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Abstract: The 1H-pyrazole-3-carboxylic acid 2 is obtained easily from the furan-2,3-dione 1 and
phenylhydrazine and converted via reactions to its acid chloride 3 which reacts with various
binucleophiles diamine derivatives 4a-i and gives the corresponding 1H-pyrazole-3-carboxamides and -
3-carboxylates 5a-iin good yields (50-90 % ). The structures of all new synthesized compounds w ere
determined with the *C NMR, 'H NMR, IR, MS spectroscopic data and elemental analyses. Most of them
were compared with their previously obtained analogues. The electronic structures of the reactants, their
transition states, intermediate states and final products of the reactions were investigated on the base of
the AM1 method.

Introduction

The chemistry of furan-2,3-diones which belong to an important group of oxygen-containing heterocyclic
starting materials has been widely explored in general during the last few decades [1-4]. The
cyclocondensation reactions of 1,3-dicarbonyl compounds with oxalyl chloride represent a convenient
synthesis of furan-2,3-dione systems [5,6]. In particular, derivatives of such vicinal-dione compounds
have been found to serve as versatile synthons in (a) thermolysis reactions [7-12] (b) cycloaddition
reactions [13-19] and (c) reactions with nucleophiles [20-22]. A convenient method for the synthesis, the
mechanism of reactions and semiempirical (AM1) calculations on the interaction of 4-benzoyl-5-phenyl-
2,3-dihydro-2,3-furandione (1) with several semicarbazones, ureas, thioureas and oximes have been
reported recently [23-28). The reaction of the furan-2,3-dione 1 with various phenyl-hydrazones and
phenylhydrazine leads to pyrazole-carboxylic acid 2 and pyridazinones [29-31].

Pyrazole derivatives are well-known nitrogen-containing heterocyclic compounds, and various
procedures have been developed for their syntheses [32-35]. The chemistry of pyrazole derivatives
continues to attract interest due to a wide spectrum of their potential biological and pharmacological
activities such as anti-microbial, anti-viral, anti-tumor, anti-fungal, pesticidal, anti-convulsant, anti-
depressant ones [36-43). For these reasons, in this study we attempted both to prove reproducibility of
the reaction of 4-benzoyl-1,5-diphenyl-1H-pyrazole-3-carboxylic acid 2 with various binucleophiles 4 and
to extend our investigations related to the preparation of new heterocycles possessing one or two
pyrazole rings in their structure. In this paper we report the synthesis and c haracterization of the 1H-
pyrazole-3-carboxamides and --3-carboxylates 5a-i obtained from the reaction of the pyrazole-3-
carboxylic acid 2 or the pyrazole-3-carboxylic acid chloride 3 with the corresponding diamine or
aminophenol derivatives 4a-i such as substituted 1,2-phenylenediamines and 2-aminophenols or 2-
aminothiophenols reagents (Scheme-1). The reaction pgthways leading to the compounds 5 are
discussed, too. T o probe the electron structure o f reagents, products, a nd transition and intermediate
states as well, quantum-chemical calculations were carried out.
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Scheme-1

To clear up the mechanism of the reactions of 1H-pyrazole-3-carboxylic acid 2 with diamine
derivatives 4a-j, we carried out quantum-chemical calculations related to the main steps of the reaction.
These calculations were done by means of semi-empirical method AM1 with full geometry optimization
for reactants, intermediates and products. Calculation of vibration frequencies was performed for
transition molecules, and negative imaginary frequencies were found for transitional states. This means
that the structure is a true transition state; thus, we can determine if the structure connects the correct
reactants and products, by examining its imaginary frequency being the result of an intrinsic reaction
coordinate (IRC) calculation. AM1 calculations were carried out by means of the GAUSSIAN 98W
program package (Version 6.0 Rev B.04) [44].

