
CHAPTER I I I

EXPERIMENTS

INSTRUMENTS

1.  E l e m e n t a l  A n a l y z e r  ะ P e r k i n  El mer  240C (The  
S c i e n t i f i c  and T e c h n o l o g i c a l  R e s e a r c h  Eq u i p m e nt  C e n t e r ,  
C h u l a l o n g k o r n  U n i v e r s i t y ) .

2 .  I n f r a r e d  S p e c t r o p h o t o m e t e r  ะ S hi mazu  I R - 4 4 0  
(The  S c i e n t i f i c  and T e c h n o l o g i c a l  R e s e a r c h  Eq u i p m e nt  
C e n t e r ,  C h u l a l o n g k o r n  U n i v e r s i t y ) .

3 .  N u c l e a r  M a g n e t i c  R e s o n a n c e  S p e c t r o p h o t o m e t e r  ะ 
J e o l  FX 90 Q ( 9 0  MHz) (The  S c i e n t i f i c  and T e c h n o l o g i c a l  
R e s e a r c h  Eq u i pm e nt  C e n t e r ,  C h u l a l o n g k o r n  U n i v e r s i t y ) .

4 .  Mass S p e c t r o m e t e r  ะ J e o l  FX 3 0 0 0  d o u b l e  
f o c u s i n g  ( Th e  S c i e n t i f i c  and T e c h n o l o g i c a l  R e s e a r c h  
E qu i pme nt  C e n t e r ,  C h u l a l o n g k o r n  U n i v e r s i t y ) .

5 .  M e l t i n g  P o i n t  A p p a r a t u s  ะ B u c h i  c a p i l l a r y  
m e l t i n g  p o i n t  a p p a r a t u s .

CHEMICALS

P r o p y l b r o m i d e  ( F l u k a  c h e m i e  AG)
D i e t h y I m a l o n a t e  ( F l u k a  c h e m i e  C o . )
2 - P y r r o l i d o n e  ( S y n t h e s i z e d  by A s s i s t a n t  P r o f e s s o r  

S o m k i a t  R u j i r a w a t )
2 - D i m e t h y l a m i n o e t h a n o l  ( F l u k a  c h e m i e  AG. )

I •ใ -ๆ '1 b t  ^  0 G
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F o r m a l d e h y d e  (37% s o l u t i o n )  ( M a l l i n c k r o d t , I n c . )
D i e t h y l a m i n e  (May & Baker  L t d . )
Ure a  (May & B a k e r  L t d . )
T h i o u r e a  (May & Bak er  L t d . )
G u a n i d i n e  h y d r o c h l o r i d e  ( F l u k a  AG. )
P o t a s s i u m  t h i o c y a n a t e  (BDH c h e m i c a l s  L t d . )
Ammonia S o l u t i o n  (25%) ( M e r c k )
Sodium V a l p r o a t e  ( S u p p o r t e d  by P h a r m i n a r  Co.  L t d . )
A l l  s o l v e n t s  u s e d  were  e i t h e r  B . p .  or  l a b o r a t o r y  

g r a d e .

2 - P r o p y l p e n t a n o i c  a c i d  ( V a l p r o i c  a c i d )

