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XIX.* SYNTHESIS OF 3-CYANO-6-DIMETHYLAMINO-2- t )YRIDONE AND 

PYRROLO-,  PYRIDO-,  AND AZEPINO[2,3-b]PYRIDINE DERIVATIVES 
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R .  G.  G l u s h k o v ,  T .  F .  V l a s o v a ,  
a n d  O.  S. A n i s i m o v a  

UDC 547.74T821 ' 891' 82' 83.07 

The reac t ion  of ~ -cyano- f l -d ime thy laminoc ro ton i c  acid amide  with ace ta ls  of dimethyl  ace ta -  
mide and N-me thy lbu ty ro - ,  - v a l e r o - ,  and - c a p r o l a c t a m s  gave enaminoac ry lamid ines ,  cyc l i -  
zat ion of which gave 3 - c y a n o - 6 - d i m e t h y l a m i n o - 2 - p y r i d o n e  and the cor responding  p y r r o l o - ,  
pyr ido- ,  and azepino[2 ,3-b]pyr id ine  de r iva t ives .  

D ime thy l fo rmamide  die thylaceta l  read i ly  r eac t s  with enaminoamides  to give enaminoacylamidines ,  which 
undergo smooth  cycl iza t ion to p y r r o l o - ,  pyr ido- ,  and azepino [3,2-c]pyridine de r iva t ives  when they a re  heated [1]: 

N(CH3)o 
j - 

((~H2)~-] (CH3)2NCH.(OC2Hs)2 (CH2)--~ N a ((~H"),~//~ IN H 

o 

CH 3 CN CH a CN CH 3 CN 

As seen  f r o m  the above scheme,  in this case  the amidine grouping is a t tacked at the 3 -CH 2 link of the 
sa tu ra ted  he te ro r ing  with split t ing out of d imethylamine .  It s eemd  of in te res t  to a sce r t a in  whether  this so r t  of 
cyc l iza t ion  is poss ib le  when the a t tack occu r s  at  an c~-CH2 (CH 3) group in the enamine r a t h e r  than in the a m i -  
dine por t ion of the molecule  and when the at tacking pa r t i c l e  is the a - c a r b o n  atom of the enamine r a t h e r  than 
the meso  a tom of the amidine f r agment .  With this in mind we subjected ~ - c y a n o - f i - d i m e t h y l a m i n o a c r y l a m i d e  
(I) [2] to reac t ion  with the d ie thylaceta ls  of N,N-d imethy lace tamide  (II), and N-methy lbu ty ro - ,  - v a l e r o - ,  and 
- c a p r o l a c t a m s  (IIIa-c,  r espec t ive ly ) .  The IR s p e c t r a  of IV and Va-c  do not contain absorpt ion  bands of an NH 2 
group but do contain absorp t ion  bands at 1580, 1650, and 2200 cm -1, which a r e  re la ted  to C-----O, C=N,  and 
C ~ N  groups .  It should be noted that the signal  of the d imethylamino groups  in the PMR spec t r a  (Table 1) of 
Va -c  and one of the Corresponding s ignals  in the s p e c t r u m  of amidine  IV at  room t e m p e r a t u r e  a r e  marked ly  
broadened  doublets that a r e  conver ted  to nar row s inglets  as the t e m p e r a t u r e  is ra ised;  this const i tutes  ev i -  
dence fo r  hindered rota t ion of these  groupings .  

N(CH3)2 

Ill a -c  NC /~- ~ ( C ,  H2)n 

CONH2 0 NS~"N/J 0 ~ ~-..N / \ N  / 

I CH3 CH~ 

11 Va-c v l a - c  

IN(CH3)2 

O~#'-.. Nff'J".N (C H3) 2 O ~" ~N/-.N (CH3) = 
H 

IV VII v a  n = l ;  b n=2; C n = 3  

* See [1] fo r  communica t ion  XVIII. 
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A m o l e c u l a r  ionpeak  (M - 220) is obs e rve d  in the m a s s  s p e c t r u m  of Va. The f ragmenta t ion  is in a g r e e -  
men t  with the p roposed  s t r u c t u r e  and is r ea l i zed  via  the following scheme:  

125 177 

The m o s t  f avorab le  p r o c e s s  is c leavage  of the bonds in the a posi t ion re la t ive  to the carbonyl  group to give 
f r a g m e n t s  with m / e  125 and 123 (the m o s t  intense peak  belongs to the ion with m / e  125). 

