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Influence of N-heteroaromatic x...7m stacking on
supramolecular assembly and coordination geometry;
Effect of single-atom ligand change

Hamid Reza Khavasi* and Bahareh Mir Mohammad Sadegh

In order to understanding of how the polarization of aromatic systems, through the introducing
of nitrogen heteroatom, affects the =n-m interactions and crystal packing of mercury
coordination compounds, in this study, N-(quinolin-2-yl)pyrazine-2-carboxamide and N-
(quinolin-3-yl)pyrazine-2-carboxamide ligands have been employed for the synthesis of five
Hg(IT) complexes, [HgBry(L*9"™),],, 1, [Hgl(L*M"™)], 2, [HgClL(L*"™)],, 3, [Hg;Bre(L>
ainy 1., 4, and [HgyIg(L¥™™),],, 5. X-ray single crystal diffraction analysis of these
compounds reveals that all complexes have polymeric structures while complex 2 is a discrete
compound. Complexes 1 and 3 have 1D and 2D polymeric structures, respectively, while
complexes 4 and 5, are 3D coordination polymers. In comparison to homologous complexes
containing  N-(naphthalene-2-yl)pyrazine-2-carboxamide ligand, L>™P"  interestingly,
structural analysis clearly shows that the replacement of the naphthyl CH group with a nitrogen
atom, changing the spatial extent of the m-electron cloud and polarity of the aromatic ring,
from L>™P" adducts to L>9" and L*9"" adducts, the propensity of the formation of m---x
interactions increases. These m-m stacking interaction synthons affect the coordination
geometry and structural assembly. This study reveals an undeniable contribution of n-n
stacking interaction to the organization and stabilization of some of the crystal structures

reported here.

Introduction

Self-assembly of coordination compounds have been widely
studied because their application in materials, catalysis and
nanotechnology.' This self-assembly and arrangements of
molecules of coordination compounds in solids are known to be
influenced by a range of directional and non-directional
intermolecular interactions. Factors that play an important role
in controlling these intermolecular interactions and the
architecture of self-assembled species include the ligand
structure, which not only provides capability for selective metal
ion coordination but can also provide potential interaction sites
to generate desired non-covalent interactions,” the metal
center,3 counter ions,4 and the experimental conditions.” The
most extensively exploited of these interactions is highly
directional hydrogen bonding.® Other than hydrogen bonding,
the influence of 7...m interaction is also well investigated.” It is
to be noted that the nature of this interaction is still a matter of
dispute. It has been suggested by Martinez and Iverson in
2012,7 that the term “zm...7m interaction” does not accurately
describe the forces that drive association between aromatic
rings. On the other hand, the term “zm...7 interaction” appears
often to be used generally. This contradiction is due to this fact
that there is no important interaction between aromatic nt-clouds
during face-centered parallel stacking. Instead, off-set stacked
geometries are almost observed in aromatics with polarized m-

This journal is © The Royal Society of Chemistry 2013

clouds, such as compounds reported here. Meanwhile,
aromatic-aromatic interaction is well accepted among
supramolecular chemists’ as an important class of

intermolecular interactions. Despite this fact, due to the lack of
strength and directionality, control of this interaction at the
molecular level is difficult. So, one of the key challenges in the
understanding of «t...7 interaction is investigation of its strength
and orientational preferences. In the Hunter and Sanders
electrostatic based model, electron donating substituent on the
benzene ring increases the repulsion between the two stacked
rings, while electron withdrawing substituents should decrease
this repulsion.8 On the other hand, by considering the non-
electrostatic terms such as induction, dispersion and exchange
repulsion terms, high-level calculations show that irrespective
of the nature of the substituent, presence of all withdrawing and
donating groups on benzene ring resulted in the stronger
stacking of aromatic ring than unsubstituted benzene.’ In this
regard, the effect of the replacing the one or more carbon
aromatic ring with nitrogen atoms, that resulted in the
reduction of the spatial extent of the m-electron clouds and
increasing of the polarity of aromatic ring, have also been
theoretically investigated in the past few years.'” Despite to
these theoretical studies, experimental investigations on this
subject have been relatively rare.'!

Although the role of m...w stacking in metal-containing crystal
structures, have been reported, compared to organic systems, to
our knowledge, far less attention has been paid to systematic
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studies that examine the effect of n...m interactions on the
supramolecular aggregation of coordination complexes.
Recently, exploiting the m-m stacking capabilities of the -
deficient 1,8-naphthalimide supramolecular synthon, '* the
effect of face-to-face m-m stacking interactions between
bipyrimidine ligand in the formation of infinite mercury metal
chains’® and the effects of substituent on the geometry of m-n
interactions'> have been reported. The influence of m-m
interactions in the secondary structure-directing on the
formation of special arrangement have been reported in the
literature.'* Also, study of the m-m stacking effect on the
primary structure-directing coordination geometry has been
reported by us.'® Due to our interest about 7-7 interaction effect
in the crystal packing of mercury coordination compounds
containing pyrazine carboxamide ligands, in 2010, the effect of
n-n stacking on the primary structure-directing coordination
geometry has been discussed by some of us in the structure of
Hg(II) complexes containing N-(naphthalene-1-yl)pyrazine-2-
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carboxamide ligand, L'™@"'>° Recently, in order to further
investigate the role of m-m interaction in the crystal packing of
coordination compounds, and in comparison to homologous
complexes containing N-(naphthalene-1-yl)pyrazine-2-
carboxamide ligand, L'™*", we reported the structural analysis
of Hg(II) complexes containing N-(naphthalene-2-yl)pyrazine-
2-carboxamide ligand, L>™#" > Presence of strong tendency
to form m-m stacking interaction between pyrazine and
naphthalene rings is the common feature in the crystal packing
of complexes in both groups.

In continuation of our previous studies, here, the crystal
structure of Hg(II) complexes of N-(quinolin-2-yl)pyrazine-2-
carboxamide, L*®"  and N-(quinolin-3-yl)pyrazine-2-
carboxamide, L*9"™", ligands, have been analysed. Five Hg(II)
complexes of these ligands, [HgBry(L>™""),],, 1, [Hgl(L*
aimy), 2, [HgCLL™™)], 3, [HgBrs(L>"""),], 4, and
[Hgslo(L*9"M),],, 5, have been prepared by the reaction of
equimolar quantities of mercury(Il) halides (chloride, bromide
and iodide) in the mixture of methanol and dimethyl formamide
solution for 1 and 2 and in methanolic solution for 3-5, Scheme
1. Due to the freedom of C-C and C-N single bond rotation in
these ligands, the pyrazine and quinoline rings can freely
twisted to meet the requirements of the coordination geometries
of metal atoms and intermolecular interactions in the assembly
process. X-ray diffraction analysis of these complexes and
comparison with their similar complexes with L'™P" and L*
"aPh Jioands give details which have led to an understanding of
how the polarization of aromatic systems, through the
introducing of nitrogen heteroatom, affects the n-n interactions
and crystal packing of mercury coordination compounds.

