ISSN : 0974 - 7478 Volume 7 I ssue 2

Macromolecules

A Tndéian Yournal
— Ful] Paper

MMAIJ, 7(2), 2011 [72-77]

Trade Science Ine.

Sructural study of copper (I1) complexes with N,N,N’,N”’,N”’-
pentamethyl-diethylenetriamine and dicarboxylic acids

Sergio Martinez-Vargas'*, Arturo |.Martinez?
I nstituto de EstudiosAmbientales, Univer sidad dela Sierra Juarez, Carr. Guelatao-Ixtlan,
Av. Universdad g/n, I xtlan de Juarez 06872 Oaxaca, (MEXICO)
2Cinvestav, Unidad Saltillo, Carr. Saltillo-M onterrey Km. 13, RamosArizpe, 25900, (M EXICO)
E-mail: sergelio@gmail.com
Received: 20" May, 2011 ; Accepted: 20" June, 2011

ABSTRACT

This paper presents the synthesis of coordination compounds of Cu (11) using N,N,N’,N”’,N ”-Pentamethyl-
diethylenetriamine (pmdt) astridentate chelate ligand and mono-aromatic carboxylic acids asligand connectors. The
crystals of these compounds exhibit aregular pyramid with a square base geometry in the first coordination sphere of
copper (11). When 4-aminobenzoic acid is used, intermolecular interactions via hydrogen bonds generate a double
strand 1-D polymer. Otherwise, when 2-naphthoic acid and 2, 3-dimethylbenzoic acid was used no supramolecular
structure was observed. It was attributed to different factors such as the coordination of aquo ligands in apical

position, and intramolecular interaction.

INTRODUCTION

Currently, the creation of polymeric metal com-
plexes (PMCs) with special geometrical and topo-
logical arrangementsisan attractive topicin materi-
alssciences, particularly inthefield of “crystal engi-
neering”™. Itisknownthat in PMCs, metal sitesin-
duce certain chemical and physical characteristicsthat
make them interesting for many scientific and indus-
trial applications. Applicationsrangefrom molecular
recognition processesinbiologica systemsand medi-
cine?; hydrogen storage™®, gas adsorption, cataly-
sig®, dectrica conductivity®, nonlinear opticd”, and
magnetism®. The nature of metal centers and the
selection of ligandswith special featuressuch asflex-
ibility, versatile binding modes, and formation of hy-
drogen bonds are crucial propertiesinthe construc-
tion of PMCs°l.
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Polycarboxylate assembliesandrigid ligands de-
rived from symmetric and asymmetric aromatic
multicarboxylic acids are promising candidates for
construction of novel PMCdg81%, Carboxylic acid
groups may be either completely or partially
deprotonated: depending on the number of
deprotonated groups, carboxylic groups can be H-
bond acceptorsor donors. Asdemonstrated in pre-
viousreportgY, the geometry of copper (I1) coordi-
nation sphere variesfrom penta-coordinated square
pyramidtotrigona bi-pyramid. Tridentateligandsform
twoflat chelateringswith five members, it favoring
the geometry of square pyramid.

Inapreviousreport!*?, it wasfound that thetriden-
tatechelaeligand diethylenetriamine (dien) inducefor-
mation of square pyramid PMCs. Inthiswork, adif-
ferent ligand isused, theN,N,N’",N ”,N "-Pentamethyl-
diethylenetriamine (pmdt); incomparisonwithdien, itis
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lessflexibleand voluminous. The construction of su-
pramolecular structuresusing pmdt isshown thorough
crystdlographic studies.

EXPERIMENTAL SECTION

Experimental procedure

[Cu(pmdt)(H,0),](CIO,), was prepared from cop-
per (1) perchlorate hexahydrate (7.4g, 20 mmol) and
1,1,4,7,7-Pentamethyl-diethylenetriamine (3.5 g, 20
mmol) in 50 ml of water and 50 ml of ethanol. The
compounds I, Il and Il were synthesized from
[Cu(pmdt)(H,0),](ClO,), (Immol) and equimolar
amounts of the corresponding carboxylic acid (2,3-
dimethylbenzoic (1), 2-naphthoic (I1), and 4-aminoben-
zoic acids(l11)) dissolved in 5 mL of hot water. The
reaction was stirred for thirty minutes at 40 °C. The
resulting blue solutionswere covered with pin-holed
parafilm and stored at room temperature. After oneor
twoweeks, stablesingle-crystalsof suitabledimensions
for X-ray analysiswere obtained.

