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Abstract: The mass spectra of some 3-substituted (acetyl-; 

carbamoyl-) N-methyl- and N-benzyl-4-cyano-1,4-dihydropyridines 

were examined. Unexpected thermolysis occurs prior to ioni- 

sation and gives rise to 3-substituted N-methyl- and N-benzyl- 

1,4-dihydropyridine peaks in the mass spectra of these 

4-cyan0 adducts. High resolution mass measurements were used 

to substantiate this hypothesis. The corresponding N-methyl- 

and N-benzyl-1,4-dihydropyridines were synthesised and were 

used as reference compounds. 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

The behaviour of a variety of dihydropyridine compounds (Fig.1) 

upon electron impact has been outlined in several communications 

(1-5).The general aspect of the fragmentation 

pattern is greatly dependent upon the degree of 

substitution and on the nature of the substituents 
I 
R1 

implanted on the dihydropyridine moiety.Genera1- 

Fig.1 ly, the structure elucidation of this class of 

compounds by mass spectrometry alone does not offer any in- 

surmountable difficulties. In this communication we present 



the mass spectral data of some N-methyl- and N-benzyl-4- 

cyano-1,4-dihydropyridines (I to IV) in which we were parti- 

cularly interested as a part of a study on model compounds 

of NAD(H) (6). 
I=R1 = -CH - @  R3= -CH3 2 R - -CN Mp:110-113°C 4 - 

I l l  = C H  - R - -NH2 R4= -CN Mp:130-134'C 2 3 - 
III=R1 = -CH3 R 3- - -CH3 R4= -CN Mp:110-112°C 

IV=R1 = -CH3 R3= -NH2 R 4 - - -CN Mp:165-168°C 

V = R I  = -CH @ R3= -CH3 R - -H Oil 

I 
2- 4- 

V I = R 1  = -CH2-@ R3= -NH2 R - -H Oil 
R1 

4- 
VII=R1 = -CH3 R - -CH3 R - -H Oil 

(a i 3- 4 - 
VIII=R = -CH 1 3 R3= -NH2 R - -H Oil 4- 

Mass spectrometrically these 4-cyano adducts (I to IV) are 
t. 

characterised by very low abundant molecular ions [ M I  . 
Interpretation of these mass spectra can however be misleading 

since the mass spectra obtained greatly ressemble the mass 

spectra of the corresponding 1,4-dihydropyridine compounds 

(V to VIII). This is obviously a result of thermolysis prior 

to ionisation. The thermolytic process somehow gives rise 

to the 1,4-dihydropyridine which then ionises independently 

of the residual 4-cyano adduct according to Scheme 1. 

(a) The 4-cyano adducts (I to IV) were synthesised according 
to reference 7. The 1,4-dihydropyridines (V to VIII) were 
synthesised according to reference 8. 
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Scheme 1. 

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

o f  t h e  4 -cyano  a d d u c t s  ( I  t o  I V )  and t h e  c o r r e s p o n d i n g  

1 , 4 - d i h y d r o p y r i d i n e  compounds ( V  t o  V I I I )  t h e  l o w  r e s o l u t i o n  

d a t a  a r e  d e p i c t e d  i n  F i g s .  2  -11 . 
Compar ing t h e  mass s p e c t r a  o f  compounds I and V ,  w h i c h  

a r e  shown i n  F i g s . 2  and 3  s t r o n g  peaks a r e  o b s e r v e d  a t  

m/z= 213 [ R . I . 1 7 % 1  and m/z=122 [ R . I . 3 3 % 1 .  The g e n e s i s  o f  

m/z=213 i n  t h e  mass s p e c t r u m  o f  t h e  4 -cyano  a d d u c t  I ,  w i t h  

a  m o l e c u l a r  i o n  o f  m/z=238 [ R . I . 2 % ]  i m p l i e s  a  l o s s  o f  25 u .  

T h i s  c a n n o t  r e a d i l y  be e x p l a i n e d  u n l e s s  t h e  e x p u l s i o n  o f  a n  

a c e t y l e n e  l i k e  f r a g m e n t  i s  a c c e p t e d  ( 9 ) .  The mass d i f f e r e n c e  



Fig.2. 
Low resolution mass spectrum o f a c e t y l - 1 - b e n z y l - 4 - c y a n o -  
1,4-dihydropyridine(1). TDIp: 170°C. 

