Monatsh Chem
DOI 10.1007/s00706-017-1995-8

CrossMark

@

ORIGINAL PAPER

Synthesis and crystal structure of bis-chalcone-derived fused-ring
pyrazoline having an unusual substitution pattern

Shumaila Ashraf' - Shahid Hameed' - Muhammad Nawaz Tahir? -

Muhammad Moazzam Naseer!

Received: 22 February 2017/ Accepted: 9 May 2017
© Springer-Verlag Wien 2017

Abstract Pyrazolines are an important class of heterocyclic
compounds with diverse applications. A novel bis-chalcone-
derived fused ring pyrazoline has been obtained by the reaction
of bis-chalcone with hydrazine hydrate in acetic acid solvent
having a catalytic amount of HCI and characterized by IR, 'H
and '*C NMR, GC-MS, and finally by X-ray single crystal
analysis. Interestingly, the in situ post-cyclization substitution
pattern on pyrazoline ring nitrogen is entirely different from the
previously reported related pyrazoline derivatives. The new
compound crystallizes out from its ethanolic solution, which
has monoclinic crystal lattice with P2,/c space group,
a=6.10014) A, b = 38.602Q2) A, ¢ = 7.7332(5) A, o =
90°, f = 113.039(3)°, y = 90°, V = 1675.73(19) A>, Z = 4,
crystal size = 0.38 x 0.30 x 0.18 mm?>, and R;. = 0.043.
Graphical abstract

Electronic supplementary material The online version of this
article (doi:10.1007/s00706-017-1995-8) contains supplementary
material, which is available to authorized users.

< Muhammad Moazzam Naseer
moazzam @qau.edu.pk

Department of Chemistry, Quaid-i-Azam University,
Islamabad 45320, Pakistan

Department of Physics, University of Sargodha, Sargodha
40100, Pakistan

Published online: 08 July 2017

Keywords Heterocycles - Fused-ring pyrazoline -
Structure elucidation - X-ray structure determination

Introduction

Pyrazoline derivatives have a unique place in realm of
heterocyclic bioactive compounds [1-4]. They possess
anti-fungal [5], anti-depressant [6], anticonvulsant [7], anti-
inflammatory [8], anti-bacterial [9], anti-tumor [10],
antiarrhythmic [11], antitubercular [12], antidiabetic [13],
antipyretic [14], anticancer [15], antiviral [16], and so on
[17] properties. In addition to their applications in medic-
inal chemistry, the pyrazoline derivatives carrying a phenyl
substitution at 5-position have shown good film-forming
properties and displayed excellent photophysical properties
[18, 19]. The 2-pyrazolines (Fig. 1) can be synthesized
from a number of different synthetic precursors such as
Mannich bases [20], o,f-unsaturated esters [21], more
commonly from o,f-unsaturated ketones known as “chal-
cones” [22-27] and more recently from bis-chalcones [28].
However, the 2-pyrazolines prepared from bis-chalcones
are still limited in their number in comparison to the
derivatives obtained from simple mono-chalcones despite
of having an additional advantage of further functional-
ization through its double bond [29, 30]. Owing to this
additional double bond, the properties and functions of the
2-pyrazoline derivatives can further be tuned by introduc-
ing desired functionalities. Therefore, this sub-class of
2-pyrazolines requires a lot of attention from synthetic and
medicinal chemistry community.

In recent years, most of the derivatives of 2-pyrazoline
have been obtained either by incorporating a substituent at
N1 position or by introducing different substituents at 3-
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Fig. 1 Different isomeric forms of pyrazoline

and 5-positions. Considering the synthesis of 2-pyrazoline
from chalcone, N1 position is always the nitrogen con-
nected to the carbon coming from aldehyde component of
the chalcone. In this context and to best of our knowledge,
the substitution at N2 of 2-pyrazoline, whether it is pre-
pared from simple chalcones or bis-chalcones, has not been
reported so far. Herein, in this communication, as a result
of our continuous interest in pyrazoline derivatives
[22-27], we report the synthesis and crystal structure of a
novel bis-chalcone derived fused ring pyrazoline 2 having
an unusual substitution at N2 position.

Results and discussion

The N2-substituted pyrazoline derivative 2 was obtained in
good yield by the reaction of bis-chalcone intermediate 1
with hydrazine hydrate in acetic acid solvent containing
catalytic amount of hydrochloric acid in reflux conditions
(Schemes 1, 2). The bis-chalcone intermediate 1 in turn was
obtained by Claisen—Schmidt condensation reaction of two
equivalents of benzaldehydes with one equivalent of
cyclopentanone in ethanol solvent and in the presence of
30% NaOH. It is worth addressing here that we [22-27] and
various others previously prepared pyrazoline derivatives
from simple or mono-chalcones under similar conditions
where the acyl substituent always goes to N1 position.
Similarly, Azam et al. [31] and Song et al. [28] reported some
bis-chalcone derived pyrazoline derivatives that also have
substitution at N1 position. The structure of this somewhat
usual that bis-chalcone-derived pyrazoline 2 was deduced on
the basis of its FT-IR, 'H and '>C NMR, GCMS data, and
finally by X-ray single crystal diffraction analysis.

