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The reaction of benzoylacetanilides with malononitrile has been investiga- 
ted. The structure of the compounds obtained (2, 3, 4) have been assigned on 
the basis of chemical properties and spectral data. 

( K eyword8 : H eterocycle8 ; K noevenagel reaction) 

Die Knoevenagel-Reaktion yon Malodinitril und seinem ,,Dimer" mit 
~- Ketoaniliden 

Die Reaktion yon Malodinitril mit Benzoylacetaniliden wurde untersuch~. 
Die Struktur der dabei erhaltenen Verbindungen (2---4) wurde auf Basis der 
chemischen and spektroskopischen Eigenschaften zugeordnet. 

J .  W.  Duc#er I has shown tha t  under Cope-Knoevenagel reaction 
conditions acetoacetanilides react  with malononitrile in benzene to give 
the dicyanomethylene compounds (a). The product  (a) heating in basic 
(piperidine) ethanol solution produces the pyridines (b). 
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The aim of the present s tudy has been to investigate the conden- 
sation of benzoylacetanilides 1 a, b, c, d with malononitrile. 

I t  was found that  the reaction of equimolar amounts of benzoyl- 
acetanilides 1 and malononitrile in presence of piperidine in boiling 
ethanol yielded two compounds (2 and 3). They were separated utilizing 
the far greater solubility of one Of them in boiling ethanol. 

When the proportion of malononitrile was increased 2 was isolated 
as a main product. The optimum yield of 2 was obtained from two 
moles of malononitrile and one mole of benzoylacetanilide. 

Attempts were made to parallel formation of 2 or 3 by the reaction 
of 4,4-dicyano-3-phenyl-N-phenyl-but-3-enamide with malononitrile in 
presence of piperidine in boiling ethanol but  only the product  3 was 
formed. 

The a t tempt  to synthesize 2 from 3 and malononitrile in the 
molecular ration 1:1 was unsuccessful. 

The analytical and II~ (Table 1), MS spectral data  observed for 
compounds 3 a , b , c , d  show good agreement with compound (b) to 
which the structure of 6-anilino-2-hydroxy-4-methyl-pyridine-3-carbo- 
nitrile was assigned by Ducker 1. 

Scheme 2 
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The structure of 2 a was elucidated on the basis of chemical and 
analytical data, and IR, 1H-NMR, zUC-NMI~, MS spectral data. Corn- 
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Table  1. IR spectral data of com2)ound~ 2 5 (cm-1) 
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Compound  - 4 3  = C - -  C = 0 C = N C = N N - - H  

2 a  1620 1670 

2 b  1610 1660 

2 c  1600 1660 

2 d 1620 1670 

3 a  1610 1690 1670 

3 b 1610 1670 1650 

38  1600 1680 1660 

3 d  1620 1670 1640 

4 a  1620 1700 1660 

4 b  1620 1670 1660 

4 c  1620 1670 1650 

4e  1620 1670 1650 
5 a 1620 1670 
5 d  1610 1670 

2200 3490 
2190 3370 

3240 
2200 3480 
2180 3440 

3280 
2200 3480 
2180 3440 

3280 
2200 3450 
2180 3380 

3270 
2220 3490m 

3280 w 
2220 3440m 

3300 w 
2210 3440m 

3330 w 
2210 3460m 

3330 w 
2210 3280 

3200 w 
2210 3280m 

3200 w 
2210 3270m 

3100 w 
2210 3280 
2220 3300 
2220 3280 

p o u n d  2 a h a s  b a s i c  p r o p e r t i e s ,  i t  is e a s i l y  s o l u b l e  in  a l k a l i e s  a n d  y i e l d s  
s M t s  w i t h  ac ids .  

The  infrared spec t rum of compounds  2 showed typica l ly  s t rong N H  
absorp t ion  a t  3240, 3 3 7 0 e m  1 and  3490cm-1 ,  u n c o n j u g a t e d  nitr i le bands  
2 200 em -1 and  2 180 cm -1 a s t rong ea rbonyl  b a n d  a t  1670 cm-1, and  a b a n d  a t  
1 6 2 0 e m - i  (siehe Table  1). 

The 1H-NMR (DMSO-d6) spec t rum of 2 showed a charac ter i s t ic  one p r o t o n  
singlet  for the  group - -CH(CN)2 and  broad  mul t ip le t  for N H  groups (Table 2). 