F r o m  the data p r e sen t ed  above it can  be s ta ted  that the reac t ion  of ace ta ls  of acid amides  and l ac t ams  
with enaminoamid ines  is gene ra l  in c h a r a c t e r  and can be used fo r  the synthes is  of va r ious  enaminoacy l -  
amidineso 

We then a t t empted  to br ing about the cycl iza t ion of enaminoacy lamid ines  IV and Va-c  to 2 -pyr idone  de-  
r iva t ives .  It was  found that the cyel iza t ion  reac t ion  is e x t r e m e l y  sens i t ive  to the ring s ize  of the s ta r t ing  a m i -  
dines,  thus 1 - m e t h y l - 6 - c y a n o - 7 - o x o - l , 2 , 3 , 4 , 7 , 8 - h e x a h y d r o - l , 8 - n a p h t h y r i d i n e  (VIb) is f o r m e d  in good yie ld  
when Vb is heated at  180~ fo r  7 min. A higher  t e m p e r a t u r e  (220~ is requ i red  fo r  the cycl iza t ion  of IV and 
VII, whe rea s  the cyc l iza t ion  of an enaminoacylamid ine  with a s e v e n - m e m b e r e d  ring (Vc) p roceeds  s a t i s f ac to r i -  
ly to give pyr idoazep ine  VIc only in the p r e s e n c e  of a ca ta lys t  (p-toluenesulfonic acid) at  200~ Heating a m i -  
dine Va under  va r ious  condit ions leads to pronounced res ini f ica t ion,  and Via could not be purif ied.  I ts  s t r u c -  
ture  was conf i rmed  by the s i m i l a r i t y  between its UV s p e c t r u m  and the s p e c t r a  of Vib,c and VII and a lso  by 
m a s s  s p e c t r o m e t r i c  data. An intense mo lecu l a r  ion peak ( m / e  175) is obse rved  in the m a s s  s p e c t r u m  of Via. 
El iminat ion  of a hydrogen a tom,  which leads to s tabi l iza t ion of the charge  on the N a tom of the f i v e - m e m b e r e d  
r ing,  subsequent ly  p r edomina t e s .  The resu l t ing  ion is e x t r e m e l y  s table  and has the m a x i m u m  intensity.  Its 
subsequent  f ragmenta t ion  is p robably  due to the p r e s e n c e  of two t au tomer ic  f o r m s ,  as evidenced by the c o m -  
pet i t ive  e l iminat ion  of H20 and CO molecu les  that is obse rved  in the spec t rum.  The f ragmenta t ion  was con-  
f i r m e d  by" the p r e s e n c e  of the co r respond ing  me tas t ab le  t rans i t ions :  

N -H" N NC -H~O NC 

HO 
H I e I I I 

CH a CH a CH a CH a 

174 156 
175 1 3 1 ~  "l -cO -- CH2--~N 

H ~H 3 

146 

The s t r u c t u r e s  of pyr id ines  VIb,c and VII w e r e  conf i rmed  by the PMR s p e c t r a  (Table 2). 

E X P E R I M E N T A L  

The PMR s p e c t r a  of the compounds w e r e  r eco rded  with a JNM- 4H-100 s p e c t r o m e t e r  with t e t r a m e t h y l -  
s i lane  as  the in ternal  s tandard .  The IR s p e c t r a  of m ine ra l  oil suspens ions  of the compounds w e r e  r eco rded  
with a P e r k i n - E l m e r  457 s p e c t r o m e t e r .  The m a s s  s p e c t r a  we re  r eco rded  with an MKh-1303 m a s s  s p e c t r o m e -  
t e r  with d i r ec t  introduction of the s am p l e s  into the ion source .  The ion iz ing-e lec t ron  energy  was 30 eV. The 
t e m p e r a t u r e  of the ionization c h a m b e r  was 125~ 

N,N-Dimethyl (o~-cyano-f l -d imethylaminoacry loyDace tamidine  (IV). A solution of 6 g of aceta l  II in 20 ml  
of toluene was  added dropwise  to a refluxing solution of 4.2 g of I in 20 ml  of toluene, and the mix tu re  was r e -  
fluxed fo r  2 h. It was then cooled and f i l tered,  and the toluene was  r emoved  f r o m  the f i l t r a te  by disti l lation. 
The res idue  was t r i t u ra t ed  with e the r  to give IV. Compounds IVa-c  (Table 1) we re  s i m i l a r l y  obtained. 

