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Abstract

The molecular and supramolecular structures of PCM)CL]*0.75MeOH (),
[Co(PTM)CL]; (2A) and [Co(PTM)CI(EtOH)]; (2B) complexes, wherBTM is 4,4’-[6-
(3,5-dimethyl-H-pyrazol-1-yl)-1,3,5-triazine-2,4-diylJdimorpholinevere presented. In
complexesl and 2A, the Cu(ll) and Co(ll) are tetra-coordinated with distorted
tetrahedral coordination environment. In case ahgex 2B, an additional ethanol
molecule is found coordinated with Co(ll) leaditgat highly distorted penta-coordinated
Co(ll) complex. In all cases, theTM ligand is acting as a bidentatdN-chelate.
Hirshfeld surface analysis indicated the importaoicE...H (49.0-55.1%), CI...H (18.8-
20.5%) and O...H (8.3-9.9%) contacts in the molecutacking. The electron
transferences from the ligand units to the centralal atom as well as the spin density
distribution were discussed based on DFT calculatiofhe presence of coordinated
ethanol molecule 2B weakened the Co-N and Co-Cl interactions compé#oedA.
Using atoms in molecules topology analysis, therdinate bonds between metal (Co or
Cu) and donor atoms (N, O, Cl) belong to closedl shieractions with weak covalent
characters.

Keywords: Pyrazolyls-triazine; Co(ll); Cu(ll); NBO; Spin density; Hirgkld



1. Introduction
Supramolecular compounds attracted the interesesdarchers due to the tremendous
progress in their applications in different fields8]. Many new functional compounds
having wonderful supramolecular architectures wemestructed from self-assembly of
functional ligand and metal ion. Such methodolotigveed the small building blocks to
arrange itself in the three dimensions by the wagt tmaximize the intermolecular
interactions among them [9-11]. The self-arrangemei the small molecular units in
solid state is controlled by many directional farcguch as coordination interactions,
hydrogen bondings-n stacking, C-H..x interactions and others [12].
On other hand, copper and cobalt complexes havey nrdaresting applications in
numerous fields [13]. For example, Ghaslal. reported the synthesis of a series oLCO
promotedpolymeric copper(ll) coordination complexes [13€he reported complexes
showed interesting semiconducting property overidgewemperature range [13c]. In
addition, cobalt complexes with the 2-(2-hydroxybgideneamino)phenol a®NO-
donor ligand have been reported with promisingbaatierial and anticancer activities
[13a]. Recently, Ramezasi al.[13b], reported the synthesis and characterizadfamwo
Co(ll) complexes with heterocyclic Schiff-base hgs based on the reaction pf
chlorobenzaldehyde anpthydroxybenzaldehyde with 8-(4- chlorophenyl)-3y&i8H-
imidazo[4',5":3,4]benzo[1,2lisoxazol-5-amines. These complexes exhibited @stang
fluorescent properties [13b].
Neutral NNN-pincer ligands attracted the attention of manyeaeshers in the field of
coordination chemistry and showed remarkable sgcces building interesting
coordination compounds having interesting apploceti in the field of catalysis [14].
NNN-pincer ligands with pyridine central moieties andsaturated nitrogen donor
moieties at 2 and 6 positions have been studiezhektely. Replacement of the pyridine
core withs-triazine ring has a great impact on the ligandrdmation behavior and the
intermolecular contacts involved in building thepsamolecular architecture of the
resulting complexes [15-18]. In our previous stsdiee mainly focused on the
coordination chemistry as well as the antimicrolaeativity of bis-pyrazolyls-triazine
tridentate pincer ligandBPT; Fig. 1). It was found that, the self-assembly of thisatd

with different metal(ll) salts produced mononuclpanta-, hexa- and hepta-coordinated



