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ABSTRACT:

The compound [Cu(p-Pip)(u-OAc)(MeOH)]2 (1) (Pip=Piperonylate, OAc=acetate, MeOH=methanol)
has been obtained in high percentage yield. Its reactivity with pyridine/pyrazole derivative ligands
(pyridine (py), 3-phenylpyridine (3-Phpy) and 4-acetylpyridine (4-Acpy)) and 3,5-dimethylpyrazole
(3,5-dmpz) leads to four monomeric compounds: [Cu(Pip)2(dPy)2(H20)] (dPy=py (2), 3-Phpy (3) and
4-Acpy (4a)) and [Cu(Pip)2(3,5-dmpz)2] (5). Furthermore, the reaction of 1 with HPip in MeOH:DMF
solvent under reflux conditions yields the homoleptic core paddle-wheel compound [Cu(p-
Pip)2(DMF)]2-2DMF (6). The reaction between 6 and 2-benzylpyridine (2-Bzpy) yields the paddle-
wheel core compound [Cu(Pip)2(2-Bzpy)]2 (7). All compounds have been fully characterized by
analytical and spectroscopic techniques and their X-ray crystal structures have been determined. In this
set of compounds, the carboxylate ligand (Pip) displays different coordination modes (monodentate (2—
4), bidentate chelate (5) and bridged (1, 6 and 7)). Moreover, their extended structures are discussed: the
crystal packing indicates hydrogen bond propagation, which defines 1D (2-5) or 2D (6 and 7)

supramolecular networks.
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1. INTRODUCTION

The synthesis and characterization of crystalline materials buildup by covalent bonds has gained an
important interest, especially, the association of molecular compounds to form extended solids starting
from secondary building units (SBUs) [1,2]. The assembly of metalcarboxylates for constructing new
SBUs is an extensively exploited research field. These kind of compounds play an important role in
synthetic chemistry, thanks to their labile coordination mode and even more important, in the design of
porous frameworks [3].

Supramolecular chemistry is also an emergent research area, providing new complexes, which form
chemical systems different from those linked with covalent bonds. These systems are composed of two
or more assembled molecular subunits joined by relatively weak intermolecular forces (hydrogen bond,
hydrophobic and n-interactions, van der Waals forces, and electrostatic effects) [1,4].

An important family of SBUs are Cu(Il) and Zn (II) paddle-wheel complexes. There are>1400 crystal
structures containing Cu(Il) with a [Cu2L4] (L=R-COO) homoleptic core [5]. From those, only twelve
present mixed bridged carboxylates [Cu(L)(L’)(X)]2 [6—16] in which six structures are accomplished via
acetate bridging units [8—11,13,14].There is not a rigorous explanation for its formation; steric hindrance
could only play a significant role in three of them [11,13]. Recently, we have been studying the role of
carboxylic acids in the structural arrangement. In this sense, reactions with 4-hydroxybenzoic acid
(HpOHBz), (E)-3-(4-hydroxyphenyl)-2-propenoic acid (para-hydroxycinnamic acid, HpOHcinn) and
1,3-benzodioxole-5-carboxylic acid (Piperonylic acid, HPip) with Cu(II) [17-20], Zn(II) [21] and Cd(II)
[21] have already been studied.

Herein, we focus on this novel compound with an heteroleptic paddle-wheel core [Cu(pu-Pip)(u-
OAc)(MeOH)]2 (1) (OAc=acetate), recently obtained in our research group [18]. Homoleptic core
paddlewheel have been vastly used as starting building units for the design of supramolecular [6] or
polymeric [22] architectures while there is not any research with those containing a heteroleptic paddle-
wheel core. Herewith, the reactivity of 1 with pyridine/pyrazole derivative ligands (pyridine (py, 2); 3-
phenylpyridine (3-Phpy, 3); 4-acetylpyridine (4-Acpy, 4) and 3,5-dimethylpyrazole (3,5-dmpz, 5)) have
been studied, resulting in monomeric compounds [Cu(Pip)2(dPy)2(H20)] (2-5). The displacement of
the two remaining acetate units of 1 allow us to reach the homoleptic paddle-wheel
[Cu(Pip)2(DMF)]2-2DMF (6) and gives us the possibility to perform further reactivity with 2-
benzylpyridine ligand (2-Bzpy), which yields [Cu(Pip)2(2-Bzpy)]2 (7) (Scheme 1).
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2. EXPERIMENTAL SECTION

2.1. Materials and methods

Cu(Il) acetate monohydrate (Cu(OAc)2-H20), 1,3-benzodioxole-5-carboxylic acid (piperonylic acid,
HPip), pyridine (py), 3-phenylpyridine (3-Phpy), 4-acetylpyridine (4-Acpy), 2-benzylpyridine (2-Bzpy)
and 3,5-dimethylpyrazole (3,5-dmpz) ligands; methanol (MeOH), N,Ndimethylformamide (DMF) and
hexane were used as solvents. All of them were purchased from Sigma-Aldrich and used without further
purification. Reactions and manipulation were carried out in air at room temperature (r.t.) for
compounds 1-3 and under reflux conditions for 4-7. Elemental analysis (C, H, N) were carried out on a
Thermo Scientific Flash 2000 CHNS Analyser. The ATR-FTIR spectra were recorded on a Perkin
Elmer spectrometer, equipped with a universal attenuated total reflectance (ATR) accessory with
diamond window in the range 4000—550 cm—1. The electronic spectra in solution of MeOH (= 1-10-3
M) were run on a spectrophotometer Cary 500 Varian, equipped with a quartz cell having a path length
of 1 cm in the range of 500-800 nm. Powder X-ray diffraction (PXRD) patterns were measured with a
Siemens D5000 apparatus (with 40 kW and 45 mA using CuKa radiation with A=1.5406 A). All of them

were recorded from 20=5° to 30° with a step scan of 0.02° counting 1s at each step.

2.2. Synthetic procedures

2.2.1. [Cu(p-Pip)(u-OAc)(MeOH)]2 (1)

To a solution containing HPip (503 mg, 3.03 mmol) in MeOH (120 mL), the green powder
Cu(OAc)2-H20 (550 mg, 3.03 mmol) was added portion wise and stirred for 5 h at r.t, a green
precipitate appeared immediately. The product was filtered off, washed with 10 mL of cold methanol
and dried on air. Yield: 865 mg (89%). The same reaction was also performed in presence of AcOH acid
(3.0 mL) with similar yield (845 mg, 87%) (S.L: Fig. S1). Elem. Anal. Calc. for C22H24014Cu2
(639.52 g/mol): C 41.32; H 3.78. Found: C 41.05; H 3.54%. ATR-FTIR (wavenumber, cm—1): 3301(m)
[v(OeH)|MeOH, 3060(w) [var(CeH)], 2955(w) [val(CeH)], 1628(m), 1593(s) [vas(COO)], 1508(w)
[var(C]C)], 1493(m), 1442(s) [vs(COO)], 1390(s), 1356(m), 1265(s) [6(OH)], 1244(m), 1174(w),
1117(m) [v(CeOeC)], 1079(w), 1036(m), 1022(s) [dip(CeH)], 935(w), 922(m), 884(w), 804(m), 775(s)
[600p(CeH)], 684(s) [6oop(CeH)], 628(m). UV-Vis (Methanol, 1.1-10—3M) Amax (€)=716 (1 2 4) nm.

