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Synthesis, spectroscopy and crystal structure of 2-ethyl-6-(4-nitrophenyl)
imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde
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The preparation of 2-ethyl-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (4) is described and its

crystal structure is determined and discussed.
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Imidazo[2,1-b][1,3,4]thiadiazoles are known for their
promising biological and pharmacological activities.!> Much
interest has also been focused on the chemistry, anticonvul-
sant, analgesic® and antibacterial* activities displayed by
compounds incorporating this heterocyclic system. In view
of the pharmacological significance of the imidazo[2,1-
b][1,3,4]thiadiazole ring system, it was considered worthwhile
to synthesise its derivatives with pharmacophoric substituents,
which may have equally significant roles to play in biological
systems. The title compound is one of the members of this
series. Also, 1,3,4-thiadiazole is bioisosteric with thiazole in
Tetramizole,® which is a novel broad spectrum antihelmintic.

The compound was synthesised by Vilsmeier—Haack
formylation of an imidazo[2,1-b][1,3,4]thiadiazole containing
ethyl and nitrophenyl substituents (Scheme 1). The product
was subjected to spectroscopic analysis using IR and 'H and
I3C NMR techniques to confirm the presence of the ring
system, and the site of formylation.

A single crystal X-ray diffraction analysis was carried out
on compound 4 to investigate its supramolecular structure in
terms of C—H---O hydrogen bonding. The analysis revealed
certain interesting features such as the planarity of the
molecule due to the co-planarity of the carbaldehyde group
with the imidazo—thiadiazole ring, the presence of a strong
intramolecular hydrogen bond, and the conformational
rigidity of the pseudo seven-membered ring which contains
it. The stabilisation of the structure due to intramolecular
C-H---O and C-H-‘'N interactions was analysed, leading
to the conclusion that the supramolecular aggregation in the
molecule was chiefly a function of C-H---O tetrameric units
and C—H---N interactions.

Experimental

The melting points were determined in open capillaries. The IR spectra
were recorded as KBr discs using a Nicolet FT-IR 410 spectrophoto-
metre. 'H NMR spectra were recorded on a Varian RXZ-300 MHz
spectrometre using TMS as internal reference compound. C, H and N
analyses were measured on a Heraus CHN rapid analyser at Karnatak
University, Dharwad, India.
2-Ethyl-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-
carbaldehyde (4): The title compound was prepared in two stages as
shown in Scheme 1. 2-Ethyl-6-(4-nitrophenyl)imidazo[2,1-b][1,3,4]
thiadiazole (3) was prepared by refluxing a mixture of p-nitrophenacyl
bromide (2)° (2.44 g, 0.01 mol) and 2-amino-5-ethyl-1,3,4-thiadiazole
(1)7 (1.29 g, 0.01 mol) in absolute ethanol for 8 h. Solvent was
distilled off and the solid hydrobromide that separated was collected
by filtration, suspended in water and neutralised with aqueous sodium
carbonate to get the free base. This was filtered off, washed with
water, dried, and recrystallised from ethanol, providing compound 3
as a pale yellow crystalline solid (yield 62 %), m.p. 178—180 °C.
Compound 3: IR (KBr): 2944 (vcy aliph), 1602(veoy), 1536,
1510, 1472, 1355 (vnoa), 1185, 1110, 1056, 861, 852, 748, 694
cm’l. TH NMR (CDCl;): § 1.46 (t, J = 3.3 Hz, 3H, CHj3), 3.04 (q,
J=3.3Hz, 2H, CH,), 7.96 (d, J= 8.7 Hz, 2H, C,, Cs—H phenyl), 8.08
(s, IH, Cs—H, imidazole), 8.23 (d, /= 8.7 Hz, 2H, C;, C5-H, phenyl).
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13C NMR (CDCly): & 13.2, 28.0, 122.1, 125.3, 130.1 137.6, 147.8,
151.2,152.5,169.9. Anal. Calcd for C;,H;(N4O,S; C, 52.54; H, 3.67;
N, 20.43. Found: C, 52.44, H, 3.60, N, 20.38 %.

The Vilsmeier—Haack reagent was prepared by adding POCI;
(3 ml) to DMF (20 ml) at 0 °C with stirring. Compound 3 (2.76 g,
0.01 mol) was added to the reagent and stirred at 0 °C for 30 minutes.
The mixture was further stirred for 2 h at room temperature and at
60 °C for an additional 2 h. The reaction mixture was then poured
into aqueous sodium carbonate and stirred at 90 °C for 2 h. After
cooling, the mixture was diluted with water, extracted with chloroform
and the chloroform extracts were washed with water and dried over
anhydrous sodium sulfate. The residue obtained after removal of
chloroform was recrystallised from chloroform—hexane mixture (2: 1)
to get the solid aldehyde 4 as pale yellow cubic crystals (yield 70 %)
m.p. 162-164 °C.

Compound 4: IR (KBr) ; 2850 (vcy, ald), 1674 (vcoo), 1598
(Veen)»1520 (vno,), 1473, 1445, 1370,1310 (vno,), 1290, 1190, 865,
710, 693 cm’!. '"H NMR (CDCls): 8 1.49 (t, J = Hz, 3H, CH3), 3.19
(q, J = 6 Hz, 2H, CH,), 8.21 (d, J =9 Hz, 2H, C,, Cs—H, phenyl),
8.29 (d, J =9 Hz, 2H, C;, Cs—H, phenyl), 10.16 (s, 1H, aldehyde );
13C NMR (CDCly): & 13.5, 26.2, 124.1, 124.8, 129.9, 138.8, 148.6,
150.8, 151.5, 170.0, 177.4. Anal. Calcd for C3H;(N4O3S; C, 51.65;
H, 3.33; N, 8.53; Found C, 51.55; H, 3.28; N, 8.49 %.

