
in 40 ml  of acetone,  a f ter  which the mix ture  was refluxed for 5 min and allowed to stand overnight.  The 
resu l t ing  prec ip i ta te  was removed  by f i l t ra t ion and washed with water  and acetone to give 0.7 g (83.3%) o f  IIlb. 

2 - (2 -Pyr idy l ) -3 -ke to -4 - th iocyana tobu ty ron i t r i l e  (VII). A mix ture  of 0.97 g (5 mmole) of 2 - (2 -py r idyD-3 -  
ke to -4 -ch lo robu ty ron i t r i l e  and 0.74 g (7.5 mmole)  of po ta s s ium thiocyanate in 20 ml  of acetone was ref luxed 
for  2 h, a f te r  which it  was cooled, and the resul t ing  prec ip i ta te  was removed  by f i l t rat ion and washed with 12 
ml of water  and acetone to give 0.96 g (88%) of VII with mp 184 deg C (f rom n-propyl  alcohol). IR spec t rum:  
2200 (CN) and 2155 c m  -I (SCN). Found: N 19.5; S 15.0%. C10HTN3OS. Calculated: N 19.3; S 14.8%. 

2 - ( 2 - P y r i d y l ) - 3 - k e t o - 4 - a z i d o b u t y r o n i t r i l e  (VIII). A mixture  of 5.82 g (30 mmole) of 2 - (2 -pyr idy l ) -3 -  
ke to -4 -ch lo robu ty ron i t r i l e ,  2.16 g (33 mmole)  of  finely ground sodium azide,  25 ml  of DMF, and 2 ml  of water  
was heated at 50-60 deg C for  20 min,  a f te r  which it was allowed to stand at room t e m p e r a t u r e  for 12-15 h. 
Cold water  (25 mi) was added to the reac t ion  mixture ,  and the p rec ip i ta te  was removed  by f i l t rat ion and washed 
with water  to give 5 g (83%) of a product  with mp ~58-159 deg C (dec., f r o m  n-propyl  alcohol). IR spec t rum:  
2195 (CN) and 2122 cm -i  (N3). Found: N 34.8%. CgHTNsO. Calculated:  N 34.8%. 

2 - (2 -Benz imidazo ly l ) -3 -ke to -4 -az idobu ty ron i t r i l e  (IX). A 0.72:g (11 remote) sample  of finely ground 
sodium azide was added to a solution of 2.34 g (10 mmole)  of 2 - (2 -benz imidazo ly l ) -3 -ke to -4 -ch lo robu ty ron i t r i l e  
in a refluxing mixture  of 20 ml of DMF and 4 ml  of water ,  a f te r  which heating was discontinued. After 2 h, 30 
ml  of wa te r  was added, and the resu l t ing  prec ip i ta te  was removed  by f i l t ra t ion and washed with water  and 
alcohol to give 2.4 g (99%) of a product  with mp>320  deg C (f rom n-propyl  alcohol). IR spec t rum:  2200 (CN) 
and 2120 cm -1 (N3). Found: N 35.2%. CllHsN~O. Calculated:  N 35.0%. 

i. 

2. 
3. 
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ACETALS OF LACTAMS AND ACID AMIDES 

XXII.* REACTION OF AMIDE AND LACTAM ACETALS WITH ENAMINO ESTERS. 

SYNTHESIS OF BENZENE, PYRIDINE, INDOLE, QUINOLINE, 

AND BENZAZEPINE DERIVATIVES 

V. G. Granik, O. Ya. Belyaeva, 
R. G. Glushkov, T. F. Vlasova, 
A. B. Grigor'ev, and M. K. Polievktov 

UDC 547.52/59'752'821 '831'892: 542.951.2 

It is shown that ace ta ls  of acid amides  and lac tams  undergo condensat ion at the o~-CH 3 (or 
CH2) groups of enamino e s t e r s  to give d ienediamines ,  the cycl izat ion of which led to benzene,  
pyr idine,  indole, quinoline, and benzazepine der iva t ives .  

The chemica l  and phys icochemica l  p r o p e r t i e s  of enamines (for example ,  of the I type) a r e  de termined to 
a g r ea t  extent  by the e l e c t ron -accep t o r  effect  of  the ~ subst i tuents  and the e lec t ron-donor  effect  of  the t e r t i a ry  
amino group. 

