
CHAPTER I I

I n f o r m a t i o n

P i p e r a z i n e s  h e t e r o c y c l i c  n i t r o g e n o u s  compound,  was u s e d  
i n  t h e  e a r l y  1 9 0 0  ร f o r  t r e a t i n g  human g o u t  and o t h e r  r h e u m a t i c  
d i s e a s e s  on t h e  t h e o r y  t h a t  p i p e r a z i n e  would  d i s s o l v e  u r a t e s  
t h e r e b y  a i d i n g  t h e  e l i m i n a t i o n  o f  u r i c  a c i d  f rom  t h e  body .  
However,  e x t e n s i v e  r e s e a r c h  f a i l e d  t o  s u b s t a n t i a t e  t h i s  t h e o r y ,  
and p i p e r a z i n e  was g r a d u a l l y  removed  f rom  th e  l i s t  o f  d r u g s  u s e d  
t o  t r e a t  g o u t .  The d i s c o v e r y  o f  t h e  a n t h e l m i n t i c  p r o p e r t i e s  
o f  p i p e r a z i n e  was u s u a l l y  c r e d i t e d  to  F a y a r d  ( 1 9 4 9 )> c u t  t h e s e  
were  f i r s t  o b s e r v e d  by B o i s m a r e ,  a  Rouen p h a r m a c i s t ,  whose 
r e c i p e d  q u o t e d  i n  F aya rd*  ร t h e s i s ^ " ^ .  S in c e  t h e n  numerous 
d e r i v a t i v e s ,  p r i n c i p a l l y  s a l t s  o f  p i p e r a z i n e ,  have  b ee n  
d e v e l o p e d .  A l l  o f  t h e  d e r i v a t i v e s  have  s i m i l a r  e f f i c a c y  s a f e  
and h i g h l y  e f f e c t i v e  a g a i n s t  b o t h  A s c a r i s  l u m b r i c o i d e s  and 
E n t e r o b i u s  ( O x y u r i s )  v e r m i c u l a r i s  b u t  z e r o  t o  v a r i a b l e  e f f e c t i v e  
a g a i n s t  h e l m i n t h s  i n  human and d o m e s t i c  a n i m a l s  and  a r e  u s e d  
commonly t o d a y  a s  t h e  d r u g s  o f  c h o i c e  i n  t r e a t m e n t  o f  pinworm 
( E n t e r o b i u s  v e r m i c u l a r i s )  and roundworm ( A s c a r i s  l u m b r i c o i d e s )  
i n f e s t a t i o n .

P h a r m a c o l o g i c a l  a c t i o n

The a n t h e l m i n t i c  a c t i v i t y  o f  p i p e r a z i n e  an d  i t s  s a l t s
d e p e n d  u p o n  t h e i r  a n t i c h o l i n e r g i c  a c t i o n  a t  t h e  m y o n e u r a l
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j u n c t i o n  i n  worms w h ic h  p r o d u c e  a n e u r o m u s c u l a r  b l o c k .  A c c o r d ­
i n g  t o  s t u d y  by N o r t o n  and  de B e e r ^ ^ ,  p i p e r a z i n e  h a s  a 
c u r a r e ,  l i k e  a c t i o n ; t h a t  i s ,  i t  b l o c k s  t h e  s t i m u l a t o r y  e f f e c t s  
o f  a c e t y l c h o l i n e  on worm m u s c l e .  P i p e r a z i n e  a l s o  d e c r e a s e s
p r o d u c t i o n  o f  s u c c i n i c  a c i d  w hich  i n  a  m e t a b o l i z e d  p r o d u c t  o f

( 3 )t h e  worm' ' .  S u c c i n a t e  p r o d u c t i o n  s u p p l i e s  t h e  e n e r g y  f o r  t h e  
m u s c u l a r  c o n t r a c t i o n  o f  t h e  p a r a s i t e .  I t  i s  p r o b a b l e  t h a t  t h i s  
e n e r g y  i s  p r o v i d e d  i n  worm m u sc le  m i t o c h o n d r i a  v i a  a r e d u c t i o n  
o f  f u m a r a t e  to  s u c c i n a t e  by r e d u c e d  d ip h o s p h o p j ' - r i d in e  n u c l e o t i d e
c o u p le d  w i t h  p h o s p h o t y l a t i o n .  Bo th  r e s u l t s  c a u s e  a 
n a r c o t i z i n g  o r  p a r a l y t i c  e f f e c t .  Worms l o s e  t h e i r  m o t i l i t y  and 
t h u s  t h e i r  a b i l i t y  t o  m a i n t a i n  t h e i r  p o s i t i o n  i n  t h e  i n t e s t i n a l  
t r a c t .  They a r e  p a s s i v e l y  sw ep t  a l o n g  by i n t e s t i n a l  p e r i s t a l s i s  
and v o i d e d  l i v e  i n  t h e  f e c e s .  I f  t h e  d r u g  i s  q u i c k l y  v o i d e d  by 
t h e  h o s t ,  e . g . , when a p u r g a t i v e  a c c o m p a n i e s  d r u g  a d m i n i s t r a t i o n ,  
t h e  n a r c o t i z e d  worm may r e g a i n  i t s  m o t i l i t y  and  r e e s t a b l i s h  i t s  
p o s i t i o n  i n  t h e  g u t .  P u r g a t i o n  i s  c o n s e q u e n t l y  n o t  g e n e r a l l y  
a d v i s e d  when p i p e r a z i n o  i s  b e in g ,  u s e d .  M a tu re  worms a r e  more 
s u s c e p t i b l e  t o  t h e  a c t i o n  o f  p i p e r a z i n o  t h a n  a r e  y o u n g e r  s t a g e s .  
L u m e n - d w e l l in g  l a r v a e  and immature  a d u l t s  a r e  s u f f i c i e n t l y  
s u s c e p t i b l e  t o  be a t  l e a s t  p a r t i a l l y  l i m i n a t e d .  L a r v a l  s t a g e s  
i n  h o s t  t i s s u e s ,  e s p e c i a l l y  l a r v a e  t h a t  a r e  m o l t i n g ,  a r e  l i t t l e  
a f f e c t e d  by t h e  d r u g ,  t h u s  r e p e a t e d  t r e a t m e n t s  a r e  g e n e r a l l y
i n d i c a t e d
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A b so r p tio n , F a te  and Ex c r e t io n

f rom  t h e  p r o x i m a l  r e g i o n  o f  g a s t r o i n t e s t i n a l  t r a c t ,  Some o f
them a r e  m e t a b o l i z e d  i n  t h e  t i s s u e  and t h e  r e m a i n d e r ( a p p r o x i -  

•ร (4 )m a t e l y  30 -  40 f o )  i s  e x c r e t e d  i n  t h e  u r i n e v . P i p e r a z i n e  b a s e  
i s  d e t e c t a b l e  i n  t h e  u r i n e  as e a r l y  a s  30 m i n u t e s  a f t e r  t h e  d r u g  
i s  a d m i n i s t e r e d ,  t h e  e x c r e t i o n  r a t e  i s  maximal  a t  1 -  8 h o u r s  
and u r i n a r y  e x c r e t i o n  i s  p r a c t i c a l l y  c o m p le t e  w i t h i n  24 h o u r s .  
R og e r  ( 1 9 5 0 ) o b s e r v e d  no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  
r a t e s  o f  u r i n a r y  e x c r e t i o n  o f  v a r i o u s  s a l t s  o f  p i p e r a z i n e .  
However,  t h e r e  was a  wide  v a r i a t i o n  i n  t h e  r a t e s  a t  w hich  
p i p e r a z i n e  was e x c r e t e d  by d i f f e r e n t  i n d i v i d u a l s  .

T o x i c i t y

P i p e r a z i n e  an d  i t s  s im p le  s a l t s  a r e  r e a d i l y  a b s o r b e d

There  i s  a  w ide  r a n g e  b e tw e e n  e f f e c t i v e  t h e r a p e u t i c
and c v e r t l y  t o x i c  d o s e s  o f  p i p e r a z i n e .  L a b o r a t o r y  f i n d i n g s  on

( 5 )m i c e v have  shown t h a t  t h e  o r a l  LD50 o f  p i p e r a z i n e  was 
1 1 . 4  ร / k g .  o f  body w e i g h t  , and on p a t i e n t s  r e c e i v i n g  t r e a t m e n t  
f o r  s e v e r a l  d a y s  have  shown no a b n o r m a l i t y  , i t  a l s o  can  be u s e d  
w i t h o u t  i l l  e f f e c t  d u r i n g  p r e g n a n c y .  L a rg e  o r a l  d o s e s  o c c a s i o ­
n a l l y  p ro d u c e  g a s t r o i n t e s t i n a l  u p s e t ,  t r a n s i e n t  n e u r o l o g i c a l  
e f f e c t s ,  and u r t i c a r i a l  r e a c t i o n s .  T here  a,re no known c o n t r a i n ­
d i c a t i o n s  t o  t h e  u s e  o f  p i p e r a z i n e  e x c e p t  i n  c a s e s  o f  l o n g ­
s t a n d i n g  r e n a l  o r  l i v e r  d i s e a s e .
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P r e p a r a t io n s

f r e q u e n t ly  in  th e form o f  s a l t s ,  such  a s th e  c i t r a t e ,  a d ip a te ,
p h o sp h a te , d ih y d r o c h lo r id e , t a r t r a t e  and ca lc iu m  a d e ta te ;  a l l