Fig.3. 
Low resolution mass spectrum 3-7Facetyl-1-benzyl-1,4-dihydro- 
pyridine(V). TDlp: 15O0C.(bl  ( c )  

( b )  The symbol [c]; drawn on the mass spectra of the 1,4- 
dihydropyridines ( V  to VIII) corresponds to the base 
moiety, its structure is analogous to [ c]' in the mass 
spectra of the 4-cyano-1,4-dihydropyridinzs. 

(c) TDIp: Temperature of the direct insertion probe 
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Fig.4 -- 
Low resolution mass spectrum of 1-benzyl-3-carbamoyl-4-cyano- 
l,4-dihydropyridine (11). TQIp: 190°C. 

Fig.5 
Low resolution mass spec t r u m 3 7 T b e n z y l - 3 - c a r b a m o y l - 1 , 4 - d i h y -  
dropyridine (VI). TDIp:20Q0C. 



m l z  

F i g . 6  
Low r e s o l u t i o n  mass  spectrum--acetyl-4-cyano-1-methyl-  
1,4-dihydropyridine(II1). T D I p : 1 2 0 0 C .  

F i  . 7  
Low r e s o l u t i o n  mass  s p e c t r u m  h a c e t y l - 4 - c y a n o - 1 - m e t h y l -  
1,4-dihydropyridine(II1) a f t e r  e x t e r n a l  h e a t i n g  a t  160°C 
f o r  6 0  s e c o n d s .  T D I p : 2 0 0 0 C  
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F i g . 8  
Low r e s o l u t i o n  mass s p e c t r u m o f - a c e t y l - 1 - m e t h y l - l , 4 - d i h y d r o -  
p y r i d i n e ( V I 1 ) .  TDIp:17O0C 

F i g . 9  
Low r e s o l u t i o n  mass s p e c t r u m 3 - c a r b a m o y l - 4 - c y a n o - 1 - m e t h y l -  
1,4-dihydropyridine(IV).TDIP:21OoC 



F i g . 1 0  
Low r e s o l u t i o n  m a s s  s p e c t r u m - c a r b a m o y l - 4 - c y a n o - 1 - m e t h y l -  
1,4-dihydropyridine (IV). TDIp:30O0C 

F i g . 1 1  
L o w  r e s o l u t i o n  m a s s  s p e c t r u m - c a r b a m o y l - 1 - m e t h y l - 1 , 4 -  
dihydropyridine(VIII).Tmp:1800C 



HETEROCYCLES. Vol. 9. No.4 ,  1978 

Table 1 

Low r e s o l u t i o n  mass s p e c t r a  of compounds 1 t o  IV.(Ions  
d e ~ i c t e d  in Scheme 1 . )  (dl 

(dl Mass spec t ra  were recorded on a  JEOL 01SG-2 s p e c t r o m e t e r ,  
i o n i s i n g  vo l tage  70 eV,source temperature -280°C . 
Relat ive  i n t e n s i t i e s  a re  given i n  parentheses .  



T a b l e  2  
t 

High r e s o l u t i o n  mass  m e a s u r e m e n t s  o f  t h e  i o n s  [ ~ l f ' a n d  [ c I T  
i n  t h e  mass  s p e c t r a  of compounds I  t o  IV. 

Compound 

b e t w e e n  m/z=213 and m/z=122 i s  more e v i d e n t  and p o i n t s  t o  t h e  

l o s s  o f  a  b e n z y l  r a d i c a l ,  which i s  a known f r a g m e n t a t i o n  

mechanism ( 5 ) .  High r e s o l u t i o n  mass  m e a s u r e m e n t s  o f  t h e s e  i o n s  

i n  t h e  mass  s p e c t r u m  o f  compound I  l e a d  t o  t h e  f o l l o w i n g  r e s u l t s :  

m/z=213 2 1 3 . 1 1 6 6 ( 0 b s d . )  2 1 3 . 1 1 5 3 ( C a l c d . )  C14H15N0 

m/z=122 1 2 2 . 0 6 1 3 ( 0 b s d . )  1 2 2 . 0 6 0 5 ( C a l c d . )  C7H8N0 

I f  a n  a c e t y l e n e  l i k e  f r a g m e n t  was e x p e l l e d  f rom t h e  m o l e c u l a r  