A 1 2 . 8 0  g ( 8 0  mmole)  o f  d i e t h y l  m a l o n a t e  was  added  
t o  a s o l u t i o n  o f  s o d i u m  e t h o x i d e ,  w h i c h  was  p r e p a r e d  by  
d i s s o l v i n g  3 . 6 8  g ( 0 . 1 6  m o l e )  o f  s o d i u m  m e t a l  i n  80 ml  
a b s o l u t e  e t h a n o l .  The m i x t u r e  was s t i r r e d  f o r  30 m i n u t e s ,  
t h e n  1 9 . 6 8  g ( 0 . 1 6  m o l e )  o f  p r o p y l b r o m i d e  was  a d d e d .  The  
r e a c t i o n  v e s s e l  was  f i t t e d  w i t h  a r e f l u x  c o n d e n s e r  and t h e  
m i x t u r e  was  h e a t e d  u n d e r  g e n t l e  r e f l u x  f o r  3 h o u r s .  The  
o i l y  l i q u i d  was s e p a r a t e d  and c o l l e c t e d  a t  80 -  8 5 ° c  by
d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  ( 4  mmHg). The  
d i s t i l l a t e  was t h e n  a dd ed  m e t h a n o l  and a q u e o u s  s o d i um  
h y d r o x i d e  ( 1  g i n  1 . 5  ml H2 O) and t h e  m i x t u r e  was  h e a t e d  
u n d e r  r e f l u x  f o r  5 h o u r s .  A f t e r  c o o l i n g ,  m o s t  o f  t h e  
m e t h a n o l  and แ 2<0 w e r e  remo v ed  i n  v a c u o .  T h e n ,  50 ml o f  
H2 O was a d d e d ,  t h e  m i x t u r e  was a c i d i f i e d  by  a d d i t i o n  o f  
20% HC1. The a q u e o u s  p h a s e  was t h e n  e x t r a c t e d  w i t h
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d i e t h y l  e t h e r ;  d r i e d  (MgSO^),  and e v a p o r a t e d .  F i n a l l y ,  
d e c a r b o x y l a t i o n  o f  t h i s  compound was c a r r i e d  o u t  u n d e r  
m i l d  c o n d i t i o n s  a c c o r d i n g  t o  t h e  method o f  T o u i s s a i n t  e t  
a i .  ( 1 9 8 6 ) .  T h u s ,  t h e  a c e t o n i t r i l e  was added  t o  t h e  
o b t a i n e d  compound,  t h e n  c o p p e r  ( I )  o x i d e  ( 1 0  mg) was  added  
and t h e  m i x t u r e  was  h e a t e d  u n d er  r e f l u x  f o r  10 h o u r s .  The  
s o l v e n t  was  r emo v ed  i n  v a c u o  and t h e  c r u d e  p r o d u c t  was  
t r e a t e d  w i t h  H2 O and t h e  m i x t u r e  was  e x t r a c t e d  w i t h  
d i e t h y l  e t h e r .  P u r i f i c a t i o n  o f  t h i s  compound was  c a r r i e d  
o u t  by d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  The o i l y  
l i q u i d  was c o l l e c t e d  a t  98 -  1 0 0 ° c  ( 4  mmHg). The o v e r a l l  
y i e l d  was a p p r o x i m a t e l y  4 . 4 4  g (40% y i e l d ) .

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

(N , N - D i m e t h y l a B i i n o e t h y l ) - 2 - p r o p y l p e n t a n o a t e

A 5 . 7 6  g ( 4 0  mmol e )  o f  2 - p r o p y l p e n t a n o i c  a c i d  was  
d r o p w i s e l y  a d d ed  t o  a s o l u t i o n  o f  5 . 2 0  g ( 3 . 1 9  m l )  o f  
t h i o n y l  c h l o r i d e ,  t h e n  t h e  m i x t u r e  was s t i r r e d  a t  room 
t e m p e r a t u r e  o v e r n i g h t .  The e x c e s s  t h i o n y l  c h l o r i d e  was  
removed  i n  v a c u o  t o  y i e l d  t h e  c r u d e  a c y l  c h l o r i d e ,  w h i c h  
was n o t  f u r t h e r  p u r i f i e d .  The a c i d  c h l o r i d e  was  t h e n  
a dd ed  d r o p w i s e l y  i n t o  a 3 . 5 6  g s o l u t i o n  o f  N,N-  
d i m e t h y l a m i n o e t h a n o l  i n  b e n z e n e  w h i c h  was  a l r e a d y  added  
an e q u i m o l a r  p o t a s s i u m  c a r b o n a t e .  The m i x t u r e  was  
r e f l u x e d  f o r  a p e r o i d  o f  2 h o u r s .  The w h i t e  s o l i d  was
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f i l t e r e d  o f f  and t h e  e x c e s s  N, N - d i m e t h y l a m i n o e t h a n o l  was  
remo v ed  by d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  The o i l y  
p r o d u c t  was add ed  t o  a s o l u t i o n  o f  s o d i u m  b i c a r b o n a t e  ( 3  X 