X-ray analysis
Crystal data: Compound 4: C;3H,oN,4O5S, formula weight =
302.31, monoclinic, P2,/n, a = 5.4725(8)A, b = 18.531(3)A,
c = 13.3008(19)A, B = 99.380(2)°, ¥ = 1330.8(3)A3, Z = 4,
pu=0.260 mm', D, = 1.509 Mg/m3, T =293(2) K

The X-ray diffraction data were collected on a Bruker Smart
CCD area detector system using MoKa (0.71073 A) radiation
for the crystal. Intensity data were collected up to a max of
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26.12° for the compound in the ®—® scan mode. The data
were reduced using SAINTPLUS? and an empirical absorption
correction was applied using the package SADABS.?
A total of 11,493 reflections were collected, resulting in 3146
independent reflections of which the number of reflections
satisfying I>2 o(/) criteria were 2425. These were treated as
observed. Corrections for Lorentz and polarisation effects
were applied. The structure was solved by direct methods
and difference Fourier synthesis using SHELXS97.10
The positions of all non-hydrogen atoms were included in
the full-matrix least-square refinement using SHELXL97.!!
Anisotropic  refinement using full-matrix least-square
procedures was carried out for a few cycles until convergence
was reached. Then the hydrogen atoms were fixed geometri-
cally and were refined isotropically. The R factor after final
convergence was 0.0828 and the maximum and minimum
values of residual electron density were 0.760 and —0.391
eA-3. Molecular diagrams were generated using ORTEP!2 and
the packing diagrams were generated using PLUTON!3 and
CAMERON.'# The mean plane calculation was done using
the program PARST.!3

Results and discussion

The bond distances and angles can be obtained from the
CCDC. The ORTEP diagram of the molecule 4 is shown
in Fig 1. Table 1 lists non-bonded and possible hydrogen-
bonding interactions.

The dihedral angle 1.55° between the nitrophenyl group
and the imidazo-thiadiazole ring indicate that the molecule
is planar. The carbaldehyde group is coplanar with the
imidazo-thiadiazole ring system and cis to the ethyl group.

Fig. 1 The molecular structure and atom labelling scheme of
the title compound (V).
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Table 1 Non-bonded interactions and possible hydrogen
bonds (A,°)

D-H- - -A D-H H..-A D---A D-H---A
C14-H14-..012 093 (4) 2.195(3) 3.037(5) 150 (2)
C11-H11.-.020° 0.93 (4) 2.627 (3) 3.547 (5) 170 (2)
C9-H9B. - -012i  0.97 (5) 2.609 (3) 3.356 (6) 134 (3)
C17-H17--.N7ii 093 (4) 2.807 (4) 3.695(5) 158 (3)

Symmetry code (0) x,y,z (i) —x=1/2, + y=1/2, -z + 1/2 (ii) x + 1/2,
-y+1/2, + z1/2 (iii) ~x+ 1, -y + 1, -z
(D-donor; A-acceptor; H-hydrogen)

The carbonyl group has a cis orientation with respect to the
C5=C6 double bond. This leads to a strong intramolecu-
lar C14-H14---O12 hydrogen bond [C14-H14 = 0.93(4)A,
H14---012 = 2.195{3)A, C14---012 = 3.037(5)A and the
angle C14-H14---012 = 150(2)A], leading to the formation of
a conformationally locked pseudo-seven-membered ring. The
nitro group is essentially planar with the adjacent aryl ring.
The C-N bond distance is 1.486(8)A. This value is typical of
C(aryl) —-NO, distances,!® where the mean value is 1.468A.
The C-C distances in the nitrated aryl ring are between
1.310(4)A and 1.374(5)A. Within the nitrated aryl rings, the
C—C—C angle show significant deviations from 120°. The
O-N-O angle is greater than the ideal trigonal value. This can
be attributed to the substantial negative charges on the paired
O atoms in this unit.

The crystal structure is stabilised by intermolecular
interactions of the type C—H:--O and C-H--*N. The former
generates finite, zero dimensional tetramers (Fig. 2) in the ‘bc’
plane and the latter, forms dimers along the crystallographic
‘¢’ axis (Fig. 3). Figure 4 shows the packing of the molecule
in the unit cell. The packing motifs in accordance with Etter’s

Fig. 2 Packing of the molecule: C-H---O interactions forming
a tetrameric unit in the bc plane.

Fig. 4 Packing of the molecule showing both C-H-*O and
C-H---N interactions Dotted lines show C-H---O and thick lines
show C-H-*-N interactions.
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analysis are R*;(36) corresponding to C-H---O tetramers
and R%,(12) which correspond to C-H-**N intermolecular
interactions. There are no aromatic n—r stacking interactions.
So the supramolecular aggregation in this structure is limited
to the formation of these tetrameric units and C-H--*N
intermolecular interactions.

Supplementary material

Crystallographic data for the structure reported in this paper
have been deposited with the Cambridge Crystallographic
Data Centre. The deposition number is CCDC 271065.
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