
indo!e hydrochloride was removed by filtration and washed with ether. The hydrochloride was 
dissolved in a small amount of cold water and neutralized with pyridine, after which the 
precipitated base was removed by filtration, washed on the filter with cold water, dried 
over P2Os, and crystallized from benzene. For complete removal of the crystallization ben- 
zene, the substance was heated at 100~ in vacuo for 3 h. The principal characteristics of 
the compounds obtained are presented in Table i. 

As compared with the l-oxo derivatives, lower melting points and high solubilities in 
ordinary organic solvents are characteristic for XIII-XVIIIo 
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SYNTHESIS AND PROPERTIES OF I-SUBSTITUTED DERIVATIVES OF DIETHYL 

4-ARYL-I,4-DIHYDRCPYRIDINE-3,5-DICARBOXYLIC ACID ESTERS 

V. K. Lusis and G. Ya. Dubur UDC 547.822:547.827 

l-Unsubstituted 4-aryl-3,5-diethoxycarbonyl-l,4-dihydropyridines in the presence 
of NaH form anions that react with alkyl halides, acid chlorides, and halo acid 
esters to form the corresponding 1-substituted derivatives of 1,4-dihydropyridine. 
Hydrolysis of one or both ethoxycarbonyl groups in the 3 and 5 positions, as well 
as hydrolysis of ethyl 4-phenyl-3,5-diethoxycarbonyl-l,4-dihydropyridinyl-l-ace- 
tare, occur upon reaction with alkali, but 1,3,5-triethoxycarbonyl-4-phenyl-i,4- 
dihydropyridine gives the corresponding unsubstituted 1,4-dihydropyridine. 

Only a few reactions involving substitution at the nitrogen atom in series of 1,4-di- 
hydropyridine derivatives are known: there are individual examples of acylation [i, 2] and 
more detailed studies of the alkyiation of esters of 2,6-dimethyi-l~4-dihydropyridine-3,5- 
dicarboxylic acids [3, 4] and 2~6-dimethyl-3,5-dicyano-i~4-dihydropyridines [5, 6]. In the 
present research we accomplished the synthesis of 1-substituted derivatives of 4-aryl-3,5- 
diethoxycarbonyl-!,4-dihydropyridine (unsubstituted in the 2 and 6 positions) and studied 
their reactivities. 

l-Unsubstituted 1,4-dihydropyridines I and II were obtained by the reaction of an aro- 
matic aldehyde with propiolic acid ester (with the use of stoichiometric ratios of the re- 
agents, in contrast to the method in [7]) in the presence of ammonium acetate~ 
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Translated from Khimiya Geterotsik!icheskikh Soedinenii~ No. 8, pp. 1067-1071, August, 
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The resulting dihydropyridines I and II in the presence of sodium hydride readily form 
the corresponding anions, which react with alkyl halides and acid chlorides, as well as halo 
acid esters, to give 1-substituted derivatives of 4-aryl-3,5-diethoxycarbonyl-l,4-dihydro- 
pyridine (III and IV) in good yields. 

It should be noted that in this case one observes the smooth formation of l-isopropyl 
derivative IIIb, which, because of steric hindrance, is impossible when methyl substituents 
are present in the 2 and 6 positions [4, 5]. Evidently for this reason we were unable to 
obtain l-acetyl-4-phenyl-3,5-diethoxycarbonyl-2,5-dimethyl-l,4-dihydropyridine by acylation 
of the corresponding anion. 

Compounds IIIc, d and IVh can be regarded as peculiar tertiary amides of the corre- 
sponding acid, which is manifested graphically in their properties. In the reaction of the 
above-mentioned dihydropyridines with ammonia and hydrazines the N--CO bond is cleaved to give 
the free amine, i.e., dihydropyridine I. Correspondingly, IIIe and IVe, as derivatives of 
carbamic acid, also readily form 4-aryl-3,5-diethoxycarbonyl-l,4-dihydropyridines via alka- 
line hydrolysis. In the case of 4-phenyl-3,5-diethoxycarbonyl-l,4-dihydropyridin-l-ylacetic 
acid (IIIf), in which the ethoxycarbonyl grouping is separated from the ring by a methylene 
group, the tendency to undergo decarboxylation during hydrolysis is completely lost, and 
acid V is formed as the reaction product. It must be pointed out that in the reaction of 
esters IIIf with an equimolar amount of alkali only the ester group of the aliphatic chain 
undergoes hydrolysis, while the ethoxycarbonyl groups in the 3 and 5 positions remain un- 
changed; this is in agreement with the data in [8]. The ester groups of 1,4-dihydropyridine- 
3,5-dicarboxylic acids (I, IIIa) are also capable of undergoing hydrolysis. We found condi- 
tions under which the alkaline hydrolysis of one or both groups of l-unsubstituted dihydro- 
pyridine I and its 1-methyl derivative IIIa is realized; this distinguishes them from esters 
of 2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylic acids, for the hydrolysis of which a 
substituent attached to the nitrogen atom is necessary [9]. 

ti Ar 
N /  

A 

Ar--CHO + 2 HC~C--COOC2H 5 NH4OAc C~H5OOC COOC2H" 
~N ~ H 

,~ ) r  I , , l  

I.NaH ~ C2HsOOC"~COOC211s 
2. RX 

I 
R 

Ilia-g, IVa,e,h 

H N ar n,Ar H C6H s c . ooci9 ooc .  c . ooc  ooc .  
I n I 

R 
l t l b ,  IVh 

H'x, C6Hs H 
C2HsOOC~COOC. ~ 5 . 

