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INTRODUCTICW

The p u rp o se  o f  t h i s  r e s e a r c h  was to  p r e p a re  a num­

b e r  o f  new compounds by co n d en s in g  v a r io u s  a ld e h y d ic  o r  

k e to n ic  s u b s ta n c e s  w i th  b a r b i t u r i c  ac id*  and to  s tu d y  th e  

h y p n o t ic  a c t i v i t y  o f  t h e s e  c o n d e n s a t io n  p r o d u c ts  on r a t s .  

T h e o r e t i c a l l y *  th e  h y p n o t ic  p r o p e r ty  o f  th e  c h l o r a l  and 

a c e to n e  d e r i v a t i v e s  sh o u ld  be somewhat i n c r e a s e d  i n  com­

p a r i s o n  t o  b a r b i t u r i c  a c id  i t s e l f *  w h ile  i n  th e  c a se  o f  th e  

o t h e r  su b s ta n c e s*  due t o  th e  p re s e n c e  o f  c y c l i c  o r  a ro m a tic  

n u c leu s*  t h e r e  sh o u ld  be a re d u c e d  e f f e c t .  The K noevenagel 

r e a c t i o n  was em ployed i n  p r e p a r a t i o n  o f  t h e s e  compounds.
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CHAPTER I  

HISTORICAL

In  1863» W« H. P e rk in  d e s c r ib e d  a s y n t h e s i s  o f  c o u -  

m arin  by h e a t i n g  t h e  sodium p h e n o la te  o f  s a l i c y l i c  a ld eh y d e  

w i th  a c e t i c  a n l iy d r id e . T h is  r e a c t i o n  may be e x p r e s s e d  by 

th e  fo l lo w in g  e q u a t io n :

H O H H
^  H \\ C^

H C  C — C r O  H « C — C .  H C ^  C  C H
I II ♦  ^  I H 1 f  C H ^ C O O N a  ♦  H . O

H C _  C — O N a  H ^ C — C ^  HC  ̂ C ^  CsO ^
H O H

A f u r t h e r  s tu d y  o f  t h i s  r e a c t i o n  l e d  t o  th e  d i s ­

c o v e ry  o f  a new method f o r  th e  p r e p a r a t i o n  o f  c innam ic  a c id  

and i t s  a n a lo g s :

C^H^CHO ♦ (CH^C0 ) 2 0  f  CH3  COONa

--------------------- ^  ^ 6 ^ ^ ”  * CH -  COOH

C^H^CHO ♦ (R -C H 2-C 0)20  ♦ R-CH2C00Na

----------------------- ^  C^H^CH » Ç -  COOH

R

T h is  r e a c t i o n ,  which i s  b ro u g h t  ab o u t by h e a t in g  

an a ld eh y d e  o f  th e  a ro m a tic  s e r i e s  w i th  th e  an h y d r id e  o f  

an a l i p h a t i c  a c id  o f  t h e  g e n e r a l  fo rm u la  R-CH2COOH, i n  p r e ­

sence  o f  th e  sodium s a l t  o f  t h e  a c i d ,  i s  known a s  th e  P e r ­

k in  r e a c t i o n ,
- 2 -
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In  th e  c o u r s e  o f  an e x t e n s i v e  s tu d y  o f  t h e  unsatur-*  

a t e d  a c id s»  F i t t i g  and h i s  c o l l a b o r a t o r s  made s e v e r a l  im­

p o r t a n t  c o n t r i b u t i o n s  t o  t h e  mechanism o f  t h i s  r e a c t i o n .  

They showed t h a t  th e  a ld eh y d e  c o n d e n ses  w i th  th e  a lp h a  

m e th y len e  g roup  o f  th e  a c id  component ( s a l t  o r  a n h y d r id e )»  

and t h a t  t h e  r e a c t i o n  i s  an a d d i t i v e  p ro c ess»  re se m b lin g  

a l d o l  c o n d e n s a t io n s »  in v o lv in g  i n t e r m e d i a t e  b e ta -h y d ro x y  

compounds, w hich  l o s e  w a te r  t o  form  a lp h a - b e t a  u n s a tu r a te d  

a c id s»  i n  a c c o rd  w i th  th e  fo l lo w in g  r e a c t i o n :

C5 H5 CHO (CH^CH2C0)20 ♦ CHjCH2  -  GOC^a

 -  CH -  COOip" -  CH •  C -  COOH

CH3  <!;ĥ

The r e l a t i v e  s i g n i f i c a n c e  o f  th e  a c id - a n h y d r id e  

and th e  sodium s a l t  i n  th e  i n t im a t e  mechanism o f  th e  P e rk in  

co n d e n sa t io n »  h as  been  th e  s u b j e c t  o f  numerous i n v e s t i g a ­

t i o n s  e x te n d in g  o v e r  a p e r io d  o f  more th a n  f i f t y  y e a r s .  

F i t t i g  s tu d ie d  th e  r e a c t i o n  w i th  s e v e r a l  a n h y d r i d e - s a l t  

c o m b in a t io n s ,  p a r t i c u l a r l y  a t  lo w er t e m p e r a tu r e s .  He 

found t h a t  b e n z a ld e h y d e ,  a c e t i c  a n h y d r id e  and sodium a c e ­

t a t e  do n o t  r e a c t  a t  100^ C. even  on lo n g  c o n t in u e d  h e a t in g *  

When sodium n - b u t y r a t e  i s  u sed  i n  p la c e  o f  a c e t a t e ,  th e  r e ­

a c t i o n  t a k e s  p la c e  slowly» and o n ly  a l p h a - e t h y l  c in nam ic  

a c id  i s  fo rm ed . When th e  te m p e ra tu r e  o f  th e  r e a c t a n t s  i s  

r a i s e d  t o  150^ 0 .» a m ix tu re  c o n s i s t i n g  o f  one p a r t  a lp h a -  

e t h y l  c in n am ic  a c id  t o  two p a r t s  c innam ic  a c id  i s  o b ta in e d .  

When a te m p e ra tu r e  o f  180^ C. i s  em ployed, t h e  p ro d u c t  con -



s l s t s  o f  o n ly  one p a r t  o f  a l p h a - e t h y l  c in n am ic  a c id  t o  t e n  

p a r t s  o f  c in n am ic  a c id .

