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The semizwitterionic viologens have been synthesized as a new tectones for the crystal
engineering of functional materials. It has been shown by the single crystal X-ray diffraction that
in contrast to the parent bicationic systems forming anion-bication-anion structure the semizwit-
terionic viologens could be organized ether as 1-D zig-zag chain or as triple helices depending
on the substitutes at nitrogen atoms.

KPUCTAJIINHUA AN3AUH HOBUX BIOJIOFEHOBMICHUX CUCTEM: ®OPMYBAHHS JIAHUIOTIB
TA CIIPAJIEA 3A PAXYHOK BOOHEBUX 3B’SI3KIB

O.B.lyroB, E.B.PycaHoB, O.A.€ropoB, O.M.YepHera

CUHTe30BaHO HaniBUBITTEepPiOHHi BiOJIOreHn Ik HOBi TEKTOHW ANs PO3pPo6kuM GYHKLIOHaNIbHUX
Martepianis. 3a 4ONOMOroi0 peHTreHOCTPYKTYPHOro aHani3y 6ys0 noka3aHo, W0 Ha BigMIHy Bif
crnopigHeHux 6ikaTiOHHUX CUCTeM HaniBUBITTEepPiOHHi BiOsIOreHn MOXYTb OYyTU OpraHi30BaHi y
NiHIVHI NaHUOrn Ta NOTPIVHI cnipani B 3aseXXHOCTI Bif TUny 3amMiCHUKIB NpU HITPOreHax.

KPUCTAJIJTUHECKUA AN3AUH HOBbIX BUOJIOFEHOCOA4EP)XALUNX CUCTEM: dOPMUPOBA-
HUE LIENEU U CIMTUPAJIEA 3A CYET BO4OPOL4HbIX CBSIBEN

A.B.l'ytoB, 3.5.PycaHoB, O.A.EropoB, A.H.YepHera

CMHTe3MpOBaHbI noayuBUTTepPUOHHbIe BUOJIOreHbl KaK HOBble TeKTOHbl OJi11 KOHCTPpyupoBaHUS
PYHKUNOHaNbHbIX MaTepunasoB. C NOMOLYbIO PEHTreHOCTPYKTYPHOIro aHaan3a 6b110 Noka3aHo,
4TO B OT/iIn4dne OT PoOoACTBEHHbIX O6UKATUOHHBIX CUCTEM nonyuBuTrepnuoHHble BUOJIOreHbl MOryT
6bITb OpraHN3o0BaHbl B JIMHEHbIE 4enu N TPoWHblIe crnupasan B 3aBUCUMOCTU OT 3aMecTuTenei

npyu aroMmax a3ora.

Viologens (4,4’ -bipyridine tertiary salts) are impor -
tant redox reagents because of their easy and reversible
single-electron reduction into the stable and inten-
sively colored radical cations. They are used widely as
the electrochromic materials (for example, in electro-
chromic displays), for electron transfer mediators in
conversion of solar energy, for biosensors, matrices of
molecular electronic devices ets [1].

Inspite that the bipyridine derivatives are quite
popular tectons in the crystal engineering [1] of new
materials there is no information about the using them
in construction of spirals.

At the same time it is well known that a long-chain
helices formation is common for the very important
natural and natural-like products — nucleic acids,
proteins [2], starch [3]. Organization of these sub-
stances in the spirals significantly determine their
properties. Nevertheless there are only limited number
of examples of helices in the synthetic materials [4].

From the other hand it is well known that the one
of the most effective method to control the molecules
and ions relative positions in crystals is the using of
the hydrogen bonds [5]. Therefore in the attempt to

46

obtain spiral-organized viologen systems we have syn -
thesized 4,4’-bipyridine derivatives containing termi-
nal proton donors and acceptors.

Results and discussion

Semimesoionic viologens 2-[4-(1-carboxymethyl-
4-pyridiniumyl)- 1-pyridiniumyl]acetate perchloride (1)
and 3-4-[1-(2-carboxyethyl)-4-pyridiniumyl]-1-pyri-
diniumylpropanoate perchloride (2) with the —COOH
and —COO- functional groups have been synthesized
from the corresponding dicarboxylic acids [6] by the
reaction with 1 equivalent of sodium bicarbonate in
water (scheme 1) and the single crystals have been
grown by the slow evaporation of their water solutions.

For the such compounds there are two possibilities
to form H-bonded associates: centrosimmetric dimer
and linear chains formation.

It was found that the compound 1 form infinite
chains in crystals assigned by hydrogen bonds (fig. 1).

Bond lengths and angles in the semizwitterionic 1
are virtually the same as the corresponding values in
the parent dicationic system 3 (N,N’-bis(2-carboxy-
methyl)-4,4’-bipyridylium) 7 (scheme 2).
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Scheme 1. Synthesis of 1 and 2.
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Fig. 1. H-bonded zig-zag chains in the crystal structure of 1.
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Fig. 2. Triple helix in the semimesoionic viologen 2 crystal
structure.
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Fig. 3. Perspective view along axis b in crystal 2.