50 m l ) .  The m i x t u r e  was e x t r a c t e d  w i t h  c h l o r o f o r m ,  was h ed  
w i t h  H2 O ( 2  X 50 m l )  and t h e  s o l v e n t  was e v a p o r a t e d  t o  
y i e l d  a c l e a r  o i l y  l i q u i d  2 . 5 8  g (30% y i e l d ) .

IR ( F i g u r e  3 )
(KBr D e m o u n t a b l e  c e l l )

2 78 0 -  2 9 8 0  cm- 1  ( C -
1735 cm-  ^ ( C =0 )
1163 cm'^ ( C - 0 )
1458 cm-  ^ ( ( CH3 ) 2 -N ,

0 . 9 2  (m, 6H)
1 . 3 8  -  1 . 6 1  (m, 8H)
2 . 2 9  ( ร ,  7H, 3 , - C H- )
2 . 5 7  ( t ,  2H, J = 5 3 8 Hz,  

-CH2 -N)
4 . 1 9  ( t ,  2H, J = 5 . 8  Hz,  

- 0 - C H 2 - )

2 - P r o p y l p e n t a m i d e

A 5 . 7 6  g ( 4 0  mmole)  o f  2 - p r o p y l p e n t a n o i c  a c i d  was  
d r o p w i s e l y  a dd ed  t o  a s o l u t i o n  o f  5 . 2 0  g ( 3 . 1 9  m l )  o f  
t h i o n y l  c h l o r i d e ,  t h e n  t h e  m i x t u r e  was s t i r r e d  a t  room 
t e m p e r a t u r e  o v e r n i g h t .  The e x c e s s  t h i o n y l  c h l o r i d e  was  
removed  i n  v a c u o  t o  y i e l d  t h e  c r u d e  a c y l  c h l o r i d e ,  w h i c h

1 H-NMR ( F i g u r e  4 )  
(CDCI3 )

was  n o t  f u r t h e r  p u r i f i e d .  The a c i d  c h l o r i d e  was  t h e n
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add ed  d r o p w i s e l y  i n t o  an e x c e s s  c o n c e n t r a t e d  ammonia  
s o l u t i o n ,  w h i c h  had b e e n  c o o l e d  i n  an i c e  b a t h .  The  
m i x t u r e  was s t i r r e d  u n t i l  t h e  w h i t e  fume was n o t  e v o l v e d ,  
t h e n  s t a n d e d  f o r  a w h i l e .  n he w h i t e  s o l i d  was  c o l l e c t e d  
by f i l t r a t i o n ,  t h e n  washed  w i t h  w a t e r  and d r i e d .  
R e c r y s t a l l i z a t i o n  f r o m h e x a n e  g a v e  4 . 8 6  g (85%) o f  
p r o d u c t ,  mp 1 2 5 - 1 2 6  c .

IR ( F i g u r e  5 )  ะ 3 4 0 0 ,  3 20 0  cm- 1  ( - NH 2 )
(KBr p e l l e t )  2 850  -  2 98 0  cm- 1  ( C- H)

1650 cm- 1  ( C=0 )

( N, N - D i e t h y l a n i n o n e t h y l ) - 2 - p r o p y l p e n t a m i d e