From t h e s e  r e s u l t s »  F i t t i g  c o n c lu d e d  t h a t  a t  100° C# 

th e  r e a c t i o n  o c c u r s  betw een  th e  a ld eh y d e  and th e  s a l t ,  and 

e x p la in e d  th e  fo rm a t io n  o f  c in nam ic  a c id  a t  150^ C. and 

180° C. by assum ing  t h a t  an a n h y d r i d e - s a l t  exchange o c c u r s  

a t  h ig h e r  t e m p e r a tu r e s ,  b u t  n o t  a t  100^ C . , g iv in g  r i s e  t o  

sodium a c e t a t e  w hich th e n  r e a c t s  w i th  th e  a ld e h y d e .

M i c h a e l d o u b t e d  th e  v a l i d i t y  o f  F i t t i g * s  v iew , 

and b ro u g h t  fo rw a rd  s t ro n g  e x p e r im e n ta l  e v id e n c e  i n  f a v o r  o f  

P e rk in * s  c o n t e n t i o n  t h a t  th e  c o n d e n s a t io n  o c c u r s  betw een  th e  

a ld eh y d e  and th e  a n h y d r id e .  He found t h a t  a c e t i c  a n h y d r id e , 

on h e a t in g  w i th  sodium b u t y r a t e  o r  c a p r o a te  f o r  a s h o r t  

t im e  a t  100° C . , g iv e s  e x c e l l e n t  y i e l d s  o f  b u t y r i c  and c a -  

p r o i c  a n h y d r id e ,  w h i le  th e  r e v e r s e  r e a c t i o n s  do n o t  o c c u r  

a p p r e c ia b ly  u n d e r  th e s e  c o n d i t i o n s .

2C^yGOONa & (CH^-CO)^O

 ^00° 2CHgCXX)Na *■ {C ÿijCO )^0

In  g e n e r a l ,  th e  u s u a l  P e rk in  r e a c t i o n  i e  l i m i t e d ,  

f o r  p r a c t i c a l  p u rp o s e s ,  t o  a ld e h y d e s  o f  th e  a ro m a tic  s e r i e s  

and c l o s e l y  r e l a t e d  compounds. M o d i f ic a t io n s  worked o u t  by 

K noevenagel and Doebner a r e  u sed  a s  p r e p a r a t i v e  m ethods f o r  

d e r i v a t i v e s  o f  b o th  th e  a l i p h a t i c  and a ro m a tic  s e r i e s .

/Aalonic a c i d ,  owing t o  th e  p o w erfu l  a c t i v a t i n g  e f ­

f e c t  o f  i t s  two c a rb o x y l  g ro u p s ,  d i r e c t e d  on th e  same c a rb o n  

atom , u n d e rg o es  c o n d e n s a t io n  w i th  a l i p h a t i c  and a ro m a tic  a l -
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deh y d es  u n d e r  v e ry  m ild  c o n d i t i o n s .  T h is  c o n d e n s a t io n  was 

f i r s t  e f f e c t e d  i n  a medium composed o f  g l a c i a l  a c e t i c  a c id  

and a l i t t l e  a c e t i c  a n h y d r id e .

CH3«CH2--CH0 » CHg-CcœH)^

C H 3C O O H
 -r-— — C H ^ - C H o C H  «  C H * C O O H  4  C O g  4  H g O(CH3pO)20 3 2 2 2

F o llo w in g  th e  c o n d e n s a t io n  o f  th e  d i e t h y l  e s t e r  o f  

m a lo n ic  a c id  w i th  a ldehydes#  u n der th e  i n f l u e n c e  o f  p r im ary  

and sec o n d a ry  am ines , K noevenagel s u c c e s s f u l l y  t r i e d  a s im i­

l a r  r e a c t i o n  w i th  m alon ic  a c id  and b en za ld eh y d e  i n  th e  p r e ­

sence  o f  ammonia. The mechanism o f  t h i s  r e a c t i o n  seems to  

f o l lo w  i n  two s t e p s ,  i n  t h e  f i r s t  o f  which th e  a ld eh y d e  con­

d e n s e s  w i th  ammonia (o r  a l k y l  am ine) t o  form  an a l k y l i d i n e  

amine ( i n t e r m e d i a t e  p r o d u c t ) ,  which th e n  r e a c t s  w i th  th e  

m alo n ic  a c id  t o  form  th e  u n s a tu r a t e d  a c id ,  accom panied by 

th e  e v o l u t i o n  o f  c a rb o n  d io x id e .  In  th e  c a s e  o f  b e n z a ld e ­

h yde , th e  r e a c t i o n  may be e x p re s s e d  i n  a c c o rd  w i th  th e  f o l ­

low ing  e q u a t io n s ;

H  H  H  H
C - C  H  H

V C Z  .0  ♦  H g N : H  > H C f  C - C  * N H  ♦  H g O

H  H  H  H
0  O

H  H  II H  H  II
. C - C .  H  C — O H  C - C  H  C - O H

C - C = N H  ♦  H g C   >  H C ^  ' ^ C - C = - = C ^  ♦  N i l
( :  ^  O H  ' " c  ' t : — o h
H  H  II H  H  It

o o
H H o

+ HC ^ - C ^ C - C  OH ♦ CO

H H
2
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K noevenagel and o t h e r s  w ere a b le  t o  c a r r y  o u t  t h i s  

r e a c t i o n  e i t h e r  by ad d in g  amine t o  an a l c o h o l i c  s o l u t i o n  o f  

t h e  a ld e h y d e  and m alon ic  a c id  o r  by f i r s t  i n t e r a c t i n g  th e  

a c id  w i th  amine and th e n  add ing  m o le c u la r  p r o p o r t i o n s  o f  

th e  a ld e h y d e .  F or ex am p le* th e  c o n d e n s a t io n  o f  b e n z a ld e ­

hyde w i th  m alo n ic  a c id  and th e  s u b se q u e n t  f o rm a t io n  o f  c i n ­

namic a c id  c o u ld  be a c co m p lish ed  e q u a l ly  r e a d i l y  by r e a c t i n g  

th e  hydrobenzam ide o f  b e n z a ld eh y d e  w i th  m alon ic  a c id ,  o r  by 

t r e a t i n g  a m ix tu re  o f  a ld eh y d e  and m alon ic  a c id  w i th  a l c o ­

h o l i c  ammonia, o r  by s im p ly  t r e a t i n g  b en za ld eh y d e  w i th  neu­

t r a l  o r  a c id  ammonium m a lo n a te .  A l l  t h e s e  r e a c t i o n s  p ro ­

ceed  sm ooth ly  and r e a d i l y  a t  w a te r  b a th  t e m p e r a tu r e s .

