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D.V. Poltorak, A.V. Gutov, E.B. Rusanov, A.N. Chernega

4,4-BIPYRIDINIUM 1,1,2,3,3-PENTACYANOPROPENIDE — NEW CONVENIENT
BUILDING BLOCK FOR THE CRYSTAL ENGENEERING

The sucsessfull combination of the known tectones — 4,4’-bipyridinium cation and 1,1,2,3,3-pentacyanopropenide
anion — demonstrate a promising for study and modifications crystal structure with four strong intermolecular
interactions of different types and directions (three orthogonal), namely: resonance-stabilized H-bonds, aromatic
p-stacking, p-stacking of acyclic systems, and Coulomb attraction amplified by multiple C—H-.-N contacts, fur-
thermore, there are four groups of chemically equivalent H-bonds directed along the same axis and two different
anion geometriesin seemingly equal environments. Crystal data: a=9.767(4), b=13.465(8), c=14.274(7) ,&, a=97.67(4)°,

b=107.89(3)°, g=108.19(4)°, V=1642(2) A3

It is not recently that chemists cowork with
physicists on creation and investigation of new mate-
rials with properties requisite for technical progress,
and it is a traditional part of chemist to find a
substance promising to have derivatives with requi-
red qualities. In this respect 4,4'-bipyridines and its
derivatives are very useful because of their unique
physical properties [1, 2]. The 4,4 -bipyridine mono-
salts, related to well-known and used widely violo-
gens [1], are convenient tectones for the crystal engi-
neering of functional materials. Nevertheless there
are only a few communications on the synthesis and
structural investigation of the such systems [3—5].

In this paper we report the crystal structure
investigation of 4,4’-bipyridinium 1,1,2,3,3-pentacya-
nopropenide. The 4,4-bipyridinium 1,1,2,3,3-penta-
cyanopropenide was synthesized by hydrolysis [6]
(scheme below) of 4,4'-bipyridine xtetracyanoethyle-
ne complex [7] in refluxing aqueos ethanol (96 %).
The substance may also be obtained by smple metat-
hetical reaction [6] from commercially available 4,4'-
bipyridine and readily synthesizable pentacyanopro-
penide salts[8]:

, space group PT (N 2).
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A auiteble crystal was sdlected from the mother
ligid and mounted to a glass fibre. Data were collec-
ted on Enraf-Nonius CAD4 diffractometer (graphite
monochromated irradiation). Data were corrected
for Lorenz and polarization effects and an empirical
absorption correction based on azimuthal scan data
[9] was applied. The structure was solved by direct
methods and refined by full-matrix least-squares
technique in the anisotropic approximation for non-
hydrogen atoms using CRY STALS program packa-
ge [10]. Crystallorgaphic data are presented in table,
molecular structure, the numbering scheme and selec-
ted geometrical parametersaregiven in fig. 1.

The crystal lattice consists of alternating layers
of cations and anions, with Coulomb attraction
being amplified by multiple C-H...N short contacts
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Crystallorgaphic data for 4,4'-bipyridinium 1,1,2,3,3-pentacyanopropenide

Formula CigHgN+ Volume 1642(2) A3 | Refinement on F2
CCDC deposit no 287006 z 4 Reflections used 2571
Formula weight  646.63 g>mo|‘l Calculated density 1.308 g><:m_3 I/s(l) cutoff 2
Temperature 288 K Absorption coefficient  0.691 ecm™ | Parameters 499
Crystal class triclinic Radiation CuK,, b-filtered| Goodness of fit 0.9102
Space group PTI (N2 g range 3.363-60.041° | Chebychev weighting 10.9, 13.6, 557

a 9.767(4) A | Index ranges —10£h£10, | scheme coefficients

b 13.465(8) A —15£ k£ 14, R(F) 0.072

c 14.274(7) R 0£1£16 WR(F?) 0.107

a 97.67(4)° Reflections measured 5203 Dr in DI 1 ox

b 107.89(3)° Unique reflections 4869

g 108.19(4)° Crystal size, mm 0.06x0.09x0.25

(fig. 2, figures have 1 unit cell depth, unit cdl is
shown). Cationic layers are formed by aromatic p-
stacking of antiparalld linear threads of H-bonded
cations (fig. 3).

Three named interactions are orthogonal and
the fourth, p-stacking of acyclic anions, is directed at
about 45° to interactions in cationic layers and is
orthogonal to Coulomb attraction (fig. 3). This
forms a rich base for studies of directional properti-
es, such as compressibility, eectric and magnetic
susceptibility, etc.

Fig. 1. Perspective view and numbering scheme of 4,4'-
bipyridinium 1,1,2,3,3-pentacyanopropenide. Selected bond
lengths () and angles (°): C(3)-C(8) 1.494(8), C(13)-C(18)
1.478(8), N(1)—-C(1) 1.318(8), N (1)—C(5) 1.341(8), N (2)—C(6)
1.331(8), N(2)-C(10) 1.346(8), N (3)-C(11) 1.336(8), N(3)—
C(15) 1.335(8), N(4)—C(16) 1.332(8), N(4)—C(20) 1.344(9);
C(1)-N(1D)—-C(5) 120.9(5), C(6)-N(2)—C(10) 118.0(5), C(11)—
N (3)-C(15) 120.8(5), C(16)-N (4)—C(20) 117.3(5).
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Fig. 2. View along H-bonds. Short C—H:N contacts are
shown (dotted), expanded — in black, hanging — in light
grey. Coulomb attraction is directed horizontally, aromatic
p-stacking of cations — vertically, p-stacking of acyclic
anions — from top above the figure plane to below under
the figure plane.