Results and Discussion

Synthesis. The ligands L*%" and L*" was prepared by
simply mixing of the same equivalents of quinolin-2-amine or
quinolin-3-amine and pyrazinecarboxylic acid in pyridine in the
presence of triphenyl phosphite.’”® Reaction of equimolar
amounts of these ligands and HgX, (X = Cl, Br and I) in
methanol (for 1 and 2) and mixture of methanol and dimethyl
formamide (for 3-5) gave the corresponding complexes. Slow
evaporation of the solvent resulted in the air-stable yellow
needle crystals of 1, yellow plate crystals of 2, colorless block
crystals of 3, colorless needle crystals of 4 and yellow prism
crystals of 5, after a few days. It is notable that using 1:1 molar
ratio of ligand and HgX, in 1, 4 and S, resulted in the same
product as when using 1:2 molar ratio for 1 and 3:2 molar ratio
for 4 and 5. Attempts were made to form complexes with HgCl,
using the L*%" ligand. Yet unfortunately, no mercury-
containing suitable crystals for X-ray analysis were isolated
from the reaction mixtures during crystal growth.
Crystallographic data for compounds 1-5 are listed in Table 1.
Selected bond distances and angles are summarized in Table 2.

Structural analysis of HgX, complexes with NV-(quinoline-2-
yl)pyrazine-2-carboxamide; [HgBr,(L*™""),],, 1, and
[HgI,(L29"")], 2. The coordination ability of L> ™" was tested
with mercury(II) halides. A simple reaction between HgX, (X =
Br and I) and L*9"" in methanol and DMF at room temperature
followed by slow evaporation of the solvent afforded well-
formed crystals of [HgBr,(L*1"),],, 1, and [Hgl,(L*%"")], 2.
X-ray diffraction analysis on a single crystal of these
complexes revealed that both of them crystallize in the triclinic
crystal system with P1 space group, Table 1.

The asymmetric unit of [HgBry(L>""),],, 1, consists of a half
crystallographically independent Hg** ion, one N-(quinolin-2-

This journal is © The Royal Society of Chemistry 2012
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Table 1. Structural data and refinement for complexes 1-5.

Complex 1 Complex 2 Complex 3 Complex 4 Complex 5
formula CysHyoBr,HgN5O, Ci4H,oHgLN,O CasHaoClHE N3O, CsHyBrgHEsNsO, CrsHpHg;INsO,
fw 860.91 704.65 1043.50 1581.69 1863.69
VA 0.71073 0.71073 0.71073 0.71073 0.71073
T/K 298(2) 298(2) 298(2) 298(2) 298(2)
crystal.system Triclinic Triclinic Monoclinic Monoclinic Monoclinic
space group P1 Pi P2y/n P2\/c P2\/c
a/A 3.9332(9) 6.7642(5) 14.5287(5) 7.8761(4) 8.1811(4)
bIA 12.278(3) 7.7232(7) 14.0469(3) 7.5061(4) 7.7210(3)
c/A 14.441(3) 17.7949(15) 15.7245(5) 29.2866(14) 29.8371(17)
a/° 99.278(19) 91.562(7) 90 90 90
pl° 91.024(18) 93.790(6) 111.798(3) 91.498(4) 93.637(4)
v/° 92.56(2) 113.327(6) 90 90 90
0N 687.3(3) 850.32(12) 2979.65(15) 1730.80(15) 1880.90(16)
Deao/Mg m™ 2.080 2.752 2.326 3.035 3.291
V4 1 2 4 2 2
wmm! 8.548 12.687 10.692 20.240 17.176
F(000) 410 632 1952 1420 1636
20/° 58.32 54.00 58.36 58.40 58.40
R(int) 0.0985 0.0982 0.1113 0.1007 0.1162
GOOF 0.994 1.056 1.011 1.107 1.093
R*(I>20(1)) 0.0681 0.0901 0.0574 0.0595 0.0618
WR, (I > 26(I)) 0.1405 0.1815 0.1165 0.1024 0.1584
CCDC No. 1015774 1015778 1015768 1015772 1015771

Ry =E||Fo| - [FllVEIFo|. "WRy - [E(W(F,” - FO))/EW(F,)2]".

-quin

yl)pyrazine-3-carboxamide ligand, L>9"", and one bromide ion. (maximum deviation of angles from 90° is 4.6°) with two
As depicted in Figure la, in this compound, the Hg(I) ion nitrogen atoms from L*9"" ligands and four Br atoms (Hg—Br:
adopts an distorted octahedron coordination geometry 2.487(1) and 3.115(1) A), Table 2. Complex 1 is a 1D
coordination polymer built up from bromide-bridged Hg(II)
edge-sharing octahedral, extending along the g-axis, with a
building block of [HgBr,], Figure 2a. The Hg...Hg distance
within the metal chain is 3.933(9) A. This distance is at the
upper limit that allows weak mercurophilic interactions.’®'®
Infinite linear mercury chain is further stabilized by intra-chain
7...7 stacking with ring centroid-to-centroid distances of 3.933
A, Table 3. As shown in Figure 2b, overall supramolecular
structure results from the linkage of neighbouring coordination
polymer chains through head-to-tail Cg,-H...O=C (with the
H...O distance of 2.499(6) A) and head-to-tail Cpy-H. . .Nguin
(with the H...N,,, distance of 2.780(7) A) weak hydrogen
bonds. The dihedral angle between pyrazine and quinolin ring
is 11.72(18)°. There is one independent Hg(II) ion, two iodide
ions and one L*"" [igand in the asymmetric unit of [Hgl,(L*
auiny]© 2. crystal structure. Figure 1b depicts representative
molecular structure showing arrangement about the Hg(II)
center for 2 and selected bond distances and angles are listed in
(b) Table 2. The Hg(Il) atom lies at the center of a distorted T-

shape structure defined by two iodide ions (Hg-I: 2.599(1) and

Figure 1. Portion of the structure of coordination compounds formed  2.602(1) A) and one pyrazine nitrogen atom (Hg-N: 2.521(1)
between ‘Lz—q"m and HgBr;, 1, (a), and Hgh, 2, (b), showing Ay of 129" Jjgand. For this complex, trigonal-planar index, 13,
coordn@tlon geometry around central metal. Symmetry codes: i) 1-x, 1- " qofined by some of us,'” is 0.27, Table 3. As shown in Figure
Y, 12, 1) -1+, y, 2, i) 2-%, 1-y, 1-2. 3a, discrete neutral [Hgl,(L*9"")] units stacked on one another

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 3
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(b)

Figure 2. (a) Representation of the 1D linear polymeric chain in 1, and
presence of m...7 interaction between adjacent aromatic rings in the
chain. (b) A representation of part of 1, in a-direction, showing the
formation of overall supramolecular structure from the linkage of
neighbouring coordination polymer chains through head-to-tail Cguin-
H...O=C weak hydrogen bonds and head-to-tail Cgy,-H.. Ngin
interactions. Different colours show different adjacent linear chains.

by =...7 interaction, with ring centroid-to-centroid distances of
3.736(4) A, Table 3, in an anti-parallel fashion to form dimeric
units. Adjacent dimeric units are further linked to each other to
form 2D sheets by cooperation of head-to-tail Cguip-H...Npy,
(with the H...N,,, distance of 2.732(8) A) and Cquin-H...O=C
(with the H...O distance of 2.604(7) A) weak hydrogen bonds,
Figure 3b. In the packing of this complex, the overall
supramolecular structure results from the head-to-tail Hg...I
short contacts by distance of 3.932(1) A, Figure 3c.

