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QUANTITATIVE MONITORING OF STEARIC 
ACID MONOALKANOLAM IDE SYNTHESES 

BY HPLC 

Albert A. Ben-Bassat*, Tamar Wasserman, 
and Avraham Basch 
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P. 0. Box 8001 

Jerusalem 91 080 Israel 

4BSTRACT 

The  a p n l i c a t i o n  o f  a r e v e r s e d - p h a s e  h i q h  n e r -  
f o r n a n c e  l i q u i d  c h r o m a t o s r a p h i c  m e t h o d  f o r  t h e  q u a n -  
t i t a t i v e  d e t e r a i n a t i o n  o f  v a r i o u s  s t e a r o v l  q o n o a l -  
k a ~ o l a m i d e s  i s  d e s c r i b e d .  T h e  h s s e  c a t a l y z e d  a m i -  
d a t i o n  o f  m e t h y l  s t e a r a t e  w i t h  d i f f e r e n t  monoalf:?n- 
o l a m i n e s ,  d u r i n g  two h o u r s  a t  10n°C, i s  e x a m i n e d .  
Tn e a c h  c a s e  t h e  a m o u n t  o f  t h e  i o n o a l k n n o l a m i d e  
f o r m e d  i s  d e t e r m i n e d  d i r e c t l y  i n  t h e  c r u d e  r e a c t i n n  
p r o d u c t  b y  i s o c r a t i c  e l u t i o n  w i t h  a t e r n a r v  s o l v e n t  
s v s t e n  o f  t e t r a h y d r o f u r a n - a c e t o n i t r i l e - w a t e r  a t  pF: 
2 . 6  ( 3 7 . 5 : 3 7 . 5 : 2 5 v / v )  f o l l o w e d  h v  d e t e c t i o n  w i t h  R 

d i f f e r e n t i a l  r e f r a c t o m e t e r .  T h e  q u a n t i t a t i v e  re -  
s u l t s  i n d i c a t e  t h a t  u n d e r  t h e  p r e s e n t  e x p e r i m e n t a l  
c o n d i t i o n s  t h e  m o n o a l k a n o l a m i n e s  i i s ed  r e a c t  w i t h  
n e t h y l  s t e a r a t e  a t  d i f f e r e n t  r a t e s  w i t h o u t  s i g n i f i -  
c a n t  f o r n a t i o n  o f  b y p r o d u c t s .  

* 
A u t h o r  t o  whom c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .  
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90 BEN-BASSAT, WASSERMAN, AND BASCH 

INTXODUCTTDN 

F a t t y  a l k a n o l a m i d e s  a r e  known a s  .a c l a s s  o f  e s s e n -  

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

o f  u s e s  a n d  e c o n o a i c  i m p o r t a n c e .  C e r t a i n  a l k a n o l a m i d e s  

a r e  p o p u l a r  a s  foam b o o s t e r s  a n d  s t a b i l i z e r s  in l i a u i d  

d e t e r q e n t s .  A l k a n o l a q i d e s  nrndi icec l  f r o m  h i g h e r  f a t t y  

a c i d s  f i n d  w i d e  u s e  a s  e s s e n t i a l  c o m n o n e n t s  i n  c o n m e r -  

c i a 1  n r o d u c t s :  d e t e r g e n t s ,  shamnoos, t h i c k e n i n z  a g e n t s ,  

e T u l s i f v i n g  a n d  w e t t i n :  a g e n t s ,  n l a s t i c i z e r s ,  e e r a i c i d e s  

a n d  i n d u s t r i a l  c l e a n e r s  ( 1 - 6 ) .  T h e  f a t t y  a l k a n o l a a i d e s  

a r e  p r o d u c t s  o f  c o n d e n s a t i o n  b e t w e e n  a~ o l k a n o l s n i n e  a n d  

a f a t t y  s c i d  o r  i t s  d e r i v a t i v e  ( n e t h v l  e s t e r ,  t r i e l v c e r i d e ) .  

