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Abstract

Viologens (N,N-dimethyl-4,4-bipyridinium) are advanced functional mate-
rials, found important applications in electrochromic devices, molecular ma-
chines, organic batteries, and carbohydrate oxidation catalysts in alkaline fuel.
In this article, we investigated the design, synthesis and photophysical proper-
ties of N,N-dimethyl-2,5-Bis(pyridinium)oxadiazole 4 and its precursor 2,5-
Bis(pyridine)oxadiazole 2. The crystal structure and photophysical properties
of viologen 4 and precursor 2 have been determined. The viologen molecule 4
crystallized in monoclinic form, space group £2,/n with four molecules in unit
cell. Precursor molecule 2 also crystalized in monoclinic form, space group
C2/c with four molecules in unit cell. From X-rd data, we found three cations
in the molecular structure of viologen molecule 4, which is unusual in violo-
gens. In the three-dimensional molecular packing diagram of molecule 4, the
three cations and iodate anions are stabilized by C---C, C---I, N---I, N---H, H--1,
N—H--I and C—H--I. The dihedral angle between planes having oxadiazole
and two benzene rings are 5° and 8°, suggesting the molecule 4 is a slightly
strained one. The molecular structure of precursor molecule 2 stabilized by
C--C and N--H short contacts between the molecules. The molecule 4 dis-
played strong absorbance at 315 nm and emissions between 390 - 410 nm.

Keywords

Oxadiazole Extended Methyl Viologen, Bipyridine Oxadiazole, Crystal Structure,
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1. Introduction

1,1-Dialkyl-4,4-bipyridinium salts are commonly known as viologens. Undoub-
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tedly, viologens are the advanced functional materials, which have been studied
extensively in the past decade. A number of reviews and research articles have
been published on viologens in the past decade [1] [2] [3] [4] [5]. Due to the
important properties of viologens such as ionic conductivity, redox properties,
photochromism, elctrochromism and thermochromism, they have been used in
electrochromic devices, molecular machines, organic batteries, and carbohydrate
oxidation catalysts in alkaline fuel [6] [7] [8] [9] [10]. They have also been used
as herbicides, ionic liquids and ionic liquid crystals by substituting different alkyl
chains or new groups between the pyridinium rings [11] [12] [13].

Among the various viologens reported, viologens with extended n-conjugation
are of great interest in photochromic devices because of the readable physical
photoswitching properties of these materials. In this category, thiazolothiazole,
diphenyl extended viologen fluorophore resulted in strong fluorescence with
photo switchable optical properties [14] [15] [16]. Considering the vast number
of applications of viologens, it is important to analyze the crystal structures of
viologens to assess the important information about charge transfer interaction,
distance between the electron donor and acceptor, packing of cations and anions
in the molecule and its effect on fluorescence, photoswitching properties. Very
few studies have been reported on the X-ray diffraction analysis of these mole-
cules [17] [18] [19] [20]. Herein, we report the synthesis, crystal structure and
photophysical properties of N, N-dimethyl-2,5-Bis(pyridinium)oxadiazole 4 and
its precursor 2,5-Bis(pyridine)oxadiazole 2. We believe that this study helps in
designing new viologens with desired property of interest.

2. Experimental
2.1. Materials and Methods

Reagent grade pyridine-4-carboxyaldehyde, isonicotinic acid hydrazide, methyl
iodide and TFA were purchased from the TCI chemicals industry, Tokyo and
used as such. The "H-NMR spectra were recorded on a Bruker AVANCE400S
spectrometer (Bruker, Yokohama, Japan) in DMSO-dS, CDCl; or D,O with te-
tramethyl silane (Me,Si) deuterated 3-(Trimethylsilyl)-1-propanesulfonic acid
sodium salt (DSS-d°) as an internal reference, respectively. SHIMADZU UV-
1850 (Shimadzu Corporation, Kyoto, Japan) was used for obtaining UV-Vis
spectra in dichloromethane with 250 - 900 nm range. HITACHI F-2500 spec-
trophotometer (Hitachi High-Technologies Corporation, Tokyo, Japan) was used
for fluorescence spectra measurements in dichloromethane with 250 - 900 nm
range. CCDC No. 1945691 and 2058072 contain the supplementary crystallograph-
ic data for the viologen molecule 4 and its precursor molecule 2, respectively.

