From a Dissymmetrical Oxamidate Ligand to a 2D Coordination Polymer:
Synthesis, Crystal Structure and Magnetic Properties
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A new dissymmetrical oxamidate ligand has been used to construct a metal-organic network. Using
this ligand, a novel coordination polymer, namely {[Cu(obea)],Cu-CH30H-H,0}, (1) [Hzobea =
N1-(2-carboxyphenyl)-N2-(2-hydroxyethyl)oxalamide] has been synthesized and characterized by
single-crystal X-ray analysis. The structure of complex 1 consists of neutral trinuclear complex units.
Through syn-anti carboxylate bridges, the complex features a 2D structure with a helical substructure.

Its magnetic properties have been investigated.
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Introduction

The crystal engineering of solid-state metal coor-
dination supramolecules is one of the most active re-
search topics of current chemistry and molecular sci-
ence due to the theoretical aspects related to the topolo-
gies of novel networks with inner cavities and channels
[1], as well as their potential applications in catalysis
[2], host-guest chemistry [3], and molecular electron-
ics [4]. Self-assembly of suitably designed ligands with
transition metal ions allows the creation of inorganic
architectures with defined geometry and special prop-
erties [5—7].

It is well known that a carboxylate group can bridge
two metal ions to give rise to a wide variety of polynu-
clear complexes ranging from discrete entities to three-
dimensional systems [8—10]. In these complexes, a
carboxylate group can assume many types of bridg-
ing conformations, the most important being triatomic
syn-syn, anti-anti, syn-anti, and monoatomic [11]. As
expected, the magnetic properties are closely related
to the bridging conformation adopted by the carboxy-
late group in these polynuclear systems. It should be
noted that, as far as we know, only a few fully struc-
turally and magnetically characterized singly syn-anti
carboxylate-bridged complexes have been reported so
far [12-15].

Oxamidate derivatives are known to be versatile or-
ganic ligands. One of the most outstanding characters
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Scheme 1. Synthetic route to ligand Hzobea.

of these ligands is the easy transformation of cis-trans
conformations, which makes it practical to design tun-
able molecular materials with extended structures and
desired properties. The flexibility can give rise to a rich
variety of complexes and extended structures, but it al-
lows much less control over the final type of complex
obtained [16].

With these facts in mind, the new dissymmet-
rical ligand N1-(2-carboxyphenyl)-N2-(2-hydroxy-
ethyl)oxalamide, abbreviated as H3obea, has been pre-
pared in this work (Scheme 1). Based on this lig-
and, we describe the synthesis, crystal structure and
magnetic properties of a novel coordination polymer,
namely {[Cu(obea)],Cu-CH;0H-H,0}, (1), which
is a 2D framework containing both dissymmetri-
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cal trans-oxamidate bridges and syn-anti carboxylate
bridges.

Experimental Section

Materials

Cu(ClOy4),-6H,O was prepared as an in-house reagent.
Other chemicals were commercial reagent grade and used
without further purification.

Caution! Perchlorates are potentially explosive, thus only
a small amount of material should be prepared and handled
with care.

Synthesis of the ligand Hzobea

A 50 mmol (6.83 g) portion of ethyl oxalyl chloride in
10 mL of THF (THF = tetrahydrofuran) was added dropwise
into 40 mL of a THF solution of 50 mmol (6.86 g) of an-
thranilic acid. After 1 h, the mixture was added dropwise
to a solution which contained 20 mL of absolute ethanol
and 30 mL of ethanolamine at 0 °C. The resulting solu-
tion was stirred for 24 h, and H3obea was precipitated as a
colorless powder, washed with diethyl ether and dried un-
der vacuum. Yield: 10.8 g (86 %). — Anal. for C;1H;3N;Os5:
caled. C 52.38, H 4.79, N 11.11; found C 52.36, H 4.80,
N 11.14%. — IR (KBr): vc—p(oxamidate group) = 1636;
Vas(coo) (Vcoon un-ionized) = 1672 cm™!.

Synthesis of the complex {[Cu(obea)],Cu-CH3;0H-H,0},
1)

Hjsobea (0.1 mmol, 0.0252 g), NaOH (0.3 mmol, 0.012 g)
and CuCl,-2H,0 (0.1 mmol, 0.017 g) were dissolved in wa-
ter (5 mL) in a test tube. A solution of Cu(ClOy4),-6H,O
(0.1 mmol, 0.0371 g) in methanol (5 mL) was then care-
fully added to the top of this solution without disturbing it.
Blue block-shaped single crystals suitable for X-ray analy-
sis were obtained after four weeks. Yield: 46%. — Anal. for
Cy3H1N4O12Cus: caled. C 37.53, H 2.88, N 7.61; found:
C 37.43,H2.83, N 7.67 %. — IR (KBr): Ve—o = 1628 cm L.