metal complexes. The supramolecular architecturéisese complexes were constructed
mainly by hydrogen bonds and animrstacking interactions between thériazine ring
n-system and the counter anion [15-18]. Replacemérnhe methoxy group and one
pyrazolyl ring inBPT by two morpholine ringsRTM) as shown irFig. 1 reduced the
ligand coordination behavior to bidentate leadiognteresting mononuclear and penta-
nuclear Ag(l) complexes [19]. Herein we used thaeanild conditions of self-assembly
to synthesize the corresponding Co(ll) and Cu(dinplexes of this functional ligand.
Their molecular and supramolecular structures wewvestigated using X-ray single

crystal diffraction combined with Hirshfeld surfaaealysis as well as DFT calculations.
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Fig. 1 Structure obis-pyrazolyls-triazine(BPT) andPTM ligands.

2. Experimental

2.1. Materials and physical measurements

Chemicals and solvents were purchased from Sigrdaehl Company. The CHN
analyses were determined using Perkin-Elmer 24@onehtal analyzer. The NMR
spectra oPTM were recorded on a JEOL spectrometer (400 MHZDCI; solvent.

2.2. Syntheses

2.2.1.  4,4-(6-(3,5-dimethyl-H-pyrazol-1-yl)-1,3,5-triazine-2,4-diyl)dimorpholine,
PTM ligand

The ligandPTM was prepared following the reported method inrdiiere [20-22].
Details regarding the preparation and charactesizabf PTM ligand were given in

supplementary data.



2.2.2. Synthesis of Cu(Il)-PTM complex (1)

A 10 mL methanolic solution of CugPH,O (0.170 g, 1 mmol) was mixed witPiTM
(0.345 mg, 1 mmol) solution in 10 mL methan8theme 1 The resulting solution was
left for slow evaporation, bronze needles of [CU{BCTI,]*0.75MeOH () was obtained
after 3 days.

Yield 89 %; Anal. Calc. for complexl) Cis7H26Cl,CuN;Oz 75 C, 39.93; H, 5.20; N,
19.46%. Found: C, 39.75; H, 5.17; N, 19.29%.

2.2.3. Synthesis of Co(Il)-PTM complex (2)

A 10 mL ethanolic solution of Cog&bH,O (0.238 g, 1 mmol) was mixed wifATM
(0.345 mg, 1 mmol) solution in 10 mL ethan@8cbeme ). Purple block crystals of
[Co(PTM)CL][Co(PTM)CI(EtOH)], (2) was obtained after slow evaporation for 2 days.
Yield 85%: Anal. Calc. for complex2) CssHs:Cl4CoN140s: C, 40.98; H, 5.26; N,
19.68%. Found: C, 40.81; H, 5.30; N, 19.50%.
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Scheme 1Syntheses of complexésaand?2.



2.4. X-Ray structure determinations

The X-ray diffraction data ofl and 2 were collected on a Bruker Kappa Apex Il

diffractometer using Mo K radiation. The BrukeBAINT [23a] software was used for

cell refinements and data reductions. The strustuvere solved by intrinsic phasing

method using th&HELXT software [23b]. A semi-empirical absorption correctbased

on equivalent reflectionsSSADABS [23c]) was applied to all data. Structural refirests

were carried out usin@HELXL software [23b]. Further crystallographic detailsoat

structure refinements were described in Supplemendata andTable 1 Crystal

Explorer 17.5 program was used for doing Hirshtelttulations [24].

Table 1 Crystal data of complexes 1 and 2.

