e r  so  

o b ta in e d  was th e n  s u b je c te d  t o  c a t a l y t i c  h y d ro g e n a tio n  d u r in g  w h ich  81 

p e r  c e n t  o f  t h e  c a l c u l a t e d  q u a n t i t y  o f  h y d ro g en  was ta k e n  up* The r e 

a c t i o n  p ro d u c t w as s a p o n i f ie d  and  d e c a rb o x y la te d ,  y i e l d i n g  a  s o l i d  whose 

N -b e n z o y l d e r i v a t i v e  m e lte d  somewhat lo w er th a n  t h a t  p r e v io u s ly  r e p o r te d  

f o r  p h e n y l a l a n in e  (118)* The r e a c t i o n s  in v o lv e d  a re  i l l u s t r a t e d  below :
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-CHO
/COOCoHg

^COOCgHg j CH=N«CH
H# “ ? n  COOOpH5

H C 0 0 0 2I%

yv / C00CSH5  COOC^Hs

w h ôx, ( V CH21:ch425 A -CH2"^000̂
N a+ CgHgOH U )  5 *  p |  L I )  13112

KOff HCl^

COOH
CH2 -9-C O O H

NHr -co.
ch 2 - c i ^ :o o h

iJh ©

A s i m i l a r  a l l e y l a t i o n ,  u s in g  gram ine*  a s  d e s c r ib e d  by  A lb e r ts o n  e t  

a l  (114) w as a t te m p te d ,  b u t i n  t h e  l im i te d  e x p e r im e n ts  p e rfo rm ed  on 

t h i s  r e a c t io n *  t h e  r e s u l t s  w ere n e g a t iv e ,  and i n s u f f i c i e n t  in te r m e d ia te s  

d id  n o t  p e rm it  f u r t h e r  i n v e s t i g a t i o n .  D e s p i te  t h i s *  i t  i s  b e l ie v e d  t h a t  

t h e  e n c o u ra g in g  r e s u l t s  o b ta in e d  u s in g  b e n z y l c h lo r id e  a s  th e  a l k y l a t i n g  

a g e n t i n d i c a t e  t h a t  an  i n t e n s i v e  s tu d y  o f  th e  r e a c t i o n  c o n d i t io n s  h a s  

p o s s i b i l i t i e s  o f  s o lv in g  t h e  p ro b lem  and a d d in g  a n o th e r  v a r i a t i o n  t o  th e  

s y n t h e s i s  o f  amino a c id s *
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EXPERIMENTAL

P r e p a r a t io n  o f  c a t a l y s t

To 3 gm, o f  N o r i t e  o r  b lo o d  c h a r c o a l  was added 0 .3  gm, o f  p a lla d iu m  

c h lo r i d e  c r y s t a l s  and t h i s  m ix tu re  w as sh ak en  i n  an  a tm o sp h e re  o f  hydro** 

g en  u n t i l  s a t u r a t e d .  The s o l u t i o n  w as f i l t e r e d  and th e  p a l l a d i n i z e d  

c h a r c o a l  w as w ashed s u c c e s s iv e ly  w i th  w a te r  and a lc o h o l .  The c a t a l y s t  

w as d r i e d  i n  a  vacuum  d e s i c c a t o r  o v e r  s u l f u r i c  a c id  b e fo r e  use*

P r e p a r a t io n  o f  b e n z y l  c y a n id e

B en zy l c y a n id e  w as p re p a re d  a c c o rd in g  t o  t h e  d i r e c t i o n s  o f  Adams 

and T h a i (1 1 9 ) , a s  f o l lo w s :

C6H5CH2G 1+  NaCN  CgHgQH ^  CgHgCHgCN + NaCX

I n t o  a  one l i t e r  ro u n d -b o tto m ed  f l a s k ,  f i t t e d  w ith  a  s to p p e r  h o ld in g  

a  r e f l u x  c o n d e n se r  and a  s e p a r a t o r y  f u n n e l ,  w ere  p la c e d  1 0 0  gm, (S m oles) 

o f  pow dered  sod ium  c y a n id e  (96 -98$  p u re )  and 90 c c , o f  w a te r .  The m ix

t u r e  w as warmed on a  w a te r  b a th  i n  o rd e r  t o  d i s s o lv e  m ost o f  th e  sodium  

c y a n id e ,  and  th e n  200 gm, (1 .6  m oles b e n z y l  c h lo r id e  ( b .p ,  1 75 -180°) i n  

200 gm. o f  95$ e th a n o l  w ere  added  th ro u g h  th e  s e p a r a to r y  fu n n e l  i n  th e  

c o u rs e  o f  o n e - h a l f  t o  t h r e e - q u a r t e r s  o f  an  h o u r . The m ix tu re  was th e n  

h e a te d  u n d e r  a  r e f l u x  c o n d e n se r  on th e  s te am  b a th  f o r  fo u r  h o u r s ,  c o o le d , 

and  f i l t e r e d  w ith  s u c t io n  t o  remove m ost o f  t h e  sodium  c h lo r i d e .  The 

f i l t e r e d  s a l t  was w ashed w i th  a  s m a ll  p o r t io n  o f  a lc o h o l  i n  o r d e r  t o  r e 

move any  b e n z y l  c y a n id e  w h ich  may have b een  m e c h a n ic a l ly  h e ld .

The l i q u i d  w as th e n  t r a n s f e r r e d  t o  a  one l i t e r  d i s t i l l i n g  f l a s k ,

and a s  much a lc o h o l  a s  p o s s ib l e  was rem oved on th e  s team  b a th .  The r e s -
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i d u a l  l i q u i d  w as s t e a m - d i s t i l l e d ,  c o n d en sin g  in  th e  d i s t i l l a t e  a s  a 

h e a v y , p a le  y e llo w  o i l*  The d i s t i l l a t e  w as c o o le d ,  e x t r a c t e d  w i th  e t h e r  

t o  rem ove a l l  o f  t h e  b e n z y l c y an id e#  and t h e  e t h e r e a l  s o l u t io n  was d r ie d  

o v e r  an h y d ro u s  sod ium  s u l f a te *  The e t h e r  was d i s t i l l e d  o f f  on a  w a te r  

b a th #  and th e  re m a in in g  b e n z y l c y a n id e  was th e n  d i s t i l l e d  th ro u g h  a  

f r a c t i o n a t i n g  co lum n, b o i l i n g  a t  135-140° a t  38 mm. A y i e l d  o f  121 gm# 

was o b ta in e d ,  c o r re s p o n d in g  t o  65$ o f  th e  t h e o r e t i c a l .

C a t a l y t i c  h y d ro g e n a tio n  o f  p h e n y l a c e t o n i t r i l e

Hg H
CeHsCHgCIT ------------------CgHgCHgC -  NH ------------------------------ CgHgCHgCHO

Pd

The h y d ro g e n a tio n  o f  b e n z y l  c y a n id e  was ru n  w ith  6 gm* (0*051 m ole) 

o f  b e n z y l cy an id e*  36 cc* o f  a l c o h o l i c  h y d r o c h lo r ic  a c id  (0*1 g m ./c c .)  

and t h e  10$  p a l la d iu m - e h a r c o a l  c a t a l y s t  (p re p a re d  a s  d e s c r ib e d  on p age  

27) i n  a  t o t a l  volum e o f  150 c c . o f  70$ e th a n o l .  The c a t a l y s t  was 

f r e s h l y  p r e p a r e d ,  and n o t  th o ro u g h ly  d r ie d *  A t o t a l  o f  1120 cc* ( h a l f  

o f  th e  amount c a l c u l a t e d  t o  re d u c e  th e  b e n z y l c y a n id e  c o m p le te ly  t o  

p h e n e th y la m in e ) o f  h yd rogen  was ta k e n  u p  w i th in  fo u r  h o u r s ,  when th e  hy

d r o g e n a t io n  w as d is c o n tin u e d *

The c a t a l y s t  was f i l t e r e d  from  th e  a lc o h o l i c  m ix tu re ,  and t h e  a l 

c o h o l was rem oved by d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s s u r e .  The r e s i d u a l  

l i q u i d  w as s t e a m - d i s t i l l e d .  The c o l o r l e s s  o i l  a p p e a r in g  i n  th e  d i s t i l l 

a t e  was e x t r a c t e d  w i th  e t h e r ,  t h e  e t h e r e a l  s o l u t io n  was d r i e d  o v e r  an 

h y d ro u s  sod ium  s u l f a t e ,  and th e  e t h e r  was th e n  d i s t i l l e d  o f f ,  le a v in g  

3*5 gm. (58$ th e o r y )  o f  a  c o l o r l e s s  o i l ,  w ith  a  r o s e - l i k e  odor*

The o i l  was d i s t i l l e d  u n d e r  re d u c e d  p r e s s u r e ,  b . 8 5 ° / l0  mm* (120) 

and th e  2 ,4 - d i n i t r o p h e n y l  h y d razo n e  was p r e p a re d ,  m. 118°. Ttom  th e s e  

d a ta  i t  was e s t a b l i s h e d  t h a t  th e  p ro d u c t was p h e n y l^ a c e ta ld e h y d e .
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C a t a l y t i c  h y d ro g e n a tio n  o f  a ( - p h e n y l p r o p i o n i t r i l e

The c < - p h e n y lp r o p io n i t r i le  was o b ta in e d  th ro u g h  th e  c o u r te s y  o f  

D r . L o u ise  K e l le y  o f  G aucher C o l le g e .

S ix  gm. (0*045 m ole) o f  o (n n e th y lb e n z y l  c y a n id e , in  150 c c .  o f  

70$ e th a n o l ,  was re d u c e d  i n  th e  p re s e n c e  o f  tw o e q u iv a le n t s  o f  h y d ro g en  

c h lo r id e  and t h e  10$ p a l la d iu m - c h a r c o a l  c a t a l y s t .  The i s o l a t i o n  p r o 

c e d u re  w as i d e n t i c a l  w i th  t h a t  f o r  p h e n y la c e ta ld e h y d e  (page  2 8 ) .  The 

4 gm* (60$ y i e l d )  o f  a ro m a tic  y e llo w  o i l .  h y d ra tro p a ld e h y d e  o b ta in e d  

d i s t i l l e d ,  b .  9E? .  and t h e  se m ic a rb a zo n e  p r e p a r e d ,  m. 152° (1 2 1 ) .
JJ*7

M ononit r a t  i  on  o f  b e n z y l  c y a n id e

The n i t r a t i o n  o f  b e n z y l  c y a n id e  was c a r r i e d  o u t a s  f o l lo w s ;  f i f t e e n  

c c .  o f  fum ing n i t r i c  a c id  ( s .  g r .  1 .5 0 )  w as p la c e d  i n  a  50 c c .  b e a k e r  

and th e  a c id  was c o o le d  i n  an  i c e - s a l t  b a th  w i th  s t i r r i n g  t o  0 °  C. Then 

2  gm. (0 .0 1 7  m o le ) o f  b e n z y l  c y a n id e  was added  d ro p w ise , k e e p in g  t h e  

m ix tu re  w e l l  s t i r r e d  th ro u g h o u t  th e  a d d i t i o n .  A f te r  a l l  o f  t h e  b e n z y l 

c y a n id e  had  b een  a d d e d , th e  r e a c t i o n  m ix tu re  was s t i r r e d  f o r  f i f t e e n  

m in u te s  lo n g e r ,  and  th e n  s lo w ly  p o u red  o v e r  c ru sh e d  i c e .  The w h ite  p r e 

c i p i t a t e  w h ich  form ed w as f i l t e r e d  w i th  s u c t io n  and r e c r y s t a l l i z e d  from  

h o t 80  p e r  c e n t  e th a n o l .  The y i e l d  was 1 .5  gm. (60$ t h e o r y ) , m. 116° 

(1 2 2 ) .  and a l l  t h e  p r o p e r t i e s  w ere  th o s e  o f  t h e  p - n i t r o b e n z y l  c y a n id e .

