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Abstract—Three-component condensation of dibenzoylmethane with o-chlorobenzaldehyde and cyanoacet-
amide in the presence of piperidine gave ethyl 3-benzoyl-2,6-bis(2-chlorophenyl)-1-cyano-4-hydroxy-4-
phenylcyclohexane-1-carboxylate. The molecular and crystal structures of the product were studied by X-ray 
analysis. 

We previously showed that three-component con-
densation of dibenzoylmethane (I) with o-chlorobenz-
aldehyde (II) and cyanothioacetamide in ethanol at 
room temperature in the presence of amines leads to 
the formation of substituted ammonium 1,4,5,6-tetra-
hydropyridine-2-thiolates [1]. In continuation of our 
studies on the synthesis of pyridinechalcogenone 
derivatives by multicomponent condensation [2], in the 
present work we examined the reaction of dibenzoyl-
methane (I) with o-chlorobenzaldehyde (II) and 
cyanoacetamide (III). Surprisingly, the condensation 
product was ethyl 3-benzoyl-2,6-bis(2-chlorophenyl)-
1-cyano-4-hydroxy-4-phenylcyclohexane-1-carbox-
ylate (IV) (Scheme 1) instead of the expected ammo-
nium tetrahydropyridin-2-olate analogous to the sulfur-
containing compound obtained in the condensation 
with cyanothioacetamide. 

Presumably, the reaction scheme includes initial 
formation of enamino ketone A which undergoes hy-
drolysis to intermediate B rather than to initial diben-
zoylmethane (I) and piperidine. Acyl cleavage [3] of 
intermediate B gives N-benzoylpiperidine C and aceto-
phenone (V). Condensation of V with o-chlorobenzal-
dehyde (II) leads to chalcone VI which reacts with 
cyanoacetamide (III) according to Michael. Adduct D 
thus formed is a CH acid which in turn is capable of 
adding to chalcone VI with formation of Michael ad-
duct E. The latter undergoes deprotonation to carb-
anion F, followed by intramolecular cyclization to  

substituted cyclohexane G. Alcoholysis of the amide 
group in G through tautomeric transformation into 
imidic acid H leads to the formation of compound IV 
as final product. Substituted cyclohexanecarboxylate 
IV can also be obtained by condensation of chalcone 
VI with ethyl cyanoacetate in ethanol in the presence 
of piperidine (Scheme 2). In this case, the process is 
likely to involve double Michael addition with forma-
tion of intermediates J and K, respectively. 

The reaction of 1,3-diphenylprop-2-en-1-one with 
malononitrile in basic medium is known to give  
3-benzoyl-4-hydroxy-2,4,6-triphenylcyclohexane-1,1-
dicarbonitrile [4] which is isostructural to IV. 

The structure of product IV was unambiguously 
proved by the X-ray diffraction data (Fig. 1). Despite 
heavy substitution, the central cyclohexane ring adopts 
an almost undistorted chair conformation: the torsion 
angles in the ring vary within a fairly narrow range, 
from 52.3 to 60.7° (average 56.9°). Due to steric 
conditions, the four benzene rings C7–C12, C17–C22,  
C24–C29, and C30–C35 are arranged propeller-like with 
respect to the cyclohexane ring: the first benzene ring 
with the second and forth benzene rings forms dihedral 
angles of 61.6 and 65.9°, respectively; the dihedral 
angle between the second and third benzene rings is 
77.8°; and the third benzene ring is turned through  
a dihedral angle of 46.9° relative to the forth plane. 
The bond lengths and bond lengths in molecule IV do 
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not differ from standard values [5]. Molecules IV in 
crystal (Fig. 2) are linked to form centrosymmetric 
dimers through intermolecular hydrogen bonds  
O4–H4

 · · · O3 with the following parameters: O3
 · · · O4 

2.931(4), O3
 · · · H4 2.21(4) Å; ∠O3H4O4 162(2)°. 

Scheme 2. 
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 The IR spectrum of IV was recorded on an IKS-40 
spectrometer from a sample dispersed in mineral oil. 
The 1H NMR spectrum was measured on a Varian 
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Fig. 1. Structure of the molecule of ethyl 3-benzoyl-2,6-bis-
(2-chlorophenyl)-1-cyano-4-hydroxy-4-phenylcyclohexane-
1-carboxylate (IV) according to the X-ray diffraction data. 
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Fig. 2. Packing of ethyl 3-benzoyl-2,6-bis(2-chlorophenyl)-
1-cyano-4-hydroxy-4-phenylcyclohexane-1-carboxylate (IV) 
molecules in crystal. Hydrogen bonds O–H · · · O are shown 
with dotted lines. 
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Gemini-200 instrument (199.975 MHz) from a solu-
tion in DMSO-d6. The melting point was determined 
on a Kofler hot stage. The progress of the reaction was 
monitored, and the purity of product IV was checked, 
by TLC on Silufol UV-254 plates using acetone–
hexane (3 : 5) as eluent; development with iodine vapor 
and UV light. 