1 2
Empirical formula Gs.73H26Cl,.CUN; O5 75 C34H5Cl4,Co,N1405
Fw 503.88 996.55
Temp (K) 293(2) 108(2)
AA) 0.71073 0.71073
Cryst. Syst. Monoclinic Triclinic
Space group C2/c P-1
a(h) 26.7629(5) 7.688(3)
b (A) 7.42190(10) 13.757(6)
c(A) 23.7102(4) 21.102(9)
a(deg) 90 81.276(9)
S (deg) 117.5020(5) 79.919(9)
v (deg) 90 74.429(9)
V (A3 4177.38(12) 2103.8(16)
z 8 2
Oeac(Mg/m®) 1.602 1.573
(Mo Ka) (mm?)  1.335 1.102
No. refins. 14985 34456
Unique refins. 3819 7664
GOOF (B) 1.040 1.041
Rint 0.0216 0.0416
R1 ( = 20) 0.0403 0.0890
wR2 ( = 20) 0.1048 0.2168
CCDC 1998255 1998256




3. DFT calculations

Using NBO 3.1 program [25a] embedded in Gaussiasdifvare [25b, c], the natural
charges at the ligand groups and metal ion wereuleded using MPW1PW91/TZVP
method using the Cartesian coordinate of the Xstaycture for the studied complexes.
For the Co(ll) complexes, the calculations werdqrered considering the high and low
spin states and the results were discussed bas¢ldeomost stable state. In addition,
Multiwfn [26a] program was used to compute the atommolecules (AIM) topological
parameters [26D].

4. Results and discussion

4.1. X-ray structure description of complex 1

The X-ray structure of [Cu(PTM)glF0.75MeOH (1) is shown inFigure 2. Complex1
crystallized in the monoclinic crystal system an?/cCspace group, and Z=8 with one
molecule per asymmetric unit. The structurel @fomprised one Cu(ll) coordinating the
bidentatePTM ligand asNN-chelate with almost equidistant Cul-N1 and Cu-N6ds
(2.000(2) and 2.005(2) A, respectively), and twipdHe anions with Cul-Cl1 and Cul-
Cl2 distances of 2.1783(9) and 2.2284(8) A, respelgt The structure contains heavily
disordered methanol molecules as a crystal sofeemtd close to the symmetry elements
with total occupancy of 0.75. Hence the moleculatructure of 1 s
[Cu(PTM)CL]*0.75MeOH. The bite angle of theTM ligand is 80.54(9)° for the N1-
Cul-N6 while the CI1-Cul-Cl6 angle is 105.44(4)akjle 2). The copper atom is out of
the mean planes of thetriazine and pyrazole moieties by 0.759 and 0.459
respectively. The angle between the mean plandiseofwo rings is 7.1° indicating the
presence of some twist between thiiazine and pyrazole moieties. The continuous
shape measurements (CSHM) of the @O coordination sphere are 8.5 and 12.1
compared to the perfect tetrahedral (Td) and soplarear (SqP) geometries, respectively
[28]. The values are relatively high indicating iatermediate structure between the Td

and SgP geometries.



Table 2 Selected bond lengths [A] and angles [Rjr 1.

Bond Distance Bonds angle
Cul-N1 2.000(2) N1-Cul-N6 80.54(9)
Cul-N6 2.005(2) N1-Cul-Cl1 102.56(7)
Cul-Cl1 2.1783(9) N6-Cul-Cl1 144.31(8)
Cul-CI2 2.2284(8) N1-Cul-CI2 134.75(7)

N6-Cul-Cl2 95.96(7)
Cl1-Cul-CI2 105.44(4)

Fig. 2 The anisotropic displacements plot (ADP) at 50%bpbility of complex1. Only
one of the disordered methanol solvent moleculeshidsvn. H-bond: O3-H3A: 0.83 A,
H3AMITI2*: 2.54 A, O3ICIZ™: 3.339(1) A, O3-H3AITI2™ 160.5° (equivalent position
#1: -x, 1+y, %2-2).

The structure ofl contained heavily disordered methanol as solventystallization. In
Fig. 3, the solvent was completely omitted from the pagkiliagram to reveal solvent
channels along the crystallographiaxis Fig. 3A). The neighboring complex units are
interacting with a series of weak H-bond-interatsiofFig. S1; Supplementary data
leading to stacking of metal complexdsig. 3b). Despite the stacking, there are no

significantz-n-interactions between the organic ligand unit4.of



Fig. 3 Packing ofl along the crystallographlzaxis (A) anda-axis (B).

