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Abstract:

A series of copper(Il) complexes [Cu(cmb),(im);] (1), [Cu(cmn),(im)4] (3) and [Cu(cmp)z(im),] (5)
bearing various dicarboxylate monoester derivatives [cmb = 2-carbomethoxy-benzoate; cmn = 8-
carbomethoxy-naphthalene-1-carboxylate; cmp = 2-carbomethoxy-phenyl-2-benzoate] were generated
from copper(Il) acetate, imidazole (im) and an aromatic anhydride [phthalic, 1,8-naphthalic or biphenic
anhydride for 1, 3 or 5§, respectively]. Unusual solvent-mediated transformations of the crystals of two
copper dicarboxylate monoester complexes to new crystals of corresponding dicarboxylate derivatives by
hydrolysis of ester groups were observed and investigated in detail. Thus, crystals of 1 underwent
transformation to the crystals of copper(Il) phthalate 2D  coordination  polymer
{[Cuy(pht),(im)4-H,O]-H,0},, (2) (pht = phthalate) on moistening with aqueous methanol. Similarly, the
crystals of 3 after wetting with aqueous dimethylformamide (DMF) were transformed to the crystals of a
metallacycle [Cu(nap)(im)(DMF)(H,0)], (4) (nap = 1,8-naphthalenedicarboxylate). In contrast to 1 and 3,
the crystals of 5 were found to be stable under ambient conditions. The compounds 1-5 have been
characterized by IR and UV-vis spectroscopy, single crystal and powder X-ray diffraction methods.
Topological analysis showed that in the 1—2 transformation an overall 2D network topology was
modified from the 4-connected H-bonded sql net [Shubnikov tetragonal plane net] to 3-connected metal-
organic heb net [Shubnikov hexagonal plane net/(6,3)], whereas no topology change was detected during
an analogous 3—4 transformation, with both structures exhibiting the topologically equal H-bonded sql

nets.

Introduction:

Isolation and characterization of intermediate metal complexes formed during hydrolysis of esters provide
understanding on active sites of metallohydrolases.! Copper complexes are widely used in the hydrolysis
reactions of esters,’ anhydrides,3 lactones” and imides.’ Enantioselective hydrolysis of a-amino acid esters

is catalyzed by copper complexes6 and thus there is a challenge to make model intermediate Cu
1
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derivatives.” Copper(Il) ions cause methanolysis of amides® in which tetrahedral copper(I) complexes
serve as intermediate species.’ In copper complexes catalyzed ester hydrolysis, coordination of copper ion
facilitates intramolecular nucleophilic attack on the C=0 group and subsequently it assists departure of
leaving group.'® Catalytic hydrolysis of phosphate esters by copper ions find use in DNA cleavage
reactions,'’ phosphodiesterases'® and in artificial nucleases.'” There are also examples of Cu-catalyzed
hydrolysis operating simultaneously with molecular recognition.13 Copper containing metallosurfactants
are useful in ester hydrolysis,'* while some copper complexes can hydrolyze polyester-based hydrogels.'®
It is clear from the foregoing discussion that the type of hydrolysis shown in equation 1 can be of
significant importance toward understanding related biotransformations and designing alternative
hydrolysis methods useful in coordination and materials chemistry. For example, study of such reactions
in solvent-free conditions can lead to novel green reaction protocols and their implications will be close to
biological process which itself does not use solvent in the way a reaction carried out in solution.
Advantage of these reactions without a solvent or with a minimal amount of solvent would allow the
replacement of a methyl ester group by water molecule, thus causing minimum size variation in the

structure while the methanol byproduct will easily diffuse or evaporate.

n

Ay ope] <L

-MeOH
L, Cu

m, n are integers; L = ancillary ligand; R = organic bridging unit

Equation 1: Hydrolysis of dicarboxylate monoester copper(Il) complex.

It is expected that hydrolysis in confined medium would help to adopt selectively any of the possible
binding modes depicted in Figure 1. Since there are examples on hydrolysis of metal complexes having
lipophilic imidazole ligands,'® we have chosen imidazole as the ancillary ligand to examine model
reactions for hydrolysis in solid state. Hence, we report here the unusual hydrolysis of crystals of
dicarboxylate monoester copper(Il) complexes which, upon moistening with a minimum amount of
solvent, are directly transformed into new crystals of dicarboxylate derivatives, as well as discuss the

structural and toplogical relationship between the reactants and products.
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Where L = ancillary ligand, R is aliphatic or aromatic bridging unit, n is an integer

Figure 1: Some representative ways of dicarboxylate binding by copper(Il) ions.