Structural analysis of HgX, complexes with N-(quinoline-3-
yl)pyrazine-2-carboxamide; [HgCL(L*"")],, 3, [Hg;Brs(L>
auimy 1., 4, and [Hg;Ie(L>9""),],, 5. A simple reaction between
HgX, (X = Cl, Br and I) and L*%"" in methanol afforded well-
formed crystals of 3-5. X-ray single crystal diffraction analysis
demonstrates that [HgClL(L¥"™)], 3, crystallizes in the
monoclinic crystal system with P2,/n space group, Table 1. The
asymmetric unit of 3, consists of two crystallographically
independent Hg*" ion, four chloride anions and two ligands. As
depicted in Figure 4a, according to trigonality index, ts,'® of
0.55 and 0.51 for Hgl and Hg2 atoms, respectively,
coordination geometry around the mercury centres can be
considered as a highly distorted trigonal bipyramid (TBP),
Table 3. In both centers, the basal plane of trigonal bipyramid is
occupied by two chloride anions (Hg—Cl: 2.364(2) and 2.348(2)
A), Table 2, and nitrogen atom of quinoline group (Hg-N:
2.380(6) A), Table 2. The axial positions are occupied by
carbonyl oxygen atom (Hg-O: 2.842(7) A) of L*" ligand, and
a nitrogen atom from the pyrazine ring of the adjacent

4| J. Name., 2012, 00, 1-3

Table 2. Selected bond length (A) and angles (°) around mercury(II) for
complexes 1-5.

Page 4 of 14

Complex
1 (X=Br) 2(X=1D
Bond Hgl-X1 2.4870(12), 3.1150(13)’ 2.599(1)
distance  Hgl-X2 - 2.602(1)
Hgl-N2 2.720(9) 2.521(1)
Bond X1-Hgl-X1  88.45(4), 180.0" -
angle X1-Hgl-X2 - 163.81(6)
N2-Hgl-X1  89.8(2), 94.63(19)' 99.5(3)
N2-Hgl-X2 - 96.6(3)
3(X=Qn 4(X=Br) 5(X=0)
Bond Hgl-X1 2.364(2) 2.4247(9) 2.5791(12)
distance  Hgl-X2 2.348(2) - -
Hgl-N2 2.631(6)" 2.756(1) 2.887(11)
Hgl-01 2.842(7) 3.024(3) 3.241(13)*
Hgl-N8 2.380(6) - -
Hg2-X2 - 2.4597(13) 2.642(1)
Hg2-X3 2.348(2) 3.5181(11), 2.7009(8),
3.06670(12)"  3.1182(9)
Hg2-X4 2.354(2) - -
Hg2-N4 2.393(5) 2.366(7) 2.391(9)
Hg2-02 2.828(7) - -
Hg2-N6 2.647(6)" - -
Bond X1-Hgl-X1 - 180.0"" 180.08
angle X1-Hgl-X2  143.20(8) - -
N2-Hgl-X1  89.74(16)"  90.78(11), 90.46(13),
89.22(13)" 89.54(11)"
N2-Hgl-X2  92.71(16)" - -
N2-Hgl-N2 - 180.0 180.0
N8-Hgl-X1  101.42(15) - -
N8-Hgl-X2  114.76(15) - -
N8-Hgl-N2  96.2(2) - -
Ol-Hgl-X1  90.43(14) - -
Ol-Hgl-X2  89.44(13) - -
Ol-Hgl-N2  176.21(16)"  101.41(13)", 104.41(12)",
78.59(12) 75.59(11)*
Ol-Hgl-N8  80.05(15) - -
X2-Hg2-X3 - 136.80(4), 130.87(3),
99.72(4)" 101.60(3)*
X3-Hg2-X3 - 99.81(3)" 102.78(2)*
X3-Hg2-X4  145.82(8) - -
X3-Hg2-02  92.23(14) - -
X2-Hg2-N4 - 106.93(16) 109.50(16)
X3-Hg2-N4  99.90(15) 111.05(15), 111.54(16),
90.43(15)" 1.97(15)
X3-Hg2-N6  88.42(15)" - -
X4-Hg2-02  89.03(14) - -
X4-Hg2-N4  113.86(15) - -
X4-Hg2-N6  92.60(15)" - -
02-Hg2-N4  79.53(15) - -
02-Hg2-N6  176.22(15)% - -
N4-Hg2-N6  96.7(2)" - -

Symmetry codes: (i) -1+x, y, z, (i) 1-x, 1-y, 1-z, (iii) 1/2-x, -1/2+y, 3/2-
z, (iv) 1/2-x, 1/2+y, 1/2-z, (v) 1+x, y, z, (Vi) 1-x, -1/2+y, -1/2-z, (vii) 4-
X, 3-y, -z, (viil) 3-x, 3-y, -z, (ix) -1+x, y, z, (X) 2-x, 1/2+y, 1/2-z, (xi) -
1-x,1-y, -z, (xii) -x, 1-y, -z.

ligand at a normal distance of 2.631(6) A, Table 2. In the
crystal packing of this complex, neighboring mercury atoms are
linked by the bridging ligand L*9"" through the oxygen of the
carbonyl group and the nitrogen of the quinoline ring to form a
dimeric units, Figure 5a. Overall 2D coordination polymer in
bc-plane, is formed by linking of mercury atoms of these
dimeric units to neighboring metal centres through the pyrazine
nitrogen atom of the L*9"" ligand, Figure 5b. In the packing of

This journal is © The Royal Society of Chemistry 2012
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Table 3. Coordination geometry, dimensionality, C=O-Hg angle and aromatic interaction parameters (A and °) for description of 7-r interaction in [HgBry(L>
)], 1, [HgL(L ")y, 2, [HgCL(L*"™)],, 3, [HgBry(L*"")],, 4, [HgL(L*"")],, 5, [HgCL(L*™™)]., 6, [HgBry(L*™™)],, 7 and [HgL(L*"")], 8.

