sagarTvelos mecnierebaTa erovnuli akademiis moambe, t. 1 4, #2,2020
BULLETIN OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES, vol.14, no. 2, 2020

Chemistry

Molecular and Crystal Structure of Bis(Lidocaine)
Tetrachlorozincate(ll)

Koba Amirkhanashvili *, Alexandre N. SoboleV
Vladimer Tsitsishvili 8, Nani Zhorzholiani”

"PetreMelikishvili Institute of Physical and Organic Chemistry, Ivane Javakhishvili Thilisi State Utyydrsilisi,
Georgia

™ University ofWestern AustralizCentre for Microscopy, Characterization and AnalyBerth Australia

SAcademy Member, Georgian atal Academy of Sciences; Petre Melikishvili Institute of Physical and Organic
Chemistry, lvane Javakhishvili Thilisi State University, Thilisi, Georgia

The presentpaper reports on the synthesismolecular and crystal structure o bis(2-(diethylamino)-
N-(2,6-dimethylphenyl)acetamidg tetrachlorozincate(ll). The complex with the formula
(C14H230N2)2ZnCl4 (or (LidH)2ZnCls), crystallizes in the monoclinic space groupP2i/c with

a = 8.8921(2)b = 19.2650(3),c = 19.3211(3) A, = 95.026(2), V = 3297.10(10) A Z = 4, and
Dc = 1.366 Mg/ni. In molecular structure the coordination of the Zn?* ion with chlorine atoms
generates slightly distorted étrahedral anionZnCl4+>", while two protonated cations LidH' remain in
an outer coordination sphere The anion and cations areassociatedoy hydrogen bonds formed by
two chlorine atoms with amido nitrogen atoms, the conformation of the flexible chain of lidocaine
molecules provides for the formation of an intramolecular hydrogen bond between the protonated
nitrogen atom of the amino group and the oxygen atom of the carboxamide grouprotonated amino
nitrogen atoms also form intermolecular hydrogen bonds with the oxygen atoms of neighboring
molecules of the chargdransfer complex, combining them in pairs 2(LidH) 2ZnCl4]. Each pair forms
intermolecular N-H---Cl hydrogen bonds with four adjacent pairs, arranging then into endless
sheets lying in thebc plane. © 2020 Bull. Georg. Natl. Acad. Sci.

Lidocaine complex, Xay analysis, crystal structure, hydrogen bond

Lidocaine or lignocaine (@diethylamino)N-(2,6-dimethylphenyl)acetamidéjd) isthe most common and
important localaneesthetic an@ntiarrhythmiadrug [1]. The lidocaine base 4H.,ON is easily soluble in
diethyl ether, but poorly soluble in water, and thus is used in form of water dalololEinehydrochloride
monohydrateC;4H,>0ON>HCI-H.O. Despite the fact that the molecular mechanism of actididataine
and otheltocal araesthetics upon the nervous system and contribution of the cell membrane to the process
are still controversial g, the ability to hydrogen bond donation isssential to the action of local
aneestheticd3].

Charge transfer complexes ofldcaine are of interest because of their roleniedicaland other
applications The first lidocaine complex, (LidHZnCls, was obtained and studied back in 1981 T4ie
structure was refined to &value of 0.14, and i was noted that the interatomic distances and angles are
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not highly accurate. Despite this, certain conclusions were dihemidocaine molecules are protonated
at the dimethylamino group, the sttuiees of both molecules are similar except the conformatiative
to the chain between the amino and amido nitrogen atoms, and th& Zn{®h is slightly distorted. Study
[4] did not concern hydrogen bonding and crystal packing; these issues wergeosh in work [5]
reporting thecrystal structure of lignocaine hydrochloridezinc chloride complexvith strange brutto
formula ZnClC2sN4OzH44. The structure was refined to &wvalue of 0071, but the protonation of the
amino nitrogen atom was niatken into account and led to conflicting conclusions.

The aim of our work was to carry outrdy measurements and structure refinement at a modern level
and to clarify all the details of the molecular and crystal structure of bis(lidocaine) tetraictdated!).