Synthesis of [Cu(pmdt)(2,3-dimethylbenzoate)
(H,0)I(CIO,) (Compound 1)

Aqua(2,3-dimethylbenzoate-0)-(1,1,4,7,7-
pentamethyl-diethylenetriamine-N, N, N”*)-copper (II),
perchlorate.

Thereaction of [Cu(pmdit)(H,0),](CIO,) with 150
mg of 2,3-dimethylbenzoic acid generated the com-
pound|.Yield: 372 mg, 74%. Elemental analysis: C,
42.74,H,7.05;N, 8.27%. Formula: C H_CICuN,O,,
C, 42.85,H6.99, N, 8.33%. IR spectrum (with KBr):
wide (w); weak (k); strong (s); shoulder (h), medium
(m). 3298s (-OH water), 2960s (C-H aromaticring),
2872m, 1634m (Cu*-OH,), 1603s, 1564s (R-NH-),
1465m (R-NH-), 1387s (Ar-CO,), 1085s, 1063s
(ClO,), 773m, 617m cm™.

Synthesis of [Cu(pmdt)(2-naphthoate)(H,0)]
(ClO,) (Compound 1)

Aqua(2-naphthoate-O)-(1,1,4,7,7-pentamethyl -
diethylenetriamine-N, N’, N”*)-copper (II), perchlorate.

The reaction of [Cu(pmadt)(H,0),](CIO,) with
172 mg of 2-naphthoic acid generated the compound
1. Yield: 380 mg, 73%. Elemental analysis: C, 45.67,
H, 6.09; N, 7.96%. Formula: C,H.,CICuN,O,, C,
45.71,H 6.14, N, 8.00%. IR spectrum (with KBr):
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3292s (-OH water), 2975m (C-H aromatic ring),
1631m (Cu**-OH,), 15615 (R-NH-), 14665 (R-NH-
), 1389s (Ar-CO,), 1086s, 1061m (ClO4-), 781m,
621mcmrt.

Synthesis of [Cu(pmdt)(NO,C.H,CO,)(H,0)]
(ClO,) (Compound 111)

Aqua(4-aminobenzoate-0O)-(1,1,4,7,7-
pentamethyl-diethylenetriamine-N,N’,N”)copper(1),
perchlorate

Thereaction of [Cu(pmdit)(H,0),] (CIO,) with 166
mg of 4-aminobenzoic acid generated the compound
1. Yield: 348 mg, 71%. Elementd andysis: C, 39.12,
H, 6.43; N, 11.39%. Formula: C H_ CICuN,O,, C,
39.18, H 6.37, N, 11.42%. IR spectrum (with KBr):
3286s (-OH water), 2972m (C-H aromatic ring),
2995k, 1633m (Cu?*-OH,), 1557s (R-NH-), 1464m
(R-NH-), 1387s (Ar-CO,), 1343h, 1078s, 1063m
(CIO,), 782m, 624m cm™.

Crystallographicanalysis

The obtained single-crystalsweremountedin ran-
dom orientation on thetip of aglassfiber. Crystallo-
graphic data were collected on a Brucker SMART
APEX CCD-based three-circlediffractometer, using
mono-chromatic Mo-Ka (A =0.71073 A) radiation
at 293 K with SMART software™®. The data were
corrected using the SAINT-Plus anal yticad method!**l
using indexed face correction, and the space group
was determined through X PREP!*3, The structures
were solved by direct methods (SHELX S-97)*4 and
refined by all datesfor least squares of full matrix us-
ing SHEL X L[, All atomsexcept hydrogen werelo-
cated from difference el ectron density map and re-
fined anisotropically. Hydrogen atomswereplacedin
geometrically inidealized positionswith 0.96 A for
C-H and attached to the parent atom (Uiso(H) =1, 2
UeqC and 1.5 UeqC, and refined using the riding
model. The geometric calculations were done with
Platon®, The molecular and supramolecular graphs
were done using X P and X -seed".