Results and Discussion

The compounds of substituted furan-2,3-dione 1 and 1H-pyrazole-3-carboxylic acid 2, as well as
1H-pyrazole-3-carboxylic acid chloride 3, which are used as important initial materials in the synthesis of
the target heterocycles, were prepared using the literature procedures [1-3, 29, 30], as shown in
Scheme-1. The reaction of two-fold molar excess of the compounds 2 or 3 with some diamines or
aminophenols 4 led to the formation of the corresponding dicarboxamide or amide-ester derivatives 5 in
good yields (65-90 %), without opening the pyrazole ring. All the reactions were performed in boiling
benzene, toluene or xylene under reflux for 4-14 hours, by the usual chemical methods (for details see
the Experimental). Addition of binucleophiles to the acid 2 or acid chloride 3 usually starts with
nucleophilic attack at the acid or acid chloride moieties in compounds 2 or 3. Therefore, from the
sequential attacks of the diamine or aminophenol at the acid chloride moieties of two respective
molecules of 3, followed by elimination of hydrogen chloride (or by elimination of water, in the case of
compound 2), new products 5a-i arise. The structures of the compounds 5 were confirmed by IR and
NMR spectroscopic techniques, besides the elemental analysis. These results are in full agreement with
those obtained for substituted 1H-pyrazole-3-carboxamides and -3-carboxylates [29-31]. In the first

experiment, product 5a was obtained in 85 % yield by treating 3 with 1,2-phenylenediamine (4a) and
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refluxing in boiling benzene for 12 hours. The formation of 5a was affirmed by the results of both
analytical and spectroscopic measurements (by the presence of four carbonyl characteristic absorption
bands FT-IR: 1702, 1686, 1670, 1659 cm"). The broad absorption bands of NH groups were at 3376 and
3235 cm'’ [29-31,44], and skeleton bands related to benzene or pyrazole rings with NH bending

vibrations w ere observed at 1600, 1590, 1546, 1520, 1500, 1489, 1460 cm™ (C—C, C=N). | mportant
structural information about 5a can be obtained from its '>C NMR spectrum. The 'C NMR peaks were
found to be at 193.60 (t, J = 4.3 Hz, PhCO), 161.34 (s, HNCO), 147.10 (s, C3, C3), 145.80 (t, J = 4.6 Hz,
Cs, Cs), 141.01, 140.16 (N-Ph), 134,99, 132.12, 131.83, 131.50, 131.23, 131.04, 130.53, 130.26, 128.09,
127.28 (C-Ph) and 124.53 ppm (s, C4, C4). Final confirmation of structure 5a was derived from its 'H
NMR spectrum: & = 9.43 ppm (s, broad, NH) and 7.90-7.13 ppm are a set of signals for aromatic protons
[45). Structural data for these compounds 5 are depicted in Table-1.

Conformational and electron characteristics of reagents and intermediate product that have been
calculated with AM1 method are given in Table-2. Reaction mechanism of 1H-pyrazole-3-carboxylic acid
2a with amine group of o-phenylenediamine 4a and formation of intermediate product 5a(l) are given in
Figure-1. Reaction mechanism of intermediate product 5a(l) with 1H-pyrazole-3-carboxylic acid 2a and
the structure of the obtained S5a product are given in Figure 2. Bond distances and Mulliken atomic

charges are given in Table-3.

Table-1 : Spectroscopic data of 1H-pyrazole-3-carboxamides and -3-carboxylates 5a-i