Physical measurements

Elemental analyses for carbon, hydrogen and nitrogen
were performed on a Perkin-Elmer 2400II elemental an-
alyzer. The infrared spectra were recorded on an Avatar-
360 spectrometer using KBr pellets in the range of 400—
4000 cm~!. Variable temperature magnetic susceptibility
data were obtained on microcrystalline samples from 5 to
300 K in a magnetic field of 10 KG, using a Quantum De-
sign MPMS-7 SQUID magnetometer. Diamagnetic correc-
tions were made with Pascal parameters for all constituent
atoms.

Table 1. Crystallographic data and refinement parameters for
complex 1.

Empirical formula Cy3H2pN401,Cus

Formula weight 737.07

Crystal system monoclinic

Space group P2y/c

a, A 10.5442(10)

b, A 7.1479(7)

c, A 17.5062(17)

B, deg 105.465(2)

v, A3 1271.7(2)

Z 2

Deaic, g cm 3 1.93

U(MoKy), mm™! 2.6

T,.K 293(2)

A A 0.71073

Index ranges —11<h<12, -8<k<7,
—20<1<20

Refl. total / independ. / Rip 6119/2238/0.0581

Ref. parameters 228

R1/wR2* (I >2 o(I)] 0.0492/0.1248

R1/wR22 (all data) 0.0690/0.1317
Goodness-of-fit? 1.064

Apfin (max/min), e A3 0.875/—0.495

4Rl = ZHFO‘ - ‘FCH/Z‘FOL wR2 = [ZW(FOZ _FCZ)Z/ZW(FOZ)Z]I/zv
w = [62(F?) + (00720 P)? + 0.1919 P]~!, where P =
(Max(F,2,0) + 2F.%)/3; ® GoF = [Zw(Fo? — F:2)?/(nops —
nparam)]

Table 2. Selected bond lengths (A) and angles (deg) for com-
plex 1.

Cu(1)-N(2)*T 1.932(4) Cu(1)-N(2) 1.932(4)
Cu(1)-0(3)*! 1.964(3)  Cu(1)-0(3) 1.964(3)
Cu(2)-0(1) 1.894(4)  Cu(2)-0(4) 1.934(3)
Cu(2)-N(1) 1.959(4)  Cu(2)-0(2)*? 1.958(3)
Cu(2)-0O(1W) 2.533(9)  Cu(2)-0(6) 2.549(10)
NQ)-Cu(D)-NQ)* 180 NQ)*-Cu(1)-0(3)*1  83.90(15)
N(2)-Cu(1)-0O(3)#! 96.10(15) N(2)*1-Cu(1)-0(3)  96.10(15)

N(2)-Cu(1)-0(3) 83.90(15) O(3)*-Cu(1)-0(3) 180

O(1)-Cu(2)-0(2)**  86.20(15) O4)-Cu(2)-0(2)*?  93.94(15)
0O(1)-Cu(2)-0(4) 172.93(18) O(1)-Cu(2)-N(1) 93.43(15)
0(4)-Cu(2)-N(1) 86.55(15) O(2)*2-Cu(2)-N(1)  178.98(15)
O(1)-Cu(2)-0(1W)  88.03) O(4)-Cu(2)-0O(1W)  98.9(3)
0(2)"2-Cu(2)-0(1W) 100.2(2)  N(1)-Cu(2)-O(1W)  78.9(2)
0O(1)-Cu(2)-0(6) 85.5(3)  O(4)-Cu(2)-0(6) 87.6(3)
0Q)"-Cu(2)-0(6)  78.6(2) N(1)-Cu(2)-0O(6) 102.4(2)
O(1W)-Cu(2)-0(6)  173.5(3)

Symmetry codes: #! —x+1, —y+1, —z+2; #2 —x, y+1/2, —z+3/2;
B _x,y—1/2, —z+3/2.

X-Ray analysis

A single crystal with dimensions 0.14 x 0.13 X
0.06 mm?> was used for the structure determination using a
Bruker SMART APEX CCD diffractometer with graphite-
monochromatized MoK, radiation (A = 0.71073 10%) at r.t.
(@ scan technique). Lorentz, polarization and absorption
corrections were applied. The crystal structure was solved
by Direct Methods with the SHELXTL program and refined
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by full-matrix least-squares procedures with anisotropic dis-
placement parameters for all non-hydrogen atoms [17]. All
H atoms could be detected in the difference electron density
maps. Nevertheless, they were positioned at idealized posi-
tions and refined using a riding model. Analytical expres-
sions of neutral-atom scattering factors were employed, and
anomalous dispersion corrections were incorporated. Crys-
tallographic data are summarized in Table 1. Selected bond
lengths and bond angles are shown in Table 2.