CgHgCH0 H= NH 

CHg
C5H5 CHCH)

CHg

ch2cn
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I n  s e v e r a l  o f  t h e  ru n s  a  s m a ll  am ount o f  a  y e llo w  o i l ,  w hich  c r y s t a l l i z e d  

on  s t a n d in g ,  was o b ta in e d ,  b u t th e  y i e l d  o f  t h i s  p ro d u c t  was c o n s id e re d  

i n s i g n i f i c a n t #

T h is  p ro c e d u re  was r e p e a te d  i n  a  s e r i e s  o f  n i t r a t i o n s ,  i n c r e a s in g  

t h e  te m p e ra tu re  o f  th e  r e a c t i o n  m ix tu re  b y  5 °  e a c h  t im e , fro m  0 °  t o  

4 5 °  C , ,  b u t  no o - n i t r o b e n z y l  c y a n id e  c o u ld  be i s o l a t e d  i n  any  case*

The y i e l d  o f  t h e  p a r a  compound was c o n s i s t e n t l y  th e  same#

N i t r a t i o n  o f  b e n z y l c h lo r id e

I n t o  197 gm# (1#56 m o le s) o f  b e n z y l c h lo r id e  w as c a u t io u s ly  d ropped  a  

m ix tu re  o f  312 gm. o f  fum ing n i t r i c  a c id  and 160 gm. o f  a c e t i c  a n h y d r id e . 

T h is  a d d i t i o n  r e q u i r e d  a b o u t tw o h o u rs  f o r  c o m p le tio n . The te m p e ra tu re  

w as k e p t  a t  3 0 °  and a t  no tim e  exceeded  3 5 ° .

The r e a c t i o n  m ix tu re  was th e n  p o u red  o v e r c ra c k e d  i c e ,  c a u s in g  an  

o ra n g e  o i l  t o  s e p a r a t e .  T h is  was e x t r a c te d  w i th  b e n z e n e , th e  b enzene  

l a y e r  was w ashed f r e e  from  a c id  w ith  d i s t i l l e d  w a te r ,  d r i e d  o v e r anhy

d ro u s  sodium  s u l f a t e  and d i s t i l l e d  u n d e r  red u ced  p r e s s u r e .  Any unchanged  

b e n z y l c h lo r id e  d i s t i l l e d  a t  8 0 ° / 15 At 1 2 5 ° - 1 4 0 ° / l5 m a-* a  y e llo w  

o i l ,  t h e  o - n i t r o b e n z y l  c h lo r i d e ,  was o b ta in e d ,  th e  p —iso m er d i s t i l l i n g  

a t  145—1 6 0 ° / l5  mm. The l a t t e r  c r y s t a l l i z e s  on c o o lin g  t o  room  te m p e ra 

t u r e ,  m. 71° (1 2 3 ) . A y i e l d  o f  21 gm. {& fo o f  th e  t h e o r e t i c a l  am ount) o f  

t h e  o - n i t r o b e n z y l  c h lo r id e  was o b ta in e d  i n  t h i s  mann e r .
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A tte m p te d  p r e p a r a t i o n  o f  o - n i t r o b e n z y l  c y a n id e

T w enty-one grains (0 . 1 2  m ole) o f  o - n i t r o b e n z y l  c h lo r id e  d is s o lv e d  i n  

21 gm. o f  95io e th a n o l  was s lo w ly  added t o  7 gm. (0 .1 4  m ole) o f  sodium  

c y a n id e  d i s s o lv e d  i n  a  s m a ll  amount o f  w a te r .  T h is  w as r e f lu x e d  on a  

w a te r  b a th  f o r  s i x  h o u r s .  A brown t a r r y  m ass r e s u l t e d .  On p o u r in g  i n 

t o  150 c c .  o f  w a te r ,  t h e r e  o c c u rre d  s e p a r a t io n  o f  a  brown o i l ,  w h ich  

w as e x t r a c t e d  w i th  200 c c .  o f  b o i l i n g  w a te r  and f i l t e r e d .  The aqueous 

f i l t r a t e  wa3  a llo w e d  t o  e v a p o ra te  s p o n ta n e o u s ly . No c y a n id e  was i s o 

l a t e d .

R e a c t io n  o f  o - n i t r o b e n z y l  c h lo r id e  w ith  sod ium  c y a n id e

Bam burger (105) r e p o r te d  t h a t  he o b ta in e d  s m a ll  y i e ld s  o f  o - n i t r o -  

b e n z y l c y a n id e  when o - n i t r o b e n z y l  c h lo r id e  was t r e a t e d  w i th  sod ium  cy an 

i d e ,  b u t t h e  c h i e f  p ro d u c t was a  c o n d e n sa tio n  p ro d u c t w ith  e i t h e r  o f  

th e  fo l lo w in g  two fo rm u la s :

T h is  s y n t h e s i s  w as a tte m p te d  i n  th e s e  l a b o r a t o r i e s  and th e  r e s u l t s  w ere 

s u b s t a n t i a l l y  co n firm ed  e x c e p t t h a t  no o - n i t r o b e n z y l  c y an id e  c o u ld  be 

i s o l a t e d .

o r
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Nitration of p-nitrobenzyl cyanide

A t ™ » o 3  r w ™
°2 N A /  HgS04  '  °2 NS ^ A NO„

2

To a  c o o le d  m ix tu re  o f  15 c c .  o f  fum ing n i t r i c  a c id  ( s .  g r .  1*50) 

and  15 c c .  c o n c . s u l f u r i c  a c i d ,  was added d ro p —w ise  w i th  s t i r r i n g  2 

gm. o f  p - n i t r o b e n z y l  c y a n id e . A f te r  th e  a d d i t i o n  was c o m p le te , th e  r e 

a c t io n  m ix tu re  was g r a d u a l ly  h e a te d  t o  5 5 ° -6 0 °  C . ,  and k e p t t h e r e  f o r  

t h i r t y  m in u te s .  I t  was th e n  c o o le d  and p o u red  o v e r c ru sh e d  i c e .  The 

r e s u l t i n g  f i n e ,  y e llo w  p r e c i p i t a t e  was f i l t e r e d  w i th  s u c t io n ,  w ashed 

w i th  h o t  w a te r ,  i n  w h ich  i t  was s l i g h t l y  s o l u b l e ,  and r e c r y s t a l l i z e d  

from. 8 ( $  e th a n o l .  P a le  y e llo w  n e e d le s  w ere  o b ta in e d ,  w hich  m e lte d  a t  

175° C . ,  l i b e r a t i n g  a  g a s .  I t  a p p e a rs  t h a t  h y d r o ly s i s  had o c c u r r e d ,  

and t h a t  th e  p ro d u c t  w as 2 ,4 - d in i t r o p h e n y l  a c e t i c  a c id  w h ich  B orsche  

(124) r e p o r t s  a s  m e l t in g  a t  179 -1 8 0 ° w ith  d e c o m p o s itio n . No d i n i t r o -  

b e n z y l  c y a n id e  was re c o v e re d  from  t h e  r e a c t i o n  m ix tu re .

P r e p a r a t io n  o f  d im e th y l m a lo n a te

The p ro c e d u re  em ployed f o r  t h e  p r e p a r a t i o n  o f  d im e th y l m a lo n a te  

was i d e n t i c a l  w i th  t h a t  g iv e n  b y  M cE lvain  (126) f o r  th e  d i e t h y l  e s t e r ,  

u s in g  an  e q u iv a le n t  am ount o f  m e th y l a lc o h o l  i n  p la c e  o f  e th a n o l .

C l C=N
I KgC0 3  I

COOH COOH
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C=N cooc%
gh2HgS04

COOH

I n  a  l a r g e  p o r c e l a in  e v a p o ra t in g  d i s h  was d is s o lv e d  376 gm. (4 

m o le s)  o f  m o n o c h lo ra c e t i  c a c id  in  w a te r  , and th e  s o l u t i o n ,  warmed t o

h o n a te .  Two h u n d red  and e ig h t y  gm. (4*3 m o les) o f  p u re  g r a n u la r  p o ta s 

s iu m  c y a n id e  was th e n  a d d ed . The a d d i t i o n  o f  th e  l a s t  p o r t io n  caused  

v ig o r o u s  b o i l i n g ,  due t o  t h e  fo rm a tio n  o f  c y a n o a c e tic  a c i d .  The e n t i r e  

o p e r a t io n  w as c a r r i e d  o u t u n d e r  a  hood .

A f t e r  a d d i t i o n  was c o m p le te , t h e  r e a c t i o n  m ix tu re  was s t i r r e d  w i th  

a  th e rm o m e te r  w h ile  h e in g  c o n c e n tr a te d ,  u s in g  two bunsen  b u r n e r s ,  u n t i l  

t h e  te m p e ra tu re  was 1 2 5 ° . I t  w as th e n  s t i r r e d  w ith  a  s p a t u l a  w h ile  c o o l

in g .  S t i r r i n g  m ust be  c o n t in u e d ,  o r  o th e rw is e  a  h a rd  m ass i s  form ed 

w h ich  can  h a r d ly  be pow dered . The s o l i d  was now r a p i d l y  and th o ro u g h ly  

b ro k e n  up in  a  l a r g e  m o r ta r ,  t r a n s f e r r e d  t o  a  5—1 f l a s k  f i t t e d  w ith  a 

r e f l u x  c o n d e n s e r . W ith  th o ro u g h  s h a k in g , t h e r e  was added 200 c c .  o f  ab 

s o l u t e  m e th an o l and th e n  g r a d u a l ly ,  a  co o led  m ix tu re  o f  800 c c .  o f  a b 

s o l u t e  m e th a n o l and 600 cc* o f  c o n c . s u l f u r i c  a c id .

The p a s ty  m ass was h e a te d  f o r  two h o u rs  w ith  f r e q u e n t  sh a k in g  on a  

w a te r  b a th  u n d e r  th e  hood , w e l l  c o o le d , and shaken  w i th  1600 c c .  o f  w a te r .  

U n d is s o lv e d  s a l t  was rem oved by f i l t r a t i o n  and washed s e v e r a l  t im e s  w i th  

e t h e r ,  w h ich  was th e n  u se d  t o  e x t r a c t  th e  aqueous f i l t r a t e .  The l a t t e r  

was th e n  th o ro u g h ly  e x t r a c t e d  w i th  tw o f u r t h e r  l o t s  o f  e th e r  and th e  com

b in e d  e th e r  e x t r a c t s  shaken  w ith  co n c . sodium  c a rb o n a te  s o l u t io n  u n t i l  no 

lo n g e r  a c i d .

5 0 ° ,  w as n e u t r a l i z e d  w i th  300 gm. (2*17 m ole) d ry  s o l i d  p o ta s s iu m  c a r -
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The e t h e r e a l  s o l u t i o n  was d r ie d  o v e r  an h y d ro u s sod ium  s u l f a t e ,  t h e  

e t h e r  rem oved , and t h e  d im e th y l m a lo n a te  d i s t i l l e d  u n d e r  red u c ed  p r e s s 

u r e ,  A y i e l d  o f  139 gm* (26*3 t h e o r y ) ,  b .  181° (IS ? )  was o b ta in e d .

P r e p a r a t i o n  o f  d i e t h y l  b e n z a lm a lo n a te

The c o n d e n s a t io n  o f  d i e t h y l  m a lo n a te  and b en za ld eh y d e  t o  y i e l d  d i — 

e t h y l  b e n z a lm a lo n a te  w as c a r r i e d  o u t a c c o rd in g  t o  th e  d i r e c t i o n s  o f  

K ho ev en ag el (1 2 5 ) , a s  i l l u s t r a t e d  i n  th e  fo l lo w in g  e q u a t io n :

One h u n d red  gm. (0 .6  m ole) o f  d i e t h y l  m a lo n ic  e s t e r  w ere  m ired  w i th  

70 gm, (0 . 6  m ole) o f  f r e s h l y  d i s t i l l e d  b en za ld e h y d e  i n  a  2 0 0  c c .  f l a s k ,  

g r a d u a l ly  m ixed w i th  2  gm. o f  p ip e r i d in e  a t  room te m p e ra tu re  and a llo w e d  

t o  s ta n d  i n  a  w e l l - s to p p e r e d  c o n ta in e r  f o r  two d a y s . To co m p le te  t h e  

r e a c t i o n ,  t h e  m ix tu re  w as h e a te d  f o r  tw e lv e  h o u rs  on a w a te r  b a th .  The 

c o n d e n s a t io n  p ro d u c t  w as w ashed , a f t e r  t h e  a d d i t i o n  o f  e t h e r ,  w i th  d i 

l u t e  a c id  and th e n  w a te r ,  d r i e d  o v e r  anhy d ro u s sodium  s u l f a t e  and d i s 

t i l l e d ,  b o i l i n g  175-186  a t  11 nm. The y i e l d  o b ta in e d  was 73 gm .,  c o r r e 

sp o n d in g  t o  5C$ o f  th e  t h e o r e t i c a l *

P r e p a r a t io n  o f  d im e th y l  b e n z a lm a lo n a te

The p ro c e d u re  fo llo w e d  was i d e n t i c a l  w i th  t h a t  f o r  th e  d i e t h y l  

d e r i v a t i v e ,  a s  d e s c r ib e d  on page  3 4 . The y i e l d  o f  d im e th y l b e n z a lm a l

o n a te  w as 98 gm, (75$ t h e o r y ) ,  b . 1 7 1 ° / l0  mm. (123)*

COOCgHg COOCgHg
f p i p e r i d in e

CgHgCHD +  HgC OgHgCH =  C
t

0 0 0 0%
t p i p e r i d in e

---------------------Ce^CHO +  HgC Cg%CH= C

COOCHig COOCE3
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M ichae l  c o n d e n s a t io n  w i th  d i e t h y l  b e n z o lm a lo n a te

The e q u a t io n  g iv e n  below  o u t l i n e s  t h e  p ro c e d u re ,  a c c o rd in g  t o  

M ic h a e l (1 0 6 ) , f o r  p r e p a r in g  d i e t h y l  ( o (-c y a n o b e n z y l)  m a lo n a te .