2.2.2. [Cu(Pip)2(py)2(H20)] (2)

To a solution containing 1 (100 mg, 0.156 mmol) in MeOH (40 mL), a solution of py (0.25 mL, 3.13
mmol) in MeOH (10 mL) was added dropwise and stirred for 1 h. The solution turned dark blue and was
subjected to several cooling-evaporation cycles. The resulting blue powder was filtered off, washed with

10 mL of cold methanol and dried on air. Suitable blue crystals were obtained after evaporation of
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mother liquors on air for 10 days. Yield: 55.2 mg (62%). Elem. Anal. Calc. for C26H22N209Cu
(569.99 g/mol): C 54.78; H 3.89; N 4.91. Found: C 54.92; H 3.75; N 4.84%. ATR-FTIR (wavenumber,
cm—1): 3291(w) [v(OeH)]water, 3071(w) [var(CeH)], 2909(w) [val(CeH)], 1607(m), 1579(s)
[vas(COO)], 1566(s), 1501(m), 1487(m), 1448(m), 1434(s) [vs(COO)], 1379(s), 1346(s), 1255(s),
1239(s), 1220(m) [6(OH], 1166(m), 1109(m) [v(CeOeC)], 1073(m), 1035(s) [dip(CeH)], 934(m),
918(m), 802(m), 770(s) [doop(CeH)], 722(m), 705(s), 696(s), 678(s), 635(s), 607(s), 583(s). UV-Vis
(Methanol, 9.7-10—4 M) Amax (€)=710 (33) nm.

2.2.3. [Cu(Pip)2(3-Phpy)2(H20)] (3)

To a solution containing 3-Phpy (226 mg, 0.313 mmol) in MeOH (10 mL), a green solution of 1 (100
mg, 0.156 mmol) in MeOH (30 mL) was added dropwise and stirred for 1 h. The solution turned dark
blue and was treated as 2. Suitable blue crystals were obtained after evaporation of the mother liquors on
air for 20 days. Yield: 63.3 mg (56%). Elem. Anal. Calc. for C38H30N209Cu (722.18 g/mol): C 63.20;
H 3.19; N 3.88. Found: C 63.05; H 3.25; N 3.72%. ATR-FTIR (wavenumber, cm—1): 3241(br)
[v(OeH)]water, 3085(w) [var(CeH)], 2919(w) [val(CeH)], 1569(s) [vas(COO)], 1500(w), 1476(w),
1439(s), 1362(s) [vs(COO)], 1257(m), 1236(s), 1210(m) [6(OH], 1111(m) [v(CeOeC)], 1034(s)
[6ip(CeH)], 919(s), 801(m), 777(s) [doop(CeH)], 752(s) [oop(CeH)], 702(s), 686(m), 682(m), 583(m).
UV-Vis (Methanol, 1.3-10-3 M) Amax (g)=727 (78) nm.

2.2.4. [Cu(Pip)2(4-Acpy)2(H20)]-3MeOH-H20 (4a)

To a solution containing 4-Acpy (37.9 mg, 0.313 mmol) in MeOH (10 mL), a green solution of 1 (100
mg, 0.156 mmol) in MeOH (30 mL) was added dropwise and stirred under reflux conditions for a day.
The resulting dark green powder was filtered off, washed with 10 mL of cold methanol and dried under
vacuum. Suitable blue crystals were obtained by slow evaporation of mother liquors on air for 14 days.
The stoichiometry of this compound was definitely established after resolution of their X-ray crystal
structure. However, the occluded solvent molecules are withdrawn from the structure after manipulation
required for preparing the sample for EA yielding [Cu(Pip)2(4-Acpy)2(H20)] (4b).

4a. Yield: 98.2 mg (82%). C33H40N2015Cu (768.25 g/mol). ATRFTIR (wavenumber, cm—1): 3350(m)
and 3265(m) ([v(OeH)]MeOH+[v(OeH)]water), 3055(w) [var(CeH)], 2917(m) [val(CeH)], 1696(s)
[V(C]O)]4-Acpy, 1660(w), 1568(s) [vas(COO)], 1506(m), 1492(w), 1440(s), 1419(s) [vs(COO)],
1357(s), 1258(s), 1242(s), 1227(s) [6(OH], 1205(m), 1168(m), 1132(w), 1115(m) [v(CeOeC)], 1076(w),
1062(m), 1031(s) [8ip(CeH)], 993(w), 962(w), 919(s), 891(m), 830(m), 819(s), 802(m), 777(s)
[6oop(CeH)], 721(m), 676(m), 592(s), 585(s). 4b. Yield: 83.1 mg (82%). Elem. Anal. Calc. for
C30H26N2011Cu (636.09 g/mol): C 55.09; H 4.01; N 4.28. Found: C 55.23; H 4.30; N 4.40%. ATR-
FTIR (wavenumber, cm—1): 3049(m) [var(CeH)], 2919(w) [val(CeH)], 1699(s) [v(C]O)]4-Acpy,
1622(s), 1558(s) [vas(COO)], 1506(m), 1492(m), 1445(s), 1413(s), 1355(s), 1260(s), 1230(m), 1145(m),
1120(m) [v(CeOeC)], 1082(w), 1062(w), 1029(m) [dip(CeH)], 993(w), 961(w), 920(m), 870(m),
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844(m), 821(m), 777(s) [doop(CeH)], 742(w), 696(m), 669(m). UV-Vis (Methanol, 9.9-10—4 M) Amax
(e)=677 (68) nm.

2.2.5. [Cu(Pip)2(3,5-dmpz)2] (5)

To a solution containing 3,5-dmpz (30.1 mg, 0.313 mmol) in MeOH (15 mL), a green solution of 1 (100
mg, 0.156 mmol) in MeOH (25 mL) was added dropwise and stirred under reflux conditions for 1 h. The
solution was evaporated almost half of the volume and a violet powder was formed. The powder was
filtered and washed with 10 mL of cold MeOH. Suitable violet crystals were obtained by slow
evaporation of mother liquors on air for 5 days. Yield: 48.6 mg (53%). Elem. Anal. Calc. for
C38H30CuN209 (586.05 g/mol): C 53.29; H 4.47; N 9.56. Found: C 53.17; H 4.35; N 9.45%. ATR-
FTIR (wavenumber, cm—1): 3186-3105(br) [v(NeH)], 3036(w) [var(CeH)], 2929(w)-2879(br)
[val(CeH)], 2783(w), 1631(w), 1604(w), 1557(s) [vas(COO)], 1501(s), 1486(m), 1435(m) [vs(COO)],
1381(s), 1341(s), 1300(m), 1257(m), 1240(s), 1189(m), 1166(w), 1143(w), 1113(m) [v(CeOeC)],
1075(w), 1059(m), 1034(s) [dip(CeH)], 989(w), 935(m), 921(s), 887(m), 825(m), 805(s), 775(s)
[6oop(CeH)], 740(m), 721(m), 685(m), 665(w), 640(w), 593(m/s), 560(m). UV-Vis: (Methanol,
9.5-10—4 M) Amax (¢)=714 (13) nm.