The X-ray diffraction data for compound IV were 
obtained on an Enraf–Nonius CAD-4 automatic four-
circle diffractometer (CuKα irradiation, scan rate ratio 
2θ/ω = 1.2, θmax = 60°, spherical segment 0 ≤ h ≤ 11,  
–13 ≤ k ≤ 13, –14 ≤ l ≤ 14) from a 0.16 × 0.28 × 0.40-
mm single crystal at room temperature. Total of 4442 
reflections were measured, 4168 of which were sym-
metry-independent (Rint = 0.031). Triclinic crystals 

with the following unit cell parameters: a = 10.886(3), 
b = 12.141(7), c = 12.555(3) Å; α = 102.99(3)°, β = 
90.45(2)°, γ = 108.89(4)°; V = 1524(1)Å3; M 598.5;  
Z = 2; dcalc = 1.30 g/cm3; μ = 22.5 cm–1; F(000) = 
627.0; space group P21/c (no. 2). The structure was 
solved by the direct method and was refined by the 
least-squares procedure in full-matrix anisotropic ap-
proximation using CRYSTALS software package [6]; 
3059 reflections with I > 2σ(I) were used in the 
refinement (383 refined parameters, 8.0 reflections per 
parameter). All hydrogen atoms were visualized from 
the difference synthesis of electron density and were 
included in the calculation with fixed positional and 
thermal parameters (only the H4 atom was refined in 
isotropic approximation). Absorption by the crystal 
was taken into account using the azimuthal scanning 
technique [7]. Chebyshev’s weight scheme [8] with the 
following parameters was applied: 1.01, –0.83, 0.17,   
–0.77. The final divergence factors were R = 0.061,  
RW = 0.066; GOF 1.154. The complete set of crystallo-
graphic data was deposited to the Cambridge Crystal-
lographic Data Center (entry no. CCDC 176 736). 

Ethyl 3-benzoyl-2,6-bis(2-chlorophenyl)-1-
cyano-4-hydroxy-4-phenylcyclohexane-1-carbox-
ylate (IV). a. A mixture of 2.24 g (10 mmol) of diben-
zoylmethane (I), 1.41 g (10 mmol) of o-chlorobenzal-
dehyde (II), 0.84 g (10 mmol) of cyanoacetamide 
(III), and 1 ml (10 mmol) of piperidine in 25 ml of 
anhydrous ethanol was stirred for 2 h at 18°C and was 
then left to stand for 48 h. The precipitate was filtered 
off and washed with ethanol and hexane. Yield 2.51 g 
(47%), colorless crystals, mp 202–204°C (from EtOH). 
IR spectrum, ν, cm–1: 3455 (OH), 2250 (C≡N), 1722 
(C=O). 1H NMR spectrum, δ, ppm: 0.87 t (3H, Me, J = 
7.14 Hz), 2.05 d.d (1H, 5-H, J = 14.38, 2.76 Hz), 2.79 t 
(1H, 6-H, J = 13.90 Hz), 3.83 q (2H, CH2Me, J =  
7.14 Hz), 4.78 d (1H, 2-H, J = 11.90 Hz), 4.93 d.d (1H, 
5'-H, J = 12.38, 2.76 Hz), 5.13 d (1H, 3-H, J =  
11.90 Hz), 5.52 br.s (1H, OH), 6.92–7.42 m (14H, 
Harom), 7.51 d (2H, Harom, J = 7.36 Hz), 7.92 m (1H, 
Harom), 7.96 d.d (1H, Harom, J = 7.48, 1.52 Hz). Found, 
%: C 70.05; H 4.60; N 2.12. C35H29Cl2NO4. Calculat-
ed, %: C 70.24; H 4.88; N 2.34. 

b. A mixture of 2.43 g (10 mmol) of compound VI, 
0.53 ml (5 mmol) of ethyl cyanoacetate, and 1 ml 
(10 mmol) of piperidine in 20 ml of anhydrous ethanol 
was stirred for 2 h at room temperature and was then 
left to stand for 24 h at that temperature. The precip-
itate was filtered off, washed with ethanol and hexane, 
and recrystallized from ethanol. The product was iden-
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tical in the melting point, IR spectrum, and chromato-
graphic data to a sample obtained according to the 
procedure described above in a. 
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