Results and discussion:

The crystals of a mononuclear complex di-imidazole di-(2-carbomethoxy-benzoato)copper(Il),

[Cu(cmb),(im);] (where cmb = 2-carbomethoxy-benzoate; im = imidazole) (1), could be easily obtained

from the reaction of phthalic anhydride with copper(Il) acetate in methanol. Crystals of 1 which has

visible absorption at 651 nm (supporting figure 1S) are unstable in humid environment or when

contacting with aqueous methanol. These crystals, without getting fully dissolved in methanol,

transformed to new crystals of a copper(Il) phthalate coordination polymer {[Cux(pht),(im)4+-H,O]-H,O},

(pht = phthalate anion, im = imidazole) (2). Reaction involved in this transformation is shown in Scheme

1. Crystals of 2 have a visible absorption at 723 nm and are generally smaller in size compared to those of

1. Morphologies of crystals of complex 1 and dicarboxylate coordination polymer 2 are well

distinguishable, which are shown as supporting Figures 28S.
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Scheme 1: Transformation of complex 1 to coordination polymer 2.

Initially we found the transformation of the crystals by observing the changes at the crystal morphology

by naked eyes. This was further confirmed by microscopic views monitored as a lapse of time of a crystal

3
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moistened with a minimum amount of methanol. The figure 2a shows microscopic view of morphology
of a crystal of complex 1 placed on a glass plate at the beginning of observation. Figures 2b and 2c are
photographs of particular crystal moistened with a minimum amount of methanol, which were recorded
after every one hour time interval. From these figures it is evident that parent crystal got transformed to
another form of crystals through parturition of light blue crystals on the side and surface of the parent
crystal. The blue crystals felt apart and they could be separated easily and characterized. We have
determined the single crystal X-ray structure of the crystals obtained and confirmed them to be
coordination polymer 2. We have checked powder XRD-pattern and also IR spectra of such crystals
obtained during bulk conversion and confirmed bulk transformation of crystals of complex 1 to crystals of

coordination polymer 2.

Complex 1 Afier 1 hr
at 0 hr : -

(a) (k)

B i;l.: - A =
Br s Y atter3nrs

. ——
- [T

(d)

Figure 2: (a) Photograph of a crystal of complex 1. (b—d) Photograph of partially transformed crystal of
the complex 1 wetted by methanol under ambient conditions after (b) 1 h, (¢c) 2 h and (d) 3 h.
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These observations clearly show that during hydrolysis one form of crystal gradually transforms to
another form of crystal. A proposed mechanism of such transformation is shown in Scheme 2. The ester
functional group present in the complex 1 has a strong stretching vibration at 1730 cm™ (supporting
figure 3S). This band is absent in the IR spectrum of the crystals of coordination polymer 2. For
comparison, the overlaid IR spectra of the bulk samples before and after the transformation are shown in
supporting Figure 3S. The solid state UV-visible absorbance spectra of the complex 1 and the
coordination polymer 2 are clearly distinguishable, with an adsorption at 651 nm or 723 nm
corresponding to the d-d transition of the d9-copper(II) ion in 1 or 2, respectively. The ESI-MS(+)
spectrum of compound 1 in MeOH shows a characteristic signal at m/z = 423, which indicates an easy
dissociation of two imidazole ligands in solution leading to [Cu(cmb), + H]" species. This fact also
explains a low yield of 2 in solution synthesis, while the solid phase transformation of 1 to 2 is

quantitative.
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Scheme 2: A proposed mechanism for hydrolysis of 1.