2.2.6. [Cu(Pip)2(DMF)]2-2DMF (6)

Method A. To a colourless solution of HPip (51.9 mg, 0.313 mmol) in MeOH:DMF (2.5:1; 35 mL), the
green powder of 1 (100 mg, 0.157 mmol) was added and stirred under reflux conditions at 120 °C for 48
h. The colour of the solution changed from green to dark blue. The resultant solution was treated with
the sequential cooling-evaporation process under vacuum. The resulting green powder was filtered off,
washed with 10 mL of cold methanol and dried on air. Suitable green crystals were obtained in two days
by slow diffusion of hexane in a DMF solution of 6. Yield: 112 mg (65%).

Method B. To a colourless solution of HPip (333 mg, 2.00 mmol) in MeOH:DMF (2.5:1, 50 mL), the
green powder Cu(OAc)2-H20 (200 mg, 1.00 mmol) was added portion wise and stirred under reflux
conditions for 24 h. Colour change from green to dark blue. The resultant solution was treated as
mentioned before. Yield: 40.5 mg (75%). Elem. Anal. Calc. for C44H48Cu2N4020 (1079.94 g/mol): C
48.93; H 4.48; N 14.01. Found: C 48.72; H 4.35; N 13.97%. ATR-FTIR (wavenumber, cm—1): 2914(br)
[val(CeH)], 1678(m) [v(C]O)]DMF, 1661(m) [v(C]O)]DMF, 1630(m), 1589(m/s) [vas(COO)], 1497(m),
1487(m), 1437(s) [vs(COO)], 1381(s), 1259(s), 1242(s), 1112(m) [v(CeOeC)], 1081(m), 1027(s)
[6ip(CeH)], 917(s), 805(m), 773(s) and 679(s) [oop(CeH], 588(m). UV—Vis: (MeOH:DMF (2.5:1),
9.8:10—4 M) Amax (g)=717 (76) nm.
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2.2.7. [Cu(Pip)2(2-Bzpy)]2 (7)

Method A. To a green solution of 1 (100 mg, 0.156 mmol) and HPip (51.9 mg, 0.313 mmol) in MeOH
(40 mL), a yellowish solution of 2-Bzpy (0.50 mL, 0.311 mmol) in MeOH (10 mL) was added dropwise
and stirred under reflux conditions for 73 h. The dark green solution was treated with sequential cooling-
evaporating cycles and a green powder was formed. The powder was filtered. Suitable green crystals
were obtained in five days by diffusion of the mother liquors in hexane. Yield: 50.5 mg (48%).

Method B. To a green solution of 6 (100 mg, 0.093 mmol) in MeOH (40 mL), a yellowish solution of 2-
Bzpy (0.30 mL, 0.186 mmol) in MeOH (10 mL) was added dropwise and stirred under reflux conditions
for 24 h. The resulting solution was evaporated under vacuum until dryness and oil was formed. Crude
oil was washed several times with hexane and remains vacuumed until a dark green powder was
obtained. Yield: 52.3 mg (50%). Elem. Anal. Calc. for C56H40Cu2N2016 (1125.99 g/mol): C 58.53; H
4.44; N 4.40. Found: C 58.39; H 4.33; N 4.31%. ATR-FTIR (wavenumber, cm—1): 3082(w) [var(CeH)],
2895(w) [val(CeH)], 1634(m), 1594(s) [vas(COO)], 1569(m), 1501(m), 1486(m), 1437(s) [vs(COO)],
1386(s), 1256(s), 1240(m), 1170(m), 1110(m) [v(CeOeC)], 1078(m), 1036(s) [dip(CeH)], 924(m),
877(w), 804(m), 770(s) [6oop(CeH)], 743(m), 721(m), 700(m), 683(s) [doop(CeH)], 613(m), 584(m).
UV-Vis: (MeOH, 1.1-10—-3 M) Amax (€)=689 (86) nm.

2.3. X-ray single-crystal diffraction analysis

The crystallographic data of complexes 2-4a and 5—7 are gathered in tables 1 and 2, respectively.
Suitable crystals for X-ray diffraction were obtained by evaporation of mother liquors for 2-5, by
DMF:hexane diffusion for 6 and by MeOH:hexane diffusion for 7. The Xray intensity was measured on
a D8 Venture system equipped with a multilayer mono-chromate and a Mo microfocus (A=0.71073 A).
A blue needle-like (2-4a), violet prism-like (5) and green prism-like (6, 7) were used for the X-ray
crystallographic analysis. Frames were integrated with the Bruker SAINT Software package using a
narrow-frame algorithm. The structures were solved using the Bruker SHELXTL Software, packaged
and refined using SHELX (version-2018/3) [23]. Data were corrected for absorption effects using the
multi-scan method (SADABS, version 2008/1). Crystal data and additional details of structure
refinement for compounds 2—7 are included in the ESI (X-Ray crystal structures). Molecular graphics
were generated using Mercury 3.9 software [24,25]. Colour codes for all molecular graphics are: orange
(Cu), blue (N), red (O), grey (C) and white (H). Crystal structure and molecular geometry is available in
CIF format: CCDC 1851976—-1851981 (2-7).
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3. RESULTS AND DISCUSSION

3.1. General

The heteroleptic core compound [Cu(p-Pip)(n-OAc)(MeOH)]2 (1) was unexpectedly obtained in our
group with 73% yield [18]. As a continuation of this study, in this paper the preparation and
characterization of this compound with an 89% of yield is presented. The synthesis consists in the
addition of solid Cu(OAc)2-H20 over the HPip in MeOH as solvent. Addition of acetic acid to the
reaction media did not affect the reaction product (see experimental). As mentioned in the introduction
section, there are few reported examples of Cu(Il)-paddlewheel complexes with heteroleptic core and
their reactivity has not been described [6—16]. Herein, we present the reactivity study of a heteroleptic
core compound with N-donor ligands.

