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A Synthetic Strategy for Two Complexes with 1, 2, 3-Triazole Derivatives: Crystal
Structures and Hirshfeld Surface Analysis

FENG Chao ZHANG Duo ZHOU Shi-Yan CHEN Jin-Mei ZUO Ze-Hao ZHAO Hong”*
(School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189, China)

Abstract: Two new complexes [Co(H,0)s][Co(LY)3],-4H,0 (1) and Cu(L?), (2) were synthesized by 1H-1,2,3-triazole
acid derivatives under various reaction conditions (HL'=5-methyl-1-phenyl-1H-1,2,3-triazole-4-carboxylic acid;
HI*=1-(4-iodophenyl)-5-methyl-1H-1,2,3-triazole-4-carboxylic acid). The crystal structures have been established
by single-crystal X-ray diffraction, and characterized by FTIR. Hirshfeld surface analysis for complexes 1 and 2

indicate that the 2D fingerprint plots obviously show the main intermolecular interactions in both complexes.

CCDC: 1400174, 1; 1400175, 2.
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0 Introduction of synthetic methodology, the access to such multi-

component supramolecular systems mainly depends

The construction of coordination compounds with
intriguing structural motifs and functional behaviors has
attracted considerable attention for chemists™. During
the past years, a substantial amount of work based on
coordination assembled systems has emerged, which
enrich the inorganic-organic hybrid materials with

novel networks and properties™". From the standpoint
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upon the selection of appropriate chemical building
blocks. 1-substituted-1,2,3-triazole-4-
carboxylic acid have played as good building blocks in

Meanwhile,

s and our

constructing supramolecular architecture
group have chosen a pyridyl conjugated 1,2,3-triazole
ligand 5-methyl-1-(pyridine-3-yl)-1H-1,2,3-triazole-4-

carboxylic acid as organic ligand and resulted series of
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new coordination polymers previously™. Due to the
flexible nature of the carboxyl group, 1-substituted-
1,2,3-triazole-4-carboxylic acid ligands may exhibit
kinds of conformations in different complexes to meet
the requirements of coordination geometry. Besides,
the self-assembly processes are usually influenced by
many other factors such as the coordination geometry
of metal ion, temperature, counter anion, pH value,
and solvent medium*?.,

As our ongoing task, studying the influences of
substituent triazole ligands, herein, we synthesized two
kinds of 1-substituted-1,2,3-triazole-4-carboxylic acid

according to different design concepts. Firstly, the

/N
N

w
COOH
HL'

Scheme 1

1 Experimental

1.1 Materials and measurements

All reagents and solvents were obtained from
commercial sources and used without further
purification. The ligands were synthesized according to
literatures . Elemental analyses of carbon, hydrogen,
and nitrogen were carried out with a Perkin- Elmer
240C elemental analyzer. IR spectra were obtained with
KBr pellets from 4 000 to 400 cm™ using a Nicolet 5700
spectrophotometer. Crystal structures were determined
with Rigaku SCX mini diffractometer.
1.2 Preparations
1.2.1  [Co(H0)s][Co(L")s],-4H,0 (1)

A solution of CoCl,-6H,0 (0.023 8 g, 0.1 mmol)
(8 mL) was added into a solution of HL'
(0.040 6 g, 0.2 mmol) in anhydrous ethanol (8 mlL),

then the mixture was left at room temperature. After

in water

one week, red block crystals were obtained and dried

in air. Yield: 42% (based on CoCl, -6H,0). Anal.

phenyl was introduced to the I-position of triazole
5-methyl-1-phenyl-1H-1,2,3-triazole-4-
(HL') was obtained. Tn order to

acid, and

carboxylic acid
investigate the influence of the electron-withdrawing
group on coordination ability, the iodo-group was
decorated to the benzene ring, which resulted in 1-(4-
iodophenyl)-5-methyl-1H-1, 2, 3-triazole-4-carboxylic
acid (HL?). We also synthesized two new complexes
[Co(H0)][Co(LY)s],-4H0 (1), Cu(L?), (2). For the
purpose of investigating the intermolecular interactions
of complexes, we also study the Hirshfeld surface

analysis for 1 and 2.

2152\
Z —_
/‘%(

COOH

HL?