Although model intermediate tetrahedral copper complexes have been earlier reported for methanolysis
reactions,®” we find that 1 is a six-coordinated compound having two weak coordination bonds. Crystal
structure of 1 is highly symmetric (Figure 3a) and copper ion lies on a twofold axis and only half of the
molecule was observed in its asymmetric unit. It contains a copper(ll) ion that is coordinated to one 2-
carbomethoxybenzoate and an imidazole ligand. The complex 1 has a copper(Il) ion with a distorted
octahedral geometry (Figure 3a), filled by two bis-chelating carboxylate ligands and two imidazole
moieties. Cul-O1 and Cu-N1 bond distances of 1.9637(14) and 1.9788(17) A, respectively, support that
these are strong dative bonds. On the other hand, the Cul-O2 distance of 2.74 A is indicative of rather

weak interaction of O2 with the copper ion. It may be suggested that the steric congestion arising from the
5
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presence of the carbomethoxy groups twists the carboxylate ligands to reduce their chelation ability. It is
interesting to note that the ZN1-Cul-N1 bond angle of 164.63(11)° deviates by about 15° from 180° to
have its contribution to adopt an octahedral geometry, thus showing that the two imidazole moieties are
not exactly at mutual frans positions. Due to the positioning of these ligands in such a manner, the copper
ion is slightly exposed from one direction for approach of an external ligand. Such geometry provides
more open space on one side of the distorted octahedron and helps an approaching of water molecules to
coordinate to copper ion, thus facilitating the hydrolysis of the ester groups. The steric factor of the
carbomethoxy group influences the structure as despite of having long Cu-O2 bond distances, we did not
observe the commonly formed dimeric paddle-wheel structures in related copper carboxylate complexes.
Besides, the discrete monocopper(Il) [Cu(cmb),(im),] blocks in the structure of 1 are assembled, via the
repeating N2—-H2A---O2 hydrogen bonds, into a 2D H-bonded network (Figure 3b). It has been analyzed
from the topological viewpoint following the concept of the simplified underlying net.'*4 After
contracting the molecular [Cu(cmb),(im);] units to the respective centroids, an underlying network has

been obtained (Figure 3c). It is topologically described as a uninodal 4-connected net with the sql
17a,17¢

[Shubnikov tetragonal plane net] topology and the point symbol of (44-62).

Page 6 of 18
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(c)
Figure 3: Structural fragments of complex 1. (a) Ellipsoid plot (50% probability). (b) H-bonding pattern
showing interlinkage of monocopper(Il) units into a 2D H-bonded layer; H atoms apart from those of H-
bonds are omitted for clarity; color codes: Cu green balls, O red, N blue, C gray, H dark gray. (c)
Topological representation of the simplified uninodal 4-connected 2D net with the sql topology and the

point symbol of (4*-6%); green balls are the centroids of 4-connected [Cu(cmb),(im),] nodes.

Asymmetric unit and the 2D metal-organic network of coordination polymer 2 are shown in Figures 4a
and 4b, respectively. The 2D corrugated layer can be visualized as assemblies of [Cus(pht)s] cylcic motifs
driven by u»- and us3-phthalate moieties. The structure bears two different hexa-coordinate copper ions, of
which Cul is coordinated by two imidazole ligands and three independent phthalate moieties (two u3-pht
and one u,-pht) with the carboxylate groups adopting monodentate ;71:;70 and bidentate 111:111 and ,u2-172:111
coordination modes. Other Cu2 ion is coordinated to a water molecule and two imidazole ligands, as well
as to two independent u,- and us3-bridging phthalate dianions. Their carboxylate groups that are connected
to the Cu2 atom exhibit the 171:170 and /12—712:711 coordination modes. Thus, by virtue of monodentate,
bidentate and bifurcated coordination of the phthalate dianions, they act as linkers to copper ions in the
2D coordination polymer 2. The Cu-N bond lengths vary between 1.965(3) and 1.981(3) A, whereas the
Cu-O bond distances are within the 2.007(3)-2.073(3) A range, except the Cu2-06 [2.309(3) A], Cul-O8
[2.499(3) A] and Cu2-08 [2.739(3) A] bonds. The relatively higher bond length of the two later bonds is
due to side on (/4—712—0 type) bridging mode with copper(Il). These distances are within the admissible
range reported for similar coordination modes in other copper complexeslga1 and are also below the sum of

the van der Waals radii of the Cu and O atoms [2.92 A].lsb
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Figure 4: Structural fragments of the coordination polymer 2. (a) Ellipsoid plot (50% probability) of the

asymmetric unit. (b) 2D metal-organic layer; H atoms and solvent molecules are omitted for clarity; color
codes: Cu green balls, O red, N blue, C gray. (c) Topological representation of the simplified uninodal 3-
connected 2D net with the heb topology and the point symbol of (6%); color codes: 3-connected Cul
nodes and 2-connected Cu2 linkers (green balls), centroids of 3-connected p3-pht nodes and 2-connected

H2-pht linkers (gray).