The m ost s a t i s f a c t o r y  method used  In  co nd en s in g  

members o f  th e  a l i p h a t i c  s e r i e s  i s  D oebner*s m o d i f i c a t io n ,  

i n  w hich p y r i d i n e  i s  u sed  a s  t h e  s o l v e n t . I n  such  c a s e s  

p y r id in e  e x e r t s  t h e  f u n c t i o n  o f  amine c a t a l y s t .

CHg'CHO «• CH2 (C0 0 H) 2  —► CH3 -CH s CH'COOH ♦ HgO ♦ C» 2
20 C.

D oebner* 8  m o d i f i c a t i o n ,  u s in g  p y r i d i n e  a s  a s o l v e n t ,  

h a s  been  im proved and h ig h e r  y i e l d s  a r e  o b ta in e d  by th e  ad** 

d i t io n  o f  sm a ll  am ounts o f  p i p e r i d i n e  t o  th e  r e a c t i o n  mix­

t u r e s .  F u r th e r  m o d i f i c a t i o n s  have made i t  p o s s i b l e  t o  c a r r y  

o u t  t h e  r e a c t i o n  q u i t e  s u c c e s s f u l l y  by u s in g  on ly  a sm a ll  

amount o f  p y r i d i n e  a s  a c a t a l y s t ,  i n s t e a d  o f  u s in g  i t  a s  a 

s o l v e n t . S u b s t i t u t e d  p y r i d i n e  b a s e s ,  how ever, d i f f e r  

q u a n t i t a t i v e l y  i n  t h e i r  e f f e c t i v e n e s s  i n  c a t a l y z i n g  th e  r e ­

a c t i o n .



CHAPTER I I  

DISCUSSION

In  t h i s  r e s e a rc h »  t o  p r e v e n t  h y d r o l y s i s  o r  decom* 

p o s i t i o n  o f  b a r b i t u r i c  a c id  i n t o  ammonia» u re a  and r e l a t e d  

p ro d u c ts *  a b s o l u t e  a l c o h o l  was used  a s  a r e a c t i o n  medium.

In  th e  p ro c e d u re  one component (a ld e h y d e  o r  k e to n e )  o f  th e  

r e a c t a n t s  i s  s o lu b le  i n  a lc o h o l»  w h ile  th e  o t h e r  ( b a r b i t u r i c  

a c id )  re m a in s  i n s o l u b l e  th ro u g h o u t  th e  e n t i r e  c o u r se  o f  th e  

r e a c t i o n .  D oebner*s m o d i f i c a t io n  u s in g  p y r id in e  a s  a s o l ­

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

and found  t o  p ro c e e d  s a t i s f a c t o r i l y .  Due# however# to  th e  

d i f f i c u l t y  o f  r e c o v e r in g  th e  r e s u l t a n t  compounds b ecau se  o f  

t h e i r  s o l u b i l i t y  i n  p y r i d i n e  » a m o d if ie d  p ro c e d u re  o f  Doeb« 

n e r * s  m o d if ic a t io n ^ ^ ^ ^  was t r i e d .  In  th i s #  a b s o lu te  a l c o ­

h o l  was u sed  a s  t h e  s o lv e n t  and a sm a ll  amount o f  p y r id in e  

was added t o  c a t a l y z e  t h e  r e a c t i o n .

Uns a t u r a t i o n  i n  th e  p r o d u c t s  formed was d e te rm in e d  

by th e  u s u a l  r e a c t i o n s  w i th  c o ld  c o n c e n t r a t e d  s u l f u r i c  ac id#  

two p e r c e n t  p o ta s s iu m  p erm angana te  s o l u t i o n  and w i th  brom ine 

i n  c a rb o n  t e t r a c h l o r i d e .  The r e s p o n s e  to  th e s e  t e s t s  was 

p o s i t i v e  i n  a l l  c a s e s  w i th  t h e  e x c e p t io n  o f  th e  c h l o r a l  d e ­

r i v a t i v e #  w hich  d id  n o t  y i e l d  s a t i s f a c t o r y  r e s u l t s  when th e  

b rom ine t e s t  was em ployed. A l l  o f  t h e s e  compounds# e x c e p t

- 7 -
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t h e  a c e to p h en o n e  d e r i v a t i v e ,  gave im m edia te  p r e c i p i t a t i o n  

on t r e a tm e n t  w i th  two p e r c e n t  p o ta s s iu m  perm anganate  s o lu ­

t i o n .  The r e a c t i o n  w i th  a l l  compounds i n  c o n d u c t in g  t h i s  

t e s t  was e x o th e rm ic ,  w hich  i s  i n d i c a t i v e  o f  s t r o n g  u n s a t u r a ­

t i o n .

S p e c t ro p h o to m e try

L ig h t  a b s o r p t i o n  i n  u l t r a v i o l e t  and i n  th e  v i s i b l e  

s p e c t r a  i s  due t o  th e  e l e c t r o n s .  O rg an ic  compounds hav in g  

s a t u r a t i o n  show a b s o r p t io n  b an d s  w i th  a maximum below  2 0 0 0  % , 

w h e reas  l o n g e r  u l t r a v i o l e t  o r  v i s i b l e  s p e c t r a  a r e  a lw ays
(11)

a s s o c i a t e d  w i th  m u l t i p l e  l i n k a g e s  o r  such  u n s a tu r a t e d  a tom s.
o

S e l e c t i v e  a b s o r p t i o n  o f  l i g h t  w av e len g th  2000 t o  7700 A, i s

a lw ays  a s s o c i a t e d  w i th  th e  p re se n c e  o f  a m o lecu le  o f  c e r t a i n
( 12)s p e c i f i c  g ro u p in g  o r  ch rom ophores , such  a s  N, C l ,  e t c .  * 

Chrom ophores a r e  c e r t a i n  g ro u p s  o f  atom s i n  an o rg a n ic  com­

pound w hich  c a u se  c h a r a c t e r i s t i c  a b s o r p t io n  o f  v i s i b l e  l i g h t  i r *  

r e s p e c t i v e  o f  th e  n a tu r e  o f  th e  r e s t  o f  th e  compound. The 

a d d i t i o n  o f  a -C C- l i n k  t o  a co n g u g a ted  c h a in  i n c r e a s e s
(13)w a v e le n g th  maximum by ro u g h ly  300 % and lo g  £ by ab o u t 0 .3#

