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ETHYL ESTERS OF 1,4-DIHYDROPYRIDINE-3,5-DICARBOTHIONIC ACIDS 

B. A. Vigante, Ya. Ya. Ozols, UDC 547.825'836.3.07:542.943:543.422 
B. S. Chekavichus, and G. Ya. Dubur 

Methods for the synthesis of the esters of 1,4-dihydropyridine-3,5-dicarbo- 
thionic acids by the thionation of the carbonyl analogs with Lawesson's 
reagent are developed. The influence of the substituents at the nitrogen 
atom on the course of the thionation reaction is considered. The physico- 
chemical characteristics of this series of substances are analyzed; their 
reactivity in the reactions of N-alkylation, oxidation, and anion formation 
is studied. 

The 1,4-dihydropyridines (I,4-DHPs), which are hydrogenated nitrogen-containing hetero- 
cycles with unusual chemical properties [i, 2] and varied biological activity [3], have 
recently been widely investigated. 

Continuing the investigations into the synthesis of sulfur-containing 1,4-DHPs [4], 
we set ourselves the objective of developing methods for the isolation of unknown ethyl 
esters of 1,4-DHP-dicarbothionic acids unsubstituted in the 2 and 6 positions. We previous- 
ly developed methods for the synthesis of esters of 2,6-dimethyl-l,4-DHP-dicarbothionic 
acids, studied their physicochemical properties and reactivity [5], and determined the 
induction and resonance constants of the ethoxythiocarbonyl substituent in the aromatic 
compounds [6]. 

Taking into account the possible superimposing of the steric factor of the 2,6-methyl 
groups on the electronic effects of the ethoxythiocarbonyl substituent in the 1,4-DHP ring, 
it was expedient to study the physicochemical properties and reactivity of the thione es- 
ters of 1,4-DHP-dicarboxylic acids unsubstituted at the 2 and 6 positions. 

The 4-aryl-3,5-diethoxythiocarbonyl-l,4-DHPs (IIa-h) are not successfully obtained 
by cyclocondensation [7], since the corresponding thione esters of propiolic acid are hith- 
erto unknown. Attempts at the thionation of ethyl propiolate with Lawesson's reagent [the 
dimer of the sulfide of p-methoxyphenylthionophosphine (XI)] were unsuccessful due to the 
polymerization of the esters of propiolic acid. There is a known method for the thionation 
of the carbonyl and alkoxycarbonyl groups in aliphatic and aromatic compounds, as well as 
the keto group in the indene fragment of 5-oxo-4,5-dihydroindenopyridines [8, 9]. We found 
that the 4-aryl-3,5-diethoxycarbonyl-l,4-DHPs (Ia-h) react readily with Lawesson's reagent, 
and form the new thione esters (IIa-h). 

The thionation was carried out by the prolonged boiling of (Ia-h) with double the 
molar amount of Lawesson's reagent in dry toluene or xylene in an atmosphere of argon. The 
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reaction time depends mainly on the nature of the substituent at the nitrogen atom, and 
at the 3 and 5 positions of the 1,4-DHP ring. Together with the dithione esters (IIa-h), 
the monothione-DHPs (TLC) are formed as by-products in all cases; in particular cases 
(IIIa, b), they are isolated in the crystalline form using TLC. The presence of the elec- 
tron-donor substituents at the para position of the phenyl residue in the 4 position of 
the compounds (Ia-h) favors the thionation reaction [the reaction time, the yield of (IIa- 
h)]. A significant role is probably played by both the electronic and the steric factors 
of the substituent at the 4 position. The methyl esters of the 1,4-DHP-dicarboxylic acids 
(Ia) react with more difficulty than the ethyl esters (Ib,c). 

The esters of 2,6-dimethyl- as well as 2,6-diphenyl-l,4-DHP-dicarboxylic acids do not 
enter into this reaction. The reason for this is probably concealed in the steric influ- 
ence of the 2,6-substituents. Such unusual stability of the ester group of 2,6-dimethyl- 
I,~-DHPs was also noted in the literature for other reactions[10~ ...... I~neontraSt to 2,6- 
dimethyl-l,4-DHPs, the 2,6-unsubstituted compounds (Ia-h) are readily hydrolyzed to mono- 
and dicarboxylic acids [ii]. 

H R 1 

CII3COONII ROOC~ COOR 
ZHC=-C-C00R + RICHO CH3C00 H -- 

CsHsNH2 H S S 

H R I S x H R ~ zS S~ H R ~ ~S 0x H E~ ~S 
C2H~OOC-"><: C00C2H 5 "~c -"><:'-- C ~" ..C. "~-c., ~C.--'~-" .c.. 