In the case  of the reac t ion  of enamine I with d imethyl formamide  diethylacetat  (II), as a r e su l t  of which 
1 -ca rbe thoxy- l - cyano-2 ,4 -b i s (N ,N-d ime thy lamino)bu tad iene  (III) was isolated in 56% yield,  we have shown [2] 

*See [1] for communica t ion  XXI. 
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TABLE 1. 
DMF in a 0.1 M Bu4NI Base Electrolyte) 

Compound i [ Iii IiVa [iVb Va Vb IVC [XIa [ xlb 

E*II~ 1,751 1,501 1,_741 1,78 1,51 1,55 1,541 1,63 1 1,61 (Ag-elec- 2,16 - -  2,24 2,22 2,16 2,34 2,23 
trode) 

Half-Wave Potentials of the Compounds Obtained (in 

xw [ xHu [ xH,b 

*The E ~  values presented in Table 1 were measured  f rom 
pola rograms  recorded in the base e lectrolyte  solutions with the 
addition of the react ion mixture diluted with DMF. In this con- 
nection, the E%/z values should not be considered to be absolute. 

that the CH 3 group in the a position of enamine I is capable of undergoing condensation; however, this react ion 
requires  considerably more  severe  conditions than the react ion of amide acetals  with compounds of the cyano-  
acetic es te r  type.* In connection with the fact that the proper t ies  of the s tar t ing (I) and final (III) compounds 
are  close and their  separat ion presents  considerable  difficulty, the development of a method for  monitoring of 
the condensation p rocess  was necessa ry  for the extension of this react ion to other  enamines (IVa, b). We 
selected polarography for this purpose,  since the half-wave potentials of the s tar t ing enamines and the diene- 
diamines formed f rom them differ substantially in anhydrous dimethylformamide (DMF) (Table 1). 

CH a O~ 
CII ~' ~ ( ~,#~ ~ "-oc~.~ ,, F~N(c .~ I ,  = ~"N  "c"~c~"~ 

I CN 
!11 V| 

(cH2k-1 (CX2~N(CH3)2. 

CH$ 
IYa-c Va, b 

IVa n=2; b n=3 ;  c n=t; Ya n=2; b n=3  

The react ion of enamines IVa, b with acetal  II was car r ied  out until the reduction waves of the enamines 
disappeared completely.  As a resul t ,  1 -methy l -2- (2-cyano-2-carbe thoxy)methy lene-3-N,N-d imethy lamino-  
methylenepiperidine (Va) and -hexahydroazepine (Vb} were synthesized in high yields. An attempt to c a r r y  out 
the condensation of acetal  II with pyrrol idine enamine IV under these conditions was unsuccessful  - the start ing 
compound was isolated in all cases .  The s t ruc tures  of dienediamines Va, b were confirmed by the PMR 
spect roscopic  data. It should be noted that all of the signals of the protons in the spec t ra  of these compounds 
are  doubled. This constitutes evidence for the presence  of i s o m e r i s m  due to the C-----C bonds. t  The i somer  
rat ios  for Va and Vb in dimethyl sulfoxide (DMSO) are  1 : 5 and 1 : 1, respect ively .  The presence in the IH and 
Va, b dienediamine s t ruc tures  of dimethylaminomethylene and carbethoxy groups ensures  the possibil i ty of the 
synthesis  f rom them of substituted pyridines.  Thus 1-benzyl -3-cyano-4 ,N,N-dimethylamino-2-pyr idone  (VI) 
was synthesized by react ion of III with benzylamine. Within the f ramework of the present  r e s e a r c h  we demon- 
s t ra ted only the fundamental possibili ty of the synthesis of pyridines f rom dienediamines. The extension of 
this react ion to the other dienediamines Va, b seems expedient to us, since we have previously developed a 
prepara t ively  more  convenient method for the synthesis of 2-pyridones (of the VI type) [3]. It should be noted 
that in the case  of III " t ransaminat ion n with benzylamine proceeds select ively in the 4 position; this is in good 
agreement  with the previously expressed assumption [2] regarding the s ter ic  hindrance of the N(CH3) 2 group 
attached to the C 2 atom. 

The use of dienediamines in the synthesis of cyclic sys tems is not res t r ic ted  only to the possibili ty of 
closing of a pyridine ring. We also studied an approach that makes it possible to rea l ize  the construct ion of a 
substituted benzene r ing and thus to develop a new synthesis of heterocycles  of the indole, quinoline, and 
benzazepine ser ies .  We selected enamino es te r  I as the s tar t ing comPOund for these purposes.  Dienediamines 
X and XIa-c  were synthesized by condensation of the latter with N,N-dimethylacetamide (VII) and N-methyl-  

*The considerable  increase  in the react ion t ime in the preparat ion of III makes it possible to synthesize it in 
pract ica l ly  quantitative yield. 
TThe i s o m e r i s m  of dienediamines Va, b will be examined in subsequent r e s e a r c h  in this ser ies .  
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TABLE 2. 
shifts,  ppm) 

