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Three-component condensation in the synthesis of
4-(2-chlorophenyl)-3-cyano-5-ethoxycarbonyl-6-propyl-
3,4-dihydropyridine-2(1 H)-thione
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Condensation of 2-chlorobenzaldehyde with cvanothioacetamide and ethyl butyroylacetate
results in 4-(2-chlorophenyl)-3-cyano-S-ethoxycarbonyl-6-propyi-3.4-dihvdropyridine-2(1 H)-
thione. whose further transformation affords the corresponding substituted 2-methylthio-1.4-

dihydropynidine.

Key words: 2-chlorobenzaldehyde, cyanothioacetamide. ethyl butyroylacetate, pyridine,

condensation.

Recently. .the synthesis of partially hydrogenated
pyridinechalcogenones has become of particular interest
because many of their derivatives exhibit biological ac-
tivity promising for practical purposes.!'? Despite a vari-
ety of methods for the svnthesis of such heterocycles.
atkylsubstituted 3,4-dihydropyridine-2(1 H)-thiones are
still poorly studied. In continuation of these investiga-
tions,3—% we synthesized 4-(2-chlorophenyl)-3-cyano-

S-ethoxycarbonyl-6-propyl-3.4-dihydropyridine-2(1 H)-
thione (1) by condensation of 2-chlorobenzaldehyde (2)
with cyanothioacetamide (3) and ethy! butyroylacetate
(4) in cthanol at 20 °C in the presence of N-methvl-
morpholine (Scheme 1). The reaction follows the mecha-
nism of cascade heterocvclization, probably, vig inter-
mediates 5 and 6. The reaction mixture was diluted with
10% HCI to isolate thione 1, whose further treatment
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with methy! iodide in an alkaline medium gave the
corresponding suifide 7.
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According to 'H NMR spectroscopic data, com-
pound 1 exists in DMSO as a 1 : 2 mixture of tautomers
1A and 1B. C(3)H and C(4)H protons in tautomer 1A
manifest themselves as two doublets at § 4.30 and 4.74.
respectively (4 Jmn Ha = 3.3 Hz). Based on the previous
data'®-for-isostructural analogs of compound- 1;-one-can
assume that these protons occupy a frans-diequatorial
position, the 2-chlorophenyi substituent and the CN
group being arranged rrans-diaxially. In tautomer 1B, a
singlet signal for the C(4)H proton appears at § 4.99.
No signal for the SH proton in this tautomer is probably
due to proton exchange with water contained in
DMSO-d,. The spectrum of a mixture of tautomers also
exhibits a double set of other signals for the protons of
compound 1 in the appropriate ranges (see Experi-
mental).

The IR spectrum of compound 1 in Vaseline oil
contains a low-intensity band corresponding to non-
conjugated CN stretching vibrations at 2260 cm™', which
suggests the absence of tautomer 1B in the crystal-
line state.

Experimental

IR spectra were recorded on an 1KS-29 spectrophotometer
(Vaseline oil). '"H NMR spectra were recorded on a Bruker
WP-100 SY instrument (100 MHz) in DMSO-d, with Me,_Si as
the internal standard. The course of the reaction was monitored
and the purity of compounds was checked by TLC on Silufol
UV-254 plates in acetone—hexane (3 : 5).

4-(2-Chilorophenyl)-3-cyano-5-ethoxycarbonyl-6-propyl-
3,4-dihydropyridine-2(1 H)-thione (1). A mixture of 2-chlo-
robenzaldehyde (2) (2.25 mL, 20 mmol), cyanothioacetamide
(3) (2 g, 20 mmol), ethy! butyroylacetate (4) (3.2 mL, 20 mmol),
and N-methylmorpholine (2.02 mL, 20 mmol) in 20 mL of
ethanol was stirred at 20 °C for 4 h and then diluted with 10%
HC! 10 pH 5. After 12 h. the precipitate that formed was
filtered off and washed with 80% ethanol and hexane to give
thione 1 (4.43 g, 61%), m.p. 199201 °C. IR, v/em~!: 3330
(NH): 2260 (CN): 1720 (CO). 'H NMR, & 1.07 (m, 6 H.
2 Me): 1.60. 2.74 (both m, 4 H, (CH,),); 396 (m. 2 H,
COCH,); 4.30 (d. | H, C(})H of tautomer 1A. 3/ = 3.3 Hz),
4.74 (d. | H, C()H of tautomer 1A, *J = 3.3 Hz); 499 (s, 1 H,
C(4)H of tautomer 1B): 7.10—7.29 (m, 4 H, Ar); 11.90 (brs,
1 H, NH of tautomer 1A); 12.39 (brs, | H. NH of tautomer
1B). Found (%): C, 59.72. H. §.41; N, 7.55; S. 9.01.
C4H,CIN,0,S. Calculated (%): C. 59.38; H. 5.28; N, 7.72:
S. 8.84.