I CH 3 
I11 a 

KOIt 

( c  t ! 2 ) . C 0 0 c 2  fl 5 

I , i l  file, f 
JKON tKOH In=l 

H 3~;Hs 
R , O O C ~ C O O R  2 H'x, C6Hs 

t~, ,N,.9 C 2 H s O O C ~ f  COOC~HS~N ~ 

I I 
R CH2COOH 

Vl-lX V 

I, III Ar=C6Hs; II, IV Ar=C6H4OCHa-4; X=halogen;  a R=CH3; b R=iso-C3H7; 
c R=COC6Hs; d R=COC6H4NOv4; e R=COOC2Hs; f R=CH2COOC2Hs; g R=SO2CHs; 
h R=COCH3; VI R=CH3, Rl=C2Hs, R2=H VII R=CH3 ,RI=R2=H VIII R=Rg=H, 

RI=C~H~; IX R=RI=R2=H 

The IR spectra in the 1500-1800 cm -i region of 1,4-dihydropyridines IIIc, d and IVh are 
unsuitable for identification, since the absorption band of the starting l-unsubstituted 
esters I and II is found in the region of the absorption of the CO group of l-acyl-l,4-di- 
hydropyridines (1660-1670 cm -I) [i0, ii] (Table i). A strong hypsochromic shift (of 50 nm) 
of the long-wave maximum of the dihydropyridine system is observed in the UV spectra of 
these compounds (IIIc-e, IVe, h). The opposite effect is observed in the spectra of com- 
pounds with an isolated CO group attached to the nitrogen atom (IIIf, V): the distinct ab- 
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sorption of an aliphatic acid CO group is observed in the IR spectra at 1750 cm -I, whereas 
the UV spectra differ little from thespectrum of l-unsubstituted dihydropyridine I. In the 
case of l-alkyl derivatives the long-wave UV absorption band is shifted bathochromically (by 
~i0 nm) with respect to l-unsubstituted dihydropyridine. This is also valid in the series 
of esters IIIa, b and IVa, as well as in the case of acids VI and VII, and is in agreement 
with the principles of the effect of l-alkyl substituents in 2,6-unsubstituted derivatives 
of 1,4-dihydropyridines [12]. 

The UV spectra of acids VI-IX in alkaline media change surprisingly little. Only a 
small hypsochromic shift of the long-wave absorption maximum, viz.,6-7 nm for the monocar- 
boxylic acids (VI, VIII) and 12-15 nm for the dicarboxylic acids (VI, IX), is observed in 
the spectra recorded in 0.i N KOH in ethanol. This is unexpected in the case of the exis- 
tence of the carboxy group in the ionized form. 

EXPERIMENTAL 

The IR spectra of suspensions of the compounds in Nujol were recorded with a UR-20 
spectrometer. The UV spectra in ethanol were recorded with a gpecord UV-vis spectropho- 
tometer. The PMR spectra were obtained with R-12 (60 MHz), BS 487C (80 MHz), and WH-90 
(90 MHz) spectrometers withhexamethyldisiloxane as the internal standard~ The physicochemi- 
cal characteristics of the compounds are presented in Table i. The homogeneity of the 
synthesized substances was verified by thin-layer chromatography (TLC) on Silufol UV-254 
plates in a chloroform-hexane--acetone system (9:7:1). 

Ethyl 4-Aryl-l,4-dihydropyridine-3,5-dicarboxylates (I, II). A mixture of 0.05 mole of 
the aromatic aldehyde, 10.2 ml (0.i mole) of ethyl propio!ate, and 8.7 g (0.075 mole) of 
ammonium acetate in i0 ml of glacial acetic acid was heated until an exothermic reaction 
commenced, after which the reaction mixture was poured into i00 ml of cold water, and the 
precipitate was removed by filtration and recrystallized from ethanol~ 

1-Substituted 1,4-Dihydropyridines (III, IV). A 0.29-g (0.012 mole) sample of sodium 
hydride was added to a solution of 0.01 mole of dihydropyridine I or II in the minimum 
volume of hexametapol. After the formation of the anion was complete, the calculated amount 
of reagent, ViZo, 0.02 mole of aikyl iodide or ethyl bromoacetate, 0.015 mole of the chlo- 
ride of the corresponding acid or ethyl chloroformate, was added. After 2 h, the reaction 
mixture was poured into 150 ml of cold water, and the mixture was allowed to stand over- 
night. The crude reaction product was separated and recrystallized from ethanol. 