Materials and Methods

Zinc(ll) complex of lidocaine was preparéu watermethanol solution with 1:2 molar ratio of the zinc
chloride(ZnCk) and lidocaine hydrochloride monohydrate4&20ONxHCI'H;0). To avoid the hydrolysis
of Zn(ll) salt,2-3 drops of concentrated hydrochloric acid were added to the solution duringssgnth
Colorless prismaticrystalssuitable for the Xay measurements started to form after 4 days. The resulting
crystals were washed with ether and dried in air. Isolgitdd 68%. Elemental analyses were performed
using a Labertherm CHN elemental analyser and a PREtkier atomic adsorption spectrometer.
Elemental analyses data (wt.%): calculated @asHsClaN4O2Zn: C 47.78; H 6.26; N 13.93; found:
C 47.71; H 6.19; N3.9Q

The crystal and molecular structure of the complas determinedy single crystalX-ray diffraction
(XRD) methodusingcrystalwith sizes 7 u0.36 u0.35mm?®. XRD measurements were carried out with
an Oxford Diffraction XCALIBUR E CCD diffractometer equipped with grapfifeRQ RFKURPDWHG OR..
radiation (P=1.100 mm. Fooo= 1422, O= 0.71073 AT = 100(2)K) The data collection, cell refinement
and data reductionave carried out with the CrysAfi€° package of Rigaku Oxford Diffractiofversion
1.171.38.46, 20)5theta range for data collectioresvup to 2%ax = 65.2°, 3836 reflections collected,
11211 unique (R = 0.03F). The structure was solved by direct methods and refined againih full -
matrix leastsquares usinthe softwarecomplex SHELXI-2014 B]; final GOF= 1.001,R; = 0.0336 WR.
= 0.0783Rindices based on 9057 reflections with 2 (1) (refinement o), | 0 |ma= 0.49(7) e A8, 376
parameters, 0 restraints. CCDC 1859311 contains the supplementary crystallographic data for this
contribution, and can be obtained free of chatigédttps://wwwccdc.cam.ac.uk/conts/retrieving.htat
from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, U.K; fax: (+44)
1223336-033; or deposit@ccdc.cam.ac.uk).

Results and Discussion

According to the RD crystallographythe prepared compound crystallizes in the monoclinic spaaggro
P2,/c (No. 14 with unit cell parameterslightly different from those published previously (see Table 1)
andZ=4.

Table 1. Lhit cell parameters

Sample a (A b (A) c(A) © V (A3 Dc (Mg/md)
PreparedLidH)2ZnCl. | 8.8921(2) | 19.2650(3) | 19.3211(3) | 95.026(2) | 3297.10(10) 1.366
(LidH)2ZnCla[4] 9.137 19.213 19.707 95.82 1.311
ZNClLCoeNaOzHa4 [5] 9.128(2) | 19.196(5) | 19.696(5) | 95.81(1) | 3433.43(1)| 1.308
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Molecular structure. The preparal compound has a molecular crystal structure of bis(lidocaine)
tetrechlorozincae(ll), the charge transfer complé®,which coordination of th&n?* ion with fourchlorine
anions generatesightly distorted étrahedral anio@nClL?, while two protonatedations LidH remain in

an outer coordinatiospherg(Fig. 1).

Fig. 1. Molecular structure of the (LideBnCla showing the atom numbering scheme. Displacement ellipsoids are
drawn at 50% of the probability level

Chlorineatoms in theznCl, tetrahedronare locatedht approximately equal distances from the central
zinc atom (the lowest values 82£616(4),2.2624(4), and2.2684(4) A for the ZnCI2, Zn-Cl4, andZn—
CI3 bonds, respectively, the largest is 2.9544pr the Zr-Cl1 bond) the angles betwedhe Cl-Zn-Cl
bonds deviate fronetrahedralwith a minimum 0f105948(14)° for angleCl1-Zn-CI3 and a maximum
value 0f113851(15)° for angleCI3-Zn—Cl4. These results are completely consistent with the data of work
[4] (Zn-Cl distanceg.24-2.29A, angles 106113) and slightly differ from the paramete&%3.0A, 101-
112) given in [5].