Scheme 1

In FT-IR spectroscopy, two characteristic absorption
bands appeared at 1600 and 1176 cm ™' were assigned to
the carbon nitrogen double bond (C=N) and carbon nitro-
gen single bond (C-N), respectively. Both of these
indicated the formation of pyrazoline ring. Another
stretching band at 1688 cm™' showed the presence of
carbonyl moiety of N-acetyl group [32, 33]. The formation
of five membered pyrazoline ring was further confirmed by
the "H NMR spectroscopy. All protons were found at their
expected regions and the chemical shift values for these
protons are provided in the experimental section. The '*C
NMR spectrum complimented the results further with the
observation of all the carbon signals. Finally, a molecular
ion peak (M™") observed at m/z = 316 in its GC-MS
spectrum confirmed the formation of pyrazoline derivative
2.

The structure of compound 2 was further characterized
unambiguously by growing the single crystals suitable for
X-ray diffraction analysis from its ethanolic solution. The
ORTEP diagram of 2 with the numbering scheme is shown
in Fig. 2. The phenyl ring [C(1)-C(6)] directly attached to
the pyrazoline ring is nearly in the same plane as pyrazo-
line ring, making a dihedral angle of 8.47° [C(1)-C(6)-
C(7)-N(1)]. The other phenyl ring [C(16)-C(21)] that is
directly attached to the cyclopentane ring through a double
bond is tilted, making a dihedral angle of 34.87° [C(14)-
C(15)-C(16)—C(17)] with the double bond. All of the bond
lengths and bond angles related to the phenyl rings are in
the normal range. Selected bond lengths and bond angles
are provided in Table 1. In the cyclopentananopyrazolinyl
ring, the N(1)=C(7) bond length [1.284(2) A] is slightly
shorter than those found in a similar fused cyclohex-
ananopyrazoline derivative [1.287(3) A] [28] and the
related simple pyrazoline derivatives [1.290(2) A,
1.293(3) /a%] [25], while the bond lengths of N(1)-N(2)
[1.389(2) A] and N(2)-N(10) [1.471(2) A] are comparable
to those with pyrazolines prepared from both mono- and
bis-chalcones.

The compound 2 packs in 1D-supramolecular chains in
the solid state driven mainly by CH:--O [C(13)-
H(13A)--O(1) 2.590 A] and m---m [34, 35] [C(1)--O(8)
3.326 A] stacking interactions (Fig. 3a). These chains are
further connected to the neighboring chains by means of

0
CHO 0 EtOH \/<
30% NaOH \/ NH2 NHa,H,0 N\{\l
* A
§ / rt, 2-3 h O O CH5COOH, HCI O . O
24 h, 100 °C
2
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Fig. 2 Molecular structure (ORTEP diagram) of 2

CH---m [27] [C(O)-HOA)---C(3) 2.874 A, C©9)-
H(9A)---C(4) 2.788 A] interactions forming an overall 2D
network structure (Fig. 3b).

Conclusion
In conclusion, we have reported the synthesis and crystal

structure of a novel fused-ring pyrazoline 2 having an unusual
post-cyclization substitution pattern on pyrazoline nucleus. It

2

undergoes substitution at the nitrogen which is directly attached
to the ketone component of the bis-chalcone which has not been
previously reported. It packs in 1D-supramolecular chains in
the solid state driven mainly by CH---O and m---m stacking
interactions. We are currently investigating this reaction that
provided an unusual product, in more detail, and the results
regarding the reason of its formation, substrate scope, etc. will
be subject of our future paper.

Experimental

All the reagents and solvents were used as obtained from
the supplier or recrystallized/redistilled as required. Thin
layer chromatography (TLC) was performed using alu-
minium sheets coated with silica gel 60 F254 (Merck).
Melting point was determined in open capillary tube using
Gallenkamp apparatus (MP-D) and was uncorrected. IR
spectrum in the range of 4000-400 cm ™' was obtained on a
Thermo Nicolet-6700 FT-IR Spectrophotometer. The 'H
and '*C NMR spectra were recorded on a Bruker spec-
trometer at 300 and 75 MHz in CDCls;, respectively, using
residual solvent signals as a reference. The GC-MS spec-
trum was recorded on Agilent 5973 inert mass selective
detector in combination with Agilent 6890 N gas
chromatograph.
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Table 1 Selected geometric parameters; bond lengths//e%, bond
angles/®, and torsion angles/® for fused-ring pyrazoline 2