To better understand the 2D metal-organic network of 2, we have also carried out its topological analysis
by applying the above-mentioned concept of underlying net.'”™ Such a net has been generated by
reducing the phthalate blocks to their centroids and eliminating the terminal H,O and imidazole ligands
(Figure 4c). This net is thus composed of the topologically equivalent 3-connected Cul and u3-pht nodes,
as well as 2-connected Cu2 and u;-pht linkers. Its topological analysis reveals a uninodal 3-connected
network with the point symbol of (63 ) and heb [Shubnikov hexagonal plane net/(6,3)] topology, which is
different from the sql net encountered in the compound 1.

In 2, both the crystallization and coordinated water molecules are anchored to the O atoms of the
phthalate ligands through different O—H:--O hydrogen bonds, whereas N—-H:--O interactions between the
imidazole moieties and COO or H,O groups provide further stabilization of the structure. As a result,
these multiple intermolecular H-bonding interactions are responsible for the extension of 2D metal-
organic layers to a very complex 3D supramolecular architecture. After simplification,'” its topological
analysis disclosed an intricate hexanodal 3,4,5,5,5,6-connected net with the unique topology described by

the point symbol of (4.5.6)(4%.5%.6.7)(4>.5%.6".7)(4°.5*.6.7.8)(4°.5.6°)(4°.5%.6".7%.8).

Page 8 of 18



Page 9 of 18

RSC Advances

The powder-XRD patterns of 1 and 2 were recorded and compared with the simulated ones generated

from the single crystal X-ray diffraction data, indicating a rational correlation between them (Figure 5).
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Figure 5: Powder-XRD patterns of the (a) complex 1 and (b) the coordination polymer 2.

Crystals of complex 1 belong to C2/c space group and have a unit cell volume of 2568.0(3) A°, whereas
the crystals of the coordination polymer 2 crystallize within P2,/n space group with a unit cell volume of
3101.33(19) A’. A helical 1D copper(Il) phthalate-imidazole coordination polymer19 was earlier prepared
from the reaction of copper(Il) carbonate with phthalic acid. Comparison of its structure with that of 2
(Scheme 1, Figure 4) has shown some differences in the coordination modes of phthalate moieties. In the
1D polymer,'® two copper(Il) ions are interconnected via the #':7° and #':' carboxylate groups of u,-
phthalate dianions, resulting in a helical 1D chain. Thus, the structure of the polymer formed through

reaction in solution differs from the one that was generated via the solid state transformation of 1.

We also studied reaction of copper(Il) acetate with 1,8-naphthalic anhydride in presence of imidazole in
methanol, which resulted in a mononuclear tetra-imidazole di-(§8-carbomethoxy-naphthalene-1-
carboxylato)copper(Il) complex, [Cu(cmn)y(im)s] (where cmn = §-carbomethoxy-naphthalene-1-
carboxylate) (3). The compound 3 is relatively unstable in comparison to the complex 1. Although
crystals of 3 have been of poor quality, we could determine the skeleton of the complex from the single
crystal X-ray analysis. The complex has four coordinated nitrogen atoms of imidazole ligands in one
plane around the copper(Il) ion, while two monodentate 8-carbomethoxy-naphthalene-1-carboxylate
ligands are in axial positions, thus forming the distorted octahedral geometry around the Cu(Il) center
(Figure 6a). The molecule of complex 3 has its Cul atom on an inversion centre the asymmetric unit is
constituted by one §-carbomethoxy-naphthalene-1-carboxylate anion and an imidazole molecule
coordinated to copper ion. The observed lengths of the Cul-N1, Cul-N3 and Cul-O2 bonds are
2.006(10), 2.014(12) and 2.468(8) A, respectively. The bulk purity of 3 has been confirmed by the

experimental and simulated powder-XRD patterns (Figure 7) that show rather good matching. In 3, the
9
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discrete monocopper(Il) [Cu(cmn),(im),] units are held together through the intermolecular N2-H2A---O1
and N4-H4A--O1 hydrogen bonds, generating a 2D H-bonded network (Figure 6¢). Interestingly, its
topological analysis revealed a uninodal 4-connected sql net that is topologically similar to the H-bonded

network of 1.