4.2. X-ray structure description of complex 2

The asymmetric unit o consists of the two independent neutral compleksun
[Co(PTM)CL]; (2A) and [Co(PTM)CJ(EtOH)]; (2B), in which the Co(ll) has different
coordination environmentd=ig. 4). The structure of [Co(PTM)g]lis similar to that in
complex1. The Co(ll) is coordinated with ol TM molecule as a bidentalN-chelate
where the ColB-N1B and ColB-N5B distances are 28)1éind 2.103(5) A,
respectively. The two Co-N bonds are not equivalertd are slightly longer than the
corresponding Cu-N bonds i The coordination sphere of ColB is completedviy t
Co-CI bonds which are also slightly longer than @weCl bonds inl. The Col1B-CI1B
and Co1B-CI2B bond distances are 2.192(3) and 2224, respectively. The bite angle
of thePTM ligand is 79.6(2)° and the CI1B-Co1B-CI2B angld 19.48(13)° Table 3.

In this complex, the CSHM values for the Gl are 4.46 and 21.27 compared to Td
and SgP geometries, respectively. The former vialaser to zero indicating a distorted
tetrahedral CobCl, coordination environment rather than a square golawhich is

expected for a tetra-coordinated Co(ll) complexes.

In the second complex unit, [Co(PTM}EtOH)], the Co(ll) is penta-coordinated with
onePTM ligand (Co1-N1: 2.033(6) A and Co1-N6: 2.288(6)&yp chloride ions (Col-
Cl1: 2.320(2) A and Co1-CI2: 2.270(2) A) and onealg bonded ethanol molecule
(Co1-03: 2.225(7) A). The bite angle of tR&M ligand is less (75.3(2)°) than that in
[Co(PTM)CL] while the CI1-Col-Cl2 (144.52(9)°) is larger thérat in [Co(PTM)CJ].

These variations could be probably attributed te ginesence of coordinated ethanol



molecule which increases the steric hinder arouma €o(ll) as a consequence of
increasing the coordination number of Co(ll) from id [Co(PTM)CE] to 5 in
[Co(PTM)CL(EtOH)]. The coordination geometry of the GGWO sphere was
described using the; criterion reported by Addison [29]. The O3-Col-H6gle ) of

174.5(2)° and Cl2-Co1-Cl1 angle)(of 144.52(9)°, and a5 = {2} value of 0.50

revealed an intermediate structure between thertkst square pyramid and trigonal
bipyramid coordination geometry. In addition, thelCand ColB occurred out of the
plane of thes-triazine and pyrazole rings. The ColB atom isajiuhe mean planes of the
striazine and pyrazole moieties by 0.781 and 0.R4tespectively. The corresponding
values for the Col atom are 0.898 and 0.214 A easely. Also, the twist angles of the
two rings are 10.37 and 13.28 © for Co1B and Catsurespectively.

Fig. 4 The anisotropic displacements plot (ADP) at 50%bpbilityof complex2. One of
the morpholine moiety in the four-coordinated comxpbnd the ethanol ligand in the
five-coordinated complex were disordered over twitess Only the dominating

components are shown in this figure for betteritglar



Table 3 Selected bond lengths [A] and angles [Rr 2.

bond Distance Bonds Angle
[CO(PTM)CH]
ColB-N1B 2.016(6) N1B-ColB-N6B 79.6(2)
ColB-N6B 2.103(5) N1B-ColB-CliB 107.21(1f7)
ColB-CI1B 2.192(3) N6B-ColB-CI1B 129.32(19)
ColB-CI2B 2.241(2) N1B-ColB-CI2B 119.03(17)
N6B-Co1B-CI2B 97.00(16)
Cl1B-Col1B-CI2B 119.48(13
[Co(PTM)Ch(EtOH)]
Col-N1 2.033(6) N1-Col-03 109.0(3)
Col-N6 2.288(6) N1-Col-CI2 114.13(16)
Col-Cl1 2.320(2) 03-Co1-Cl2 88.5(2)
Col-CI2 2.270(2) N1-Col-N6 75.3(2)
Col-03 2.225(7) 03-Col-N6 174.5(2)
C2-Col1-N(6 86.53(14)
N1-Col-Cl1 101.25(16
03-Col-Cl1 77.1(2)
CI2-Col-Cl1 144.52(9)
N6-Col-Cl1 105.73(16