Reactions of IIId and IVh with Ammonia and Hydrazines. A 0.014-mole sample of 1-sub- 
stituted dihydropyridine and 0.028 mole of ammonia (a 25% aqueous solution) orhydrazine (in 
the form of hydrazine hydrate) or l,i-dimethylhydrazine was refluxed in 30 ml of ethanol 
for 3 h, after which the reaction mixture was evaporated to one-third of its original volume 
and cooled, and dihydropyridine I was separated. No melting-point depression was observed 
for a mixture with a genuine sample of I, and the PMR and UV spectra were identical~ 

Hydrolysis of 1,3,5-Triethoxycarbonyl-l,4-dihydropyridine (IIIe). A 3.37-g (0.01 mole) 
sample of IIIe and 0.56 g (0.01 mole) of KOH were refluxed in 30 ml of ethanol for 5 h, 
after which the mixture was evaporated, and the dry residue was treated with hot water. Af- 
ter cooling, ester I was separated. The yield after recrystal!ization was 71%. 

Hydrolysis of Ethyl 1,4-Dihydropyridin-l-ylacetate (IIIf). Equimolar amounts of IIIf 
and potassium hydroxide were refluxed in ethanol for 5 h, after which the mixture was evap- 
orated, and the dry residue was treated with hot water. After cooling, the unchanged IIIf 
was separated, and the filtrate was acidified with dilute (1:2) HCI. The precipitated V 
was removed by filtration and recrystallized from a small volume of acetonitri!e. 

Hydrolysis of Esters I and IIIa. A 0.0075-moi~ sample of ester I or IIIa was refluxed 
for !0 h in 50 ml of ethanol with either 0.42 g (0.0075 mole for th~ preparation of mono- 
carboxylic acids VI and VIII) or 1.68 g (0.03 mole for the preparation of dicarboxylic acids 
VII and IX) of potassium hydroxide. The solvent was evaporated in vacuo, and the dry resi- 
due was treated with hot water, cooled, and removed by filtration. The filtrate was acidi- 
fied with cold dilute (1:2) HCI to pH i. The acid was removed by filtration, squeezed 
thoroughly, and recrystallized rapidly: VI and VIII from acetonitrile, and VII and IX from 
glacial acetic acid. 
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EFFECT OF SUBSTITUENTS IN THE DIHYDROPYRIDINE RING ON THE REACTIVITY 

OF THE ESTER GROUP OF 3,5-DIALKOXYCARBONYL-I,4-DIHYDROPYRIDINES 

B. S. Chekavichus, A. E. Sausin', UDC 547.827'26:542.938:543.422 
and G. Ya. Dubur 

The reactivity of the ester group of 3,5-dialkoxycarbonyl-l,4-dihydropyridines 
upon reaction with nucleophilic reagents increases when substituents are absent 
in the ortho positions relative to the ester group and also in the case of steric 
disruption of the coplanarity of the B-aminovinylcarbonyl system when substituents 
are introduced at the nitrogen atom in 2,6-dimethyl derivatives. Mono- and di- 
carboxylic acids were obtained by hydrolysis of such esters. Thus use of esters 
of propiolic acid esters and arylamines in the Hantzsch synthesis made it possible 
to obtain l-aryl-2,6-unsubstituted derivatives of 1,4-dihydropyridine. 

It has been frequently noted [1-3] that esters of 1,4-dihydropyridine-3,5-dicarboxylic 
acids are unusually resistant to hydrolysis, on the basis of which in a review on dihydro- 
pyridines [4] it was concluded that it is impossible to hydrolyze the ester groups of these 
compounds without decomposition of the molecule. It must be noted that l-unsubstituted 2,6- 
dimethyl derivatives of 1,4-dihydropyridines (I, R = H, R I = CH3) have been studied in all 
of these cases. By way of verification of these data, it has been confirmed that esters 
I (R = H, R = CH3) actually have low reactivities and that the acids are obtained in neg- 
ligibly low yields [5]. Of these compounds, only the 4-unsubstituted compound (I, R = R 2 = 
H, R I = CH3), from which a monocarboxylic acid can be obtained [6], proved to be somewhat 
more reactive. In addition, the 4-unsubstituted compound readily undergoes transesterifica- 
tion with primary alcohols in the presence of a basic catalyst [6]. Reports of the success- 
ful hydrolysis of esters of dihydropyridinecarboxylic acids pertain to the 1-substituted de- 
rivatives [7, 8]. Unfortunately, these reports contain no information regarding the yields, 
spectral characteristics [7, 8], and even the experimental conditions for the preparation 
of the acids [8]. 

We have observed [5] that the introduction of substituents at the nitrogen atom in 
2,6-dimethy!derivatives I (R = alkyl, aryl) gives rise to an increase in the reactivities 
of the ester groups: in alkaline media they can be hydrolyzed to monocarboxylic acids in 
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