S ix  gpu (0*025 m ole) o f  d i e t h y l  b e n z a lm a lo n a te  was added t o  a  s u s 

p e n s io n  o f  1*6 gm. (0 .0 2 4 6  m ole) o f  p o ta s s iu m  c y a n id e  i n  20 c c .  o f  b o i l 

in g  a b s o lu te  e th a n o l  and  th e  m ix tu re  r e f lu x e d  u n t i l  a l l  o f  t h e  s a l t  dis*» 

s o lv e d .  O n e -h a lf  o f  th e  s o lv e n t  was d i s t i l l e d  o f f .  On c o o l in g ,  a  p in k  

s o l i d  a p p e a re d . T h is  was d is s o lv e d  in  d ry  e t h e r ,  b u t i t  c o u ld  n o t be 

c r y s t a l l i z e d  fro m  t h e  e t h e r ,  owing t o  i t s  ex trem e  s o l u b i l i t y  i n  i t .  The 

s u b s ta n c e  i s  v e r y  s o lu b le  i n  a l l  o f  th e  o r d in a r y  o rg a n ic  s o lv e n ts  and 

d o e s  n o t  c r y s t a l l i z e  from  them#

A n o th e r a t te m p t was made t o  o b ta in  th e  d e s i r e d  cyano compound by  

fo l lo w in g  M ic h a e l1s  a l t e r n a t e  m ethod . S ix  gm# (0 .0 2 5  m ole) o f  d i e t h y l  

b e n z a lm a lo n a te  was d i s s o lv e d  i n  50 c c .  o f  e th a n o l  and a  s o l u t io n  o f  1#6 

gm. (0#0246 m ole) o f  p o ta s s iu m  c y a n id e  i n  2 0  c c .  o f  w a te r  was ad d ed .

The s o l u t i o n  w as a llo w ed  t o  s ta n d  f o r  t e n  m in u te s ,  3 c c .  c o n c . h y d ro c h lo 

r i c  a c id  w as a d d ed , and th e n  th e  r e a c t i o n  m ix tu re  was a llo w e d  t o  s ta n d  

f o r  tw e n ty - f o u r  h o u r s .  I t  was th e n  d i l u t e d  w i th  enough w a te r  t o  cau se  

p r e c i p i t a t i o n  o f  an  o i l ,  w h ich  w as e x t r a c t e d  w ith  e t h e r .  The e th e r e a l

/  C00C HL 
!H 2 
'-'C00C„Hr
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s o l u t i o n  w as d r i e d  o v e r  an h y d ro u s sod ium  s u l f a t e  and th e  e t h e r  was r e 

moved b y  d i s t i l l a t i o n *  The r e s id u e  was d is s o lv e d  i n  a b s o lu te  e th a n o l ,  

and on c o o l in g  i n  a  c a rb o n  d io x id e - a lc o h o l  b a th ,  w h ite  c r y s t a l s  w ere  ob

t a i n e d  i n  th e  s o l u t i o n .  T hese c o u ld  n o t  be removed a s  th e y  m e lte d  im

m e d ia te ly  on b e in g  rem oved from  th e  f r e e z in g  ba th*

I t  w as s t r o n g l y  f e l t  t h a t  i n  b o th  o f  th e s e  e x p e r im e n ts  th e  sub 

s t a n c e s  o b ta in e d  w ere  i d e n t i c a l #  H ow ever, i n  v iew  o f  th e  f a c t  t h a t  t h e  

i s o l a t i o n  and  p u r i f i c a t i o n  w ere so  d i f f i c u l t ,  u s e  o f  t h i s  compound was 

abandoned  i n  f a v o r  o f  t h e  d im e th y l  b e n z a lm a lo n a te .

S in c e  M ic h a e l o b ta in e d  th e  q (  -cy a n o  d e r i v a t i v e  i n  100 p e r  c e n t 

y i e l d s ,  i t  was th o u g h t t h a t  t h e  s o l u t i o n  o b ta in e d  above w ould be p r a c t i c 

a l l y  pure*  T h is  was re d u c e d  c a t a l y t i c a l l y ,  b u t i t  form ed a  s t i c k y  m ass 

w ith  t h e  c h a rc o a l*  T hese r e d u c t io n  e x p e r im e n ts  sh o u ld  be r e p e a te d  w i th  

some m o d i f i c a t io n s ,  su ch  a s ,  p e rh a p s ,  f i r s t  sh a k in g  th e  a l c o h o l i c  s o lu 

t i o n  o f  t h e  c o n d e n s a t io n  p ro d u c t w ith  a c t i v a t e d  c h a r c o a l  b e fo re  u s in g  

th e  c a t a l y s t #

M ic h a e l c o n d e n s a t io n  w i th  d im e th y l b e n z a lm a lo n a te

The p r e p a r a t i o n  o f  d im e th y l  ( o (-c y a n o b e n z y l)m a lo n a te  was c a r r i e d  

o u t a s  d i r e c t e d  b y  M ic h a e l (1 0 6 ) , a s  i l l u s t r a t e d  below :

9h - c /° ^ o c h 3
CN XC00CH3

/  COOCHf* 
fH-CH
c®r \ ? o o c h 3
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P iv e  and o n e - h a l f  gram s (0*025 m ole) o f  d im e th y l  b e n z a lm a lo n a te  

was added  t o  a  s u s p e n s io n  o f  1*63 g* (0 .0 2 5  m ole) o f  p o ta s s iu m  i s o 

c y a n id e  i n  20 c c .  o f  b o i l i n g  a b s o lu te  m e th a n o l. The s a l t  d i s s o lv e d  

im m e d ia te ly . O n e -h a lf  o f  th e  s o lv e n t  was d i s t i l l e d  o f f ,  w h ich  r e s u l t e d  

i n  t h e  s e p a r a t i o n  o f  a  v o lu m in o u s  w h i te ,  c r y s t a l l i n e  p o ta s s iu m  compound. 

One h u n d red  c c .  o f  d r y  e th e r  was added  and th e  m ix tu re  c o o le d  in  an  i c e  

b a th .  The s o l i d  w hich  form ed was f i l t e r e d ,  w ashed r e p e a t e d ly  w i th  d ry  

e t h e r  and  d r i e d  i n  v a cu o  a t  1 0 0 ° . The y i e l d  was 7 .0  g .  (100$ o f  t h e  

t h e o r e t i c a l  a m o u n t) .

The p o ta s s iu m  compound was su sp en d ed  i n  e t h e r ,  d i l u t e  a c id  was 

added  and  t h e  m ix tu re  w as sh ak en  u n t i l  s o l u t i o n  was c o m p le te . The d r ie d  

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

s o lv e d  i n  a n  e q u a l  volum e o f  m e th y l a lc o h o l  and c o o le d  t o  —2 0 ° ,  when 

i t  c o m p le te ly  s o l i d i f i e d ,  t h e  y i e l d  b e in g  6 .0  g . , o r  10C$. The compound 

w as r e c r y s t a l l i z e d  b y  d i s s o lv in g  i n  t h e  minimum volum e o f  m e th y l a l c o 

h o l  a t  room  te m p e ra tu re  and  c o o lin g  i n  a  f r e e z in g  m ix tu re .  I t  s e p a r a te d
o

i n  r o s e t t e s  o f  n e e d le s ,  m. 4 7 .5 - 4 8 .5  •

P r e p a r a t io n  o f  m e th y l c in n a m a ts

CEfcjOH
C-HrCH=  CBD00H -------------^  CgH^GH— CHCOOCHg

HC1

To 150 cc* o f  a b s o lu te  m e th a n o l c o n ta in in g  8  gm. o f  h y d r o c h lo r ic  

a c id  w as added 37 gm. (0«25 m o les) o f  c in n am ic  a c id ,  and th e  m ix tu re  

r e f lu x e d  f o r  s e v e r a l  h o u r s .  The a lc o h o l  was removed b y  d i s t i l l a t i o n  

u n d e r  re d u c e d  p r e s s u r e ,  and th e  r e s i d u a l  l i q u i d  im m ersed i n  an  i c e - b a t h ,  

when c r y s t a l l i z a t i o n  o c c u r r e d .  The c r y s t a l s  o f  m e th y l c in n am ate  a f t e r  

d r y in g  w eighed  3 6 .5  gm. (97$ y i e ld )  m. 3 6 ° , w h ich  a g re e s  w ith  t h a t  d e 

s c r ib e d  f o r  th e  e s t e r  by  W eger (1 2 8 ) .
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P r e p a r a t io n  o f  m e th y l o - n i t r o c in n a m a te

The o * * iitro c in n a m ic  a c id  u se d  i n  t h i s  e x p e r im e n t was o b ta in e d  

th ro u g h  t h e  c o u r te s y  o f  M r. B. Sussm an.

^  \-CH=CH-COOH f  \-CH==CH-C00CH3
CH5 OH

HC1

Ten gm. (0*055 m ole) o f  o -n i t r o c in n a m ic  a c id  and 150 gm. o f  a b so 

l u t e  m e th a n o l c o n ta in in g  6  gm* o f  h y d ro c h lo r ic  a c id  w ere h e a te d  on a  

w a te r - b a th  u n d e r  a  r e f l u x  c o n d e n se r  u n t i l  s o l u t io n  was c o m p l e t e *  A l

m ost a l l  o f  th e  a lc o h o l  was d i s t i l l e d  o f f  and th e  s o l u t io n  was c o o le d ,

when y e llo w  p l a t e - l i k e  c r y s t a l s  fo rm ed , w e ig h t 7*7 gm* (72fo y ie ld ) *

oT hese  on r e  c r y s t a l l i z a t i o n  fro m  m e th a n o l m e lte d  a t  73 (55)*

M ic h a e l c o n d e n s a t io n  w i th  m e th y l c in n am ate

"  CH=CH—C—OCHrj
KNC

CH=C
y O K

\>CH3 HC1

(jJH-OHgCOOCH^

<y ~ ~ -
A m ix tu re  o f  6 #5 gm. (0*04 m o les) o f  m e th y l c in n a m a te , 2*6 gm.

(0*04 m o le s) o f  p o ta s s iu m  is o c y a n id e  ( d r ie d  o v e r p h o sp h o r ic  a n h y d rid e  i n  

a  vacuum  d e s i c c a t o r )  and 50 cc* o f  a b s o lu te  m eth an o l w ere  r e f lu x e d  f o r  

t h r e e  h o u rs  on a  w a te r —b a th ,  o r  u n t i l  m ost o f  t h e  p o ta s s iu m  is o c y a n id e  

had  d i s s o l v e d .  T h a t p a r t  o f  t h e  l a t t e r  w h ich  d id  n o t go i n t o  s o lu t io n
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w as f i l t e r e d  o f f .  The f i l t r a t e  w as c o n c e n tr a te d  t o  o n e - h a l f  i t s  vo lum e. 

I t  w as th e n  c o o le d  i n  a n  i c e —s a l t  b a th ,  and 80 cc* o f  d ry  e t h e r  was 

a d d e d . The l i q u i d  became m ilk y  and  was f u r t h e r  c o o le d  in  th e  i c e - b o x ,  

d u r in g  w h ich  t im e  w h ite  c r y s t a l s  formed* T h is  su g g e s te d  t h a t  th e  r e 

a c t i o n  p ro b a b ly  p ro c e e d e d  a s  a n t i c i p a t e d .  The w h ite  p r e c i p i t a t e  was 

su sp en d e d  i n  e t h e r  and d i l u t e  h y d r o c h lo r ic  a c id  w as added  u n t i l  s o lu t io n  

w as c o m p le te . The e th e r  l a y e r  was d r i e d  o v e rn ig h t  i n  th e  i c e  box o v e r 

a n h y d ro u s  sod ium  s u l f a t e *

On e v a p o r a t io n  o f  th e  e th e r  a  w h ite  s o l i d  rem ained*  I t  was r e 

c r y s t a l l i z e d  from  p e tro le u m  e t h e r ,  fo rm in g  w h i te ,  f l u f f y  n e e d le s ,  m, 

1 3 3 ° , w e ig h t 5 gm. T h e re  w as no d e p re s s io n  i n  th e  m e l t in g  p o in t  when 

m ixed w i th  known c in n am ic  a c id .