PMR Spectra of Dienediamines X and XIa, b (chemical 

7-CI-L. I =C-Ill CIIa CH~ (COOC.oHB) (COOC2H5) 

_ -[458 1 1,26 
4,60 ] ,2 l 

3,42 4,37 1,26 

Corn-pound 3-CtI_~ I, 4-CH~ 5-CII2 6-CII~ N--CH3 N(CH~)~ I 

X *  - -  [ 3,05 2 , 2 4  - -  - -  - -  

I 

1 
3,07 (C--CH3) 

XIa I" 2,97 3,04 3,04 1,97 3,54 
X Ib * 3,03 3,06 2,79 1,64 

�9 In CDC13. 
tin d6-DMSO. 

4,12 

4,00 
4,14 

TABLE 3. 
shifts,  ppm) 

PMR Spectra of XIV, XIIIa, b in d6-DMSO (chemical 

Corn- I 4-CII: I pound N--CI-I3 N(CH3)~ 2-CH2 3-CH2 . 5-CH2 =C--H 

XIV 2.89 and 2.98 
[two N(CH3) ~ groups] 
2,76 , 2,89 

2,85 
3,40 
3,07 

- -  B 

2,88 -- 
1 ,65  

X I I I a  
XIIIb 

_ 5.59 and 5.78 
(C2--H and C4--H) 

5,52 
2~7 5,86 

butyrolac tam (VIII) and N-methylcapro lac tam (IX) diethylacetals.  According to the polarographic data, the 
indicated dienediamines are  formed in quantitative yields after refluxing for 8 h. 

OH 
I C~llsOOCx .CN C2H5OOC CN ( C H 2 ~  CN 

At ( (~ H 2)a-"1 ~ F  XI, XII, I XV| X_~ CH 'x~H / At 

L,,,N" I~N(CHa;. ~ L,,..N" ~ \ N  ( C H'~ (CH3)2N/L-,~N(CH3)2 ...... 
t I 

CHa CH a 

Kllla-c xla-c x 

OH 

iCHa)2N N(CH3) 2 
XIV XI, XIIla n=l; b n=3;c  n = 2  

In a study of the react ion of es ter  I with N-methylva lero lac tam diethylacetal (XII) it was observed that in 
addition to a compound to which s t ruc ture  XIc was assigned on the basis of polarographic  data, another sub- 
stance,  which is reduced at more  negative potentials,  is formed simultaneously.  In the course  of 8 h, the wave 
of the lat ter  increases  to a constant  height, and the reduction waves of I and XIc vanish. According to the 
resu l t s  of e lementary  analysis and the IR and PMR spect ra ,  the product  is t - m e t h y l - 5 - h y d r o x y - 6 - c y a n o - 7 - N , N -  
dimethylamino- l ,2 ,3 ,4- te t rahydroquinol ine  (XIIIc).* The IR spec t rum of this substance contains absorption 
bands at 3300 (OH) and 2200 cm -i (CN), and the PMR spectrum (CDCI3) contains proton signals at 2.92 [N(CH3) 2 
and NCH3] , 1.90 (3-CH2) , 2.61 (4-CH2) , 3.28 (2-CH2) , and 5.59 ppm (C-H). Thus the condensation of acetal XII 
at the CH 3 group of enamino ester I under these conditions is accompanied by extremely facile cyclization to 
quinoline derivative XIIIc. The proposed new principle for the construction of a benzene ring can also be 
realized in the case of X and XIa, b. More severe cyclization conditions (200 deg C in tetralin) are necessary 
in this case, however. It should be noted that in this series of compounds 2-cyano-3,5-bis(N,N-dimethylamino)- 
phenol (XIV) is formed most easily, and the preparation of its two-ring analogs -1-methyl-4-hydroxy-5-cyano- 
6-N,N-dimethylaminoindoline (XIIIa) and l-methyl-6-hydroxy-7-cyano-8-N,N-dimethylaminobenzazepine 
(XIIIb) - requires more prolonged heating at 200 deg C. Thus with respect to ease of cyclization the investigated 
dienediamines can be ar ranged in the o rder  XIc > X >XlIIb ~ XIIIa. The s t ruc tures  of the compounds obtained 
were confirmed by spect ra l  data (Tables 2-4). 

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

The polarographic  method was the same as in our preceding paper [1]. The react ions were monitored in 
the following way. A 0.1-ml  sample of the react ion mixture was diluted to 3 ml with DMF, and 0.1 ml of the 
resul t ing solution was placed in the polarographic  cell containing 2 m l  of a 0.1 M solution of Bu4NI in DMF. 