Complex Coordination Cg(D)-Cg(J) Type of m...m  degcs o B.° otanc-plane” dofise”
geometry/ stacking
dimension
[HgBry(L*™™)],,1  Distorted Cg(4)-Cg(4) _ 3.9334) 0 27.61 3.485(3) 1.82
octahedron Ce(3)-Ce(3) TquinB. - Mauins
/linear chain Cg(1)-Cg(1y _
[HglL(LZ"™)], 2 T-Shape/discrete Cg(1)-Cg(3)" _ 3.531(3) 0 11.42 3.462(3) 0.70
Cg@)-Cg(d)' | Tquinp.--Tpysp 3.736(4) 17(7)  24.69,24.70 3.395(5),3.395(6)  1.56,1.56
[HeCl,(L*™™],,3  TBP/2D sheet Cg(2)-Cg(4) _ 3.649(6) 1.14) 17.33,16.25 3.504(3),3.484(3)  1.09,1.02
Cg(4)-Cg(4)™ _ 3.683(6) 0 13.97 3.573(3) 0.89
Cg(2)-Cg(5)" _ 3.732(4) 24(4) 20.87,18.53 3.528(3),3.486(3)  1.33,1.19
[HgBry(L¥™™)],,4  Distorted Cg(1)-Cg(2)' [ Mquina--Tpyepr | 3.472(5) 1.9(4) 16.00, 14.28 3.365(3),3.338(4)  0.96,0.86
octahedron Cg(1)-Cg(3)' | TMquinB-- -Tpyz-p 3.682(5) 1.9(4) 24.09,23.69 3.372(4),3.361(4)  1.50,1.48
/3D polymer
[HegL(L>*™)],, 5 Distorted Cg(1)-Cg(2)’ | Mquina---Tpyer | 3.575(5) 1.5(5) 18.55,17.91 3.402(4),3.389(4)  1.14,1.10
octahedron Cg(1)-Cg(3)" | TMquinB-- -Tpyz-p 3.638(6) 1.8(5) 22.34,20.78 3.401(6), 3.365(5)  1.38,1.29
/3D polymer
[HgCL(L™M],, 6/ Scesaw/linear chain  Cg(1)-Cg2)" | Mquna---Tpyep | 3.767(4)  8.3(4) 23.63,29.10 3291(3),3.451(3)  1.83,1.26
Cg(1)-Cg(1)" _ 3.702(4) 0 28.59 3.251(3) 1.77
[HgBry(L™™"")],, 7/ Seesaw/linear chain ~ Cg(1)-Cg(2)" | Mnaph-a---Tpyzp = 3.743(6)  7.8(4)  23.24,27.39 3323(4),3.439(4)  1.88,1.47
CgB3)-Ca(D)" | Mnaphp---Tpyer | 3.984(6)  7.6(6) 27.37,33.63 3.317(4),3.538(4)  2.20,1.83
Cg(1)-Cg(1)" _ 3.786(6) 0 29.61 3.291(4) 1.87
[HgL(L*™""),],8/  SP/discrete Cg(1)-Cg(2)™ | Mapha--Topyepr | 3.695(7)  2.0(6) 24.07,22.35 3.374(5),3.418(5)  1.50,1.40
Cg(1)-Cg(3)™ | TnaphaTopper | 3.520(8)  3.2(6) 17.07,19.23 3.324(6),3.365(5)  1.15,1.03
Cg(2)-Cg(1)™ | Taphp---Tpyep  3.820(8)  32.0(6) 24.18,26.14 3.429(5),3.485(5)  1.68,1.56
Cg(3)-Ca()™ | Tnaphs---Topywr | 3.847(8)  3.2(6) 23.68,25.09 3.523(6),3.484(5)  1.54,1.63

“ Centroid-centroid distance. ” Dihedral angle between the ring plane. ¢ Offset angles: angle between Cg(I)-Cg(J) vector and normal to plane I, angle between
Cg(I)-Cg(J) vector and normal to plane J (5 = y when & = 0). ¢ Perpendicular distance of Cg(I) on ring J and perpendicular distance of Cg(J) on ring L °
Horizental displacement between Cg(I) and Cg(J), two values if the two rings are not exactly parallel (a # 0). / From reference 15(a). Colour of the background
behind the =...7 interaction values is chosen according to Scheme 4 for better clarity. For 1and 2, Cg(1): centroid of N(1)-C(1)-C(2)-N(2)-C(3)-C(4), Cg(3):
centroid of C(9)-C(10)-C(11)-C(12)-C(13)-C(14) and Cg(4): centroid of N(4)-C(6)-C(7)-C(8)-C(9)-C(14), For 3, 4 and 5, Cg(1): centroid of N(1)-C(1)-C(2)-
N(2)-C(3)-C(4), Cg(2): centroid of N(4)-C(7)-C(6)-C(14)-C(13)- C(8), Cg3: centroid of C(8)-C(9)-C(10)-C(11)-C(12)-C(13), Cg(4): centroid of N(8)-C(21)-
C(20)-C(28)-C(27)-C(22) and Cg(5): centroid of C(8)-C(9)-C(10)-C(11)-C(12)-C(13). For 6, 7 and 8, Cg(1): centroid of N(1)-C(1)-C(2)-N(2)-C(3)-C(4),
Cg(2): centroid of C(6)-C(7)-C(8)-C(13)-C(14)-C(15), Cg(3): centroid of C(8)-C(9)-C(10)-C(11)-C(12)-C(13). Symmetry codes: (i) 1+x, y, z, (ii) 1-x, 2-y, -z,
(iii) -x, 2-y, 1-z, (iv) 1-x, 2-y,1-z, (V) -1+X, y, z, (vi) 11X, y, z, (vii) 3-x, 1-y, 1-z, (viii) -X, -y, 1-z, (ix) 1/2-x, 1/2+y, 1/2-z.

this complex, the overall supramolecular structure results from
the m...m interactions between adjacent quinoline rings from
neighbouring 2D sheets with ring centroid-to-centroid distances
of 3.683(6) A, Figure 5c, Table 3.

Compounds [Hg;Brg(L*""),],, 4, and [Hgilo(L*""),],, 5,
consist of two different mercury centers, which have quite
different coordination environments. The asymmetric unit of
these complexes consist of 1.5 crystallographically
independent Hg(II) centers, three halide ions, and one neutral
L Jigand, Figures 4b and 4c, respectively. So, for these
compounds, Table 2 shows three sets of values. In complex 4
the Hgl atom adopts an distorted octahedron coordination
geometry (maximum deviation of angles from 90° is 7.9°) with
two nitrogen atoms from L*"" ligands (Hg-N: 2.756(1) A),
two Br atoms and two oxygen atoms from carbonyl group (Hg-
Br: 2.425(1) A), Hg-O: 3.024(3) A), Table 2.

In 5, the coordination geometry around the Hgl atom can be
described as a pseudo-six coordinate octahedral with two iodide
ions in trans position. The four vacant vertexes in the equatorial
plane are occupied by two pyrazine nitrogen atoms and two
carbonyl oxygen atoms, both in trans positions, of four adjacent

This journal is © The Royal Society of Chemistry 2012

L¥"" Jigands, suggest Hg...N (2.887(11) A) and Hg...O
(3.241(13) A) secondary interactions. Selected bond distances
and angles are listed in Table 2. Assuming non-coordinated L*"
auin Jigands in coordination sphere of Hgl, similar to compound
4, in compound 5, the coordination geometry can be described
as highly distorted octahedron with maximum deviation of
14.4° from 90°. According to four-coordinate geometry index,
14, of 0.80 and 0.85 for 4 and 5, respectivly, in both
compounds, Hg2 atom is in a trigonal pyramidal geometry
(TP), coordinated by one nitrogen atom of L*9"" ligand and
three halide ions.

As shown in Figure 6a, the structure of compounds 4 and 5,
consist of a 1D infinite inorganic chain [HgX,N],, along b-
direction. The planar organic ligands stack along both sides of
the [HgX,N], skeleton and the distance between their mean
planes is 7.506 and 7.721 A° for 4 and 5, respectively. Each L*
auin Jioand acts as a bidentate bridging ligand to formation of
overall 3D coordination polymer through coordination, in 4, or
secondary bonding interaction, in 5, to HgX, moiety, Figures
6b and 6c, respectively. Figures 6d and 6e also show
cooperation of the mgyy...T,y, interactions with coordination and

J. Name., 2012, 00, 1-3 | 5
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(b

Figure 3. (a) Formation of dimeric units in 2, through the =w...w
interaction in an anti-parallel fashion. (b) A side view representation of
2, in b-direction, showing formation of 2D sheets by cooperation of
head-to-tail Cqyin-H...Npy, and Cquin-H...O=C weak hydrogen bonding.
(c) Formation of overall supramolecular structure in 2, from the linkage
of neighbouring sheets through the head-to-tail Hg...I short contacts.

secondary bondings in the formation of the overall packing of
these compounds.