Ho R
OCWN\ &Jo HN\/:L OO N

N
2DMF + 4H,0 \ 9% g 9 O%H
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H
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Scheme 2: Transformation of complex 4 to dicopper(Il) derivative 3.
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Figure 6: Ellipsoid plots (50% probability) of complexes 3 (a) and 4 (b). (¢) H-bonding pattern of 3
showing the interlinkage of monocopper(Il) units into a 2D H-bonded layer; H atoms apart from those of

H-bonds are omitted for clarity; color codes: Cu green balls, O red, N blue, C gray, H dark gray.

It was earlier shown that the hydrolysis of 1,8-naphthalic anhydride in the presence of various metal ions
resulted in metallacycles with different nuclearities.*® In particular, an imidazole containing 1,4-
naphthalene dicarboxylate copper(Il) derivative was found to be a five-coordinate 1D coordination
polymer.20 Solid state or solvent-mediated reactions of 1,8-naphthalic anhydride to form imides,”' and
reaction of co-crystals were reported earlier.”? In this study, we visually observed that the crystals of 3
which when moistened with aqueous dimethylformamide (DMF) undergo hydrolysis with simultaneous
crystallization of new dinuclear metallacycle [Cu(nap)(im)(DMF)(H,O)], (4) (where nap = 1,8-
naphthalene-dicarboxylate). The structure of the metallacycle 4 (Figure 6b) has two copper(Il) ions in
identical environment, which are interconnected by two independent u,-1,8-naphthalene-dicarboxylate
blocks wherein both COO groups acting in a #':7°-mode. Apart from two carboxylate oxygen atoms, the
square-pyramidal environment of each copper ion is filled by H,O, DMF and imidazole ligands. The
dimeric complex lies about an inversion centre. The uncoordinated O atoms of COO groups of the 1,8-
naphthalene-dicarboxylate ligands, as well as the water molecules on the two copper ions of the
metallacycle are related by a center of inversion (Figure 6b). Thus, the transformation of the crystals of 3
on moistening with aqueous DMF resulted in the formation of the crystals of metallacycle 4. Such
transformation occurred as a consequence of ease in hydrolysis of ester group in the copper complex 3 to
form a dicarboxylate derivative. This conversion was observed through naked eyes, as the blue colored

crystals turned green once the crystals of 3 were suspended in aqueous DMF (supporting Figure 7S).
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Figure 7: (a) Experimental and simulated powder-XRD patterns of complex 3. (b) Transformation of

complex 3 to complex 4 (b) at initial time (c) after 12 hrs, (d) after 24 hrs.

In solid state complex 3 has visible absorption at 553 nm, whereas metallacycle 4 absorbs at 711 nm,
arising from d-d transition of d’-copper ions. Complex 3 has IR stretching at 1740 cm™ due to ester
functional group, while this band is absent in 4 (supporting figure 5S). Although in contrast to
monocopper(Il) units of 3, the discrete structure of 4 is composed of dicopper(Il) blocks, these are also
arranged by intermolecular H-bonds into a 2D hydrogen bonded network, the topological analysis of
which reveals the same sql topology as in 3. Changes of the crystals of complex 3 was monitored with
time and found that complex 4 was formed as the wet sample of 3 was left under ambient condition.
Finally crystals of complex 4 was formed (figure 7b-d). Hence, conversion of 3 to 4 does not lead to the
network topology change which, however, is observed during the transformation of 1 to 2. Powder XRD
pattern of metallacycle 4 was recorded and compared with the simulated one from CIF file and they are

found to tally, which suggests the bulk purity of the crystalline form of 4 (supporting figure 4S).