RESULTS

The crystallographic detail sof thecompoundsare
presented inthe TABLE 1. Thegeometry for compound
ispresented with thermal dllipsoidsat 50% probability
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level; see Figures 1 to 3. For clarity, thefigures show
thecationic structureonly.

Molecular description of compoundsl, Il and 111

The compoundsareionicwith anasymmetric unit
ascationic complex and aperchlorate anion. Thecom-
plexes exhibit slightly distorted square pyramidal
pentacoordinated geometry; an (4+1) € ongation causes

3 showsthestructureof 111. For thefigures, the mo-
lecular geometry isrepresented with thermal dlipsoids
at 50% probability level.

TABLE 1: Datacollection and refinementsfor compoundsl,
I1,andlll.

Compound | 1 i
Empl rical formula ClgH:mcl CuNsO, Con3zC| CuNs0O; C16H31C| CuN,O;
Formulaweight,

thedistortion. Thebasal planeisformed bytheN at-  mol* 50348 52549 49045
omsof pmdt, and an O atom of the carboxyl ate, andan  Sysem Orthorhombic Monoclinic Orthorhombic
aquoligandislocated at theelongated apical position.  SP*°9P Pal Paifc Pal
TABLE 1 showsthe distances and angles of the a A 8.9212(1) 156830(10 10022000)
- ) b, A 13.5457(17) 11.7644(7) 13.4586(8)
bondswhich describethegeometry of thecompounds. . 4 20.944(3) 15080609  17.1128(11)
Thetrigona distorision rate t*® confirmsthat themo- - %0 %0 %0
lecular geometry of thecompoundsisaregular square . ° 90 116.2080(10) 90
pyramid. Thedihedral angle betweenthebasal plane  v.° 90 90 90
around Cu (I1) and the apex of thepyramidiscloseto  H -10, 10 -18,18 11,11
the I deal (900) K -16, 16 -13, 13 -16, 15
The perpendicular distance between the basal - 212l An 7 20,20
. V, A3 2358.9(5) 2498.7(3) 2308.2(2)
planeand Cu (11) for thethree compoundsindicates A A 4
that the central Cu () is slightly below themean 1y, 201(2) 201 201
baseline level composed of N and O atoms of the  voka), mm* 1081 1024 1103
pmdt and carboxylate ligands, respectively, see  beac (mg/m3) 1418 1.397 1411
TABLE 2. Furthermore, for thethree compounds an  Crystal size(mm) 0.34x0.14x0.06 0.08x0.26x0.34 0.08x0.10x0.26
intramolecular interaction viahydrogen bondsisob- ~ #max () 30.94 20 25.0
served, it isbetween theaguo ligad in theapica posi- 822352”6“6" 16952 19941 19022
tion and the O of the carbonyl coordinatedinthebasa  reflesionsRint 0.0576 0.049 0.060
position. The parametersfor these hydrogenbonds ~ Paameters 573 308 21
arepresented in TABLE 3. Thisinteractionformsa ooy ot 0950 098 096
very stablesix-memberedring, whichcanbedescribed  r1 0.0654 0.0475 0.0498
by graph set asR *(6)"%. Finally, Figure 1 showsthe —wr2 _ 0.1630 0.1077 01053
structure of |; Figure 2 the structure of 11, and Figure (F;,ig)“a“ NSty 0496.0450  045-044  047-025
TABLE 2: Bond distances (A) and angles (degrees) of the synthesized compounds.
Compound |
Cul-N1 2.0473  Cul-O1 19512  03-Cul-N1 103.84 03-Cul-01 94.82
Cul-N2 2.0348  Cul-03 22282  03-Cul-N2 96.09 N1-Cul-N3 151.65
Cul-N3 2.0544 03-Cul-N3 104.15 N2-Cul-02 169.05
Compound 11
Cu-N1 2.054(3) Cu-O1  1.958(3) 03-Cu-N1 109.43(12)  0O1-Cu-03 94.05(12)
Cu-N2 2.0345) Cu-03  2205(3) 0O3-Cu-N2 97.49(14) N1-Cu-N3  150.00(12)
Cu-N3 2.062(3) 03-Cu-N3 100.19(12)  N2-Cu-O1  168.43(14)
Compound I11
Cul-N1 2.046(5) Cul-O1 1.950(4) O3-Cul-N1 111.3(2) 01-Cul-03  94.82(17)
Cul-N2 2.030(5) Cul-03 2203(5) 0O3-Cul-N2 94.8(2) N1-Cul-N3 146.4(2)
Cul-N3 2.069(6) 03-Cul-N3 101.8(2) N2-Cul1-O1 170.4(2)
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TABLE 3: Sructural geometric parameter sof thesynthe-
sized compounds.