Influence of N-heteroaromatic n...m stacking and single-
atom ligand change on supramolecular assembly and
coordination geometry. Understanding and controlling the
structural assemblies of coordination compounds in the solid
state requires synthesizing a series of complexes of
predetermined chemical structure, allowing for a comparison
between resultant supramolecular assemblies with specific and
controllable changes to their molecular structure. In this regard,
a slight difference in the chemical structure of organic ligand
can plays an important role in controlling the supramolecular
assembly of molecular complexes.?*?° Describing the influence
of m-m interactions in the secondary structure-directing in the
formation of special arrangements has been reported
previously." In 2010, the effect m-m stacking on the primary
structure-directing coordination geometry has been discussed
by some of us in the structure of mercury(Il) complexes
containing N-(naphthalene-1-yl)pyrazine-2-carboxamide

6 | J. Name., 2012, 00, 1-3
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Figure 4. Portion of the structure of coordination compounds formed
between L¥"" and HgCl,, 3, (a), HgBr,, 4, (b), and Hgl, 5, (c), showing
coordination geometry around central metal. Secondary bonding is shown in
blue. Symmetry codes: (a) i) 1/2-x, 1/2+y, 1/2-z, ii) 1/2-x, -1/2+y, 1/2-z, iii)
1/2-x, 1/2+y, 3/2-z, iv) 1/2-x, -1/2+y, 3/2-z, (b) 1) 1+x, y, z, ii) -1+x, y, z, iii)
1-x, -1/2+y, -1/2-z, iv) 3-x, 3-y, -z, V)4-X, 3-y, -z, (¢) i)-1+X, y, z, i) 14X, y,
z, 1il) 2-x, 1/2+y, 1/2-z, iv)-x, 1-y, -z, v) -1-x, 1-y, -z.

ligand, L'™*P" 15¢ In Our recent report, the effect of position of
substituent on the x...7 interactions and coordination geometry
is investigated. This report shows a systematic studies of n-m
stacking synthon on the structural assemblies of Hg(II)

complexes of N-(naphthalene-2-yl)pyrazine-2-carboxamide
ligand, L*™P" in comparison to homologues complexes
containing N-(naphthalene- 1-yl)pyrazine-2-carboxamide

ligand, L' 32 Interestingly, structural analysis clearly shows
that displacing substituent position plays an important role in
the formation of the supramolecular organization of molecular
complexes. Our investigations clearly showed that compared to
the L'™P" ligand, the displacing substituent position
significantly alter the molecular architecture and/or
coordination sphere of complexes containing N-(naphthalene-2-
yl)pyrazine-2-carboxamide ligand, L>™*". In spite of this, the
common feature in the crystal packing of complexes containing
both L'™P" and L*™P" ligands is the presence of strong
tendency to form m-m stacking between adjacent naphthyl and
prazine rings in the crystal packing. The polarization of
aromatic systems, through the introducing of nitrogen
heteroatom, can be affected the m-m interactions and crystal
packing of mercury coordination compounds. So, in

This journal is © The Royal Society of Chemistry 2012

Page 6 of 14



Page 7 of 14

©
Figure 5. (a) Formation of dimeric units in 3, through the oxygen of the
carbonyl group and the nitrogen of the quinoline ring. (b) Formation of
2D coordination polymer in ac-plane by linking of mercury atoms
through the pyrazine nitrogen atom. (c¢) Formation of overall
supramolecular structure in 3, through the =...7m interactions between
adjacent quinoline rings from neighbouring 2D sheets.

comparison to homologues complexes containing L*™P"

ligands, here, we describe systematic studies of m-m stacking
synthon on the structural assemblies of mercury(Il) complexes
of N-(quinolin-2-yl)pyrazine-2-carboxamide, L*™" and N-
(quinolin-3-yl)pyrazine-2-carboxamide, L*9"", ligands.

Influence  of  N-heteroaromatic — rm..w  stacking  on
supramolecular assembly and coordination geometry.

When compared to the L*™*" ligand, the substituting nitrogen
for the CH group in the aromatic backbone, significantly alter
the molecular architecture and coordination sphere of
complexes containing N-(quinolin-2-yl)pyrazine-2-
carboxamide, L¥™"  and N-(quinolin-3-yl)pyrazine-2-
carboxamide, L*%"", ligands. It is notable that the nitrogen
atom is isoelectronic with a CH group; thus aromaticity is
maintained when CH group constituting the framework of the
naphthylpyrazinamide system is replaced by the nitrogen atom.
The nitrogen atom of the quinoline ring in the N-
(quinolinyl)prazine-2-carboxamide molecules imports new
features into the crystal engineering of mercury(Il) coordination
compounds containing naphthylpyrazinamide derivatives. The
quinolic nitrogen atom either could be coordinate to metal
center (in HgX, adducts with N-(quinolin-3-yl)pyrazine-2-
carboxamide, L*" ligand) or could affects the =-m
interactions through the changing of the electron distribution of
the aromatic ring. It is to be noted, the nitrogen atom of the
quinoline ring in L*™" can probably because of the steric
hindrance not coordinate to HgX, moiety in 1 and 2. As listed
in Table 3, the coordination geometries and structural motifs in
HgCl, adducts, complexes [HgCL(L*"*")],, 6 and [HgCLy(L*

This journal is © The Royal Society of Chemistry 2012
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Table 4. Selected bond and torsion angles (°) in complexes 1-5.

Hg-O=C Torsion angle

angle Hg-N,,,-C=0  0=C-C6-C7
[HgBry(L*"™)],, 1 - 19.5(12) 7.9(15)
[Hgh(L*"™)], 2 - 1.6(10) 3.4(16)
[HeCLL**"™)],, 3 142.1(6) 52.8(7), 149.7(9),

50.9(7) 149.1(9)

[HgBry(L*"™)],, 4 114.6(9) 12.5(9) 172.2(14)
[HegL(L¥"M],, 5 109.1(8) 12.3(8) 178.9(13)
[HgCL(L*™")],, 6  130.48(7) 28.7(7) 1.0(7)
[HgBry(L*™"™M)],, 7 128.67(8) 28.2(8) 1.1(8)
[Hg(L*"*"),], 8 - 5.9(7) 2.6(8)

Symmetry code: (i) 1/2-x, -1/2+y, 3/2-z.

quiny1 3, are quite different and 1D linear chain in 6, with
seesaw geometry, is changed to discrete 2D sheet in 3, with
trigonal bipyramid, TBP, geometry. Unfortunately, no mercury-
containing suitable crystals for X-ray analysis were isolated
from the reaction mixtures of HgCl, and L*™" ligand. For
HgBr, adducts, the coordination sphere is Distorted octahedron
for [HgBry(L29"™)],, 1, and [HgBry(L*"")],, 4, and seesaw for
[HgBr(L*™*™")],. 7. On the other hand, complexes 1 and 7,
have 1D polymeric structures while 4 is a 3D coordination
polymer, Table 3. In comparison to the Hgl, adduct of L*"*P"
ligand, 8, that has a square planar geometry, the coordination
sphere around central metal in [HgI,(L>9"™)],, 2, and [Hgl,(L*
auiny] 5, is T-shape and Distorted octahedron, respectively, Table
3. In complexes 2 and 8, discrete three and four coordinated
mercury compounds, respectively, were formed while 5 has a
3D polymeric structure. It is must be noted that, in the HgX,
adducts of L*9"" ligand, complexes 3-5, the quinolic nitrogen
atom is coordinate to mercury center to generate 2D, in 3, or
3D, in 4 and 5, coordination polymers. In spite of this,
quinolone rings are also involved in the =@...7 interactions with
adjacent aromatic rings. In all complexes synthesized here, the
pyrazine ring is coordinated to the mercury (II) ion through the
N atom syn to the carbonyl and the =m...w interactions can be
considered as a consequence of this coordination geometry.
Meanwhile, the common feature in crystal structures of all eight
complexes obtaining of the reaction between HgX, and L*9"i",
L and L*™P" ligands, is the existence of m-m stacking. In
these complexes, the dramatic structural changes were clearly
resulted from the different conformations adopted by flexible
carboxamide ligands. Since the pyrazine and
quinoline/naphthyl rings are flexible in rotation around the C,,.-
CONymide and CONypige=Cquinmaph bonds, this allows for subtle