2.2. General Procedure for the Synthesis of
Viologen Molecule 4 and Its Precursor 2

Preparation of intermediate 1

To a methanol solution of isonicotinic acid hydrazide (2.00 g, 14.6 mmol), Py-
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ridine-4-carboxaldehyde (1.78 ml, 14.6 mmol) in 200 ml methanol, and catalytic
amount of TFA were added and the reaction mixture was stirred for 3 hrs at
room temperature. The solvent methanol was removed from the reaction mix-
ture under reduced pressure, and then, resulting pale yellow precipitates were
collected by filtration. The precipitates were washed with hexane and dried un-
der reduced pressure. The collected product was purified by recrystallization
using ethanol to give desired intermediate 1 as white solid, Yield 2.60 g, 78.8%.

Mp. 241°C - 243°C, '"H-NMR ((CD5),SO): 7.67 - 7.69 (2H, Ar-H), 7.81 - 7.83
(2H, Ar-H), 8.44 (1H, Ar- CH=NR), 8.65 - 8.67 (2H, Ar-H), 8.78 - 8.80 (2H,
Ar-H).

Preparation of 2,5-Bis(pyridine)oxadiazole 2

To a solution of Isoniazid imine intermediate (1.00 g, 4.42 mmol) in 100 ml of
1:1 DCM and DMF, PIFA (2.09 g, 4.86 mmol) was added slowly, and stirred for
3 hrs at room temperature. The reaction mixture was poured into water. The
organic layer was washed with saturated NaHCO; aqueous solution, dried over
MgSO,. The solvent DCM was removed from the reaction mixture under re-
duced pressure. The resulting product was washed with hexane to give desired
cyclisation Intermediate 2 (0.611 g, 61.6%).

Mp. 191°C - 193°C, 'H-NMR (CDCL): 8.01 - 8.03 (4H, Ar-H), 8.88 - 8.90 (4H,
Ar-H).

Preparation of intermediate 3

The cyclisation intermediate 2 (0.506 g, 2.22 mmol) was dissolved in iodome-
thane (10.0 ml, 0.161 mol, excess), and the reaction mixture was stirred for 1 hrs
at room temperature. The resulting precipitate was collected by filtration, dried
under reduced pressure to give the orange monomethylated Intermediate 3
(0.787 g, 95.2%).

Mp. 271°C (decomp.), 'H-NMR (D,0): 4.41 (3H, Ar-CH3), 8.10 - 8.12 (2H,
Ar-H), 8.63 - 8.75 (2H, Ar-H), 8.75 - 8.77 (2H, Ar-H), 8.98 - 9.00 (2H, Ar-H).

Preparation of N,N-dimethyl-2,5-Bis(pyridinium)oxadiazole 4

The monomethylated molecule (0.505 g, 1.78 mmol) was dissolved in 100 ml
of DMF, iodomethane (20.0 ml, 0.321 mol, excess) was added drop wise to the
solution, and the reaction mixture was stirred for 2 hrs at room temperature.
The resulting precipitates were collected by filtration, dried under reduced pres-
sure to give the desired orange product (0.578 g, 82.5%).

Mp. 285°C (sublimation), 'H-NMR (D,0):4.42 (6H, Ar-CHs), 8.67 - 8.69 (4H,
Ar-H), 9.02 - 9.04 (4H, Ar-H).

2.3. Single-Crystal X-Ray Analysis and Structure Determination

Single crystals of oxadiazole extended viologen molecule 4 and its precursor 3
were obtained from a solution of benzene/ethanol at room temperature using
slow diffusion method. The single crystal X-ray data were collected on a Bruker
APEX II KY diffractometer equipped with graphite monochromatized (doubly
curved silicon crystal) Mo-Ka-radiation (1 = 0.71073 A) from a sealed micro
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focus tube, and a nominal crystal to area detector distance of 59 mm. Generator
settings were 50 kV, 30 mA. Data collection temperature was 90 - 120 K. Data
were acquired using three sets of omega scans at different Phi settings. The
frame width was 0.5°. The crystallographic data of oxadiazole extended viologen
molecule 4 and its precursor 2 were summarized in Table 1. APEX2 software
was used for preliminary determination of the unit cell [21]. Determination of
integrated intensities and unit cell refinement were performed using SAINT
program [22]. The structures were solved with SHELXS-2014/7 [23] and subse-
quent structure refinements were performed with SHELXL-2014/7.