A co m p ariso n  o f  t h e  o p t i c a l  p r o p e r t i e s  o f  a ro m a tic  and 

e t h y l e n i c  compounds by Kuhn and Grundamn ( B e r .1 9 3 7 .7 0 .1 3 1 8 )  

l e d  t o  t h e  c o n c lu s io n  t h a t  th e  b en zene  n u c le u s  a s  a chromo- 

p h o r i c  u n i t  i s  a p p ro x im a te ly  e q u i v a l e n t  t o  one and o n e - h a l f  

c o n g u g a te d  d o u b le  b o n d s .  The a b s o r p t i o n  s p e c t r a  o f  b a r b i t u r ­

i c  a c id  and b a r b i t a l  showed maxima a t  258 and 256, r e s p e c t ­

i v e l y ,  w i th  m o le c u la r  e x t i n c t i o n  c o e f f i c i e n t s  a t  2 4 ,0 0 0  and
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2 4 5 , 0 0 0 . These  a r e  i n  a c c o rd  w i th  t h e  a b s o r p t i o n  s p e c t r a  

o f  b a r b i t u r i c  a c id  w hich  were o b ta in e d  i n  t h i s  work. On 

s tu d y in g  th e  e f f e c t  o f  th e  PH o f  th e  s o l u t i o n  on th e  a b s o rp ­

t i o n  sp ec tru m  o f  b a r b i t u r i c  a c i d ,  c u r v e s  o b ta in e d  showed 

v a r y in g  m o le c u la r  e x t i n c t i o n  c o e f f i c i e n t s  ra n g in g  betw een  

6 ,0 0 0  t o  30 ,0 0 0  w i th  a w a v e le n g th  maxima betw een  2550 % t o  

2600 B athochrom ic  e f f e c t s  o f  s u b s t i t u e n t s  such  a s

--NHg, --OR and h a lo g e n s ,  a t t r i b u t e d  to  th e  i n t e r a c t i o n  b e ­

tw een  u n s a t u r a t e d  e l e c t r o n s  o f  m u l t i p l e  bonds and th e  un­

s h a re d  e l e c t r o n  p a i r  o f  t h e  s u b s t i t u e n t ,  r e s u l t e d  i n  i n ­

c r e a s e d  re so n a n c e  and d e c re a s e d  t r a n s i t i o n  e n e rg y .  The 

e f f e c t s  depend p r i m a r i l y  on th e  n a tu r e  o f  th e  e lem en t v i c i n a l  

t o  t h e  e t h y l e n i c  g roup  i n  o r d e r  o f  

C  < n  7^0 >C1 >CH^

N > S

OH y C l (  Br 

O >S

To compare th e  e f f e c t s  o f  some o f  t h e s e  ba thoch ro m es

on w a v e le n g th  maxima, th e  f o l lo w in g  d a ta  were f o u n d : (^7 )

Benzene -  2543 %

Toluene -  2620 %

C h lo ro  benzene  -  2640 %

D ic h lo ro  benzene  -  2690 %
o

D im ethy l benzene  -  2633 A
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TABLE I

STUDY OF THE ULTRAVIOLET ABSORPTION SPECTRUM 
OF BARBITIRIC ACID

P e rc e n ta g e  s o l u t i o n  o f  th e  compound i n  0*1N sodium 
h y d ro x id e  was 0«000937»

W avelength
i n D e n s i ty L og .E .

W avelength
i n D e n s i ty l o g . £ .

218 0 .5 9 3 2 .7 9 1 4 256 1 ,2 5 3 ,1255

2 2 0 0 . 6 2 .7 9 6 5 258 1 .2 9 3 .1369

2 2 2 0 .5 3 2 2 .7 5 4 2 260 1 ,2 3 3 .1 1 8 3

224 0 .5 1 2 2 .7375 262 1 .1 9 3 .1038

226 0 .4 4 9 2 .6 8 0 5 264 1 . 1 3 .0418

230 0 .4 7 3 2 .7 0 4 2 266 0 ,9 3 2 .9921

232 0 .4 3 2 2 .7117 268 0 .7 5 2 .9 0 3 3

234 0 .4 7 2 2 .7 0 2 2 270 0 .5 7 2 2 .7856

236 0 .4 7 7 2 .7 0 6 8 275 0 .2 8 2 2 .4784

238 0 .4 6 9 2-6994 280 0 .1 8 7 2 .3000

240 0 .5 1 3 2 .7 3 8 4 290 0 .1 4 4 2 .1367

242 0 .5 6 2 .7 7 6 1 300 0 .1 2 7 2 .1 3 1 9

244 0 .6 2 3 2 .8 2 2 8 310 0 .1 1 3 2 .0 3 1 3

246 0 .7 2 .8 7 3 4 320 0 .1 0 3 2 .0411

248 0 .8 1 2 .9 3 6 4 330 0 .0 9 4 2 .0 0 3 7

250 0 .9 2 .9 8 2 3 350 0 .0 8 2 1 .9421

252 1 .0 3 3 .0411 380 0 .0 6 4 1 .8 3 4 5

254 1 . 1 2 3 .0 7 7 4 400 0 .0 5 4 1 .7 6 0 4

m i l l im ic r o n E. •  E x t i n c t i o n  C o e f f i c i e n t
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TABLE IX

STUDY OF THE ULTRAVIOLET ABSORPTION SPECTRUM 
OF THE CHLORAL DERIVATIVE OF BARBITURIC ACID

P e rc e n ta g e  s o lu t io n  o f  th e  p ro d u c t i n  0*1N sodium  
h y d ro x id e  was 0«00185 ,

W avelength  
i n  n u . D e n s ity Log. E.

W avelength  
i n  m^. D e n s i ty L og .E .