Compd. IR (KBr): & (cm™") 'H NMR(CDCls): & (ppm) "C NMR (CDCly): 5 (ppm)
5a 3376, 3235 (b, NH), 1702, 1686, 9.43 (s, 2H, NH), 7.90-7.13  193.60 (t, J=4.3 Hz, PhCO), 161.34 (s, CON), 147.10
1670. 1659 (s, CO) (m, 34H, Ar-H) (s, C-3, C-3", 145.80 (t, J=4.6 Hz, Cs, Cg), 141.01-
127.28 (C-Ph), 124.53 (s, C4, C4)
5b 3425, 3233 (b, NH), 1684, 1652, (de-DMSO): 10.46 (s, 2H, (de-DMSO): 192.48 (t, J=4.2 Hz, PhCO), 160.85 (s,
1640 (s, CO), 1598, 1512, 1480 NH), 7.82-7.18 (m, 34H, Ar-  CON), 147.52 (s, C3, C3), 145.15 (t, J=4.7 Hz, Cs, Cs),
(C<C. C=N, arom. rings, NH ~ H) 140.32, 139.41 (N-Ph), 136.03-127.86 (C-Ph), 123.39,
bend) 122.25 (S. C4, CA)
5¢c 33803274 (b, NH), 1699, 1679, 9.88 (s, 1H, NH), 9.54 (s. 1H, 193.53 (t, J=4.4 Hz, PhCO), 161.89, 161.24 (s, CON),
1661 (s, CO), 1596, 1579, 1527, NH), 8.42-7.17 (m, 33H. Ar-  146.62 (s, C-NO;). 146.37, 146.32 (s, Cs, C3), 146.24,
H) 146.14 (t, Cs, Cs), 140.79, 139.87, 139.41 (N-Ph),
HEIS=C. & NI D 0R2S 135.25-124.50 (C-Ph), 123.84, 123.42 (s, C4, C4)
(asym. and sym. N-=0O)
5d 3378, 3326 (b, NH), 1691, 1678, 9.47 (s, 1H, NH), 9.38 (s, 1H, 193.79, 193.74 (PhCO), 161.43, 161.27 (s, CON),
1667 (s, CO), 1617, 1595, 1581, NH), 7.87-7.09 (m, 33H, Ar- 1C46.73, 146.65 (s, C3, Cy), 145.89 (t, J=4.9 Hz, Cs,
=0 Ce=N. arom. H) s), 140.83, 139.90 (N-Ph), 135.26-126.71 (C-Ph),
lﬁZ‘s’ L‘Ifée‘ﬁac MR 124 44, 124.38 (s, Cu, Cu)
5¢ 3390, 3260 (b, NH), 1700, 1685, 9.40 (s, 1H, NH), 9.30 (s, 1H, 193.62 (t, J=4.3 Hz, PhCO), 161.37, 161.23 (s, CON),
1667, 1655, (s, CO), 1590, NH), 7.88-6.92 (m, 33H, Ar-  147.17 (s, C3, C3), 145.77, 145.71 (t, Cs, Cs), 141.01,
1578, 1510, 1460 (C=<C, C==N, H). 2.26 (5. 3H, CH3) 140.16 (N-Ph), 138.27-128.73 (C-Ph), 127.28, 124.51
arom. rings, NH bend) {s. Cs, C¢), 22.90 (s, CH3)
5f 3368, 3331 (b, NH), 1700, 1680, 9.28(s, 2H, NH), 7.88-7.20  193.64 (t, J=4.3 Hz, PhCO), 161.23 (s, CON), 147.24
1667, 1657, (s, CO), 1596, (m, 32H, Ar-H), 2.18 (s, 6H, (s, Cs, Cs), 145.65 (t, J=4.8 Hz, Cs, Cs), 141.04,
CH3) 140.16 (N-Ph), 136.67-129.59 (C-Ph), 127.98, 127.26,
1582, 1526, 1499, 1461 (C==C, 3 12447 (5. Cu. Co). 2123 (5. CHa)
C—N, NH bend)
53 3323 (b, NH), 1689, 1668 (s, 9.60 (s, 1H, NH), 8.42-7.13  193.26 (t, J=4.4 Hz, PhCO), 184 22 (s, COS), 160.32
CO), 1597, 1582, 1531, 1496,  (m, 34H, Ar-H) (s, CON), 147.03, 146.16 (C3, Cy, Cs, Cs
e/t [ exchangeable) 141.94, 140.00 (N-Ph),
gl ) 138.82-126.23 (C-Ph), 124.18, 123.85 (s, Cs, Cs),
116.91, 114.47, 104.84
5h 3425 (b, NH), 1721, 1655 (s, 9.66 (s, 1H, NH), 8.29-7.10  193.82 (Ph-C=0), 163.02 (OCO), 161.20 (CON),
CO), 1596, 1535, 1496, 1474 {m, 34H, Ar-H) 147.15, 146.46 (Cs, Cy, Cs, Cs exchan-geable),
S . 141.68, 140.83 (N-Ph), 138.12-125.28 (C-Ph), 124.26,
(Emaie S EEnHnos) 123.96 (Cs, Cs ), 114.76, 105.08
51 3447 (b, NH), 1733, 1663 (s, 9.69 (s, 1H,NH), 8.32-7.15  193.69 (PhCO), 167.12 (O-C=0), 161.52 (CON),

CO), 1596, 1580, 1548, 1499,
1461 (C==C, C—N, arom. rings)

(m, 33H, Ar-H)

158.22 (C-2', pyr.), 147.28, 146.52, 145.73 (Cs, C»,
Cs, Cs exchangeable) 142.04, 141.40 (N-Ph), 138.16-
125.25 (C-Ph), 124.92, 124.64 (C,, C¢), 114.26,
111.83
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Table-2 : Conformational and electron characteristics of reagents and intermediate product.