( 6)form in g  h exa h yd ra te  in  s o lu t i o n .  '  The a n t i p a r a s i t i c  a c t i v i t y  
o f  th e  v a r io u s  s a l t s  o f  p ip e r a z in e  depends a lm o st s o l e l y  on th e  
p ip e r a z in e  b a s e . The amount o f  b ase  v a r i e s ,  o f  c o u r s e , among 
d i f f e r e n t  s a l t s  a s  r e f l e c t e d  in  th e  d i f f e r e n c e  in  th e d osage  
l e v e l  o f  e a c h . The h exa h y d ra te  (som etim e c a l l s  h y d ra te ) o f  
p ip e r a z in e  c o n ta in s  44 o f  th e  b a s e . The d o sa g es  o f  th e  s a l t s  
o f p ip e r a z in e  are custom ary e x p r e s se d  in  term s o f  th e  h exahy­
d r a te  e q u iv a le n t ,  i . e , ,  100 mg o f  p ip e r a z in e  h ex a h y d ra te  i s  
a p p ro x im a te ly  e q u iv a le n t  to  120 mg o f p ip e r a z in e  a d ip a te ,  to  
1 2 5  mg o f p ip e r a z in e  c i t r a t e ,  and to  1 0 4  mg o f  p ip e r a z in e  
p h o sp h a te . A number o f  s a l t s  o f  p ip e r a z in e  are a v a i la b le  by 
brandnam es, u s u a l ly  in  th e  form o f  syrup or e l i x i r  c o n ta in in g  
1 0 0  mg or 1 2 5  m g/m l. and a s t a b l e t  or w a fe r , each  c o n ta in in g  
2 5 0  or 5 0 0  mg. c a lc u la t e d  as th e  h ex a h y d r a te . o th e r  p rep a ra ­
t io n s  are c a p su le  and g r a n u le . For d o m estic  a n im a ls ,p ip e r a z in e  
i s  in c o r p o r a te d  in t o  f e e d s .  Of th e  v a r io u s  p r e p a r a t io n s ,  one 
i s  p ro b a b ly  as good a s a n o th e r . The l iq u i d  p r e p a r a t io n s  are  
more a c c e p ta b le  f o r  c h i ld r e n .  P ip e r a z in e  c i t r a z e  บ .s . p .  and 
P ip e r a z in e  c i t r a t e  e l i x i r  B.p.c. are th e  o f f i c i a l  p r e p a r a t io n s .

P i p e r a z i n e  i s  m a r k e te d , e i t h e r  a s  t h e  f r e e  b a s e  o r  m ore
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C h e m is t r y

P i p e r a z i n e ,  3. p y r a z i n e  d e r i v a t i v e ,  c h e m i c a l l y  i s

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

V , / 2X e - c \H-N N-H
\ /

> \
H2 H2

P i p e r a z i n e  i s  a  t y p i c a l  c y c l i c  s e c o n d a r y  d i a m i n e ,  and 
can  he p r e p a r e d  i n  t h e  l a b o r a t o r y  s e v e r a l  ways a s  d e s c r i b e d  h e r e .

l )  C loez  ( 7» 46^ . ^ 163 i z e d  p i p e r a z i n e  a s  e a r l y  a s  1855 by 
h e a t i n g  e t h y l e n e  d ib r o m i d e  w i t h  aq u e o u s  ammonia i n  a  s e a l e d  t u b e .

2 Br-CH2 -CH2 - B r  + 6 NH_------» NH(CH2 -CH2 ) 2 NE + 4 NH^Br

P i p e r a z i n e  a l s o  c r y s t a l i z e e  a s  a  h e x a h y d r a t e  from w a t e r
(ร)by  warming  e t h y l e n e  c h l o r i d e  w i t h  ammonia i n  a l c o h o l i c  s o l u t i o n "  ,

2 C1-CH9 -CH2 -C1 + 6 NH5 -----* NH(CHp-CH2 ^NH + 4 KH^Cl

2 ) .  P i p e r a z i n e  c a n  be p r e p a r e d  by r e d u c t i o n  o f
( 9)p y r a z i r c ,  u s i n g  sodium and  e t h a n o l  a s  c a t a l y s t '  ' \

Na
C2H oh ->

ชุโy
H
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o r  w ith
P y r a z in e  a r a  a l s o  re d u c e d  by t i n  and  h y d r o c h l o r i c  a c id  
a  v a r i e t y  o f  o th e r  r e d u c in g  a g e n ts  to  g a in  p ip e r a z in e ^

H

n
รท

% ๙ KCl >
H

3 ) P i p e r a z i n e  c a n  h e  p r e p a r e d  b y  t h e  h i g h  t e m p e r a t u r e  

c y c l o d e h y d r a t i o n  o f  a  s u i t a b l e  h y d r o x y l a m i n e t s u c h  a s  U - ( 2 -  

h y d r o x y e t h y l )  e t h y l e n e d i a m i n e .  T h e  c a t a l y s t  i s  a c t i v a t e d  

a l u m i n a  o n  w h i c h  som e m e t a l l i c  n i c k e l  h a s  b e e n  d e p o s i t e d ^ ' " !

OH

a c t i v a t e d  — *—— - — ^a l u m i n a
JN
H

H20

4 ) P ip e r a z i n e  can  be p r e p a re d  from  a n i l i n e  by th e
( 1 ? )g e n e r a l  s e c o n d a ry  a l i p h a t i c  am ine s y n t h e s i s
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5 ) .  P i p e r a z i n e  c a n  b e  p r e p a r e d  b y  c a t a l y t i c  d e a m i n a t i o n

( 1 3 )o f  d i e f h y l e n e t r i a m i n e  o r  e t h y l e n e d i a m i n e

V  -  CH2 tt / °  \
Hn c r ' Ch r«ะ. Ù

H
N

H2N -  CH2
h 2 (

\
ch2

h e a t rjรOJ
พo — " 'N

OH nh2 H

6 )  A r y l s u l f o n a m i d e s  r e a c t  w i t h  e t h y l e n e  d i b r o m i d e  i n  

t h e  p r e s e n c e  o f  a l k a l i  t o  g i v e  a  s u l f o n y l p i p e r a z i n e  c o m p o u n d  

w h i c h  b y  h y d r o l y s i s  g i v e s  p i p e r a z i n e ' \

2 R S 0 ? NH2 + 2 BrCH 2 CH2 B r NaOH JV R S 0 9 N ( c e 2 c h 2 ) 2 n  s o 9 r

h20

HN(CHq -CH2 ) 2NH + RSO

7 )  R e d u c t i o n  o f  a m i n o  a c i d  a n h y d r i d e s ,  s u c h  a s  o c c u r  i n  

p r o t e i n ,  w i t h  s o d i u m  a n d  b o i l i n g  a m y l  a l c o h o l  o r  e l e c t r o l y t i c
( 1 5 )r e d u c t i o n  o f  d i k e t o p i p e r a z i n e  i n  g e n e r a l  g i v e s  p i p e r a z i n e '  .

H

H, c

H

N a , a m y l  a l c o h o l

H

G l y c i n e  a n h y d r i d e
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ท 2 1 1 -=  0  N a , a m y l  a l c o h o l

0 = c b o i l
'"N

S a r c o s i n e  a n h y d r i d e

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

n u m b e r  o f  w a y s  t o  s y n t h e s i z e  p i p e r a z i n e  b u t  t h e  d e n a i n a t i o n  e f  

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

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

P i p e r a z i n e  i s  f r e e l y  s o l u b l e  i n  w a t e r  a n d  g l y c e r o l ,  l e s s  

s o l u b l e  i n  a l c o h o l ,  a n d  i n s o l u b l e  i n  e t h e r .  I t  i s  a  s t r o n g  

b a s e ,  h a v i n g  pKa  v a l u e  9 * 0 2  a n d  5 . 6 8 . ^ ^  P i p e r a z i n e  c o n s e q u e n t l y  

e a s i l y  a b s o r b s  w a t e r  a n d  c a r b o n  d i o x i d e ,  t h u s  c o n t a i n e r s  s h o u l d  

b e  t i g h t l y  c l o s e d .  I n  t h e  p r e s e n c e  o f  m o i s t u r e ,  t h e  

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

c o l o r l e s s  c r y s t a l s  w h i c h  a r e  v e r y  u n s t a b l e  a n d  a r e  s o l u b l e  

i n  w a t e r ,  s t a b i l i t y  o f  p i p e r a z i n e  c a n  b e  a c c o m p l i s h e d  b y  u s e d  o f  

i t s  s i m p l e  s a l t s *  p i p e r a z i n e  a d i p a t e ,  c i t r a t e ,  c a l c i u m  e d e t a t e ,  

p h o p h a t e ,  d i h y d r o c h l o r i d e  a n d  t a r t r a t e ,  a l l  o f  w h i c h  a r e  f o r m e d  

b y  t r e a t m e n t  o f  a n  e q u i m o l a r  q u a n t i t y  o f  a c i d  , 0 , 0 ,  a d ip ic  n o i d ,  

c± sa? i©  a c i d ,  c t h y l o n e d i a m i n o t e t r a a c e t i c  a o i d  o n  c a l c i u m  c a r b o n a t e ,  

p h o s p h o r i c  a c i d ,  h y d r o c h l o r i c  a c i d  a n d  t a r t a r i c  a c i d ,  w i t h
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p i p e r a z i n e  i n  a q u e o u s  s o l u t i o n ,  t h e  r e s u l t i n g  s a l t s  a r e  c a u s e d  

t o  c r y s t a l l i z e .  C h e m i c a l  s t r u c t u r e  o f  p i p e r a z i n e  s a l t s  a r e  s h o w n  

i n  T a b l e  1 .

S a l t s  o f  p i p e r a z i n e  a r e  s t a b l e  t h a n  t h e  p i p e r a z i n e  b a s e .  

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

t a s t e  a n d  a r e  r e a d i l y  s o l u b l e  i n  w a t e r  e x c e p t  t h e  i n s o l u b l e  

p h o s p h a t e  a n d  t h e  a d i p a t e  w h i c h  d i s s o l v e  s l o w l y  t o  o n l y  

a  m axim um  o f  5 i n  w a t e r .

P i p e r a z i n e  p o s s e s  c h e m i c a l  p r o p e r t i e s  a s  g e n e r a l  s e c o n ­

d a r y  a m i n e s ,  i t s  m a i n  p r o p e r t i e s  a r e
( 1 8 )

l )  R e a c t s  w i t h  p e r c h l o r i c  a c i d  i n  g l a c i a l  a c e t i c  a c i d '

'  \HN NH + 2 HClO
\ _ /

4 '--2
พ

r  h 2 + 2 CIO4

2 )  R e a c t s  w i t h  a c e t i c  a n h y d r i d e  ( l % 4 6 ) r a c e t y l  c h l o r i d e

t o  f o r m  d i a c e t y l  p i p e r a z i n e ,  p y r i d i n e  o r  a n o t h e r  t e r t i a r y  a m i n e  

i s  g e n e r a l l y  e m p l o y e d  a s  c a t a l y s t .