A 5 . 7 3  g ( 4 0  mmole)  o f  2 - p r o p y l p e n t a m i d e  was  
a l l o w e d  t o  r e a c t  w i t h  4 ml o f  37% a q u e o u s  f o r m a l d e h y d e  and 
2 . 8 8  g ( 4 0  mmole)  o f  d i e t h y l am i n e  w i t h  a l i t t l e  amount  o f  
h y d r o c h l o r i c  a c i d  i n  a b s o l u t e  e t h a n o l .  The m i x t u r e  was  
s t i r r e d  u n d e r  r e f l u x  c o n d i t i o n  f o r  a p e r o i d  o f  10 h o u r s  
and t h e n  a l l o w e d  t o  c o o l .  The p u r i f i c a t i o n  was  p e r f o r m e d  
by co l umn c h r o m a t o g r a p h i c  t e c h n i q u e ,  m o b i l e  p h a s e  u s e d  was  
e t h y l  a c e t a t e  and s t a t i o n a r y  p h a s e  was s i l i c a  g e l .  The  
o v e r a l l  y i e l d  was  a b o u t  4 . 6 6  g (51%).

IR ( F i g u r e  6 ) ะ 3320 cm-  ^ (NH)
(KBr D e m o u n t a b l e  c e l l ) 1650 cm” ^ ( C=0 )

1540 cm-  ^ (NH b e n d i n g )
1200 cm- 1  (C- N)
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1H-NMR ( F i g u r e  7 )  ะ 0 . 9 2
(CDC13 ) 1 .22

1 .38  
5 . 8 9
4 . 2 0  
2 . 5 0
2 . 1 0

( F i g u r e  8)
m/e ะะ 228 M'1’ ( 2 . 0 4 ) ,  86 ( 5 7 . 2 5 ) ,

72 ( 1 0 0 )

N ( 2 ' - P r o p y l p e n t a n o y l ) - 2 - p y r r o l i d i n o n e

A 5 . 7 6  g ( 4 0  mmole)  o f  2 - p r o p y l p e n t a n o i c  a c i d  was 
d r o p w i s e l y  a d de d  t o  a s o l u t i o n  o f  5 . 2 0  g ( 3 . 1 9  ml )  o f  
t h i o n y l  c h l o r i d e ,  t h e n  t h e  m i x t u r e  was s t i r r e d  a t  room 
t e m p e r a t u r e  o v e r n i g h t .  The e x c e s s  t h i o n y l  c h l o r i d e  was 
removed  i n  v a c u o  t o  y i e l d  t h e  c r u d e  a c y l  c h l o r i d e ,  wh i ch  
was n o t  f u r t h e r  p u r i f i e d .  The a c i d  c h l o r i d e  was t h e n  
a d de d  d r o p w i s e l y  i n t o  a s u s p e n s i o n  o f  p y r r o l i d i n o n e  
s o d i u m ,  w h i c h  was p r e p a r e d  by t r e a t i n g  3 . 3 6  g ( 40  mmole)  
o f  p y r r o l i d i n o n e  w i t h  NaH in  a n h y d r o u s  b e n z e n e ,  t h e  
m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  3 h o u r s .  The 
w h i t e  s o l i d  was f i l t e r e d  o f f  and t h e  f i l t r a t e  was
e v a p o r a t e d .  The o i l y  p r o d u c t  was a dde d  t o  a s o l u t i o n  o f  
s od i um b i c a r b o n a t e  (3  X 50 m l ) .  The m i x t u r e  was e x t r a c t e d

Mass s p e c t r u m  
EIMS

(m, XCO 2 - c h 3 )
( t , 6 H , J = 7 Hz,

2 - c h3 )
-  1 .6 1 (m, 8 H , 2 - C H 2 - C H 2

( b , 1H, -NH)
( d , 2 H , NH -C H o -N  )

/ C h ;
( q , 4H, -N  ̂ , J = 7  H z )

^CHo
(m, 1H, CH - C 0 - )
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w i t h  c h l o r o f o r m ,  washed  w i t h  แ2เ3 (2  X 50 m l )  and t h e  
s o l v e n t  was e v a p o r a t e d .  The r e s i d u a l  o i l y  p r o d u c t  was 
p u r i f i e d  w i t h  a s i l i c a  g e l  column,  e l u t e d  w i t h  c h l o r o f o r m  
ะ h e x a n e  ( 3 : 1 ) .  The o v e r a l l  y i e l d  was a b o u t  7 . 6 0  g (90%) .