Molecular 2-4(a) TS1 | 5a(l) Molecular | 2-4(a) | TS1 5a(l)

Parameters Parameters

N1o-C1a 141 143 | 1.42 N, -0.01 | -0.05 -0.03
z Nyo-His 1.00 101 | 1.00 Cs -0.10 | -0.10 -0.11
c Nio- Hiz 1.00 113 | 3.1 C. -0.19 |-0.19 -0.21
o Cis- Nis 1.41 1.39 | 1.39 Cs 0.45 | 0.40 0.46
3 Nis- His 1.00 | 100 (098 | @ O; -0.39 | -0.55 -0.42
> Nis- Hy 099 | 099 |099| £ Os -0.36 | -0.48 -0.49
= Ce-Nio 4.21 155 [1.37 |85 He 0.29 | 0.22 0.25
(2] Ce-O; 1.23 127 125 |9 ] Nio AE | -0.13 -0.43
e Ce-Os 136 | 155 | 2.98 | < © Hay 0.25 | 0.21 0.32
‘E’ Os-Hiz 097 | 096 |096 |58 Hyo 0.23 | 0.30 0.24
o) Og-Ho 2.73 156 |0.96]| ® Cia 0.02 |-0.12 -0.02
e CEIC) 1.46 149 | 148 | £ Ch 0.01 | 0.09 0.09
o C4-Cq 145 | 1.45 | 1.44 Nis -0.44 |-0.37 -0.49
E CyN, 1.36 136 | 1.36 Hie 0.24 | 0.22 0.28
= Frequencies - -1868 - Hiz 0.22 0.18 0.25

(cm™)

Table-3 : Conformational and electron characteristics of reagents and products.

Molecular S5a(l}-4a | TS2 | 5a Molecular | 5a(l)-4a | TS2 5a
Parameters Parameter

" C1-Nis 140 [1.42 ] 1.4 Cs -0.11 [-0.12 -0.11
< Nis-H1g 099 [1.00]1.00 Ce 0.46 | 0.38 0.46
£ N.s- Hy; 099 [1.62] 2.98 0, -0.38 [-0.35 -0.36
i Nys- Cia 384 [153]1.38 Nyo -0.46 [-0.32 -0.47
O [P 123 [1.27]1.24 = H,, 0.34 [ 0.26 0.34
< [ 136 | 1.60 | 2.95 & C: 0.01 [ 0.08 0.07
b Oa0-Ha 097 1098[096 ]|, c G 0.08 [ 0.01 0.05
o) O,0-H1g 243 | 1.07 | 0.96 gi Nis -0.47 | -0.37 -0.44
%) [ 146 149|148 | x 2 Hig 0.26 [ 0.32 0.24
s Cy2-Noy 136 | 1.36 | 1.36 | % Hy; 024 [0.20 0.32
o C22-Co4 144 [145]144|C @ Cis 045 [ 042 0.46
B Ci2-N1o 141 [141[140] 2 O19 -0.37 [-052] -0.39
W N1-Ce 1.37 [1.38[1.38 = Oz -0.37 | -0.28 -0.48
z Nyo-Hy4 1.00 [1.00 | 1.00 Hyy 0.29 |[0.26 0.24
Ce- O 124 | 1.25] 1.24 C» -0.11 |[-0.11 -0.11
Ce-Cs 148 [1.48 ] 1.48 Noa -0.01 | -0.06 -0.03
Frequencies(cm™') Ca -0.19 |-0.18 -0.20

Reaction mechanism may be divided into two stages. At the first stage C¢ atom of 1H-pyrazole-3-
carboxylic acid 2a reacts with Ny, atom of one of amine groups of o-phenylenediamine 4a, and
intermediate product 5a(l) is formed; at the second stage C,s atom of another molecule of 1H-pyrazole-3-
carboxylic acid reacts with the N5 atom of amine group of the intermediate product 5(l).