Once 1 has been synthesised and fully characterized, its reactivity against pyridine (py, 2), 3-
phenylpyridine (3-Phpy, 3), 4-acetylpyridine (4-Acpy, 4a) and 3,5-dimethylpyrazole (3,5-dmpz, 5) in
MeOH as solvent at r.t. (2, 3) or reflux (4a, 5) has been performed, resulting in four monomeric
compounds: ([Cu((Pip)2(dPy)2(H20)] (dPy=py (2), 3- Phpy (3) and 4-Acpy (4)) and [Cu(Pip)2(3,5-
dmpz)2]) (5) in moderate yields (48—82%). Compound 3 has been previously reported by our research
group [17] using a different synthetic approach and in a very low yield (12%). In opposite, here we
synthesise it as powder with a 56% of yield. The reactivity of 1, against N-donor ligands, shows that
[Cu(p-Pip)(u-OAc)]2 core is destroyed, resulting in monomeric compounds. The acetate ligands are
displaced from 1, regardless of the pyridine/pyrazole ligands used, and Pip ligands remain coordinated
to the metal centre. In complexes 2-4a the five-membered Cu(Il) coordination sphere is completed by a
water molecule and two pyridine derived ligands. In complex 5, the six-membered coordination sphere
is fulfilled by the pyrazole ligand and the bidentate chelate coordination mode of the two Pip ligands on
its own (Scheme 1).

The reaction of 1 with HPip in MeOH:DMF (2.5:1) as solvent under reflux conditions yields
[Cu(Pip)2(DMF)]2-2DMF (6). This compound displays a homoleptic core paddle-wheel structure with
DMF molecules in the apical positions. Most interestingly, the reaction between 6 and 2-benzylpyridine
(2-Bzpy) in MeOH as solvent under reflux conditions results in [Cu(Pip)2(2-Bzpy)]2 (7), which
maintains its paddle-wheel structure (Scheme 1). Compound 7 is also obtained from 1 by its reaction
with HPip in presence of 2-Bzpy.

All compounds were characterized by single crystal X-ray diffraction and analytical and spectroscopic
techniques. Spectroscopic characterization details of all compounds are in the experimental section and
in the S.I. For complexes, 1-3, 5-7, phase purity of the bulk samples was confirmed by powder X-ray
diffraction (PXRD) (S.I.: Fig. S1-S7). Elemental analyses for these compounds agree with the proposed
formula. For compound 4, PXRD and elemental analyses are in accordance with the formula

[Cu(Pip)2(4-Acpy)2(H20)] (4b) due to the loss of solvent molecules (3 MeOH and H20).
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The IR spectra of compounds 1-7 display the characteristic carboxylate bands in the range 1593-1550
cm—1 for vas(COO) and 1442—1356 cm—1 for vs(COO). The difference between these bands
(A=vas(COO) - vs(C0OO0)) [26,27] for dimeric compounds 1, 6 and 7 is 151, 154 and 157 cm—1,
respectively, indicating a bridging coordination mode (S.1.: Fig. S8, S13 and S14, respectively). For
compounds 2—4 the values of A are 200, 207 and 212 cm—1, respectively, corresponding to a
monodentate coordination mode (S.L.: Fig. S9 — S11, respectively). Finally, for compound 5 this value is
122 cm—1, which indicates a bidentate chelate coordination mode of the carboxylate moieties (S.I.: Fig.
S12). The bands attributable to the aromatic groups, vas(C]C)ar, vas(C]N)ar, 6(CeH)ip and 6(CeH)oop,
are also present [28]. The presence of solvent molecules allows further identification of some specific
bands. Compound 1 shows the v(OeH)MeOH at 3301 cm—1 and 2—4 the v(OeH)water bands appears in
the range 3312-3241 cm—1. Also the 6(OeH) can be assigned in these four compounds. Moreover, for
compounds 4 and 6, bands attributable to v(C]O) from 4-Acpy (4a, 4b) or DMF (6) units appear in the
range 1696-1661 cm—1. The IR spectral data, therefore, agree with the structures determined by the X-
ray single-crystal diffraction method.

3.2. Structural studies

3.2.1. Crystal and extended structure of compounds 2-4a Compounds 2-4a crystallize in the monoclinic
C2/c space group. They have a monomeric structure with a [CuO3N2] core comprising a pair of each
monodentate ligands, Pip and dpy (py (2) (Fig. 1a), 3-Phpy (3) (Fig. 1b) or 4-Acpy (4a) (Fig. 1¢)) and a
water molecule. There are>1500 structures [29] with this core and only sixteen of these contain two
oxygen atoms from a pair of carboxylates and one from a water molecule [5]. Five-coordinate
compounds can adopt trigonal bipyramidal (D3h), square-pyramidal (C4v) or intermediate (C2v)
geometries. Several parameters are established to distinguish between them: the value which range from
1 (D3h) to 0 (C4v) [30], the Lapical- M-Lbasal angle (102° for C4v) or the dihedral angles between the
apical faces (53.1° for D3h, 75.7° for C4v) and the apical-basal faces (101.5° for D3h, 119.8° for C4v)
[31]. All these compounds clearly exhibit a C4v geometry, taking into account these three factors:
(0.205 (2), 0.053 (3), 0.282 (4a)), L-M-L angle (Cu-N1, 97.32° (2), Cu-N1, 93.58° (3), Cu-N1, 95.92°)
and dihedral angles (apical faces: 60.22°-79.35° (2), 62.29°- 76.24° (3), 61.16°-78.29° (4a); apical-
basal: 120.11°-120.27° (2), 121.14°-121.02° (3), 120.58°-121.19° (4a)). The apical sites of the square-
pyramidal geometries are occupied by water molecules (Cu-O35, 2.282(9) A (2), 2.241(3) A (3), 2.266(6)
A (4a)) while the basal plane contains the supplementary ligands in trans disposition.

All the Cu-O and Cu-N distances for the three compounds are in the same order as described in the
literature [17,32—36] (Table 3). For 2, Cu(Il) ion is 0.109 A displaced out of the basal plane towards the
axial site while in 3 and 4a, Cu(II) ion is displaced 0.029 A and 0.062 A, respectively. The twisting of
the N-donor ligands produces these displacements and deviation increases 2 > 4a > 3.