IR ( F i g u r e  9 )
(KBr D e m o u n t a b l e  c e l l )

XH-NMR ( F i g u r e  11)  
( CDCl o )

2890--2980 cm-1 (C-H)
1740 cm- ^ (C =0 l a c t a m )
1680 cm- ^ (C =0 a m i d e )
1350 - 1cm (C -N)

0 . 9 2 (6H, 2 - ch3 )
1 .3 8 -  1. 61 (m, 8H, 2 -CH
2 . 0 1 ( q , 2H, J = 7 . 3 Hz)
2 . 6 1 ( t , 2H, J -  7 . 3 Hz)
3 . 8 1 ( t , 3H, J = 7 . 3 Hz)

13C-NMR ( F i g u r e  10)

Mass s p e c t r u m  
EIMS

( F i g u r e  13)
m/e  = 211 M+ ( 1 5 . 7 7 ) ,  97 ( 5 3 . 6 7 ) ,  

86 ( 1 0 0 )

N ( 2 - P r o p y l p e n t a n o y l )  u r e a

A 5 . 7 6  g ( 4 0  mmole)  o f  2 - p r o p y l p e n t a n o i c  a c i d  was 
d r o p w i s e l y  a d d e d  t o  a s o l u t i o n  o f  5 . 2 0  g ( 3 . 1 9  m l )  o f  
t h i o n y l  c h l o r i d e ,  t h e n  t h e  m i x t u r e  was s t i r r e d  a t  room 
t e m p e r a t u r e  o v e r n i g h t .  The e x c e s s  t h i o n y l  c h l o r i d e  was 
r emoved in  v a c u o  t o  y i e l d  t h e  c r u d e  a c y l  c h l o r i d e ,  wh i ch  
was n o t  f u r t h e r  p u r i f i e d .  The a c i d  c h l o r i d e  was t h e n
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added  d r o p w i s e l y  i n t o  a m i x t u r e  o f  2 . 4 0  g u r e a  and 5 . 5 0  g 
o f  p o t a s s i u m  c a r b o n a t e  i n  d r y  b e n z e n e .  The m i x t u r e  was  
r e f l u x e d  f o r  a b o u t  10 h o u r s .  The m i x t u r e  was  f i l t e r e d  
i m m e d i a t e l y  and t h e  w h i t e  p r e c i p i t a t e  formed  upon c o o l i n g  
was c o l l e c t e d ,  t h e n  w a s h e d  w i t h  c o o l e d  b e n z e n e  and d r i e d .  
R e c r y s t a l l i z a t i o n  f r o m h e x a n e  y i e l d e d  5 . 6 5  g (76%) o f
p r o d u c t  mp 1 9 3 - 1 9 4  c .

IR ( F i g u r e  1 5 )
(KBr D e m o u n t a b l e  c e l l )

1 H-NMR ( F i g u r e  1 6 )  
( CDCl g )

■ Ĥ-NMR ( F i g u r e  1 8 )  
( DHSO-dg)

3400  cm- * (NH i m i d e )
3 3 4 0 ,  3 24 0  cm- 1  (NH a m i d e )
1700 cin”  ̂ (C=0 i m i d e )
1680 cm“  ̂ (C=0 a m i d e )
1590 cm- 1  (NH b e n d i n g )

0 . 9 0 - 0 . 9 7  (m, 6H, 2 -CH3 )
1 . 2 0  -  1 . 6 6  (m, 8H, 2-CH2 -CH2 - )
2 . 2 4  (m, 1H, - CH-)
5 . 4 8  ( b ,  1H, NH)
8 . 3 9  ( b ,  1H, NH)
9 . 2 0  ( b ,  1H, NH)