Also in complex2, the molecules are packe#id. 5 with two crystallogarphically
slightly different stacks compared 10 The aromatic rings are somewhat closer thah in
allowing some weak-n and C-H..x interactions. The shortest C...C and C...N contacts
are CABIT6B" 3.393(12) A (#1: -1-x,-1-y, #2: -x,-y,1-z) and NB5"%: 3.237(14) A. In
addition, the channels i# are running through the structure along crystadpgic a-
direction fig. 5 and the channels are not filled with solvent arg occupied by the
coordinated ethanol molecules. Further details waldbe packing of the complex

molecular units are shown kgs. S2andS3(Supplementary data



Fig. 5 Packing o along the crystallographe (A) andb-directions (B).

4.3. Analysis of molecular packing

Intermolecular interactions play very important eroin the stability of crystalline
materials. Different contacts in the crystal stowetof complexe4 and2 were analyzed
using Hirshfeld calculations and the resulting Rietd surfaces are shown kigs. S4
and S5 (Supplementary data). The percentages of the lgessitermolecular contacts in
both complexes are shownhig. 6. The H...H interactions are the most common which
shared in the packing by 50.5, 49.0 and 55.1%4.f@A and2B, respectively. It is clear
from the decomposed g, maps shown ifrigs. 7-9that the H...H interactions are strong
contrary to the structurally related pincer compke)15-18]. Representative examples
for the most significant H...H, Cl...H and O...H contaet® shown in the same figure
where all showed the characteristic red spots ortscontacts. The percentages of the
Cl...H contacts are 16.2, 20.5 and 18.8%Xo2A and2B, respectively while the O...H
contacts showed less contributions of 9.7, 8.3 @880, respectively. Analysis of,&h
and shape index maps indicated the less signifecaht¢hen-n (3.9-5.2%) and C-H.x
(4.2-4.9%) interactions in the molecular packindghef studied complexes.
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4.4. DFT studies
The total energy of the high and low spin states[@6(PTM)CL]; (2A) and
[Co(PTM)CL(EtOH)]; (2B) are calculated using MPW1PW91/TZVP method. Thalto
energies of the high spin state #A and 2B are -2171582.021 and -2268862.237
kcal/mole, respectively. The corresponding values the low spin state are -
2171543.253 and -2268834.409 kcal/mole, respegtive a result, the high spin state is
more stable for both complexes than the low spatestby 38.77 and 27.83 kcal/mole,
respectively. The organic ligan®TM) has net charges of 0.3958, 0.3586 and 0.300 for



1, 2A and2B, respectively Table 4). It is the minimum in case of the penta-coordedat
Co(ll) complex. The presence of two chloride ionsdaone ethanol molecule
coordinating the Co(ll) significantly weaken itde@raction with thé®TM organic ligand
probably due to both of the steric and electromictdrs. The presence of more donor
groups around Co(ll) decreases its positive chdayesity leading to weaker interactions
with the PTM ligand. As a result of these electron transfererioam the ligand groups
to the divalent metal ion, the charge densitiethatcentral metal atom are reduced to
0.659, 0.756 and 0.838, ftiy 2A and2B, respectively.

Table 4 Natural charges of metal center and ligand groups.

