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1H AND 1SCNMR STUDY OF A NEW CLASS OF BIFYRIDINIUM LIGUID

CRYSTALS

Yousif Z. Yousif*, Fadhil S. Kamounah and Mahir K. Ali
Chemistry Department , College of Education , BRasrah

University , Basrah , IRAR.

Jasim M. A. Al-Rawi
Chemistry Department,; College of Science, Mosul
University , Mosul , IRAQ.

ABSTRACT:

'H and *3C NMR , as well as UV and IR , spectra of

a

new class of bipyridinium saltsg made by double

quaternization of traps—1,2-bis{4-pyridyl) etherne unit

with n—alkyl salts are reported. The etfect

of

quaternization on the 'H and *3C NMR cspectra of the salts

is diecussed.

INTRODUCTION

There has been many references in the literature

pyridinium salts and more relevant to this work

*
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bipyridinium salts (1,1'—dialkyl—-4,4°-bipyridinium

salts;I) known as violagens.

x X
R—NO < ON—r
(D)

Type (1) violagens (R= n-alkyl and X= halogen) have
been previously investigated in dilute aqusous solutions
for electrcchromic display applications®+«2. The relevant
phenomena is based on the reversible colour change that
accompanys the oxidation - reduction reactionS.

It bhas been known that certain amphiphilic molecules
(ion pairs) exhibit thermotropic mesophases, e.g., neat
soaps and pyridinium salts® . In a recent study® on
type(Il) violagens it was revealed for the first time that
these molecules (sX = MeSOs or 4-MeC,HaSls) exhibit
liquid-crystalline phases of both types.

In this study we report some of the properties
(BV,IR,*H, and =3C NMR spectra) of a new class of
bipyridinium salts type II (R= n—alk;l chain and X= MeSOs
or J4-MeC,H4S0x) made by double quafernization of the

trans—1,2-bis(4-pyridyl)ethene unit.

RESULTS AND DISCUSSION

All of the bipyridinium salts exhibited intense i.r.
absorptions at ca. 1200 cm—? {( —CH=-N )& 1620 cm—1?
(C=C stretch )7 ard 1160 cm—*(5=0 =stertch). 4 Medium

absorption was also recorded at 3050 cm—*(C=C-H unsat ,
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stretch) y 2220 cm—*(C-CH sat , stretch), 1370 cm—?
(C-C stretch) and 320~-830 cm—1? (P-substituted aromatic
ring).

The U.V. absorption espectra in methanol of all the
salts were identical and contained three bands (due to
double bond conjugation) with).max at 310, 322 and 336 nm
(logE=5.53,5.60 and 5.42 respectivelly, where E is the
malar extinction coefficient). Three other bands (due to
II-II* ) transitions in the pyridyl rings with max &at
252,258 and 264 nm (log E= 5§.23, 5.26 and 5.23
recpectively).

The IHenomar. spectral data for the compounds
(scheme 1 ) are given in Table 1. The trans-1,2-bis(4—
pyridyl) ethene ( FE ) unit showed two double - doublets

( 13 = 7.8 and Z2J = 2.2 ) at 8.6 and 7.8 ppm for H-2 and

H=3 recpectively while the ethene protons, H-5,
appearad as a singl=t at 7.3 ppm. The n-dialkyl salts,

FEDMn and FEDTN ( M=MaS0s, T= 4-C.Ha4S0x and n=number of
carbon atoms in the normal alkyl chain ) also showed two
broad doublets at 8.9%9 — 0.05 and 8.38 - 0.05 ppm for H-2
and H-3F, respectively as well as a singlet at 8.06 ¥ 0.04
ppm for H-9 in addition to the expected singals for the
alkyl c¢chain and the anicn M or T. It is clear from abaove
data that protons KL -to the pyridine nitrogen (H-2)
suffer deshielding of (0.5 ppm) while}? - and ){— protons
(H-3% and H-5) are deshielded to a larger extent than
expected (0.7% ard 0.8 ppm respectively). The positive

charge on the quaternary nitrogen is expected to deshield
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X X
SN 4 SN 2RY o/ /;:“a +
o=t —X (O —> R— H{) ) CH=CH ——<Q )J —R
r( hd S \ / N/
PE (1)
5 & - 7 15
FECM,, R=—CH, CH,CH 4 » X=C H 30,
5 3, 7, A8 .
PEDM,, R=—C H,C H,C H,C H, ¢ A=CH 50,
N S-S Y SRR B [ y
PEE.-'M,_:‘, R=-0( qu H,zu HzL‘ Hzl_, qu HJ , X=CH; S04
5 3 7 a ., .8 10, 11 .
PEDM?, R==C HEC HZC HQC H:l” H2C H?_C HJ , ;<.=CHZ’SO3

PEDT,, R=—CH,CH CH, X=CH,—D) — S0,

(3
[

PEDT,, R=—CH,CH ,CH, CH, x=CH;—~O) - 50,

PEDT,, R=—CH,CH ,CH, CH ,CH, CH, X=CH,~C) — 50,

PEDT,, R=—CH,CH ,CH, CH ,CH, CH,CH , , X=CH,~0) —s0,
(1 1 W |s7 16
PEDTia R=—CH, CHy CH ;CH, CH,CHy (G H 5)e CH oGPy EHy, x=cH D) —s0,