Compounds 2-4a, present supramolecular 1D-chains (2, 3) along the b axis (Fig. 2a and 3a, respectively)

or 2D-layers (4a) along the bc plane (Fig. 4a).
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The 1D linear chain formation is supported by two symmetrically bridging interactions in which apical
water molecule acts as a heteromeric intermolecular synthon through hydrogen bond interaction with the
non-coordinated carboxylate oxygen atoms. These hydrogen bond interactions are moderately strong
with D-H--A distances (O5-H5--02, 1.90(15) A (2); 1.87(2) A (3); 1.97(8) A (4a)) and bond angles
(167(18)° (2), 170(3) (3), 172(14)° (4a)), which are characteristic of strong interactions [37]. Moreover,
compound 2 presents a hydrogen bond interaction between two Pip units stacked in a row: one dioxole
oxygen atom and the hydrogen of the neighbouring piperonylate aromatic ring (C9-H9--04, 2.325(8) A,
166(18)°). This interaction is driven by the carboxylates spatial disposition that supports the
supramolecular expansion (Fig. 2b). In contrast, the twisting of the Pip units in 3 and 4a confers a too
forced angle (C18-H18:-03, 2.655 A, 127.58° (3) and C7-H7--03, 2.646 A, 133.95° (4a)) and avoids
the Hbond interaction formation (Fig. 3b). Furthermore, the addition of the acetyl group in 4a allows the
formation of supplementary interactions: one aliphatic hydrogen of the acetyl group interacts with the
oxygen atom of the dioxole ring propagating the 1D chain along the ¢ axis and forming 2D layers along
the bc plane. Interestingly, there are few structures with similar 1D chain with a double H-bond
interaction belonging from water — carboxylate [17,32—36], which distinguishes compound 4a from the
rest is the presence of three methanol and one occluded water molecules. Its supramolecular 2D square-
grid extended structure (Fig. 4b) generates channels that are filled by guest methanol and water solvent
molecules. The solvent accessible volume of these channels is a 6.2% of the cell volume. Under air
exposure, the guest solvent is lost, as indicated by elemental analysis results, although aqua ligand is
not. PXRD of the aerated sample denotes that the initial crystal structure has been modified (S.L.: Fig.
S4). Unfortunately, these changes seem to provoke the collapse of the pores, and the material does not

adsorb any significant amount of nitrogen.

3.2.2. Crystal and extended structure of compound 5

Compound 5 crystallizes in the triclinic P-1 space group with two crystallographically independent units
enclosed in the unit cell (molecules A and B). Each unit has a monomeric structure with a [CuO4N2]
core (Fig. 5a) comprising a pair of carboxylate units with a syn-syn chelate array (Cu-O 1.965 A —2.653
A) and a pair of monodentate 3,5-dmpz moieties (Cu-N 1.975 A — 1.977 A). It has an inversion centre at
the metal node, which relates the two carboxylates and the two 3,5-dmpz ligands. This compound
presents a distorted octahedral molecular geometry with a significant Oax-Cu-Oeq angle deviation (A,
55.02° and 124.98°; B, 55.90° and 124.10°). The equatorial plane is comprised by two shorter distance
carboxylate oxygen atoms (O1A and O1B) and two pyrazolic nitrogen atoms (N1A and N1B), which are
in range of other reported compounds described in the literature [Cu(Hdmpz)2(L)2] (L=4-
methylbenzoate, 3-methylbenzoate, 2-chlorobenzoate, 4-methoxybenzoate [3]; [Cu(C4H405)
(C5H8N2)2(H20)]-2H20 [38], [Cu4Cl2(oxalate)(pz)2((1-hydroxymethyl) pyrazole)2]n [39] (Table 4).
The asymmetric furthest oxygen atoms [40—44], which are typically generated in chelate carboxylates

due to the Jahn-Teller effect [45] occupy the axial sites. In addition, this six coordinate array is
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underpinned by the elongation of the CeO carboxylic bond length (C1A-O2A 1.247 A, C1B-02B 1.248
A) respect to the CeO bond of the uncoordinated piperonylic acid (1.214-1.223 A), clearly suggesting
that this oxygen is coordinated [44].

The propagation of intermolecular interactions defines 1D chains along the a axis with all the ligands
stacked in a row (Fig. 5b). The main association in this system is the N-pyrazolic donor—carboxylate,
which generates a double H-bond interaction. The protonated nitrogen of the pyrazole ring interacts with
the coordinated carboxylic oxygen of the asymmetric chelate with the largest Cu—O distance (N2A-
H2A--02A, 1.940(14) A, 154.10°(15)) forming this kind of supramolecular chains (Table 5).

3.2.3. Crystal structures of compounds 6 and 7

Compounds 6 (Fig. 6a) and 7 (Fig. 6b) crystallize in the triclinic P-1 space group. These compounds are
dimers with four symmetrically located ligand moieties orientated in a syn-syn bidentate bridging mode
with the carboxylic oxygen atoms coordinating two Cu(II) nodes and anchoring the paddle-wheel-like
structure. In both compounds, each Cu (II) node has a square-pyramidal geometry consisting in one
apical DMF (6) or 2-Bzpy (7) moiety and four oxygen atoms from the bridging carboxylate groups at
the basal plane.

Selected distances and angles are provided in Table 6. Compound 6 has the apical units (Cul-09) at
2.1540(15) A while compound 7 (CulB-N1B) at 2.243(8) A. The remaining Cu-O distances of the basal
plane are in the range 1.959(6) A and 1.982(7) A, which are shorter than apical N atoms due to the Jahn-
Teller effect [45] but comparable to similar paddle-wheel structures described in the literature (1.945 A
t0 2.008 A) [17,22,46-51].

For compound 7, two crystallographically independent dimeric molecules (A and B) are present in the
unit cell. In both structures, Cu(II) ions are displaced from the oxygen atoms plane (0.182 A (6); 0.212
A (7)) towards the apical position. In addition, the square base angles range from 87.45° to 169.37° with
a slight deviation of the square-planar geometry ( = 0.0035 (6) and = 0.0072 (7)) [33]. The Cu--Cu
intermolecular distances are 2.6057(5) A and 2.656(1) A, (6 and 7, respectively). In 6, this Cu--Cu
distance is a little bit shorter than other similar structures (2.610 A-2.713 A) [17,22,45-50]. It is
worthwhile to mention that compound 7 presents the largest angle (O2A—Cul A-N1A, 99.40°), which
corresponds to the carboxylate oxygen closest to the 2-Bzpy ligand. The steric hindrance of

the benzyl rings could promote its orientation and the angle opening of the nearest carboxylate ligand

(Fig. 6b).

3.2.4. Extended structures of compounds 6 and 7

For compound 6, all the intermolecular interactions are based on coordinated and the uncoordinated
DMF molecules. The first intermolecular interaction is the homomeric asymmetric amide—amide
interaction between them (C5-H5B--09, 2.407(3) A; C5-H5B, 0.9900(14) A;C5--09, 3.314(4) A,

152.11° (6)). The following interactions are between aliphatic proton from each of two Pip units and an
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uncoordinated DMF molecule through its carboxylic oxygen atom, which also interacts with a
coordinated DMF of a neighbouring paddle-wheel forming 1D chains along the a axis (C19-
H19B--010, 2.102(4) A; C19-H19, 0.9800(14) A; C19--019, 3.036(4) A, 158.54° (6)) (Fig. 7a). The
remaining pair of Pip units interacts directly with a coordinated DMF molecule of another neighbouring
paddle-wheel (Fig. 7b) generating 2D layers along the (00%2) plane (C13-H13A--010, 2.163(4) A; C13-
H13A, 0.9900(16) A; C13--010, 3.096(3) A, 156.57° (7)). For compound 7, the 2D supramolecular
structure is generated by the propagation in the bc plane through two alternated simultaneous hydrogen
bond interactions. Each dimeric unit possesses four propagation centres, two from the 2-Bzpy units (Fig.
8a) and two from the piperonylate units (Fig. 8b). These two crystallographically different 2-Bzpy rings
interacts with the oxygen atoms of the neighbouring dioxole Pip rings (C16-H16--08, 2.511(3) A; C16-
H16 0.9500(14) A; C16--08, 3.213(3) A and C4- H4--015, 2.513(3) A; C4-H4 0.9500(14) A; C4--015,
3.165(3) A) and constructing 2D layer.