A l k o x i d e  c a t a l y s i s  h a d  b e e n  u s e d  e x t e n s i v e l y  b!r t h e  i n d u s t r y  

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

a n d  o f  t r i g l y c e r i d e s  t o  n o n o - a n d  d i e t h a n o l a m i d e s  (3,7,8,9). 

T h e  r e a c t i o n  w i t h  3 n o n o a l k a n o l a i n i n e  i s  n o r e  s i n n l e  a n d  

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

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

t h e  n r i : n s r y  a m i n e  f u n c t i o n .  Tn c e r t a i n  c a s e s ,  i n  a d d i t i o n  

t o  t h e  q a j o r  F r o d u c t ,  n o n o a l k a n o l a m i d e ,  t h e  e s t e r  o f  t h e  

s t a r t i n g  n o n o a l k a n o l a q i n e  c s n  b e  o h t a i n e d  a s  h y n r o d u c t .  The 

c o i n o s i t i o n  o f  t h e  r e a c t i o n  a r n d u c t  d e p e n d s  on  t h e  c o n d i t i o n s  

c i p l o y e d .  S o l e  t e d i o u s  ? e t h o d s  f o r  q u a n t t t a t i v e  d e t e r m i n a -  

t i o n  o f  t h e  a l k a n o l a n i d e  f o r m e d  a r e  b a s e d  on s y s t e n n t i c  

s e a a r a t i o n  a n d  p u r i f i c a t i o n  t r e a t m e n t s  o f  t h e  c r u d e  r e a c t i o n  

p r o d u c t  ( 2 )  o r  on i s o l a t i o n  a n d  c a l c u l a t i o n  o f  t h e  u n r e a c t e d  

f a t t y  a c i d  m e t h y l  e s t e r  ( 1 0 , l l ) .  F o r n o l o g o u s  s e r i e s  o f  f a t t y  

a c i d  a l k a n o l a m i d e s  h a v e  b e e n  s e p a r a t e d  b y  g a s  c h r o m a t o g r a p h y  
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STEARIC ACID MONOALKANOLAMIDE SYNTHESES 91 

( 1 2 ) .  T h i s  m e t h o d ,  h o w e v e r ,  r e q u i r e s  t h e i r  c o n v e r s i o n  i n t o  

v o l a t i l e  d e r i v a t i v e s  b e f o r e  a n a l y s i s .  Few s t u d i e s  o n  q u a l -  

i t a t i v e  H P L C  s e p a r a t i o n  o f  h o m o l o g o u s  s e r i e s  o f  f a t t y  a c i d  

mono-and  d i e t h a n o l a m i d e s  were c a r r i e d  o u t  ( 1 3 - 1 5 ) .  

T h e  p u r p o s e  o f  t h e  p r e s e n t  w o r k  was t o  d e v e l o n  a n  FlPLC 

m e t h o d  w h i c h  e n a b l e s  s i m p l e  a n d  r a p i d  q u a n t i t a t i v e  s e p a r a -  

t i o n ,  e l u t i o n  a n d  d e t e r m i n a t i o n  o f  s t e a r o y l  m o n o a l k a n o l a -  

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

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

o u r  p r e v i o u s  w o r k  o n  HPLC s e p a r a t i o n  o f  h o m o l o q o u s  s o y b e a n  

f a t t y  a c i d  e t h a n o l a m i d e s  a s  w e l l  a s  t h e i r  b y p r o d u c t s  ( 1 6 ) .  

The  p r e p a r a t i o n  o f  f o u r  s t r u c t u r a l l y  d i f f e r e n t  nlonoalkan- 

o l a m i d e s  o f  s t e a r i c  a c i d  w a s  e x a m i n e d .  T h e y  were  s v n t h e -  

s i z e d  a c c o r d i n g  t o  r e p o r t e d  m e t h o d s  ( 7 , 8 , 9 , 1 7 )  w i t h  c e r -  

t a i n  m o d i f i c a t i o n s :  t h e  r e a c t i o n s  w e r e  c a r r i e d  o u t  a t  a t -  

n o s p h e r i c  p r e s s u r e  w i t h  a c o n s t a n t  f l o w  o f  n i t r o g e n  t o  e x -  

p e l  t h e  p r o d u c e d  m e t h a n o l .  F o r  e a c h  s y n t h e s i s ,  t h e  c o u r s e  