0 e
R

1 (a)

[syn-anli conformation J

(b)

[ syn-syn conformation

Scheme 2. Syn-anti and syn-syn conformations of L*9"" (a) and L*""
(b) in complexes 1-5.
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Figure 6. (a) A side view representation of 1D infinite [HgX,N], inorganic
chains along b-direction in 4 and 5. Formation of the overall 3D coordination
polymers in 4, (b), and 5, (c). Cooperation of the =n...m interaction with
coordination or secondary bonding in the formation of the overall packing of
compounds 4, (d), and 5, (e), respectively.

conformational adaptation of these ligands to produce =...m
interactions via the rotation of the rings. Figure 7 shows the Hg(X,)-
pyz superimposed pyrazine coordinated units of complexes 1-5. The
conformational variations of the L2 LM and L>™P" [igands
can be discusses by a dihedral angles of Hg-N,,,,-C=0 and O=C-C6-
C7. According to the values listed in Table 4 for these angles, L*"",
L3 and L*™P" Jigands can be arranged in syn-anti conformation
in 1, 2 and 6-8 and syn-syn conformation in 3-5, Scheme 2. In the
presence of this flexibility, the quinoline ring can be pointed toward
the adjacent aromatic ring to generate 7...w stacking synthon. Thus a
systematic study evaluation of supramolecular synthons consisting

—,
97‘\ Su
v

v

Figure 7. The pyrazine coordinated units of compounds 1 (green), 2 (red), 3
(violet), 4 (light green) and 5 (orange) superimposed to illustrate different
conformations and the conformational freedom of the flexible L*"" and L*
auin carboxamide ligands.

Ring P
doffset

~
Pyz-HNOC

Ring A RingB

Scheme 3. Schematic representation of geometrical parameters for definition
of n-m stacking between adjacent aromatic rings.
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(h)

Figure 8. Portion of crystal packing of complexes 1, (a), 2, (b), 3, (c), 4, (d),
5, (e), 6, (f), 7, (g) and 8, (h), which are assembled through different ©—n
stacking interactions between aromatic rings. Different m...n interaction are
illustrated by ribbons with different colors.

of =m...m stacking in a series of mercury complexes containing
naphthyl/quinoline pyrazinamides is interesting. In Table 3,
coordination geometry, dimensionality and geometrical parameters
of m-m stacking, Scheme 3, are listed for these complexes. In all
crystal structures, the existence of =...m stacking reveals that this
interaction is a dominant factor in the overall architecture of crystal
packing patterns. In complex 1, infinite linear mercury chain is
stabilized by intra-chain =z...7 stacking. In complex 2, discrete
neutral [HgL,(L¥®")] units stacked on one another by m...m
interaction in an anti-parallel fashion. In compounds 3-5, similar to
compounds 6-8,'* the adjacent mercury atoms are linked by
C=0-Hg bonds to form a 2D sheet in 3 and 3D coordination
polymers in 4 and 5, Figures 5 and 6. In compound 3, the pyridinyl
ring involved in the intramolecular n-n stacking interaction between
adjacent quinoline rings (the centroid-to-centroid distance is
3.649(6) A. In compounds 4 and 5, the intramolecular bifurcated -
stacking is formed through the interaction of pyrazine and both
aromatic rings of quinoline group (the centroid-to-centroid distances
are 3.472(5) and 3.682(5) A for compound 4 and 3.575(5) A and
3.638(6) A for compound 5). In these complexes, the formation of
this intramolecualr n-n stacking between adjacent rings affect the
C=0-Hg angle value, Table 4. This interaction arranges the aromatic
rings in such a way that the angle between the plane normal
(involving C-CO-N fragment) and O-Hg vector, 0 angle, reaches
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about 52.1°, 24.6° and 19.1°, for 3, 4 and 5, respectively. These low
angles, in comparison to normal range, °, Figure S1, are undoubtedly
due to the m-m stacking in the crystal packing of these complexes.
The related value for homologous complexes 6 and 7 reported
previously by us is 40.5° and 38.7° respectively. A CSD search of 6
angle for the geometry of X,C=0-Hg (X is any atom) shows that the
most frequent value for the 6 angle is found in the range of 70-90°,
Figure S1.2' These results confirmed the influence of such m-m
stacking synthon on the primary structure directing coordination
geometry around Hg(II) metal center, that has been reported
previously in details by us.'*

Effect of single-atom ligand change on the n..m stacking and
supramolecular architecture.

The =m...m stacking between aromatic rings is extensively
investigated.”'> However, its exact nature is still not clearly
understood and needs to be further systematic studied at the
molecular level. Unlike hydrogen bonding and halogen bond, it is
well known that the control of =...m stacking, as an important
interaction in assembling building blocks, is too difficult. This is due
to the lack of directionality and strength. Notably, since =...m
stacking is a result of electron delocalization, one can be expect
different behavior of molecules with different m-electron
delocalization. In this regard, theoretical investigations on different
series of m-stacked homo- and hetero-dimers, such as pyridine and
benzene dimers, % pyridine, pyrazine, 1,3,5-triazine and 1,2,4,5-
tetrazine dimers,'” indicate that the introduction of the nitrogen
hetero-atom creates a dipole in the molecule and reduces the spatial
extent of the m-electron cloud as compared to homo-nuclear one.
Although theoretical studies suggest that hetero-atoms play a crucial
role in the m...7w stacking, experimental investigations on this subject
have been relatively rare.'" A way to studying of the 7...w stacking,
experimentally, is considering and analyzing the crystal packing of
similar structures.