3.3. UV—Vis spectroscopy

UV-Vis electronic spectra for all the compounds have been recorded in methanol (1-5, 7) or
MeOH:DMF (2.5:1) (6) as solvent. All spectra show one band in the visible region, between 727 and
677 nm with € = 13—-124M—1 cm—1 (S.L.: Fig. S15). For a d9 ion, with a 2D term, there is only one
transition between the two levels 2Eg and 2T2g. In the octahedral crystalline field, the spin-orbital
coupling unfolds the 2T2g level in two sublevels due to its tetragonal distortion (Jahn-Teller effect). For
these reasons, an octahedral d9 ion has two possible transitions, both from the 2Eg level to each of the
unfolded 2T2g sublevels giving two absorption bands. However, in the case of Cu(Il) these sublevels are
energetically close and the difference in energy is too small to discriminate between them resulting in a
broad band [52,53]. The energy of these electronic transitions depends on the fulfilment of the two
selection rules (Laporte and spin). Electronic transitions in d9 Cu(Il) complexes only accomplish the
spin rule, for this reason the energy of this transitions is lower than other transition metal complexes and
its € values range from 10 to 200M—1 cm—1. The obtained values for compound 1-7 are in accordance

with the values reported in the literature for similar Cu(II) complexes (Table 7) [18,54-57].
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4. CONCLUSIONS

The reactivity of the heteroleptic core compound 1 with selected supplementary ligands (py, 3-Phpy, 4-
Acpy and 3,5-dmpz) results in the rupture of the dimeric array and yields monomeric species (2-5). In
opposite, the reaction between the homoleptic core compound 6 with the 2-Bzpy ligand yield the
dimeric compound 7, keeping the paddlewheel building unit. It is worthwhile to mention that even
though there are similar heteroleptic core previously described in the literature [6—16], there are few
studies about their reactivity. In this juncture, besides presenting the first trial in this sense, it is also
remarkable the different behaviour exhibited by the two paddle-wheel compounds (1, 6). This difference
can only be promoted by the fact of having mixed bridges.
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Legends to figures

Scheme 1 Schematic synthesis of the compounds 1-7.

Figure. 1 Molecular structure of [Cu(Pip)2(dPy)2(H20)] (a dPy=py (2); b 3-Phpy (3); ¢ 4-Acpy (4))

complexes showing an atom labelling scheme. The hydrogen atoms are omitted for clarity.

Figure. 2 a. a axis view of the one-dimensional ordering of the [Cu(Pip)2(py)2(H20)] (2) complex by
water-carboxylate hydrogen bonding through the b axis. b. Piperonylate ligands stacked in a row

disposition allows its intermolecular CeH:-O hydrogen bonding interactions.

Figure. 3 a. a axis view of the one-dimensional ordering of the [Cu(Pip)2(3-Phpy)2(H20)] (3) complex
by water-carboxylate hydrogen bonding through the b axis. b. Piperonylates planarity drifting
disposition prevent its intermolecular CeH: -O hydrogen bonding. Only hydrogens involved in the

intermolecular interaction are shown.

Figure. 4 a. a axis view of the one-dimensional ordering of the [Cu(Pip)2(4-
Acpy)2(H20)]-3MeOH-H20 (4a) complex by water-carboxylate hydrogen bonding through the b axis.
b. b axis view of the propagation through the bc plane by hydrogen bonding between the oxygen of the

piperonylate units and the protons of the acetyl groups. Solvent molecules are omitted for clarity.

Figure. 5 a. Molecular structure of [Cu(Pip)2(3,5-dmpz)2] (5) complex showing an atom labelling
scheme. The hydrogen atoms are omitted for clarity. b. b axis view of the one-dimensional ordering of
the [Cu(Pip)2(3,5-dmpz)2] (5) complex by a double pirazole-carboxylate hydrogen bonding forming 1D

chains. Only hydrogen atoms involved in the intermolecular interactions are shown.

Figure. 6 a. Molecular structure of [Cu(Pip)2(DMF)]2 (6). b. Molecular structure of [Cu(Pip)2(2-

Bzpy)]2 (7) complexes showing an atom labelling scheme. The hydrogen atoms are omitted for clarity

Figure. 7 a. b axis view of the one-dimensional ordering through the coordinated DMF molecules and
the Pip rings of the [Cu(Pip)2(DMF)]2 (6). b. ab view of the onedimensional ordering through the
uncoordinated DMF molecules joining two dimeric units of [Cu(Pip)2(DMF)]2-2DMF. Only hydrogen

atoms from DMF molecules and those involved in the intermolecular interaction are shown.

Figure. 8 a and b shows the CeH--O hydrogen bonding formation of compound 7 between the Pip rings
and the pyridil ring of the 2-Bzpy units forming the 2D layers. a. (1/3 1/2 1) view and b. (1/3 1 1/2)

view of these weak interactions.



561 SCHEME 1
562
563
-
Hm._Tj
o 'I-‘u.,_h Re Ry
R, DMJ'-' Elu"‘“\lg ﬂn D)P\A‘/DRD
N g AV
b Rz D ——Cu fquMF
4 o e MeOH e R 8Bl P 6
o L \‘/\‘/
}:EOH “)\/J\ Fa| R
B e L
s MeOHTME
HytHO—GL Cu——QHCH, Fafhrx
% 4% HPip. L,
o, 0.0 MeOH R ¥ R
/ \ﬁl \g‘ B/J;])\GI\D
] Me=OH
o SN
iy w4 ] “::_ “.__'.
~< 9
o
Ra . 7/:?
3 QHy R Mz
o, |
L{'f vy
o
RE
2 o
M
- - - O
L= L= /™~ R=—on B Q
W "JJH“ ‘:J
564

565




566 FIGURE 1
567
568

569
570



571 FIGURE 2
572
573

574
575



576
577

578

579

580

FIGURE 3




581

582
583
a)
oz
- 05 HEW,, 0%
- HIWe
a2
584

585

FIGURE 4

1= 02683

oz

b)




FIGURE 5

586
587
588

-

... P ———

589
590



591
592
593

594
595

FIGURE 6




596 FIGURE 7
597
598

599 o~ -
600



601
602
603

604
605

FIGURE 8




606
607

608
609

610

Table 1 Crystallographic data for compounds 2—4.