Compound Center 1° D;l:](;?;sjb Distance® Geometry Symmetry
| Cul 29.0 89 0.3419 SP Cyuv
I Cu 307 87 0.3621 SP Cyuv
Il Cul 40.0 86 0.3755 SP Cyuv

°7 (%) Theideal value for Square pyramid (C,v symmetry) is0
and for atrigonal bipyramid (D3h symmetry) is 100; "Dihedral
angle between the equatorial plane around Cu (I1) and the apex
of the pyramid (°); °Perpendicular distance between the basal
planeand Cu (1) (A).

Figure3: Molecular geometry of thecation of compound 11,

—== Pyl] Peper
Supramolecular description of compound I 11

Thecrystal structures of compounds| and 11 did
not show any intermol ecular interaction. However, for
compound 11, additionally to theintramolecul ar inter-
actionwheresix-memberedringsareformed; thereare
intermolecular hydrogen bonds between the amine
groups of 4-aminobenzoate, and the uncoordinated O
atomsof carbonyl ligands. Inaddition, hydrogen bonds
are observed between O of the perchlorateion, which
actsasabridge between the O of theaguoligand, and
theN of 4-aminobenzoateligand. Bothinteractionsvia
hydrogen bondsmay generateadoublestrand 1-D poly-
mer, see Figure4. For reference, the main parameters
of thehydrogen bondsareshownin TABLE 4

Figure4: 1D chain viahydrogen bondsof compound I11.

Similar to the synthesized structures, most of the
reported structuresof Cu(ll) with pmdt and carboxilate
ligandsg??, do not exhibit supramol ecular arrangements.
Through X-ray diffraction analysis, theintramol ecular
interactions viahydrogen bondsisonly observedin
these structures. However, only the structurel 1 ex-
hibit asalf-assembled structure showing theformation
of aPMC structure.

DISCUSSION

According to the t parameter, thecompounds syn-
thesized here have a percentage between 29 and 40%,
which correspondsto asquare pyramid geometry, see
TABLE 2. Itisobserved that T valuesare higher than
thosefound in complexeswhere other ligadsare used
instead pmdt*2. | can be observed that the structures
reported hereand similar reported structures exhibit
intramol ecul ar interaction between theagueous binder
inapical position and the second uncoordinated O of
the carboxylateligand in the basal position. Thedia-
gram shown in Figure 5 represents a systematic con-
struction of the synthesized compounds.
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Figure 5: Schematic construction of coordination com-
poundswith pmdt.

Theintramolecuar interaction exhibited by thecom-
poundsisfavored by the steric hindrance dueto the
methyl groups of the pmdt ligand. | was observed that
pmdt presents a greater steric hindrance than
diethylentriaminewhenit iscoordinated to Cu(l1)*.
Different factors such asthe coordination of theaquo
ligandingpicd pogition, and theintramolecul ar interac-
tion avoid theformation of 1-D coordination polymers.
However, thecompound I11, wherethetecton present
an additional group such as the amine in the 4-
aminobenzoateligand, theformation of aPMC. The 1-
D chainisconstructed by self-complementary hydro-
gen bonds between tectons, see Figure 4.

CONCLUSIONS

At molecular level, Cu (II) complexeswith pmdt
and carboxylic acidsexhibited adightly distorted regu-
lar pyramid with asquare base. The use of atridentate
ligand such aspmdt preventstheformeation of supramo-
lecular structures, it isbecausethe steric hindrancethat
ispromoted by the pmdt ligand. However, whenthe 4-
aminobenzoate ligand wasused; intermolecular hydro-
gen bondsbetween itsamine group and the uncoordi-
nated O atomsof carbonyl ligandsareformed. In addi-
tion, the formation of other hydrogen bonds act as
bridges. Theseinteractionsgenerated adouble strand

1-D polymer incompound I11.
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