1H-1,2,3-triazole acid derivatives

Caled. for CoHgCosNisOxn (%): C, 45.86; H, 4.33; N,
16.05. Found (%): C, 45.78; H, 4.41; N, 16.01. IR
(KBr, em™): 3 440 (w), 1 618 (s), 1 600 (vs), 1 582
(s), 1 563 (m), 1 485 (m), 1 403 (w), 1 365 (m), 1 323
(s), 1 300 (m), 1 241 (m), 1 133 (m), 830(m), 766 (m).
1.2.2 Cu(l?, (2)

The synthesis of complex 2 is similar with 1, just
using CuCl,-2H,0 (0.017 2 g, 0.1 mmol) and HI?
(0.065 6 g, 0.2 mmol) instead of CoCl,+6H,0 and HL".
Yield: 46% (based on CuCl,-2H,0). Anal. Calcd. for
CayHaCulbN1,Os (% ): C, 33.35; H, 1.95; N, 11.67.
Found (%): C, 33.12; H, 2.02; N, 11.71. IR (KBr;
em™): 3 440(w), 1 621(s), 1 605(s), 1 492(m), 1 421
(s), 1 370(m), 1 303(s), 1 309(m), 1 240(m), 1 136(m),
1 018(w), 830(m), and 755(m).

1.3 Crystal structure determination

Single-crystal X-ray diffraction measurements for
complexes were carried out using a Rigaku SCX mini
(A=0.071 073
nm). The crystal size is 0.23 mmx0.21 mmx0.20 mm

diffractometer with Mo Ka radiation
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for 1 and 0.25mm x0.23mm x0.20 mm for 2. The
structure was solved by direct methods with SHELXS-
97 and refined by full-matrix least-squares on F* with
SHELXL-97 . All non-hydrogen atoms were refined
with anisotropic displacement parameters. Hydrogen

atoms were added theoretically and refined with riding

model and fixed isotropic thermal parameters. The

crystallographic parameters and structural
determination of 1 and 2 are summarized in Table 1.
Selected bond lengths and bond angles of 1 and 2 are
listed in Table 2.

CCDC: 1400174, 1; 1400175, 2.

Table 1 Crystallographic and refinement data for 1 and 2

Complex 1 2

Formula CeoHesCosN 1502 CaoHsCusloN 1,05
Formula weight 1 570.11 1439.42
Temperature / K 293 293
Crystal system Triclinic Monoclinic
Space group P1 P2/n

a/ nm 1.180 0(11) 1.161 5(2)
b / nm 1.193 8(11) 1.354 4(3)
¢/ nm 1.303 8(12) 1.499 9(3)
al () 94.593(14)

B/(° 96.521(11) 110.36(3)
v /(%) 96.896(14)

V / nm® 1.803(3) 2.212 2(8)
F(000) 811 1372

A 1 2

D./ (g-cm?) 1.446 2.161

@/ mm™ 0.77 3.82

0 range / (°) 2.5~25 3.0~27.5
Reflections number, independent reflections 15 381, 6 333 22 565, 5 074
Observed reflections[/>20(])| 3 858 4175

Ry 0.066 0.046

R I>20())}} 0.057 0.042

wR; (all data)’ 0.131 0.080
Goodness-of-fit on F 0.98 1.18

* R=SIFJ-FI/SIE); » wR=[Sw(lFA-IFASw(F )"

Table 2 Selected bond lengths (nm) and angles (°) for 1 and 2

Col-03 0.209 0(3) C02-07
Co2-07 0.205 6(3) Col-01
Col-N6 0.210 6(4) C02-09
C02-08 0.210 2(3) Col-N1

0.205 6(3) Co1-05 0.209 3(3)
0.210 5(3) C02-09 0.207 2(4)
0.207 2(4) Col-N4 0.212 14)
0.212 6(4) Co2-08 0.210 2(3)
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Continued Table 2
03-Col-05 93.85(13) 03-Col-N1 77.42(13) 03-Col-01 88.26(13)
05-Col-N1 167.42(13) 05-Col1-01 90.34(13) 01-Col-N1 98.34(14)
03-Col-N6 164.91(13) N6-Col-N1 100.31(14) 05-Col-N6 90.44(14)
N4-Col-N1 94.70(14) 01-Col-N6 77.24(13) 07-Co2-07' 180.00(16)
03-Col-N4 100.21(14) 07-Co2-09 89.39(14) 05-Col-N4 77.76(14)
07-Co2-09 90.61(14) 01-Col-N4 165.75(12) 07-Co2-09' 90.61(14)
N6-Col-N4 94.83(14) 07-Co2-09' 89.39(14) 09-Co2-09' 180.00(18)
07-Co2-08' 89.71(14) 07-Co2-08 90.29(14) 07-Co2-08' 90.29(14)
07-Co2-08 89.71(14) 09-Co2-08 93.82(12) 09-Co02-08 86.18(12)
09-Co2-08' 86.18(12) 09-Co2-08 93.82(12) 08-Co02-08' 180.00(13)
Cul-03 0.193 5(3) Cul-01 0.196 0(3) Cul-N4 0.196 6(3)
Cul-N1 0.197 8(3)
03-Cul-01 174.85(14) 03-Cul-N4 82.33(14) 01-Cul-N4 97.40(13)
03-Cul-N1 97.43(13) 01-Cul-N1 82.03(13) N4-Cul-N1 171.21(16)