Figure 1. Sequence used for labelling the compounds synthesized

in this work.
in the order o - ﬁ— ¥ X—. However , the
positively - charged nitrcgen also causeas CrGss

polarization at the adjiacent CHz—-group (hyperconjugation)
which results in partial shielding of the of~- protons,

while B— and j - protons are decshielded by resonance.
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Froton — decoupled , aoff -~ resconance and gated
decoupled spectra were recorded and used to aid the
assignment of carbon—-13 chamical shifts in the compounds
under study. Furthermore, systematic comparison within
the series was used to confirm the assignments (Table 2).
Carbon—13 sgspecirum of FE revealed only four singals at
150.1, 122.4, 144.4 and 131.4 ppm. The guaternary carboen
at 144.4 ppm is assigned to G“}{ ( C-3 Yand the most
deshielded carbon to ©-o{ (C-1)3; while the most shielded
carbon ( 61‘22.4 ppm) is assigned to C-—B (C-2) by
analogy with pyridine or the 4-methyl pyridines®e. The
remaining protonated carbon is assigned to C—Cg (C-3).

The n-dialkyl salts FEDMn and FEDTn chowed the

expected signals for the alkyl chain and anion moieties.

For example FEDMs showed the expected signals for R at

62.5, 32.2, 26.8 and 23.4 ppm for ©C-5,6,7,8 and 2

respectively. The MeSOs anion exhibited a signal at
39.5 ppm. The FE portion of the compound exhibits {four
carbon—-13 signals. The non-protonated carbon (C—wg )

showed the most deshielded signal at 152.3 ppm, while ook
. C—B and C—C;Henhibited signals at 145.8, and 135.0 ppm
respectively. The analcgous carbon—13Z chemical shift
assignments for the tremaining compounds are given in
Table 2. Guaternization of the nitrogen caused shielding

y 4.3% ppm and deshielding at C-2, C-3 and C—-4 by
4.4 , 7.9 and .6 ppm respectively. The results are in
agr=ement with those found for the quaternization of

pyridine® .
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Differential scanning calorimetry, polarized ootical
microscopy and X-ray studies revealed that these
bipyridinium caltse are liguid crystalline and their
mesomorphic behavior shall be reported elsewhere.

EXPERIMENTAL

n—alkyl alcohols, 4—-MeC. HaS0=Cl, MeS0LCl, trans—1,2-
bis (4-pyridyl) ethene, 3I-pentanone and pyridine were
purchased from Fluka Chemicals.

(1) Preparaticn of n—alkyl ‘Salts , RX :

The appropriate  alcochol, ROH, (0.1 mol) Was
dissolved in dry pyridine (50 ce™) and cooled in an ice-
bath. A solutinon of 4-MeCoHaS0=Cl (0.11 mol) or MeS0xCl1
{0.11 mol) in dry pyridine (30 cm™) was added drcpwicse
with stirring under N=, and the temperature was
maintained between 0-10 C range. Stirring was continued
for a further 2 hours at this temperature. The reaction
mixture was then poured into ice-water (400 cocm™) with
stirring and the resulting precipitate was reamoved by
filtration. The crude product was dissolved in benzens,
washed successiwvely with IN HC1 (2100 em™) and saturated
NaHCO= (100 cm™); the benzene extract was dried over
anhydrous NazS0,4 and the solvent was removed on a rotary
evaporator. The concentrate was applied to a silicon gel
column  and the pure tosylates (or methans sulfconates)
were eluted with a 1:1 mixture of benzene/ether.

(¢ preparaticn of n-dialky salts of trans—1, 2-

bis{d4-pyridyl) ethene :
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The alkyl salt , RX, (0.03 mol) was added to a
solution of trans-1,2-bis(4-pyridyl) ethene (0.01 mol) in

Z-pentanone (20 cm>). After refluxing (150 C, 4h), the

light-brown solid was filtered from the solution mixture

while hot, washed with MexCO and recrycstallized from MeCH
or 1:9 H=0/Me=C0. The detailed syntheses of the studied
compounds will be reported elsewhere.

All of the new compounds has satisfactory spectral
properties and elemental analyses. I.r. spectra (KBr)
were recorded on a Pye Unicam SF3-300 spectrometer. U.V.
spectra were recorded on a  Pye Unicam SP8-100 UV
Spectrophotometer.

*H and YSC NMR spectra were obtained on a Bruker
WH?0 DS spectrometer. The 'SC n.m.r. were obtained using
the pulsed FT method at 22.63 MHz . The free—induction
decays were stored in an Aspect 2000 cemputer and were
transformed after accumulation of a sufficient number ,
using 8K data points and a spectral width of 6024 H=.
The acquisition time was 0.75,i.e., the resolution limit
did not exceed 1.47 H=. The spectra were recorded in
10 mm n.m.r tubes using CDs0OD as solvent and traces of

TMS as reference.
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