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Lactam acetals and acid amides react  at the i r  NH 2 and CH 3 groups with ~-cyano-f l -amino-  
crotonic es te r  to give ~-cyano-f l -  (1-methyl-2-pyrrolidinylmethylidene)-13-[N- 1-methyl-  2- 
pyrrol idinyl) imino]acrylate  and its piperidine and hexahydroazepine analogs. The f irs t  step 
in this react ion is react ion at the amino group to give enamidines.  

The synthesis of enamidines - compounds in which the amidine fragment is conjugated with the C =C 
bond - has previously  been accomplished by react ion of acetals  of acid amides and lactams with/3-amino- 
crotonic es ter  [2]. In a continuation of this r e sea rch  we investigated the react ion of diethylaceta!s of N-meth-  
ylbutyrolactam (Ia), N-methylvalerolac tam (Ib), and N-methylcaprolae tam (Ic) with considerably less basic 
enamines - aminomethyleuecyanoacet ic  (II) and ~-cyano-/3-aminocrotouic (III) es te rs .  The react ion of Ia-c  
with e s t e r  It p roceeds  smoothly and under relat ively mild conditions to give the corresponding euamidines - 
1-methyl-2-  (f l-cyano-fl-carbethoxyvinyl)iminopyrrolidiue OVa), -piperidine (Wb), and -hexahydroazepine (fVc): 

L.,.n~/OC~H.~ + NH2__CH~C( CN ( 2 ) q \  /CN 

- - '~ /  \OC2 tl ~ COOC~H:_ " ~'N/ 'I  \N--CH = C \ c o o  C 2 H 5 
CH a It CH a 

I a - c  IV a - c  

l ,IY a n = l ,  b n = 2 ;  C n=3  

The PMR spect ra  of these compounds contain signals at 1.24-1.30 and 4.16-4.23 ppm (OC2H 5 groups) and 
at 3.17-3.30 (N-CH3), 3.53-3.68 (ring N-CH2), 2.68-2.85 (3-CH2), 1.69-2.18 (ring CH2), and 8.32-8.52 (=C-H)  
ppm. 

The react ion of acetals  Ia-c  with es te r  III yielded 2 : 1 products .  An examination of the PMR spectra  of 
these substances (Table 1) made it possible to conclude that Va-c are  formed as a result  of condensation of 
the acetals  at both the NH 2 and CH 3 groups of enamine II[: 

( 0 t 2 ) "  

cH~ cooc:, s 
|1| V a - c  

Y a n = l ;  b i'1=2; C n = 3  

*See [1] for communicat ion XVI. 
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TABLE i. 

CO1Tl - I 1-N(CHa'I2 
pound t r-mCml.~ 

Va 2,89 and2,94 
Vb 2,94 and3,01 
Vc 12,94 and2,99 

PMR Spec t ra  (ppm) of V a - e  in d6-DMSO 

3-&nd3'-CH2 

2,27and 2,85 
2.256nd2,72 
2,40and3,00 

I 
4- and 5-and 6- andl r-and 

4"-CH.. 5-CH.~ 6'-CH. 7"-CH2 

1,74 3,25 
1,40 3,23 

t 
=C--HICHa (0C2H~1 

6,67 1,20 
6,68 L23 
7,01 1,14 

T A B L E  2. Synthes ized  Compounds  

Com- Yield, 
pound % 

IVa 38 

IV b 100 

IVc 98 

X a 30 

V b 38 

Vc 81 

VIII 92 

IX 55 

rap. *C (solvent) formulaEmpirical ] cF~ N %N "7 i -H-Calculated'~ VE*' 

123--124,5 
(C2HsOH) 
123--124 

(ethyl acetate) 
82--83 

(ethyl acetate) 
18.1--186 (acetone) 

145--148 
(ethyl acetate) 

135--138 
(ethyl acetate) 

123--125 
(ethyl acetate) 

bp 228_2297 
(2turn) 

C.HfaNaO2 

C.2H:rXaO2 

C~aHt~XaO: 

C17II2~X~O2 

CIgH2sX4Oe 

C2~H32N402 

CgH~aXaOe 

CI2HigNaO2 

:2 2: o87  7919~ 
iser~ "';;, ;362'ril ,7,~ t16o9! i,~'i 

7,5 17,9 ~4,s :,7 !17,8 64,6j  :.70 
i I I . e.23 

66.:~ r,8 16.1166,3; s,,1:16,~ I ~,-.,~ 

1,65 67,78,2 15,067,78,6 15,12.292't9 
55,56,912!,455,46,721.5 1,42 

1,67 60,98,017,7;60,78017,7 "2_.372,33 

*Rela t ive  to an Ag e l ec t rode .  