Distortions of the tetrahedral coordination are causethe Coulombinteraction betweetthe anion
ZnCl# andasymmetrically arrangechtions LidH, as well asbythe hydrogen bonds in which the chlorine
atoms participatésee Table 2)

Table 2.Hydrogen-bond geometry

D-H--A D-H (A) H--A (A) D--A (A) D-H--A (9

N211:-H211--Cl1 0.836(19) 2.415(18) 3.2349(12) 166.8(17)

N111:-H111--CI3 0.83(2) 2.50(2) 3.3124(13) 169.1(18)

N114-H114---Cl4 0.885(18) 2.508(19) 3.1842(13) 133.7(15)

N114-H114--0112 0.885(18) 2.071(18) 2.6424(16) 121.4(15)

N214-H214-.-0212 0.844(17) 1.998(18) 2.751115) 148.1(16)
Symmetrycodes(i) ix+1,yi iz+1/2;(ii) ix, iy+1, iz+1.
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So, chlorine atoms CI1 and CI3 enter into a hydrogen bond with the amido nitrogen atoms N211 and
N111, respectively. In work [5], hydrogen atoms were localized at larger distances from nitragen ato
(0.93-0.96A) and at smaller distances from atihe atoms (2.39 2.35A), but in general, the picture of
these two hydrogen bonds corresponds to our results. The two considered hydrogen bonds caminact the a
with cations; they can be considered as intramolecular. A third hydrogen bond is intetanpitis formed
between the chlorine atom Cldf the neighboring anion and the protonated nitrogen atom N114 of the
diethylamino group, and not the amido nitrogen atom, as indicated in work [5].

Along with hydrogen bondbl—H:--Cl, the SHELXL software reveals hydrogen bonNsH---O that
were not taken into account in [5]. Hydrogen badwitil4-H114--O112is intramoleculaand is formed
when the lidocaine molecule has a certain conformation.

Generally, he aromatic ringin the LidH" cations areasymmetric, but the deviations of the@bond
lengths and angles from the standard ones are insignificant, the torsion angles are smallyamatice a
rings can conditionally be considered flat

The GN, C-C and C=0 interatomic distances in flexibl@gments of lidocaine molecules are typical
of crystallinecarboxamides], but the angles differ significantly from standard orfexording to the
valuesof the corresponding torsion angles (see Table 3), in the daitiveracting with chlorine ata CI3
(on the left in Fig.1) the amide grouptigisted out from the plane of the aromatic ring~®g°, in the
cation?2 interacting with Cl1— by ~106°. For both cationthe aromatic ring and the oxygen atom adopt a
synperiplanar( K conformation withrespect to the carboxamitle-C bondtheamido and aminaitrogen
atoms adoptheantiperiplanar(T) conformation Such staggered conformation excludes the formation of
an intramolecular hydrogen boiNdH--- N noted in the lidocaine free basi} &nd ts mdecular complex,
when the nitrogen atoms adopCaonformation 9.

Table 3. Torsion angles in flexible chain between aromatic ring and diethylamino group of LidHcations

Main-chain atoms © Main-chain atoms ©
C16, C11N111,C112) 75.38(19) (C26, C21N211,C212) 106.32(15)
C11, N111,C112,0112) 2.6(2) (C21, N211C212 0212) -0.32)
(C11, N111C112,C113) 178.45(13) (C21, N211, C212 C213) 178.08(12)
(N111, C112 C113 N114) 168.10(13) N211, C212C213 N214) 134.19(12)
0112 C112 C113 N114) -12.8919) (0212 C212 C213 N214) —47.38(17)