Atom/Group 1 2A 2B
Col/Cul 0.6590 0.7560 0.8380
Cl1 0.4814 0.4515 0.3740
Cl2 0.4639 0.4339 0.3950
PTM 0.3958 0.3586 0.3000
EtOH 0.0930

Also, the atom spin density of donor atoms andreémhetal ion are listed ifable 5.
High spin Co(ll) has a spin density of 3.0 e. Tvédue is reduced to 2.734 and 2.751 e
due to its interaction with ligand donor atoms. The O and Cl donor atoms have
positive spin density similar to the central metal indicating a transfer of the spin
densityvia spin delocalization mechanism rather than the gplarization one. Also, the
spin density of copper center in complexs changed to 0.594 e instead of 1.0 e due to
spin delocalization from the central metal to domatoms coordinating it. Graphical
presentation of the spin density plot for the thamamplexes is given irFig. S7
(Supplementary data).

Table 5 Spin density of the donor atoms and the centrahimen in complexeq, 2A
and2B.

Atom 1 2A 2B
CulCo 0.5941 2.7342 2.750
Cll1  0.1470 0.0993 0.085
Cl2 0.1501 0.0965 0.086
Nyw, 0.0472 0.0162 0.024
Npyaz. 0.0498 0.0122 0.014
03 0.0084

O o N W Ot




4.5. Atoms in molecules (AIM) analysis

The topological parameters computed in the framkwdrAIM theory were used to
assign the nature and strength of coordinatiomant®ns [31-38]. These parameters are
listed inTable 6. Generally, the electron densify(1)) is considered as a good indicator
on bond strength. For compléxthe two Cu-N interactions have clggg) values where
Cu-N(pyrazole) has slightly highet(r) value than Cu-N(triazine). The same trend is
found in the two Co(ll) complex units & Interestingly, the presence of coordinated
ethanol molecule i”2B weakens the Co-N and Co-Cl interactions compavetiAt The
most clear difference occurred for the Co-N(trig@ziwith p(r) value of 0.045 a.u. ig2B
compared to 0.088 a.u @A. Similarly, the Co-Cl interactions have slightlgssp(r)
values (0.055-0.062 a.u.) iBB compared to2A (0.066-0.074 a.u.). In contrast, the
strength of the Cu-N(pyrazole) is affected litthe the presence of coordinated ethanol
molecule. The calculated interaction energigg Eor the Co-N and Co-Cl bonds are in
good agreement with these observations. It is dlat all the studied coordination
interactions presented Trable 6 havep(r) less than 0.1 a.u indicating mainly closed shel
coordination interactions. In addition, the smadbative total energy density (H(r)) and
the potential to kinetic energy density ratio (Y@{r)) more than one are good indicators
on the weak covalent characters of these interagtio

Table 5The AIM topological parameters for the studiedrdamation interactiorfs

Bond p()  G(r) V() Eme H®I  V(OIG()
1
Cul-N1 0.071 0.094 -0.101 31.841 -0.007 1.079
Cul-N6 0.065 0.094 -0.098 30.762 -0.004 1.043
Cul-Cl1 0.058 0.086 -0.089 27.833 -0.003 1.035
Cul-CI2 0.050 0.072 -0.071 22.415 0.000 0.994
2A
ColB-N1B 0.088 0.125 -0.148 46.306 -0.023 1.184
ColB-N6B 0.070 0.089 -0.101 31.558 -0.012 1.131
Cul-Cl1 0.074 0.100 -0.117 36.698 -0.017 1.173
Cul-CI2 0.066 0.088 -0.099 31.142 -0.011 1.128
2B
Col-N1 0.083 0.120 -0.140 43.908 -0.020 1.168
Col1-N6 0.045 0.051 -0.052 16.366 -0.001 1.028
Col-Cl1 0.055 0.070 -0.075 23.514 -0.005 1.075
Col-CI2 0.062 0.081 -0.089 28.049 -0.009 1.107
Col1-03 0.043 0.063 -0.066 20.564 -0.003 1.046