CH~(OCaH~) 

4~15 
4,00 
4,17 

1,04 

1,15 

1,17 

] ,03 
0,$9 
],QI 
0,92 
0.92 
0,79 

It is  not c l e a r  which p r o c e s s  - condensa t ion  at the NH 2 g roup  o r  at the CH 3 group  - p r e d o m i n a t e s .  To 
follow the t r end  of the  p r o c e s s  we used p o l a r o g r a p h y ,  s ince  the s t a r t ing  e s t e r s  II and III, enamid ines  IVa-c ,  
and V a - c  d i f fer  subs tan t i a l ly  (Table 2). It was  found that  waves  s i m i l a r  to those  that a r e  o b s e r v e d  fo r  en-  
amid ines  W a - c ,  which in this  c a s e  a r e  mode l  compounds  fo r  the ident i f ica t ion of the p r o d u c t s  of r e a c t i o n  
only at the  NH 2 group of e s t e r  llI, do not develop on the p o l a r o g r a m s  even when ace ta l  Ic is added slowly to 
exces s  e s t e r  III.  Waves  c o r r e s p o n d i n g  to  the f o r m a t i o n  of Vc a p p e a r  o n t h e  p o l a r o g r a m s  immed ia t e ly  a f t e r  
the s t a r t  of the addi t ion of the ace ta l .  To e s t ima te  the re la t ive  r e a c t i o n  r a t e s  at the NH 2 and CH 3 g roups  one 
should se l ec t  the  c o r r e s p o n d i n g  mode l  compound and c o m p a r e  the r a t e s  of f o r m a t i o n  of the enamid ines  (re-  
ac t ion at the NH 2 group) and d ienamines  ( reac t ion  at the CH 3 group) under  ident ica l  condi t ions .  We used a -  
c y a n o - f l - d i m e t h y l a m i n o c r o t o n i c  e s t e r  VI [3] and enamine  II as  compounds  of this  type .  It was found that  the 
r eac t i on  of II and VI with d i m e t h y l f o r m a m i d e  d ie thy lace ta l  (VII) to give N , N - d i m e t h y l - N  1- ( f l - cyano-B-ca rbe th -  
oxy)v iny l fo rmamid ine  W I I I ) a n d  1 - c y a n o - l - c a r b e t h o x y - 2 , 4 - b i s ( d i m e t h y l a m i n o ) b u t a d i e n e  (IX), r e spec t ive ly ,  
can  be c a r r i e d  out u n d e r  ident ical  condi t ions  (in to luene at 110~ It should be noted that  two s igna ls  ofN(CHa) 2 
g roups ,  one of which is a n a r r o w  singlet ,  the o t h e r  of which is m a r k e d l y  broadened ,  w e r e  obse rved  in the 
PMR s p e c t r u m  of IX at 3 ppm;  the b r o a d  s ignal  is conve r t ed  to a n a r r o w  s ingle t  when the t e m p e r a t u r e  is 
r a i s ed  (Fig. 11. This fact  ind ica tes  tha t  f r e e  ro t a t ion  of one of  the d ime thy lamino  g roups  is h indered .  An  
examina t ion  of m o l e c u l a r  mode l s  shows that  the b road  s ignal  is r e la ted  to the N(CH3) 2 group in the fl pos i t ion  
with r e s p e c t  to  the CN and COOC2H 5 subs t i tuen ts .  One ' s  a t tent ion is d rawn  to the  l a r g e  d i f f e rence  in t h e e h e m -  

CL--~ 

L , i 
6 7 

Fig.  1. 

C]--H CH. 

PMR s p e c t r u m  of 1 - c y a n o -  1 - e a r b e t h o x y -  2,4-  
bi s (d imethylamino)butadiene .  
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TABLE 3. Half-Wave Poten-  
t i a l s  of Enamines  Xa-c  of the 
Gene ra l  F o r m u l a  

(cli2)~-- I 

CH CN 

Com - "lirn 
pound ~ -_~,.'.~, V ~ -7- 

X a  

Xb 
Xc 

1,90 
1,80 
1,82 

1,58 
1,14 
1.11 

ica l  shif ts  of the pro tons  in the 3 and 4 pos i t ions  of the molecu le  (A6 2.9 ppm).  The pronounced weak- f ie ld  
shift  of the C4=H signal  is  due to conjugat ion with the CN and COOC2H 5 groups  through the diene sys t em,  and 
the pos i t ion  of the C 3 - H  s ignal  c o r r e s p o n d s  to the e l e c t r o n - d o n o r  effect of the N(CH3) 2 group on the "enamine"  
fl pos i t ion .  The J3,4 s p i n - s p i n  coupling constant  of 12.4 Hz is in ag reemen t  with the t r a n s  o r ien ta t ion  of these  
pro tons ;  this  a l so  follows f rom an examinat ion  of the m o l e c u l a r  mode l s .  