/  \  ^ C - C H ,  P y r i d i n e ^  J \  ร ร
HN 'ne 4 2 0 ^  -__ HjC-C-lr N-C-CHj+2H^C-0H\_/  'ร-ฒ3 \_/

0
3 )  R e a c t s  w i t h  g l a c i a l  a c e t i c  a c i d  i n  a c e t o n e  c a u s e  a  

w h i t e  c r y s t a l l i n e  p r e c i p i t a t e  o f  p i p e r a z i n e  d i a c e t a t e ^ 2 0 ) .

H i /  NH 4- 2 CH C00H — > HjC.COOH. h/ ~  \ h .HOOC.CH^
\ ___ /  ' พ - /
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4 ) R e a c t s  w i t h  n i t r o u s  a c i d  t o  f o r m  N - n i t r o s o
, . 0 , .  (2 1 )d e r i v a t i v e '

/  Y r ~ \HR NE + 2H0N=0----0=N-N N-N=0 + 2Ho0

5) R ea cts  w ith  carbon d i s u l f i d e  to  produce a polym er  
c a l l  l - p ip e r a z in e c a r b o d i t h io ic  a c id  b e ta in e  or P ic a d e x '^  w hich  
i s  a l s o  u sed  as a n th e lm in t ic  .

HIT NH + cs,
ร H

-* \ - N  + N ^■ ■ ร''' \ ___/  \ช V—/

6) R ea c ts  w ith  p i c r i c  a c id ,  c h lo r o p la t in i c  a c id
m ercu ric  s a l t s  and o th e r  m eta l s a l t s  to  form p r e c ip i t a t e

OH 0É
( 1 4 , 2 2 )

'ๅ 0 9 N. m  1.
HN NH .2 V

NO
II

P i c r i c  a c id p ip e r a z in e  d ip ic r a t e

7) R ea c ts  w ith  ammonium r e in e c k a t e  in  a c id  s o lu t io n
( 2 3 )to  form a p in k  p r e c ip i t a t e  ,

n h / cHN NH + 2 NH4JCr(N H ,)2( son) HN 'iTH. [ทCr ( NTIj ) 2 ( so n )
HoS0

7 / ^ ^ V / i  —-------L HN Nh.Ji
5 4  ^  °, ,  ,  ,  w  lc i t r i c  a c id

+ 2 NH3
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8 )  R e a c t s  w i t h  q u i n o n e  r e a g e n t ,  e . g . p - b e n z o q u i n o n e (24)

w i t h  d i c h l o n e  o r  2 , 3 - d i c h l o r o - l , 4 - n a p h t h o q u i n o n e  t o
( 2 5 )p r o d u c e  a  r o s e - c o l o r e d  p r o d u c t '  ,

9 ) R e a c t s  w i t h  b r o m i n e t o  g i v e  a n  a d d i t i o n com pound ( 14 )

EN NH + 2 B r  9 B r - N  N - B r  + 2HBr

an d  a l s o  r e a c t s  w i t h  i o d i n e  t o  y i e l d  N,N - d i i o d o p i p e r a -
z i n e ( 2 6 )

HN NH + 2  1, 
\ ___/  ‘

/ “ A  TI - N  N - I  + 2 HI\ __ /

m e d i a
10) 

( 27 )  ฒ
R e a c t s  w i t h  3 - c a r b o x y - 7 - h y d r o x y c o u m a r i n  i n  e t h a n o l i c



1 5

and p o ly m e r s  d e p e n d i n g  on t h e  a l d e h y d e  and  mole  r a t i o  u s e d ,  e . g .
w i t h  f o r m a l d e h y d e  to  fo rm t h e  i n s o l u b l e  p o ly m e r  c a l l  p o l y m e t h y l e -  

( 28)n e p i p e r a z i n e v b u t  when i n c r e a s e  f o r m a l d e h y d e  to  two f o l d  o r  
more a t  1 5 - 8 5 °  c y i e l d  1 , 4 - m e t h y l a l p i p e r a z i n e  .

l l )  R e a c t s  w i t h  v a r i o u s  a l d e h y d e  t o  y i e l d  c o n d e n s a t e

ท HN Nil + nHCHO - -N N-CH, + nligO

An a l y t i c a l  me t h o d s  i n v o l v e d i n  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  
p i p e r a z i n e  and i t s  s a l t s

The w i d e s p r e a d  u s e  o f  p i p e r a z i n e  and i t s  s a l t s  a s  an 
a n t h e l m i n t i c  a g e n t  have  c r e a t e d  a demand f o r  a  r a p i d ,  r e l i a b l e  
method  f o r  t h e i r  d e t e r m i n a t i o n .  V a r i o u s  m e thods  have  been  
employed  f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  d r u g s  w hich  
c o n t a i n i n g  p i p e r a z i n e  s a l t s ,  b u t  t h e  a c c u r a c y  o f  t h e s e  m e thods  
have  a lw a y s  been  i n  q u e s t i o n .  These  method  a r e  d e s c r i b e d  
be lo w .

1)
0  O f; 7 0  G

T i t r i m e  t r i e  method

( l . l . )  C o m plexo m e t r i c  t i t r a t i o n

T h i s  method i s  b a s e d  on t h e  r e a c t i o n  o f
p i p e r a z i n e  w i t h  HgCl2 s o l u t i o n ,  t h e  p r e c i p i t a t e d  i s  f i l t e r e d  o f f .
Add an  e x c e s s  o f  0 . 0 5  M EDTA t o  t h e  f i l t r a t e ,  t h e n  add Ïïïi_-NH^C1
b u f f e r  s o l u t i o n  (pH 10) and b ac k  t i t r a t e  w i t h  0 . 0 5  E MgSO^, w i t h

( 2 9 )E r io c h ro m e  B la c k  T a s  i n d i c a t o r  . A n o th e r  method  i s  u s e d
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f o r  the d e te r m in a tio n  o f  p ip e r a z in e  in  an e l i x i r  and in  e f f e r v e s ­
c e n t g r a n u le ร ' ^ ^ . An aqueous s o lu t io n  i s  t r e a t e d  w ith  carbon  
d i s u l f i d e  end aqueous ammonia to  form th e 1 ,4 - d i - ( c a r b o d i t h i o i c  
a c i d ) ,  then  a known e x c e s s  o f  C u^  a c e t a t e  i s  added , th e p r e c i p i ­
t a t e  form ed i s  removed by f i l t r a t i o n  and the e x c e s s  o f  Cu1  ̂ in  
th e f i l t r a t e  i s  t i t r a t e d  w ith  EDTA.

( 1 . 2 ) P r e c i p i t a t i o n  t i t r a t i o n

T h is  method i s  b ased  on th e p r e c ip i t a t i o n  o f  p ip e r a z in e
( 3 1 )h yd ra te  a s  te tr a p h e n y lb o r o n  s a l t '  , fo l lo w e d  by a r g e n to m e tr ic  

t i t r a t i o n  or by p r e c ip i t a t i o n  o f  th e r e in e c k a t e ,  fo l lo w e d  
by h y d r o ly s is  and V olhard  t i t r a t i o n .  o th e r  method i s  t i t r a t i o n  
o f  the e x c e s s  o f  NH.SCN a f t e r  p r e c ip i t a t i o n  o f  the com plex  

( S C N " ) ^ ^ .  An aqueous s o lu t io n  i s  t r e a te d  
w ith  a known e x c e s s  o f  0 .1  N NH^SCN and an e x c e s s  o f  10 fc  

cadmium a c e t a t e  or s u l f a t e  s o lu t i o n .  The m ixtu re  i s  d i lu t e d  
and w e l l  shaken and the p r e c ip i t a t e  i s  a llo w ed  to  s e t t l e ,  
th en  f i l t e r e d  o f f ,  the f i r s t  p o r t io n  o f  f i l t r a t e  i s  r e j e c t e d .  
The rem aind er o f  th e  f i l t r a t e  i s  t i t r a t e d  w ith  0 .1  N AgNO7>.

( 1 . 3 ) O x id s ,t ic n -r e d u c t io n  t i t r a t i o n

- An e t h a n o l ic  s o lu t io n  o f  p ip e r a z in e  are
tr e a te d  w ith  e th e r  and e t h a n o l ic  hexam ine and th en  add KIO^.
A fte r  b e in g  s e t  a s id e  f o r  10 m in u tes a t  10° c ,  th e  p r e c ip i t a t e
i s  f i l t e r e d  o f f  on a J en a  ( j  3 ) s i n t e r e d - g l a s s  c r u c ib le ,  washed
w ith  e t h a n o l - e t h e r  and d is s o lv e d  th e p r e c ip i t a t e  in  5 fa แ 2 ร0 ^, KI

( 33  )i s  added and th e l ib e r a t e d  io d in e  i s  t i t r a t e d  w ith



( l , 4 ) A c id -b a a e  t i t r a t i o n
The method i s  based  on th e S o ren sen  

method fo r  amino a c id .  P ip e r a z in e  i s  d is s o lv e d  in  w ater  and 
t r e a t e d  w ith  form aldeh yd e s o lu t i o n ,  p r e v io u s ly  n e u t r a l iz e d  to  
p h e n o lp h th a le in . Add few d rop s o f  an e t h a n o l ic  s o lu t io n  o f  
thym olphth a ïe  in  and th e m ixtu re  i s  t i t r a t e d  w ith  NaOH s o lu t i o n ,
compare th e end p o in t  w ith  a sta n d a rd  c o lo r  p rep ared  in  the

( 34 )same manner' '  .

A nother r e a c t io n  i s  c a r r ie d  o u t in  a th e r m a lly  i s o l a t e d
system  by t i t r a t i o n  o f  p ip e r a z in e  in  an a lc o h o l i c  or aqueous

(35)s o lu t io n  w ith  h y d r o c h lo r ic  a c id '  .