12
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Besides the above reactions, similar reaction of diphenic anhydride with copper(Il) acetate in methanol
was investigated in anticipation to prepare an ester containing Cu(Il) precursor for studying its hydrolysis.
An earlier work on the ring opening reaction of diphenic anhydride by cystine derivatives showed the
formation of the corresponding acids, followed by their transformation to helical esters via the reaction
with diazomethane.” In the present case, the reaction of diphenic anhydride with copper(Il) acetate,
followed by treatment with imidazole, resulted in the formation of an ester di-imidazole-di-(2-
carbomethoxy-phenyl-2-benzoato)copper(Il) complex, [Cu(cmp),(im),] (where cmp = 2-carbomethoxy-
phenyl-2-benzoate) (5). This compound has a distorted octahedral geometry around the copper(Il) ion
(Figure 8a), filled by two chelating nl:nl-carboxylates in one plane and two mutually frans imidazole
ligands. In the crystal structure the copper ion of the complex 5 lies on an inversion centre. The
monocopper(Il) units in 5 are interlinked via the N2-H2A---O2 hydrogen bonds, forming a 1D H-bonded

chain motif (Figure 8b) that can be described as a uninodal 2-connected net with the 2C1 topology
17a

(Figure 8c).

w,:;,/gf? ) :r\(%il? \/}/\, ‘SJ ‘V ;F 1\6/7
N \) \

(b)

O O

(c)
Figure 8: Structural fragments of the complex 5. (a) Ellipsoid plot (50% probability). (b) H-bonding
pattern showing the interlinkage of monocopper(Il) units into a 1D H-bonded chain; H atoms apart from
those of H-bonds are omitted for clarity; color codes: Cu green balls, O red, N blue, C gray, H dark gray.
(c) Topological representation of the simplified uninodal 2-connected 1D net with the 2C1 topology;

green balls are the centroids of 2-connected [Cu(cmp),(im),] nodes.

Complex 5 is stable at ambient conditions and can be easily recrystallised from methanol solution. The
comparison of structures of the complexes 5 and 1 shows that each compound has a six-coordinate
copper(Il) center with similar {CuN,O4} environments but different geometries. For comparison, the

£N1-Cul-N1 bond angles are 164.63(11) and 180.00(6)° in 1 and 5, respectively, whereas the £O01-Cul-

13
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Ol bond angles are 177.97(10)° (1) and 180.00(7)° (5). Thus, there is relatively more space exposed on
one side of copper ion in complex 1 which facilitates approaching of a water molecule and ease the
hydrolysis reaction. In 1, the ester groups are positioned on the same side across a plane, whereas in 5
they are on the opposite side. Hence, the hydrophobic part in the complex 1 adopts a pincer type of
arrangement which would have helped its facile hydrolysis in crystalline state. In the case of complex 5,
the location of the two hydrophobic ester groups in opposite sides makes the approach of water less
favorable from to two directions providing an extra stability toward hydrolysis. Experimentally
determined powder XRD of complex 5§ along with simulated pattern is shown in supporting figure 6S, to
confirm its bulk purity.

In conclusion, we have prepared and structurally characterized a series of copper(Ill)-imidazole
compounds bearing different dicarboxylate monoester (1, 3, 5) or dicarboxylate (2, 4) derivatives. In
particular, two interesting examples of the solid state transformations (1—2 and 3—4) have been
observed via fast hydrolysis of ester group in copper(Il) precursors 1 and 3. Topological analysis has
revealed that in the case of the 1—2 transformation the overall 2D network topology changes from the 4-
connected sql net to the 3-connected hcb net, while no topology modification has been observed during
the 3—4 transformation, with both structures disclosing topologically equal H-bonded sql nets. This
study also contributes to the understanding of the metal ion template transformations in solid state,
providing a useful methodology to prepare new compounds that are different from those obtained during

the conventional synthesis in solution.

Experimental:

Powder X-ray diffraction data were collected on a Bruker D2 diffractometer in Bragg-Brentano 6-6
geometry with Cu-Ka radiation (A = 1.5418 A) on a glass surface of air-dried sample using a secondary
curved graphite monochromator. Diffraction patterns were collected over a 20 range of 5-50 © at a scan
rate 1° min”. The powder patterns are compared with the theoretical indexed powder patterns generated
from the crystallographic information files (CIF) by using MERCURY program. The indexing of the

powder pattern is done by coparing the experimental pattern with the one generated from CIF.