230 0 .6 6 8 2 .5576 275 0 .8 5 2 .6628

232 0 .6 8 2 .5 6 5 2 280 0 .5 8 6 2 .5 0 0 7

238 0 .7 5 2 .6 0 7 9 285 0 .4 0 2 2 .3 3 7 7

240 0 .7 9 2 .6304 290 0 .3 0 4 2 .2156

245 0 .9 4 9 2 .7101 295 0 .2 4 8 2 .1274

243 1 .0 7 2 .7 6 2 2 300 0 .2 0 4 2 .0 4 2 5

250 1 .1 5 2 .7 9 3 2 305 0 .166 1 .9525

252 1 .2 8 2 .8 4 0 310 0 .1 3 9 1 .8 7 5 3

254 1 .3 3 2 .8 7 2 7 320 0 .0 8 6 1 .6 6 7 2

256 1 .4 7 2 .9 325 0 .0 6 7 1 .5 5 3 3

253 1 .5 2 2 .9 0 9 3 330 0 .0 5 3 1 .4 5 7 2

260 1 .6 7 2 .9 5 4 4 335 0 .0 4 5 1 .3 8 7 0

262 2 .3 6 3 .1 0 5 9 340 0 .0 4 3 1 .3 6 6 4

264 1 .5 2 .9 0 8 9 345 0 .0 3 9 1 .3 2 3 3

266 1 .4 2 2 .8851 350 0 .0 3 7 1 .2 9 5 6

268 1 .2 3 2 .8 4 0 360 0 .0 3 5 1 .2 7 7

270 1 .1 5 2 .7 9 3 2 370 0 .0 3 3 1 .2 7 4 9
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TABLE I I I

STUDY OF THE ULTRAVIOLET ABSORPTION SPECTRUM OF 
THE ACETONE DERIVATIVE OF BARBITURIC ACID

P e rc e n ta g e  s o lu t io n  o f  th e  p ro d u c t in  0*1N sodium  
h y d ro x id e  was 0 .0 0 3 7 5 .

W avelength
in D e n s ity L og .E .

W avelength  
i n  . D e n s ity L og.E .

230 0 .4 6 2 .0 8 8 8 261 2 .1 8 2 .7665

235 0 .4 8 2 2 .1 0 3 9 262 2 .0 8 2 .7429

240 0 .5 8 9 4 2 .1 9 6 2 265 2 .0 3 2 .7335

245 0 .8 9 5 2 .3 7 7 7 268 1 .6 5 2 .6435

250 1 .4 4 2 .5 8 4 4 270 1 .3 6 2 .5594

255 1 .9 8 5 2 .7 2 3 8 275 0 .7 1 8 2 .2 8 1 9

258 2 .1 7 2 .7 6 2 5 280 0 .3 7 8 6 2 .0 3 7 4

260 2 .1 8 2 .7665 285* 0 .0 5 6 6 1 .5 0 9

* A f te r  285 t o  340, t h e r e  i s  no a p p r e c ia b le  change 
in  a b s o rp tio n *  D e n s i ty  rem a in ed  p r a c t i c a l l y  th e  same.
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TABLE IV

STUDY OF THE ULTRAVIOLET ABSORPTION SPECTRUM 
OF THE CATAPHOR DERIVATIVE OF BARBITIRIC ACID

P e rc e n ta g e  s o lu t io n  o f  th e  p ro d u c t i n  O*IN sodium  
h y d ro x id e  was 0 .00 0 9 3 7

W aveleng th  
i n  m^. D e n s ity L og .E .

W avelength  I 
i n  m^. 1 D e n s ity L og.E .

218 0 .8 4 8 2 .9566 265 • 1 .0 7 3 .0577

220 0 .8 3 2 .9 4 7 3 270 0 .7 0 5 2 .8 7 6 2

224 0 .8 2 .9314 275 0 .4 5 6 2 .6872

226 0 .7 7 2 2 .9 1 5 9 280 0 .383 2 .6116

228 0 .7 5 8 2 .9 0 3 285 0 .3 5 2 2 .5748

230 0 .7 4 4 2 .8 9 9 9 290 0 .3 2 8 2.5442

232 0 .7 2 3 2 .8 3 7 4 295 0 .3 1 3 2 .5237

234 0 .7 1 5 2 .8 8 2 7 300 0 .2 8 8 2 .4877

236 0 .7 2 .8 7 3 4 305 0 .2 7 2 2 ,4628

233 0 .6 9 8 2 .8 7 2 2 310 0 .2 5 6 2 .4365

240 0 .7 1 9 2 .8 3 5 0 320 0 .2 3 7 2 ,4029

242 0 .7 6 2 2 .9 1 0 3 330 0 .2 1 7 2 .3647

245 0 .8 5 2 .9 5 7 7 340 0 .1 9 4 2 .3 1 6 0

250 1 .0 7 3 .0577 350 0 .1 7 6 2 .2737

255 1 .2 6 3 .1 2 8 7 360 0 .1 6 4 2 .2 4 3

260 1 .3 2 3 .1590 370 0 .1 4 8 2 .1 9 3 7

261 1 .2 9 3 3 .1 4 1 2 380 0 .1 3 7 2 .1 6 5 9

262 1 .2 6 3 .1287 390 0 .1 1 9 2 .1 0 3 8
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TABLE V

STICY OF THE ULTRAVIOLET ABSORPTION SPECTRUM 
OF THE ACETOPHENONE DERIVATIVE OF BARBITURIC ACID

P e rc e n ta g e  s o lu t io n  o f  th e  p ro d u c t i n  0*1N sodium  
h y d ro x id e  was 0 .0 0 1 8 5 .

W aveleng th  
i n  m>i. D e n s i ty L og .E .

W avelength  
i n  ID/,. D e n s ity L og .E .

230 0 .5 5 5 2 .4771 285 0 .1 0 1 .7328

235 0 .5 5 5 2 .4771 290 0 .0 9 1 .6 8 7

240 0 .6 3 2 2 .5 3 4 3 295 0 .0 8 3 1 .6 7 7 2

245 0 .8 6 3 2 .6 6 8 9 300 0 .0 8 1 1 .6 4 1 3

250 1 .3 2 .8 4 6 7 310 0 .0 7 8 1 .6 2 4 9

255 1 .6 5 2 .9 5 0 3 320 0 .0 7 2 1 .5 9 0

260 1 .7 2 .9 6 3 2 330 0 .0 6 5 1 .5 4 5 8

261 1 .9 1 3 .0136 340 0 .0 5 8 1 .4961

265 1 .3 3 2 .8 5 6 9 350 0 .0 5 2 1 .4487

270 0 .6 8 5 2 .5 6 8 4 360 0 .0 4 7 1 .4 0 4 8

272 0 .4 7 9 2 .4 1 3 0 380 0 .0 4 4 1 .3766

275 0 .2 6 5 2 .1 5 5 9 390 0 .0 4 0 1 .3 3 4 9

280 0 .1 3 2 1 .8 5 3 5 400 0 .0 3 8 1 .3 1 2 4
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TABLE VI

STlXXf OF THE ULTRAVIOLET ABSORPTICW SPECTRUM 
OF THE CYCLOHEXANWE DERIVATIVE OF BARBITURIC ACID

P e rc e n ta g e  s o lu t io n  o f  th e  p ro d u c t i n  0*1N sodium  
h y d ro x id e  was 0 .0 0 0 9 3 7 .