As seen from Table 2, the intermediate product 4(l} is the results of the bond Ce-N4o appearance,
and transitional state TS1 is being formed under interatomic distances Reenio = 1.55 A, Ryto.nit = 1.01 A,
Rutos12= 1.13 A, Ree0s=1.55 A, Rosws=1.56 A. The intermediate product 4(l) is being formed under Ree.
1o =1.37 A, Ryto.n11 =1.00 A, Ryro.n12= 3.10 A Ree08=2.98 A, Roa.1e=0.96 A. The negative charge on Ny
increases from —0.46 & to —0.43 e. The negative charge on Nys decreases from —-0.44 & to -0.49 e.

226



Ismail Yildrim and Fatma Kandemirli Heterocvclic Communications

TS1
2-4(a)

Figure-1 : Pathways of the reaction for the intermediate 5a(l)
At the second stage, product 5a is formed by the Ny5-C4 bond formation. The transitional state TS2

is being formed, its interatomic distances being RN15—C1B = 1.53 A, RN15—H16 = 1.00 A, RN15-H17 = 1.62 A,
Rcie-020= 1.60 A, Rosnz1 = 0.98 A Rosnis= 1.07 A (see Table 3).

a)

Figure-2 : Pathways of the reaction for product 5a

Transition states, IRC (intrinsic reaction coordinate) and RMS gradient along IRC for 5a, 5b, 5d, 5e
products are given respectively in Figure3, in Figure 4, and Figure 5.

All reactions proceed through a strongly asynchronous transition state with the bond C6-N10
formation at the first stage. Reg.n1o bond's lengths for TS1 (b), TS1 (d) , and TS1 (e) are is 1.53, 1.55,
1,55 A, respectively. After the C8-N10 bond formation, significant lengthening of bonds Reg=07 and Res.os
is observed. As soon as the Rge-07 bond equals to 1.22 A for the reactant, same bond lengths become
1.28, 1.27, and 1.27 A for TS1 (b), TS1 (d), and TS1 (e), while the C6-O8 bond lengths are equal to 1.52,
1.55, 1.56 A respectively for TS1 (b), TS1 (d), and TS1 (e). For TS1 (d) and TS1 (e) the distance Roa.111
is equal to 1.13 A, At the second stage, the R¢isni2 bond is formed. For 5b, the Reis.iz bond length in
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the transition state is 1.53 A. After the C15-N12 bond formation, the lengths of the Rgis.022 and Reis-o1s
bonds are equal to 1.26 A and 1.62 A, respectively.

ﬂ )
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Figure-3 : Calculated (AM1) transition structures for reaction of 5a, 5b, 5d, 5e
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Figure- 3 :

IRC option requests that a reaction path be followed [46, 47). The geometry is optimized at each point
along the reaction path such that the segment of the reaction path between any two adjacent points is
described by an arc of a circle, and so that the gradients at the end points of the arc are tangent to the
path. The path can be computed in mass-weighted internals, cartesian or internal coordinates. By
default, an IRC calculation steps 6 points in mass-weighted internals in the forward direction and 6 points
in the reverse direction, in steps of 0.1 amu'? bohr along the path. In Figure 5a, IRC reaction coordinates
of TS1 and TS2 for 5(a), 5(b). 5(d) and 5(e) products are given. In Figure 5b, RMS gradient along IRC of
TS1 and TS2 for 5(a), 5(b), 5(d) and 5(e) products are given as well.
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Figur-4 ; IRC Reaction Coordinates of TS1 and TS2 for 5(a), 5(b), 5(d) and 5(e) products
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Figure-5. RMS gradient along IRC of TS1 and TS2 for 5(a), 5(b), 5(d) and 5(e) products

Energy characteristic of reactants, intermediates, transition states and product are given in Figure
6. As seen from Figure 6a, electronic energy for initial reagents 2 and 4a, TS1 and intermediate product
of 5a(l) are respectively 0.981149 Hartree, 0.1913671 Hartree, and 0.1015897 Hartree. Electronic
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energy for intermediate products 5a(l) TS2, and 5a are respectively 0.27500536 Hartree, 0.37420906
Hartree, and 0.28234948 Hartree.