Synthesis of [Cu(cmb),(im),] (1): Phthalic anhydride (0.29 g, 2 mmol) was added to a methanolic
solution (10 ml) of copper(Il) acetate monohydrate (0.2 g, 1 mmol) and the reaction mixture was stirred
for 2 h. To this reaction mixture imidazole (0.15 g, 2 mmol) was added, followed by refluxing for 4 h.
The reaction mixture was cooled to room temperature, filtered and kept undisturbed for crystallization.
Dark-blue crystals of 1 were obtained in ca. 1 week. Yield, 62 %. For Cy4H,CuN4Og, % copper calcd.
11.38, found 11.42. IR (KBr, cm™): 3214 (br), 1730 (s), 1569 (m), 1390 (s), 1332 (m), 1288 (s), 1265 (s),

14
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1123 (s), 1070 (s), 854 (m), 818 (s), 769 (s), 745 (s), 708 (m), 654 (s), 474 (m). Solid state UV-visible
(nm): 275, 651.

Synthesis of {[Cuy(pht),(im)4-H,O]-H,O}, (2): Dark-blue crystals of the complex 1 were moistened with
a minimum amount of aqueous methanol and kept on a watch glass in open atmosphere. Their gradual
change to light-blue colored crystals of 2 was completed in 2 days. Elemental analysis, % calcd. for
[CasHosCusNgOqo]a: C, 44.00; H, 3.67; N, 14.67; found: C, 45.1; H, 3.49; N, 15.03. IR (KBr, cm'l): 3139
(w), 1616 (w), 1549 (br), 1443 (w), 1379 (s), 1329 (w), 1075 (s), 862 (W), 749 (s), 659 (s), 621 (m). Solid
state UV-visible (nm): 298, 723.

Synthesis of [Cu(cmn)(im)4] (3): This compound was synthesized in a similar procedure that was used
for 1, except applying 1,8-naphthalic anhydride (0.4 g, 2 mmol) in DMF-methanol solvent (1:1, v/v)
instead of phthalic anhydride in methanol. In this case, the 1:2:4 ratio of Cu, 1,8-naphthalic anhydride and
imidazole was used. Blue crystals appeared after one week. Yield, 67 %. For C3gsH34CuNgOyg, % of copper
caled. 7.99, found 8.10. IR (KBr, cm™): 3129 (br), 1740 (s), 1598 (w), 1577 (s), 1541 (s), 1442 (s), 1395
(s), 1303 (s), 1125 (s), 1074 (s), 1014 (s), 849 (m), 759 (m), 659 (s), 455 (m). Solid state UV-visible (nm):
280, 553.

Synthesis of [Cu(nap)(im)(DMF)(H,0)], (4). Blue crystals of 3 were moistened with a minimum amount
of aqueous DMF and kept on a watch glass in open atmosphere. Their gradual change to green crystals of
4 was completed in 1-2 days. Elemental analysis, % calcd. for C3sH3sCuyNeOja: C, 49.44; H, 4.35; N,
10.99; found: C, 50.01; H, 4.58; N, 10.96. IR (KBr, cm™): 3141 (br), 1662 (w), 1623 (m), 1596 (m), 1409
(s), 1345 (s), 1223 (m), 1071 (s), 843 (w), 784 (s), 657 (s), 623 (s), 465 (m). Solid state UV-visible (nm):
297, 711.

Synthesis of [Cu(cmp),(im),] (5): This compound was synthesized by reacting biphenic anhydride (0.45
g, 2 mmol) with copper(Il) acetate monohydrate and imidazole in DMF-methanol solvent (1:1, v/v), in a
procedure similar to that used for the synthesis of complex 3. Blue colored crystals were formed after one
week. Yield, 64 %. Elemental analysis, % calcd. for C3sH30CuN4Os: C, 60.88; H, 4.26; N, 7.89; found: C,
60.53; H, 4.32; N, 7.96. IR (KBr, cm™): 3214 (br), 1730 (s), 1610 (w), 1567(m), 1391 (s), 1289 (s), 1263
(m), 1124(s), 1074(s), 818(s), 768(s), 703 (s), 654 (s), 474 (m). Solid state UV-visible (nm): 276, 574.