Anionsarefound to have two geometries, planar
and spirally distorted, without any explicit difference
of the environment. This provokes a question about
the geometry of anions and lattice symmetry under
pressure and is subject to ab initio calculations.

Both cations [11] and anions[12] are fluorescent.
Together with their unusual arrangement, network of
C—H...N contacts capable of excitation transfer be-
tween layers and p-stacking for exchange between
neighboring anions (and cations) with different geo-
metry, the case is very reach for optical studies,
especially for those employing polarized irradiation.

Considering the resonance-stabilized [13] nature
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Fig. 3. View normal to layers. H-bonds (dotted) are directed
horizontally, aromatic p-stacking of cations — vertically,
p-stacking of acyclic anions — from lower left to upper
right corner, Coulomb attraction between layers is perpen-
dicular to figure plane. Planar anions are given in grey,
distorted — in black.

of H-bonds (invariability of molecular structure to
proton tansfer), their strength (d(N--N) = 2.73R),
paralld directivity and the absence of other movab-
le particles in the structure we suggest that the syn-
chronous intermolecular proton transfer with the loss
of inversion centers is possible under application of
electric field, moving force being the arousal of
strong dipole moment compensating the outer eec-
tric fidd. The effect should show up as an abrupt
change in inductivity and the field dependence of
hydrogen position should be observable by neutro-
nography or precison X-ray studies.

Finally, both cations and anions are well-known
[6] and smple, allowing variety of modifications to
be doneto achive such goals of crystal engeneering as
selective exclusion/inclusion of desired interaction in
an already complex system or creation of noncentro-
symmetric structure to develop non-linear optics.

PE3IOME. Yiaunass koMOMHAIIMS IBYX U3BECTHBIX TEK-
TOHOB — KaTtnoHa 4,4 -6unupununus u anuona 1,1,2,3,3-
MEHTAIIMAHOMPONMUICHU]a — JEMOHCTPUPYET MHOT000e-
NIAIOIYIO JUTSI MCCIEAOBAHUA U MOJAU(PUKAIIUNA KPHUCTAILIN-
YECKYI0 CTPYKTYPY C YETBHIpbMS CHJIBHBIMH MEXKMOJIEKY-
JNAPHBIMU B3a€MOJEHCTBUSMH PA3IHMYHBIX TUIIOB U HaIpaB-
JIEHHOCTH (TpU M3 KOTOPBIX B3aMMHO OPTOTOHAJBHBI), a
UMEHHO: PE30HAHCHO-CTa0MIM3UPOBAHHBIC BOJIOPOIHBIC CBSI-
3M, ApPOMaTHYECKUN P-CTEKHHT, P-CTEKUHT aI[MKIMYECKUX CH-
CTEeM U KYJIOHOBCKOE mputsxenue, ycunennoe C—H..-N-
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KOHTAKTaMHU. EOJ‘ICB TOTO, B KpUCTAJIJIE YCTHIPE I'PYNIILI XH-
MHUYECKHU DKBUBAJICHTHBIX BOAOPOIHBIX CBﬂSeﬁ HampasJie-
HBI BJOJIb OJJHOM OCH; 1Ba aHMOHA UMEIOT pa3Hble T€OMET-
pUUecKHe mapaMeTpsl B MPHOJIU3UTENBHO OJHHAKOBOM OK-
pyxernun. OCHOBHBIE KpHcTaUIOrpaduyeckie mapamMeTpol:
a=9.767(4), b=13.465(8), c=14.274(7) R, a=97.67(4), b=
=107.89(3)°, g=108.19(4)°, V=1642(2) A% npocrpancreen-
Has rpymna P1 (N 2).

PE3IOME. Buane noegHaHHsa IBOX BiOMHMX TEKTOHIB
— xariony 4,4-6inipuauHito Ta aniony 1,1,2,3,3-nenrami-
AHMPOTIIEHITy — JeMOHCTpye OaratooOimsiouy s Aoc-
JiDKeHb Ta MoaHdiKamiil KpUCTalidHy CTPYKTYpPY 3 YOTHP-
Ma CHJIBHUMH MDKMOJIEKYJISIPHUMH B3a€MOIISIMU PI3HUX TH-
niB Ta HAmpaBieHOCTi (TpH 3 AKUX OPTOrOHAINbHI), a ca-
Me. pe30HaHCHO-CTab1Ii30BaHi BOJHEBI 3B 13KH, apOMaTH4-
HUI P-CTEKIHT, P-CTEKIHT alMKJIIYHHX CHUCTEM Ta KYyJIOHIB-
chke nputsaranus, nocuiene C—H---N-konrakramu. binpmie
TOT0, Yy KPHCTAIIYHOMY CTaHI YOTHPH TPYNH XIMIYHO €K-
BiBaJICHTHUX BOJHEBUX 3B’'sA3KiB HANIPABJICHI B3J0BX OJHI€T
oci, IBa aHIOHM MAalTh Pi3HI T€OMETPHYHI HMapamMeTpu y
NpUOIU3HO OJHAKOBOMY OTOYeHHI. OCHOBHI KpUCTaloTrpa-
iiqﬂi napamerpu: a=9.767(4), b=13.465(8), C=14.27£}§?

, a=97.67(4), b=107.89(3)°, g=108.19(4)°, V=1642(2)

npocroposa rpyma P1 (N 2).
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