CCDC-706284 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

Results and Discussion

IR spectra

The ligand Hiobea exhibits one Vc—o vibration
band of the oxamidate group at ca. 1636 cm™! [18],
one Vyg(coo) Vibration band at ca. 1672 em™! (Veoon
un-ionized) [19], and vy_g bands of the oxamidate
group at ca. 3082 and 3102 cm~!. These bands are all
missing in the spectrum of the complex because of the
loss of the protons of both the COOH and N-H (oxami-
date group) groups. It must be noted that one new sharp
strong band observed in the complex 1 (1628 cm™!) is
the result of an overlap between V,ycoo) of the ionized
carboxylate group and the vibration of the oxamidate
group (Vc—o) acting in a bidendate mode. No peak can
be assigned unambiguously to metal-ligand vibrations
in the range below 600 cm ™!, since the ligand itself has
several absorptions in this region.

Description of the crystal structure

X-Ray single crystal structure analysis has revealed
that complex 1 crystallizes in the space group P2;/c.
As shown in Fig. 1, complex 1 consists of a trinu-
clear neutral molecule, one water molecule, and one
methanol molecule. The trinuclear neutral molecule
has a centrosymmetric structure with a Cul ion in its
center. Two oxamidate anions act as bridges between
the central and the outer metal ions. The Cu—Cu dis-
tance through the oxamido bridge is 5.189(5) A. The
coordination geometry around the Cul ion is approxi-
mately square-planar, composed of two oxygen atoms
and two nitrogen atoms from two trans-oxamidate
bridges. The Cu2 ion has a distorted octahedral coordi-
nation, the equational positions being composed of two
oxygen atoms (O1, O4), and one nitrogen atom (N1)
of the frans-oxamidate bridge, and one carboxylic oxy-

C4

os’
Fig. 1. Trinuclear unit of complex 1 (symmetry codes:
#l —x+3, —y+3, —z #2 —x+2, —y+ 12, —z—1/2;
#3 —x+2,y—1/2, —z— 1/2; hydrogen atoms, methanol and
water molecule are omitted for clarity).

[.)

Fig. 2. The 2D structure of complex 1 as seen along the
crystallographic a axis (hydrogen atoms, methanol and water
molecules are omitted for clarity).

gen atom (O2#2) from another trans-oxamidate bridge.
The axial positions are filled with one oxygen atom
(O1W) from water, and one oxygen atom (0O6) from
methanol. Fig. 1 indicates that OS5 is disordered over
two sites.

These trinuclear units are linked by coordinative
bonds between carboxylic oxygen atoms and Cu ions
to form a novel double helical 2D coordination poly-
mer, as illustrated in Fig. 2.

As noted earlier, each carboxylate group in the dis-
symmetrical ligand is in the syn-anti conformation and
bridges two copper atoms via its two oxygen atoms.
The bridging Cu-O-C-O-Cu pathway observed here
givesrise to an interesting helical structure. Besides the
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Fig. 3. ym versus T and Uegr versus Tplots for complex 1.

syn-anti mode of the carboxylate, the cis arrangement
of the two carboxylate ligands around the metal ion is
important for the occurrence of the helical structure.
Because left-handed and right-handed helical chains
coexist in the crystal structure, the whole crystal does
not exhibit chirality. The occurrence of a helical struc-
ture in compound 1 is attributable to the fact that the
steric orientation of the carboxyl groups is remarkably
flexible.

Magnetic properties

The magnetic susceptibility of the complex has been
measured in the range of 5—300 K. The curves of

xm and Uegr versus Tare shown in Fig. 3. At r.t., the
Uegr value of complex 1 is 3.20 ug, which is slightly
larger than that expected for uncoupled trinuclear ions
(3.00 up). Upon cooling, the g value of the complex
decreases regularly, approaching a minimum around
30 K with pegr =2.15 up. Finally, the teg value of com-
plex 1 increases as the temperature is further lowered
to 5 K, which is possibly due to a ferromagnetic inter-
action between the trinuclear units through the syn-anti
carboxylate bridges.

Conclusion

In summary, a novel helical 2D coordination poly-
mer has been synthesized and characterized struc-
turally and magnetically. In this complex, trinuclear
units are linked by coordination bonds between car-
boxylic oxygen atoms and Cu ions to form a novel 2D
coordination polymer. To our knowledge, complex 1 is
the only helical coordination polymer containing both
dissymmetrical trans-oxamidate bridges and syn-anti
carboxylate bridges. The magnetic properties were dis-
cussed with respect to the crystal structure.
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