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

w i t h d r a w n  p e r i o d i c a l l y .  In e a c h  c a s e ,  t h e  r a t i o  o f  s t e a r i c -  

p a l m i t i c  m o n o a l k a n o l a q i d e s  w a s ,  w i t h i n  e x n e r i m e n t a l  e r r o r ,  

t h e  same a s  t h a t  i n  t h e  s t a r t i n g  m e t h y l  e s t e r  (2b:l). Ve 

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

d e r i v a t i v e .  

T h e  c h r o m a t o q r a n h i c  r e s u l t s  showed  t h a t  t h e  u s e d  m o n o -  

a l k a n o l a m i n e s  r e a c t  a t  d i f f e r e n t  r a t e s  w i t h  n e t h v l  s t e a r a t e .  

The  s t e a r o y l  m o n o a l k a n o l a m i d e s  were o b t a i n e d  i n  h i g h  v i e l d s  

w i t h o u t  m e a s u r a b l e  a m o u n t s  o f  b y p r o d u c t s .  ‘ = o m e t i m e s  s-nal l  

a m o u n t s  o f  t h e  u n r e a c t e d  m e t h y l  s t e a r a t e  w e r e  e l u t e d  a n d  
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92 BEN-BASSAT, WASSERMAN, AND BASCH 

d e t e c t e d .  The  r e l a t i v e l y  low r e a c t i o n  t e m n e r a t u r e  (1q)o"C)  

p o s s i b l y  ~ s s i ~ r e s  t h e  s y n t h e s i s  o f  t h e  a o n o a l k a n o l a m i d e s  

w i t h o u t  s i g n i f i c a n t  f o r a a t i o n  o f  b y p r o d u c t s .  

The  o p t i a u m  e l u e n t  c o m p o s i t i o n  a n d  f l o w  r a t e  a s  w e l l  

a s  t h e  c o l u m n  p a c k i n g  m a t e r i a l  were e x p e r i r e n t a l l y  d e -  

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

a n d  r e n e a t e d  HPLC a e a s u r e n e n t s  c o n f i r m e d  t h e i r  p u r i f i c a -  

t i o n  fro71 i n p u r i t i e s  n r  u n r e a c t ~ r l  n e t h y l  e s t e r .  

The  c r y  s t a 11 i z e d  " s t e a r  o v 1 mono a 1 k a n o  1 a a  i d e s  " I I C  r e 

c h a r a c t e r i z e d  b y  n . ~ .  d e t e r m i n a t i o n ,  i r  a n d  nmr l e a s u r e -  

snen t s  a n d  a l s o  b y  e l e q e n t a l  a i c r o a n a l y s i s .  

F :i P E R I'I F R T AL 

C!iea i c a l  s 

The  c h e m i c n i s  w e r e  u s e d  a s  r e c e i v e d .  r e t r a h v d r a f  u r a n ,  

p e r c h l o r i c  a c i d  a n d  e t h a n o l  ( a n a l y t i c a l  g r a d e )  w e r e  o b t a i n e d  

f r o m  F r u t a r o a ,  L a b o r a t o r y  C h e a i c a l s  L t d . ,  P a i f a ,  I s r a e l .  

A c e t o n i t r i l e  (SlPLC g r a d e )  w a s  p u r c h a s e d  f r o m  E i o - I . a b . ,  L t d . ,  

J e r u s a l e n ,  I s r a e l .  D e i o n i z e d  w a t e r  was  t w i c e  d i s t i l l a t e d ,  

f i r s t  i n  t h e  p r e s e n c e  o f  p o t a s s i u m  p e r m a n q a n a t e .  P e r -  

c h l o r i c  a c i d  w a s  u s e d  t o  a d j u s t  t h e  pH o f  t h e  wa te r  t o  2 . 6 .  