( 1 .5 )  Nonaqueous a c id -b a s e  t i t r a t i o n

By t h i s  m ethod, th e  p ip e r a z in e  b ase  
f i r s t  b rough t in to  aqueous s o lu t i o n ,  and the s o lu t i o n  i s  ma.de 
s t r o n g ly  a lk a l in e  and e x tr a c te d  w ith  ch lo ro fo rm . The ch lo ro form  
s o lu t io n  o f  p ip e r a z in e  i s  th en  t i t r a t e d  w ith  a c e to u s  p e r c h lo r ic  
a c id  u s in g  a lp h a -n a p h th o l b en zo in  a s i n d i c a t o r ^ .

A nother method i s  an o f f i c i a l  method o f  p ip e r a z in e  
c i t r a t e  and p h osp h ate  by d i s s o l v i n g  p ip e r a z in e  s a l t  in  g l a c i a l  
a c e t i c  a c id  TS, warming s l i g h t l y  to  e f f e c t  s o lu t i o n ,  t i t r a t e d  
w ith  0 .1  N p e r c h lo r ic  a c id ,  c r y s t a l  v i o l e t  TS i s  u sed  as
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T it r im e t r ic  m ethods o f f e r  an a c c u r a te ,  r a p id , s im p le  
and in e x p e n s iv e  mean o f  a s sa y  but th ey  can n o t be u sed  f o r  the  
d e te r m in a tio n  o f  p ip e r a z in e  in  c o lo r e d  p h a rm a c eu tic a l p rep a ra ­
t io n s  a s  th e c o lo r  masks th e end p o in t ,  g iv in g  v a r ia b le  
r e s u l t s .  Nonaqueous a c i d -  b ase  t i t r a t io n ' '  'c a n  n o t be u sed  in  
e f f e r v e s c e n t  g r a n u le s  b eca u se  o f  th e p re se n c e  and in t e r f e r e n c e  
o f  hexam ine, c i t r i c  and t a r t a r i c  a c id ,  sodium  c i t r a t e ,  
sodium  hydrogen carb o n a te  and o th e r  i n t e r f e r in g  in g r e  d ie n t s  
th a t  y i e l d  e i t h e r  h ig h e r  or lo v e r  r e s u l t s .  A lth ou gh  

nonaqueous a c id -b a s e  t i t r a t i o n  g iv e s  v er y  s a t i s f a c t o r y  d e te r m i­
n a t io n  o f  p ip e r a z in e  in  d ry , powdered form , b u t i t  can t o l e r a t e  
p r a c t i c a l l y  no w ater  w ith o u t in tr o d u c in g  s e r io u s  in t e r f e r e n c e .  
H owever, t h i s  can be c ircu m v en ted  in  l iq u i d  p r e p a r a t io n s  by 
e v a p o r a tin g  a s u i t a b le  a l iq u o t  o f  th e  s o lu t io n  b e in g  a ssa y e d  to  
d r y n e s s , th e  r e s id u e  i s  r e d is s o lv e d  in  g l a c i a l  a c e t i c  a c id  and 
t i t r a t e d  w ith  stan d a rd  p e r c h lo r ic  a c id .  T h is  method can cau se  
p a r t i a l  a c e t y l a t io n  o f  th e  p ip e r a z in e  and in  many in s t a n c e s  
produce e r r a t i c a l l y  low  r e s u l t s .  The u se  o f  a c e t i c  an h yd rid e  to  
e l im in a te  th e  w ater  p r e s e n t  i s  a ls o  n o t w orkable s in c e  p ip e r a ­
z in e  r e a d i ly  a c e t y l a t e s  in  i t s  p r e s e n c e .

2) P o te n t io m e tr ic  method

P ip e r a z in e  and i t s  s a l t s  are e s t im a te d  by p o te n t io m e tr ic  
t i t r a t i o n .  S u b er t^ " ^  u sed  h y d r o c h lo r ic  c c id  as t i t r a n t  in  
q u a n t i t a t iv e  d e te r m in a t io n  o f  p ip e r a z in e  in  medium o f  aqueous 
s o lu t io n  o f  MgCl2 or N aC l. P o la c ze k  e t  a l ^  ^ a ls o  u sed
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h y d r o c h lo r ic  a c id  a s t i t r a n t  b ut changed th e medium to  e th a n e d io l  
- i s o p r o p y l  a lc o h o l ( 1 ร 1 ) . In  the u . s . p .  m e th o d ^ 0 '1, p ip e r a z in e  i s  
q u a n t i t a t i v e l y  d eterm in ed  in  medium o f  g l a c i a l  a c e t i c  a c id ,  u s in g  
p e r c h lo r ic  a c id  a s t i t r a n t ,  in  c o n ju n c t io n  o f  s i l v e r - g l a s s  
e le c t r o d e  sy ste m .

P o t e n t i o m e t r i e  method g i v e s  a s i m i l a r  d i s a d v a n t a g e  to  
n o n a qu e ou s  a c id - b a . s e  t i t r a t i o n .

3 ) C h r o m a t o g r a p h i c  method

5 .1 )  T h in - la y e r  chrom atography

T h i s  method was i n t r o d u c e d ,  i n  s e p a r a t i o n  and
(3 9 )q u a n t i t a t iv e  d e te r m in a tio n  o f  p ip e r a z in e  in  1971* Wa.ng 

se p a r a te d  p ip e r a z in e  and i t s  s a l t s  from bephenium  hydroxy naph- 
th o a t e ,  v ip ryn iu m  em bonate, sa n to n in  and o x y p h e n is a t in  d ia c e t a t e  
on 0 . 2 5  mm la y e r  o f  s i l i c a  g e l  w ith  anhydrous a c e t i c  a c id -m e th a ­
n o l- e th a n o l  ( 3 ะ1 ะ1 ) a s  d e v e lo p in g  s o lv e n t  and u sed  io d in e  
vapour or 5 i°  brom ine s o lu t io n  in  carbon t e t r a c h lo r id e  or
0 .2 5  cjo  f lu o r e s c e in  s o lu t io n  in  d im eth ylform am ide fo r  d e t e c t io n .  
L im its  o f  d e t e c t io n  ranged  from 3 to  30 u g . R a o ^ ^  u sed  th e  
same method but he se p a r a te d  p ip e r a z in e  from i t s  i - n i t r o s o  and
1 . 4 -  d i n i t r o s o - d e r i v a t i v e s  on s i l i c a  g e l  by d evelop m en t
( f o r ~ 50 m in u tes) w ith  e t h y l a c e t a t e  -m eth an o l ( l s l ) .  A l l  th ree  
compound appeared  as brown sp o t on ex p o su re  o f  th e  p la t e  to  
io d in e  vap ou r , w h ereas under 254 nm r a d ia t io n ,  1 - n i t r o s o  and
1 . 4 -  d i n i t r o s o - d e r i v a t i v e s  appeared  as b lu e  s p o ts  b u t p ip e r a z in e  
rem ained  i n v i s i b l e . D e t e c t io n  l i m i t s  were 0 .5  Ufc f o r  p ip e r a z in e ,
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1 .0  jug fo r  1 - n i t r o s o  and 0 .5  ug f o r  1 ,4 - d i n i t r o s o - d e r i v a t i v e s .
( 4 1 )W iesn er ' d eterm in ed  p ip e r a z in e  s e p a r a t e d  from m ixtu re  o f  

p o ly  amine exam ple e th y le n e d ia m in e , t r i e t h y l e n e t e 'ะrem ine and 
e th an o la m in e  on L u c e fo l Quick ( m io r o c r y s ta l l in e  c e l l u l o s e ) p l a t e .

3 .2 )  Paper chrom atography

P ip e r a z in e  and i t s  p h o sp h a te 5 t a r t r a t e ,  c i t r a t e  
and a d ip a te ,  v ip ryn iu m  em bonate, k a in ic  a c id ,  bephenium h yd roxy-  
n a p th c a te , sa n to n in  and o x y p h e n is a t in  d ia c e t a t e  can be se p a r a te d  
on Whatman N o .l  paper^ ~ by th e a sc en d in g  te ch n iq u e  w ith  
p r o p a n o l-e th a n o l-w a te r  ( 1 ร6 ร4 ) or b en zen e -ch lo ro fo rm -m eth a n o l  
( 6 s 2 s i )  as d e v e lo p in g  s o lv e n t  and io d in e  vap ou r, 5 i°  brom ine 
s o lu t io n  in  carbon t e t r a c h lo r id e  or 0 .2 5  °!° f l u o r e s c e i n  sodium  
s o lu t io n  in  d im etk ylform am ide f o r  d e t e c t io n .  The l i m i t s  o f  
d e t e c t io n  ran ged  from 5 to  60 u g . W ie s n e r ^ ^ ' se p a r a te d  
p ip e r a z in e  from m ixtu re  o f  po'lyamine by chrom atography on What­
man No. 3 paper a t  2 0 ° c t o  25% w hich  p y r id in e - 4 -m e th y lp e n ts ,n - l l~ 2 » o l  
aqueous 4 0 $  d im eth ylam in e ( l s l s l )  as m ob ile  phase. P hen ol
red  or sodium  n itr o p r u s a id e  r e a g e n t  was u sed  fo r  d e t e c t io n  
and q u a n t i t a t iv e  work was c a r r ie d  o u t w ith  an in t e g r a t in g  
d e n s i to m e t e r ,

3 .3 )  Column chrom atography

T h is p roced u re was used  f o r  d e te r m in in g  p ip e r a z in e  
ad ip a .te  in  p h a rm a c eu tic a l p r e p a r a tio n  by p a s s in g  aqueous s o lu t io n  
o f  sam ple through  a column (15  cm X 1 cm) packed w ith  a m b e r lite  
IR -2 0 (Zn^+ or Mg^+ fo rm ), e lu t i o n  was a f f e c t e d  w ith  w ater  end



21

th e  Zn2_ or Mg2+ in  th e e lu a t e  Was d eterm in ed  w ith  5 mM-EDTA in  
th e  p re se n c e  o f  E riochrom e B la ck  T in  an ammonia b u f f e r  medium o f  
pH 1 0 .