W avelength
i n  0^ e D e n s l t ^ L og.E .

W avelength  
i n  in>. D e n s ity L og.E .

220 0 .3 0 2 2 .5 0 8 3 262 0 .5 8 8 2 .7 9 6 7

222 0 .3 1 2 2 .5 2 2 5 265 0 .5 4 8 2 .7671

224 0 .3 0 9 2 .5184 270 0 .3 4 3 2 .5636

226 0 .3 0 4 2 .5 1 1 2 275 0 .2 0 7 2 .3444

223 0 .3 0 3 2 .5096 280 0 .1 3 7 2 .1 6 5

230 0 .3 0 2 2 .5 0 8 3 285 0 .1 0 8 2 .0618

232 0 .2 9 3 2 .4961 290 0 .0 9 6 2 .0 1 0 3

234 0 .2 9 4 2 .4 9 6 5 295 0 .0 8 8 1 .9729

236 0 .2 8 7 2 .4 8 6 1 300 0 .0 7 7 1 .9 0 4 9

233 0 .2 9 4 2 .4 9 6 5 310 0 .0 6 6 1 .8 4 6 8

240 0 .3 1 3 2 .5 0 9 6 320 0 .0 5 9 1 ,7 9 9 5

242 0 .3 1 8 2 .5 3 0 7 340 0 .0 4 9 1 .7 1 8 5

244 0 .3 4 2 2 .5 6 2 4 350 0 .0 4 8 1 .7 0 9 6

246 0 .3 7 6 2 .6 0 3 4 360 0 .0 4 3 1 .6 6 1 8

243 0 .4 1 3 2 .6 4 4 4 370 0 .0 3 8 1 .6 0 8 1

250 0 .4 6 5 2 .6 9 5 9 380 0 .0 3 8 1 .6 0 8 1

255 0 .5 9 2 2 .8 0 0 2 390 0 .0 3 4 1 .5 5 9 7

260 0 .6 3 9 2 .8 3 3 9 400 0 .0 3 4 1 ,5 5 9 7



The w a v e le n g th  maximum o b ta in e d  f o r  b a r b i t u r i c  a c id  

was fo u n d  to  be i d e n t i c a l  to  t h a t  fo u n d  by p re v io u s  in v esti* *  

g a t o r s .  In  th e  c h l o r a l  d e r i v a t i v e ,  th e  a b ru p t  r i s e  i n  den­

s i t y  and h ig h e r  v a lu e  o f  th e  w av e len g th  a b s o rp t io n  i s  ac~ 

c o u n te d  f o r  p a r t l y  by th e  b a th o ch ro m ic  e f f e c t  o f  c h lo r in e  

atom s and p a r t l y  by th e  p re se n c e  o f  one more d o u b le  bond 

th a n  i n  th e  p a r e n t - - b a r b i t u r i c  a c id .  I n  th e  c a se  o f  th e  

a c e to n e  d e r i v a t i v e ,  t h e r e  i s  o n ly  one more d o u b le  bond th a n  

i n  th e  b a r b i t u r i c  a c id ,  and th e  b a th o ch ro m ic  e f f e c t  o f  th e  

m eth y l g ro u p  i s  l e s s  th a n  t h a t  o f  c h lo r in e ;  hence b o th  

w a v e le n g th  and d e n s i ty  a re  lo w er th a n  t h a t  o f  th e  c h lo r a l  

compound. In  th e  c a se  o f  th e  cam phor d e r i v a t i v e , th e  s id e  

c h a in  i s  s a t u r a t e d ,  and fu r th e rm o re  t h e r e  i s  o n ly  one doub le  

b o n d . Hence th e  w a v e le n g th  i s  in c r e a s e d  o n ly  by 20 th e  

h in d ra n c e  i n  a b s o r p t io n - - d e n s i ty - - d u e  to  s a t u r a t i o n  b e in g  

p a r t i a l l y  e q u a l iz e d  by th e  p re se n c e  o f  a m ethy l g roup  ( f r e e )  

i n  th e  s id e  c h a in .  I n  th e  c a se  o f  th e  ace to p h en o n e  d e r iv a ­

t i v e ,  in c r e a s e  i n  w a v e le n g th  i s  due to  a d o u b le  bond and 

th e  p re se n c e  o f  chromophores****benzene n u c le u s  and m ethy l 

g ro u p . The ben zen e  chrom ophore i s  ro u g h ly  e q u a l  to  one 

more d o u b le  bond; hence  w a v e le n g th  maximum i s  o n ly  s l i g h t l y  

lo w e r th a n  t h a t  o f  th e  c h l o r a l  d e r i v a t i v e .  In  th e  c y c lo -  

hexanone d e r iv a t i v e  t h e r e  i s  o n ly  one more d o u b le  bond , and 

h en ce  th e  w av e len g th  maximum i s  2600 %. The d e c re a s e  i n  

d e n s i ty  o f  a b s o rp t io n  i s  due t o  th e  h in d ra n c e  in  re so n a n c e  

by th e  p re se n c e  o f th e  s a tu r a te d  c y c lo h e x a n e  r i n g .
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£ 5  E x t in c t io n  c o e f f i c i e n t  
1 = T h ic k n e ss  o f  s o lu t io n  

l a y e r
Here# 1 a 1 cms C % C o n c e n tra t io n  o f  s o lu ­

t i o n
D a E-C 
E s  D/C,



TABLE VII

RELATION BETWEEN STOUCTIRAL FŒIMÜLAS AND ABSORPTION OF COfJPOUNDS

Name of 
Compound Probable S tru c tu r a l  Formula M.P.