The  I s C - N N g  spec t rum showed,  besides the  a roma t i c  ca rbon  resonances,  
one amide  ea rbonyl  resonance  a t  167.77 p p m  2. The ni t r i le  carbons  resona ted  a t  
117.92 p p m  and  101.95 p p m  whereas  ca rbon  car ry ing  t h e m  a t  40.43 ppm. The  
down field shif t  of one of the  CN signals was caused p r o b a b l y  by  sterie 
h inde rance  f rom the  benzene  ring. 
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N?h NH 2 0 

2{= 

Table 2.1H-NMR (DMSO-d6) data for compounds 2 (ppm) 

Com- 
pound CH--  - - N H  Haromat OCH 3 ---CH 3 

2a 6.37 (1H, s) 6.85 (3H) 7.45-7.73 ( l l H ,  m) - -  - -  
2b 6.37 (1H, s) 6.82 (3H) 7.47-7.25 (10H, m) - -  2.37 (3H, s) 
2c 6.37 (1H, s) 6.62 (3H) 7.17-7.62 (10H, m) 3.87 (3H, s) - -  
2d 6.37 (1H, s) 6.83 (3H) 7.15-7.58 (10H, m) - -  - -  

Table 3. Chemical shifts (ppm from SiMe4) in the I~C-NMR of 2 a (aromatic 
carbon resonances not shown) 

Com- 
pound Ca Cb,c,e,f Cd Cg Ch, i 

2 a 167.77 138.27 105.46 40.43 117.92 
134.77 101.95 
132.17 
131.08 

The off-resonance noise decoupling revealed the nature of C e, the signal for 
this methine carbon showed doublet at 40.43ppm. The next doublet 
105.46 ppm was assigned to the carbon Ca of heterocyclic ring. 

Further evidence confirming the proposed structure of 2 a was obtained by 
the measurement of mass spectra (Table 4). 

The basic breakdown pathway of compounds 2 is connected with the 
elimination of CHe(CN)2 [M + --66]" and NH 3 [M § - -17] ' .  The next intensive 
peak present in the spectra of all compounds 2 correspond to ions m/e 155 
[C10HsNO] + and m/e 140 [C10H6N] +. They were formed by cleavege of 
heterocyclic pyrid~ne ring on two different 3 fragmentation pathways of parent 
ion. 

All spectra showed characteristic peaks corresponding to ions [ArNH] +. 

On the  basis of these considera t ions  the 6-arylamino-2 ,3-dihydro-  
2-oxo-4-phenyl -3- (~-amino-~-dieyano)e thyl ideno-pyr id ine  s t ruc ture  
could be ascribed to compounds  2. 
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This difference f rom the described route  of the react ion of  benzoyl+ 
acetanilides with matononi t r i le  m a y  be explained on the basis of  
l i terature reports  4 6 regarding the  dimerizat ion of malononitri le.  

I n  the presence of basic ca ta lys t  in e thanol  solution malononitr i le  
undergos  self-condensation to form dimers. The a-methylene  group in 
malononi t r i le  is sufficiently acidic to afford a carboanion  I which reacts  
to produce  a ve ry  react ive carboanion I I .  

Scheme 2 
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The next  step of react ion is connected with nucleophilic a t t a ck  of  
carboanion I I  on the carbonyl  a t o m  of the benzoyl  group.  The 
Knoevenagel condensat ion p roduc t  is formed as an intermediate�9 In  the 
next  s tep the  in t ramolecular  cyelization to the N-pheny lder iva te  
occurs. I t  m a y  be explained by  the mechanism pos tu la ted  by  Bogdano- 
wicz-Szwed 9 for eyelization of  d i cyanomethy lene  compound  (a). 

A different course of react ion of  benzoylacetani l ides  and aeetylo- 
acetanil ide with malononitr i le  was observed when the react ion was 
carried out  in the presence of  acetic acid and a m m o n i u m  aceta te  
(compounds  4). 

The derivatives 4 were identifieal on the basis of their analytical and 
spectral properties (Table 1, 4, 5). 

4 showed strong bands in IR for the NH group at 32800m -1. The 
conjugated nitrile showed a strong absorption at 2 210 cm -1. There was a weak  
band at 1620cm -1 assigned to the carbon-carbon double band, a strong 
earbonyl band at 1670em-1 and a conjugated C = N  band at 1650era 1. 

The analysis of the mass spectrum showed the fragmentation characteristic 
�9 . . y + 

for pyrldlne rings: m/e 140 [C10H6 N ] . ,  role 150 [C10HsNO] +- and ion [M 28] +'. 



1192 B a r b a r a  Zaleska  and  B e a t s  8 lusarska :  

Table  4. m/e Values of characteristic ions and their relative intensities/br 2-5 

M + M + - 1 7  M + - 6 6  M + - C O *  C10H~NO + CloH~N + ArNH ~ 
Compound  m/e % m/e ~ m/e % m/e ~ m/e % m/e % m/e % 

2 a  353 100 336 66.0 287 20 325 3.0 155 14.0 140 15.1 92 2.3 
2 b  367 100 350 6.4 301 62.9 339 4.5 155 28.0 140 21.4 106 6.4 
2 c  387 15.0 336 6.0 317 100 359 2.5 155 14.5 140 15.2 122 5.0 
2 d  398 20.0 381 5.0 333 100 370 3.8 155 24.3 140 33.0 138 2.5 
3 a  287 68.2 259 100 155 36.4 140 24.5 92 3.6 
3 b  301 67.0 273 100 t55 38.0 140 28.4 106 11.6 
3 c  317 100 289 59.8 155 16.3 140 18.1 122 4.5 
3 d  332 100 304 93.7 155 26.3 140 36.2 138 2.5 
4a*  287 100 259 12.3 155 5.4 140 12.3 92 2.9 
4 b  301 100 273 5.3 155 4.9 140 11.3 106 3.0 
4 c  317 100 289 5.1 155 6.0 140 19.3 122 2.1 
4e* 225 100 197 7.7 93 17.8 78 20.0 92 5.1 
5 a  317 100 92 62.8 
5 d  332 100 138 31.2 

* In  add i t ion  m/e 93 for 4 e [C5HuINO] and  m/e 78 for 4 a [CsH4N]. 