2 3 4
Empirical formuala CagFn T Oy CboCuMOg CpfsluNlng
Formala weigh 55000 722 30 TEE.21

TiK} 1m3(2) 1o0{Z) 100(2)
Wavelength (A) 71073 071073 70T

Systerm, space group
Unit cell dimensions
= (k)

B LA)

cih)

2]

B

¥}

Vi

F4

Diealke (g am®)

B fmm 'y
L]

Crystal stee (mm”)
kI minges

28 ramge ")

Reflections collected unique,/[Rnt]
Completeness bo 8 = 25,242
Alsorption Correction

May. and min. tranamis
Aefinement method

Data, Testrains /paramesers
Goodnss of fIt (GOF) on F

Final R indices [f > 20(0]

R Indiees {all data)

Extinction moelfident
Largest. Daff. peak and hole (e A7)

Monodinic, © 24

15530 3)
G.1235(13)
Z51325)
a0
F1.5338)
L]
ZEE8.718)
Fl

1585

0975

1172

0297 e0 063xD.062
-17=h= 1B

-TEE=T

-N=Ii<2

3048 bo 24445

S490y1953 [Rilnt) = 0.044%]
T

Seml-empirical

07451 and 06333

Full matrix least-squares on F*
1953717159

1.134

Rl = 0UOS53, W2 = DLZ28]
Rl = 00916,

wWHI = I3

na

2324 and —1.830

Mmodinic, C 27

X2 6648(13)
E.TSIF (3]
IAETO1&)
o0

DS Q584)
o0
3I110.6(3)

4

1542

1

1452
D070 101 X038
- =h= 29
-T=Ek=T7

- =Ii=3

3209073576 [Rilnt) = 0.1365]
b

Seml-empirial

07456 and DLETI

Full matrix ieast-squares on F*
A5TE,T 30

11056

Rl = QUO518, WR2 = QOG0
Rl = QL0349

WRI = L1073

nsa

D23 and —RESL

Monoclinlc, © Z'c

23.16810{17)
5. BU2E(4)
26.0634(1%)
L]
1143 T)
L]
3333.3(4)

F

1.531

0733

1604

L1770l 0EExD. 032
-~ A=h=X3
—GEk=BE
-l 3H

S51462/1808 [Rilot) = 0.0661 ]
a3

Semi-mmpiricl

07446 and 0.6930

Full matrix lesst-squares on 7
1808/5,322

1.084

R1 = 0.0675, WRZ = QL1757
Rl = 00735

wWRI = 1513

nsa

1.623 and —D.761
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Table 2 Crystallographic data for compounds 5-7.

5 [ 7

Empirical formala CaHzCuNy Ca TNy Osn CoaFlotuaNalh:

Formula welgh SEAOS 1079.94 112599

T (K} i 1002} 1002} 1002}

Wavelength (1) 01073 071073 071073

System, space group Triclimic, F —1 Tricinic, F-1 Monocinic, P21/

Umnit cell dimenslons

a (A EOTEIZ) 10435 5) 1707IHE]

b (k) 12 4877(4) 11L164715) 18.5452(7)

c k) 17 TIRB{&) 1Z1T1HE) 15.3080(5)

e (] TRO4M1D) BT ZT6(Z) ]

B B3 9550(10) E5.Z20(2) oR8I20(10)

[1v] B A58(Z) EAOTR(Z) w0

VR 1Z7R35(T) 1136.84(10) 4803.2(3)

z z 1 4

Deale (g am®) 1523 1577 1557

B imm 0.913 1023 0955

ADoo . B 558 Iz

Crystal stee (mm”} 0E35R0 1 3ol D6 OUZH3w0.1 5Hn0. 155 LI L DE 2045

I Tanges ~-T=h=7 ~14=h=13 -22< h= 22
~15=k=15 ~15=k=15 -24 = k=24
-2 =ls 2 -7 =l=17 ~20 = I= 20

6 range () 2413 o 26.728 2471 o MLEET 2 427 to 3B 3A2

Reflections collected Aunbiqme/[ Rint) 0T16/5397 [Rilnt) = 0.0345] 45461,/5330 [Rilnt) = 0.0305] 123001,/11916 [Rilnt) = 0.0455]

Completeness to 8 = 25,343
Albsorption Correction

07454 and 0.6040
Refinement method
Daia/resirains /parameiers
Goodness of At (GOF) oo
Final & ncdices [ > 2o(0)]

R indices {all data)

Exiinction mmefficent
Largest. DUY. peak and hole (e A7)

ME%R
Semml-empirical
07454 and 06940
Full mairixy least squares on F*
E34T,MyA50

1.020

Rl = L0293,

WHZ = 0.0714

Rl = D034,

WHZ = 0.07E1

na

D454 and - 0419

TR
Seml.emptsteal
0.T45] and 0.6HTT
Full matriy least-squares on F*
BT

1035

Rl = 00427,

WHZ = 0.1050

Rl = DU0514,

WRZ = 01119

nsa

1.480 and - 1.465

LA
Seml.emptrical
D0.T457 and DUDESES
Full matrix keast-squares on F*
1191617685

1.048

R1 = DUO350

WRL = DOET3

R1 = DuD488

WRI = L0976

nsa

0AZ3 and — 0567
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Table 3 Selected bond lengths (A) and bond angles (°) for compounds 2 — 4a.

-
Bomd bempgih (A)

{1101} 19375} Cof1M(1) 2018{&)
{1001 Jr 1.9375) Cof1-8(1 )21 201715)
{1 05} 22EH)

Bond amgles )

0110 101 ) 17773 01 )2 1-Cof1 HM(1}#1 AL5(Z)
O{1 @101 J-CE b EE.B5{1a) N1 }#1 -0l J-D=) WE.ALZ)
O(1)#1-Cu 1 )-Bo1] EUB(T) HI1-Cull -NI1)#1 165.5(4)
O(1 )& 100 1 -5} BE 85{16)

a

Bond bength (A)

Can{1J-0(1 ) 1.037a1) Cof M) 20K
{11001 Jr 1 1.9380(19) Col1 M1 )21 20242)
Cin1 205 L2403

Bond amgles )

O(1)-Co[1 001321 176 06(14) 001 -Cul 1 OS] B8.03(7)
O(1)-Cof1-M(1) QLT W1 -Cull Ho5] ALA2(E)
O{1)#1-Cuil 1 1-B1] BE 53} (1321105} WLAIE)
N(1-Cof1+-M(1 )21 17277(15)

4a

Bomd kengih (A)

Cin1 12010 1.5254) Cold-Ni1) Z023(5)
Q{11001 Jr 1 1.928{4) Col1)-2(1)#1 2023(5)
Ol 12D5W) LIsah)

Bond amgles )

O{1)-Co(1 001321 174} O 1 -l 1O E W E7.47(13)
018100l 100121 o1 & 1) N1 3210114005 W) P5.02{15)
01210 1 1-B0(1 ] ) i1 -Cull -HI1) 21 158.2{3)

E#l x4+ lLyx+ 3734 ax + Ly-z+ 175 4 #1 ax + Ly-x + 172;
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Table 4 Selected bond lengths (A) and bond angles (°) for compound 5.