*The formation of this product  is accompanied by the appearance on the po la rograms  of additional waves, which 
are  also observed during the cyclizat ion of X, XIa, b. We were unable to isolate the substance (or substances) 
responsible  for the appearance of these polarographic  waves. 
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TABLE 4. Synthesized Comaounds 
com-[ Found. 0]0 IEmpirieal 

p~ I" I 
Va 

Vb 

VI 

X 

Xla 

Xlb 

XllIc 

XIV 

XlIIa 

XIIIb 

*Shoulder. 

C'i4H21N302 

CI~H2BNaO2 

C,sHlsNzO 

CIaH21N302 

Cl4H21NaO2 

CI6H2sN302 

ClaHlTNaO 

CuHtsNaO 

C12HIsNaO 

C~4H~gNaO 

Calc., % 
c l . [  

IR spectrum, 
CIT1-1 

U_V spectrum 

] ~.,nm ] lge 

2180 (CN), 1675 
(COOC2H5) 

2180 (CN), 1670 
(COOC2H5) 

2200 (CN), 1640 
(CO) 

2180 (CN), 1670 
(COOC2H5) 

2180 (CN), 1660 
(COOC~Hr,) 

2180 (CN), 1665 
(COOC.oI-Is) 

3300 (OH), 2200 
(CN) 

3200 (OH), 2200 
(CN) 

3180 (OH), 218o 
(CN) 

3300 (OH), 2180 
(CN) 

3,99, 
4,02, 
4,01 
4,17, 
4,11 
4,21 

4,17, 
4.28, 
4,38 
4,10, 
4,33. 
4,36 
4,20. 
4,26, 
4,39 
4,17, 
4.37, 
4,34 
4,17, 
4,40, 
4~9 
4,41, 
4,15, 
4.09 
4,11, 
4,18, 
4,09 

The oxygen was  removed with a s t r eam of nitrogen, and the po la rogram was recorded.  The PMR spect ra  were 
recorded  with a JNM-4H-100 spec t romete r  with te t ramethyls i lane as the internal  standard. The IR spec t ra  of 
minera l  oil suspensions of the compounds were recorded  with a P e r k i n - E l m e r  457 spec t rometer .  The UV 
spec t ra  of alcohol solutions were obtained with an EPS-3 spectrophotometer .  

1-Methy•-2-(2-carbethoxy-2-cyano)methy•ene•3-N,N-dimethy•aminomethy•enepiperidine (Va)and 1- 
Methy••2-(2-carbeth•xy-2-cyano)methy•ene-3-N•N-dimethy•aminomethy•enehexahydroazepine (Vb). A 3.05-g 
sample of acetal  II was added to a refluxing solution of 3.03 g of enamine IVa in 30 ml of dry toluene, and the 
mixture was refluxed for 20 h (2 ml of II was added after  8 h and 16 h). The solvent was then removed by 
vacuum distillation, and the res idue was tr i turated with hexane to give Va, with mp 130-131 deg C (from ethyl 
acetate),  in 97% yield. PMR spect rum,  5 (in d6-DMSO): 3.04 (N--CH3) , 3.15 [N(CH3)2] , 7.19 and 7.39 (=C--H), 
1.21 and 1.24 (CH3-COOC2Hs) , 3.97 and 4.18 (CH2-COOC2Hs) , 1.83 (5-CH2) , 2.53 (4-CH2) , 3.32 ppm (6-CH2). 
A s imi lar  p rocedure  was used to obtain Vb, with mp 114-115 deg C, in 84% yield. PMR spect rum,  5 (in d 6- 
DMSO): 2.77 and 3.07 [N(CH3)2] , , 2.90 and 2.92 (N-CH3) , 6.63 and 6.71 (=CH), 1.19 (CH3-COOC2Hs) , 3.99 and 
4.01 (CH2--COOC2H~) , 1.59 (5,6-CH2) , 2.28 and 2.40 (4-CH2) , 3.30 ppm (7-CH2). 

1 -Benzy l -3 -eyano-4-N,N-d imethy lamino-2-pyr idone  (VI). A 3.21-g sample of benzylamine and a catalytic 
amount of p-toluenesulfonic acid were added to 2.37 g of III, and the mixture was refluxed for 2.5 h. It was then 
cooled and t reated with ethanol, and the precipi tated VI was removed by filtration. The mother liquor was 
evaporated,  and the residue was t r i turated with hexane to give an additional amount of VI. The product,  with 
mp 173-174 deg, was obtained in 77% overal l  yield. PMR spect rum:  (CDC13): 3.23 [N(CH3)2] , 5.07 ( N -  
CH2C6Hs), 5.76 (5-CH), 7.4 (6-H), 7 .27ppm (Cells). 