A p p a re n tly  th e  c o n d e n s a t io n  to o k  p la c e  a s  e x p e c te d , b u t th e  p ro d u c t 

form ed a p p e a rs  t o  h e  u n s t a b le  i n  t h e  p re s e n c e  o f  ac id *

M ic h a e l c o n d e n s a t io n  w i th  m e th y l o—n itro c in n a m a te

J o u r  gm* (0 , 0 2  m o le s) o f  m e th y l o**n itroc innam ate  was d is s o lv e d  i n  

80 c c .  o f  a b s o lu te  m e th an o l w i th  s l i g h t  h e a t in g ,  and 1 .3  gm* (0*02 m o les) 

o f  p o ta s s iu m  c y a n id e  was added* The c y a n id e  d is s o lv e d  i n  ab o u t f i v e

■CH=CH-C00CH.CH-CH0 -COOCH3
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m in u te s  t o  g iv e  a  s l i g h t l y  d a r k e r  y e llo w  s o l u t i o n .  The r e a c t i o n  m ix tu re  

w as a llo w e d  t o  s ta n d  f o r  t h r e e  h o u r s , when 0 * 6  cc* (one e q u iv a le n t )  o f  

c o n c . h y d r o c h lo r ic  a c id  w as ad d ed . A w h ite  p r e c i p i t a t e  form ed and  was 

rem oved b y  f i l t r a t i o n .  On c o n c e n tr a t io n  o f  t h e  f i l t r a t e ,  and  c o o l in g ,  

a  f u r t h e r  w h i te  p r e c i p i t a t e  w as o b ta in e d ,  th e  t o t a l  w e ig h t o f  s o l i d s  b e 

in g  3*7 gm* I n v e s t i g a t i o n s  o f  th e  p r o p e r t i e s  o f  th e  p r e c i p i t a t e s  showed 

t h a t  th e y  w e re , i n  e ach  c a s e ,  t h e  o r i g i n a l  e s t e r .  As w i th  m e th y l c in n a — 

m ate  t h e  r e a c t i o n  a p p a r e n t ly  o c c u r r e d ,  b u t  th e  p ro d u c t was u n s ta b le  i n  

a c id  m edium .

N i t r a t i o n  o f  b e n z a ld e h y d e

I n  a  p e r s o n a l  com m unication  E astm an Kodak and  Co. r e p o r t  t h a t  d u r 

in g  t h e  s y n t h e s i s  o f  m -n itro b e n z a ld e h y d e  4  p e r  c e n t  o f  th e  p ro d u c t i s  

t h e  o r th o - i s o m e r .  Z e n i tz  (107)» d u r in g  h i s  s tu d y  o f  th e  n i t r a t i o n  o f  

p ro p io p h e n o n e , fo und  t h a t  low te m p e ra tu re  r e a c t i o n s  fa v o re d  th e  fo rm a

t i o n  o f  o -n i tro p ro p io p h e n o n e .  I t  w as f o r  th e s e  r e a s o n s  t h a t  th e  n i t r a 

t i o n  o f  b e n z a ld e h y d e  was s t u d i e d ,  w i th  th e  hope t h a t  a p p re c ia b le  am ounts 

o f  o -n i t ro b e n z a ld e h y d e  m igh t be  o b ta in e d .

A n i t r a t i o n  m ix tu re  w as p r e p a re d  by  c a r e f u l l y  a d d in g  300 c c .  o f  

c o o le d ,  fum ing  n i t r i c  a c id  t o  700 cc« o f  w e l l - c o o le d  co n c . s u l f u r i c  a c id .  

The a c id  s o l u t i o n  w as c o o le d  t o  10° C .,  and th e n  212 gm. (2 m o les) o f  

b en za ld eh y d e  was added d ro p w ise  w i th  s t i r r i n g .  The te m p e ra tu re  d u r in g  

th e  a d d i t i o n  was k e p t b e tw een  15—20° C. A f te r  a d d i t i o n  o f  th e  b e n z a l

dehyde was com plete*  s t i r r i n g  was c o n tin u e d  f o r  o n e - h a l f  h o u r , and th e n
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t h e  m ix tu re  w as p o u re d  o v e r  c ra c k e d  ic e *  The y e llo w  s o l i d  w hich  form ed 

w as rem oved b y  f i l t r a t i o n ,  and c r y s t a l l i z e d  from  h o t 95$ e th a n o l*  The 

c r y s t a l l i z a t i o n  w as a llo w e d  t o  p ro c e e d  o v e rn ig h t  i n  t h e  i c e  b o x , A 

v e r y  h a r d ,  y e llo w , c r y s t a l l i n e  m ass was d e p o s i te d  a t  t h e  b o tto m  o f  th e  

c o n t a i n e r ,  w i th  a  l a y e r  o f  a  y e llo w -o ra n g e  o i l ,  a l s o  n o t  to o  a l c o h o l -  

s o l u b l e ,  above i t *  The c r y s t a l s ,  on s e p a r a t io n  from  th e  a lc o h o l i c  mix** 

t u r e ,  and a f t e r  d r y in g ,  w eighed  150 g m ., m* 5 8 ,5 °  C . ,  and w ere  p u re  

m -n it ro b e n z a ld e h y d e • Lippm ann (129) d e s c r ib e d  t h i s  compound a s  t h i n  

n e e d le s ,  nqcu 5 8 °  * A d d it io n  o f  w a te r  t o  t h e  f i l t r a t e  from  t h i s  c r y s t a l l 

i z a t i o n  r e s u l t e d  i n  t h e  s e p a r a t io n  o f  a  f u r t h e r  q u a n t i t y  o f  y e llo w -o ra n g e  

o i l .  S U rth e r  c o o l in g  o f  e i t h e r  t h i s  o i l  o r  t h e  o i l  o b ta in e d  i n  t h e  o r i g 

i n a l  c r y s t a l l i z a t i o n  a b o v e , y ie ld e d  more o f  th e  m -n itro b e n z a ld e h y d e .

T h is  p ro c e d u re  w as r e p e a te d  a  num ber o f  t im e s ,  e ac h  tim e  more m et a  com

pound b e in g  o b ta in e d ,  t h e  y i e l d  t o t a l i n g  210 gm. (69$ th eo ry *  The o i l  

re m a in in g  was a t  f i r s t  th o u g h t t o  be  o - n i tro b e n z a ld e h y d e ,  b u t i t s  d e 

r i v a t i v e s  on p u r i f i c a t i o n  gave  a l l  e v id e n c e  o f  b e in g  th o s e  o f  th e  

m « n itro b e n z a ld e h y d e . I t  a p p e a re d  t h a t  t h e  o i l  w as m e re ly  t h e  m eta  d e 

r i v a t i v e  o f  b e n z a ld e h y d e , w i th  s u f f i c i e n t  i m p u r i t i e s ,  p e rh a p s  in c lu d in g  

a  m in u te  amount o f  o « n i t r o  b e n z a ld e h y d e , t o  lo w er i t s  m e l t in g  p o in t  

s u f f i c i e n t l y  t o  l i q u i f y  i t .

T h is  p ro c e d u re  was r e p e a te d  many t im e s ,  v a ry in g  b o th  th e  te m p e ra 

t u r e  o f  th e  n i t r a t i o n ,  and th e  r a t i o  o f  n i t r i c  t o  s u l f u r i c  a c id  i n  th e  

n i t r a t i o n  m ix tu r e ,  b u t w ith o u t  any  a p p re c ia b le  d i f f e r e n c e  in  r e s u l t s .

I t  i s  f e l t  t h a t  n i t r a t i o n  o f  b e n z a ld e h y d e  in  t h i s  m anner, u n le s s  t r e 

m endous q u a n t i t i e s  a r e  u s e d ,  ( in  th e  l a b o r a to r y )  i s  n o t  a  p r a c t i c a l  m eth

od o f  p r e p a r in g  o * -n itro  b e n z a ld e h y d e .
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P r e p a r a t io n  o f  o—n itro b e n z a ld e h y d e  from  th e  d i a c e t a t e

o - ^
\ y - ™ 2

g o c h 3 HG1
I— CHO

™ 2

A s u s p e n s io n  o f  40  gnu (0 ,1 8  m ole) o f  o - n i t r o b e n z a ld i a c e t a t e  

(p re p a re d  b y  Sussm an a c c o rd in g  t o  th e  d i r e c t i o n s  o f  Johnson  (130) i n  a  

m ix tu re  o f  325 c c ,  o f  c o n c e n tr a te d  h y d r o c h lo r ic  a c id ,  348 c c ,  o f  w a te r ,  

and  62 c c ,  o f  e th a n o l  w as r e f lu x e d  w ith  s t i r r i n g  f o r  one and o n e - h a l f

t i o n  and w ashed w i th  w a te r ,  and th e n  s te a m * * d is t i l le d . The o - n i t r o 

b e n z a ld e h y d e , w h ic h  d i s t i l l e d  a s  on o i l ,  was re c o v e re d  from  th e  aqueous 

d i s t i l l a t e  b y  c o o l in g .  The s o l i d  o—n itro b e n z a ld e h y d e  was rem oved and

K h oevenagel c o n d e n s a t io n  on o -n i tro b e n z a ld e h y d e

A K hoevenagel c o n d e n s a tio n  was ru n  i n  th e  u s u a l  m anner (page 34 ) ,  

u s in g  o « n itro b e n z a ld e h y d e  and d im e th y l m a lo n a te . A d a rk  brown t a r  r e 

s u l t e d ,  from  w h ich  no p ro d u c t c o u ld  be i s o l a t e d .

M a tto c k s  (1 1 6 ) , i n  h i s  c o n d e n s a t io n  o f  p -n i tro b e n z a ld e h y d e  w i th  

d i e t h y l  m a lo n a te  o b ta in e d  a  h ig h  y i e l d  o f  th e  b i s  compound, r a t h e r  th a n  

t h e  d i e t h y l  p - n i t r o b e n z a lm a lo n a te .  A s i m i l a r  r e a c t i o n  may p e rh a p s  o c 

c u r  when o - n i t ro b e n z a ld e h y d e  i s  u s e d .  How ever, f u r t h e r  i n v e s t i g a t i o n  

o f  t h i s  r e a c t i o n  was c o n s id e re d  t o  be im p ra c t ic a l*

h o u r s .  The m ix tu re  was th e n  c o o le d  t o  0 ° ,  t h e  s o l i d  f i l t e r e d  w i th  s u c -

d r i e d ;  w e ig h t 8  gm ., m, 4 4 °  C. (1 3 0 ) ,

P r e p a r a t io n  o f  m -brom o-benzaldehyde

m—B rom obenzaldehyde was p re p a re d  a s  d i r e c te d  by  Buck e t  a l .  (1 3 1 )•
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A s o l u t i o n  o f  450 g ,  (2 m oles), o f  s ta n n o u s  c h lo r id e  c r y s t a l s  (C#P#) 

i n  600 cc* o f  c o n c e n tr a te d  h y d ro c h lo r ic  a c id  w as p la c e d  i n  a  3 - 1 ,  beak 

e r  p ro v id e d  w i th  an  e f f i c i e n t  m e c h a n ic a l s t i r r e r  and c o o le d  i n  an  i c e  

b a th *  When th e  te n q a e ra tu re  o f  th e  s o l u t io n  had f a l l e n  t o  5 ° ,  100 g . 

(0*66 m o le ) o f  m -n itro b en z a ld e h y d ©  (m, 5 2 -5 5 ° )  was added i n  one p o r t io n .  