0,45 -
024 4
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e 0,09 - < 03
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(@) (b)
Figure-6 : AH for reactants, intermediates, transition states and products
Experimentat

Melting points were determined on an Electrothermal 9200 apparatus; they were uncorrected.
Microanalyses were performed on a Carlo Erba Elemental Analyser Model 1108. The IR spectra were
recorded on a Jasco FT-IR spectrometer model 460, using potassium bromide pellets. The 'H and °C
NMR spectra were obtained on Varian Gemini 200 instrument with TMS as internal standard. Mass
spectra were measured on a Shimadzu GC/MS-QP 5050A spectrometer, using DI method with El. After
completion of the reactions, solvents were evaporated with rotary evaporator (Buchi RE model 111). All
experiments were followed with TLC using DC Alufolien Kieselgel 60 F,s4 Merck and Camag TLC lamp
(254/366 nm). Solvents were dried by refluxing with the appropriate drying agent.and distilled before use.
All other reagents were purchased from Merck, Fluka, Aldrich, Sigma and Acros Chemical Co. and used
without further purification.

Synthesis of the 1H-Pyrazole-3-carboxamides and -3-carboxylates 5a-j.
General Procedures.
Method A. From 1H-Pyrazole-3-carboxylic Acid (2).

Appropriate amounts of 4-benzoyl-1,5-diphenyl-1H-pyrazole-3-carboxylic acid 2 (0.50 g, 1.80
mmoles), and the corresponding diamine or aminophenol derivatives 4 (molar ratio 2:1) were dissolved in
benzene or toluene and heated by stirring under reflux together with catalytic amounts of sulfuric acid for
4-24 hours. Then the solution was cooled to 5°C in a refrigerator, and the corresponding reaction
products 5 were either precipitated or obtained after evaporation of the solvent and triturating with ether
or petroleum ether. After suction filtration, the crude products were re-crystailized from the proper solvent
{methanol, ethanol, n-butanol or xylene) or washed with DMF or petroleum ether and cyclohexan for

several times and dried on P;0s.

Method B. From 1H-Pyrazole-3-carboxylic Acid Chloride (3).
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Appropriate amounts of the acid chloride 3 (0.50 g, 1.30 mmoles) and the corresponding diamine or
aminophenol derivatives 4 (molar ratio 2:1) were dissolved in benzene or toluene and refluxed together
with catalytic amounts of pyridine for 4-16 hours. After cooling, the solution was acidified by adding
diluted hydrochloric acid to give crude products 5, and either re-crystallized from the suitable alcohol or
washed carefully with DMF for several times and dried on P,0s.
4-Benzoyl-1,5-diphenyl-N-(2-{[(4-benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonylJamino}phenyl)-1H-
pyrazole-3-carboxamide (5a).

This compound was obtained by the general procedure method B with a reflux time of 12 hours (o-
phenylenediamine) resulting in a yield of 85 % (0.45 g); m.p. 267-268 °C (1-butanol). Anal. Calcd. for
Cs2HigNgO4: C, 77.21; H, 4.49; N, 10.39. Found: C, 77.02; H, 4.42; N, 10.17.
4-Benzoyl-1,5-diphenyl-N-(4-([(4-benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonylJamino}phenyl)- 1H-
pyrazole-3-carboxamide (5b).

This compound was obtained from method B by the general procedure with a reflux time of 8 hours
(p-phenylenediamine) resulting in a yield of 89 % (0.47 g); m.p. 357-358°C (DMF). Anal. Calcd. for
CsoHieNgO4: C, 77.21; H, 4.49; N, 10.39. Found: C, 76.98; H, 4.38; N, 10.32.
4-Benzoyl-1,5-diphenyl-N-(2-{[(4-benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyl]amino}-4-nitrophenyl)-
1H-pyrazole-3-carboxamide (5¢).

This compound was obtained by the method B with a reflux time of 4 hours (4-nitro-1,2-
phenylenediamine), and resulted in a yield of 80 % (0.44 g); m.p. 257-258 °C (xylene). Anal. Calcd. for
CsHasN7Og: C, 73.14; H, 4.13; N, 11.48. Found: C, 73.19; H, 4.24; N, 11.27.
4-Benzoyl-1,5-diphenyl-N-(2-{[(4-benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyl]amino}-4-chlorophenyl)-
1H-pyrazole-3-carboxamide (5d).