1 -Cyano- l -carbe thoxy-2 ,4-b is (N,N-dimethylamino)-4-methvlbutadiene  (X). A 4-g sample of acetal  VII 
was added to a refluxing solution of 3.4 g of I in 30 ml of dry xylene, and the mixture was refluxed for 8 h. The 
xylene was then removed by vacuum distillation, and the residue was t r i turated with hexane to give X, with mp 
135-136 deg C (from ethyl acetate),  in 56% yield. A s imi lar  procedure  was used to obtain the following com-  
pounds: XIa, with mp 108.5-109 deg C (from ether), in 79% yield; XIb, with mp 100-102 deg C (from ether), in 
89% yield; XIc, with mp 156-157 deg C (from iso-~C3H2OH) , in 50% yield (based on I). 

2-Cyano-3,5-bis(N,N-dimethvlamino)benzene (XIV). A solution of X in 10 ml of tetralin was refluxed for 
i h, a f t e r  which it was cooled and fil tered to give substituted benzene XIV, with mp 203-204 deg C (from ben- 
zene), in 70% yield. The following compounds were s imi la r ly  obtained by refluxing in tetral in for 2 h and 
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i solat ion of the products  by the addition of pe t ro l eum ether :  XIIIa,  with mp 199-200.5 deg C ( f rom benzene),  in 
49% yield;  XIIIb, with mp 131.5-132.5 deg C ( f rom hexane), in 35% yield. 

1, 

2, 

3. 
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A C E T A L S  O F  L A C T A M S  A N D  A C I D  A M I D E S  

XXIII.* KINETICS OF CYCLIZATION OF N,N-DIMETHYL-N ' -  

(o~-CYANO-/3-DIMETHYLAMINO)CROTONYLFORMAMIDINE ARrD ITS FIVE- ,  SIX-, 

AND SEVEN-MEMBERED ANALOGS AND N-METHYL-2-[N-(~-CYANO-f l -DIMETHYLAMINO)-  

ACRYLOYLIMINO]PIPERIDINE TO 2-PYRIDONE DERIVATIVES 

V.  G. G r a n i k ,  A. B.  G r i g o r ' e v ,  UDC 547.824'83'74'821.892:543.253 
a n d  M. K.  P o l i e v k t o v  

The r a t e  constants  for cycl izat ion of N , N - d i m e t h y l - N ' - ( a - e y a n o - f i - d i m e t h y l a m i n o ) -  
c ro tony l fo rmamid ine  and its f ive - ,  s ix - ,  and s e v e n - m e m b e r e d  analogs and N - m e t h y l - 2 -  
[N- (a -cyano- f i -d imethy lamino)ac ry loy l imino]p ipe r id ine  to der iva t ives  of 2-pyr idone ,  
p y r r o l o - ,  and py r ido - ,  and azepino[3,2-c]pyr idine  and 1,8-naphthyridine were  measu red  in 
d ime thy l fo rmamide  (DMF) at 120-150 deg C. It  is a s sumed  that a new C - C  bond with a 
change in the hybridizat ion of the C(a) a tom f r o m  sp z to sp 3 develops in the r a t e - d e t e r -  
mining step.  

During a study of the c h e m i s t r y  of aceta ls  and acid amides  and l ac t ams  it was shown [2, 3] that these 
compounds r eac t  smoothly  with enamino amides  to give amidines  ( Ia-c ,  II, and I I Ia-c) ,  which on heating undergo 
cycl izat ion to der iva t ives  of p y r r o l o - ,  py r ido - ,  and azepino[3,2-c]pyr idine  ( iVa-c),  3 - cyano -4 -d ime thy l amin o -  
2 -pyr idone  (V), and of p y r r o l o - ,  pyr ido- ,  and azepino[2,3-b]pyridine (Via-c).  

( C l t ~ ) - ~ N l l  (c.~)~ 

CIH3 CN CH a CN 

la-c IYa-c 

3CH s 

( C H a ) ~  CON~CH-N(CH3)2 _ _  

CN 
-(CH3)2Nli 

*See [1] for  communica t ion  XXII. 

(cnl3)2N O 
CN 

I I  v 

N(ClI~)2 

I I l !  
CH 3 CH 3 
llla-c Vla-C 

I, III,  IV, V I a  n= l ;b  n=2 ;c  n=3 
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