Compound 2
O(1)-C(8) 1.220(2)
N(1)-C(7) 1.284(2)
N(I)-N(2) 1.389(2)
N(2)-C(®) 1.361(2)
N(2)-C(10) 1.471(2)
C(6)-C(7) 1.471(2)
C(10)-C(14) 1.512(3)
C(14)-C(15) 1.329(3)
C(15)-C(16) 1.466(3)
C(7)-N(1)-N(2) 108.18(15)
C(8)-N(2)-N(1) 122.79(16)
C(8)-N(2)-C(10) 124.23(16)
N(1)-N(2)-C(10) 112.79(15)
N(1)-C(7)-C(6) 120.86(17)
N(1)-C(7)-C(11) 114.61(16)
N(2)-C(8)-C(9) 117.25(18)
N(2)-C(10)-C(14) 112.10(16)
N(2)-C(10)-C(11) 102.21(14)
C(T)/N(1)/N(2)/C(8) 170.81(18)
C(7)/N(1)/N(2)/C(10) —4.412)
N(2)/N(1)/C(7)/C(6) 179.37(15)
N(2)/N(1)/C(T)/C(11) —-0.4(2)
C(1)/C(6)/C(T)/N(1) —8.4(3)
C(14)/C(15)/C(16)/C(17) —34.8(3)

(E)-1-(6-Benzylidene-3-phenyl-4,5,6,6a-tetrahydrocy-
clopenta[cpyrazol-1(3aH)-yl)ethanone (2, C>1H,,N,0)

A round bottom flask containing 15 cm® ethanol and
benzaldehyde (0.02 mol) was added 30% NaOH solution at
room temperature with stirring. After about 30 min of
continuous stirring, cyclopentanone (0.01 mol) was then
added and stirring was continued at room temperature for
another 3—4 h. The precipitates thus appeared after cooling
the reaction mixture with ice were filtered and washed
thoroughly with distilled water to obtain 2,5-dibenzyli-
denecyclopentanone (1).

Compound 1 (0.01 mol, 0.5 g) was dissolved in 15 cm®
glacial acetic acid containing few drops of concentrated
hydrochloric acid and heated to 60-65 °C for 30 min.
Hydrazine hydrate (0.03 mol) was then added and heated
the reaction mixture to reflux for 24 h. The reaction
mixture was then cooled to room temperature and poured
into crushed ice. The precipitates so obtained were filtered
off, washed with distilled water, and dried in desiccator to
get crude 2 which was further purified by column
chromatography using n-hexane/ethylacetate (4:1) as
eluent.
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Fig. 3 Molecular packing of 2 in the solid state; a 1D supramolecular
chain, b 2D structure

Yield 70%; light yellow crystals; m.p.: 118-120 °C;
Ry = 0.52 (n-hexane:ethyl acetate, 4:1); IR: v = 1176 (C-
N), 1600 (C=N), 1688 (C=0) cm™'; "H NMR (300 MHz,
CDCl;): 6 =0.99-1.2 (1H, m), 1.33-1.39 (1H, m),
1.69-1.74 (2H, m), 1.85 (3H, s, CH3), 2.06 (1H, m), 5.9
(1H, m), 7.11 (1H, s), 7.30 (2H, dd, Ph), 7.46 (1H, t, Ph),
7.78 (2H, d, Ph), 7.79 (2H, dd, Ph), 7.80 (1H, t, Ph), 8.02
(2H, d, Ph) ppm;"*C NMR (75 MHz, CDCl;): § = 22.7,
29.60, 29.65, 31.93, 53.19, 115.87, 119.99, 127.03, 128.55,
128.79, 128.88, 137.45, 141.89, 157.73, 164.89 ppm; EI-
MS: m/z = 316 (M base peak).

Crystallographic data collection and structural
refinement

Single crystals of 2 were mounted on a thin glass fiber at
room temperature and the reflection data were collected on
a Bruker kappa APE XII CCD diffractometer equipped
with  graphite  mono-chromated MoKo  radiation
(4 =0.71073 A). The data were also corrected to Lorentz
and polarization effect. The structure was solved using
SHELXS-97. Final refinement on F2 was carried out by
full-matrix least-squares techniques using SHELXL-97
[36].

Crystal data (CCDC  1529599): C,;H,oN,0,
M = 316.39, crystal size 0.38 x 0.30 x 0.18 mm?>, crystal
system: monoclinic, space group: P2,/c, a = 6.1001(4) A,
b = 38.602(2) A, ¢ =17.7332(5) A, o = 90°,
p = 113.0393)°, y =90°, V= 1675.73(19) A3, Z =4,
p=1254gem™>, T=29602) K, R, wRy-
1> 20()] = 0.0556, 0.1172, Ry, wR; (all data) = 0.0891,
0.1321, quality of fit = 1.037.
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