N(cH~)~ c.~__~coo c~.~ 
(CH3)2N CN / OC-~H,5 /CN 

(CH3)~_ ,CN (CH3)'NCH- \OC.~H5 II (CH3)2NCH=N._.CH=C ~'cOOC~H5 
"COOC2H 5 Vl 

IX VII VIII 

The r eac t ion  r a t e s  o f  ace ta l  VII were  compared  with the r a t e s  of e s t e r s  II and VI by means  o fpo l a rog -  
raphy.  I t  was found that  the r e a c t i o n  of VII and II p r o c e e d s  e x t r e m e l y  rapid ly  (in toluene at 110~ and only 
the waves  of enamidine  VIII a r e  obse rved  1 rain a f t e r  the s t a r t  of the reac t ion .  On the o ther  hand, the r e a c -  
t ion of ace ta l  VII with enamine VI under the s ame  condit ions p r o c e e d s  quite slowly,  and a d e c r e a s e  (withtime) 
in the wave of s t a r t i ng  VI (El/2 = 1.87 V) and an i n c r e a s e  in the wave with El/2 = 1.67 V, r e l a t ed  to reac t ion  
p roduc t  IX, a r e  r e c o r d e d  on the p o l a r o g r a m ;  the r eac t i on  is only 15% comple te  a f t e r  3.5 h. Never the less ,  
the r eac t i on  of ace ta l  VII with enamine VI p rov ides  evidence for  the poss ib i l i t y  of condensat ion of amide ace -  
t a l s  at the methyl  (or methylene)  group in the a pos i t ion  of enamines .  On the other  hand, the a c c e l e r a t i o n  of 
this  p r o c e s s  as a r e su l t  of convers ion  of the amino group to an amidine  group ind ica tes  subs tan t ia l ly  l e s s  
e l e c t r o n - d o n o r  ac t iv i ty  of the l a t t e r .  The s ame  conclus ion can a l so  be drawn on the b a s i s  of a compar i son  
of the ha l f -wave  po ten t ia l s  of IVa~c and enamines  Xa-c  (Table 3) if it is a s sumed  that  e l ec t ron  t r a n s f e r  in 
both e a s e s  to the ca rbon  atom in the fl pos i t ion  with r e s pe c t  to the e l e c t r o n - a c c e p t o r  groups  (CN and COOC 2H5) 
is  r ea l i zed ,  as in the reduct ion  of ac t iva ted  enamines  on a dropping m e r c u r y  e l ec t rode  [4]. 

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

The PMR s p e c t r a  of the compounds were  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 te rna l  s t anda rd .  

The po l a rog ra rn s  we re  r e c o r d e d  in a po l a r og r a ph i c  cel l  t he r m os t a t t e d  at 25 ~0.1 ~ A s i l v e r  coil  sub-  
m e r g e d  in the solut ion s e rved  as  the anode. The c h a r a c t e r i s t i c s  of the dropping m e r c u r y  e l ec t rode  with 
forced de tachment  of the drops  we re  as fol lows:  t = 0 . 3  sec and m = 0 . 7 3  m g / s e c .  The p o l a r o g r a m s  were  r e -  
corded  with a PO-4  po l a rog raph  (Radiometer ,  Denmark) .  A 0.1 M solution of Bu4NC104 in DMF se rved  as the 
ba se  e l e c t ro ly t e .  The DMF was d r i ed  ove r  fused KOH and vacuum f rac t iona ted .  

l - M e t h y l - 2 - ~ - c y a u o - ~ - c a r b e t h o x y v i u y l ) i m i n o h e x a h y d r o a z e p i n e  (IVc). A mix tu re  of 5 g (25 mmole)  of 
ace ta i  Ie and 2.66 g (22 mmole)  of e s t e r  II in 20 ml  of anhydrous toluene was refluxed for  2 h, a f t e r  which the 
toluene was r emoved  by d i s t i l l a t ion .  The r e s i due  began to c r y s t a l l i z e  on cooling and was worked up to give 
enamidine  Wc in 98% yie ld .  Enamidines  IVa, b, and IX, bis p roduc ts  Va-c ,  and X were  s i m i l a r l y  synthes ized.  
The y ie lds ,  phys i ca l  c h a r a c t e r i s t i c s ,  and r e s u l t s  of e l e m e n t a r y  ana lys i s  of these  compounds a r e  p r e sen t ed  
in Table  2. 

React ion  of Ace ta l  VH with E s t e r s  H and V[. A weighed 0.1-g sample  of e s t e r  II or  VI was d isso lved  by 
ref luxlng in 40 ml of absolute  toluene,  and 0.2 ml  of ace ta l  VIII was added to the refluxing solution. Samples 
(0.2 ml) of the r e a c t i o n  mix tu re  were  p laced  in a po l a rog raph i c  cel l  with 2 ml of the base  e l ec t ro ly t e  solution, 
and the p o l a r o g r a m s  were  r e c o r d e d  a f te r  r emova l  of the d isso lved  oxygen with a s t r e a m  of ni t rogen.  
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