3 . 4 ) G a s - l iq u id  Chromatography-

P ip e r a z in e  in  a f i l t e r e d  aqueous e x t r a c t  o f  the  
fe e d  i s  m ixed w ith  C e l i t e  and sodium carbam ate and pa.cked in to  
a g la s s  tube (30 0  mm X 40 mm); a f t e r  a d d it io n  o f  a c e t i c  a n h y d r id e , 
i t  i s  e lu te d  a s  d ia c e t y lp ip e r a z in e  w ith  ch lo ro form  and s u b je c te d  
to  g a s - l iq u id  chrom atography. À g la s s  column (6  f t  X 4 Him) o f  
QF-1  on G as-chrom  Q ( s o  to  100  mesh) a t  2 00° c  i s  u se d , w ith  Ar 
or N (11 0  ml p er  m in u te) a s  c a r r ie r  g a s; d e t e c t io n  i s  by Ar 
i o n iz a t i o n  ( or Ra so u r c e )  or H -flam e i o n iz a t i o n .  P h e n o th ia -
z in e  i s  u sed  a s in t e r n a l  s ta n d a r d .(4 4 )  R e c o v e r ie s  o f  added 
p ip e r a z in e  a d ip a te  ran ged  from 97 to  100  M ik h a ilo v a ^ " ^  used  
g a s - l i q u i d  chrom atography to  se p a r a te  p ip e r a z in e  from sam ple 
c o n ta in in g  e th y le n e d ia m in e , d ie t h y le n e  tr ia m in e  by p a s s in g  sam ple 
th rou gh  3 -m etre  column o f  PTFE(0 .2 5  to  0 .5 0  mm) w hich  im m obile  
phase was 7 i°  s i l i c o n e  e la s to m e r  SKTE, u s in g  d eca n o l a s  in t e r n a l  
s ta n d a r d , o p e r a ted  a t  180 ° c ,  w ith  He (5 0  to  80 m l/m in u te ) as  
c a r r ie r  g a s .

C hrom atographic method p r o v id e s  an a c c u r a te  ล,ทd good  
r e s u l t  fo r  s e p a r a t io n  and d e te r m in a tio n  o f  p ip e r a z in e  and i t s  
s a l t s  from i t s  d egraded  p rod u ct and o th e r  in g r e d ie n t s  in  the  
fo rm u la . H owever, th e  method i s  tim e consum ing and r e q u ir e  
s p e c ia l  te c h n iq u e  in  p re p a r in g  column and ch rom atograp h ic  p la t e
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and th e  equ ip m ents a re  a ls o  s t i l l  e x p e n s iv e .

4 ) G ra v im etr ic  method

V ario u s r e a g e n ts  have been  em ployed f o r  th e  g r a v i ­
m e tr ic  d e te r m in a tio n  o f  p ip e r a z in e  and i t s  s a l t s .  M a y n a r d ^ ^

(4 7 )and K ondos in tr o d u c ed  a g r a v im e tr ic  method in  w hich  th e  
p ip e r a z in e  s a l t  was tr e a te d  in  a s a tu r a te d  b ic a r b o n a te  s o lu t io n  
w ith  a c e t i c  a n h y d r id e , form in g  ch lo ro fo rm  s o lu b le  p ip e r a z in e  
d i a c e t a t e ,w hich  c o u l u  be e x t r a c te d  and w eigh ed . L e n g ^ ^  d e t e r ­
mined p ip e r a z in e  d ih y d r o c h lo r id e  in  fe e d  g r a v im e t r ic a l ly  a s  th e  
d ip ic r a t e  a f t e r  io n  exchange and steam  d i s t i l l a t i o n  s e p a r a t io n s ,
the p r e c ip i t a t e  was l e t  stan d  a t  room tem p era tu re  o v er  n ig h t ,

( /19)f i l t e r e d  and w eig h ed . Zawadzki ' p r e c ip i t a t e d  p ip e r a z in e  as  
th e  d ip ic r a t e  by t r e a t i n g  p ip e r a z in e  w ith  s a tu r a te d  aqueous 
p i c r i c  a c id  s o lu t i o n ,  fo llo w e d  by g r a v im e tr ic  d e te r m in a t io n .
The u . s . p ,  XX and N . F .  x v ^ ^  method fo r  th e a n a ly s i s  o f  p ip e r a ­
z in e  c i t r a t e  in  p ip e r a z in e  c i t r a t e  syrup  u . s . p .  and p ip e r a z in e  
p h osp h ate  in  t a b l e t  r e q u ir e s  r e a c t io n  o f  p ip e r a z in e  w ith  p i c r i c  
a c id  TS and d ry  th e  p r e c ip i t a t e  to  c o n s ta n t  w e ig h t a t  1 05° c .
In  B . p . c .  1973^สิ.ท̂ . B .P . 1 9 8 0 ^ " ^  u se  t r in i t r o p h e n c l  s o lu t io n  
(1 0 0  ml sa tu r a te d  s o lu t i o n  o f  t r in i t r o p h e n o l  + 0 .5  ml 20 ‘yo NaOH) 
in s t e a d  o f  p i c r i c  a c id  T s in  p r e c ip i t a t i n g  v a r io u s  s a l t s  o f  
p ip e r a z in e  a s th e h ex a h y d ra te , a d ip a te  and p h o sp h a te ; b oth  raw 
m a te r ia l  and sam ple p r e p a r a tio n  b u t th e r e  i s  so m eth in g  d i f f e r e n c e  
in  s t e p  o f w ash in g  p ip e r a z in e  d i p i c r a t e ,  Irj p ip e r a z in e  c i t r a t e
e l i x i r  B . p . c .  1973» th e  w ash ing s o lu t io n  i s  a m ix tu re  o f  eq u a l 
volume o f  w ater  and sa tu r a te d  s o lu t io n  o f  t r in i t r o p h e n o l  b e fo r e
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c o n t in u A w ith  d eh yd rated  a lc o h o l  as w e l l  c„s in  3 .P .I 9 8 O , บ .s .p .  
XX and N.F.XV. G anescu ^^ ^  u sed  N liJ  C r ( s c i' l )^ (a n il in e )2  .Ho0 or 
NH  ̂ C r ( s c r ) /1 (h e n z y la m in e )p j . H^o to  form v i o l e t - r o s e  c r y s t a l ­
l i n e  s a l t s  in  a c id ic  s o lu t io n  o f  p ip e r a z in e ,  p a r t i c u l a r l y  in
p h a rm a ceu tica l p ro d u cts  th a t  d id  n o t c o n ta in  a lk a lo id s  or o th e r

. ( 53 )o r g a n ic  b a se s  w ith  a h e t e r o c y c l i c  s t r u c t u r e .  Rom otowski 
p r e c ip i t a t e d  p ip e r a z in e  as e i t h e r  h ex a h y d ra te  or a d ip a te  in  
s e v e r a l  p h a rm a ceu tica l p ro d u cts  w ith  sodium  te tr a p h e n y lb o r a te
i n  a c e t a t e  b u f f e r  s o l u t i o n  pH 3 *7 . Grecu ( 5 4 ) d eterm in ed
p ip e r a z in e  c o n te n ts  on th e fo rm a tio n  o f  a com plex j CdCc^H^QNg)
(SO N )-] w ith  an e x c e s s  o f  Cd^+ in  th e p r e se n c e  o f  NH.SCI'T,‘น 4
a f t e r  b e in g  washed w ith  e t h y l  e t h e r ,  th e  p r e c ip i t a t e  was a i r -  
d r ie d  and w e ig h ed .

( 2 3 )Bandel^ ' u sed  ammonium r e in e c k a t e  to  p r e c ip i t a t e  
p ip e r a z in e  h ex ah y d ra te  in  c i t r i c  a c id  s o lu t io n  and w eighed  the  
p r e c ip i t a t e  a s  C^H-j^I^pICr (NHj ) o (SCR) .,j . C a s t ig l io n i^  
added 5 i°  ammonium m olybd ate to  an aqueous m ixtu re  s o lu t io n  o f  
p ip e r a z in e  and g l a c i a l  a c e t i c  a c id ,  h ea te d  the s o lu t io n  on a 
w a terb a th  fo r  two hours and s e t  a s id e  f o r  s i x  h o u rs , 3 
10 MoO^. 8 Ĥ O was form ed, f i l t e r e d  and d r ie d  th e p r e c ip i t a t e  
a t  10C°C.

(  4.8 ไA cco rd in g  to  Leng' ' ,  h ow ever, th e  steam  d i s t i l l a t e  
from t h i s  s e p a r a t io n  was o c c a s io n a l ly  q u ite  a lk a l in e  and would  
g iv e  d i s t i n c t l y  h ig h  r e s u l t s .  In  f a c t ,  a steam  d i s t i l l a t i o n  
would n o t e l im in a te  th e in t e r f e r e n c e  due to  v a r io u s  am ines i f  
th ey  were p r e s e n t .  The o f f i c i a l  m ethod^®  ’ '’̂ ’ i s  te d io u s
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and t im e  consum ing  as  t h e  p r e c i p i t a t e d  d i p i c r a t e  mus t  he l e f t  
u n d i s t u r b e d  s e v e r a l  h o u r s  b e f o r e  f i l t r a t i o n  and s u b s e q u e n t  
d e t e r m i n a t i o n .  I t  a l s o  can  n o t  be u s e d  i n  d e t e r m i n a t i o n  o f  
e f f e r v e s c e n t  g r a n u l e s  b e c a u s e  o f  t h e  i n t e r f e r e n c e  by hex am ine ,  
c i t r i c  a c i d  and o t h e r  i n g r e d i e n t s  i n  g r a n u l e s  t h a t  y i e l d  
v a r i a b l e  v a l u e .  I n  g e n e r a l ,  t h e  g r a v i m e t r i c  method  i s  a c c u r a t e  
b u t  r e q u i r e s  c o n s i d e r a b l e  t im e  and m a n i p u l a t i o n  su ch  a s  i t  
r e q u i r e s  f i l t r a t i o n ,  d r y i n g  and w e i g h i n g  and a l s o  e x p e r i e n c e  
t o  o b t a i n  c o n s i s t e n t  r e s u l t s  .