This compound was obtained by the method B with a reflux time of 12 hours (4-chloro-1,2-
phenylenediamine) resulting in a yield of 80 % (0.43 g); m.p. 240°C (methanol). Anal. Calcd. for
CsoHisNgOLCIl: C, 74.06; H, 4.18; N, 9.97. Found: C, 74.19; H, 4.12; N, 9.89.
4-Benzoyl-1,5-diphenyl-N-(2-{[(4-benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonylJamino}-4-methylphenyl)-
1H-pyrazole-3-carboxamide (5e).

This compound was obtained by the method A with a reflux time of 14 hours (4-methyl-1,2-
phenylenediamine) resulting in a yield of 84 % (0.45 g); m.p. 234°C (ethanol). Anal. Calcd. for
Cs3HasNgO4: C, 77.36; H, 4.65; N, 10.21. Found: C, 77.21; H, 4.72; N, 9.99.
4-Benzoyl-1,5-diphenyl-N-(2-{[(4-benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyljamino}-4,5-
dimethylphenyl)-1H-pyrazole-3-carboxamide (5f).

This compound was obtained by the method B with a reflux time of 7 hours (4,5-dimethyl-1,2-
phenylenediamine) resulting in a yield of 82 % (0.45 g); m.p. 269-270°C (ethanol). Anal. Caled. for
CsiHigNgO4: C, 77.50; H, 4.82; N, 10.04. Found: C, 77.32; H, 4.79; N, 9.92.
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S-(2-{[(4-Benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyl}Jamino}phenyl}-4-benzoyl-1,5-diphenyl-1H-
pyrazole-3-carbothioate (5g).

This compound was obtained by the method B with a reflux time of 4-5 hours (2-aminothiophenol)
resulting in a yield of 43 % (0.23 g); m.p. 246°C (1-butanol). Anal. Calcd. for Cs;HasNsO4S: C, 75.62; H,
4.27; N, 8.48; S, 3.88. Found: C, 75.75; H, 4.12; N, 8.32; S, 3.90.
2-{[(4-Benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyl}Jamino}phenyl 4-benzoyl-1,5-diphenyl- 1H-pyrazole-
3-carboxylate (5h).

This compound was obtained by the method B with a reflux time of 10 hours, and with catalytic
amounts of triethylamine (3-amino-4-hydroxybenzenesulphonic acid) resulting in a yield of 65 % (0.34 g);
m.p. 260°C (xylene). Anal. Calcd. for Cs,HasNsOs: C, 77.12; H, 4.36; N, 8.65. Found: C, 76.95; H, 4.52; N,
8.78.
2-{[(4-Benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyllamino}pyridin-3-yl 4-benzoyl-1,5-diphenyl-1H-
pyrazole-3-carboxylate (5i).

This compound was obtained by the method B with a reflux time of 6 hours, and with catalytic
amounts of triethylamine (2-amino-3-hydroxy pyridine) resulting in a yield of 80 % (0.42 g); m.p. 272°C (1-
butanol). Anal. Calcd. for CssH4NgQOs: C, 75.54; H, 4.23; N, 10.36. Found: C, 75.67; H, 4.41; N, 10.35.

Conclusions

The compounds 5a-i were obtained as a result of the reaction of the 1H-pyrazole-3-carboxylic acid 2 or
its acid chloride 3 with various binucleophiles diamine derivatives 4a-i. Semi-empirical method AM1 was
used to determine the electronic structure and study the reaction mechanism. Each amine group of o-
phenylenediamine reacts with 1H-pyrazole-3-carboxylic acid 2a without opening the pyrazole ring,
according to theoretical calculations. Total enery of transition states for 5a, 5b, 5d, 5e are 1.28234948,
0.27847431, 0.36402526, 0.27847431 hartree

The absorption band observed at 1684 cm’ forSb belongs to benzoyl carbonyl groups The distance
Res-07 for both benzoyl carbonyl groups is 1.2388 A. The absorption bands observed at 1652 and 1640
cm’ belong to carbonyl groups and their distances are 1.246 A and 1.251 A. The broad N-H absorption

bands were observed at 3233 and 3445 cm™.
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