The te m p e ra tu re  r o s e  s lo w ly  a t  f i r s t ,  r e a c h in g  2 5 -3 0 °  i n  a b o u t f i v e  m in

u t e s ,  th e n  i t  r o s e  v e ry  r a p i d l y  t o  ab o u t 100° • S t i r r i n g  m ust be v ig o r 

o u s  o r  t h e  r e a c t i o n  m ix tu re  may be fo rc e d  o u t o f  th e  b e a k e r .  B a r in g  

th e  r e a c t i o n  th e  m -n itro b e n z a ld e h y d e  d i s s o lv e d ,  and an a lm o st c l e a r  s o lu 

t i o n  was o b ta in e d .  The s o l u t io n  was c o o le d  in  an i c e - s a l t  m ix tu re  u n t i l  

t h e  te m p e r a tu re  had  f a l l e n  t o  abou t 2 ° ,  B u r in g  th e  c o o l in g ,  o ra n g e - re d  

c r y s t a l s  s e p a r a te d  and a  p a s ty  s u s p e n s io n  r e s u l t e d ,

A 250-cc*  s e p a r a to r y  f u n n e l  was f ix e d  so  t h a t  i t s  s tem  e x te n d ed  b e 

low t h e  s u r f a c e  o f  th e  p a s ty  s u s p e n s io n , A s o l u t io n  o f  46 g ,  (0 ,6 7  m ole)
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o f  so d iu m  n i t r i t e  i n  X50 cc* o f  w a te r  was p la c e d  in  th e  fu n n e l  and was 

s lo w ly  added  t o  t h e  w e l l - s t i r r e d  m ix tu re  u n t i l  i t  showed a  p o s i t i v e  

s t a r c h —io d id e  t e s t  f o r  n i t r o u s  ac id *  The te m p e ra tu re  o f  th e  m ix tu re  was 

m a in ta in e d  be tw een  0 °  and 5° th ro u g h o u t t h e  a d d i t i o n  o f  t h e  n i t r i t e  

s o l u t i o n ,  w h ich  r e q u i r e d  a b o u t 90 m in u te s .  U s u a l ly ,  a l l  b u t  5 -6  cc* o f  

t h e  n i t r i t e  s o l u t i o n  was added  b e fo r e  a  p o s i t i v e  t e s t  f o r  n i t r o u s  a c id  

a p p e a re d .

D u rin g  th e  l a t t e r  p a r t  o f  th e  d i a z o t i z a t i o n  o f  t h e  am in o b en za ld eh y d e , 

a  h o t  s o l u t i o n  o f  cu p ro u s  b rom ide  w as p r e p a r e d .  I n  a  5 - 1 .  ro und—bottom ed  

f l a s k ,  189 g .  o f  c o p p e r  s u l f a t e  and 91 g .  o f  sodium  brom ide w ere d is s o lv e d  

i n  600 cc* o f  h o t  w a te r ,  and t o  t h i s  s o l u t io n  was added a  s o lu t io n  o f  41  

g .  o f  sod ium  m e t a b i s u l f i t e  and 27 g .  o f  sodium  h y d ro x id e  i n  300 c c .  o f  

w a te r .  The f i n a l  te m p e ra tu re  o f  th e  r e s u l t i n g  c u p ro u s  b rom ide s o l u t io n  

sh o u ld  be a b o u t 7 5 ° .

The d ia z o n iu m  s o l u t io n  w as added t o  th e  h o t cu p ro u s  c h lo r id e  s o lu 

t i o n  w h ile  t h e  l a t t e r  w as sh ak en  by hand b u t was n o t  c o o le d . A f te r  th e  

s o l u t i o n s  w ere  th o ro u g h ly  m ixed , 2 0 0  c c .  o f  48$ hydrob rom ic  a c id  was 

added  and  t h e  m ix tu re  a llo w e d  t o  s ta n d  o v e rn ig h t .  The r e a c t i o n  m ix tu re  

was s te a m  d i s t i l l e d  t o  s e p a r a te  th e  m -b rom obenzaldehyde, w hich  was c o l l 

e c te d  p r a c t i c a l l y  c o m p le te ly  i n  th e  f i r s t  1 ,5  1 .  o f  d i s t i l l a t e .  The m— 

brom obenzaldehyde  w as rem oved from  t h e  aqueous d i s t i l l a t e  by  e x t r a c t i o n  

w i th  tw o 1 5 0 -c e . p o r t io n s  o f  e t h e r ,  and t h e  e t h e r e a l  s o l u t io n  was d r ie d  

w i th  1 0 -15  g .  o f  a n h y d ro u s  c a lc iu m  c h lo r i d e .  A f te r  b e in g  d e c a n te d  from  

t h e  d ry in g  a g e n t ,  t h e  e t h e r  was d i s t i l l e d ,  and th e  r e s i d u a l  l i q u i d  was 

d i s t i l l e d  u n d e r  re d u c e d  p r e s s u r e .  The m -brom obenzaldehyde b o i le d  a t  

93-98°/8mm* The y i e l d  was 80 g . ,  o r  65$ o f  th e  t h e o r e t i c a l  am ount.

N i t  r a t  io n  o f  m -brom obenzaldehyde
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A m ix tu re  o f  75 cc* o f  fum ing n i t r i c  a c id  and 75 c c .  o f  c o n c e n t r a t 

ed s u l f u r i c  a c id  w as c o o le d  t o  0 °  w ith  s t i r r i n g .  Ten gm. (0 .0 5 4  m o les) 

o f  m -*brom obenzaldehyde was s lo w ly  added th ro u g h  a  s e p a r a to r y  fu n n e l*  th e

ed o v e r  c ra c k e d  ic e *  t h e  w h ite  p r e c i p i t a t e  was f i l t e r e d  and d r i e d  o v e r  

p h o s p h o r ic  a n h y d r id e  i n  a  vacuum  d e s ic c a to r *  A q u a n t i t a t i v e  y i e l d  o f  12 

gm. was o b ta in e d .  J U r th e r  c r y s t a l l i z a t i o n  from  p e tro le u m  e t h e r  gave 

long* y e l lo w is h ,  f l u f f y  n e e d le s ,  m. 74° (132)*

The p h e n y lh y d ra z o n e  w as p re p a re d  a c c o rd in g  t o  th e  d i r e c t i o n s  g iv e n  

b y  E in h o rn  e t  a l  (1 3 2 ) . One gram  o f  t h e  a ld e h y d e  i n  a lc o h o l i c  s o l u t io n  

w as t r e a t e d  w i th  0*5 g . o f  p h e n y lh y d ra a in e . The h y d razo n e  soon  form ed 

and  was r e c r y s t a l l i z e d  fro m  a lc o h o l  i n  d a rk  red . n e e d le s ,  m. 1 8 0 ° , e s 

t a b l i s h i n g  t h e  i d e n t i t y  o f  th e  compound a s  2 -n itro -5 -b ro m o b e n z a ld e h y d e .

K h o ev en ag el c o n d e n s a t io n  o f  2 -n itro -5 -b ro m o b e n z a ld e h y d e *

A c o n d e n s a t io n  o f  2 - n i t ro -5 -b ro m o b e n za ld eh y d e  and d im e th y l m a lo n a te  

was a ttem p ted , a c c o rd in g  t o  th e  d i r e c t i o n s  o f  page 34* How ever, a  b la c k -  

brow n t a r  r e s u l t e d ,  fro m  w h ich  i t  was im p o s s ib le  t o  e x t r a c t  any  w e l l -  

d e f in e d  p r o d u c t ,  w i th  any  o f  th e  u s u a l  o rg a n ic  s o lv e n ts  o r  t h e i r  com bina

t io n s *

te m p e ra tu re  n o t  b e in g  a llo w e d  t o  exceed  5 ° .  The sy ru p y  l i q u i d  was p o u r—

P re p a ra tio n  o f  d ie th y l  bromomalonate

P a lm e r and co w o rk ers  (133) p re p a re d  d i e t h y l  brom om alonate a s  f o l lo w s :
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COOG^Bg

C H g Bp

COOCgHg

Br-CH

c o o c2h§

COOCgHg

9

»
-4 -  H B r

A one l i t e r  th r e e -n e c k e d  f l a s k  was f i t t e d  w ith  a  s t i r r e r ,  a  r e 

f l u x  c o n d e n se r  w i th  a  tu b e  t o  a g a s  t r a p  f o r  a b s o r p t io n  o f  hydrogen  

b ro m id e , and  a  s e p a r a to r y  fu n n e l  w ith  a  lo n g  s tem  a lm o s t to u c h in g  th e  

b la d e s  o f  th e  s t i r r e r .  I n  th e  f l a s k  was p la c e d  160 gnu (one m ole) o f  

f r e s h l y  d i s t i l l e d  d i e t h y l  m a lo n a te  and 150 c c ,  o f  c a rb o n  t e t r a c h l o r i d e .  

I n  t h e  s e p a r a to r y  f u n n e l  w as p la c e d  53 c c .  (165 g m ,, 1 .0 3  m oles) o f  d ry  

b ro m in e . The s t i r r e r  was s t a r t e d  and th e  b rom ine in tro d u c e d  a t  a  slow  

c o n s ta n t  r a t e ,  enough t o  k eep  th e  c o lo r  o f  th e  r e a c t i o n  m ix tu re  o ra n g e . 

A f t e r  a d d i t i o n  o f  t h e  b ro m in e , t h e  r e a c t i o n  m ix tu re  was r e f lu x e d  on a  

w a te r —b a th  u n t i l  t h e r e  was no f u r t h e r  e v o lu t io n  o f  h yd rogen  brom ide 

( s e v e r a l  h o u rs  a r e  r e q u i r e d ) .

The m ix tu re  was c o o le d , and washed f i v e  t im e 3  w ith  50 c c . - p o r t i o n s  

o f  5^  sod ium  c a rb o n a te  s o l u t i o n .  I t  was th e n  d r ie d  by sh a k in g  w ith  an 

h y d ro u s  sod ium  s u l f a t e ,  and d i s t i l l e d  u n d e r  red u c ed  p r e s s u r e .  The f r a c 

t i o n  b o i l i n g  a t  1 2 6 -1 3 0 ° / l5  mm. was c o l l e c t e d j  w e ig h t 182 gm. (76fo 

y i e l d ) .

R e a c t io n  betw een  d i e t h y l  brom om alonate  and d ib e n z y la m in e
The r e a c t i o n  d id  n o t t a k e  p la c e  a s  e x p e c te d .

C6H5
«

C O O C gH s c h 2
9 9

Br-CH +  (CeHgCHg) gNH ^  N GHfCOOCgHjgJg —|— (CgH^GHg) g-UH.HBr
t 9

COOCgHg

° 6H5
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I n  a  500 c c .  th r e e -n e c k e d  f l a s k  eq u ip p ed  w i th  a m e c h a n ic a l s t i r r e r ,  

a  r e f l u x  c o n d e n se r  and  a  h o t w a te r  b a th  was p la c e d  2 3 .8  g .  (0 . 1  m ole) 

o f  d i e t h y l  b ro m o m alo n a te , 3 9 .4  g .  (0*2 m ole) o f  d lb e n z y la m in e  and 75 cc» 

o f  a b s o lu te  e th a n o l*  The s o l u t io n  was r e f lu x e d  f o r  ab o u t e ig h t  h ou rs#  

A f t e r  one h o u r o f  r e f l u x i n g ,  w h ite  c r y s t a l s  began  t o  fo rm  i n  th e  r e a c — 

t i o n  m ix tu r e ,  "When th e  r e a c t i o n  was c o m p le te , th e s e  w ere c o l l e c t e d  on 

a  f i l t e r ,  and th e  a lc o h o l  removed from  th e  f i l t r a t e  by  d i s t i l l a t i o n  u n — 

d e r  re d u c e d  p r e s s u re *  A f te r  c o o lin g  th e  r e s id u e  e th e r  was added  t o  

p r e c i p i t a t e  c o m p le te ly  t h e  c r y s t a l s ,  whose t o t a l  w e ig h t was 52 g . , m. 

2 5 5 -6 ° , i d e n t i f y i n g  them  a s  d ib e n z y la m in e  hydrobrom ide  (134)* The 

e t h e r e a l  s o l u t io n  was w ashed s e v e r a l  t im e s  w ith  w a te r  t o  in s u r e  co m p le te  

rem o v a l o f  t h e  h y d ro b ro m id e , and  th e n  d r ie d  o v e r an h y d ro u s sod ium  s u l f a t e .  

D i s t i l l a t i o n  o f  th e  e t h e r  l e f t  a  r e s id u e  o f  an o i l  w e ig h in g  35 g . ,  c a l 

c u la te d  y i e l d ,  3 5 .5  g .  The p ro d u c t was th o u g h t t o  be d i e t h y l  d ib e n z y l -  

a m in o m alo n a te . H ow ever, h y d ro g e n a tio n  o f  t h i s  p ro d u c t d id  n o t  y i e l d  d i 

e t h y l  am in o m alo n a te , a s  w ould be ex p ec ted *  On s ta n d in g  f o r  e x te n d e d  

p e r io d s  o f  t im e  i n  th e  l a b o r a to r y  in  a  c o rk - s to p p e re d  f l a s k  a t  room 

te m p e r a tu r e , t h e  o i l  g r a d u a l ly  d e p o s i te d  c r y s t a l s .  When th e s e  w ere r e 

moved an d  washed w i th  e t h e r ,  th e y  m e lte d  a t  266°• When m ixed w i th  known 

d ib e n z y la m in e  h y d ro b ro m id e , t h e r e  was no d e p re s s io n  in  th e  m e l t in g  p o i n t .  