5 ) P o l a r o g r a p h i c  method

T h i s  method  was a p p l i e d  i n  1 9 7 1  by Me L e a n ^ ^
The b a s i c  p r i n c i p l e  b a s e d  on t h e  r e a c t i o n  b e tw een  p i p e r a z i n e  
d i h y d r o c h l o r i d e  w i t h  e x c e s s  f o r m a l d e h y d e  i n  Me I l v a i n e  b u f f e r  
s o l u t i o n  pH 5 t o  fo rm  a p o l a r o g r a p h i c a l l y  r e d u c i b l e  c o n d e n s a t i o n  
p r o d u c t  w i t h  a h a l f  wave p o t e n t i a l  o f  - 0 . 9 8  V v s  a  s a t u r a t e d  
c a lo m e l  r e f e r e n c e  e l e c t r o d e ,  and t h e n  gave  an  d i f f u s i o n  wave 
w h i c h w a s a  l i n e a , r  f u n c t i o n  to  t h e  c o n c e n t r a t i o n .

T h i s  r e a c t i o n  can  be c a r r i e d  o u t  i n  t h e  same f l a s k ,  f o l ­
lowed by an e a s y  f i l t r a t i o n  and p o l a r o g r a p h i c  d e t e r m i n a t i o n .  
S in c e  a m ines  can r e a c t  w i t h  f o r m a l d e h y d e ,  s e v e r a l  d i f f e r e n t  
a m in e s  a r e  t e s t e d  f o r  p o s s i b l e  i n t e r f e r e n c e  .

6) H ear  i n f r a r e d  s p e c t r o p h o t o m e t r i e  method

The r a e t h o d ^ ^  c o n s i s t e d  o f  n e u t r a l i z i n g  t h e  p i p e r a ­
z i n e  s a . l t  w i t h  sodium b i c a r b o n a t e ,  t r e a t i n g  t h e  f r e e  p i p e r a z i n e  
w i t h  a c e t i c  a n h y d r i d e  i n  sodium b i c a r b o n a t e  s o l u t i o n ,  e x t r a c t i n g
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t h e  d i a c e t y l  p i p e r a z i n e  fo rm ed  w i t h  c h l o r o f o r m ,  and t a k i n g  t h e  
c h l o r o f o r m  s o l u t i o n  to  d r y n e s s  on a  s t e a m b a t h ,  d i s s o l v e d  t h e  
r e s i d u e  w i t h  c h l o r o f o r m  compared t h e  a b s o r b a n c e  o f  t h e  sample  
w i t h  t h a t  o f  a  s t a n d a r d  a t  1 0 . 0 3  P- w i t h  f i x e d  s l i t  o p e n in g  of 
22Cnm. Hohn^ ^ a n a l y z e d  p i p e r a z i n e  by u s i n g  t h e  p r o p e r t y  o f  
s e c o n d a r y  am ines  which had t h e  f i r s t  o v e r t o n e  N-H s t r e t c h i n g  
- a b s o r p t i o n  b an d ,  a b o u t  1 5 3 8  m,u. île d e v e l o p e d  i n f r a r e d  method  f o r  
a n a l y s i s  o f  p i p e r a z i n e  i n  d r u g  f o r m u l a t i o n  by d i s s o l v i n g  p i p e r a ­
z i n e  b a s e  o r  i t s  s a l t s  i n  w a t e r  and t h e  s o l u t i o n  was made 
s t r o n g l y  a l k a l i n e  w i t h  NaOH. The b a s e  was t h e n  e x t r a c t e d  w i t h  
c h l o r o f o r m  and d i l u t e d  to  a d e f i n i t e  volume and t h e  a b s o r b a n c e  
o f  t h e  c l e a r  e x t r a c t  was m easu red  by n e a r  i n f r a r e d  s p e c t r o p h o ­
t o m e t r y .  The n e t  a b s o r b a n c e  was d e t e r m i n e d  by u s i n g  b a s e l i n e  
t e c h n i q u e  a t  min ima p o i n t s  o f  a b o u t  1 4 6 0  and 1 5 8 5  mu. T h i s  
m e tho d ,  a t  p r e s e n t ,  i s  o f f i c i a l  a n a l y t i c a l  method  f o r  d e t e r m i n ­
i n g  p i p e r a z i n e  i n  powder and s y r u p  i n  A0ÂC 1 9 8 0  ̂"'8 l S p e l l ^ u s e d  
-I'JH 2 a b s o r p t i o n  band  a t  1010 cm-1  i n  a n a l y s i s  o f  p i p e r a z i n e  r i n g  
w i t h  t h e  amino a b s o r p t i o n  a t  1 6 0 5  cm ^ a s  r e f e r e n c e .

The i n f r a r e d  a b s o r p t i o n  p r o c e d u r e  g i v e s  a  good r e s u l t .  
A l t h o u g h  t h e  method i s  more r a p i d ,  i t  i s  n o t  s u i t a b l e  f o r  t h e  
r o u t i n e  work b e c a u s e  o f  t h e  h i g h  c o s t  o f  t h e  i n s t r u m e n t  and  i t s  
a c c e s s o r i e s .  A c c o r d i n g  t o  t h e  wide  s p r e a d  o f  i n f r a r e d  t e c h n i q u e  
i n  q u a l i t a t i v e  work b u t  v e r y  few i n  q u a n t i t a t i v e  a n a l y s i s  30 i t  
r e q u i r e s  v e r y  more im provem en t  to  u se  i n  q u a n t i t a t i v e  d e t e r m i ­
n a t i o n .
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7) S p e c t r o f l u o r o m e t r i c  method

A c c o r d i n g  t o  E i s e n b r a n d ^ , a q u e o u s  s o l u t i o n  o f  
p i p e r a z i n e  was mixed w i t h  h y d r o c h l o r i c  a c i d  t o  fo rm th e  
h y d r o c h l o r i d e  and d r i e d  t o  r e s i d u e .  D i c h l o r o f l u c r e s c e i n  was 
added  to  t h e  m i x t u r e ,  f o l l o w e d  by e t h a n o l  and 10 II s u l f u r i c  
a c i d  and s e t  a s i d e  o v e r n i g h t .  To an a l i q u o t  10 K s u l f u r i c  
a c i d  was a d d e d ,  t h e  f l u o r e s c e n c e  o f  t h e  y e l l o w - o r a n g e  s o l u t i o n  
was m e a su re d  a t  605  t o  6 10  nrn. ( e x c i t a t i o n  a t  546  n m . ) .  T h i s  
method  can d e t e c t  10 ng .  o f  p i p e r a z i n e / m l . w i t h i n  + 5 i°  a f t e r  
i s o l a t i o n  from a  s y r u p  p r e p a r a t i o n .  A n o th e r  p a p e r  was

( 2 7 )r e p o r t e d  by  S t e w a r t  and L o t t i v , t h e y  fo rm ed  r e a c t i o n  p r o d u c t  
be tw ee n  3 - c a r b o x y - 7 - h y d r o x y  cou m a r in  w i t h  o r g a n i c  a l i p h a t i c  
and c y c l i c  am ines  i n c l u d i n g  p i p e r a z i n e  i n  e t h a n c l i c  m e d ia .
The r e s u l t  showed an i n c r e a s e  i n  f l u o r e s c e n c e  o f  t h e  r e a c t i o n  
m i x t u r e .  T h i s  i n c r e a s e  was a c co m p an ied  by a change  i n  t h e  
a c t i v a t i o n  w a v e l e n g t h  o f  t h e  m i x t u r e  and t h e  i n c r e a s e d  i n  
f l u o r e s c e n c e ,  . i t  was m e a s u re d  a t  45 0  nm. ( e x c i t a t i o n  a t  
420  n m . ) .

( 2 7 )The a d v a n t a g e  o f  t h i s  r e a c t i o n  was t h a t  t h e  r e a c t i o n  
was n o t  a f f e c t e d  by v a r i o u s  am ides  and a r o m a t i c  am ines  b u t  
t h e r e  were i n t e r f e r e n c e  from i n o r g a n i c  and o r g a n i c  a c i d s  r e s u l t i n g  
i n  p o t e n t i a l l y  l o w e r  f l u o r e s c e n c e  r e a d i n g s .  The p r e s e n c e  o f  an 
i n o r g a n i c  and o r g a n i c  b a s e s  r e s u l t e d  i n  i n c r e a s i n g  f l u o r e s c e n c e  
r e a d i n g  owing to  th e  s a l t  f o r m a t i o n  b e tw e e n  t h e  b a s e  and  the  
c o u m a r io  a c i d .  S p e c t r o f l u o r o m e t r i c  method  g i v e s  a h i g h  s e n s i t i v i t y  
b u t  g r e a t  c a r e  i s  t a k e n  t o  p r e v e n t  o v e r  e x p o s u r e  o f  t h e  
sample  t o  t h e  xenon  s o u r c e  o f  t h e  s p e c t r o f l u o r o m e t e r  a s  w e l l  as
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t o  p r e v e n t  c o n t a m i n a t i o n  of  s o l u t i o n  and c e l l s  u s e  i n  t h e  
a n a l y s i s  o t h e r w i s e  m i s c h i e f  r e s u l t s  a r e  o c c u r e d  ,

8) S p e c t r o p h o t o m e t r i c  method

Sodium l , 2 - n a p h t h o q u i n o n e - 4 - s u l f o n a t e  o r  F o l i n ' ธ 
a n i n o  a c i d  i s  known to  p ro d u c e  a  r e d  c o l o r  w i t h  c h e m i c a l s  
p o s s e s s i n g  an  amino group.  P i p e r a z i n e  and i t s  s a l t s  heave a l s o  
b ee n  d e t e r m i n e d  b y  u s e  o f  t h i s  r e a g e n t ,  H a n n a ^ " ^  u s e d  t h i s  
r e a g e n t  f o r  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  p i p e r a z i n e  i n  human 
u r i n e  by d i l u t e  t h e  sample  o f  u r i n e  w i t h  w a t e r ,  t h e n  added  3 $  
a q u e o u s  b o r a x ,  95 i° e t h a n o l  and 0 . 5  fo sodium 1 , 2 - n a p t h o q u i n o n e  
- 4 - s u l f o n a t e  s o l u t i o n ,  s e t  t h e  s o l u t i o n  a s i d e  f o r  20 m i n u t e s  and 
r e a d i n g s  were c a r r i e d  o u t  w i t h i n  5 m i n u t e s  a t  490 nm. Dessouky^  ' 
d e t e r m i n e d  p i p e r a z i n e  i n  e f f e r v e s c e n t  g r a n u l e s  and e l i x i r  con ­
t a i n i n g  h ex am ine ,  c o l c h i c i n e ,  a t r o p i n e  s u l f a t e » e t c  by t r e a t i n g  
them w i t h  0 , 6  c/0  aq u e o u s  1 , 2 - n a p h t h o q u i n o n e - 4 - s u l f c n a t e  s o l u t i o n  
i n  t h e  p r e s e n c e  o f  a c e t a t e - c i t r a t e  b u f f e r  a t  pH 7 •5 •  The tem­
p e r a t u r e  o f  t h e  r e a c t i o n  was b e tw e e n  10 and 1 5 °c and  t h e  c o l o r  
p r o d u c e d  was m e a s u re d  a t  490 nm. A n o t h e r  q u in o n e  r e a g e n t s  u s i n g  
i n  q u a n t i t a t i v e  a n a l y s i s  o f  p i p e r a z i n e  v e r e  1 , 4 - b e n z o q u i n o n e ^ ^ ’^ ,