5

Bond length {A)

Cul1A)-D{1A)#1 1.9654(12) Cul1B}O{1BJ#Z 1.9672(12)

Cu 1 A)-OZA) 26536(14)  CullBRO(ZB) 2E138(14)

Cul 1A)-NULAJE1 1.9749(15)  Cul1BMN{IBJ#Z 1.97&9(15)

Bond angles {7

OULAME1-Cul 1ARO{1A) 180 O(IB)#Z-Cu(lB}-0(1B})  1ED

DA 1-CulTARNI1A) BU.TEE) ON#ZCu(1B-NI1B]  ERT8E)

O{LAM1-Cul TARNI1A) 0. 2IE) OOB#ZCu(1B-NI1B) 90266}
1 x2

NILAMCu(TAJN{1A)E1 180 M{1B)-Co(1B)-M{1B}#2  1ED

Wl xya+ 182 x+2y+1l,2+2
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Table 5 Selected intermolecular interactions for compounds 2-5.

2

05-H50—02
T HI—0a

3

O5-H50—02
4a
DIEW.HEW-02
C15-H1E8-03
5

M IA - HIA-OZA
MIB-HIB-038

H-A (&)
1.0 15)
2.325(8)

LETZ)

15T E)
AT 12}

1.0 N2
LB Ia)

D-A 4]
2803 8)
AZF53[15)

Z271103)

2Ta5(13]
1433(14)

ZT5HH(11])
2 T&15[(11])

D-H (A}
0.0212)
0. D500

0.ES({3]

0. B34 1 ]
0. PO 1 X )

0. BB 14 )
0. BB 14 )

= D-H-A )
16T 18}
16518}

170 30

1T162{14)
1&67.74{14])

150 1HIE)
147.T6{15]
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Table 6 Selected bond lengths (A) and bond angles (°) for compounds 6 and 7.

3
Bond kength (A}
C1n{1)-0{5)1 1.9633(14)  CuollkO(2)F] 1.9727(13)
Cu{1)-0(1) 1.0660(13)  Col1}0(0) 2 1540(15)
{1008} 1.0605(14)  Co-Co 2 HO5F(E)
Bond angles )
O{5)& 1 0ol 001 b 8H.9E(5] O{E-Cul1)-0HE] Y254(5])
O(5)# 1-Cul1 OB} 169.37(E) O(2)#1 -0 J-0{9) 5.08(8)
0(1)-Cal1 -006) ILEWE] O(5)#1-Ce{1)-Cui1)#1  E9.85(5)
OS5 101 -0 2 ] 2H.44(6] O 1 0o 10-Com 1 Jurl BATMHA]
O{1-Ca(1 D21 168.17E) Oe-Cul1)-Col 1 TOEH4)
O(6)-Co(1 - 0(2)#1 BH.04(E) O(2)#1-Ce{1)-Cu1)#1  BSTA(L)
05 1001 J-Cul 2 WTBE(E] OCR -0l 1)-Co 1 Jurd 17T2.28(5)
0(1)-Cal1 109 25.60E)
7
Bond kength (A)
Cun{1)-008) 18516(14)  Col2w0(13) 1.9508(14)
Cin{1)-0{14) 1.0588(14)  ColZ}O(5) 1.9723(14)
Cu{1)-0(3) 19731(14)  CulZ0(0 1.9773(14)
Qn{1)-0(10) 197BS(14)  Cu{Z}0(1) 1.9835(14)
a1 )81} 2100016  ColZpN(2) 2 3484(16)
Cal1}-Cui2) 2£910(3)
Bond angle ()
O(6)-Col1}-0(14) 166.18(E) O(13}-Cu2-0{5) 167.61(6)
O(6)-Co(1-0(2) 80.11(7) O(13}-Cug2)-009) E7.99(8)
0014 -Cull -002) BH.84(7] {5l 2008 FLTS)
O{E}-Cal1 D01 PL2EE] {12 HCu2)-001]) BRAHT)
0014 -0l 0010 ) BHHET7] 52001 ) BEAS1IS]
0(2)-Caol1 -0{10) 167.B9E) O(0}-Cul2)-001) 165.36(6)
O(6)-Col1}-N(1) 95.7HE) O(13}-Cug2)-N(2) 22.01(8)
O(14)-Cul1 :N(1) 2H.08E] O(5 HCulZ)-NEZ) g311(8)
O{2)-Col1}-N(1) 101.4%(E) O{9}-CulZ)-Ni2) 103 37(6)
O{10)-Cul1 N(1) D.EHE] 01 -CulZ)-Ni2) 91.23(8)

fic #l.-x + 2y + 1.



632 Table 7 UV—Vis spectroscopy data of compounds 1-7 and similar examples of the literature.
633

Compound GEEmETY A E(M Ref
(nm} am ')
[Cuf dien}pmbi, HE,0 =p 615 194 [54]
[Culdien};}(pnb ok B1E 120 [54]
[t dben pmb )} H2011{pabjEpnb)  sqp GO6 140 [54]
[0t e e E2 20 ] 2-P B& ) ZHa O i 545 - LE5]
[t e e B 20 H{ D A e I HZD =qp 535 - LE5]
[TMpA)CoC) bpt 75 a0 [=5]
[{BPQA}CoC] * sqp v 106 [5&]
[{BQFA)Cod]) * =p 737 137 [5&]
[{TscA ] sqp a1 185 [=&]
[Cud p-Pip p-Ac HMEDH]) |z (1) =]p T1E 124 18]
[CulPpldpy ) HA0M] (2) =P 710 3 wiork
[CulFipl{3-Phpy),(H,00] (3) sqp 7T 78 work
[ Pipled 4-Acpy 2 (H207] (4) sqp 677 &8 work
[CulPipled3,5-dmpe)z] (5) h 714 13 work
[l p-Pip ) (DMF) |- 208EF (6] =p 717 76 work
[l p-Pipl(2-Bpy)] (7) sqp 6ED 8 work

dien = diethylenetriamine; Hpnb = p-mitrobenzoic add; en = ethylenedia-
mine; PEA = phenoxybenzoate; P& = diphenylacetate; TMpA= =tnis[([2-
pymidylimethyl}]- methylamine; BPQA = 14 pyridin-2-y1}-N-{pyridin-2-yi-
methyll-N-{quinaolin-2.ylmethylimethanamine; BOPA = 1-(pyridin-Z-§1)-N, N
bislguinolin-2-ylmethyl imethanamine; TMQA = 1-(isoquinolin-3-yl]-N,N-bis
(quinolin-Z-yimethyllmethanamine. hpt = trigonal-bipyramidal; sqp = squane.

634 pyramidal; Oh = octahedral.