J, J. . . 
IVa-e Va- e Ila-h IIIa,b 

R I 
S.. ~ ~S 0~ H R ~ ~0 S..~ H R I ~S 

~C --"x':-- C~ C ">~ C.. 
y-y oc:. ~ .o., IId,e 
'~NJ 

H II 
VIa,b ,m VIIIa,b 

V c'cc c C2H500C C00C2H5~.~ C2H50 / OC2H 5 N~H~CN ~-- 2H50 / OC2H 5 

CH3C00H 

H 
IX X 

I II a R=CH~. b-h  R=C2Hs; a b RI=CeHs. c Rt=C~H4OCH3"4. d RI=C6H~NO~-4. 
e R]=C6H4Br-4. f R'=C~H,NO2-3. g R~=CeH~OCHF~-2. h RI=C6H2(OCH3)3-3.4.5; Ill  a 

R=CH3. RI=CsHs; b R=C~Hs. RI=C6H2(OCHa)3-3.4.5; IV. V a ,c ,  d,R*=C~Hs, b RI= 
C6H4OCHF2-2. e R~=CsH,NOr3;a. .b R~=CH~; c R~=C~Hs; d, e R~=C~H~CH~; VI a 

R~=C~H~Br-4. b R~=C~H~NO~-4; VII. VIII a R~=C~Hs. b R~=C~}hBr-4 

The presence of substituents at the nitrogen atom in the 2,6-unsubstituted derivatives 
(IVa-e) increases the reactivity of the alkoxycarbonyl groups at the 3 and 5 position; the 
N-substituted compounds (Va-e) are already isolated in good yields after the brief heating 
with Lawesson's reagent. The thiol esters of 1,4-DHP-dicarboxylic acids (VII a,b) are thio- 
nated more easily than the esters (Ia-h). 

The results obtained conform to the data of [12] on the possible mechanism of thiona- 
tion of the alkoxycarbonyl group in aromatic systems. It was noted that the increase in 
the electron density on the oxygen atom of the carbonyl group and the removal of the steric 
hindrance to the approach of the thionating reagent permit the electrophilic attack of the 
carbonyl oxygen by the P atom of Lawesson's reagent [12]. 

In contrast to the 4-aryl derivatives of 1,4-DHP (Ia-h), the 3,5-dialkoxycarbonyl-l,4- 
DHPs unsubstituted in the 4 position do not enter into the thionation reaction due to their 
low stability and ready oxidizability. The 3,5-diethoxythiocarbonyl-l,4-DHP (X) was ob- 
tained by the reduction of the pyridine (IX) with sodium borohydride in acetic acid. To- 
gether with the 1,4-DHP (X), the method of TLC led to the isolation of the 1,2-isomer - 
3,5-diethoxythiocarbonyl-l,2-dihydropyridine - from the reaction mixture; the structure 
of the latter was proved by the methods of NMR and UV spectroscopy. By utilizing sodium 
cyanoborohydride in acetic acid as the reducing agent, the 1,4-isomer (X) was obtained ex- 
clusively in almost quantitative yield. 
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Regardless of the data of [13, 14] on the inertness of the esters of 2-, 2,6-, and 3- 
pyridinecarboxylic acids in the reaction with Lawesson's reagent, we managed to obtain a 
high yield of 3,5-diethoxythiocarbonylpyridine (IX). The reaction was carried out by the 
prolonged boiling of 3,5-diethoxycarbonylpyridine with Lawesson's reagent in xylene in an 
inert atmosphere in the presence of pyridine. 

The compounds (Ila-h) are readily methylated (in contrast to 2,6-dimethyl-3,5-diethoxy- 
thiocarbonyl-l,4-DHP) at the nitrogen atom on heating them with methyl iodide in 1,2-dimeth- 
oxyethane in the presence of alkali, whereas the oxygen-containing esters (Ia-h), which 
are weaker NH-acids, are only methylated by utilizing sodium hydride as the basic agent 
[15]. 

The thione esters (IId,e) are oxidized by nitrogen oxides with the formation of the 
pyridine derivatives (Via, b). 

The data of UV, PMR, and IR spectroscopy confirm the structure of the substances (I-X) 
(Table 2). 