i o n  m l z = 2 3 8  (C15H14N20) a n  e l e m e n t a l  c o m p o s i t i o n  o f  C13H13N20 

would b e  e x p e c t e d  f o r  m/z=213 .  S i n c e  t h i s  was n o t  f o u n d ,  t h i s  

p o s s i b i l i t y  h a s  t o  be  r e j e c t e d .  O n  t h e  o t h e r  h a n d ,  t h e  e x p e r i -  

a l c u l a t e d  

213 .1153  

122 .0605  

214 .1106  

1 2 3 . 0 5 5 8  

1 3 7 . 0 8 4 0  

1 2 2 . 0 6 0 5  

1 3 8 . 0 7 9 3  

1 2 3 . 0 5 5 8  

I o n s  I O b s e r v e d  Formul a  

C14H15N0 

C7H8N0 

CI3Hl4N20 

C6H7N20 

C8H11N0 

C7H8N0 

C7H10N20 

C6H7N20 
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m e n t a l l y  found  f o r m u l a  C14H15N0, c o r r e s p o n d s  t o  t h e  e l e m e n t a l  

c o m p o s i t i o n  o f  t h e  m o l e c u l a r  i o n  [ M I + '  of 3 - a c e t y l - 1 - b e n z y l -  

1 , 4 - d i h y d r o p y r i d i n e  ( V ) .  

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

I 1  t o  IV. From Scheme 1  i t  i s  o b v i o u s  t h a t  o n l y  [ M I ; '  and 
+ 

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

compound s i n c e  o t h e r  f r a g m e n t a t i o n  mechanisms s t a r t i n g  f rom 

t h e  4 - c y a n o  a d d u c t  l e a d  t o  c o i n c i d i n g  f r a g m e n t  i o n s .  

However i n  compound IV, [ c ] ;  h a s  a  v e r y  low a b u n d a n c e .  

C o n s e q u e n t l y  l o s s  o f  t h e  N - C H 3  s u b s t i t u e n t  i s  an  e n e r g e t i c a l l y  

u n f a v o u r a b l e  p r o c e s s .  The e n h a n c e d  i n t e n s i t y  o f  [ c ]  f i n  

3 - a c e t y l - 4 - c y a n o - 1 - m e t h y l - 1 , 4 - d i h y d r o p y r i d i n e  c a n  b e  e x p l a i n e d  

by c o n t r i b u t i o n s  due  t o  a - f i s s i o n  o f  t h e  a c e t y l  f u n c t i o n  

w i t h  e x p u l s i o n  o f  a  r a d i c a l  CH; . Low r e s o l u t i o n  d a t a  a r e  

p r e s e n t e d  i n  T a b l e  1. High r e s o l u t i o n  mass  m e a s u r e m e n t s  o f  

[ M I ; '  and [ c]; a r e  summar i sed  i n  T a b l e  2 .  

F u r t h e r m o r e  we l i k e  t o  p o i n t  o u t  t h a t  r e p r o d u c i b l e  s p e c t r a  

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

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

( F i g s .  9 - 1 0 ) .  A t  h i g h e r  t e m p e r a t u r e  s m a l l  s i g n a l s  a r e  o b s e r -  

ved above  t h e  m o l e c u l a r  i o n  [ M I "  o f  t h e  c y a n o  a d d u c t s .  

As can  b e  s e e n  i n  F i g . 6 ,  compound 111  shows a  s t r o n g  

m o l e c u l a r  i o n  i n  c o n t r a s t  t o  t h e  o t h e r  4 - c y a n o  a d d u c t s .  A 

p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  s u r p r i s i n g  s t a b i l i t y  can  be  

found  i n  i t s  v a p o u r i s i n g  a t  a  p r o b e  t e m p e r a t u r e  o f  120°C 



in contrast to the other 4-cyano compounds. Indeed, for these 

analogues an ion current only could be obtained at probe 

temperatures of at least 170°C. To check this possibility 

3 - a c e t y l - 4 - c y a n o - 1 - m e t h y l - 1 , 4 - d i h y d r o p y r i d i n e  was heated 

externally at 160°C for 60 sec. and then inserted in the 

ion source. The mass spectrum obtained in such a way (Fig.7) 

gave a much lower abundant molecular ion [MI'. and an in- 

creased abundance of the thermolytic dihydro peaks [ M I ; .  

and [c]; . Apparently thermolysis occurs above some threshold 

temperature. 
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