Structure determination: The single crystal X-ray diffraction data were collected at 296(2) K with
Bruker Nonius SMART CCD diffractometer (for the compounds 1, 2, 3 and 5) or Super Nova
diffractometer (for the compound 4), with MoKa radiation (A = 0.71073 A). For the data collected on the
SuperNova diffractometer, data refinement and cell reductions were carried out by CrysAlisPro.** The
structures were solved by direct methods using SHELXTL® and were refined on F’ by the full-matrix

least-square technique using the SHELXL-97 program package.”® In all cases, non-hydrogen atoms were
15
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treated anisotropically. The hydrogen atoms were freely allowed to ride on specific positions. Wherever
possible, the hydrogen atoms were located on a difference Fourier map and refined. In other cases, the
hydrogen atoms were geometrically fixed. The WR;, and R factors of the complex 3 are high due to poor
quality of single crystals tested and their decomposition. Crystallographic parameters are listed in Table

1.

Table 1: Crystallographic parameters of complexes 1-5

Complex No 1 2 3 4 5
Formulae C,4H2Cu NyOg Cy3H5Cu;NgOy C33H34 Cu NgOg C36H33CuNgOp, CigHsp Cu NyOg
Mol. wt. 558.00 763.66 794.28 873.80 710.18
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space group C2/c P2/n P2,/c P2/n P21/c
a/d 12.5530(6) 8.8941(3) 8.5178(13) 11.9671(8) 8.077(2)
b/A 8.4912(6) 22.4052(8) 26.117(4) 13.7220(6) 12.926(3)
c/d 24.4976(13) 16.1449(6) 9.9434(16) 12.2072(8) 17.252(4)
a/° 90.00 90.00 90.00 90.00 90.00
pre 100.436(3) 105.428(2) 125.233(10) 112.352(8) 114.682(10)
v/° 90.00 90.00 90.00 90.00 90.00
v/ A} 2568.0(3) 3101.33(19) 1806.8(5) 1853.97(19) 1636.6(7)
z 4 4 2 2 2
Density g.cm™ 1.443 1.631 1.453 1.565 1.441
Abs. Coeff. /mm™ 0.905 1.442 0.670 1.220 0.727
F(000) 1148 1560 822 900 734
Total no. of reflections 2297 5534 3210 3349 2939
Reflections, 1> 20(I) 2071 3654 2035 2768 2423
Max. 26/° 50.50 50.50 50.50 50.50 50.48
14<h <14 10<h <10 Qs =l dashs<ie EPEY
Ranges (h, k, 1) -10<k<4 26<k<24 1l <1<11 -16 <k <16 20 <1<20
-24<1<29 -19<1<19 - - -14 <1 <14 - =
Complete to 26 (%) 99.4 98.3 98.2 99.9 99.1
Data/Restraints/Parameters 2297 /4 /201 5534/4 / 449 3210/2/251 3349/2/264 2939/0/224
Goof (F%) 1.097 1.077 1.196 1.013 1.059
R indices [ > 20(1)] 0.0304 0.0516 0.1598 0.0510 0.0311
R indices (all data) 0.0337 0.0981 0.1885 0.0624 0.0401
WR; [1> 206(1)] 0.0588 0.0779 0.3678 0.1369 0.0940
WRy(all data) 0.0600 0.0894 0.3781 0.1541 0.1014

Supporting information: Powder X-ray diffraction patterns of all the complexes are available. CIF files
of the complexes are deposited to Cambridge Structural Database and they have the following CCDC
numbers: 972841 (complex 1), 972840 (coordination polymer 2), 972843 (complex 3), 972839
(metallcycle 4), 972842 (complex 5).
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Graphical TOC:
Unusual solvent-mediated hydrolysis of dicarboxylate monoester ligands in copper(Il) complexes

toward simultaneous crystallization of new dicarboxylate derivatives
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Unusual transformations of dicarboxylate monoester copper(Il) compounds into crystalline dicarboxylate
derivatives were observed in the solid state and investigated in detail by microscopy, IR and solid state

UV-visible spectroscopy, X-ray crystallographic and topological analysis methods.
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