, ( 2 5 ) , -2 , 3 - d i c h l o r o - l , 4 - n a p h t h o q u i n o n e v , 2 , 6 - d i c h l o r o q u i n o n e  
c h l o r i m i d e ^ ^ »  and c h l o r a n i l ^ ^ .  B e c k m a n ^ ^  and L o u c k s ^ ^  
e x t r a c t e d  p i p e r a z i n e  from f e e d s  w i t h  w a t e r  o r  d i l u t e d  a c i d ,
f i l t e r e d  t h r o u g h  S u p e r - C e l  and t h e n  r e a c t e d  w i t h  a b u f f e r e d ,  
h o t  a l c o h o l i c  s o l u t i o n  o f  p - b e n z o q u i n o n e  t o  fo rm  th e  o r a n g e - r a d

(25)p r o d u c t .  A b s o rb a n c e  was m e a su re d  a t  490  nm. A b o u - 0 u f v ' u s e d
d i c h l o n e  o r  2 f 3 “d i c h l o r o  —1 , 4 - n a p h t h o q u i n o n e  to  r e a c t  w i t h
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p ip era z in e  ( in  pharm aceutical in t e r e s t )  in  a lc o h o l ic  s o lu t io n ,  
then added sodium b icarbon ate s o lu t io n . A fter  a c id i f i c a t io n  to 
pH 4 , p ip era z in e  y ie ld e d  a r o se -c o lo r e d  product and gave maximum 
absorbance a t 500 nm. Bag'gi e t  a l ^ ^  d escr ib ed  a c o lo r im e tr ic  
method in vo lved  h ea tin g  an aqueous s o lu t io n  o f p ip era z in e  and 
i t s  s a l t s  fo r  30 m inutes w ith  2 , 6 -d ich lo ro -q u in o n ech lo r im id e

{ 65 ^( c h lo r im id e ) , measured the a b s o r b a n c e  a t  525 nm. C h loran il'1 
or 2 , 3 , 5 , 6 -tetrach loro -p -b en zoq u in on e  formed blue charged 
- t r a n s fe r  complex w ith  p ip era z in e  and gave ab so rp tion  maximum a t  
575 nip* The sample s o lu t io n  was tr e a te d  w ith  a standard s o lu t io n  
o f c h lo r a n il in  chloroform , the m ixture was d ilu te d  w ith  ch lo ro ­
form and a f t e r  ten  m inutes, the absorbance was measured a g a in st  
the reagen t b lank.

Ammonium r e in e c k a te  was in troduced  to the e s t im a tio n  o f  
p ip era z in e  in  pharm aceutical p rep aration s by K am ath^^  in  1 9 5 7 . 
P ip era zin e  was q u a n t ita t iv e ly  p r e c ip ita te d  by a sa tu ra ted  aqueous 
s o lu t io n  o f ammonium r e in e c k a te  a t pH 9 -  10* The pink p r e c ip i­
ta te  o f  p ip era z in e  r e in e c k a te Ad is so lv e d  in  pure a ce to n e , g iv in g

wasa cherry red co lored  so lution ,m easurm ent was done in  a ph oto-
- e l e c t r i c  co lo r im eter  w ith  a green f i l t e r .  The papers in troduced
in  19 5 8 ^ ^  * 1 9 6 1 ^ ^ , 1 9 7 5 ^ ^  used the same method but c o n tr o lle d
pH o f the s o lu t io n  between 2-4  by adding c i t r i c  a c id  and cooled in
ic e  bath 90 m inutes a f t e r  form ing the p r e c ip i t a t e ,  the red co lored

(68)s o lu t io n  was measured a t  525 nm- Pankratz'1 used d i lu t e  s u l fu ­
r i c  ac id  in s te a d  o f  c i t r i c  a c id  in  a d ju stin g  pH of the s o lu t io n .

Other papers were ca rr ied  out by p r e c ip ita t in g  p ip era z in e
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w ith  copper s u l fa t e  s o lu t io n , the complex was d is s o lv e d  and
formed v io le t - r o s e  

c r y s t a l l in e  s a l t  by adding p ip era z in e  to  a c id  s o lu t io n  o f
measured the absorbance( 70) G a n escu ^ ^

NIT £ C r (S C N )~ .(a n ilin e )2 ] »H2° or NH4 [ Cr(SCN)4 (b en zy lam in e)2]
H20 . A fte r  com pleting  the p r e c ip it a t io n , the p r e c ip it a t e  was 
d is s o lv e d  in  aceton e and measured the absorbance a t 535 run» 
good r e s u l t s  were ob ta in ed  on products th a t d id  not con ta in  
a lk a lo id s  or o th er  organ ic  b ases w ith  a h e te r o c y c l ic  s tr u c tu r e ,  
Abou-Ouf e t  a l ^ ^  developed id e n t i f i c a t io n  t e s t  to q u a n tita t iv e  
d e t e r m i n a t i o n  f o r  p ip era z in e  by in te r a o t  w ith  n itr o u s  a c id  in  
s o lu t io n  pH 2 , 5  -  2 .6  to  g iv e  N -n itr o so  d e r iv a t iv e .  The chromo- 
phore developed by t r e a t in g  the r e a c t io n  m ixture a t 8 0 °c  fo r  
1 5  m in u tes. The r e a c t io n  m ixture e x h ib ite d  an ab so rp tion  maxi­
mum a t 259 nm.

A c o lo r im e tr ic  method b ases on r e a c t io n  o f quinone 
r e a g e n t s ^ ^ ’ ‘̂ ’ ^  g iv e  comparable r e s u l t s  fo r  the
most o f the pharm aceutical products but they la ck  o f  rep rod u ci­
b i l i t y  and in  some p rep aration s g ive  a p r e c ip i t a t io n . However, 
s in c e  th ese  methods have se v e ra l v a r ia b le s  which must be care- . 
f u l l y  c o n tr o lle d , example pH o f the s o lu t io n , time and tempera­
ture fo r  the r e a c t io n . A lso  the quinone rea g en ts may be trou b le*  
some, p-benzoquinone i s  a la c r im sto r  and i t  should be sto r e  
under n itro g en ; 1 , 2 -n ap h th oq u in o n e-4 -su lfon ate  sodium must be 
f r e s h ly  prepared. In  the re in e c k a te  m ethod^^ 69)  ̂ c o n tro l o f
pH i s  e s s e n t ia l  s in c e  s l ig h t  d if fe re n c e  in  a c id i ty  w il l  make
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la rg e  d if fe re n c e  in  absorbance and the ac id  s o lu tio n  develops 
absorbance read in g  tw ice those of a lk a lin e  so lu tio n .

V arious v o lu m etric^ 18 ’ ^9- 5 6 )  ̂ p 0  te n tio m e tr ic ^  s ' ^ ’ ,
( 3 9 - 4 5 )  _ _ ร .1;8 ’ 2 3> 4 6 - 5 5 )  ________ , . ( 5 6 )chrom atographic ' , g rav im e tric  , p o la ro g ra p h ic ' ,

n ea r i n f r a r e d ^ ^ ’ 5 7- 5 9 )   ̂ s p e c tro f lu o ro m e tr ic ^ ^  ’ , and spec-
tropho tome t r i e  * * met hods  fo r  the d e te rm in a tio n  
of p ip e ra z in e  in  raw m a te r ia ls  and pharm aceu tica l p re p a ra tio n s  
have been m entioned. Advantages and d isad van tag es o f th ese  
methods are  a lso  d isc u sse d . Although some p rocedures could be 
employed in  some in s ta n c e s  fo r  the a n a ly s is  of p ip e ra z in e  but 
most of them are  lack  of p re c is io n , ted io u s  p rocedure , i n t e r ­
fe ren ce  from o th e r  components p re se n t in  the fo rm u la tio n  or 
re q u ire  the expensive equipment which sometime may n o t be read ily  
a v a ila b le  to the a n a ly s t .  The o f f i c i a l  method!^®’ ^^’ ' ' ^  fo r  the 
assay  of p ip e ra z in e  s a l t s  in  p harm aceu tical p re p a ra tio n s  are 
a lso  ted io u s  and time consuming, re q u ire  no t le s s  than fo u r or 
f iv e  hours fo r  d e te rm in a tio n  which a re  n o t s u i ta b le  in  drug 
in d u s try , p i c r i c  ac id  or t r in i t r a p h e n o l , the p r e c ip i ta t in g  agent 
in  o f f i c i a l  method, is  ex p lo siv e  re a g e n t. I t  must be k ep t under 
w ater and placed  in  a cool p lace  and p ic r ic  ac id  i s  a lso  harm ful

( 1 7 )to  human body' . In  p re s e n t, th e re  are  troublesom e in  purcha­
s in g  th i s  re ag en t s in ce  i t  i s  the p rec u rso r of ex p lo siv e  substance 
so the chem ical in c o rp o ra tio n s  who are  the r e p re s e n ta t iv e  agen ts 
of p ic r ic  ac id  must re p o r t  the t o t a l  amount in  each month to 
the M in is try  ofD efence.T 'his s tim u la ted  the need fo r  a s a t i s f a c ­
to ry , sim ple, ra p id , s e n s i t iv e  and s t a b i l i t y - in d i c a t i n g  method.
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The purpose o f  t h i s  t h e s i s  i s  to  d ev e lo p  a f a s t e r  and s im p le r  
p roced u re w hich  co u ld  he em ployed in  q u a l i t y  c o n tr o l  
la b o r a t o r ie s  f o r  a n a ly z in g  p ip e r a z in e  and i t s  s a l t s  b oth  
in  p h a rm a ceu tica l d osage form s and raw m a t e r ia l ,  u s in g  
equipm ent n o rm a lly  found in  th e la b o r a t o r ie s  in s t e a d  o f  
the o f f i c i a l  g r a v im e tr ic  m ethod. '■’l ) .  The p rop osed
method i s  b ased  on th e a ssu m p tio n  th a t  a c y c l i c  seco n d a ry  
amine w i l l  be q u a n t i t a t i v e l y  d eterm in ed  by fo rm a tio n  o f  
com plex or io n -p a ir e d  w ith  s u i f o n p h tn a le in  d y es^ " ^ * * ^  
such  as b ro n th y n o l b lu e ,  b ro m creso l g re e n , b ro m creso l 
p u rp le  and brom phenol b lu e  in  ch lo ro fo rm  and m easure th e  
c o lo r  o f  th e com plex form ed.