3. Results and Discussion
Reaction Scheme 1 for the synthesis of precursor 2 and oxadiazole extended

Table 1. Crystallographic data for the complexes (2 and 4).

Parameters measured 2 4

Empirical formula
Formula weight
Crystal shape, color
Temperature
Radiation type
Wavelength (A)
Crystal system

Space group

Ci2HsN4O
224.22
Prism, colorless
90 K
Mo Ka
0.71073
Monoclinic

Q2/c

C1sH1aN4O, C:HsN, Is
681.08
Prism, colorless
120 K
Mo Ka
0.71073
Monoclinic

P2i/n

Unit cell dimensions

Cell volume
Z
Calculated density
Absorption coefficient
F(000)

Crystal size(mm)

a=5.2346 (5)A
b=12.0314 (11)A
c=16.4648 (15)A

B=92.126 (1)

1036.23 (17) A?

4
1.437 g/cm?
0.098 mm™!

464

0.30 x 0.30 x 0.20

a=10.5616 (10)A
b=11.9639 (11)A
c=18.0399 (17)A
B=94.052 (1)
2273.7 (4) A3
4
1.99 g/cm’®
4137 mm™!
1280

0.40 x 0.30 x 0.20

T Theta range for data collection 2.51° to 28.5° 2.04° to 25.05°
-7<h<6, -12<h<12,

Limiting Indices -16 < k<15, -14< k< 14,

-22<7/<21 -21<7/<21

Reflections 1333/5951 21,235/4019
collected/unique [R(int) = 0.017] [R(int) = 0.021]

Completeness to theta®

99.90%

99.90%
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viologen molecule 4 is shown below. Pyridine-4-carboxyaldehyde on condensa-
tion with isonicotinic acid hydrazide gave the intermediate 1, which on treat-
ment with PIFA gave the precursor 2. Precursor 2 on treatment with methyl
iodide in two successive steps yielded the oxadiazole extended viologen 4.

Further, we measured the UV-vis absorptions and fluorescence emissions of
the viologen molecule 4. The UV-vis absorptions and Fluorescence emissions of
the viologen molecule 4 measured in dichloromethane solution (1.0 x 10™* mol/L),
and their corresponding spectra is shown in Figure 1. The viologen molecule 4
showed strong absorption maximum at 315 nm.

The fluorescence spectra of the viologen molecule 4 was recorded in dichlo-
romethane solution (1.0 x 10~ mol/L), and their emission spectra is shown in
Figure 2. Fluorescence Emission spectrum of the molecule was measured by ex-
citing the viologen molecule 4 at their absorption maximum wavelength 315 nm.

The fluorescence spectra of viologen molecule 4 displayed sharp peaks in the

CHO 7N
= HzN NH _TEA MeOH |/ NN
NS N =

o)

N RT 3hr
intermediate 1

PIFA, 1:1 (DCM
DMF), RT, 3hrs

N7 ) = INT
Q\(OW/@ | CH3 Q\( YC
N—N

intermediate 3 RT, Thr

precursor 2
CHal
RT, 2hr
\T NN o [ iy N/T
=~ N
N—N
4
Scheme 1. Reaction scheme for the synthesis of precursor 2 and oxadiazole extended vi-
ologen 4.
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Figure 1. UV-Vis spectra of viologen molecule 4.
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Figure 2. Fluorescence spectra of viologen molecule 4.

Figure 3. Molecular structure of precursor 2. Thernal ellipsoids are drawn on 50% prob-
ability level. Hydrogen atoms are omitted for clarity.

region 390 - 410 nm.