I f  t o  a  s o l u t i o n  o f  th e  o i l  i n  d ry  e t h e r  o r  b e n z e n e , d r y  h y d ro c h lo r ic  

a c id  was a d d ed , a  p r e c i p i t a t i o n  o f  d ib e n z y la m in e  h y d ro c h lo r id e  r e s u l t e d .

A r e p e t i t i o n  o f  th e  r e a c t i o n  gave  a  p ro d u c t w hich  showed e v id e n c e s  

o f  u n s a t u r a t i o n .

S in c e  t h e  p ro d u c t o b v io u s ly  was n o t th e  e x p e c te d  d i e t h y l  d ib e n z y l-  

a m in o m a lo n a te , i t  was n o t f u r t h e r  i n v e s t i g a t e d .



P r e p a r a t io n  o f  d i e t h y l  b e n z y lm a lo n a te

D ie th y l  b e n z y lm a lo n a te  was p re p a re d  a c c o rd in g  t o  th e  d i r e c t i o n s  

o f  M a rv e l e t  a l  (1 3 5 ) .

COOC^Hpr

“ a

c o o c g%

NaOCgHg

CsBgCHgOl CH-CHgCgHg
t
COOCgHs

To 5CX) cc* o f  a b s o lu te  e th a n o l  i n  a  one l i t e r  th re e -n e c k e d  f l a s k  

e q u ip p e d  w i th  a  d ro p p in g  f u n n e l ,  a  r e f l u x  c o n d e n se r , a  m e c h a n ic a l s t i r r 

e r ,  and  an  o i l  b a th ,  w as added S3 gm. (1  gm. atom ) o f  sodium  c u t  i n  

s m a ll  s l i c e s *  When a l l  th e  sod ium  had r e a c t e d ,  a  c a lc iu m  c h lo r id e  tu b e  

w as p la c e d  on t h e  c o n d e n se r  and 166 gm, (1 m ole) o f  d i e t h y l  m a lo n a te  

w ere added  th ro u g h  th e  s e p a r a to r y  fu n n e l  in  a  s te a d y  s tre a m . T h is  was 

fo l lo w e d  b y  t h e  d ro p w ise  a d d i t i o n  o f  126*4 gm. (1 m ole) o f  b e n z y l c h lo 

r i d e  o v e r a  p e r io d  o f  a b o u t one and o n e - h a l f  h o u r s .  The m ix tu re  was 

r e f l u x e d ,  w i th  s t i r r i n g ,  u n t i l  n e u t r a l  t o  m o is t l i tm u s  p a p e r  (ab o u t 

t h r e e  h o u rs )*  The r e f l u x  c o n d e n se r  was th e n  exchanged  f o r  a  downward 

c o n d e n se r  and t h e  a lc o h o l  d i s t i l l e d  o f f  u n t i l  a lm o s t 500 c c .  was 

c o l l e c t e d .  The r e s id u e  was th e n  t r e a t e d  w ith  n o t  more th a n  400 cc* o f  

w a te r  and sh a k e n . The e s t e r  l a y e r  was d r i e d  o v e r  an h y d ro u s  sod ium  s u l 

f a t e  and d i s t i l l e d .  The f r a c t i o n  b o i l i n g  a t  145-155° C*/4ram. was 

c o l l e c t e d  and w eighed  1 2 2  gm. (49$ y i e l d ) ,

B rom lnation o f  d ie th y l  benzylm alonate

COOCgHlg COOCglfe
« t

C6H5CH2CH +- B r2
t

CgHgCHgCBr 4 -  HBr

COOCgHg
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I n t o  a  500—cc# t h r e e —necked  f l a s k  eq u ip p ed  w ith  a  m e c h a n ic a l s t i r r e r ,  

a  d ro p p in g  f u n n e l  and a  r e f l u x  c o n d e n s e r , was p la c e d  62*5 gm# (0*25 

m o le s)  o f  d i e t h y l  b e n z y lm a lo n a te , 2 0  gm# o f  p y r id in e  (0 .2 5  m ole) i n  75 

c c .  o f  c a rb o n  t e t r a c h l o r i d e #  To t h i s  s o l u t i o n ,  w ith  s t i r r i n g  and o c c a 

s i o n a l  c o o l in g ,  was added  1 3 .8  cc# o f  brom ine (0 .26  m ole)# As th e  b ro — 

mi  n a t i o n  p ro c e e d e d  t h e  te m p e ra tu re  r o s e  s l i g h t l y  and  an  o ran g e  p r e c i p i 

t a t e  o f  p y r id in e  hyd ro b ro m id e  r e s u l t e d .  A f te r  a l l  o f  th e  brom ine had 

b een  added  t h i s  p r e c i p i t a t e  was rem oved by f i l t r a t i o n .  A f te r  d ry in g  th e  

w e ig h t was 40  gm. ( t h e o r e t i c a l  y i e l d ) .

The f i l t r a t e  was w ashed f o u r  t im e s  w i th  25 c c * - p o r t io n s  o f  a  5^ 

sod ium  c a rb o n a te  s o l u t i o n ,  and d r ie d  o v e r  an h y d ro u s sodium  s u l f a t e .

The c a rb o n  t e t r a c h l o r i d e  w as rem oved b y  re d u c e d  p r e s s u r e  d i s t i l l a t i o n .

The re m a in in g  o i l  was w ashed w ith  d i l u t e  h y d r o c h lo r ic  a c id  u n t i l  f r e e  o f  

an y  t r a c e s  o f  p y r i d in e ,  and  th e n  s e v e r a l  t im e s  w ith  w a te r ,  and a g a in  

d r i e d  o v e r  a n h y d ro u s  sod ium  s u l f a te #  The f i n a l  o i l y  p ro d u c t w eighed 

5 2 .3  gm# (50$ o f  th e  t h e o r e t i c a l )  •

R e a c t io n  o f  d i e t h y l  b e n zy l-o < -b ro m o m alo n a te  w i th  b en zy lam in e  

C O O C gH s C 0 0 C 2 %
t «

CgHgCHg-C-Br -1- 2 CgHgCHgHHg — *- C6H^CHg-C-NHCH2C6%  4 -  CgHjjCHgHHg'HBr

COOCgHg C00C2H5

I n t o  a  500 c c * , th r e e - n e c k e d  f l a s k  eq u ip p ed  w ith  a  m e c h a n ic a l 

s t i r r e r ,  a  r e f l u x  c o n d e n s e r , and a  hot*<water b a th ,  w as p la c e d  1 6 .4  gm. 

(0 .0 5  m ole) o f  th e  o i l  o b ta in e d  above (p resu m ab ly  d i e t h y l  b e n z y l-o (  — 

b ro m o m a lo n a te ) , 1 0 .7  gm. ( 0 .1  m ole) o f  b e n z y la m in e , and  75 cc* o f  abso*» 

l u t e  e th a n o l#  The s o l u t io n  w as r e f lu x e d  f o r  s i x  o r  sev en  h o u r s .  W hite  

c r y s t a l s  o f  b en zy lam in e  hydrobrom ide  s e p a r a te d  o u t o f  s o l u t io n  and w ere  

f i l t e r e d  o f f .  The a lc o h o l  was rem oved from  th e  f i l t r a t e  u n d e r  red u c ed
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p r e s s u r e  and  e th e r  w as added  t o  t h e  c o o le d  r e s id u e *  T h ere  w as f u r t h e r  

p r e c i p i t a t i o n  o f  t h e  w h i te  c r y s t a l s * t h e  a l l - o v e r  y i e l d  o f  w hich  was 6 

g m ., m. 204° (1 3 6 ) ,

The e t h e r e a l  s o l u t i o n  was w ashed w i th  w ater*  d r ie d  o v e r  a n h y d ro u s  

sod ium  s u l f a t e *  and t h e  e t h e r  rem oved* The o i l y  r e s id u e  c o u ld  n o t  he 

c r y s t a l l i z e d  fro m  th e  u s u a l  o rg a n ic  s o lv e n ts *  At th e  te m p e ra tu re  o f  a  

G arbon—d io z id e - a c e to n e  h a th *  c r y s t a l s  form ed* b u t m e lte d  b e fo re  r e a c h in g  

room  te m p e ra tu re *  The o i l  w eighed  13 gm* (73$ th e o ry )#

H y d ro g e n a tio n  o f  d i e t h y l  b e n z y l-b e n z y la m in o m a lo n a te

CGOCgHg C 0 0 C 2H 5
* Hg *

C g^C H g*^ "^HCHgC ^  CgHgCHg—C“̂ Hg*HCl
♦ Pd +  HC1 f
COOCgHg COOCgHg

T h i r t y - f i v e  and o n e - h a l f  gm* (0#1 m ole) o f  d i e t h y l  b e n z y l -b e n z y l-  

ami noma Io n a  t e  was h y d ro g e n a te d  i n  t h e  u s u a l  way u s in g  a  p a lla d iu m  c a t 

a l y s t  i n  a b s o lu te  e th a n o l*  T rea tm en t o f  th e  r e d u c t io n  p ro d u c t i n  th e

o r d in a r y  m anner y ie ld e d  7*5 gm* (31$ y ie ld *  c a lc u la t e d  a s  d i e t h y l  b en zy l-
o

am in o m alo n a te ) o f  w h ite  c r y s t a l s *  m* 179 ♦

S a p o n if ic a tio n  o f  d ie th y l  benzyl-am inom alonate

COOCpHk COOK
* KDH * HC1

C5H5CH2 -C*«H2 ‘®31 ------- ^  g 6H5CH2 -C“MH2  ^
t *
COOCgHg COOK

COOH
t

C gHgCHg -C -NHg
t
COOH
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S a p o n i f i c a t i o n  o f  th e  compound o b ta in e d  above w as c a r r i e d  o u t  a s  

f o l lo w s :  I n t o  a  5 0 0 -c c . th re e -n e c k e d  f l a s k  eq u ip p ed  w ith  a  m e c h a n ic a l

s t i r r e r  and a  r e f l u x  c o n d e n se r9 was p la c e d  6 gm* (0*025 m ole) o f  d i 

e t h y l  b e n z y l-a m in o m a lo n a te  i n  75 cc* o f  a b s o lu te  e th a n o l .  The s o l u t io n  

w as s t i r r e d  and  2 * 8  gm. (0*05 m ole) o f  s o l i d  p o ta s s iu m  h y d ro x id e  was 

a d d e d . As t h e  a l k a l i  d i s s o lv e d ,  a  p a le  y e llo w  s o l i d ,  p resu m ab ly  th e  

m onopo tass ium  s a l t ,  p r e c i p i t a t e d .  T h is  d i s s o lv e d  in  th e  s o lv e n t  a s  th e  

r e a c t i o n  p ro c e e d e d , and t h e  r e a c t i o n  m ix tu re  was r e f lu x e d  w i th  s t i r r i n g

f o r  a b o u t t h r e e  h o u rs*  At t h e  end o f  t h i s  t im e , th e  c o n d e n se r  was

p la c e d  i n  a  downward p o s i t i o n ,  and th e  a lc o h o l  w as rem oved by  d i s t i l l a 

t i o n ,  w a te r  b e in g  added p e r i o d i c a l l y  t o  p re v e n t  th e  m ass fro m  s o l id i f y in g .  