The UV region of the spectrum of the compounds (IIa-h) shows three absorption bands 
characteristic of the monocyclic 1,4-DHPs (Table 2); there is thereby a bathochromic shift 
of the central and long-wave maxima (~i00 nm) by comparison with (Ia-h). When the hydrogen 
atoms at the 2 and 6 positions in the compounds (IIa-h) are substituted by methyl groups, 
a hypsochromic shift of approximately 30~Im is observed for the long-wave absorption maxi- 
mum; this is three times higher than that observed by the same substitution in the corre- 
sponding 1,4-DHPs (Ia-h). This evidently indicates the predominant influence of the steric 
factors of the 2,6-methyl groups on the absorption of the 3,5-diethoxythiocarbonyl groups 
in the observable region. In the compounds (Va-e), the long-wave band of UV absorption 
is shifted bathochromically (-25 nm) in relation to the l-unsubstituted 1,4-DHP (Ib). This 
conforms with the features of the influence of l-alkyl substituents in the 2,6-unsubstitu- 
ted derivatives [15, 16]. The long-wave absorption band of the anionic form of the com- 
pounds (Ila-h) and (VIII) has the bathochromic shift of approximately 130 and 180 nm cor- 
respondingly. 

Two characteristic absorption maxima at 1650 and 1600 cm -I are observed in the region 
of the absorption of the double bonds in the IR spectra of the compounds (IIa-h); these 
maxima have approximately the same intensity, and can be assigned to the vibrations of the 
C~---C ~ bond of the iminovinyl fragment. In the transition from the alkoxycarbonyl deriva- 
tives (Ia-h) to the thione analogs (IIa-h), the characteristic absorption maximum of the 
carbonyl group at 1700 cm -i disappears. 

In the PMR spectra of the compounds (II~h), the shift of approximately 0.60 ppm for 
the signal of the proton at C(~) to the high field region by comparison with the 4-aryl- 
2,6-dimethyl-3,5-diethoxythiocarbonyl-l,4-DHPs is observed [5]. It should be noted that 
the presence of the 2,6-methyl groups in the 4-unsubstituted compounds (X) does not cause 
the shift of the signal of this proton. There is some low-field shift (-0.70 ppm) of the 
N-H protons in the compounds (IIa-h) by comparison with the 4-aryl-2,6-dimethyl-3,5-dieth- 
oxythiocarbonyl-l,4-DHPs. The shift of the signals of the protons of the methylene and 
methyl groups of the ethoxythiocarbonyl substituent in (IIa-h) to the low field region 
is observed by comparison with the esters (Ia-h) (Table 2). Such a pattern was also estab- 
lished for the ester substituents in the series of the corresponding 2,6-dimethyl-l,4-DHPs 
[5]. 

The compounds (IIa-h) are stronger NH acids than the derivatives (Ia-h). In the 0.i 
M solution of KOH in 90% alcohol, they are completely dissociated, whereas the oxygen-con- 
taining analogs (Ia-h) are dissociated by approximately 45...50Z [this was established from 
the change of the long-wave maximum of the neutral and anionic forms of the compounds (IIa- 
h) and (X) in the electronic spectra]. The presence of the 2,6-methyl groups in the 4-aryl- 
3,5-diethoxycarbonyl-l,4-DHPs causes a decrease of the NH-acidity, and they exist completely 
in the neutral form in the 0.1M solution of KOH in alcohol. 

The quantitative data on the acidity of the substances studied and the evaluation of 
the electronic properties of the 8-substituents in the given 1,4-DHP system will be presen- 
ted in the following cormnunication. 
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EXPERIMENTAL 

The IR spectra were taken on the UR-20 spectrometer using Nujol. The UV spectra were 
taken on a Specord UV-vis spectrophotometer in ethanol. The PMR spectra were taken on the 
R-12 (60 MHz) and WH-90 (90 MHz) instruments; the internal standard was TMS. The individ- 
uality of the synthesized substances was checked by TLC on plates of Silufol UV-254 with 
the solvent systems comprising the 9:7:1 mixture of chloroform-hexane-acetone (A) and the 
9:1 mixture of hexane-n-propyl alcohol (B)~ The preparative TLC was performed on a loose 
layer of silica gel (L 40/100p m); the eluent was the system (A). 

The esters of the 4-aryl-l,4-dihydropyridine-3,5-dicarboxylic acids (Ia-d) were ob- 
tained by the condensation of the esters of propiolic acid with aromatic aldehydes in the 
presence of ammonium acetate [7, 15, 17]. The physicochemical characteristics of the new- 
ly synthesized ethyl esters of the 4-aryl-l,4-dihydropyridines(Ie-h) are given in Table. 
2). 

The N-methyl- and N-phenyl-4-aryl-3,5-diethoxycarbonyl-l,4-DHPs (Va-c) were obtained 
according to the method of [ii, 15]. The ethyl esters of the 4-aryl-N-benzyl-l,4-DHP- 
dicarboxylic acids were synthesized by the modified method of [7] utilizing benzylamine 
hydrochloride as the amine component in the presence of pyridine. 