3 - C y a n o - 6 - d i m e t h y l a m i n o - 2 - p y r i d o n e  (VII). A 1-g sample  of IV was heated at 220~ for  10 min, a f te r  
which the mix tu re  was  cooled, and ethanol was added to give  VII. Compounds VIa-c  were  s i m i l a r l y  obtained. 
See Table 2 fo r  the analyt ica l  data and the PMR s p e c t r a  of VIb,e and VII. 
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]?he IR and PMR s p e c t r a  of an extensive  s e r i e s  of methyl  de r iva t ives  of a roma t i c  and he t e ro -  
a roma t i c  compounds were  investigated.  With a few exceptions,  the exper imenta l  data  on the 
chemica l  shif ts  of the protons  (sCH@ and the intensity of the band of the s y m m e t r i c a l  s t r e t ch -  
ing v ibra t ion  [(AcI_I)I/2] for  f ive-  and s i x - m e m b e r e d  he te ro r ings  can be united in a single r e a c -  
tion s e r i e s  with polysubst i tu ted toluenes within the f r a m e w o r k  of an additive scheme.  The 
(AcI_I)I/2 values  c o r r e l a t e  sa t i s fac to r i ly  with the calcula ted (by the CNDO/2 method) total 
cha rges  on the ca rbon  and hydrogen a toms of the methyl  group.  In con t ra s t  to the intensi t ies  
of the IR bands,  l inear  re la t ionships  between the chemica l  shifts  and the cha rges  on the hydro-  
gen a t o m s , a r e  obse rved  only within the l imi ts  of pa r t i cu l a r  r e ac t i on  s e r i e s .  The lack of a 
unified re la t ionship  was inter)~reted as being the r e su l t  of the effect  of the ring cur ren t ,  the 
contr ibution of which to the 6'~H3 value depends on the nature  of the he te roa tom.  

In our  previous  pape r s  [1, 2] we demons t ra ted  the applicabi l i ty  of the pr inciple  of additivity fo r  the c h a r a c -  
te r iza t ion  of the contr ibut ions of the individual subst i tuents  and he te roa toms  to the changes in the kinetic and 
spec t roscopic  p a r a m e t e r s  of the methyl  group in the polysubst i tu ted toluenes and the i r  he te roana logs .  In the 
p r e s e n t  r e s e a r c h  we made an a t tempt  to extend the indicated approach  to the IR and PMR spec t roscop ic  c h a r a c -  
t e r i s t i c s  of methyl  de r iva t ives  of f i v e - m e m b e r e d  a romat i c  he te rocyc les  and to a sce r t a in  the poss ib i l i ty  of a 
quan tum-chemica l  descr ip t ion  of the trend of the change in these p a r a m e t e r s .  

A p p l i c a b i l i t y  o f  t h e  A d d i t i v e  S c h e m e  

PMR Spectra .  The chemica l  shifts  of both a roma t i c  protons  and the protons  of methyl  groups bonded to 
the he t e roa roma t i c  ring in azoles  have been studied in a number  of pape r s  (for example ,  see  [3-19]). However,  
in the overwhelming ma jo r i ty  of cases  only the effect  of va r i ab le  subst i tuents  on the 5 value as the nature  and 
posi t ion of the he te roa tomic  groupings built into the ring r ema in  fixed has been investigated.  The exper imenta l  
data p re sen ted  in Table 1 make it poss ib le  to thoroughly analyze the ent i re  se t  of data on the change in the 
shielding constants  of the protons  of the methyl  group in azoles  of va r ious  types.  

As in [2], we used a va r i an t  of the additive scheme in which the effect  of each subst i tuent  in the azole ring 
c h a r a c t e r i z e s  the A5 i increment ,  which re f lec t s  its contribution to the 5CH3 value in the cor respond ing .mono-  
substi tuted toluene; the contr ibut ions of the he te roa tomic  - O - ,  - S - ,  -N(CH3) - ,  and - - N =  groups  a r e  conveyed 
by the magnitude of the A6CH3 chemica l  shift  in the furan,  thiophene, N-me thy lpy r ro l e ,  and pyr idine r ings with 
r e s p e c t  to toluene as the s tandard  compound (60 = 2.34 ppm).  Moreover ,  in conformi ty  with the genera l ly  
accepted concepts  regarding  the t r ansmis s ion  capac i t ies  of the - - O - ,  - S - ,  and - N H -  he te roa toms  in f ive-  
m e m b e r e d  r ings [20], all  of the azole ring posi t ions adjacent  to them a re  cons idered  to be or tho- l ike ,  the 
1-3 (4), 2-4,  and 3-5 posi t ions a re  cons idered  to be meta - l ike ,  and the 2-5 posi t ions a re  cons idered  to be p a r a -  
like posi t ions  of the benzene ring. 
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