' ( e t h y l  s t e a r a t e  ( E d e n o r  YE C18) w a s  o b t a i n e d  f r o m  H e n k e l  

PGaA, D u s s e l d o r f ,  West C e r m a n y .  HPLC a n a l y s i s  o f  t h i s  ma- 

t e r i a l  showed  a p u r i t y  o f  9 6 . 3 % .  T h e  m i n o r  c o m n o n e n t  ( 3 . 7 % )  

w h i c h  f i r s t  e l u t e d  was d e t e c t e d  a s  m e t h y l  p a l m i t a t e  ( s e e  

F i g u r e  1 ) .  T h i s  a n a l y s i s  was v e r i f i e d  b y  g a s  c h r o m a t o g r a p h -  

i c  m e a s u r e m e n t s .  Sod ium m e t h o x i d e  ( p u r i f i e d )  w a s  p u r c h a s e d  

f r o m  F i s h e r  S c i e n t i f i c  Company,  N e w  J e r s e y ,  U . S . A .  T h e  a l -  
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STEARIC ACID MONOALKANOLAMIDE SYNTHESES 93 

2 

F I G U R E  1: Reversed-nhase FPLC chromatogram o f  the methyl 
stearate (Penkel). Peaks: 1 = aethyl palmitate (RT = 6 . 9 7  
min); 2 = rnethyl stearate (RT = 10.1 min). 

kanolamines: 1-Amino-2-propanol, 3-Amino-1-propanol, 2- 

(:lethylaminc) ethanol and 2-Amino-2-methyl-1-propanol were 

o f  over 99;; puritv and obtained from Aldrich Chemical Com- 

pany, :lilwaukee, Visconsin, U . S . A .  

Instrumentation 

Melting ~ o i n t s  were taken on a "Thermopan" aicroscope 

e q r i i n n e d  with the Kofler Hot Stage, Reichert, Austria. T h e  

values of  the m.ps were confirmed by measurements on a 

Vettler TA 3000 Thermal Analvzer/DSC, Mettler Instruaents 

A . G . ,  G r e i f e n s e e ,  Switzerland. IR spectra were obtained on 

a Perkin-Flaer 2 5 7  Grating Infrared Spectrophotometer using 

a neat melt or film from chloroforrn solution. Zlmr spectra 

were taken on a Varian FT-SOA snectrophotometer at normal 
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94 BEN-BASSAT, WASSERMAN, AND BASCH 

o p e r a t i n g  t e m p e r a t u r e  ( 2 5 ° C )  f o r  a p p r o x i m a t e l y  1 5 %  s o l u t i o n  

in d e u t e r o c h l o r o f o r m  ( A l d r i c h  C h e m i c a l  Comnanv) .  T h e  

e l e m e n t a l  a n a l y s e s  were p r o v i d e d  b y  t h e  m i c r o a n a l y t i c a l  

l a b o r a t o r y  o f  t h e  P e b r e w  U n i v e r s i t y ,  J e r u s a l e m .  

T h e  HPLC d e t e r m i n a t i o n s  w e r e  r u n  o n  a V a r i a n  5030 FPLC 

s y s t e m .  D i f f e r e n t i a l  R e f r a c t o m e t e r - R 4 0 1  W a t e r s  A s s o c i a t e s  

was u s e d  t o  d e t e c t  t h e  s e p a r a t e d  a n d  e l u t e d  c o m ~ o u n d s .  A 

r e v e r s e - p h a s e  t y p e  R P - 3  M e r c k  s t e e l  c o l u m n  ( 1 1 . 5  cm x 0 . 4  cm 

I . D . )  p a c k e d  w i t h  U l t r a s p h e r e  O c t y l  F was u s e d .  The  c o l u m n  

was o p e r a t e d  a t  a m b i e n t  t e m u e r a t u r e .  T h e  d e t e c t o r  was c o n -  

n e c t e d  t o  a H F w l e t t - P a c k a r d  3330A i n t e g r a t o r  t o  r e c o r d  re -  

t e n t i o n  t i n e s ,  p e a k  a r e a s  a n d  p e r c e n t a g e  a m o u n t s .  