Wavelength 
maximum in  

ra illi-m ic ro n s
D ensity
maximum

Log. of 
E x tin c tio n  
c o e f f ic ie n t  

maximum

HN—0 = 0
1 1

0=C CH„
1 1 2 

HN—C = 0

B a rb itu r ic
ac id

258 1 .29 3.1369

C h lo ra l de­
r iv a t iv e  of 
b a r b i tu r ic  

ac id

HN-C=0 
1 1 H 

0*0 C = 0 - 0 - 0 1 .
1 I ^c=o

255° C. 
decomposed

262 2.36 3.1059

Acetone de­
r iv a t iv e  of 
b a r b i tu r ic  

a c id

HN—C O

c i 238° C. 
decomposed 260-261 2.18 2.7665

I
03
I



TABLE VII-#C ontln ued

Marne o f 
Compound Probable S tr u c tu r a l  Formula M.P.

Wavelength 
maximum in  

m illi-m ic ro n s
D ensity
maximum

Log. o f 
E x tin c tio n  
c o e f f ic ie n t  

maximum

Camphor de­
r iv a t iv e  o f 
b a r b i tu r ic  

ac id

HN— 0 = 0  CH_
I I  1 ^

0»C C T=zC ----- C ------ CH

1 1 H ,C -C -C H „
HN — C aO  1

HoC---- C -------CH.
H ^

262° C. 
decomposed

260 1 ,32 3.1590

Acetophe­
none d e r iv a ­
t iv e  o f b a r­
b i t u r i c  a c id

HN — C » 0  
1 \ CH. H H

o»c 0 *= ;\c-c^
1 ) '‘c ĈH 

IttJ— 0 * 0
H H

183° C. 
decoo^osed

261 1.91 3,016

C yciohexa- 
none de­
r iv a t iv e  
o f b a rb i­
t u r i c  a c id

fffj — C= 0 H. H.
1 1 c - <

OsC C - = : C ' CH. 
1 1 ' C _ c /

HN'-^C—0 H^

273° C. 
decomposed

260 0,639 2.8339

»
H»01
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PHARMACOLOGY;

P re l im in a ry  t e s t s  p e rfo rm ed  by use o f  w h ite  r a t s  r e ­

v e a le d  a d e f i n i t e  h y p n o tic  a c t i v i t y  in  th e  c a se  o f  th e  

c h l o r a l  d e r i v a t i v e .  The camphor d e r iv a t i v e  p o s se s se d  some 

a c t i v i t y  and th e  benzophenone compound was c o m p le te ly  i n ­

a c t i v e .  T hese r e s u l t s  a r e  in  a c c o rd  w ith  th e  p h a rm a co lo g i­

c a l  f i n d in g s  on compounds o f  h y p n o tic  a c t i v i t y  w hich show 

t h a t  th e  i n t r o d u c t i o n  o f  c y c l i c  n u c l e i  i n to  an a c t iv e  com­

pound l e a d s  to  th e  r e d u c t io n  o f  h y p n o tic  a c t i v i t y  and th e  

i n t r o d u c t i o n  o f  a ro m a tic  n u c l e i  makes th e  compound i n e r t  o r  

e n t i r e l y  c h a n g es  th e  p r o p e r t ie s *



CHAPTER I I I  

EXPERIMENTAL

( i  ) CHLORAL— d e r iv a t i v e

21 gram s o f  c h lo r a l  h y d ra te  was in tro d u c e d  i n to  a 

500 c . c .  round « b o tto m ed  f l a s k  and d i s s o lv e d  in  250 c , c .  o f  

a b s o lu te  a lc o h o l .  10 gram s o f  b a r b i tu T iq  a c id  was th e n  

ad d ed , fo l lo w e d  by 15 c . c .  o f  p y r id in e .  The m ix tu re  was r e ­

f lu x e d  f o r  t h r e e  h o u rs  betw een  45 to  47^ C. w ith  f r e q u e n t  

a g i t a t i o n .  When th e  r e a c t i o n  re a c h e d  c o m p le tio n , th e  i n ­

s o lu b le  r e s id u e  was f i l t e r e d  o u t  and washed f i v e  t im e s  w ith  

sm a ll p o r t i o n s  o f  warm a lc o h o l  and d r i e d  a t  room te m p e ra ­

t u r e .  The f i n a l  p u r i f i c a t i o n  was a c h ie v e d  by r e p r e c i p i t a t -  

in g  from  c h lo ro fo rm . The p ro d u c t was o b ta in e d  a s  an orange-» 

c o lo r e d  am orphous pow der w hich  d id  n o t  m e lt b u t  decom posed 

on  h e a t in g  a t  255® C.

Y ie ld :  1 3 .5  gram s -  66.5%  t h e o r e t i c a l .
N itro g e n  fo u n d : 11.2% ; N itro g e n  c a l c u l a t e d :  10.89% .

( i i )  ACETONE— d e r i v a t i v e

To a m ix tu re  o f  30 c . c .  o f  a c e to n e  and 200 c . c .  o f

a b s o lu te  a lc o h o l ,  10 gram s o f  b a r b i t u r i c  a c id  was ad d ed ,

fo l lo w e d  by 15 c . c .  o f  p y r i d i n e .  The m ix tu re  was r e f lu x e d

w ith  f r e q u e n t  a g i t a t i o n  f o r  f o u r  h o u rs  a t  t e m p e ra tu r e s

ra n g in g  betw een  58® C. and 64® C. The r e s id u e ,  rem oved by

- 2 1 -
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f i l t r a t i o n »  was w ashed s e v e r a l  t im e s  w ith  a lc o h o l  and 

f i n a l l y  w ith  w a te r .  The compound was th e n  r e c r y s t a l l i z e d  

fro m  s u l f u r i c  a c id  and d r ie d  i n  an oven a t  80^ C. The f i n a l  

p ro d u c t  was o b ta in e d  a s  a f in e »  r o s e - c o lo r e d  powder w hich 

m e lte d  a t  233^ C. w ith  d e c o m p o s itio n .

Y ie ld s  6 .5  gram s -  47.1%  t h e o r e t i c a l .
N itro g e n  fo u n d : 15.1%; c a lc u la t e d :  16.6% .