The c o n te n ts  o f  t h e  f l a s k  w ere  th e n  co o led  i n  an  i c e  b a th ,  and w i th  

s t i r r i n g ,  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  w as added u n t i l  th e  r e a c t i o n  

m ix tu re  was a c id  t o  Congo r e d  p a p e r ,  and th e n  a n  a d d i t i o n a l  10 cc* o f

a c id  w as a d d ed . The w h ite  s o l i d  w h ich  form ed was r e c r y s t a l l i z e d  from
o

95 p e r  c e n t  e th a n o l ,  w eighed  2 gm* * m. 255 •

M ixed m* w i th  p h e n y la la n in e  205°
B enzoy l d e r i v a t i v e  m. 100°

N itro g e n

found  (K je h ld a h l)  c a lc u la t e d  f o r

7*20 6*7
7 ,8 5  c a lc u la t e d  f o r  CgHjjOgN

(P h e n y la la n in e )

8*5

P re p a ra tio n  o f  iso n itro so m a lo n ic  e s t e r

Isonitro so m a lo n ic  e s t e r  was p re p a re d  a s  d i r e c t e d  by  B a r ry  (137)
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COOCgHg OOOCgHs 
C^HgQNO I

G0 0C2H5 C00C2H5

I n  a  l i t e r  th r e e - n e c k e d  f l a s k  . f i t t e d  w i th  a  m e c h a n ic a l s t i r r e r ,  a  

r e f l u x  c o n d e n s e r ,  and a  d ro p p in g  fu n n e l  was p la c e d  300 cc* o f  a b s o lu te  

e th a n o l .  T w enty—t h r e e  gm* (one gm* atom ) o f  c le a n  sodium  was d is s o lv e d  

i n  t h e  a l c o h o l ,  fo llo w e d  by  166 gm* (one m ole) o f  e th y l  m a lo n a te . A f te r  

t h e  f l a s k  had  b een  im m ersed i n  a  c o ld  w a te r  b a th ,  116 gm. o f  n - b u ty l  

n i t r i t e ,  p r e v i o u s ly  d r i e d  o v e r  an h y d ro u s sod ium  s u l f a t e ,  was s lo w ly  

added  w i th  e f f e c t i v e  s t i r r i n g ,  c a u s in g  th e  w h ite  p r e c i p i t a t e  o f  s o d io -  

m a lo n ie  e s t e r  t o  d i s s o lv e  w ith  th e  fo rm a tio n  o f  a  t h i c k ,  c l e a r ,  o ra n g e -  

y e llo w  c o lo r e d  s o l u t i o n .  The e th a n o l  and b u ta n o l  w ere  rem oved u n d e r  r e 

duced  p r e s s u r e ,  and  th e  r e s id u e  was t r e a t e d  w i th  300 gm. o f  c ru sh e d  i c e  

and 2 0 0  c c .  o f  6N s u l f u r i c  a c id  (15$ by  w e ig h t) ;  th e  i s o n i t r o s o m a lo n ie  

e s t e r  s e p a r a te d  a s  a r e d d is h -y e l lo w  o i l .  T h is  was e x t r a c t e d  w i th  e t h e r  

and th e  e th e r  e x t r a c t  was w ashed w ith  a  s a t u r a t e d  s o lu t io n  o f  sod ium  b i 

c a r b o n a te ,  d r i e d  o v e r  a n h y d ro u s  sod ium  s u l f a t e  and th e  e th e r  d i s t i l l e d .  

The f r a c t i o n  d i s t i l l i n g  a t  145—1 5 5 ° / l0  m u  was c o l l e c t e d ,  w e ig h t 60 gm. 

(34$ t h e o r y ) .  At lo w er p r e s s u r e s  th e  y i e l d  i s  r e p o r t e d ly  h ig h e r ,  b u t 

su c h  c o n d i t io n s  w ere  n o t a v a i l a b l e  d u r in g  th e  p r e s e n t  i n v e s t i g a t i o n .

H y d ro g e n a tio n  o f  d i e t h y l  i s o n i t r o s o m a lo n a te

The h y d ro g e n a tio n  o f  d i e t h y l  i s o n i t r o s o m a lo n a te  t o  d i e t h y l  am ino- 

n m lo n a te  w as c a r r i e d  o u t a c c o rd in g  t o  th e  d i r e c t i o n  o f  B a rry  (1 3 7 ) .
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COOCgHg

C=NOH h - c - n h 2
PdcoocgH5 GOOCgHs

T w enty  gnu (0 .1  m ole) o f  i s o n i t r o s o m a lo n ic  e a t e r  w ere d is s o lv e d  i n  

125 cc* o f  a b s o lu te  e th a n o l*  and h y d ro g e n a te d  u n d e r  115 l b s .  p r e s s u r e ,  

u s in g  th e  p a l la d iu m  c a t a l y s t .  A f te r  n in e  h o u r s ,  th e  t h e o r e t i c a l  q u a n t i t y  

o f  h y d ro g en  (55 l b s . )  had r e a c t e d .  The r e a c t i o n  m ix tu re  was f i l t e r e d  t o  

rem ove t h e  c a t a l y s t ,  and  th e  f i l t r a t e  w as a llo w e d  t o  e v a p o ra te  i n  a  

vacuum  d e s i c c a t o r  o v e r  s u l f u r i c  a c i d .  The p a le  y e llo w  o i l ,  d i e t h y l  

am in o m alo n a te , re m a in in g  w as d i s t i l l e d ,  and th e  f r a c t i o n  b o i l i n g  a t  1 0 0 -  

- 1 1 0 ° / 6  mm. w as c o l l e c t e d ;  w e ig h t ,  8  gm. {5($ t h e o r y ) .

P r e p a r a t io n  o f  d i e t h y l  b e n za lam in o m alo n a te

I n t o  a  s m a l l  s e p a r a to r y  f u n n e l  w as p la c e d  8  gm. (0 ,0 4 5  m ole) o f  

d i e t h y l  am in o m a lo n a te , 4 ,7  gm. (0 .0 4 5  m ole) o f  b e n za ld e h y d e  and 10 c c .  

o f  b e n z e n e , t h e  m ix tu re  was w e l l- s h a k e n  and a llo w ed  t o  s ta n d  o v e rn ig h t .  

The l i q u i d  became v e r y  c lo u d y , and a  p o r t io n  o f  th e  w a te r  form ed in  th e  

r e a c t i o n  had  s e p a r a te d .  The a d d i t i o n  o f  a  s m a ll  amount o f  an h y d ro u s 

sod ium  s u l f a t e  rem oved th e  re m a in d e r  o f  th e  w a te r ,  and th e  benzene  l a y e r  

became c l e a r .  The b enzene  was d i s t i l l e d ,  l e a v in g  a  y e llo w  o i l ,  presum ed 

t o  be t h e  S c h i f f  b a s e .

An a ttem p t was made to  p rep are  th e  h y d ro ch lo rid e , as a means o f

COOCgHg COOCgHg

C O O C ^
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p u r i f i c a t io n  and id e n t i f i c a t i o n ,  but a l l  th e  u su a l methods o f  p re p a ra 

t i o n  le a d  to  a g e la t in o u s  mass which could  be n e i th e r  f i l t e r e d ,  nor 

d r ie d ,  nor t r e a te d  in  any way to  y ie ld  a  sample s a t i s f a c to r y  f o r  a n a ly s is .

P re p a ra t io n  o f  d ie th y l  benzyl-benzalam inom alonate and i t s  hydrogenation  

The fo llo w in g  r e a c t io n s  were t r i e d .

NaOCoHg
N -C H fC O O C g H s) g  ------------------ C5 H5 C H —N -C  (COOCgHg ) «

C6% CH2 0 1
CHg
t

C6%

HgO -COg^ CgHgCHg-CH-COOH>-
n h 2

------------—  NHg-CHfCOOCgHg) 2

V i t

The r e s u l t s ,  a l th o u g h  n o t c o n c lu s iv e ,  a r e  e n c o u ra g in g .

I n  a  250 cc* round«*bottom  th r e e -n e c k e d  f l a s k  f i t t e d  w i th  a  r e f l u x  

c o n d e n s e r ,  a  m e c h a n ic a l  s t i r r e r ,  and  a  s e p a r a to r y  f u n n e l ,  was d is s o lv e d  

1 gm. (0*05 m ole) o f  c le a n  sod ium  i n  75 c c .  o f  a b s o lu te  e th a n o l ,  and 13 

gm. (0*05 m ole) o f  d i e t h y l  b en za lam in o m alo n a te  was ad d ed . T h is  m ix tu re  

was h e a te d  on an  o i l  b a th  t o  g e n t l e  r e f l u x i n g ,  w ith  s t i r r i n g ,  and 6  gm. 

(0 .0 4 7  m ole) o f  b e n z y l  c h lo r id e  was s lo w ly  added th ro u g h  th e  s e p a r a to r y  

f u n n e l .  R e f lu x in g  and s t i r r i n g  w ere  c o n tin u e d  u n t i l  th e  r e a c t i o n  m ix

t u r e  was no  lo n g e r  a l k a l i n e .  The s a l t  w h ich  was p r e c i p i t a t e d  d u r in g  

t h e  c o u rs e  o f  th e  r e a c t i o n  was i n  t h e  c o l l o i d a l  s t a t e ,  and cou ld  n o t  be 

rem oved by  f i l t r a t i o n .  The r e a c t i o n  m ix tu re  was c o n c e n tr a te d  on a  w a te r -  

b a th  u n t i l  a l l  o f  th e  a lc o h o l  was e v a p o ra te d . W ater was th e n  added to  

d i s s o lv e  t h e  s a l t ,  and th e  o ran g e  o i l  w h ich  was th row n  ou t o f  s o lu t io n
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b y  t h e  w a te r  w as e x t r a c t e d  w i th  e th e r*  The e t h e r e a l  s o l u t io n  was d r ie d  

o v e r  c a lc iu m  c h l o r i d e ,  and t h e  e t h e r  rem oved b y  d i s t i l l a t i o n .  The o ran g e  

o i l  re m a in in g  w eighed  7 gm,

A h y d ro g e n a tio n  i n  th e  u s u a l  m anner w ith  3 ,5  gm. (0*01 m ole) o f  t h i s  

o i l  ( p r e v io u s ly  sh a k en  w i th  N uchar t o  rem ove an y  c a t a l y t i c  p o is o n s  w h ich  

m ig h t be  p r e s e n t )  w as c a r r i e d  o u t .  O nly 81 p e r  c e n t  o f  th e  t h e o r e t i c a l  

q u a n t i t y  o f  hyd ro g en  r e a c t e d ,  i n d i c a t i n g  t h a t  t h i s  p e rc e n ta g e  was t h e  

p u r i t y  o f  t h e  e s t e r  b e in g  re d u c e d . The s o lv e n t  was rem oved u n d e r  re d u c e d  

p r e s s u r e ,  l e a v in g  a  b ro w n ish -o ra n g e  o i l  a s  th e  p ro d u c t .

No a t te m p t  a t  p u r i f i c a t i o n  o f  t h i s  o i l  was m ade, b u t i t  was s a p o n i

f i e d  im m e d ia te ly . The o i l  was r e f lu x e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id  f o r  

t h r e e  h o u r s ,  a n y  u n r e a c te d  o i l  b e in g  rem oved by f i l t r a t i o n  a t  t h e  end o f  

t h i s  t im e .  The f i l t r a t e ,  w h ile  h o t ,  was t r e a t e d  w i th  28 p e r  c e n t  ammon

ium  h y d ro x id e  u n t i l  th e  s o l u t i o n  was y e llo w  t o  m e th y l r e d .  A g r e e n i s h -  

w h ite  s o l i d  p r e c i p i t a t e d .  A volum e o f  a lc o h o l  e q u a l  t o  t h r e e  t im e s  t h a t  

o f  t h e  a c i d i c  m ix tu re  was a d d ed , and th e  f l a s k  c o o le d . The s o l i d  was r e 

moved and r e c r y s t a l l i z e d  fro m  65 p e r  c e n t  e th a n o l .

The N «benzoy l d e r i v a t i v e  m e lte d  a t  120°, and t h e r e  was an  i n s u f f i 

c i e n t  q u a n t i t y  f o r  a n a l y s i s .  The r e p o r te d  m. o f  t h i s  compound, N -b en zo y l 

p h e n y la la n in e ,  i s  188° (1 1 8 ) ,

P r e p a r a t io n  o f  g ram ine

T a llo w in g  th e  d i r e c t i o n s  g iv e n  by S nyder 6 t  a l  (1 0 8 ) , g ram ine  was

p re p a r e d  a s  d e s c r ib e d  b e lo w .

H~ CHgO +  (CH^JgNH
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To 235 ecu o f  a  23$ s o l u t io n  o f  d im e th y lam in e  (e q u iv a le n t  t o  1*05 

m o le s)  9 a t  5 ° ,  w as added 140 gm. (2 .3 3  m oles) o f  g l a c i a l  a c e t i c  a c id .

The m ix tu r e  w as c o o le d  t o  5 ° ,  and 80 gm* o f  40$ fo rm a l in  ( e q u iv a le n t

m i ld ly  and  p o u red  i n t o  a  f l a s k  c o n ta in in g  1 1 7 .2  gm. (1 * 0  m ole) o f  i n 

d o l e .  The f l a s k  was shaken  o c c a s io n a l ly  u n t i l  t h e  in d o le  had d i s s o lv e d .  