S u l f  o n p h th a .le in  d yes are v er y  w id esp rea d  u sed  in  the
d e te r m in a tio n  o f  compounds p o s s e s in g  a m i n e ^ a n d
q u a tern a ry  ammonium groupé . I t  has been  r e p o r te d
th a t  o rg a n ic  b a s ic  n itr o g e n  and q u a tern a ry  ammonium
compounds can be a ssa y e d  w ith  h ig h  s e n s i t i v i t y  by th e fo rm a tio n
o f  o r g a n ic  s o lv e n t  s o lu b le  c o m p le x e s;w ith  s u l f o n p h th a le in  d y e s .
T h is  i s  made p o s s ib le  by th e f a c t  th a t  th e s a l t  or ion
p a ir  or com plex w hich  i s  form ed b etw een  a p o s i t i v e l y
charged  n itr o g e n  compound and a n e g a t iv e ly  charged  dye has
a lo w er  s o l u b i l i t y  in  aqueous and h ig h e r  s o l u b i l i t y  in  o rg a n ic

( 7 9 )so lv e n t^  ' .  The m ethods o f  a n a ly s i s  in v o lv in g  d yes b ase  
on two ways

l )  À b u ffe r e d  aqueous s o lu t io n  c o n ta in in g  th e amine 
and a su ita /b le  dye i s  shaken w ith  an o r g a n ic  s o lv e n t  and the  
c o n c e n tr a t io n  o f  th e  r e s u l t i n g  io n  p a ir  in  th e o r g a n ic  s o lv e n t  i s
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d eterm in ed  s p e c t r o p h o to m e tr ic a l ly .  The pH o f  the aqueous  
p hase i s  c r i t i c a l  to  the s u c c e s s  o f  t h i s  m e t h o d ^ ^

?.. An a lk a l in e  s o lu t io n  c o n ta in in g  th e amine 
i s  shaken w ith  an o r g a n ic  s o lv e n t ,  th en  add dye to  form  
an io n  p a ir  in  o r g a n ic  la y e r  and m easure sp ec tro p h o to m e­
t r i c a l l y  ,

Most am ines and q u a tern a ry  ammonium compounds 
e x h i b i t  a h ig h  s e n s i t i v i t y  w ith  s u l f o n p h th a le in  dye w h ile  
a c i d i c ,  n e u t r a l ,  and w eakly  b a s ic  compounds as w e l l  as th e

( 7 3 )commonly u se d  e x c i p i e n t s  do n o t  i n t e r f e r e '  . P ip e r a z i n e  
h a s  b ee n  a n a ly z e d  by P f e i f f e r ^ " ^  and G u p t a ^ ^ ' by u s in g  
i n d i c a t o r  d y e , P f e i f f e r  u se d  e r y t h r o s i n e  w h ich  i s  th e  member 
o f  f l u o r e s c e i n  g ro u p , fo rm ed  com plex w ith  p ip e r a z i n e  in  
c h lo ro fo rm  and  m easu red  th e  a b s o rb a n c e  o f  th e  r e d  com plex  
a t  52 5  nm. A r e c e n t  p a p e r  w as  r e p o r t e d  by G upta ( 1 9 7 6 ) 
was b a s e d  on th e  i n t e r a c t i o n  o f  p ip e r a z i n e  w ith  brom thym ol 
b lu e  in  a q u eo u s  b u f f e r e d  s o l u t i o n  pH 5*7 and  e x t r a c t e d  
th e  y e l lo w  com plex  w i th  c h lo ro fo rm , m easu red  th e  s .b so rb an ce  
a t  42 0  n n . In  G u p ta 's  m e th o d , th e  am ount o f  p ip e r a z i n e  
b e in g  u se d  was 2 0 .6  f o l d  e x c e s s  o f  b rom thym ol b lu e ,  show ing  
t h a t  t h i s  m ethod  c o u ld  n o t  be u se d  in  th e  a s s a y  o f  p ip e r a z i n e  
b e c a u se  th e r e  w ere s t i l l  e x c e s s  o f  p ip e r a z i n e  re m a in e d  in  
aq u e o u s  p h a se  w h ile  th e  dye w ere e x h a u s t i v e l y  u s e d  in  fo rm in g  
th e  com plex , so  t h i s  m ethod was s u i t a b l e  to  a n a ly z e  b rom thym ol 
b lu e  q u a n t i t a t i v e l y  n o t  p ip e r a z in e .  I n  p re lim in a ry  work, a  

m in o r m o d i f i c a t i o n  from  G u p ta 'ร m ethod  h a s  b ee n  done b y



ch an g in g  the c o n c e n tr a t io n  o f  hromthymol b lu e  to  4 f o ld  
e x c e s s  o f p ip e r a z in e .  I t  was found th a t  th ere  was 
i n s i g n i f i c a n t  com plex formed betw een  p ip e r a z in e  and bromthymol 
b lu e  a t  a l l  pH v a lu e .  In  t h i s  t h e s i s ,  th e method u sed  in  
q u a n t i t a t iv e  d e te r m in a tio n  o f  p ip e r a z in e  and i t s  s a l t s  was 
done by u s in g  P f e i f f e r * ร tech n iq u e  w ith  fo u r  s u lf o n p h th a le in  
dyes,' brom c r o s o l  g r e e n , bronthjnnol bpuo, b ro m creso l p u rp le  
and brom phenol b lu e  as th e c o lo r  form in g  a g e n t . The o u t l in e  o f  
t h i s  t h e s i s  was based  on th e  f o l lo w in g  s ta te m e n ts ,

1 , P ip e r a z in e  f r e e  b ase  was l ib e r a t e d  from i t s  s a l t s  
by t r e a t in g  w ith  a s u i t a b le  c o n c e n tr a t io n  o f  sodium  h y d ro x id e , 
fo l lo w e d  by ch lo ro fo rm  e x t r a c t io n .  C olor d ev e lo p ed  by the  
r e a c t io n  w ith  c h lo r o fo r m ic  s o lu t io n  o f  s u lf o n p h th a le in  d yes  
were m easured a t  w a v e len g th  w hich  gave maximum a b s o r p t io n .
S tudy th e optimum r e a c t io n  c o n d it io n s  and range o f  a n a ly t i c a l  
u t i l i t y ,  such  a s s t a b i l i t y  o f  com plex on tim e and tem p era tu re , 
s e n s i t i v i t y  and p r e c is io n  o f  t h i s  r e a c t io n  and a ls o  the e f f e c t  
o f  v a r ia t io n  in  th e c o n c e n tr a t io n  o f  each  d ye . These f a c t o r s  
were compared and s e l e c t e d  th e b e s t  s u i t a b le  s u l f o n p h th a le in
dye fo r  the a ssa y  o f  p ip e r a z in e  and i t s  s a l t s  in  drug fo r m u la t io n s .

2 . In  o rd er  to  m easure th e a ccu ra cy  and p r e c is io n  o f
( IS )t h i s  m ethod, p ip e r a z in e  c it r a ,te  syrup บ .ร ,p . 1 was p rep ared  and 

th e p er  o en t r e c o v e r y  was d eterm in ed  in  com parison  w ith  the



34

g r a v im e tr ic  o f f i c i a l  m e t h o d l^ ’ 5°*

A pply t h i s  p roced u re to  s e v e r a l  com m ercial p r e p a r a t io n s  
c o n ta in in g  p ip e r a z in e  and i t s  s a l t s  and th e r e s u l t s  o b ta in e d  
are compared w ith  th o s e  o b ta in e d  by th e  o f f i c i a l  m ethod.

The u s e f u ln e s s  o f  th e  p rop osed  method

1 . To f in d  a n o th er  new method w hich can be s u i t a b le  
u sed  f o r  r o u t in e  c o n tr o l  a n a ly s i s  o f  p ip e r a z in e  and i t s  s a l t s  in  
drug in d u s tr y .  The new method i s  s im p le , s e n s i t i v e ,  t im e -s a v in g  
and u s in g  common eq u ip m en t. The r e s u l t s  a re  r e l i a b l e  and compare 
w e ll  w ith  th e  o f f i c i a l  g ïa v im e t r ic  m ethod.

2 .  The ex p en se  o f  th e new method i s  low er  than  th e
o f f i c i a l  m ethod, u s in g  s u lf o n p h th a le in  dye w hich  i s  co m m erc ia lly
a v a i la b le  or e a s i l y  s y n th e s iz e d  and i t s  p rep ared  s o lu t io n  i s

/  0* \s t a b le  to  room tem p eratu re n o t l e s s  than  one month'' I t  i s
a l s o  n o n to x ic  and can u se  w ith o u t s p e c ia l  p r e c a u t io n s .

3 . To know th e  mechanism o f  r e a c t io n  betw een  p ip e r a z in e  
and v a r io u s  s u lf o n p h th a le in  d yes w hich  may be in tr o d u c ed  to  th o se  
a n a ly t i c a l  m ethods p ro b a b ly  u s e f u l  in  q u a l i t y  c o n tr o l  work o f
a n o th er  d ru gs
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