HPLC P r o c e d u r e  

The  compounds  were e l u t e d  i s o c r a t i c a l l y  a t  a p r e s s u r e  

o f  a b o u t  1 6 0  u s i s  u s i n g  a n  e l u e n t  c o m u o s i t i o n  o f  t e t r a -  

h y d r o f u r a n - a c e t o n i t r i l e - w a t e r  a t  pl: 2 . 6  ( 3 7 . 5 : 3 7 . 5 : 2 5 v / v ) .  

T h e  e l u e n t  f l o w  r a t e  w a s  1 m l / m i n .  T h e  e x a m i n e d  s a m u l e s  

w e r e  d i s s o l v e d  i n  t h e  e l u e n t  ( 4 %  w / v )  by  g e n t l e  w a r m i n g  a s  

n e c e s s a r y .  2 0 ~ 1  o f  t h e  s o l u t i o n  were i n j e c t e d  v i a  1000 

i n j e c t o r .  To a s s u r e  t h a t  t h e  e l u t i o n  o f  t h e  c o m p o n e n t s  i s  

c o m p l e t e ,  t h e  HPLC m e a s u r e m e n t s  were  c a r r i e d  o u t  u p  t o  3 0  

m i n u t e s .  

T y p i c a l  . 4 m i d a t i o n  P r o c e d u r e  

T h r o u g h o u t  t h i s  i n v e s t i g a t i o n ,  t h e  m o l a r  r a t i o  o f  a m i n e  

t o  m e t h y l  s t e a r a t e  was 1 . 1 : l . O .  
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STEARIC ACID MONOALKANOLAMIDE SYNTHESES 95 

T o  a f o u r  n e c k e d  r o u n d  b o t t o m  f l a s k  (5001111) were c o n -  

n e c t e d :  a )  a c o n d e n s e r  w i t h  a r e c e i v i n g  f l a s k  f o l l o w e d  b y  

a t r a p  c o n t a i n i n g  s i l i c o n  o i l  t o  d e t e c t  t h e  l e a v i n g  n i t r o g e n ;  

b )  a g r o u n d - g l a s s  a d a p t e r  t o  p a s s  n i t r o g e n  t h r o u g h  t h e  r e -  

a c t i o n  m i x t u r e .  T h e  a d s p t e r  was c o n n e c t e d  v i a  a t r a p  ( w i t h  

s i l i c o n  o i l )  t o  a c y l i n d e r  o f  n u r e  n i t r o g e n ;  c )  a g l a s s  

s t i r r e r ;  d )  a t h e r m o m e t e r .  

' 3 .4% ( w / t o t a l  w e i g h t  o f  r e a c t a n t s )  o f  s o d i u m  m e t h o x i d e  

were i n t r o d u c e d  i n  t h e  r e a c t i o n  v e s s e l  f o l l o w e d  b y  0 . 3 3  m o l e  

o f  t h e  c o r r e s p o n d i n g  a l k a n o l a m i n e .  [ J s i n g  c o n s t a n t  a g i t a t i o n  

a n d  g r a d u a l  h e a t i n g ,  a s o l u t i o n  was o b t a i n e d  ( a D p r o x .  8 0 ° C ) .  

Then  8 9 . 5 5  g .  ( 0 . 3  m o l e )  o f  m e t h y l  s t e a r a t e  were a d d e d .  Pas s -  

i n g  a c o n s t a n t  f l o w  o f  n i t r o g e n  t h r o u g h  t h e  r e a c t i o n  med ium,  

t h e  t e m p e r a t u r e  w a s  e l e v a t e d  t o  1 0 0 ° C  a n d  t h e  r e a c t i o n  c o n -  

t i n u e d  u p  t o  2 h o u r s .  A t  t h e  e n d  o f  t h e  r e a c t i o n ,  t h e  t e m -  

p e r a t u r e  was  r e d u c e d  t o  9 0 c C  a n d  1 . 5 m l  o f  d i s t i l l e d  w a t e r  was 

a d d e d .  4 f t e r  s h o r t ,  v i g o r o u s  a y i t a t i o n ,  t h e  p r o d u c t  w a s  t r a n s -  