2 Al in A.U. except B, in kcal/mol



Conclusion

Two complexes of 4,4'-[6-(3,5-dimethyHtpyrazol-1-yl)-1,3,5-triazine-2,4-
diyl[dimorpholine PTM) ligand with Cu(ll) and Co(ll) were synthesizedings self-
assembly in water-alcohol mixture at room tempeegatfhe structure of complexds
and 2 comprised the [Cu(PTM)EF0.75MeOH (), and [Co(PTM)C]; (2A) and
[Co(PTM)CL(EtOH)]; (2B) molecular units, respectively as revealed bylsiicgystal X-
ray diffraction. Their supramolecular structure extp were analyzed employing
Hirshfeld surface analysis of molecular packinge Hpin density of coordinated metal
ion was transferred to the donor atomna spin delocalization mechanism. Based on
Addison 15 criterion, the coordination geometry @B is highly distorted with an
intermediate structure between the square pyramigiadl trigonal bipyramidal
configurations. The nature and strength of the dioation interactions were analyzed

using atoms in molecules topology analysis.
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Table 5 Spin density of the donor atoms and the central metal ion in complexes 1, 2A
and 2B.

Atom 1 2A 2B
Cu/Co 05941 2.7342 2.7505
Cl1 0.2470 0.0993 0.0853
Cl2 0.1501 0.0965 0.0867
Nyiz. 0.0472 0.0162 0.0242
Npyraz.  0.0498 0.0122 0.0140
03 0.0084




Table 6 The AIM topological parameters for the studied coordination interactions™.

Bond p(r) G V()  Ex  Hr)  V(r)/G(r)
1
Cul-N1 0.071 0.094 -0.101 31.841 -0.007 1.079
Cul-N6 0.065 0.094 -0.098 30.762 -0.004 1.043
Cul-CI1 0.058 0.086 -0.089 27.833 -0.003 1.035
Cul-Cl2 0.050 0.072 -0.071 22415 0.000 0.994
2A
ColB-N1B 0.088 0.125 -0.148 46.306 -0.023 1.184
ColB-N6B 0.070 0.089 -0.101 31.558 -0.012 1131
Cul-CI1 0.074 0.100 -0.117 36.698 -0.017 1.173
Cul-Cl2 0.066 0.088 -0.099 31142 -0.011 1.128
2B
Col-N1 0.083 0.120 -0.140 43.908 -0.020 1.168
Col-N6 0.045 0.051 -0.052 16.366 -0.001 1.028
Col-Cl1 0.055 0.070 -0.075 23.514 -0.005 1.075
Col-Cl2 0.062 0.081 -0.089 28.049 -0.009 1.107
Col-O3 0.043 0.063 -0.066 20.564 -0.003 1.046

2Allin A.U. except Ej. in kcal/mol



Highlights

* Monopyrazolyls-triazine ETM) complexes with Co(ll) and Cu(ll) were
synthesized

 PTM acts as a bidentaMdN-chelating ligand

* 1and2A have a distorted tetrahedral [M(PTM)Clcoordination environment.

* [Co(PTM)CL(EtOH)]; 2B is highly distorted penta-coordinated Co(ll) coapl

* The H...H (49.0-55.1%), Cl...H (18.8-20.5%) and O...H3(8.9%) are the most
important contacts.



Dear editor in chief ofJournal of Molecular Structure”

Dear Sir,

We would like to submit the paper entitled "Molesmubnd supramolecular structures of self-
assembled Cu(ll) and Co(ll) complexes with 4,4(85-dimethyl-H-pyrazol-1-yl)-1,3,5-
triazine-2,4-diylJdimorpholine ligand" to your joual "Journal of Molecular Structure"

The authors declare that they have no known competing financial interests or personal

relationships that could have appeared to influence the work reported in this paper.

Thank you
Saied M Soliman
Faculty of Science, Alexandria University, P.O. Bt26 Ibrahimia, 21321 Alexandria, Egypt