On the contraryif the carbonyl oxygen atom and the nitrogen atom of the amino group addpt the
conformationjt leads to the formation ofralativelystrong intramolecular hydrogen boNegH-:--O in the
LidH* cations [10] Conformation C is realized in catidnthe distance between the donor and the acceptor
is ~2.64A (see Table 2)In cation2, the torsion angle(0212, C212,C213, N214) exceeds the limit
determining the conformation Ct30°), and theSHELXL software does not fix the intramolecular
hydrogen bond, but indicates the existence of an intermolecular hydrogen bond between the totrogen a
N214 and the oxygen ator®212 of the neighboring cation. The distance between the donor and the
acceptor for the intermolecular bond is Z2A and is comparable to the same distance for the
intramolecular bond, so it can be assdrf®t the hydrogen atohi214formsa bifurcated hydrogen bdn
with both carbonyl oxygen atomO0212and0212. The parameters of the intramolecular hydrogen bond
were calculated according to the coordinates of the atoms: the distancedHRP44H214-0212 and
N214-0212 amounted to 0.84(2), 2.50(8), and 2.8&(Mespectively, the angle N234214-0212was
145(2) degrees.
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Symmetrically, an intermoleculahydrogen bond N214-H214'---0212 and an intramolecular
hydrogenbondN214'-H214'---0212" are formed, as shown in Fig.
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Fig. 2. Bifurcated hydrogen bondsewed along [001] (left) and along [100] (rightfle twepointed arrows show the
lines connecting atoms Zn andizZn

Fig. 3.Unit cell of (LidH)ZnCls viewed along [100]pnly the hydrogen atoms participating in the intramolecular (thin
lines) and intermolecular (bold lines) hydrogen bonds are shown; the nubdegds?on the aromatic rings indicate
different cations in the molecutg# thecomplex
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Supramolecular and eystal structure. The intermolecular bond$—H---O located near the middle of the
line connecting the atoms Zn and'Ziombine the molecules of the complex into pa[(kidH) 2ZnCly],
and the intermolecular bontisH---Cl provide the connection of each pair with four neighboring pairs, as
shown in Fig, 3, which depicts a unit cell of bis(lidocaine) tetrachlorozincate(ll) containingl geitrand
parts of four neighboring pairs, totally atoms of f@niCl>~ anions andight LidH* cations.The planes of
the aromatic rings of cations 1 and 2 are approximately perpendicular, as was noted in workoft, but
more peculiarity of the arrangement of the aromatic rings is obsea&dan be seen in Fig. 3, the planes
of aromdic rings are parallel to the planes of the corresponding cation rings in the neighboring .unit cell
Each pair of complex molecules located in the center of the unit cell is connected by hydrogea bonds
four pairs lying at the nodes of the unit cell, @ath nodal pair is connected to four central pding
hydrogen bonded pairs form endless sheets lying in the ptaseeFig. 4 showing part of the crystal
packing of(LidH)»ZnCl.), rather than herringbone packipgrallel toc axis, as described in [5].

Fig. 4. Partial crystal packing of (LidHYnCls viewed along [100].
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Conclusion

In this work,new data on the molecular and crystalline structure of the zinc complex of lidobgameed
in watermethanol solution (pH=86) with 1:2 molar ratio of the zinc chlorigadlidocaineareconsidered.
Thesinglecrystal Xray diffraction characterization shows that the complgstallizes in the monoclinic
space grou2:/ ¢ with a= 8.8921(2)b = 19.2650(3)c = 19.3211(3) A, £95.026(2),V = 3297.10(10)
A3 7 = 4,D. = 1.366 Mg/m, andconsists of theZnCl,> slightly distorted ¢trahedral anion and two
protonated cations of lidocaigédH" in an outer coordination fieldn addition to the Coulomb attraction
forces, the anion and cations are associatedtiwp N-H---Cl hydrogen bondsvith participation of the
amido nitrogen atomsyhile theamino nitrogen atomare involved in bifurcated hydrogen bonds providing
N-H--- O stackswith neighbouringnolecules andombining them irpairs 2[LidH)>ZnCl4]. Two amido
nitrogen atoms and two chlorine atoms of each pair participate M-tHe-Cl hydrogen bonds with four
adjacent pairs, arranging them into endless sheets lying lot trgstallographic plane.

This research wasarried out with the financial support of the Shota Rustaveli National Science Foundation
of Georgia, projectR 183889 “Synthesis of coordination compounds of biometals with anesthetic
substances and research of their physibaimical propertiés
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