4-(2-Chlorophenyl)-3-cyano-5-ethoxycarbonyl-2-methyl-
thio-6-propyl-1,4-dihydropyridine (7). A 10% aqueous solution
of KOH (5.6 mL. 10 mmol) and. after 3 min, methyl iodide
(0.62 mL, 10 mmol) were added with stirring to a suspension of
thione 1 (3.63 g. 10 mmot) in 20 mL of ethanol. After 3 h. the
precipitate that formed was filtered off and washed with §0%
ethanol and hexane to give pyridine 7 (3.13 g, 83%).
m.p. 178—180 °C. IR, v/cm™": 3210-3300 (NH); 2200 (CN);
1650, 1695 (CO). 'H NMR, 3: 0.95 (m, 6 H. 2 Me): 1.59, 2.74
(both m, 4 H, (CH,),): 2.49 (s, 3 H, SMe); 3.90 (q, 2 H.
COCH,. 3/ = 152 Hz): 5.12 (s. | H, C(4)H): 7.29 (m, 4 H,
Ar). 9.45 (brs. 1 H, NH). Found (%): C, 60.71;: H, 5.85;
N, 7.66; S, 8.43. C H,,CIN,0,S. Calculated (%): C, 60.55:
H. 5.62: N, 7.43: S, 8.51.
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Thermodynamic quantities of adsorption described
by Freundlich isotherm
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Thermodynamic analysis of the Freundlich adsorption isotherm was performed. Equations
describing the thermodynamic characteristics of adsorption as a function of the adsorbed
quantity are presented, and relationships between the excess differential and average molar
thermodynamic adsorption quantities were obtained. It was shown that the thermodynamic
approach does not contradict the molecular statistical theory and provides more general
equations. A model of adsorption described by the Freundlich isotherm is discussed.

Key words: adsorption, Freundlich adsorption isotherm. thermodynamic quantities.

The Freundlich isotherm (F1) equation describing
adsorption on a solid surface has a simple analytical form
and is applicable to any convex adsorption isotherm.! In
studies of adsorption at a solid—gas interface, the FI
equation is mainly used only as a convenient approxima-
‘tion formula. At the same time, any isotherm exactly
describing experimental data should reflect the thermo-
dynamic properties of the adsorption system. Therefore,
it is of interest to consider the Fi from the viewpoint of
the thermodynamic theory of adsorption.?

Thermodynamic analysis can substantially be simpli-
fied on going from the adsorption isotherm to the
equation of state of the adsorption phase. For this
-purpose, let us write the Fi-equation in the form
I = Cp'/D_ where T is the excess adsorbed quantity. p
is the partial pressure of the adsorbate, C and n(7) are
constants independent of I' but dependent on tempera-
ture (7). and n(T) > L. It is known? that

14
Q= RTJ pidp,
0

where ¢ is the surface pressure. Inserting the [T value
from the F1 equation into this expression and integrat-
ing it, we obtain the equation of state

¢ = RTTm(T). e}

This expression differs from the equation of state of
the ideal two-dimensional gas only by the n(7) factor.
It follows from it that the surface pressure in the
adsorption layer is always higher than that in the case of
the ideal two-dimensional gas (n(7) > 1). Since n(T) is
independent of I, we can conclude that an increase in
the surface pressure is related only to enhancement of
the adsorbate—adsorbent interaction as compared to the

‘ideal adsorption layer.

To study the dependence of the thermodynamic
quantities of T, let us use the following equations?:

US =0 + ol =TT - (30T, (2)
55 =5 - (GgRT);. )
T5(5%) = 035 + 1+ @U%28%) /001 4
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