( i i i  ) CAfAPHOR--derlvatlve

1 7 .2  gram s o f  camphor was in tro d u c e d  in to  a 500 c . c .  

ro u n d -b o tto m e d  f l a s k  and d is s o lv e d  in  250 c . c .  o f  a b s o lu te  

a l c o h o l .  10 gram s o f  b a r b i t u r i c  a c id  and 30 c . c .  o f  p y r i ­

d in e  was th e n  ad d ed . The m ix tu re  th e n  was r e f lu x e d  f o r  

tw en ty -tw o  h o u rs  w ith  f r e q u e n t  a g i t a t i o n  a t  te m p e ra tu r e s  

r a n g in g  betw een  70^ C. and 80^ C. The re s id u e »  a f t e r  i t s  

r e c o v e ry  by th e  u s u a l  f i l t r a t i o n  p ro ced u re»  was w ashed w ith  

warm a lc o h o l  and d r i e d .  The f i n a l  p ro d u c t was p u r i f i e d  by 

d i s s o lv in g  in  sodium  h y d ro x id e  s o lu t io n  and r e p r e c i p i t a t i n g  

th e  p ro d u c t  by h y d ro c h lo r ic  a c id .  The p ro d u c t » a r o s e -  

c o lo r e d  powder» decom posed a t  262^ C . w ith o u t m e l t in g .

Y ie ld ;  9 gram s -  42% t h e o r e t i c a l .
N itro g e n  fo u n d : 10.34% ; n i t r o g e n  c a l c u l a t e d :  10.69% .

( iv  ) ACETOPHENONE— d e r i v a t i v e

10 gram s o f  ac e to p h en o n e  was d i s s o lv e d  i n  200 c . c .  o f  

a b s o lu te  a lc o h o l  i n  a 500 c . c .  ro u n d -b o tto m e d  f l a s k .  20 c . c .  

o f  p y r id in e  and 10 gram s o f  b a r b i t u r i c  a c id  was th e n  ad d ed . 

The m ix tu re  was th e n  r e f lu x e d  f o r  s ix  h o u rs  a t  te m p e ra tu r e s  

b e tw een  50^ C. and 55^ C. The r e s id u e  on rem oving  by f i l ­

t r a t i o n »  was p u r i f i e d  i n  e x a c t ly  th e  same way a s  th e  cam phor



d e r i v a t i v e • The f i n a l  p ro d u c t#  a r e d d is h  brown powder# d e ­

com posed a t  185^ C« w ith  f u s io n .

Y ie ld :  5 ,9  gram s -  50/^ t h e o r e t i c a l .
N itro g e n  fo u n d : 12.8%; n i t r o g e n  c a lc u la t e d :  12.13% .

(v )  BEN 2D PH EN O N E--derivative

10 gram s o f  benzophenone was d i s s o lv e d  in  150 c . c .  

o f  a b s o lu te  a lc o h o l  i n  a 250 c . c .  f l a s k .  10 gram s o f  b a r ­

b i t u r i c  a c id  was th e n  added# fo llo w e d  by 25 c . c .  o f  p y r id in e .  

The m ix tu re  was a llo w e d  to  r e a c t  a t  room te m p e ra tu r e s  f o r  

s ix  d a y s  w ith  f r e q u e n t  a g i t a t i o n .  At th e  end o f  t h i s  i n t e r ­

v a l#  a c re a m -c o lo re d  s u b s ta n c e  s e p a ra te d  above th e  u n re a c te d  

b a r b i t u r i c  a c id .  T h is  s u b s ta n c e  was s e p a ra te d  and p u r i f i e d  

by  r e p e a te d  w ash in g s  w ith  a lc o h o l  fo llo w e d  by f i v e  p e r c e n t  

sodium  h y d ro x id e#  th e n  by w ater#  and f i n a l l y  p r e c i p i t a t e d  

from  e t h e r e a l  s o l u t io n  w ith  a lc o h o l .  The p ro d u c t on d ry in g  

m e lte d  a t  126^ C . w ith o u t  decom posing .

Y ie ld :  9 gram s -  39.4% t h e o r e t i c a l .
N itro g e n  fo u n d : 9.85% ; n i t r o g e n  c a l c u l a t e d :  9.59% .

(v i ) CYCLOHEXANONE*-derivative

10 gram s o f  b a r b i t u r i c  ac id #  20 c . c .  o f  cy c lo h ex an o n e  

and 10 c . c .  o f  p y r id in e  w ere in t r o d u c e d  i n t o  a ro u n d -  

b o tto m ed  f la s k #  c o n ta in in g  250 c . c .  o f  a b s o lu te  a l c o h o l .

The f l a s k  was eq u ip p ed  w ith  an  a i r  c o n d e n se r  and th e  m ix tu re  

was th e n  h e a te d  on a steam  b a th .  A f t e r  one h o u r 's  h e a tin g #

th e  c o n te n t  o f  th e  f l a s k  tu rn e d  a r e d d is h  b la c k  and th e  com­

p o n e n ts  a l l  d i s s o lv e d .  A f te r  a few  m in u te s  a re d d is h -b ro w n

p r e c i p i t a t e  s e p a r a te d .  A f t e r  an a d d i t i o n a l  h o u r 's  h e a tin g #  
th e  p r e c i p i t a t e  was d is s o lv e d  by a d d i t io n  o f  a few  c u b ic  

c e n t im e te r s  o f  O .lN  h y d ro c h lo r ic  a c id  and th e  s o l u t io n  was



-24-^

f i l t e r e d *  The p ro d u c t was r e p r e c i p i t a t e d  by n e u t r a l i z i n g

th e  s o lu t io n  w ith  0*1N sodium  h y d ro x id e* *  A f te r  th o ro u g h

w ash in g  w ith  a lc o h o l ,  th e  p ro d u c t was d r i e d  i n  a d e s ic c a to r*

Y ie ld :  7*35 gram s •  45*23% th e o r e t i c a l *
N itro g e n  fo u n d ; 13.65% ; n i t r o g e n  c a l c u l a t e d :  13*46%*

*The compound h a s  a m p h o te ric  p r o p e r t i e s .  I t  i s  i n ­
s o lu b le  i n  n e u t r a l  s o lu t io n *



CimPTER IV

su i m̂ary and  c o n c l u sio n s

1 . S ix  d i f f e r e n t  a ld e h y d e s  o r  k e to n e s  w ere condensed  

w i th  b a r b i t u r i c  a c id  by th e  K noevenagel r e a c t i o n .

2 . A b so rp tio n  s p e c t r a  o f  f i v e  o f  th e s e  compounds 

w ere s tu d i e d .  The r e s u l t s  o b ta in e d  w ere found  to  be in  a c ­

c o rd  w i th  th o s e  p r e d ic a te d  f o r  s t r u c t u r e s  o f  th e  compounds 

ex am in ed .

- 2 5 -
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