Table  5. Physical properties and yields for 24" 

Compound  m.p. Yield Crystal l ine form 
~ % 

2 a 302 70 Yellow pr isms 
2 b 279 75 Yellow prisms 
2 e 270 80 Yellow pr isms 
2 d 300 50 Yellow pr isms 
3 a 286 18 Colorless needles 
3 b  301 10 L igh t  yellow needles 
3 c 306 15 Colorless needles 
3 d 301 20 Colorless needles 
4 a 234 30 Colorless p la tes  
4 b 241 40 Colorless needles 
4 c 245 52 Colorless needles 
4 d 142 30 Yellow needles 
4 e  205 70 Colorless p la tes  
5 a 115 75 L igh t  yellow needles 

* E l emen ta l  analyses are in full ag reemen t  wi th  the  proposed s t ructures ,  
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Experimental 
Melting points are uncorrected. TR spectra were recorded on UR-10 (Carl 

Zeiss, Jena) speetrophotometer in KBr disk. 1H-NMR spectra were taken on 
Tesla BS-487 spectrometer using T M S  as internal reference, in DMSO as a 
solvent, laC-NMR spectra was measured on Bruker WH 90 in DMSO d e as a 
solvent. Mass spectral molecular weight were determined with LKB 9000 S 
spectrometer. Elemental analyses were performed in Regional Laboratory of 
Physico-Chemical Analyses and Structural Studies in Krakdw. 

6-A nilino- 2-oxo-3- ( ~-amino-~-dicyano )-ethyIideno-4-phenyl- 2 ,3-dihydro- 
pyridine (2 a) 

6- A nilino- 2-hydroxy-3-carbonitrile-4- phenyl-pyridine (3a) 

A stirred mixture of 2.4g (0.01mol) benzoylacetanilidc (la) and 1.3g 
(0.02 tool) malononitrile in dry ethanol 35 cm a containing piperidine (0.1 cm a) 
was heated under reflux for 10 h. The solid which precipitated from hot solution 
was filtered off, and recrystallized from dimethylformamide and ethanol 
mixture (1: 1). Yellow prisms of 2a, m.p. 302 ~ Yield (3g) 70~. 

After cooling, the precipitated solid was filtered off. 
Reerystallization from dilute ethanol produced colorless needles of 3 a, m.p. 

286 ~ Yield (0.7 g) 18~o. 
Procedure as above using 0.01 tool of anilide 1 a, 1 b, 1 c, 1 a and 0.02 mol of 

malononitrile was used to synthesize: 2b and 3b, 2e and 3e, 2d and 3d. 
Properties for all compounds are listed in Table 5. 

2 Imino-4-phenyl-6-hydroxy-3-carbonitrile-N-phenyl-pyridine (4a) 

A mixture of 2.4g (0.01 tool) benzoylacetanilide (la),  0.7g (0.01tool) 
malononitrile, ammonium acetate 0.4 g, and 4 cm '~ acetic acid in 120 em 3 toluene 
was heated under reflux for 20h. The reaction mixture was concentrated in 
vaeuo, and residual precipitated was reerystallized from benzene. 

Colorless needles m.p. 234 ~ Yield 30~. 
An analogous procedure was applied for compounds 4b, 4c, 4d (see 

Tab. 4). 

2 Imino-4-methyl-6-hydroxy-3-carbonitrile-N-phenyl-pyridine (4e) 

The reaction was carried out in similar manner as that described above for 
4a. A mixture of 1.Sg (0.01 mot) aeetoacetanilide, 1.Tg (0.01 tool) malononi- 
trile, ammonium acetate 0.4g, and 4cm 3 acetic acid in 120cm a toluene was 
heated under reflux for 20 h. Colorless plates, m.p. 205 ~ Yield 70~o. 

4 ,4- Dicyano-3-phenyl- N-phenylbut-3-enamide (Sa) 

A mixture of benzoylacetanilide (1 a) 12 g (0.05 mol), malononitrile 3.3 g 
(0.05 tool), and ammonium acetate 0.78 g in acetic acid 0.6 g and benzene 80 em a 
was heated under reflux with continuos water separation for 4 h. 

The precipitated solid was filtered off and recrystallized from benzene. 5 d 
was prepared in analogy to 4 a. 

Reaction of 5 a with malononitrile 

A stirred mixture of 5 a with equimolar amounts of mMononitrile (1 g of 5 a 
and 0,2g of malononitrite) in 10eros of dry ethanol containing 2 drops of 
piperidine was heated under reflux for 7 h. Compound 3 a was obtained. 
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