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

F o r  m . ~ .  d e t e r m i n a t i o n ,  s r e c t r o s c o n i c  a e a s u r e T e n t s  a n d  

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

vqs c r y s t a l l i z e d  f r o m  h o t  e t h a n o l  (90Z) s o l u t i o n  a n d  d r i e d  

o v e r  s i l i c a  g e l  u n d e r  r e d u c e d  n r e s s u r e .  q e u e a t e d  HPLC a n a l -  

y s i s  c o n f f r m e d  t h e  a h s e n c e  n f  n e q k s  f r o n  i n p u r i t i e s  o r  un- 

r e a c t e d  e s t e r .  

I E P U L T S  A N D  D I S C U S S I O N  

F o u r  s t r u c t u r a l l y  d i f f e r e n t  m o n o a l k a n o l a m i d e s  were 

p r e p a r e d :  
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96 BEN-BASSAT, WASSERMAN, AND BASCH 

A .  S t e a r o y l - ! i H ( 2 - h y d r o x y - n r o u y l )  amide. 

3 C , F C 0 MI'C B C H [ OH ) C H 

B .  Stearovl-NF(3-hydroxy-uropyl)anide. 

C F COHHC 1; C I! C !! OH 

C .  Stearoyl-tI(methy1) , ethanolanide. 
C H C O N  ( C 9  ) C H CH 201! 

S t ear o y 1 -!IF ( 1-7 e thy 1, 

ethyl) amide. 

C1 7F3sCONl!C ( C F 3 ,  C H 2 0 H )  CH3 

D . 1 - h y d r o x  y" e t h v 1 - 

Certain properties of  these monoalkanolamides are 

conpiled in Table I. 

TABLE I 

Physical Properties o f  the Synthesized Yonoalkanolaoides 
o f  Stearic Acid. 

Physical 
C onn o i i n  d appearance ? 4 D *  , O C  

* * *  
Formula 

85** C21H43N02 

2 

A white solid 

B white solid 36.9 c E4 3!i 0 

c 1U43N0 2 C white solid 53-54 

D white solid 68.1 2 2'4 5'1°2 

*After crystallization f r o m  hot 90:; ethanol. ** 
***  

86.1"C (18). 
All compounds were analyzed f o r  C, H and N; the results 
were within 2 0.9% of  the theoretical values. 
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H P L C  S t u d y  

T h e  c o u r s e  o f  t h e  s y n t h e s i s  o f  e a c h  s t e a r o y l  m o n o a l -  

k a n o l a n l i d e  was  f o l l o w e d  by  AP1.C a n a l y s i s  o f  a l i a u o t s  w i t h d r a w n  

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

was p e r f o r m e d  i n  d u p l i c a t e .  T h e  r e p l i c a t e  m e a s u r e m e n t s  s h o w e d  

a d e v i a t i o n  o f  2 0 . 0 4  m i n  f o r  t h e  r e t e n t i o n  t i m e  a n d  1 . 2 %  f o r  

t h e  v a l u e s  o f  p e r c e n t a E e  a m o u n t .  H P L C  c h r o m a t o g r a m s  o f  t h e  

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

a t  l o v e r  r e t e n t i o n  t h e  f r o ?  t h e  n a l m i t o y l  m o n o a l k a n o l a -  

m i d e  f o l l o w e d  by  t h e  p e a k  f r o v  t h e  m a i o r  s t e a r o y l  . l o n o -  

a l k a n o l a a i d e .  F i g u r e  2 r e n r e s e n t s  t h e  !'PLC c h r o x a t o g r a n  

o f  u r o d u c t  B ( T a b l e  1 1 ;  1 9 0 %  i n o n o a l k a n o l a m i d e ) .  T h e  

c h r o x a t o g r a m s  o f  t h e  f o u r  s y n t h e s i z e d  d e r i v a t i v e s  s h q w e d  

t l ~ a t ,  i n  e a c h  e a s e ,  t!ie r a t i o  o f  t h e  p e r c e n t a g e  a m o u n t s  

o f  t h e  two h o m o l o q o u s  q o n o a l k a n o l a m i d e s  r e m a i n e d  t h e  sam2 