General Method for the Synthesis of 4-Aryl-3~5-diethoxythiocarbonyl- (IIa-h)~ 4-Aryl- 
3-ethoxycarbonyl-5-ethoxythiocarbonyl- (IIIa~b)~ and l-Substituted 4-Aryl-3t5-diethoxythio ~ 
carbonyi-l~4-dihydropyridines (Va-e). Method A. The compounds (Ia-h) (5 mmale) or (IVa- 
e) (5 m~ole) and 4.5 g (ll mmole) of Lawesson's reagent are boiled in 50 ml of abs. xylene 
in an atmosphere of argon (the time of boiling is monitored by TLC). The reaction mass 
is mixed with 20 g of silica gel (L 40/100 ~m) in 100 ml of hexane and chromatographed on 
a column 70 • 350 mm. The elution is performed sequentially with 0.4 liters of hexane 
and 1.5 liters of the solvent A. The bright orange ~IIa-h), (Va-e), and the yellow (IIIa, 
b) are obtained from the fractions of the eluate with the system A after evaporation. The 
compounds obtained are purified, or the mixture of (IIa,g) and (IIIa,b) is separated on 
a preparative plate 220 • 260mmwith the 2...3 mm thickness of the layer of loose silica 
gel L 40/100 using the system A. The bands of the bright orange (IIa,g) and yellow (IIIa, 
b) are collected from the plate; the elution is performed with ethanol. The solvent is 
evaporated, and the residue is recrystallized from ethanol. 

l-Benzyl-4-aryl-3~5-diethoxycarbonyl-l~4-dihydropyridines (IVd~e). The corresponding 
aromatic aldehyde (i0 mmole) is heated with 20 mmole of ethyl propiolate and i0 mmole of 
benzylamine hydrochloride in the presence of 1 ml of pyridine in i0 ml of acetic acid for 
30 min. The solution is poured into 250 ml of water; the precipitated residue is recrystal- 
lized from ethanol. 

l-Methyl-4-aryl-3~5-diethoxythiocarbonyl-l~4-dihydropyridines (Verb). Method B. The 
compounds (lib,g) (3 mmole) are dissolved in 20 ml of 1,2-dimethoxyethane; 0.84 g (15 mmole) 
of finely ground KOH is added, and the mixture is heated for 5 min on a water bath. To 
the dark blue solution are added 1.12 ml (18 mmole) of methyl iodide. The mixture is heat- 
ed for 5 min on a water bath and concentrated to dryness. To the residue are added -i00 
ml of water, and the oily crystals are filtered off after cooling the mixture for I0 h at 
5~ The recrystallization is performed from ethanol. 

4-Aryl-3t5-diethoxythiocarbonylpyridines (VIa,b)~ The compounds (IId,e) (3 mmole) 
are dissolved in 5 ml of glacial acetic acid prior to the addition of 2.07 g (30 mmole) 
of sodium nitrite. At the completion of the release of the nitrogen oxides (~i0 min), the 
mixture is diluted with 50 ml of water and neutralized with sodium bicarbonate to the pH 
7. The mixture is cooled to -5~ and the yellow crystals are filtered off and recrystal- 
lized from 50% ethanol. 

4-Aryl-3,5-di(ethylthio)thiocarbonyl-l~4-dihydropyridines (VIIIa~b). These compounds 
are obtained from the 4-aryl-3,5-di(ethylthio)carbonyl-l,4-DHPs (VIla,b) as described for 
the synthesis of (IIa-h). 

3~5-Diethoxythiocarbonylpyridine (IX). The mixture of 9.4 g (40 mmole) of 3,5-di- 
ethoxycarbonylpyridine and 32 g (80 n~nole) of Lawesson's reagent is boiled for 20 h in 150 
ml of abs. xylene in an atmosphere of argon in the presence of 0.I ml of dry pyridine. The 
xylene is distilled off in vacuo; the residue is mixed with 50 g of silica gel in I00 ml 
of hexane and applied to the column. The eluent is the system A. The bright yellow band 
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is collected and the fractionation is performed in vacuo after the removal of the solvents. 
The yield of 7.5 g (91%) of the yellow oil is obtained; it has the bp 147o..150~ (i0 mm 
of Hg). 

3~5-Diethoxythiocarbonyl-l~4-dihydropyridine (X). The dithionopyridine (IX) (i g; 
4 mmole) is dissolved in i0 ml of glacial acetic acid; the mixture is cooled to 0~ prior 
to the addition of I g (16 mmole) of finely ground sodium cyanoborohydride. The mixture 
is filtered after i0 min, and the residue is washed with 5 ml of methanol and dried. The 
yield of 0.7 g of the dark red dithio-l,4-DHP (X) is obtained. The addition of 30 ml of 
water to the filtrate leads to the isolation of a further 0.26 g of (X). After the crys- 
tallization from methanol, the yield of 0.94 g (93%) of (X) is obtained. 
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