Symmetry code: ' x+1, y+2, z

2.2 Computational details

Molecular Hirshfeld surface calculations were
performed by using the CrystalExplorer program .
The principles of Hirshfeld surfaces were reported in
the literature™. When the cif files of 1 and 2 were
read into the CrystalExplorer program for analysis, all
bond lengths to hydrogen were automatically modified
to typical standard neutron values (C-H 0.108 3 nm
and N-H 0.100 9 nm). In this study, all the Hirshfeld
surfaces were generated using a standard (high)
surface resolution. The 2D fingerprint plots were
displayed by using the standard 0.06~0.26 nm view
with the d, and d; distance scales displayed on the

graph axes.
2 Results and discussion

2.1 Crystal structural description

X-ray single crystal diffraction confirms the
complex 1 crystallizes in triclinic system with Pl
space group. The asymmetric unit of 1 consists of a
[Co(L";]™ anion, half [Co(H,0)s]** counter cation and
two lattice H,0 molecules as shown in Fig.1. The Co
(I cation of the [Co(L')s] anion is coordinated to three
HL' ligands. Each ligand coordinated to the Co (II)

cation adopts the coordination mode of bidentate

chelating. The coordination geometry around the Co(Il)
is best described as a distorted octahedral geometry.
The [Co(H)O)J** unit in 1 plays as a counter ion to
balance the charge on the [Co(L');]” anion. The Co2 is
surrounded by six water molecules, with the distance
of Co2-0 from 0.205 6 (3) to 0.210 2 (3) nm. It gives
a nearly standard octahedral geometry with water
molecules on six vertexes. This similar counter ion is

involved in many documents™?!,

It is surprisingly
found that O atoms of [Co(H,0)s** are only electron
donors, not acceptors. Hydrogen bonds of O7-H7B---
04, 0O8-H8B --- 03" and 09-H9B - --01" (Symmetry
codes: " 1—x, 2—y, 1—z, " &, y, =14z, © —x+1, —y+2,
—z+1) between the discrete [Co(L');]™ anions (A) and
[Co(H,0)e]** cations (B) form an [A-B-A] terminal.
Each Crystallographic  independent
(C) connected the [A-B-A] terminals into
zigzag chains -[A-B-A]-[C]-[A-B-A]- through O-H---O
bonds  (Fig.2, Table 3), thus the

supramolecular architecture of 1 is constructed.

lattice  water

molecule

hydrogen

The crystal structure of 2 shows that each unit
contains two (L?)~ anions and one Cu. The local
coordination geometry around Cu can be described as

(Fig.3). The Cu

coordinates to two ligands with a Cu-O distance of

a slightly distorted quadrilateral
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Fig.1 Asymmetric unit of complex 1 with thermal ellipse at the 30% probability level
Table 3 Geometrical parameters of hydrogen bonds in 1
D-H---A d(D-H) / nm dH--+A)/ nm d(D-+-A) / nm £D-H---A /(%)
07-H7B---04' 0.07 0.203 0.272 5(5) 169
08-H8B---03" 0.08 0.19 0.269 3(4) 171
09-H9B---O1" 0.071 0.208 0.275 9(5) 162
09-H9A---02W™ 0.082 0.205 0.275 0(6) 143
02W-H2D--- 02 0.078 0.212 0.288 5(6) 167

Symmetry codes: ' 1-x, 2—y, 1—z; " x, y, —14z; " —x+1, —y+2, —z+1; ¥ 1-x, 1-y, —z; ¥ —x, 1y, 1—2