Table
Data collection, structure solution
and refinement parameters
Compound 1 2
Empirical formula CiaH13CIN20s Ci6H17CIN208g
Formula weight 372.71 400.77
Crystal system monoclinic monoclinic
Space groupe P 21/n P 21/n
Unit cell dimensions,
A® and deg.
a 7.717(2) 11.720(2)
b 20.866(4) 10.481(2)
c 10.185(2) 14.527(3)
B 96.66(3) 108.60(3)
Volume A% 1629.0(6) 1691.3(6)
Z, dcalc, kg/m3 4 1.520
u (Mo-Ka), mm™ 0.281 0.277
F(000) 768 832
Theta range for 1.95 to 24.01 1.95 to 23.96
data collection, deg.
0<=h<=8, 0<=h<=13,
Limiting indices 0<=k<=23, 0<=k<=11,
-11<=I<=11 -16<=I<=15
Reflections 2836 / 2561 2783 / 2643
collected / unique [R(int) = 0.0213] [R(int) = 0.0186]
Goodness-of-fit 1.106 1.028
Final R indices R1 = 0.0708 R1 = 0.0487
[1>2sigma(l)] wR2 = 0.1966 wR2 = 0.1053
- R1 = 0.08M R1=0.0813
R indices (all data) | g5 = .16t WR2 = 0.1157
Largest diff. peak ) i
and hole, e/AJ 0.515 and -0.620 0.200 and -0.235

The major difference in the molecular structure of
these compounds is the molecular conformation: in
crystal 3 the central bipyridinium core is planar (cen-
trosymmetric structure) whereas in 1 the pyridine
cycles are twisted for 28.5°. Also in the compound 1
the bipyridinium fragment is curved like a feather and
as the result the distance between two nitrogens is 7.01
A’ for 3 and only 6.96 A° for 1.

Semizwitterionic structure of 1 and its conforma-
tional pequliarities leads to the original for viologens
and related systems crystal packing: the molecules are
organized in the twisted zig-zag chains.

Allongation of the aliphatic spacer between carbox-
ylic groups and carboxylate-anions leads to the forma-
tion of quite original system: in 2 similar 1-D chains,
assigned by H-bonds, are organized in the infinite
triple helices with the 31.44 A® (3b) pitch (fig. 2).

These helices packed tightly. However the hollows
inside the spirals (c.a. diameter 2.5 A°, fig. 3) can be
definetly incresed by the using of larger spacers.
Molecular geometry of compound 2 is similar to those
of parent compound 4 (N,N'-bis(2-Carboxyethyl)-
4,4'-dipyridinium diperchlorate) [6, 8] (scheme 3).

47



XKypHan opr. Ta ¢papm. ximii. — 2008. — T. 6, Bun. 4(24)

In both reference bicationic compounds (3 and 4)
all carboxylic hydrogens takes part in the strong
H-bonds with anions (O-H- - - Cl and O-H*- - - O,
accordingly, forming anion-bication-anion structure).
That’s why such molecules can’t be organized in the
chained structure like in the semizwitterionic 1 and 2.

In 2, as well as in 1, the central bipyridilium cores
are twisted (dihedral angle between pyridine moietis is
17.4%).

Apparently that the strong intermolecular O-H: - - O
hydrogen bonds (O - - - O distance 2.474(4) in 1 and
2.452(4) A° in 2) as well as pequliarities of the
molecular structure are the major factors leading to the
formation the unusual for viologens crystal packing.

Experimental

Synthesis of viologens 1 and 2

A solution of sodium bicarbonate (0,2 mmol, 0,0168 g)
in 1 ml of water was added to a solution of correspond -
ing dicarboxilic acid (0,2 mmol) in 1 ml of water and
allowed to slowly evaporate. Small colourless crystals
were obtained.

Crystal structure determination

All crystallographic measurements were performed
at the room temperature on a Enraf Nonius CAD4
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diffractometer using graphite monochromated Mo-Ka
radiation (A = 0.71073 A®).

Structures were solved using SHELXS-97 [9] and
refined using full-matrix list squares based on F? in
SHELXL-97 [10].

In both structures the oxigen atoms of perchlorate
anions are disordered over three positions with multi-
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isotropically with constrain O-H distance. The main
crystallographic parameters are summarized in Table.
Full crystallographic details for 1 and 2 have been
deposited at Cambridge Crystallographic Data Centre
(CCDC 671854 & 671855 accordingly) .

Conclusions

The semizwitterionic viologens with carboxylic acid
terminal groups have been used for the crystal engi-
neering of new systems. It was found that the strong
intermolecular O-H - - - O H-bonds is one of the
major factors for the ordering these molecules in the
twisted zig-zag chains. And by tuning the spacer
between donor and acceptor (changing the aliphatic
chain length) the triple helices have been obtained.
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