In similar structures characterized here, complexes 1-8, and
according to orientation of aromatic rings, six types of m...n stacking
can be occurred, Scheme 4. The symbols A and B are referred to the
aromatic ring of quinoline or naphthyl connected directly to amidic
group and the second ring of them, respectively, while P defines
pyrazine ring. So, as example, Tqyin.a.. Myy,.p is referred to m...mw
interaction between pyrazine ring and the first ring of quinoline

Scheme 4. The various =n...n stacking synthons between aromatic rings,
T[quin/naph-A~ . ~nquin/naph-A’ (a), T[quin/naph-A~ . ~T[quin/naph-B’ (b)s T[quin/naph-B~ . ~nquin/naph-
B> (C), T[quin/naph»AvnT[pyz»P, (d)a nquin/naph»anT[pyz»P (e)a and T[pyz»P---npyz-Pa (f),
in the crystal packing of complexes 1-8.
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group. Portion of crystal packing of complexes 1-8 which are
assembled through different n—m stacking interactions between
aromatic rings of adjacent chains are shown in Figure 8. In this
figure, different n...m interaction are illustrated by ribbons with
different colors. In Table 2, geometrical parameters of different
types of m—n stacking are listed for these complexes. In this Table,
color of the background behind each row is chosen according to
Scheme 4 for better clarity. As it clear from Table 3 and Figure 8, in
HgX, adducts with L*™®" ligand, complexes 6-8, all n—m stackings
including  Togphoa.--Tpysps  Mnaph-B---Mpyz-p ANA Ty, p.. Ty, p,  ATE
involved with pyrazine m-electron cloud, and no w...7 interaction
between naphthyl rings, such as mypn.a/B. . -Tnaph-ass, 1S Observed. As
mentioned above, it has been expected that the replacing the C-H
with nitrogen atom increases the polarity and reduces the spatial
extent of the m-electron cloud of the quinoline rings in L*®™" and L*
uin - Jisands, as compared to naphthyl ring in L*™" ligand.
Qualitative support for this replacing in the aromatic backbone and
in the solid state organization is provided by a comparison of the
electrostatic potential maps for compounds 1-8, Figure 9. These
electrostatic maps show that HgX, adducts with L*9"" and L*>"",
complexes 1-5, have substantially lower negative electrostatic
potentials than HgX, adducts with L>"*"", complexes 6-8, above and
below the bicyclic aromatic rings. In our compounds characterized
here, it can be concluded that the quinolic nitrogen atom could be the
origin of two phenomena: first, an alteration of electron distribution
in the bicyclic moiety, in both L¥™" and L*" adducts; and
second, formation of Hg-N coordination mode, in L*9" adducts,
which affects the m...m interactions between aromatic rings through
the formation of 2D and 3D coordination networks.

(a) E i (b)

HgX; adduct with L2-auin
™

Pmo.10
re==|
0.06 ®)
. 0.02 HgX> adduct with L2-aph

Figure 9. Electrostatic potentials mapped on the electron isodensity surface
of compounds 1-8, (a-h), at the same contour value of 0.02 electron per
Bohr’. The computational program renders areas of high electron density as
red and low electron density as blue.

This journal is © The Royal Society of Chemistry 2012

Page 10 of 14



Page 11 of 14

In accordance with these, the replacement of the naphthyl CH group
with a nitrogen atom and changing the spatial extent of the =-
electron cloud and polarity of the aromatic ring, from L*"*" adducts
to L7 and L*9"" adducts, the propensity of the formation of 7+t
interactions increases. So, in complexes 1-3, m—m interactions
between quinoline m-electron clouds, Tqyin-a...Mquin-a, are observed.
Compound 1, is involved with  Tguin-a- .. Tquin-a> Tquin-B- - -Tquin-B> and
Tpyr-p---Mpy,p interactions while  Tqyina...Tquin-a AN Tquing. - Tpyzp
interactions in complex 2 and Tguina...Tquin-a aNd Tguin-A- - -Tquin-B
interactions in complex 3 are main factors in the packing of these
compounds. It is notable, according to coordination of quinolic
nitrogen atom to mercury ion and formation 3D networks, and due
the presence of spatial stress, in 4 and 5, no w...m interaction
between quinoline rings, such as fyin.a/m. .- Mquin-am, 13 Observed. In
these compounds, Tquin-a-..Tpy,p aNd Tguinp...Myy,p interactions are
the main =...w stackings in the crystal packing of these complexes. It
is to be noted that heteroaromatic rings are quite polar; therefore
they usually participate in dipolar interactions.”® In the crystal
packings containing heteroaromatic rings, alignment of aromatic
rings is usually such that the molecular dipoles of contiguous rings
are antiparallel or approximately antiparallel.’® This arrangement of
heteroaromatic rings is also observed in crystal packing of
compounds reported here.

Conclusion

The m-m stacking interaction synthon can be one of the most
powerful non-covalent interactions for directing the self-assembly
process of coordination compounds. In this regard, in order to
understanding of how the polarization of aromatic systems, through
the introducing of nitrogen heteroatom, affects the m-m interactions
and crystal packing of mercury coordination compounds, five Hg(IT)
complexes containing N-(quinolin-2/3-yl)pyrazine-2-carboxamide
ligands have been synthesized, characterized and compared with
homologues  complexes containing  N-(2-naphthyl)prazine-2-
carboxamide ligand, previously reported by us. This study clearly
shows that the common feature in crystal structures of these
complexes is that there is a strong tendency to form mn-m stacking
synthon between adjacent aromatic rings. Our results also show that
n-n stacking synthon has the primary effect on the coordination
geometry of metal center. Interestingly, structural analysis clearly
shows that the replacement of the naphthyl CH group with a nitrogen
atom and changing the spatial extent of the m-electron cloud, the
propensity of the formation of n---m interactions increases.

Experimental Section

Single crystal diffraction studies. X-ray data for all compounds
were collected on STOE IPDS-II or IPDS-2T diffractometer with
graphite monochromated Mo-Ka radiation. For [HgBr,(L*9"™),],, 1,
a yellow needle crystal, for [HgL(L>"")], 2, a yellow plate crystal,
for [HgCL(L*™™)],, 3, a colorless block crystal, for [(HgBr,);(L*
auimy 1., 4, a colorless needle crystal and for [(Hgl)s(L*"™),],, 5, a
yellow prsim crystal was chosen using a polarizing microscope and
they were mounted on a glass fiber which was used for data
collection. Cell constants and an orientation matrix for data
collection were obtained by least-squares refinement of diffraction
data from 3690 for 1, 2794 for 2, 6548 for 3, 3513 for 4 and 4200 for
5 unique reflections. Data were collected at a temperature of 298(2)
K to a maximum 6 value of 29.16° for 1, 27.00° for 2, 29.18° for 3
and 29.20° for 4 and 5 and in a series of ® scans in 1° oscillations
and integrated using the Stée X-AREA software package.” A
numerical absorption correction was applied using the X-RED** and
X-SHAPE® software’s. The data were corrected for Lorentz and
Polarizing effects. The structures were solved by direct methods®®

This journal is © The Royal Society of Chemistry 2012
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and subsequent different Fourier maps and then refined on F” by a
full-matrix least-square procedure using anisotropic displacement
parameters. All hydrogen atoms were added at ideal positions and
constrained to ride on their parent atoms, with U, (H) = 1.2U,,. All
refinements were performed using the X-STEP32 crystallographic
software package.”’” Structural illustrations have been drawn with
MERCURY software.”® Crystallographic data for complexes 1-5 are
listed in Table 1. Selected bond distances and angles are
summarized in Table 2.

Chemicals and instrumentation. All chemicals were purchased
from Aldrich or Merck and used without further purification. The
synthesis and recrystallization of N-(quinoline-2-yl)pyrazine-2-
carboxamide, L*%"" and N-(quinoline-3-yl)pyrazine-2-carboxamide,
L*%" Jigands and compounds 1-5 were carried out in air. Infrared
spectra (4000-250 cm—1) of solid samples were taken as 1%
dispersions in KBr pellets using a BOMEM-MB102 spectrometer.
Elemental analysis was performed using a Heraeus CHN-O Rapid
analyzer. "H NMR spectrum was recorded on a Bruker AC-300 MHz
spectrometer at ambient temperature in DMSO. All chemical shifts
are quoted in parts per million (ppm) relative to tetramethylsilane.
Melting point was obtained by a Bamstead Electrothermal type 9200
melting point apparatus and corrected.