( w i t h i n  e x p e r i m e n t a l  e r r o r )  a s  t h a t  o f  t h s  s t a r t i n g  m e t h y l  

e s t e r s  ( s e e  F i g u r e  1 ) .  A s  p r e v i o u s 1 . v  s t a t e d ,  s t a r t i n g  

m a t e r i a l  a n d  n r o d u c t s  w e r e  c a l c u l a t e d  a n d  a r e  r e n o r t e d  

a s  s t e n r i c  d e r i v a t i v e s .  F i g u r e  3 r e p r e s e n t s  t h e  e x t e n t  

o f  f o r m a t i o n  o f  e a c h  t y p e  o f  n o n o a l k n n o l a n i d e  a q a i n s t  

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

IIPLC a n a l y s e s  o f  p r e u a r e d  m i x t u r e s  o f  a e t h y l  s t e a r a t e  

a n d  p r o d u c t  B showed  t h a t  s e n s i t i v i t y  o f  t h e  d i f f e r e n t i a l  

r e f r a c t o n e t e r  d e t e c t o r  was  s l m o s t  e q u a l  f o r  b o t h  c o n l n o n e n t s  

a n d  t h a t ,  f o r  t h e  p u r n o s e s  o f  t h i s  s t u d y ,  c o r r e c t i o n  f a c -  

t o r s  would b e  i n s i g n i f i c a n t .  C o n s e q u e n t l y ,  s u c h  c o r r e c t i o n  

f a c t o r s  were n o t  a u n l i e d .  
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BEN-BASSAT, WASSERMAN, AND BASCH 

FIGURE 2 :  R e v e r s e d - p h a s e  RPLC c h r o m a t o g r a m  o f  comoound B 
( s e e  T a b l e  1 1 ) ;  P e a k s :  1 = t h e  n a l m i t o y l  c o m o o n e n t  (ST  = 
3 . 2 7  m i n ) ;  2 = t h e  s t e a r o y l  c o m p o n e n t  ( R T  = 4.05 m i n ) .  

TASLE I1 

!1PLC A n a l y s i s  D a t a  f o r  F o u r  S y n t h e s i z e d  
q t e s r o y l .  n l o n o a l k a n o l a m i d e s ,  * 

Compound 

**  
!.Ion o a 1 ka n n 1 a a  i d  e 
p e r  c e n t  age  a a o u n t  

A 
B 
C 
D 

8 8 . 6  
1 0 0 . 0  

9 2 . 9  
i o n ,  n 

* R e a c t i o n  c o n d i t i o n s :  2 h o u r s  a t  1 0 0 ° C .  ** 
Y e a n  v a l u e  o f  r e p e a t e d  e x p e r i m e n t s .  The  d a t a  r e l a t e  
t o  HPLC a n a l y s i s  o f  t h e  c r u d e  f i n a l  r e a c t i o n  o r o d u c t .  
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30 60 90 120 
TIME (min) 

FIGURE 3: Rate  o f  f o r m a t i o n  o f  t h e  f o u r  s t e a r o y l  mono- 
a l k a n o l a m i d e s  ( r e v e r s e d - p h a s e  IIPLC a n a l y s i s ) ;  
o Compound A ;  0 Compound B ;  0 Coqpound  C ;  B Compound D .  

Ve w i s h  t o  e r n u h a s i z e  t h a t  t h e  I IPLC t e c h n i q u e  d e v e l o n e d  

i n  o u r  l a b o r a t o r y  ( 1 6 )  e n a b l e d  us t o  p e r f o r m  k i n e t i c  s t u d i e s  

a c c u r a t e l y  a n d  r e n r o d u c i b l y .  A c c o r d i n g  t o  F i g u r e  3 ,  i t  n a y  

b e  c o n c l u d e d  t h a t  u p  t o  6 0  3 i n u t e s  t h e  v e l o c i t v  o f  f o r m a t i o n  