0.193 5 (3)~0.196 0 (3) nm and two triazole nitrogens of
two (L))" ligands in a trans fashion with Cu-N distance
0.196 6(3)~0.197 8(3) nm . The O-Cul-O1 angle is
174.85(14)°, whereas the N-Cu-O angles around the
Cu center range from 82.03(13)° to 97.43(13)°. In 2,
the

and one nitrogen of 1,2,3-triazole ring chelating to Cu,

(L»™ is bidentate with one oxygen of carboxylate

resulting in the formation of a stable five-numbered
ring (Cul-01-C1-C2-N1) and it takes the coordination
mode as bidentate chelating. In the crystal packing of
2, the coordinated O3 of carboxylate forms a strong

contact (0.373 53(19) nm) with the iodine, resulting in

a 1D zigzag chain, and adjacent chains formed into a
2D layer by C19--- 02 contacts (Fig.4). In the 2D
network, the Cu---Cu distances through intermolecular
contacts are 1.239 1 and 1.354 4 nm, respectively. In
C-1

interactions with a distance of 0.3858(2) nm.

addition, there also exists m  stacking

2.2 Hirshfeld surface analysis for 1 and 2
In order to compare the interactions in the
crystal structures of compounds 1 and 2, the Hirshfeld

the (2D)
fingerprint plots generated, based on the d, and d;

surface analysis and two-dimensional

distances (d. and d; are the distances from the
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A: [Co(L"3]” anions; B: [Co(H,0)e]*" cations; C: water molecules

Fig.2 1D zigzag chain formed by hydrogen bonds

Fig.3 Molecular structure of 2 with thermal ellipse at the 30% probability level

Hirshfeld surface to the nearest atom outside and
inside the surface, respectively), were carried out
using CrystalExplorer 2.0. This analysis shows that in
both compounds, the intermolecular H --- H contacts
have a major contribution to the crystal packing (Fig.
5). These contacts comprise 37.6% and 18.8% of the
total Hirshfeld surfaces of molecules 1 and 2,

respectively.

The shortest contacts of this type show up in the
fingerprint plots as characteristic spikes. The
structures are also dominated by O---H/H---O contacts
which comprise 26.7% and 12.9% of total Hirshfeld
antennas. Compound 1

surface areas as sharp

occupies more proportion of C---H contacts (18.0%)



%7 =

A PR 1,2,3- = AT A2 W) B T 5 10 5 ISR . (AR 254 R T 40

1221

Fig.4 2D layer constructed through intermolecular interactions

Complex 1

=

12D fingerprint ¢

‘norm

Complex 2

4 fingerprint ,

Fig.5 Hirshfeld surface and 2D fingerprint plots for 1 and 2
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Fig.6 Hirshfeld surface calculations for complex 1 and 2

than 2, which contains only 16.2%. The structure of 1
is also dominated by N --- H/H --- N contacts which
comprise 10.6% of total Hirshfeld surface areas.
Compared with 1, the contacts of I---H, I---O and I---

N in 2 comprise 12.9%, 6.4% and 5.2%, respectively.
By comparison in Fig.6, compounds 1 and 2 have
different cases about Hirshfeld surfaces. Two major

differences are as follows. On the one hand, the
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distributions of hydrogen bonds indicate that although 7074-7076

both of 1 and 2 have H---H and O --- H/H--- O
contacts, the interactions make bigger contributions to
the whole Hirshfeld surface in 1. This may be raised
from different molecular structures of both compounds,
while 1 contains a counter cation and free water
molecules, but 2 is very clear. On the other hand, 2
has 1---X

for this phenomenon is still the special conformation

(X=H, O, and N) interactions. The reason

in crystal structure of 2.

This phenomenon indicates that through proper
design principles, it can be possible to exploit the
presumably weak interactions in the design of
supramolecular architectures. The Hirshfeld surfaces
certainly allow a much more detailed scrutiny by
displaying all the intermolecular interactions within
the crystal and this methodology has very important

promise in crystal engineering.
3 Conclusions

In summary, we have synthesized and structurally

characterized two complexes with 1,2,3-triazole

derivatives by rational designing. We further
investigated the Hirshfeld surface of complexes 1 and 2,
and surprisingly find that the main intermolecular
interactions in the two complexes are O---H and H---H
contacts. Moreover, higher dimensional supramolecular
networks can further be achieved via hydrogen bonds
and intermolecular close packing interactions.
Accordingly, these results may offer new insights into
the design and assembly of such supramolecular
crystals, and we believe that it could make a

contribution to the strategy of crystal engineering.
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