Synthesis of N-(quinoline-2-yl)pyrazine-2-carboxamide, L*""
and N-(quinoline-3-yl)pyrazine-2-carboxamide, L*1"", A solution
of 5 mmol of x-amino quinoline (x = 2 ,3) (0.72 g) in 10 mL
pyridine was added to a solution of 5 mmol of pyrazine-2-carboxylic
acid (0.72 g) in 10 mL pyridine. The resulting solution was stirred at
313 K for 30 min, then 5 mmol of triphenylphosphite (1.3 mL) was
added dropwise, and the reaction mixture was stirred at 373 K for 5
h and ambient temperature for 24 h. The resulting yellow solution
was added to distilled water, filtered and then washed with 50 mL
cold methanol. A light yellow solid resulted with a yield of 70% for
L2 and 45% for L¥9",

Anal. Caled for L¥%" (C,,H,(N,0): C, 67.19; H, 4.03; N, 22.39.
Found: C, 67.21; H, 4.05; N, 22.41. FT-IR (KBr pellet, cm):3354
m, 1690s, 1499 s, 1318 m, 1017 m. '"H NMR (DMSO, § from TMS):
10.572 (s, 1H-amidic), 9.362 (s, 1H-pyrazine), 8.985 (s, 1H-
pyrazine), 8.847 (s, 1H-pyrazine), 8.419-8.501(m, 2H-quinoline),
7.948, 7.974 (d, 1H-quinoline), 7.854, 7.882 (d, 1H- quinoline),
7.720-7.771 (t, 1H-quinoline), 7.511-7.560 (t, 1H-quinoline).

Anal. Caled for L¥9" (C,,H,,N,0): C, 67.19; H, 4.03; N, 22.39.
Found: C, 67.23; H, 4.07; N, 22.43. FT-IR (KBr pellet, cm‘l):3331
m, 1682s, 1549 s, 1367 w, 1019 m. "H NMR (DMSO, & from TMS):
11.281 (s, 1H-amidic), 9.348, 9.353 (d, 1H-pyrazine), 9.273, 9.281
(d, 1H-pyrazine), 8.967, 8.975 (d, 1H-pyrazine), 8.941, 8.947 (d, 1H-
quinoline), 8.853-8.865 (t, 1H-quinoline), 7.964-7.996 (m, 2H-
quinoline), 7.658-7.713 (td, 1H-quinoline), 7.574-7.624 (td, 1H-
quinoline).

Synthesis of mercury(IT) complexes of L %""; [HgBr,(L*"),], ,
1, [HgI(L> "], 2. To a solution of 0.4 mmol of mercury(IT) halide
(HgX,, X =Brand I) in 5 mL of methanol, a solution of 0.4 mmol of
N-(quinoline-2-yl)pyrazine-2-carboxamide (L*™™) in 5 mL of
methanol was added while stirring. The mixture was heated at 313 K
for about 10 min, and resulted sediment. It was then solved by
adding 5 mL dimethyl foramide solvent. Upon slow evaporation of
this solution at room temperature, yellow needle crystals for
[HgBr,(L*®"),], and yellow plate crystals for [Hgl(L>"")]
complexes, suitable for X-ray analysis were obtained after ca. two
weeks (yield ca. 72% and 56% for [HgBry(L*®™),], and [Hgl,(L*
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@iny) | respectively). Anal. Cale. for 1 (CosHaoBr,HgNgOs): C, 39.06;
H, 2.34; N, 13.02. Found: C, 39.10; H, 2.36; N, 13.04. FT-IR (KBr
pellet, cm‘l): 3343 m, 1693 s, 1596 m, 1013 m, 689 m. Anal. Calc.
for 2 (C4H,0I,HgN,O): C, 23.86; H, 1.43; N, 7.95. Found: C, 23.90;
H, 1.48; N, 8.00. FT-IR (KBr pellet, cm'l): 3345 m, 1680 s, 1593 m,
1009 m, 670 m.

Synthesis of mercury(Il) complexes of L3'q?i“;[HgClz(L3'
qum)]n ’ 3’ [(HgBr2)3(L -qum)lln ’ 49 [(Hg12)3(L3-qum)2]n ’ 5. Toa
solution of 0.5 mmol of mercury(Il) halide (HgX,, X = Cl, Br
and I) in 5 mL of methanol, a solution of 0.5 mmol of N-
(quinoline-3-yl)pyrazine-2-carboxamide ligand, L*"", in 5 mL
methanol was added with stirring. Adding the salt solution
resulted to precipitate the complex. By increasing the solvent
and temperature of mixture at 313 K for about 15 min, the
solution became cleared and then it was filtered. Upon slow
evaporation of the filtrate at room temperature, colorless needle
crystals for [HgClZ(L3‘q“i")]n, 3, colorless needle crystals for
[(HgBr2)3(L3’f‘“'")2]n, 4, and yellow prism crystals for
[(Hgl,);(L*""™),],, 5, suitable for X-ray analysis were obtained
after ca. two weeks (yields ca. 52%, 56% and 52% for 3, 4 and
5, respectively. Anal. Calc. for 3 (C4H,,Cl,HgN,0O): C, 32.23;
H, 1.93; N, 10.74. Found: C, 32.24; H, 1.95; N, 10.77. FT-IR
(KBr pellet, cm’l): 3288 m, 1671 s, 1544 s, 1367 m, 876 m, 777
s, 435 s. Anal. Calc. for 4 (Cy3H,0BrgHgzNgO,): C, 21.26; H,
1.27; N, 7.08. Found: C, 21.30; H, 1.30; N, 30.33. FT-IR (KBr
pellet, cm'l): 3300 m, 1676 s, 1532 s, 1368 m, 876 m, 751 m,
442 m. Anal. Calc. for 5 (C,gH,0Il¢HgsNgO,): C, 18.04; H, 1.08;
N, 6.01. Found: C, 18.07; H, 1.11; N, 32.33. FT-IR (KBr pellet,
cm'l): 3293 m, 1676 s, 1528 s, 1362 m, 1013 m, 769 m, 441 m.
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In order to understanding of how the polarization of aromatic systems affects the n-n interactions and

DO 10.1039/x0xx00000x crystal packing, five Hg(Il) complexes, [HgBry(L*%™),],, 1, [HglL(L™*"")], 2, [HgCL(L>"")],, 3,
[Hg;Brg(L*"),],, 4, and [Hg;I(L¥""™),],, 5, where L¥9"" and L*%™ are N-(quinolin-2-yl)pyrazine-2-
www.rsc.org/ carboxamide and N-(quinolin-3-yl)pyrazine-2-carboxamide ligands have been synthesized and

characterized. In comparison to homologues complexes containing N-(naphthalene-2-yl)pyrazine-2-
carboxamide ligand, L>™", interestingly, structural analysis clearly shows that the replacement of the
naphthyl CH group with a nitrogen atom and changing the spatial extent of the m-electron cloud, the
propensity of the formation of n---m interactions increases.

[HeCly(L¥auim)], 3 [Hgslg(L3in),],, 5