The te m p e ra tu re  o f  t h e  m ix tu re  r o s e  t o  56° d u r in g  t h i s  p e r io d .  A f te r  

s t a n d in g  o v e r n ig h t ,  t h e  m ix tu re  was th e n  added s lo w ly  t o  a  s t i r r e d  s o lu 

t i o n  o f  140 gm. (3*5 m o les) o f  sodium  h y d ro x id e  i n  one l i t e r  o f  w a te r*  

The r e s u l t i n g  s u s p e n s io n  w as c o o le d  in  an  i c e - b a th  f o r  two h o u r s .  The 

g ram in e  was c o l l e c t e d  by f i l t r a t i o n ,  p re s s e d  d r y ,  washed w i th  t h r e e  1 0 0 -

cc« p o r t i o n s  o f  w a te r ,  and d r ie d  i n  an  oven a t  65° t o  c o n s ta n t  w e ig h t.
oA t h e o r e t i c a l  y i e l d  o f  174 gm. was o b ta in e d ,  m. 127-128 •

P r e p a r a t io n  o f  g ram in e  m e th io d id e

G ram ine m e th io d id e  was o b ta in e d  i n  th e  ma nner  d e s c r ib e d  by  S nyder 

e t  a l  (108)*

To a  s o l u t io n  o f  43*5 (0*25 m ole) o f  g ram ine  in  188 c c .  o f  a b s o lu te  

e th a n o l  w ere added  3 9  gm. o f  m e th y l io d id e  o v e r  a  p e r io d  o f  a b o u t o n e -  

h a l f  h o u r .  The m ix tu re  was a llo w e d  t o  s ta n d  a t  room te m p e ra tu re  o v e r 

n ig h t  and th e n  a t  0 °  o v e rn ig h t .  The p ro d u c t was c o l l e c t e d  by  f i l t r a t i o n

and w ashed w i th  t h r e e  25 c c * - p o r t io n s  o f  a b s o lu te  e th a n o l ,  and th r e e  25 

c c . - p o r t io n s  o f  d ry  e t h e r .  The d r i e d  p ro d u c t w eighed  62 gm. (78$ t h e o r y ) .

t o  1*0 m ole o f  fo rm a ld e h y d e ) , a t  5 ° ,  was a d d e d . The m ix tu re  w as a g i t a t e d

/C H ,
r 3  
''ca,
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P re p a r a t i o n  o f  e t h y l  o( —c a rb e th o x y — P —(5—in d o le )  —p r o p io n a te

/ \ c h 2n ^ c h 3
\ C H 3  CH2 (C 0 0 G 2 H 5 ) 2N a

C H g-G H
/COOCgHs
!H
XC0 0C2H5

H H

The sod ium  d e r i v a t i v e  o f  m a lo n ie  e s t e r  was p re p a re d  by  s t i r r i n g  f o r  

t h i r t y  h o u rs  a  m ix tu re  o f  2*3 gm* (0*1 m ole) o f  pow dered sodium* 120 c c ,  

o f  to lu e n e  and 40  gm* (0*25 m o les) o f  d i e t h y l  m alonate*  To th e  r e s u l t 

in g  p a s t e  was added  35 gm* (0*11 m ole) o f  g ram ine  m e th io d id e . T h is  m ix

t u r e  was h e a te d ,  w i th  3 t i r r i n g ,  f o r  two h o u rs  w ith  th e  o i l —b a th  a t  1 1 0 ° , 

and f o r  f o u r  h o u rs  w i th  t h e  o i l —b a th  a t  145°• The c o o le d  m ix tu re  was 

s t i r r e d  w i th  t h r e e  100 c c , - p o r t i o n s  o f  w a te r .  The com bined aqueous 

w a sh in g s  w ere  e x t r a c t e d  w ith  t h r e e  1 0 0  c c * - p o r t io n s  o f  e t h e r  and th e  

e t h e r  e x t r a c t s  w ere  added  t o  th e  o rg a n ic  l a y e r  from  th e  f i r s t  e x t r a c 

t io n *  The s o l u t io n  w as d r i e d ,  and  t h e  s o lv e n ts  and  e x c e s s  m alo n ie  

e s t e r  w ere  rem oved by d i s t i l l a t i o n ,  f i r s t  from  a  s te am  b a th  and f i n a l l y  

a t  5 mnu p r e s s u r e .  The r e s i d u a l  r e d  l i q u i d  was p o u red  s lo w ly  in to  150 

cc* o f  p e tro le u m  e t h e r  w i th  c o o lin g  and s t i r r i n g *  The s o l i d  w h ich  so o n  

form ed w as c o l l e c t e d  and a f t e r  d r y in g ,  w eighed  16 gm, m. 5 8 ° , w h ich  

a g re e d  w i th  th e  r e s u l t s  o b ta in e d  by  S n y d er e t  a l  (1 0 8 ) ,

R e a c t io n  betw een  g ram in e  and d i e t h y l  b en za lam in o m alo n a te

An a l k y l a t i o n  o f  d i e t h y l  b en za lam in o m alo n a te  w i th  g ram ine  was 

g ,t t  em pted fo l lo w in g  th e  p ro c e d u re  em ployed by  Howe and cow orkers (112) 

w i th  an  a lk y la m id o m a lo n ic  e s t e r *
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To a  b o i l i n g  s o l u t i o n  o f  84 cc* o f  x y le n e  and 0*5 gm* o f  pow dered 

sod ium  h y d ro x id e 9 i n  a  500-cc*  th re e -n e c k e d  f l a s k  f i t t e d  w ith  a  m echan

i c a l  s t i r r e r  and a  r e f l u x  c o n d e n se r , was added 4*3 gm* (0*035 m ole) o f  

g ram in e  and  6*5 gm. (0*035 m ole) o f  d i e t h y l  b e n z a la m in o m a lo n a te , and t h e  

m ix tu re  w as s t i r r e d  and r e f lu x e d  f o r  f i v e  hours*

The r e a c t i o n  m ix tu re  was th e n  f i l t e r e d  th ro u g h  a  p re h e a te d  f u n n e l ,  

and  t h e  f i l t r a t e  w as a llo w e d  t o  c o o l  t o  room te m p e ra tu re  and th e n  was 

k e p t i n  t h e  i c e  box o v e r n ig h t .  P a le  y e llo w  c r y s t a l s  fo rm ed , w h ich  on 

r e c r y s t a l l i z a t i o n  m e lte d  a t  1 3 7 ° , and gave  no d e p re s s io n  o f  th e  m e l t in g  

p o in t  when m ixed w ith  known gram ine*



SUMMARY

A re v ie w  c o v e r in g  t h e  n a t u r a l  o c c u rre n c e  and th e  l a b o r a to r y  s y n th e s e s  

o f  in d o le  i s  p re s e n te d *

An i n v e s t i g a t i o n  w as i n i t i a t e d  t o  d e te rm in e  th e  f e a s i b i l i t y  o f  p ro 

p o s in g  in d o le  and i t s  d e r i v a t i v e s  a c c o rd in g  t o  th e  fo l lo w in g  p ro p o sed  

g e n e r a l  r e a c t i o n :

f o r  b o th  b e n z y l c y a n id e  and  H aaethylbenzyl c y a n id e  may be hydrogen

a te d  t o  th e  im ino  s t a g e  and  r e a d i l y  c o n v e rte d  i n t o  th e  c o rre sp o n d in g  

a ld e h y d e s , CgHgCHgCHO and CgHgCHfCH^JCHO, r e s p e c t iv e ly .  O th e r b e n z y l 

c y a n id e  d e r i v a t i v e s  may be r e a d i l y  p re p a re d ,  and i t  i s  e x p ec ted  t h a t  

t h e y  may be c o n v e r te d  w ith  e q u a l  e a se  i n to  t h e  c o rre sp o n d in g  a ld eh y d es*  

H ow ever, th e  i n t r o d u c t i o n  o f  an araino group  i n to  th e  o—p o s i t io n  o f  

t h e s e  conpounds p r e s e n t s  a d i f f i c u l t y  w hich  h a s  n o t  y e t  been  s o lv e d .

The n i t r a t i o n  o f  b e n z y l c y a n id e , b e n z y l c h lo r id e  o r  b en za ld eh y d e  y i e l d s  

l i t t l e  o r  none o f  th e  d e s i r e d  o - n i t r o  d e r i v a t i v e s  t o  s e rv e  a s  d e s i r a b l e  

i n t e r m e d i a t e s .

I t  i s  n o t  d i f f i c u l t  t o  p re p a re  compounds o f  ty p e
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3* The c o n d e n s a t io n  o f  p o ta s s iu m  is o c y a n id e  w ith  P « e th y le n ic

compounds* a c c o rd in g  t o  t h e  p re c e d u re  o f  M ichael*  w as s tu d ie d  t o  d e 

te rm in e  i t s  a p p l i c a b i l i t y  t o  m e th y l c in n am ate  and t o  m e th y l o « n i t r o — 

c in n am a te ; th e  l a t t e r  r e a c t i o n  w ould be e x p e c te d  t o  y i e l d

CH-CHgCOOCHg 
GET

I t  i s  r e g r e t t a b l e  t h a t  a p p a r e n t ly  t h i s  c o n d e n sa tio n  i s  more l im i te d  

i n  sco p e  th e n  was a n t i c i p a t e d .

4# A s tu d y  w as made o f  r e a c t i o n s  w hich  depend* in  e f f e c t*  on th e  a l 

ky  l a t i o n  o f  am inom alon ic  e s t e r  f o r  th e  s y n th e s i s  o f  in te r m e d ia te s  

from  w h ich  amino a c id s  may be r e a d i l y  o b ta in e d *  I t  was hoped t o  

p r o t e c t  t h e  amino group* d u r in g  th e  a lk y la t io n *  by

(a) d ib e n z y l

(b ) b e n z a l

U n f o r tu n a te ly  th e  d ib en z y la ra in o m alo n ic  e s te r *  (CgH^CH^feNCH(C001T t}g , 

was n o t  o b ta in e d  when d ib e n z y la m in e  was a llo w ed  t o  r e a c t  w i th  brom o- 

m a lo n ie  e s t e r .

E x p e rim e n ts  in  w hich  th e  a l k y l a t i o n  o f  b en za lam in o m alo n ic  e s t e r ,

C6H5C H = N - C H C ^ g  * was t r i e d  w ere in c o n c lu s iv e ;  th e  i n d i c a t i o n s ,  

how ever, a r e  e n co u ra g in g  and th e  r e a c t io n  m e r i t s  f u r t h e r  i n v e s t i g a 

t i o n .

5* A s tu d y  was i n i t i a t e d  i n to  t h e  s y n th e s i s  o f  < /-a m in o -^ -a lk y lm a lo n ic

a c i d s .  B en zy l brom om alonic e s t e r ,  C * ^  * was
B r COOCgHg

t r e a t e d  w ith  b e n z y la m in e ; »benzyl~ cK *benzy lam inom alon ic  e s te r *  

CgH^CHo^ ^  COOCgHg
* was o b ta in e d  in  good y i e l d s .

C6H50HaNH ^  ''C O O C 2H5

H y d ro g e n o ly s is  o f  th e  N—b e n z y l g roup  g e l d e d  b e n z y l ' r t r am inom alonic
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C g^C H a ^COOH
o s t e r ,  fro m  w h ich  t h e  c o r re s p o n d in g  a c id ,   , was o b -

JMiln COOH

G ained  by  s a p o n i f i c a t i o n .  T hese r e s u l t s  su g g e s t  t h a t  t h e  r e a c t i o n

B  — G :— COOCpHp; TTnw R  COOH
N H ^  ^ C G O C g H g  ^  COOH

may he  b ro a d ly  u s e f u l  i n  m aking a v a i l a b l e  an e x te n d ed  s e r i e s  o f  o< -a lky l- 

<=< -am in o m a lo n ic  a c i d s .

H"-^ COOH
I n  v iew  o f  t h e  f a c t  t h a t  a c id s  o f  t h i s  ty p e ,  ^  -" 'C 'CcQOH ’ 

d i f f e r  s t e r i c a l l y  fro m  th e  L -am ino a c id s  found n a t u r a l l y  o n ly  by  h a v in g  

a  l a b i l e  c a rb o x y l  g ro u p  i n  th e  - p o s i t i o n ,  th e y  sh o u ld  p rove  o f  c o n s id 

e r a b l e  i n t e r e s t  t o  t h e  c h em is t i n t e r e s t e d  i n  p h y s io lo g ic a l  p ro c e s s e s  and 

n u t r i t i o n .
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