o f  con lpounds  A a n d  D i s  much s l o w e r .  A p o s s i b l e  e x p l a n a t i o n  

c a n  b e  a s t e r i c  e f f e c t  o n  t h e  r e a c t i v i t y  o f  t h e  c o r r e s -  

p o n d i n g  q o n o n l k a n o l a m i n e s .  On t h e  o t h e r  hand, t h e  s y n -  

t h e s i s  o f  t h e  c o m p o u n d s  B a n d  C was a l m o s t  c o m p l e t e  

a f t e r  33 m i n u t e s .  T h e  p e r c e n t a s e  a m o u n t  o f  e a c h  mono- 
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100 BEN-BASSAT, WASSERMAN, AND BASCH 

a l k a n o l q m i d e  i n  t h e  f i n a l  c r u 3 e  o r o d u c t  i s  p r e s e n t e d  i n  

T a b l e  TI. 

S p e c t r o s c o p i c  F t u d i e s  

A s  a d d i t i o n a l  c h a r a c t e r i z a t i o n ,  t h e  i r  a n d  nmr 

s u e c t r a  o f  t h e  c o ~ o o u n d s  A - D  w e r e  a l s o  r u n .  T h e  i r  

s p e c t r a  showed  c h a r a c t e r i s t i c  b a n d s  a t :  3 3 2 9 - 3 3 8 9  C T  

-1 -1 f o r  ~ 1 1 ' 1  a n d  011; 1 6 3 4 - 1 6 4 0  cm F o r  u C = O ,  a m i d e ;  1 5 5 0  cm 

f o r  vll-11 b e n d i n g  ( t h i s  b a n d  w a s  a b s e n t  i n  t h e  s q e c t r u m  of  

c o ~ ~ o i i n d  C ) ;  1 0 5 3  cm € o r  v n l  u r i n a r y  ( t h i s  h a n d  was  a b -  

s e n t  i n  t h e  s p e c t r u m  o f  comuound A ) ;  1 1 0 0  CII-' € o r  v 0 H  s e c -  

onda r J7  ( o n l v  i n  t h e  s n e c t r u - n  o f  coanounr l  A ) ;  weak  b a n d  a t  

7 2 9  cm-I w h i c h  b e l o n g s  t o  t h e  l o n g  n o r m a l  111.~1 r e s i d u e .  

The  e s t e r  c a r b o n y l  s t r e t c h  a t  1 7 2 0  cm was  n o t  o b s e r v e d  

i n  t h e  c a s e  o f  c o ~ p o u n d s  B and  C a n d  was  q u i t e  weak i n  t h e  

s p e c t r u ~  o f  A a n d  D .  

-1 

-1 

-1 

T h e  11-nmr s n e c t r a  o f  c o m p o u n d s  A ,  B a n d  n shoTied o n e  

p r o t o n  b r o a d  s i g n a l  a r o u n d  6 . 0  p p ~  f o r  t h e  N - V  a a i d i c .  

I n  t h e  c a s e  o f  c o a p o u n d  C ,  t h e  t h r e e  ~ r o t o n s  s i n g l e t  a t  

3 . 0 6  opm o f  N - C H 3  was o b s e r v e d .  The  s p e c t r u m  o f  comoound 

D showed  t h e  s i n g l e t  a t  1 . 4 2  p p i  o f  t h e  two C - C H 3  8 r o u P s .  

The  t r i p l e t  ( a t  3 . 5 3 - 3 . 5 5  ppm) o f  t h e  m e t h y l e n e  g r o u p  i n  

t h e  a l k a n o l  c h a i n  a n d  h o n d e d  t o  t h e  a m i d i c  n i t r o g e n  w a s  

o b s e r v e d  i n  t h e  s p e c t r u m  o f  c o m p o u n d s  E a n d  C .  The  s p e c -  

t r a  o f  t h e  f o u r  m o n o a l k a n o l a m i d e s  showed  a t h r e e  p r o t o n s  

t r i p l e t  a t  1 . 2 5  D D - ~  o f  t h e  a e t h y l  e r o u o  o f  t h e  f a t t y  c h a i n .  
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