0 . 9 0  -  0 . 9 7  (in, 6H, 2 -CH3 )
1 . 2 0  -  1 . 6 6  (m, 8H, 2-CH2 -CH2 )
2 . 2 4  (m, 1H, - CH-)
5 . 9 9  ( b ,  1H, NH)
8 . 3 9  ( b ,  1H, NH)
9 . 6 7  ( b ,  1H, NH)
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Mass s p e c t r u m  ะ ( F i g u r e  19)
EIMS m/e  = 187 ( 0 . 9 4 ) ,  157 ( 3 . 4 4 ) ,

144 ( 5 5 . 9 3 ) ,  115 ( 1 0 0 )

N ( 2 - P r o p y l p e n t a n o y l ) t h i o u r e a

A 5 . 7 6  g ( 4 0  mmole)  o f  2 - p r o p y l p e n t a n o i c  a c i d  was 
d r o p w i s e l y  a dde d  t o  a s o l u t i o n  o f  5 . 2 0  g ( 3 . 1 9  ml )  o f  
t h i o n y l  c h l o r i d e ,  t h e n  t h e  m i x t u r e  was s t i r r e d  a t  room 
t e m p e r a t u r e  o v e r n i g h t .  The e x c e s s  t h i o n y l  c h l o r i d e  was 
removed  u n d e r  v a c u o  and t h e  a c i d  c h l o r i d e  o b t a i n e d  was 
a d de d  t o  a 3 . 8 8  g o f  p o t a s s i u m  t h i o c y a n a t e  i n  t o l u e n e .  
The m i x t u r e  was s t i r r e d  u n d e r  r e f l u x  c o n d i t i o n  f o r  a b o u t  
12 h o u r s .  A f t e r  c o o l i n g ,  t h e  w h i t e  s o l i d  was f i l t e r e d  o f f  
and t h e  s l i g h t l y  y e l l o w  l i q u i d  was s t i r r e d ,  c o o l e d  i n  an 
i c e  b a t h .  T he n ,  a l i t t l e  e x c e s s  o f  c o n c e n t r a t e d  ammonia 
s o l u t i o n  was a d de d  f o r  a p e r o i d  o f  h a l f  an h o u r .  The
m i x t u r e  was s t i r r e d  f o r  one  h o u r .  Then ,  t h e  m i x t u r e  was 
washed  w i t h  แ2<3 (3  X 30 m l ) ,  t h e  a q u e o u s  l a y e r  was
d i s c a r d e d  and t h e  s o l v e n t  was e v a p o r a t e d  i n  v a c u o  t o  y i e l d  
c r u d e  p r o d u c t .  P u r i f i c a t i o n  was a c h e i v e d  by column 
c h r o m a t o g r a p h i c  t e c h n i q u e  u s i n g  s i l i c a  g e l  a s  a s t a t i o n a r y  
p h a s e  and h e x a n e  ะ e t h y l a c e t a t e  ( 5 : 1 )  a s  a m o b i l e  p h a s e .  
The o v e r a l l  y i e l d  was 3 . 8 8  g (48%) o f  p r o d u c t  mp 81 -  82 c .
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IR (F' i g u r e  21) : 3350 cm-1  (NH )
( KBr D e mo u n t a b ;Le c e l l )  1700 c m ' 1 (C= 0 )

1625 c m ' 1 (NH b e n d i n g )
1300 c m ' 1 (C= ร)

1H-NMR ( F i g u r e 2 2 )  ะ 0 . 9 1 - ๐ CD oo ✓“N ร 6H, 2-CH3 )
(CDC1 3> 1 . 2 0 -  1 . 8 3  ( m, 8H, 2-CH2-CH2

2 . 2 5 (m, 1H, -CH- )
7 . 3 5 ( b ,  1H, NH)
9 . 2 0 ( b ,  1H, NH)
1 0 . 0 2 ( b ,  1H, NH)

Mass s p e c t r u m ะ ( F i g u r e  24)
EIMS m/e ะะ 202 M+ ( 5 0 . 5 2 ) , 126 ( 2 2 . 1 8 ) ,

77 ( 3 8 . 3 9 ) ,  57 ( 1 0 0 )
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