The crystallographic data of precursor molecule 2 and viologen molecule 4
summarized in Table 1. The precursor 2 has the molecular formula C;,HsN,O,
contains one-half of the formula unit. The molecular structure of precursor 2
has a monoclinic form, space group P2;/n with four molecules in unit cell. The
molecular structure of precursor 2 is shown in Figure 3. It appears to be planar,
but it is not a perfect planar molecule. The angel between the planes of pyridine
(defined by C1, C2, C3, C5, C6, N1) and oxadiazole (defined by O1, C4, C4, N2,
N2) is 3.78°. This suggests that the two heteroaromatic rings are not perfect pla-
nar, the molecule has a slightly distorted structure.

Crystal packing diagram of precursor 2 is shown in Figure 4 and intermole-
cular short contact is shown in Figure 5. In the crystal, the molecules are stabi-
lized by C~C and N-H short contacts between the molecules. The intermolecu-
lar short contact of precursor 2 is shown in Table 2.

From the crystallographic data, it was concluded that molecule 4 crystallizes
with monoclinic crystal system, space group P2:/n with four non-planar mole-
cules in the unit cell. Figure 6 shows the Ortep diagram of molecule 4. In gener-
al, viologen molecules are dicationic molecules. To our surprise, X-ray data in-

dicated that presence of three cations in the structures with three iodate counter
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Figure 4. Molecular packing diagram of precursor 2 viewed along the b axis and thermal
ellipsoids are drawn on 50% probability level.

ALl L LT TP

Figure 5. Molecular short contacts of diagram precursor 2 and thermal ellipsoids are drawn on 50% probability level.

Table 2. Intermolecular short contacts of precursor 2.

Short contact Length (d) A Short contact Length (d)
C4...C5 3.322 C6---C6 3.376
C6---C4 3.288 N1---H6 2.585

® 3

® 12

c16

NS
C156

Figure 6. Molecular structure of molecule 4 viewed along the b axis and thernal ellipsoids
are drawn on 50% probability level. Hydrogen atoms are omitted for clarity.
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anions. In the crystal structure, we found dimethylammonium cation, which may
have formed as a result of the reaction between dimethyl formamide (DMF) reac-
tion solvent and iodomethane reagent during the reaction (step 4), co-crystallized
along with the molecule 4. The shape of molecule 4 seems to be planar, but it is a
strained one. The dihedral angels between the planes of two pyridinium and
oxadiazole rings are 5° and 8°.

The crystal packing of the molecule 4 is shown in Figure 7. Intermolecular
short contacts are listed in Table 3 and intermolecular short contacts are de-
picted in Figure 8. In between the molecule there exists C—H---I short contacts.
In between the layers, the molecules are packed and stabilized by C.--C, C---1,
N--I, N---H and H--I short contacts generated three-dimensional geometry. Di-
methylammonium cation bound in the crystal system via N—H---I and C—H--I

short contacts.

4. Conclusion

In conclusion, we reported the design, synthesis, molecular structure and pho-
tophysical properties of new viologen fluorophore molecule 4 and its precursor

2. The crystal structure of molecule 4 is quite interesting due to the presence of

Figure 7. Molecular packing diagram of molecule 4 viewed along the b axis and thermal ellipsoids are
drawn on 50% probability level.

Table 3. Intermolecular short contacts of molecule 4.

Short contact Length (d) A Short contact Length (d)
C5--C12 3.358 H9---12 2.923
N4--H16B 2.606 H1C--I3 3.179
C13-11 3.58 H15B.--11 3.053
C9---11 3.631 H15C.--I1 3.164
HIA.--I1 3.099 N5---12 3.444
H2.-11 2.955 H17A--12 2.625
H5---11 3.096 H17B---13 3.385
Hi12--12 3.093
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Figure 8. Molecular short contacts diagram of molecule 4 and thermal ellipsoids are
drawn on 50% probability level.

one dimethylammonium cation and three iodide anions in molecular structure.
The viologen molecule 4 exhibited strong and sharp fluorescence emission be-
tween 390 - 410 nm, as a result fluorescence quantum yield may be improved,
which is one of the prerequisites to find wide applications of viologen com-
pounds, which may make these materials attractive for application in electroch-
romic devices, electron transfer sensing devices. We hope this research may help
in understanding the insights of structure add property relationship of oxadia-
zole extended viologen compounds, which may help in designing novel viologen

compounds with high quantum efficiency.
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